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Background: B7-H6, the ligand for NKp30, is expressed on tumor cells.
Results: Tumor therapeutics promote B7-H6 expression in tumor cells and enhance tumor sensitivity to NK cell cytolysis.
Conclusion: Tumor therapeutics work as stress inducers to enhance tumor sensitivity to NK cell cytolysis.
Significance: These results suggest that B7-H6 could be a potential target for tumor therapy in the future.

Immune cells are believed to participate in initiating anti-tu-
mor effects during regular tumor therapy such as chemother-
apy, radiation, hyperthermia, and cytokine injection. One of
the mechanisms underlying this process is the expression
of so-called stress-inducible immunostimulating ligands. Al-
though the activating receptor NKG2D has been proven to play
roles in tumor therapy through targeting its ligands, the role of
NKp30, another key activating receptor, is seldom addressed. In
this study, we found that the NKp30 ligand B7-H6 was widely
expressed in tumor cells and closely correlated to their suscep-
tibility to NK cell lysis. Further studies showed that treatment of
tumor cells with almost all standard tumor therapeutics, includ-
ing chemotherapy (cisplatin, 5-fluorouracil), radiation therapy,
non-lethal heat shock, and cytokine therapy (TNF-�), could up-
regulate the expression of B7-H6 in tumor cells and enhance
tumor sensitivity to NK cell cytolysis. B7-H6 shRNA treatment
effectively dampened sensitization of tumor cells to NK-medi-
ated lysis. Our study not only reveals the possibility that tumor
therapeutics work as stress inducers to enhance tumor sensitiv-
ity to NK cell cytolysis but also suggests that B7-H6 could be a
potential target for tumor therapy in the future.

Increasing evidence supports the notion that complete
remission of tumors relies on eliciting endogenous anti-tumor
immunity (1, 2). Appropriate chemotherapy, radiation therapy,
hyperthermia therapy, and immunotherapy have been proven
to break the immunosuppressive state at the tumor location

and activate anti-tumor immune effects. Tumor therapy elicits
endogenous anti-tumor immune responses via various mecha-
nisms including promoting the activation of natural killer cells
(NK)3 cells and tumor-specific CTLs (3–5). However, although
NK cells have been proven vital in initiating the anti-tumor
response and are extensively applied in tumor treatments
(6 –10), the mechanisms by which NK cells are activated in
tumor treatments remain largely unexplored.

The balance of activating receptors and inhibitory receptors
manipulates the activation of NK cells. Activating receptors
mainly include C-type lectin like receptors NKG2D, natural
cytotoxicity receptors including NKp30, NKp44, and NKp46, as
well as activating members of the Ly49 family (6). Up-regula-
tion of NKG2D ligands on tumor cells mediated by tumor ther-
apy-induced cell stress has been extensively studied. For exam-
ple, the DNA damage response induced by irradiation and
chemotherapeutic reagents is reported to up-regulate the
expression of NKG2D ligands on tumor cells (11). Non-lethal
heat shock, mimicking hyperthermia therapy, increases the
expressions of Mult-1 (12), MICA, and MICB on tumor cells
(13). Among the cytokines used for immunotherapy, TNF-�
has been shown to induce the expression of MICA in human
primary tissue cells and tumor cells (14, 15).

NKp30 is another important activating receptor expressed
on NK cells (16, 17), and increasing the expression of NKp30
ligands on tumor cells may represent another approach to
tumor therapy using NK cells. B7-H6, the only membrane-
binding ligand among the three known NKp30 ligands, is
widely expressed on tumor cells but not healthy tissue cells
(18 –20), implying that B7-H6 may be a useful target for tumor
therapy. However, regulation of B7-H6 expression on tumor
cells by tumor therapy-induced cell stress remains elusive.

In this study, we investigated the influence of tumor therapy
on B7-H6 expression on tumor cells and found that chemother-
apy, radiation therapy, hyperthermia therapy, and immuno-
therapy could increase B7-H6 expression on tumor cells. When
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subjected to NK cell-mediated cytolysis, target cells exposed to
tumor therapy were more sensitive to NK cell lysis when com-
pared with untreated cells. Moreover, lentivirus-delivered
B7-H6-specific shRNA treatment reduced the sensitivity of
tumor cells to NK cell lysis, implying that increased B7-H6
expression contributed to tumor sensitization to NK cell cytol-
ysis. Thus, our findings showed that tumor therapeutics work
as stress inducers to enhance tumor sensitivity to NK cell cytol-
ysis, suggesting that increasing the expression of B7-H6 on
tumor cells may be a promising approach for tumor therapy.

Materials and Methods

Cells, Radiation, and Heat Shock—NK-92 cells were pur-
chased from the ATCC (American Type Culture Collection)
and maintained in MEM-� containing 12.5% FBS, 12.5% horse
serum, 100 IU/ml IL-2 (Changsheng, Changchun, China), 0.2
mM inositol, 0.02 mM folic acid, and 2-ME. NKG cells were
generated in our laboratory (21) and maintained in MEM-�
containing 10% FBS, 10% horse serum, 100 IU/ml IL-2. HEK293
(human embryonic kidney epithelial cell), HepG2 (hepatocel-
lular carcinoma), SK-LU-1 (lung adenocarcinoma), and HeLa
(cervical carcinoma) cells were maintained in DMEM contain-
ing 10% FBS. U937 (acute myeloid leukemia), H7402 (hepato-
carcinoma), H460 (lung carcinoma) and Ho8910 (ovarian
carcinoma) cells were maintained in RPMI 1640 medium con-
taining 10% FBS. K562 (chronic myeloid leukemia) and HL60
(acute myeloid leukemia) were maintained in IMDM contain-
ing 10% FBS. A549 (lung carcinoma) and Du145 (prostate
carcinoma) cells were maintained in F-12 medium containing
10% FBS. Huh-7 (hepatocarcinoma) cells were maintained in
DMEM containing 15% FBS. All cells were passaged every 2–3
days. For irradiation, HEK293 cells were diluted to a concentra-
tion of 1 � 106/ml and irradiated with 137Cs at a dose rate of 100
cGy/min. For non-lethal heat-shock treatment, cells were
diluted to a concentration of 1 � 106/ml and exposed to 42 °C
for 30 min.

Reagents—Anti-B7-H6 polyclonal serum was generated by
immunizing rabbits with recombinant B7-H6 (25–260 AA)-
6His. B7-H6 antibody was purified with Protein A-Sepharose
(GE) and then with B7-H6 – 6His-coupled CNBr-activated Sep-
harose (GE). 5-Fluorouracil (5-FU) was purchased from Sigma.
Cisplatin injection was obtained from Nanjing Pharmaceutical
Factory Co., Ltd. TNF-� was purchased from PeproTech.
FITC-goat anti-mouse IgG were purchased from Santa Cruz
Biotechnology and 647- goat anti-rabbit IgG were purchased
from Invitrogen. The blocking antibody anti-NKp30 (final con-
centration 1 ng/ml), anti-NKG2D (final concentration 2 ng/ml)
and control mouse IgG (final concentration 3 ng/ml) were pur-
chased from BioLegend.

Quantitative RT-PCR—Total RNA was isolated using TRIzol
reagent (Invitrogen) according to the manufacturer’s protocol.
RNA was reverse transcribed using M-MLV reverse transcrip-
tase (Invitrogen), and the resulting cDNA was used for quanti-
tative PCR. SYBR Premix Ex TaqII (Takara) was for quantita-
tive PCR. The cycling parameters were 95 °C for 30 s, followed
by 40 cycles of 95 °C for 5 s and 60 °C for 30 s. The following
primers were used: B7-H6-F, 5�-TTTTCCATTCATTGGTG-
GCCTA-3�; B7-H6-R, 5�-TGCCCGAGTGCAAAAGAAT-

ATG-3�; �-actin-F, 5�-CTGGAACGGTGAAGGTGACA-3�;
and �-actin-R, 5�-AAGGGACTTCCTGT AACAATGCA-3�.

Western Blotting—Cells were washed twice with ice-cold PBS
and then lysed in RIPA Lysis Buffer (Beyotime) supplemented
with 0.25 mg/ml PMSF (Sigma), 1� protease inhibitor (Roche).
An equal volume of 2� sample loading buffer (62.5 mM Tris-
HCl, 25% glycerol, 2% SDS, 0.02% bromphenol blue, 5% �-mer-
captoethanol, pH 6.8) was added, and cleared extracts were
frozen at �80 °C. The protein concentration was determined
using the Bradford method (Bio-Rad). Equal amounts of pro-
tein were denatured, electrophoresed, and blotted. For chemi-
luminescence, HRP-conjugated secondary antibodies (Boster)
were applied, and ECL substrate (Bio-Rad) was used for
detection.

Construction of Expression Vectors—B7-H6 expression vec-
tor was constructed by inserting B7-H6 coding sequence into
pcDNA 3.0 plasmid. For myc-B7-H6 expression vector, human
CD8a signal peptide sequence (ATGGCCTTACCAGTGACC-
GCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCC-
GCCAGG) and three tandem myc-tag sequence (GAACAA
AAACTC ATCCTA GAAGAG GATCTG) fused at N-terminal
with B7-H6 coding sequence excluding signal peptide sequence

FIGURE 1. Specificity of anti-B7-H6 antibody. A, CHO-K1 cells were trans-
fected with pcDNA3-B7-H6 and then were harvested 24 h later. B7-H6 expres-
sion was analyzed by Western blotting. B, HEK293 cells were transfected with
pcDNA3-B7-H6 or pcDNA3-myc-B7-H6 and then were harvested 24 h later.
B7-H6 and myc-tag expressions were analyzed by Western blotting. C and D,
HEK293 cells were transfected with pcDNA3-B7-H6 or pcDNA3-myc-B7-H6
and then were harvested 24 h later. myc-tag (C) and B7-H6 (D) expressions
were analyzed by flow cytometry.
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were inserted into pcDNA 3.0 plasmid. Both expression vectors
were validated by DNA sequencing.

Lentiviral Construction and Transduction of Cells—shB7-
H6-1 segments (top, 5�- CGCGTGCCCTGCTCTCCTAACA-
GTTTTCAGAGAAACTGTTAGGAGAGCAGGGTTTTAT-
3�; bottom, 5�- CGATAAAACCCTGCTCTCCTAACAGTT-
TCTCTGAAAACTGTTAGGAGAGCAGGGCA-3�), shB7-
H6-2 segments (top, 5�-CGCGT GGTTCTACCCAGAGGCT-
ATTCAAGAGATAGCCTCTGGGTAGAACCTTTTAT-3�;
bottom, 5�-CGATAAAAGGTTCTACCCAGAGGCTATCT-
CTTGAATAGCCTCTGGGTAGAACCA-3�) and shScr were
inserted into the pLVTHM vector with the ClaI and MluI
restriction sites. Lentiviral supernatants were generated by co-
transfecting 293T cells with pLVTHM, psPAX2, and pMD2G
plasmids using Lipofectamine 2000 reagent (Invitrogen). Culture

supernatants collected 36 h after transfection were added
directly to cells plated in 6-well culture plates, and Polybrene
(Sigma) was added at a final concentration of 5 ìg/ml for 24 h.
Transduced cells were characterized by GFP expression.

Cytotoxicity Assay—NK-92 cells were used as effector cells
and co-cultured with target cells at specific ratios for 4 h, and
cytotoxicity was determined using the CytoTox 96 Non-Radio-
active Cytotoxicity Assay (Promega). The data shown represent
at least three independent experiments.

Statistical Analysis—Results were analyzed using two-tailed
Student’s t-tests. The data were expressed as the means � S.E.
Values of p � 0.05 were considered statistically significant. Sig-
nificance was denoted as *, p � 0.05; **, p � 0.01; ***, p � 0.001.

Results

B7-H6 Is Widely Expressed in Tumor Cells—To investigate
the expression of B7-H6 in tumor cells, anti-B7-H6 polyclonal
antibody was generated in our laboratory because of the lack of
appropriate commercial antibody. The stained bands could
only be detected in B7-H6 transfection group but not in
untreated group and control vector group in CHO-K1 and
HEK293 cells (Fig. 1, A and B), suggesting that the anti-B7-H6
antibody was specific and suitable for Western blotting analysis
of B7-H6 expression in cells, which was further confirmed by
myc-B7-H6 transfection and staining in HEK293 cell (Fig. 1B).
Furthermore, the B7-H6 antibody was also suitable for flow
cytometry, which was determined by comparing the expres-
sions of B7-H6 and myc-B7-H6 on cell surface detected by anti-
B7-H6 antibody and anti-myc antibody, respectively (Fig. 1, C
and D). Thus, the anti-B7-H6 polyclonal antibody generated in
our laboratory was specific and suitable for B7-H6 expression
analysis by Western blotting and flow cytometry.

Next, to evaluate whether B7-H6 could be a potential target
for tumor therapy to activate NK cells, the expression of B7-H6

FIGURE 2. B7-H6 is widely expressed in tumor cell lines. A, B7-H6 expres-
sion in human tumor cell lines was analyzed by real-time PCR. B, B7-H6
expression in human tumor cells was analyzed by Western blotting.

FIGURE 3. B7-H6 expression in tumor cells correlates to their susceptibility to NK killing. A and B, HEK293 cells were transduced with lentivirus delivering
scramble shRNA (shScr) or shRNA targeting B7-H6 (shB7-H6-1, shB7-H6-2), and B7-H6 expression was then analyzed by real-time PCR (A) and Western blotting
(B). C, lysis of HEK293 cells transduced with shScr, shB7-H6-1 or shB7-H6-2 by NK-92 cells was determined in a 4 h cytotoxicity assay. D, lysis of K562, HL60, U937,
or HeLa cells transduced with shScr, shB7-H6-1, or shB7-H6-2 by NK-92 cells was determined in a 4 h cytotoxicity assay.
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FIGURE 4. Cisplatin treatment increases B7-H6 expression and sensitizes target cells to NK cell cytolysis. A, HEK293 cells were stimulated with 10 �M, 20 �M or 40
�M cisplatin for the indicated times. B7-H6 expression was analyzed by real-time PCR. B, HEK293 cells were stimulated with various doses of cisplatin for 24 h. B7-H6
expression was analyzed by real-time PCR. C, HEK293 cells were treated with various doses of cisplatin for 48 h. B7-H6 expression was analyzed by Western blotting. D,
HEK293 cells were treated with 40 �M cisplatin for 48 h. Cell surface B7-H6 expression was analyzed by flow cytometry. E, HL60 cells were stimulated with various doses
of cisplatin for 48 h. B7-H6 expression was analyzed by Western blotting. F, HL60 cells were treated with 40 �M cisplatin for 48 h. B7-H6 expression on cell surface was
analyzed by flow cytometry. G, HEK293 cells were stimulated with 20 �M or 40 �M cisplatin for 48 h and then subjected to NK-92-mediated lysis. H, HEK293/shScr,
HEK293/shB7-H6-1, and HEK293/shB7-H6-2 were stimulated with 40 �M cisplatin for 48 h or not and then subjected to NK-92-mediated lysis.

FIGURE 5. 5-FU treatment increases B7-H6 expression and sensitizes target cells to NK cell cytolysis. A, HEK293 cells were stimulated with 10, 20, or 40 �M 5-FU
for the indicated times. B7-H6 expression was analyzed by real-time PCR. B, HEK293 cells were stimulated with various doses of 5-FU for 48 h. B7-H6 expression was
analyzed by real-time PCR. C, HEK293 cells were treated with various doses of 5-FU for 48 h. B7-H6 expression was analyzed by Western blotting. D, HEK293 cells were
treated with 40 �M 5-FU for the indicated times. Cell surface B7-H6 expression was analyzed by flow cytometry. E, HL60 cells were stimulated with various doses of 5-FU
for 48 h. B7-H6 expression was analyzed by Western blotting. F, HL60 cells were treated with 40 �M 5-FU for 48 h. B7-H6 expression on cell surface was analyzed by Flow
cytometry. G, HEK293 cells were stimulated with 40 or 100 �M 5-FU for 48 h and then subjected to NK-92-mediated lysis. H, HEK293/shScr, HEK293/shB7-H6-1, and
HEK293/shB7-H6-2 were stimulated with 100 �M 5-FU for 48 h or not and then subjected to NK-92-mediated lysis.
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was examined by real-time PCR and Western blotting in 12
tumor cell lines derived from leukemia, hepatocarcinoma, lung
carcinoma, cervical carcinoma, ovarian carcinoma, and pros-
tate carcinoma. B7-H6 expression was detected in all tumor cell
lines, although the level of expression varied among the cell
lines (Fig. 2, A and B). Moreover, more than one band could be
detected using the B7-H6 antibody in some tumor cell lines
(Fig. 2B), suggesting that there were differential post-transla-
tional modifications of B7-H6, which is consistent with a pre-
vious study (22). Thus, these data suggested that B7-H6 was
extensively expressed in tumor cells.

B7-H6 Expressed in Tumor Cells Correlates with Their Sus-
ceptibility to NK Cell Lysis—To evaluate the impact of B7-H6
expression on tumor sensitivity to NK cell-mediated lysis,
B7-H6 expression in tumor cell lines were silenced with
shRNA. In order to avoid the off-target effects of shRNA, we
used two shB7-H6 sequences, shB7-H6-1, and shB7-H6-2, to
treat tumor cells. shRNA treatment effectively down-regulated
the B7-H6 expression at mRNA and protein levels (Fig. 3, A and
B) and reduced the killing activity of NK-92 cells to target cells

HEK293 (Fig. 3C), suggesting that the shRNA was effective.
Furthermore, knockdown of B7-H6 expression increased the
resistance of tumor cell lines, including leukemia (K562, HL60,
and U937) and cervical adenocarcinoma (HeLa), to lysis by
NK-92 cells (Fig. 3D). Thus, these data suggest that the level of
B7-H6 expression in tumor cells correlates with their suscepti-
bility to NK cell lysis.

Chemotherapy Up-regulates B7-H6 Expression in Tumor
Cells and Enhances Tumor Sensitivity to NK Cell Cytolysis—
Chemotherapy, including treatment with cisplatin or 5-FU, has
been proven effective in certain cancer treatments. To explore
whether chemotherapy could increase the sensitivity of tumor
cells to NK cell lysis by promoting B7-H6 expression, HEK293
cells were treated with chemotherapy reagents. And B7-H6
expression was then analyzed by real-time PCR, Western blot-
ting and Flow cytometry. Treatment with cisplatin (Fig. 4, A–D)
or 5-FU (Fig. 5, A–D) increased the expression of B7-H6 at
mRNA and protein levels as well as on the cell surface. Simi-
larly, leukemia HL60 cells with low B7-H6 expression up-regu-
lated B7-H6 expressions at both protein level and cell surface

FIGURE 6. Irradiation increases B7-H6 expression and makes target cells more sensitive to NK cell cytolysis. A, HEK293 cells were treated with 2 Gy, 4 Gy
or 8 Gy irradiation and then cultured for the indicated times. B7-H6 expression was analyzed by real-time PCR. B, HEK293 cells were treated with various doses
of irradiation and then cultured for 24 h. B7-H6 expression was analyzed by real-time PCR. C, HEK293 cells were treated with 8 Gy irradiation and then cultured
for the indicated times. B7-H6 expression was analyzed by Western blotting. D, HEK293 cells were exposed to various doses of irradiation and then cultured for
24 h. B7-H6 expression was analyzed by Western blotting. E, HEK293 cells were treated with 8 Gy irradiation and then cultured for 24 h. B7-H6 expression was
analyzed by flow cytometry. F, HL60 cells were treated with 8 Gy irradiation and then cultured for the indicated times. B7-H6 expression was analyzed by
Western blotting. G, HL60 cells were treated with various doses of irradiation and then cultured for 48 h. B7-H6 expression was analyzed by Western blotting.
H, HL60 cells were exposed to 8 Gy irradiation and then cultured for 48 h. B7-H6 expression on cell surface analyzed by flow cytometry. I, HEK293 cells were
treated with 0, 4, or 8 Gy irradiation, cultured for 24 h and subjected to NK-92-mediated lysis. J, HEK293/shScr, HEK293/shB7-H6-1 and HEK293/shB7-H6-2 were
treated with 8 Gy irradiation or not, then cultured for 24 h and subjected to NK-92-mediated lysis.
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after cisplatin or 5-FU treatment (Figs. 4, E–F and 5, E–F). Cis-
platin or 5-FU treatment caused the tumor cells to become
more sensitive to NK-92-mediated killing (Figs. 4G and 5G).
Silencing B7-H6 expression in target cells significantly de-
creased NK cell-mediated cytolysis (Figs. 4H and 5H). Thus,
these data suggest that chemotherapy could promote the
expression of B7-H6 in tumor cells and thereby increase the
sensitivity of tumor cells to NK cell lysis.

Irradiation Increases B7-H6 Expression and Makes Target
Cells More Sensitive to NK Cell Cytolysis—Radiation therapy
has been reported to contribute to eliciting the anti-tumor
immune response (23). HEK293 cells were treated with �-irra-
diation, and then B7-H6 expression was analyzed by real-time
PCR, Western blotting, and flow cytometry. Irradiation
increased the B7-H6 expression at mRNA and protein levels in
a time- and dose-dependent manner (Fig. 6, A–D). The expres-
sion of B7-H6 on cell surface was also increased upon irradia-
tion (Fig. 6E). Similar results were obtained in HL60 cells upon
irradiation (Fig. 6, F–H). Importantly, the irradiation-treated
tumor cells became more sensitive to NK cell lysis when co-cul-
tured with the NK-92 cell line (Fig. 6I). Treating with B7-H6
shRNA before irradiation significantly decreased the sensitivity
of the HEK293 cell to NK cell lysis (Fig. 6J). These data thus
suggest that irradiation could increase the expression of B7-H6
in tumor cells and that B7-H6 was involved in making tumor
cells more sensitive to lysis by NK cells.

Heat Shock Increases B7-H6 Expression and Makes Target
Cells More Sensitive to NK Cell Cytolysis—To evaluate whether
hyperthermia could affect tumor sensitivity to NK cells in a
B7-H6-dependent manner, HEK293 cells were exposed to non-
lethal heat shock by incubation at 42 °C for 30 min. Heat shock
treatment caused a transient up-regulation of B7-H6 mRNA
(Fig. 7A) and protein (Fig. 7B), peaking at 9 h and 12 h post
treatment, respectively, and declined quickly thereafter. Fur-
ther flow cytometry analysis displayed that B7-H6 expression
on cell surface increased upon heat shock treatment (Fig. 7C).
Heat shock treatment also promoted B7-H6 expression in
HL60 cells (Fig. 7, D and E). When subjected to NK-92-medi-
ated lysis, HEK293 cells exposed to heat shock treatment
became more sensitive to NK cell lysis (Fig. 7F). Treatment with
B7-H6 shRNA before heat-shock treatment significantly
decreased the sensitivity of the HEK293 cells to NK cell lysis
(Fig. 7G). These data thus suggest that hyperthermia may
enhance the sensitivity of tumor cells to NK cell lysis by up-reg-
ulating B7-H6 expression.

Cytokine Treatment Increases B7-H6 Expression and Sensi-
tizes Target Cells to NK Cell Cytolysis—Localized administra-
tion of TNF-� has been demonstrated to be effective in control-
ling tumor growth (24). To explore whether TNF-� treatment
would directly affect B7-H6 expression in tumor cells, HEK293
cells were stimulated with TNF-�, and B7-H6 expression was
then analyzed by real-time PCR, Western blotting and Flow

FIGURE 7. Non-lethal heat shock increases B7-H6 expression and makes target cells more sensitive to NK cell cytolysis. A and B, HEK293 cells were
exposed to 42 °C for 30 min and then cultured at 37 °C for the indicated times. B7-H6 expression was analyzed by real-time PCR (A), Western blotting (B). HEK293
cells were exposed to 42 °C for 30 min and then cultured at 37 °C for 12 h and B7-H6 expression was analyzed by flow cytometry (C). D, HL60 cells were exposed
to 42 °C for 30 min and then cultured at 37 °C for the indicated times. B7-H6 expression was analyzed by Western blotting. E, HL60 cells were exposed to 42 °C
for 30 min and then cultured at 37 °C for 12 h. B7-H6 expression on cell surface was analyzed by flow cytometry. F, HEK293 cells were incubated at 42 °C for 30
min, cultured at 37 °C for 11 h, and then subjected to NK-92-mediated lysis. G, HEK293/shScr, HEK293/shB7-H6-1, and HEK293/shB7-H6-2 were exposed to 42 °C
for 30 min or not, then cultured at 37 °C for 11 h and subjected to NK-92-mediated lysis.
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FIGURE 8. TNF-� treatment increases B7-H6 expression and sensitizes target cells to NK cell cytolysis. A, HEK293 cells were stimulated with 10 ng/ml, 25
ng/ml or 50 ng/ml TNF-� for the indicated times. B7-H6 expression was analyzed by real-time PCR. B, HEK293 cells were stimulated with various doses of TNF-�
for 72 h. B7-H6 expression was analyzed by real-time PCR. C, HEK293 cells were treated with 50 ng/ml TNF-� for the indicated times. B7-H6 expression was
analyzed by Western blotting. D, HEK293 cells were treated with various doses of TNF-� for 72 h. B7-H6 expression was analyzed by Western blotting. E, HEK293
cells were treated with 50 ng/ml TNF-� for 48 h. B7-H6 expression was analyzed by flow cytometry. F, HL60 cells were stimulated with 50 ng/ml TNF-� for the
indicated times. B7-H6 expression was analyzed by Western blotting. G, HL60 cells were stimulated with various doses of TNF-� for 48 h. B7-H6 expression was
analyzed by Western blotting. H, HL60 cells were treated with 50 ng/ml TNF-� for 48 h. B7-H6 expression on cell surface was analyzed by flow cytometry. I,
HEK293 cells were stimulated with 5 ng/ml, 25 ng/ml, or 50 ng/ml TNF-� for 72 h and then subjected to NK-92-mediated lysis. J, HEK293/shScr, HEK293/shB7-
H6-1, and HEK293/shB7-H6-2 were stimulated with 50 ng/ml TNF-� for 72 h or not and then subjected to NK-92-mediated lysis.

FIGURE 9. Anti-NKp30 and anti-NKG2D blocking antibodies treatment dampens NK cell-mediated cytolysis to tumor cells. A, HEK293 cells were
stimulated with 40 �M cisplatin for 48 h and then subjected to NKG-mediated cytolysis in the presence of anti-NKp30 mAb and/or anti-NKG2D mAb. B, HEK293
cells were incubated at 42 °C for 30 min, then cultured at 37 °C for 11 h, and finally subjected to NKG-mediated lysis in the presence of anti-NKp30 mAb and/or
anti-NKG2D mAb. C, HEK293 cells were stimulated with 50 ng/ml TNF-� for 48 h and then subjected to NKG-mediated lysis in the presence of anti-NKp30 mAb
and/or anti-NKG2D mAb.
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cytometry. TNF-� treatment increased the expression of
B7-H6 at mRNA and protein levels as well as on cell surface
(Fig. 8, A–E). Similar results were also acquired in HL60 cells
after TNF-� treatment (Fig. 8, F–H). Moreover, TNF-� treat-
ment increased tumor cell sensitivity to NK cell lysis (Fig. 8I).
B7-H6 shRNA treatment significantly decreased the sensitivity
of the HEK293 cells to NK cell lysis (Fig. 8J). Thus, these data
suggest that TNF-� treatment could enhance the sensitivity of
tumor cells to NK cell lysis by up-regulating B7-H6 expression.

Enhancing Tumor Sensitivity to NK Cell Cytolysis by Tumor
Therapeutics Depends on the Combined Action of NKG2D and
NKp30 Signals—NKG2D ligands have been reported to be up-
regulated upon tumor therapy and contribute to tumor sensi-
tization to NK cell cytolysis. To validate our proposal that
increased B7-H6 expression induced by tumor therapeutics
also participate in tumor sensitivity to NK cell cytolysis, anti-
NKp30, and anti-NKG2D blocking antibodies were used during
cytolysis. Blocking NKp30 or NKG2D function alone damp-
ened NK cell-mediated cytolysis to tumor cells, while simulta-
neously blocking both receptors lead to the least cytolysis (Fig.
9, A–C). Thus, these data suggest that enhancing tumor sensi-
tivity to NK cell cytolysis upon tumor therapy depended on not
only increase of NKG2D ligands but also increase of NKp30
ligand B7-H6 on tumor cells.

Discussion

In many cases, an intact immune system is essential for com-
plete remission during tumor therapy (1, 2). Deficiency of
immune-related molecules or cells dampens the efficacy of
conventional tumor therapy (23, 25). Studies have shown that
in successful tumor treatments, including radiation therapy (3,
23, 26, 27), hyperthermia therapy (4) and chemotherapy (5,
28 –30), endogenous anti-tumor immunity is elicited and is
demonstrably effective. Recently, the success of PD-1 and
PD-L1 antibodies in combating tumors has provided support
for the notion that endogenous anti-tumor immunity partici-
pates in tumor elimination (31, 32).

Tumor-specific CTLs, as the effector cells with the strongest
anti-tumor effects, have been extensively investigated. Studies
have revealed that CD8� T cells are indispensable for tumor
elimination in certain murine tumor models (3, 33). Tumor-
specific CTLs induced by appropriate tumor therapy mediate
the anti-tumor effects not only locally but also at distal sites
(3–5, 23). However, although CTLs play a critical role in the
elimination of tumor cells, the functions of other immune cells,
such as innate immune cell NK cells (9), cannot be neglected in
this process.

NK cells have been shown to participate in tumor immuno-
surveillance in humans and mice (6). Low-dose radiation
administered to NK cells directly enhances their cytotoxic abil-
ity without changing their phenotype (34, 35). Tumor therapy
also promotes NK activation via DAMPs released from
destroyed cells (26). NK cells mediate tumor cytolysis directly
via perforin and granzymes or indirectly by inducing tumor
apoptosis via death receptors (FasL and TRAIL). IFN-�
secreted by activated NK cells promotes Th1 cell polarization
and induces tumor-specific CTLs (16, 17).

NK cell activation is regulated by activating receptors and
inhibitory receptors (36). The NK cell activating receptor
NKG2D has been proved indispensable in several murine
tumor models (37, 38). Regulation of NKG2D ligand expression
on tumor cells has been extensively studied. �-Radiation, cis-
platin therapy, and 5-FU therapy up-regulate the expression of
the NKG2D ligands MICA and ULBP-1,2,3 on tumor cells in
humans (13). NKp30 is another important activating receptor
of NK cells, but compared with NKG2D, study of NKp30 has
lagged behind. Nonetheless, in vitro studies have demonstrated
that NKp30 is involved in tumor elimination (39).

NKp30 ligands include MCMV protein pp65, nuclear pro-
tein BAT3, and B7-H6 (18 –20). However, B7-H6 is the only
transmembrane ligand of NKp30. Most importantly, B7-H6 is
selectively expressed on tumor cells under steady-state condi-
tions (40), implying that the interaction between NKp30 and
B7-H6 may be involved in promoting the activation of NK cells
and mediating the NK cell lysis of tumor cells. It has been
reported that B7-H6 is down-regulated by HDAC inhibitor
(41). In this study, we found that B7-H6 was widely expressed in
tumor cells, and B7-H6 expression levels in tumor cells corre-
lated to their susceptibility to NK cell lysis. Further studies
showed that almost all tumor therapies could work as stress
inducers to up-regulate the expression of B7-H6 in tumor cells.

Although we have found that tumor therapies can up-regu-
late the expression of B7-H6 in tumor cells, the underlying
mechanisms that regulate the expression of B7-H6 remain
unknown. Based on previous studies, we speculate that treat-
ment with irradiation, cisplatin or 5-FU induces the DNA dam-
age response and treatment with TNF-� activates the NK-�B
signaling pathway, thereby potentially increasing the expres-
sion of B7-H6 in tumor cells. Further studies about the mech-
anisms underlying B7-H6 expression are needed.
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