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Abstract. Osteosarcoma is a serious malignancy in pediatric 
patients, which comprises 2.4% of fatal cancer in children and 
achieves 20% of all primary bone cancers. In the present study, 
we employed three human osteosarcoma cell lines MG‑63, 
HOS and U2OS for susceptibility to cytolytic activity of freshly 
isolated healthy donor NK cells. Cells were lysed by NK cells 
in a dose dependent manner. MG‑63 cells exhibited less suscep-
tibility to NK cells than HOS and U2OS cells at all cell ratios. 
The specific mechanism underlying the effects of NK cells 
on osteosarcoma cells was determined by antibody blockage 
experiments. The results revealed that granzyme B was the key 
factor in the NK cell‑induced cytotoxicity of human osteosar-
coma cells. To the best of our knowledge, the present study is 
the first to investigate the expression of PD‑L1 in MG‑63, HOS 
and U2OS cells. The relative expression of the PD‑L1 gene 
and protein in MG‑63 cell was greater than HOS and U2OS 
cells. The specific lysis of human osteosarcoma cells induced 
by NK cells was enhanced when PD‑L1/PD‑1 was blocked 
by the PD‑L1 antibody. The present study proposed that the 
PD‑L1/PD‑1 axis serves an important role in NK cell‑induced 
cytotoxicity in osteosarcoma via granzyme B secretion. Our 
findings may contribute to the development of precise treatments 
for osteosarcoma based on the expression profile of PD‑L1 in 
patients with this disease.

Introduction

Osteosarcoma (OS) forms 2.4% of fatal cancer in children. It 
accounts for 20% of all primary bone cancers and is a serious 
malignancy in pediatric patients (1). The 5‑year survival rate is 
only 50‑70% in osteosarcoma patients due to the lack of effective 

treatment options currently (2). OS is a primary tumor of bone 
and was reported to derive from malignant mesenchymal stem 
cells (3,4). The tumor usually develops in the metaphysis of the 
long bones; thus, the proximal tibia, the proximal humerus and 
the distal femur are high risk area of tumor development (5,6). 
At present, chemotherapy is the first choice of treatments besides 
surgical treatment. Chemotherapeutic drugs, such as cisplatin, 
ifosfamide and high‑dose methotrexate may result in acquired 
drug resistance in OS cells (7). Therefore, there is an urgent need 
for the development of novel effective therapeutic drugs for the 
treatment of this disease (8,9).

For patients who are not candidates for surgery, immuno-
therapy is a promising therapeutic option (9,10). Expansion 
of autologous tumor‑specific effector cells ex vivo prior to 
infusion into the host serves an important role in adoptive cell 
immunotherapy (11). CIK cells, lymphokine‑activated killer 
cells, tumor‑infiltrating lymphocytes, cytotoxic T lymphocyte 
cells and natural killer (NK) cells are candidate immunological 
effector cells for treating cancer, or combined targets following 
surgery  (12,13). There have been an increasing number of 
encouraging clinical results in breast (14), liver (15), and diges-
tive tract (16) cancers by adopting NK cells in treatment. Thus, 
treating OS via NK cells has drawn increasing attention in 
the field of cancer immunotherapy. Unlike T cells, NK cells 
are innate immune lymphocytes, which kill or lyse malignant 
cells by producing cytokines and chemokines, independent of 
antigen presentation (17,18). Similar to interleukin (IL)‑12, IL‑15 
and IL‑18, IL‑17 enhances the susceptibility of U2OS osteo-
sarcoma cells to NK cell lysis (19). NK cell therapy combined 
with aerosol IL‑2 decreased OS lung metastasis tumor burden 
in a mouse model (20,21); however, the expression of certain 
inhibitory molecules of tumor cells negatively regulate NK cell 
function (22).

With the development of immune checkpoint inhibitors for 
the treatment of malignant tumors, cancer immunotherapy has 
become an increasingly popular treatment modality in cancer 
therapy. Programmed death ligand‑1 (PD‑L1), a popular immune 
checkpoint, serves an important role in escaping tumor immu-
nosurveillance (23,24). PD‑1, a receptor of PD‑L1, is expressed 
on immune cells, including NK cells, and interacts with tumor 
cells, leading to cell apoptosis, anergy or tolerance (25). A PD‑L1 
antibody therapy clinical trial (clinical trial no. 2017L04642) was 
permitted in China after anti‑PD‑1 antibodies were approved by 
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the US FDA for the treatment of melanoma (26,27). In addi-
tion, studies have reported that the tumor response to PD‑L1 or 
PD‑1 inhibition is directly associated with the expression levels 
of PD‑L1 and lymphocytic infiltration of the tumor (28‑30). 
Previous studies have begun to examine the role of PD‑L1 in 
OS. Utilizing reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR), PD‑L1 mRNA expression was deter-
mined to be associated with lymphocyte infiltration (31). PD‑L1 
blockade in a mouse model of OS revealed the initial regression 
of the tumor followed by growth of PD‑L1 antibody‑resistant 
clones (32). PD‑L1 expression was significantly linked to poor 
5‑year survival rates (33). The present study aimed to investigate 
the function and mechanism of NK cells on the human OS cells. 
Whether the difference in the expression ratio of PD‑L1 on 
distinctive OS cell lines result in the different outcomes was also 
explored. Our findings may suggest the potential of anti‑PD‑L1 
combined with NK cell treatment in high PD‑L1 expression‑OS 
cancer.

Materials and methods

Cell isolation and purification. Peripheral blood mononuclear 
cells (PBMCs) were freshly isolated from peripheral blood of 
healthy individuals (three donors were all males, who were 
28 years old at March 03, 2018, 24 years old at July 02, 2018 
and 31 years old at September 07, 2018) via Ficoll density 
gradient separation at the speed of 1,174 x g (raising speed 
at 9, descent speed at 1) for 30 min at room temperature. The 
study was approved by the Ethics Committee of Changchun 
Blood Center; written informed consent was obtained from all 
patients. NK cells were enriched through negative selection 
from outflow cells with an NK cell isolation kit according to 
the manufacturer's protocols (Miltenyi Biotec). The purity of 
the purified cells was ≥95% as determined by flow cytometry.

Tumor cell lines. MG‑63, HOS and U2OS human OS cell lines, 
as well as MDA‑MB‑231 and MCF7 breast cancer cell lines 
were purchased from the American Type Culture Collection. 
The MDA‑MB‑231 breast cancer cell line expresses high 
levels of PD‑L1, whereas that of the MCF7 cell is negligible; 
thus, these two cells served as the positive and negative 
controls respectively. The cells were cultured in a 96‑well plate 
containing 200 µl complete medium (Dulbecco's modified 
Eagle's medium), 10% fetal calf serum, penicillin (100 U/ml), 
streptomycin (0.1 mg/ml) and glutamine (Invitrogen; Thermo 
Fisher Scientific, Inc.) at a density of 5x104 cells/well, at 37˚C.

Cellular cytotoxicity assay. NK cell‑mediated cellular cyto-
toxicity was determined using a non‑radioactive cellular 
cytotoxicity assay kit (Techno Suzuta). Tumor cells (5x104) 
in a round bottom 96‑well plate were challenged by 100 µl of 
NK cells at effector‑to‑target ratios of 0:1, 0.2:1, 1.0:1, 5.0:1 and 
25.0:1 for 40 min at 37˚C with 5% CO2. The detailed procedure 
was performed as described previously (34).

Flow cytometry. Annexin V‑fluorescein isothiocyanate (FITC) 
and propidium iodide (PI) double staining flow cytometry anal-
yses were employed to assess cell apoptosis. MG‑63, HOS and 
U2OS cells were collected on the experimental endpoint. Cell 
apoptosis was analyzed using a flow cytometer (FACScan; BD 

Biosciences) with FlowJo 7.6 FACS analysis software (FlowJo 
LLC). The cells in the different portions represented the different 
cell states as follows: The late‑apoptotic cells were present in the 
upper right portion, the viable cells were present in the lower left 
portion, and the early apoptotic were cells present in the lower 
right portion. The rate of apoptosis was obtained from the early 
apoptotic and the late‑apoptotic cells. Brefeldin A (Sigma‑Aldrich; 
Merck KGaA) was subsequently added at a final concentration of 
5 µg/ml then further culturing in the 37˚C incubator for another 
4 h. NK cells were stained for surface expression of CD107a, and 
intracellular expression of granzyme B and interferon (IFN)‑γ. 
To investigate the involvement of selected molecules, blocking 
experiments were performed by adding the following mono-
clonal antibodies (mAbs): α‑PD‑L1 (cat. no. 9049‑B7), α‑IFN‑γ 
(cat. no. AF‑285‑SP) and α‑granzyme B (cat. no. MAB2906‑SP). 
Control experiments were performed using isotype matched 
mouse antibodies (all mAbs from R&D Systems). All mAbs 
were used at a final concentration of 10 µg/ml. The antibodies 
were added to the cell culture plates and incubated at 37˚C at the 
beginning of the experiment.

RT‑qPCR. Total cellular RNA was isolated using TRIzol 
(Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA was 
reversed transcribed into cDNA by a reverse transcription kit at 
42˚C for 30 min and 85˚C for 5 min (Beijing Transgen Co., Ltd.). 
qPCR was conducted using the Fast Start Universal SYBR® 
Green Master (ROX) kit (Roche Diagnostics). Reactions were 
performed using 3 µl of cDNA in a 20 µl reaction volume and 
the following thermal cycles profile: 10 sec for pre‑denaturation 
at 94˚C, 5 sec for denaturation at 94˚C, and 30 sec for exten-
sion at 60˚C, for 40 cycles. RT‑qPCR was performed using the 
Power SYBR Green Master Mix (Takara Bio, Inc.) and an ABI 
7300 Real‑Time PCR system (Applied Biosystems, Thermo 
Fisher Scientific, Inc.) The primer sequences for PD‑L1 were 
as follows: sense, 5'‑TTC​CCA​GTC​CAA​ACT​GAG​GAG​TCC​
AAC‑3' and antisense, 5'‑TTG​TTC​GCT​ACC​CGA​AAC​GCT​
GAG‑3'. The GAPDH primers were as follows: sense, 5'‑CCA​
GGT​GGT​CTC​CTC​TGA​CTT‑3' and antisense, 5'‑GTT​GCT​
GTA​GCC​AAA​TTC​GTT​GT‑3'.

Western blotting. Cell total protein was extracted using RIPA 
buffer (Beyotime Institute of Biotechnology) supplemented with 
a cocktail protease inhibitor (Roche Molecular Diagnostics), 
and the protein concentration was determined with a BCA kit 
according to the manufacturer's protocol. A total of 5‑40 µg 
cell total protein was separated by 10% SDS‑PAGE and then 
were electrotransferred to polyvinylidene fluoride membranes 
(0.45 µm; EMD Millipore) and blocked at 37˚C for 1 h with 
5% skim milk in Tris‑buffered saline with Tween‑20 (0.1%). 
Subsequently, membranes were incubated with monoclonal 
antibodies against PD‑L1 (cat. no. 13684, 1:1,000) and β‑actin 
(cat. no. 3700, 1:1,000) at 4˚C overnight. The membranes were 
washed with TBS washing buffer six times, and then incubated 
with horseradish peroxidase‑conjugated goat anti‑mouse (cat. 
no. TA130001) or goat anti‑rabbit (cat. no. TA130015) secondary 
antibodies (1:2,000; OriGene Technologies, Inc.) at 37˚C 
for 1 h. The detailed procedure was performed as described 
previously  (33). Protein expression levels were determined 
semi‑quantitatively by densitometric analysis with the Quantity 
One software (V4.62, Bio‑Rad Laboratories, Inc.).
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Enzyme‑linked immunosorbent assay (ELISA). The supernatants 
of the cell cultures were collected in each experimental condition. 
Granzyme B (cat. no. DY2906‑05, R&D Systems) and IFN‑γ 
(cat. no. DIF50, R&D Systems) concentrations were measured 
by ELISA according to the manufacturer's instructions.

Statistical analysis. All data and results were calculated from 
at least three replicate measurements and are presented as 
the mean ± standard deviation. Mean values were compared 
using one‑way ANOVA multiple comparison tests. P<0.05 was 
considered to indicate a statistically significant difference. All 
statistical tests were performed with GraphPad Prism software 
(v5.0, GraphPad Software, Inc.).

Results

Three human osteosarcoma cell lines with distinctive suscep‑
tibility to NK cells. We tested 3 human osteosarcoma cell lines 
MG‑63, HOS and U2OS, for susceptibility to cytolytic activity 
of freshly isolated healthy donor NK cells. All cell lines were 
lysed by NK cells in a dose dependent manner (1.0:1, 5.0:1 and 
25.0:1). U2OS cells exhibited significantly increased suscepti-
bility to NK cells compared with MG‑63 and HOS cells at all 
ratios (P<0.05; Fig. 1). The susceptibility to the cytolytic activity 
of NK cells in MG‑63 cells was reduced compared with the 
other two cell lines. HOS cells exhibited moderate cytolysis. 
The results indicate that different human osteosarcoma cell 
lines have distinct susceptibilities to NK cells.

Flow cytometry analysis of human OS cell apoptosis. 
Annexin V‑FITC and PI double‑staining flow cytometry anal-
yses were performed. The MG‑63, HOS and U2OS cells were 
plated in 96‑well plates containing 200 µl medium at a density 
of 5x104 cells/well. The induction of apoptosis was examined 
with or without NK cells (effector‑to‑target ratio = 20:1). As 

presented in Fig. 2, the number of early‑ and late‑apoptotic cells 
increased significantly in the NK cell‑treated groups compared 
with that in the control group. The apoptotic effects of NK cells 
on U2OS cells (29.3±3.2% vs. 1.5±0.45%, P<0.01) and HOS 
(16.3±2.2% vs. 1.6±0.68%, P<0.05) cells were significantly 
increased compared with the corresponding control cells. 
Similar to the cellular cytotoxicity assay results, MG‑63 cells 
exhibited a reduced apoptosis rate than that of U2OS and HOS 
cells (P<0.05).

NK cells lyse human OS cells in a granzyme B‑dependent 
manner. CD107a, a cytotoxicity marker, was determined to 
be upregulated in NK cells when cocultured with the human 
OS cells in the present study. As shown in Fig. 3A and B, 
28.9±1.3 (P<0.01) and 12.3±2.1% (P<0.05) CD107a+ NK cells 
were counted upon coculturing with U2OS and HOS cells, 
respectively. Upon culture with MG‑63 cells, fewer CD107a+ 
NK cells were detected when compared with U2OS (8.2±1.5% 
vs. 28.9±1.3%, P<0.01) and HOS cells (8.2±1.5% vs. 12.3±2.1%, 
P<0.01). Granzyme B and IFN‑γ concentrations in the cell 
culture supernatant were measured by ELISA. As shown in 
Fig. 3C and D, consistent with CD107a expression, granzyme B 
and IFN‑γ secretion levels were elevated in response to NK and 
OD coculturing. Unlike granzyme B and CD107a, IFN‑γ secre-
tion in all three human OS cells was comparable (P>0.05). To 
determine whether granzyme B may be the key factor in the 
cytotoxic effects of NK cells on human OS cells, granzyme B 
and IFN‑γ antibodies were added to the NK cell/human OS 
cell coculture systems. As presented in Fig. 4A, the cytolytic 
activity of NK cells on MG‑63, HOS and U2OS cells was 
significantly reduced when granzyme B was blocked compared 
with the control (P<0.05). In contrast, when the IFN‑γ antibody 
was added, no differences in the cytolytic activity of NK cells 
on human OS cells were observed (P>0.05). The detection of 
cell apoptosis by FACS revealed supporting findings in which 
the inhibition of granzyme B led to the significant reduction 
in apoptosis compared with the control; significant differences 
were not observed between the IFN‑γ‑inhibited and control 
groups (Fig. 4B). These results suggested that NK cells lyse 
human OS cells in a granzyme B‑dependent manner.

Expression of PD‑L1 in MG‑63 cell is greater than that of U2OS 
and HOS cells. Tumor cells express PD‑L1 to inhibit NK cell 
cytolytic activity as NK cells express PD‑1 (22). In the present 
study, the expression of PD‑L1 on MG‑63, HOS and U2OS cells 
was investigated. PD‑L1 expression was quantified by RT‑qPCR 
and western blotting. The relative expression of the PD‑L1 in 
MG‑63 cell was significantly greater than that in the HOS and 
U2OS cells (P<0.01; Fig. 5A). Western blotting revealed that 
the protein expression of PD‑L1 in MG‑63 cells was ~3‑5 folds 
greater than that in HOS and U2OS cells (P<0.05; Fig. 5B and C).

PD‑L1 blockage enhances the cytotoxicity of NK cells in 
human OS cells. To investigate the pivotal role of PD‑L1/PD‑1 
checkpoint on the cytotoxicity of NK cells in human OS cells, 
PD‑L1 antibody was added to the NK cell/human OS cell 
coculture systems. The specific lysis induced by NK cells of 
human OS cells was significantly enhanced when PD‑L1/PD‑1 
blocked by PD‑L1 antibody, compared with the control (P<0.05; 
Fig. 6A). Interestingly, the fold‑change in the specific lysis of 

Figure 1. Three human osteosarcoma cell lines possess distinct susceptibilities 
to NK cells. MG‑63, HOS and U2OS cells were plated in a 96‑well plate 24 h 
before NK cells were added. E:T ratios were 0:1, 0.2:1, 1.0:1, 5.0:1 and 25.0:1. 
NK cell‑mediated cellular cytotoxicity was determined using a nonradioactive 
cellular cytotoxicity assay kit. The data are expressed as the mean ± stan-
dard deviation of three experiments. *P<0.05 and **P<0.01 vs. control. E:T, 
effector‑to‑target; NK cells, natural killer cells.

https://www.spandidos-publications.com/10.3892/or.2019.7299


ZHANG et al:  FUNCTION OF THE PD-L1/PD-1 AXIS IN THE NK CELL-INDUCED CYTOTOXICITY IN OSTEOSARCOMA2052

Figure 3. Detection of the cytotoxic effects of NK cells on human osteosarcoma cells. NK cells were stained for the surface expression of CD107a and the 
intracellular expression of granzyme B and IFN‑γ after coculture with MG‑63, HOS and U2OS cells. (A and B) CD107a+ NK cell percentage. (C) GzmB 
and (D) IFN‑γ concentrations in the cell culture supernatant were measured by ELISA. The data are expressed as the mean ± standard deviation of three 
experiments. NS, no significance, P>0.05. *P<0.05 and **P<0.01. Gzm B, granzyme B; IFN‑γ, interferon‑γ; NK cells, natural killer cells.

Figure 2. Detection of apoptosis by flow cytometry in human osteosarcoma cells treated with NK cells. Flow cytometric analysis of apoptosis in MG‑63, HOS 
and U2OS cells treated with NK cells at an effector‑to‑target ratio = 20:1. Tumor cells cultured alone were used as the control. (A) Representative figure of flow 
cytometric analysis of human osteosarcoma cell apoptosis. (B) Statistical analysis of the percentage of apoptotic cells in three independent arrays. The data are 
expressed as the mean ± standard deviation of three experiments. *P<0.05 and **P<0.01. NK cells, natural killer cells; PI, propidium iodide.
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MG‑63 cells was significantly increased than that of HOS and 
U2OS cells (P<0.01; Fig. 6B). This may be due to the notably 
upregulated expression of PD‑L1 MG‑63 cells than in the other 
two cell lines. CD107a expression (P<0.05; Fig. 6C) secretion 
of NK cells was also enhanced with the coculture with all three 
cell lines; significant increases in granzyme B secretion was 
observed in MG‑63 and HOS cells compared with the control 
(P<0.05; Fig. 6D). On the contrary, IFN‑γ secretion from NK 
cells in all coculture systems did not significantly change in the 
presence or absence of PD‑L1 antibody (P>0.05; Fig. 6E).

These results indicated that PD‑L1 expression in human 
OS cell lines plays an important role in the susceptibility to 
NK cells. The PD‑L1/PD‑1 interaction was proposed to serve 
an important role in the evasion of tumor immunosurveillance 
(Fig. 7).

Discussion

The association between the host immune system, the 
type of cancer and cancer treatment applied is extremely 
complex (29,30). Immunotherapies that include PD‑1/PD‑L1 
blockade have shown prolonged clinical activity against 
various human malignancies excluding OS (31), despite the fact 
that there is evidence that PD‑L1 contributes to OS progres-
sion in animal experiments (32). As the main components of 
the innate immune system, NK cells can kill tumor cells or 
infected cells directly, independent of antigen presenting cells. 
CD56dimCD16bright NK cells (~90%) and CD56brightCD16dim 
NK cells (~10%) are two subsets of NK cells in healthy adult 
peripheral blood (35). CD56dimCD16bright NK cells exert mainly 
cytolytic functions by secreting granzyme B and perforin, 

whereas CD56brightCD16dim NK cells exert primarily immune 
regulatory functions by secreting cytokines (33). Cells lacking 
major histocompatibility (MHC) molecules can activate NK 
cells by interacting with activating receptors on the cell surface, 
including NKp30, NKp40, NKG2D and NKp46 (36). Tumor 
cells are more susceptible to NK cells due to the lack of MHC 
class‑I molecules (34). In this study, we tested three human OS 
cell lines MG‑63, HOS and U2OS for susceptibility to cytolytic 
activity of freshly isolated healthy donor NK cells. All cell lines 
were lysed by NK cells in a dose‑dependent manner. MG‑63 
cells exhibited reduced susceptibility to NK cells than HOS and 
U2OS cells at all ratios. This finding indicated that human OS 
cells, similar to the other malignant cells, such as non‑small cell 
lung cancer and melanoma cells, are more susceptible to NK 
cells; however, variations in the expression of certain inhibitory 
molecules in different cell lines and patients may account for 
differences in analysis.

PD‑L1, a systemic immune checkpoint, plays an important 
role in escaping tumor immunosurveillance. PD‑1, as a receptor 
of PD‑L1, is expressed on immune cells including NK cells, and 

Figure 4. NK cells lyse human osteosarcoma cells in a granzyme B‑dependent 
manner. Granzyme B and IFN‑γ antibodies were added to the NK cell/human 
osteosarcoma cell coculture system. MG‑63, HOS and U2OS cells were treated 
with NK cells at effector‑to‑target ratio = 20:1. (A) NK cell‑mediated cellular 
cytotoxicity was determined using a nonradioactive cellular cytotoxicity assay 
kit. (B) Flow cytometric analysis of apoptosis in MG‑63, HOS and U2OS 
cells. The data are expressed as the mean ± standard deviation of three experi-
ments. NS, no significance, P>0.05. *P<0.05, **P<0.01 and ***P<0.001. IFN‑γ, 
interferon‑γ; NK cells, natural killer cells.

Figure 5. Expression of PD‑L1 in MG‑63, HOS and U2OS cells. PD‑L1 expression 
in MG‑63, HOS and U2OS cells was quantified by reverse transcription‑​quan-
titative polymerase chain reaction and western blotting. The MDA‑MB‑231 
breast cancer cell line expresses a high level of PD‑L1 and served as the positive 
control. The MCF7 breast cancer cell line does not express PD‑L1 and served 
as the negative control. (A) The relative mRNA expression of PD‑L1 in MG‑63, 
HOS and U2OS cells. (B and C) Protein expression in MG‑63, HOS and U2OS 
cells. The data are expressed as the mean ± standard deviation of three experi-
ments. *P<0.05 and **P<0.01 vs. negative control. #P<0.05. PD‑L1, programmed 
death ligand‑1; Neg, negative; Pos, positive.
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interacts with tumor cells, leading to cell apoptosis, anergy or 
tolerance. PD‑L1 expression appears to be conserved across 
a number of solid tumors and hematologic malignancies (37). 
The PD‑L1 protein is expressed in a variety of cancers, such 
as melanoma, non‑small cell lung cancer, lymphomas and 
osteosarcoma (38). The detection of PD‑L1 protein expression 
by IHC in the tumors of patients is a predictor of responses 
to both anti‑PD‑L1 and anti‑PD‑1 therapy in a variety of 
cancers (29,30). The relative gene and protein expression levels 
of PD‑L1 in MG‑63 cell was greater than those in HOS and 
U2OS cells. PD‑L1 antibody was added to the NK cell/human 

OS cell coculture system. The specific lysis of NK cells in 
human OS cells was enhanced when PD‑L1/PD‑1 was blocked 
by the PD‑L1 antibody.

To further address the specific mechanism of NK cells in 
human OS cells, CD107a, granzyme B and IFN‑γ secretion was 
detected. When cocultured with human OS cells, CD107a was 
significantly expressed. Granzyme B may be the key factor of 
NK cell‑induced cytotoxicity of human OS cells. To prove this 
hypothesis, granzyme B and IFN‑γ antibodies were added to the 
NK cell/human OS cell coculture system. The cytolytic activity 
of NK cells in human OS cells was moderated when granzyme 

Figure 7. Schematic outline of the PD‑L1/PD‑1 axis on the cytotoxicity of natural killer cells in human osteosarcoma cells by Gzm B secretion. NK cells kill 
human osteosarcoma cells that lack major histocompatibility molecules by exerting cytolytic functions, mainly by secreting Gzm B and expressing CD107a; 
however, certain human osteosarcoma cell lines or patients with osteosarcoma that overexpress PD‑L1 molecules demonstrate an interaction between PD‑L1 and 
PD‑1 on NK cells so that the cells can evade immunosurveillance. Gzm B, granzyme B; NK cells, natural killer cells; PD‑1, programmed cell death protein 1; 
PD‑L1, programmed death ligand‑1.

Figure 6. PD‑L1 blockage enhanced the cytotoxicity of NK cells in human osteosarcoma cells. PD‑L1 antibody was added to the NK cell/human osteosarcoma 
cell coculture system. (A) NK cell‑mediated cellular cytotoxicity in MG‑63, HOS and U2OS cells. (B) The fold‑change of specific lysis in human osteosarcoma 
cells in the presence or absence of PD‑L1 antibody. (C) CD107a+ NK cell percentage. (D) Gzm B and (E) IFN‑γ concentrations in the cell culture supernatant. 
The data are expressed as the mean ± the standard deviation of three experiments. NS, no significance, P>0.05. *P<0.05 and **P<0.01. Gzm B, granzyme B; IFN‑γ, 
interferon‑γ; NK cells, natural killer cells; PD‑L1, programmed death ligand‑1.
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B was blocked. On the contrary, in the presence or absence of 
IFN‑γ antibody, no difference in the cytolytic activity of NK 
cells on human OS cells was observed. These results suggested 
that NK cells lyse human OS cells in a granzyme B‑dependent 
manner.

For patients who are not candidates for surgery, immuno-
therapy could be a promising therapeutic option for treating 
those with advanced cancer (39). The expansion of the autolo-
gous tumor‑specific effector cells ex vivo prior to infusion into 
the host serves an important role in adoptive cell immuno-
therapy (40). The clinical success of cancer immunotherapies 
targeting T‑cell immune checkpoint receptors PD‑1/PD‑L1 has 
demonstrated the importance of immunoevasion as a hallmark 
of cancer (41). Similar to T cells, NK cell also can kill tumor 
cells directly after PD‑1/PD‑L1 blockage (42). Increased expres-
sion of PD‑1 on NK cells prevents NK cell‑mediated anti‑tumor 
function via the secretion of granzyme B and is correlated with 
poor prognosis in digestive cancers (43). It has been well docu-
mented that lactate in the tumor microenvironment induces 
immunosuppression, which results in NK cell apoptosis and 
reduces the frequency of cell infiltration into these tumors (44). 
NK cells are potential effector cells against cancer, including 
blood malignancies and solid tumors, such as such as non‑small 
cell lung cancer, melanoma. The numbers of tumor‑infiltrating 
NK cells was positively correlated with the outcome  (45). 
Lower NK cell activity in the body has been associated with an 
increased risk of cancer development (46). The immunological 
characteristics of cancer cells are also important indicators 
of the choice of therapy. Although the our findings indicated 
that the PD‑L1/PD‑1 axis regulates granzyme B secretion, the 
mechanism requires further investigation. Our future work 
will involve investigation into the underlying mechanisms. In 
summary, the present study revealed that the PD‑L1/PD‑1 axis 
serves an important role in the NK cell cytotoxicity in OS via 
granzyme B secretion. The decision of whether or not to use 
anti‑PD‑L1 and anti‑PD‑1 therapy depends on the detection 
of the protein expression of PD‑L1 by IHC in the tumors of 
patients. Our findings may contribute to development of the 
precise treatment of human OS.
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