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Abstract. B7 homologue 6 (B7-H6) is a new member of the 
B7 family molecules and is selectively expressed on tumor 
cells, especially in hematologic malignancies. However, the 
role of B7-H6 in lymphoma progression and chemosensitivity 
remains unclear. We determined the effects of downregulating 
B7-H6 expression on tumorigenesis and chemosensitivity in 
B-cell lymphoma. Stable B7-H6 knockdown in CA46 cells was 
established with a lentiviral system. The expression of mRNA 
was measured by PCR while protein expression was detected 
by western blotting and flow cytometry. Cell viability, apop-
tosis and cell cycle distribution were analyzed using CCK-8, 
colony formation and flow cytometry assays, respectively. Cell 
migration and invasion were determined using the Transwell 
chamber assay. B7-H6 was widely expressed in B-cell 
lymphomas. Knockdown of B7-H6 inhibited cell proliferation, 
colony formation and migration and invasion of lymphoma 
cells. After B7-H6 silencing, CA46 cells were arrested in 
G0/G1 phase. Moreover, the silencing of B7-H6 increased cell 
apoptosis and sensitivity to vincristine and dexamethasone. 
Investigation of expression of downstream targets of STAT3 
supported a theory in which B7-H6 knockdown may confer an 
antitumor effect via abrogation of the STAT3 pathway. This 
study demonstrates that B7-H6 plays an important role in the 
pathogenesis and chemosensitivity of lymphoma. B7-H6 is 
therefore a potential clinical biomarker and therapeutic target 
in B-cell lymphomas.

Introduction

Non-Hodgkin lymphoma (NHL) is the most common hemato-
logic malignancy arising from lymphoid tissue worldwide (1), 
~85% of which derive from B lymphocytes. The overall 
survival of B-cell lymphomas has significantly improved since 
the FDA approval and clinical use of rituximab, a monoclonal 
antibody targeting CD20-positive malignant B cells (2). 
However, relapse and resistance are obstacles to the cure of 
B-NHL patients, underscoring the need for more effective 
therapies. Immunotherapy is one promising new direction for 
lymphoma as it is for many other malignancies (2).

The B7 family is a group of molecules important for the 
regulation of tumor immunity, and can profoundly affect tumor 
progression and elimination (3-8). Monoclonal antibodies 
targeting B7 molecules including CD80 (9), PD-L1 (10), 
PD-L2 (11) and B7-H3 (12), have shown promising results in 
lymphomas, melanoma, non-small cell lung cancer and other 
cancers. B7-H6, also called NCR3L1 or DKFZp686O24166, is 
a new member of the B7 family identified by Brandt et al in 
2009 (3). B7-H6 is a 454-aa-long type I transmembrane protein 
that shows considerable homology with PD-L1 and B7-H3 (3), 
both of which contribute to the oncogenesis and chemoresistance 
of lymphomas (13,14). The receptor of B7-H6, NKp30, is an 
activating NK-cell receptor. The interaction of tumor membrane-
bound B7-H6 and NKp30 leads to the activation of NK cells 
and to the lysis of tumor cells (3,15). A fusion protein of B7-H6 
ectodomain and CD20 single-chain fragment stimulates NKp30-
mediated NK cell cytotoxicity (7). Moreover, the NKp30-based 
chimeric antigen receptor promotes T-cell effector functions 
and antitumor efficacy through recognizing and killing B7-H6-
positive tumor cells (16). These results indicate that B7-H6 may 
be a potential therapeutic target in cancer therapy.

It is reported that B7-H6 is widely and specifically 
expressed on tumor cells including melanomas (3,17), cervical 
carcinomas (3), ovarian carcinomas (3,4), liver cancer (18), 
gastric cancer (19), lung cancer (20), neuroblastoma (6), T and 
B lymphomas and myeloid leukemia (3,8), but is absent from 
normal tissues (3). B7-H6 is associated with tumor progression 
and metastasis in ovarian cancers (4). To date, however, little 
is known about the oncogenic role of B7-H6 in lymphomas. 
Hence, we established a B7-H6 knockdown cell line for the first 
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time to investigate the impact of B7-H6 on cell proliferation, 
apoptosis, cell cycle, migration, invasion and chemosensitivity. 
The underlying mechanisms were also investigated, with the 
aim of providing a basis for clinical therapy.

Materials and methods

Cell lines and cell culture. Raji, CA46, Z138, Maver and HeLa 
cell lines were obtained from the American Type Culture 
Collection (ATCC, Rockville, MD, USA). Raji, CA46 and 
Z138 cells were cultured in RPMI-1640 medium (Gibco, Grand 
Island, NY, USA) supplemented with 2 mM L-glutamine, 
10% FBS (Hyclone, South Logan, UT, USA), 100 U/ml peni-
cillin and 100 µg/ml streptomycin. Maver and HeLa cells were 
respectively cultured in IMDM and DMEM medium. Cells 
were routinely cultured at 37˚C in a humidified incubator 
containing 5% CO2 (14). The primary tumor proteins were 
obtained from Peking University Third Hospital. The study 
was approved by the local ethics committee and all patients 
provided written informed consent.

Lentivirus-based RNA interference transfection and genera-
tion of stable cell lines. The human B7-H6 targeting small 
hairpin RNA (shRNA) was designed and synthesized by Life 
Technologies (Lifetech, Beijing, China). The sequence was 
5'-CGGCACAGTCTTTCTGAAACT-3'. A negative non‑target 
control shRNA was also used with the sequence 5'-CAAC 
AAGATGAAGAGCACCAA-3'. These shRNAs were used to 
generate recombinant lentiviral particles as described (14). 
CA46 cells were infected in the presence of 8 µg/ml of poly-
brene (Sigma, Milwaukee, WI, USA) and selected by flow 
cytometry 72 h later. The B7-H6 knockdown was confirmed 
by RT-PCR, western blotting and flow cytometry. The infected 
cells comprised B7-H6shRNA (CA46shB7-H6) and non-
targeted control (CA46shCtrl) groups, while non-infected cells 
(CA46) constituted an additional control group. These three 
cell lines were used for the following experiments.

RT-PCR and quantitative PCR. Total RNA was extracted using 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and reverse 
transcribed to cDNA using Reverse Transcription System 
(Promega, Madison, WI, USA) according to the manufacturer's 
instructions. cDNA (100 ng) was subjected to PCR amplifica-
tion in a total volume of 25 µl according to the manufacturer's 
protocols. The primer sequences of the PCR were as follows: 
B7-H6 forward, 5'-ACAGTAAATGCCTGATGGACCT-3'; 
B7-H6 reverse, 5'-ATTGGGTATGTGAATGCTGGT-3'; β-actin 
forward, 5'-TGACGTGGACATCCGCAAAG-3'; β-actin 
reverse, 5'-CTGGAAGGTGGACAGCGAGG-3'. The PCR 
products were run on agarose gels and visualized under 
ultraviolet. Quantitative PCR was conducted with SuperReal 
PreMix Plus kit (Tiangen, Beijing, China) in a volume of 
20  µl according to the manufacturer's instructions. The 
primer sequences of quantitative PCR were as follows: B7-H6 
forward, 5'-GCACTTCCTCACCGCTAATG-3'; B7-H6 
reverse, 5'-AGCCTGTTTCCTTTCGCTATT-3'. The ratio of 
expression of B7-H6 to β-actin mRNA was calculated.

Western blotting. Cytoplasmic proteins were extracted from 
primary and culture cells by lysis buffer composed of 50 mmol/l 

Tris-HCl (pH 7.5), 150 mmol/l NaCl, 5 mmol/l EDTA, 0.5% 
Nonidet P-40, 5 mmol/l dithiothreitol and 10 mmol/l NaF, 
and containing protease inhibitor cocktail (Applygen, Beijing, 
China). Proteins were separated by SDS-PAGE and transferred 
onto nitrocellulose membranes. After blocking, the membranes 
were sequentially incubated with primary antibodies, including 
anti-B7-H6, anti-c-Myc, anti-Rb, and anti-phospho-Rb (Abcam, 
Cambridge, MA, USA); anti-Survivin, anti-CDK4, anti-CDK6, 
anti-p21, anti‑Bad, anti-MMP-2, anti-MMP-9, and anti-β-actin 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA); and anti-
Cyclin D1, anti-Bcl-2, anti-Bcl-xL, anti-Bax, anti-Caspase-3, 
anti‑Caspase-8, anti-STAT3, anti-phospho-STAT3 (Ser727 and 
Tyr705), anti-ERK1/2 and phospho-ERK1/2 (CST, Beverly, MA, 
USA), and then with anti-rabbit or mouse secondary antibodies 
(LI-COR, Lincoln, NE, USA). Fluorescent bands were visual-
ized using an Odyssey infrared imaging system (LI-COR).

Flow cytometry. Single cell suspensions were stained with 
B7-H6-APC or IgG1-APC (R&D, Minneapolis, MN, USA) 
antibodies on ice for 30 min, cells were analyzed using a flow 
cytometry system (FACSCalibur; BD Biosciences, San Jose, 
CA, USA).

Colony formation assay. An 800 single-cell suspension was 
resuspended in 1 ml medium with 20% FBS and 0.9% methyl-
cellulose medium (Sigma, St. Louis, MO, USA). Samples were 
plated in 24-well plates and incubated for 14 days. A colony 
with >50 cells was counted as a positive colony. The colony-
forming ability was calculated to be the number of colonies 
in the test group expressed as a percentage of the number of 
colonies in the control group (13).

CCK-8 assay. The Cell Counting Kit-8 (CCK-8; Dojindo, 
Tokyo, Japan) was used to study cell viability according to the 
manufacturer's instructions. A cell suspension was inoculated 
into a 96-well plate (2x104 cells/well) and incubated for 0, 24, 
48 or 72 h. At every time-point, 10 µl CCK-8 was added to each 
well and the plate was incubated for 3 h at 37˚C and 5% CO2. 
Absorbance was measured at 450 nm using a microplate reader.

For cell viability assay, cells were seeded in 96-well plates 
and exposed to various concentrations of VCR (0, 1.5, 3, 6, 
12.5, 25, 50, 75 and 100 µg/ml) or Dex (0, 1.5, 3, 6, 12.5, 25, 
50, 100, 200, 400, 800, 1,200, 1,600 and 2,400 µg/ml) for 24 h. 
A CCK-8 assay was used to detect the chemotherapeutic sensi-
tivity of cells. The assay was performed with six replicates 
(n=6) for each group and repeated at least three times.

Cell apoptosis analysis. To explore the effect of B7-H6 knock-
down on cell apoptosis, cells were serum starved for 24 h. To 
explore the B7-H6 knockdown on the sensitivity to VCR and 
Dex, cells were seeded into 6-well plates at a cell density of 
1x106 cells/well and treated with or without VCR (25 µg/ml) 
or Dex (200 µg/ml) for 24 h. Cells were then harvested and 
apoptosis was analyzed by FACSCalibur cytometer using 
Annexin V-APC and 7-AAD (BD Pharmingen, San Jose, CA, 
USA) according to the manufacturer's instructions. CellQuest 
software was used for data analysis.

Cell cycle analysis. To explore the effect of B7-H6 knockdown 
on the cell cycle, cells were serum starved for 24 h. Cells were 
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then collected, washed and fixed in 70% ethanol overnight at 
4˚C. Cellular DNA was stained with propidium iodide (PI) 
(Beyotime, Nangtong, China) in the dark for 10 min at room 
temperature. DNA content and cell number were determined 
using a FACSCalibur cytometer. The data were analyzed using 
the ModFit program (Verify Software House, Cambridge, UK).

Cell migration and invasion assay. Migration and invasion 
assays were performed using 24-well Transwell cell culture 
chambers (Corning, NY, USA) or Matrigel-coated invasion 
chambers. Cells (5x105 cells/well) were serum starved for 
24 h and placed in the upper chamber in serum-free medium. 
Medium containing 10% FBS was placed in the lower chamber 
as a chemoattractant. After 24 h of incubation, the migrated 
cells in the lower chamber were collected and resuspended. 
Non-invading cells were removed with a cotton-tipped swab 
from the top of Matrigel and invading cells were fixed and 
stained with 0.1% crystal violet. Cells were photographed and 
counted in six random microscopic fields.

Statistical analysis. Statistical analysis was performed using 
SPSS 18.0 software (Chicago, IL, USA). Data are shown as 
mean±  SD of triplicate for each experiment. Differences 
between groups were evaluated using SPSS 18.0 software. Data 
are shown as mean ± SD of all replicates for each experiment. 
Differences between groups were evaluated using ANOVA. 
P<0.05 was considered to be statistically significant.

Results

B7-H6 is expressed in B-cell non-Hodgkin lymphomas. 
Studies have shown that B7-H6 mRNA is absent in normal 

tissues and relatively abundant in tumor cells (3). To investi-
gate the role of B7-H6 in B-cell NHL, we first detected B7-H6 
expression at the mRNA level in patients with B-cell NHL 
and healthy donors. Using the HeLa cell line as a positive 
control, we found that B7-H6 was widely and heterogeneously 
expressed in B-cell NHLs including chronic lymphocytic 
leukemia (CLL), diffuse large B-cell lymphoma (DLBCL), 
mucosa-associated lymphoid tissue (MALT) lymphoma, 
mantle cell lymphoma (MCL), follicular lymphoma (FL) 
and B-cell acute lymphocytic lymphoma (B-ALL) (Fig. 1A), 
but was absent in healthy donors' peripheral mononuclear 
cells (PMNC) at the mRNA level (data not shown). We also 
measured the expression of B7-H6 at nuclear/cytosolic level 
in 8 B-cell NHL patients including CLL (n=3), DLBCL (n=3), 
MCL (n=1) and B-ALL (n=1). B7-H6 expression was observed 
in tumor cells from 4 patients (2 patients with CLL, 1 patient 
with MCL and 1 patient with DLBCL; Fig. 1B). However, 
we did not detect B7-H6 in PMNC of 4 healthy donors (data 
not shown). Furthermore, human B-cell lymphoma cell lines 
(Raji, CA46, Z138 and Maver) expressed B7-H6 at the level 
of mRNA (Fig. 1C), nuclear/cytosolic protein (Fig. 1D) and 
membrane protein (Fig.  1E). These results indicated that 
B7-H6 is widely expressed in B-cell lymphoma specimen and 
cell lines.

The establishment of a B7-H6 stable knockdown cell line. 
To investigate the role of B7-H6 in B-cell lymphoma, CA46 
cells were selected for in vitro studies as they expressed a high 
and steady level of endogenous B7-H6 (Fig. 1C-E). B7-H6 
knockdown in CA46 cells was performed using lentivirus 
transduction to stably express shRNA targeting B7-H6. There 
was no significant difference of B7-H6 expression between 

Figure 1. B7-H6 expression in human primary B-cell lymphomas and cell lines. (A) B7-H6 is widely expressed in B-cell lymphomas including CLL, DLBCL, 
MALT, MCL, FL and B-ALL at mRNA level using HeLa cell line as a positive control. (B) B7-H6 is expressed in CLL, MCL and DLBCL at protein level. 
(C) B7-H6 is expressed in Raji, CA46, Z138 and Maver cell lines at mRNA level. (D) B7-H6 is expressed at nuclear and cytosolic protein level and (E) mem-
brane level.
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Figure 2. The effect of silencing B7-H6 by shRNA in CA46 cells. (A) B7-H6 mRNA knockdown is shown by RT-PCR and (B) quantitative PCR. (C) B7-H6 
nuclear and cytoplasmic protein was knocked down as determined by western blotting. β-actin was probed as a control. (D) B7-H6 membrane protein knock-
down was determined by flow cytometry. The data are from at least three separate experiments. **P<0.01, ***P<0.001 compared to the control group.

Figure 3. B7-H6 knockdown inhibits tumor proliferation. (A) B7-H6 knockdown inhibited the colony formation detected by methyl cellulose colony forming 
assay (x100). (B) Quantification of colony was shown with or without knockdown of B7-H6. (C) B7-H6 silencing inhibited the cell growth analyzed by CCK-8 
assay. (D) PCNA, c-myc and survivin protein levels were examined by western blotting using β-actin as a loading control. Data are presented as means ± SD 
of at least three independent experiments. **P<0.01 compared to the control group.
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the CA46 and CA46shCtrl (non-target control shRNA) groups 
at the mRNA and protein level (P>0.05). However, B7-H6 
expression in the CA46shB7-H6 group containing the B7-H6-
targetting shRNA, was significantly decreased compared 
to the CA46 group (P<0.01). The inhibition rates of mRNA 
expression in CA46 cells was 74.4% (Fig. 2A and C), whereas 
the nuclear/cytosolic protein was reduced by 77.9% (Fig. 2B) 
and the membrane protein was inhibited by 60.1% (Fig. 2D).

B7-H6 knockdown inhibits tumor cell proliferation. To 
evaluate the effects of B7-H6 knockdown on tumor cell prolif-
eration, colony forming and CCK-8 assays were performed. 
The colony forming ability of the CA46shB7-H6 group was 
decreased by 73.8% compared to the CA46 group (P<0.01; 
Fig. 3A and B). The cell proliferation of the CA46shB7-H6 
group was decreased by 33.8, 38.9 and 25.8% after 24, 48 
and 72 h respectively, compared to the CA46 group (P<0.05; 
Fig. 3C). Furthermore, we assessed markers reflecting tumor 
cell proliferation ability. The expressions of PCNA, c-Myc 
and Survivin in CA46 cells were significantly decreased by 
74.1, 21.6 and 55.2% compared to the CA46shB7-H6 group 
(P<0.05; Fig. 3D).

B7-H6 knockdown induces apoptosis and inhibits cell cycle 
progression. To explore the effects of B7-H6 knockdown on 

cell apoptosis and cell cycle, we analyzed apoptotic rates and 
cell cycle distribution by flow cytometry. Our results showed 
that there were 15.09% apoptotic cells in CA46shB7-H6 
cells compared to only 6.32% in CA46 cells (P<0.001; 
Fig. 4A and B). We also detected the proteins involved in 
apoptosis by western blotting. Expression of anti-apoptotic 
proteins including Bcl-2, Bcl-xL, Caspase-3 and -8 was 
decreased, and pro-apoptotic proteins including bax and bad 
were increased in CA46shB7-H6 cells compared to CA46 
and CA46shCtrl cells (P<0.05; Fig. 4C). The percentage of 
cells in G0/G1 phase was 43.72% in CA46 shB7-H6 cells and 
28.56% in CA46 cells (P<0.001; Fig. 5A and B). To further 
understand the effect of B7-H6 on the cell cycle progression, 
we measured expression of cell cycle regulatory proteins. 
Cyclin D1, CDK4, CDK6 and phospho-Rb expression was 
significantly decreased, while Rb and p21 expression was 
increased in CA46shB7-H6 cells in comparison to CA46 or 
CA46shCtrl cells (P<0.05; Fig. 5C). The data indicate that 
knockdown of B7-H6 in CA46 cells increases apoptosis and 
induces G0/G1 cycle arrest.

B7-H6 knockdown inhibits tumor cell migration and invasion. 
We performed Transwell migration and invasion assays to 
determine whether B7-H6 acts as a regulator of cell migra-
tion and invasion. The cell migration assay showed that the 

Figure 4. B7-H6 is associated with tumor apoptosis. (A) B7-H6 knockdown increased tumor apoptosis by serum starvation. Annexin V+/7-AAD- and 
Annexin V+/7-AAD+ were designed as early stage and advanced stage of the apoptotic process. (B) Apoptotic rates were presented as the percentage of apoptotic 
cells. The sum of Annexin V-positive cells in the upper right and lower right quandrants represents the total percentage of apoptotic cells. (C) Apoptosis-related 
protein levels were determined by western blotting with β-actin as a loading control. Each experiment was repeated at least three times and data are presented 
as means ± SD. ***P<0.001 compared to the control group.
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Figure 5. B7-H6 knockdown inhibits cell cycle progression. (A) B7-H6 arrested tumor cell cycle at the G0/G1 phase. (B) The percentage of the cell population 
at different cell cycle phases is shown. (C) The expression of cell cycle regulatory proteins was measured by western blotting with β-actin as a loading control. 
Data are presented as means ± SD of at least three independent experiments. *P<0.05, **P<0.01 compared to the control group.

Figure 6. B7-H6 knockdown inhibits tumor migration and invasion. (A) B7-H6 knockdown inhibited tumor migration and invasion capacity (x200). (B) The 
results are shown as an average of the number of migration and invasion cells from six random microscopic fields. (C) Expression of invasion-related proteins 
MMP-2 and MMP-9 was decreased in B7-H6 silenced cells, measured by western blotting. Each data point represents means ± SD of three independent 
experiments. **P<0.01 compared to the control group.
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migration ability was reduced by 67.3% in CA46shB7-H6 cells 
compared to CA46 cells (P<0.01). Furthermore, the invasion 
assay showed that knockdown of B7-H6 reduced cell invasion 
ability by 59.4% (P<0.01; Fig. 6A and B). We also measured 
the expression of crucial proteins involved in cell migration 
and invasion, and found that expression of MMP-2 and MMP-9 
was lower in CA46shB7-H6 cells than in CA46 cells (Fig. 6C). 
These results indicate that knockdown of B7-H6 could impair 
cell migration and invasion ability via downregulating the 
expression of MMP-2 and MMP-9.

B7-H6 knockdown enhances the sensitivity of tumor cells 
to chemotherapy. To explore whether knockdown of B7-H6 
would sensitize lymphoma cells to chemotherapeutic drugs, 
we chose the frontline drugs in the clinical regimen for NHL, 
namely VCR and Dex. Cell viability was measured after 
cells were treated with different concentrations of VCR and 
Dex for 24 h. The cell survival rates in the CA46shB7-H6 
group were significantly decreased compared with CA46 

or CA46shCtrl group (P<0.01; Fig. 7A). We also detected 
apoptosis induced by VCR and Dex. The data showed that 
the proportion of apoptotic cells was significantly increased 
in CA46shB7-H6 cells compared to CA46 cells (19.2 vs. 
11.0%, P<0.01 and 26.0 vs. 12.6%, P<0.01; Fig. 7C and D). 
Our previous studies showed that knockdown of B7-H6 
inhibited induced cell apoptosis and influenced expression of 
apoptosis-associated proteins. To verify whether the sensiti-
zation of cells to chemotherapeutic drugs was also associated 
with these proteins, we analyzed the expressions of repre-
sentative proteins by western blotting. We observed that the 
expression of Bcl-2, Bcl-xL, Caspase-3, Survivin, and c-Myc 
was decreased more in drug-treated CA46shB7-H6 group 
compared to drug-treated CA46 or CA46shCtrl groups (lane 6 
vs. lane 2 and lane 6 vs. lane 4; Fig. 7B). Our findings support 
the notion that sensitization to chemotherapeutic drugs is 
mediated by apoptosis-related proteins. These results suggest 
that knockdown of B7-H6 improves the chemosensitivity of 
B-cell lymphoma cells.

Figure 7. B7-H6 knockdown sensitizes chemotherapy in CA46 cells. (A) Drug concentration-dependent cell survival curves for VCR and Dex for 24 h in 
CA46, CA46shCtrl and CA46shB7-H6 cells. (B) Expression of apoptosis-related proteins with or without drugs was detected by western blotting. Lane 1, 
CA46 control; lane 2, CA46+VCR+Dex; lane 3, CA46shCtrl; lane 4, CA46+VCR+Dex; lane 5, CA46shB7-H6; lane 6, CA46+VCR+Dex). (C) Tumor cells 
were treated with VCR (25 µg/ml) or Dex (200 µg/ml) for 24 h. Cell apoptosis was significantly increased in CA46shB7-H6 group compared to control group. 
(D) The results are presented as percentage of apoptotic cells. Each data point represents means ± SD of three independent experiments. **P<0.01 compared 
to the control group.
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Knockdown of B7-H6 leads to inactivation of STAT3. STAT3 
is often constitutively activated in lymphoma cells (21-23), and 
is involved in oncogenesis. To evaluate whether loss of STAT3 
activation was involved in the effects induced by B7-H6 
knockdown, we reactivated STAT3 with IL-6, an activator of 
STAT3 pathway (24), and detected the expression of its target 
genes. We observed that expression of pSTAT3, pERK1/2, 
Cyclin D1 and Bcl-xL was decreased in CA46shB7-H6 cells, 
but increased by IL-6 (P<0.05; Fig. 8), thus indicating that 
knockdown of B7-H6 leads to inactivation of STAT3.

Discussion

Immunotherapy has shown some glimmers of hope for the 
treatment of lymphomas (2). Monoclonal antibodies targeting 
B7 family checkpoint regulators including PD-L1, B7-H3 and 
B7-H4 have beneficial effects in reducing tumor burden in 
melanoma, lung cancer and renal cancer (10,11). B7-H6 is a 
new member of B7 family and is highly expressed in various 
tumors (3,5,18) while being absent from normal tissue (3). 

Such differential expression makes B7-H6 an attractive thera-
peutic target. B7-H6 expression is negatively associated with 
overall survival in ovarian cancer (4) and of modest value as 
a prognostic marker in non-small cell lung cancer and gastric 
cancer (19,20). Our results also showed that B7-H6 is widely 
expressed in various hematologic malignancies (data not 
shown) including B-cell lymphomas, in both primary tumor 
cells and B-cell lymphoma cell lines. However, it remains to 
be determined whether B7-H6 expression is associated with 
outcome in a large cohort of patients with lymphoma.

In this study, we first generated and validated a B-cell 
lymphoma cell line with B7-H6 knockdown using lentivirus 
transduction of CA46. B7-H6 expression was significantly 
decreased at the mRNA and protein level in CA46 cells. The 
B7-H6 knockdown was specific and efficient, and the B-cell 
lymphoma cell model was used in the subsequent studies.

Uncontrolled proliferation is one of the important hallmarks 
of tumor cells (25). Previous studies found that B7-H6 expression 
is positively correlated with ovarian cancer progression (4), but 
to date no similar study has been published in B-cell lymphoma. 

Figure 8. Effects of B7-H6 knockdown on the expression of STAT3 and STAT3 downstream targets. (A) Cellular proteins were analyzed by western blot-
ting in CA46, CA46shCtrl, CA46shB7-H6 and CA46shB7-H6+IL-6 groups with antibodies specific for STAT3, pSTAT3 Ser727, pSTAT3 Tyr705, ERK1/2, 
pERK1/2, Cyclin D1, Bcl-xL and β-actin. (B) The ratio of colorimetric density of STAT3 and downstream genes. β-actin served as loading control. *P<0.05, 
**P<0.01,***P<0.001 compared to the control group.
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We found that B7-H6 silencing inhibited the proliferation and 
colony formation of lymphoma cells and the expression of 
Survivin, PCNA and c-Myc was decreased in CA46shB7-H6 
cells. Survivin and PCNA are important molecular markers 
for proliferation and expressed in G2/M and S phase, respec-
tively (26,27). Translocation involving c-Myc is characteristic 
of Burkitt lymphomas (28). The inhibition of cell proliferation 
might be through downregulation of PCNA, Survivin and c-Myc, 
however, the molecular mechanisms need further investigations.

Resistance to cell death is also a characteristic of tumor 
cells (25). Previous studies suggested that high soluble B7-H6 
was associated with chemoresistance in neuroblastoma (6). 
To determine whether B7-H6 silencing influences apoptosis 
in CA46 cells, we measured the apoptotic rates induced by 
serum starving and chemotherapeutic drugs. We measured an 
increased rate of apoptosis in the B7-H6 knockdown group. 
Bcl-2/Bcl-xL and Bax/Bad are important members of Bcl-2 
family, which plays a role in cell apoptosis (29,30). The main 
function of Bcl-2/Bcl-xL is to prevent the release of pro-
apoptotic molecules leaking into cytosol to block apoptosis, 
and the role of Bax/Bad is quite the opposite (30). The induc-
tion of apoptosis is influenced by the ratio of pro-apoptotic to 
anti-apoptotic molecules. Our data showed that the expression 
of Bcl-2 and Bcl-xL were decreased, and the expression of Bax 
and Bad was increased in CA46shB7-H6 group. Moreover, 
the expression of Caspase-8 and -3, which act as initiator and 
executor of apoptosis, respectively, was decreased after B7-H6 
silencing (31). Thus, our study indicates that knockdown of 
B7-H6 induces apoptosis and chemotherapeutic susceptibility 
in lymphoma cells through downregulation of anti-apoptotic 
proteins, upregulation of pro-apoptotic proteins and activation 
of Caspase-8 and -3.

Disturbance of cell cycle regulation has been shown to 
be responsible for the initiation and development of solid and 
hematologic tumors (32-34). We assessed cell cycle distribu-
tion and found that B7-H6 silencing induced cell cycle arrest 
in G0/G1 phase. The Cyclin D1-CDK4/6-Rb pathway is a key 
regulator of the G1/S transition (35,36). Cyclin D1 interacts 
with CDK4/6 to form a complex, which phosphorylates and 
inactivates Rb (34). The phosphorylated Rb protein is released 
from the transcription factor E2F to promote G1/S transition 
(34). We found that knockdown of B7-H6 led to decreased 
expressions of Cyclin D1, CDK4, CDK6, pRb proteins and to 
increased expression of Rb. The p21 protein is a CDK inhibitor 
that binds to the Cyclin D1-CDK4/6 complex and mediates 
cell G1 cycle arrest (37). As shown in Fig. 5C, the expression 
of p21 was reduced after B7-H6 silencing. These data suggest 
that the cell cycle might be regulated by B7-H6 through the 
Cyclin D1-CDK4/6-Rb axis and p21.

Invasion and metastasis are important hallmarks of tumors 
(25). Several studies reported that B7-H6 is associated with 
metastasis in ovarian cancer (4) and neuroblastoma (6). In our 
study, we observed that B7-H6 silencing inhibited the migra-
tory and invasive properties of CA46 cells. Since MMP-2 
and MMP-9 are correlated with invasion and metastasis in 
lymphomas and solid tumors (38,39), we measured the expres-
sions of these proteins and found them to be decreased in 
CA46shB7-H6 cells. This observation indicates that inhibition 
of cell migration and invasion after B7-H6 silencing might be 
related to downregulation of MMP-2 and MMP-9.

STAT3 plays a critical role in cancer progression (40) and 
is a promising target for the treatment of multiple malignancies 
including lymphoma (22,23,40). Inhibition of STAT3 results in 
decreased proliferation and increased apoptosis in cancer cells 
(40). In this study, B7-H6 silencing inhibited the activation of 
STAT3 and ERK1/2. We reactivated the STAT3 pathway with 
IL-6 and measured downstream targets of STAT3, including 
Cyclin D1, Bcl-xL and ERK1/2 (40). The data indicated that 
knockdown of B7-H6 led to dephosphorylation of STAT3 and 
downregulation of its target proteins. Thus, our data support a 
model in which B7-H6 inhibition is responsible for decreased 
tumor cell oncogenicity and increased apoptosis via abroga-
tion of the STAT3 pathway.

Above all, this study confirmed that B7-H6 was widely 
expressed in lymphomas. Knockdown of B7-H6 not only 
suppressed cell proliferation, migration and invasion ability, 
but also enhanced G0/G1 cycle arrest, apoptosis and chemo-
sensitivity in lymphoma cells. This study indicated that B7-H6 
inhibition exerts antitumor effects via the inactivation of the 
STAT3 pathway. These findings suggest that B7-H6 may serve 
as a therapeutic target in lymphomas.
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