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Abstract. Acute lung injury caused by sepsis remains one of 
the most difficult challenges faced by patients in intensive care 
units and is associated with a high mortality rate. The aim 
of the present study was to investigate whether programmed 
cell death (PD)‑1/programmed cell death‑ligand 1 (PD‑L1) 
inhibitors reduce alveolar macrophage apoptosis, reduce 
inflammatory factor release and relieve inflammation. For 
this purpose, murine alveolar macrophages, MH‑S, were 
cultured and divided into control, lipopolysaccharide (LPS) 
and LPS+BMS‑1 (PD‑1/PD‑L1 inhibitors) groups. LPS 
(10 ng/ml) was added to the LPS and LPS+BMS‑1 groups for 
24 h and PD‑1/PD‑L1 inhibitor BMS‑1 (1 µmol/l) was added 
to the LPS+BMS‑1 group for 72 h. PD‑1 mRNA expression 
was detected using reverse transcription‑quantitative PCR and 
PD‑1 protein expression was detected using western blotting 
in the control, LPS and LPS+BMS‑1 groups of macrophages. 
MH‑S apoptosis was detected using flow cytometry with 
Annexin V/PI staining. The levels of the inflammatory factors 
interleukin (IL)‑1β, IL‑6, tumor necrosis factor (TNF)‑α and 
IL‑10 were detected by ELISA. Murine alveolar macrophages 
expressed PD‑1 at both the molecular and protein levels and 
PD‑1 expression was increased in MH‑S cells stimulated with 
LPS. Compared with the LPS group, the expression of PD‑1 
in the LPS+BMS‑1 group was significantly decreased. Flow 
cytometry demonstrated that there was increased apoptosis 
of alveolar macrophages in the LPS group compared with 
the control group, whereas, alveolar macrophages notably 
decreased apoptosis in the LPS+BMS‑1 group compared with 
the LPS group. There was no statistical difference between the 

control group and the LPS+BMS‑1 group. IL‑1β, IL‑6, TNF‑α 
and IL‑10 were increased in the LPS group compared with 
the control group. The levels of IL‑1β, IL‑6 and TNF‑α in the 
LPS+BMS‑1 group were lower compared with those in the LPS 
group whereas IL‑10 was further increased. In vitro, the 
PD‑1/PD‑L1 inhibitor, BMS‑1, decreases alveolar macrophage 
apoptosis compared with the LPS group to maintain effective 
immune clearance and reduce inflammatory factor release. 
This decreased the inflammatory response and reduced acute 
lung injury caused by sepsis. Therefore, PD‑1/PD‑L1 inhibi‑
tors may be a potential therapeutic target for acute lung injury 
in patients with sepsis.

Introduction

Sepsis is a life‑threatening disease that leads to organ dysfunc‑
tion caused by a dysregulated host response to infection (1). 
According to statistical reports in 2016, 300‑1,000 out of 
10,000 individuals suffer from sepsis per year in devel‑
oped countries (2). The lung is one of the primary affected 
organs (3). Due to a lack of effective treatment methods, acute 
lung injury (ALI) caused by sepsis is one of the main serious 
diseases which affect global health (4). Therefore, further 
investigation into the mechanism of ALI in sepsis is needed to 
improve disease prognosis and to decrease the mortality rate. 
The mechanism of ALI is highly complex as its pathophysi‑
ological features involve inflammatory cells, inflammatory 
mediators and the abnormal apoptosis of cells in the lung, 
including alveolar type II epithelial cells, pulmonary vascular 
endothelial cells and alveolar macrophages (AMs) (5‑8). In 
sepsis, endotoxin binds to the corresponding receptor on the 
surface of alveolar macrophages, which induces the release of 
inflammatory mediators (9). These inflammatory mediators 
promote the chemotaxis of neutrophils into the lung, leading 
to further increased release of inflammatory mediators 
that finally results in damage to the alveolar epithelium and 
vascular endothelium (10). The disruption of the integrity of 
the respiratory membrane increases permeability, promotes 
pulmonary edema, causes ALI and further aggravates acute 
respiratory distress syndrome (ARDS) (10). A previous study 
has found that macrophage inhibitory factor is positively 
associated with the severity of ALI disease due to its presence 
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in the serum of patients with sepsis (11). This indicates that 
proper functioning and maintaining the levels of macro‑
phages will help to reduce the degree of damage caused by 
sepsis. Therefore, macrophages, including resident AMs and 
macrophages recruited from the blood, are key factors in the 
pathogenesis of ALI/ARDS. In addition, the occurrence of 
AM apoptosis and dysfunction increases the risk of death in 
patients with sepsis (12).

Programmed cell death‑1 (PD‑1) is a type I transmembrane 
protein of the B7/CD28 superfamily with a relative molecular 
weight of 50~52.5 kDa that functions as an immunosuppressive 
molecule (13). In addition, PD‑1 contains an immunoreceptor 
tyrosine inhibitory motif and immunoreceptor tyrosine‑based 
switch motif (ITSM) (14). Various immune cells, including 
CD4+ and CD8+ T cells, B cells, natural killer T cells, dendritic 
cells (DCs) and monocytes/macrophages, can express high 
levels of PD‑1 following stimulation by inflammatory or 
tumor factors (15). PD‑1 has two ligands, programmed cell 
death‑ligand 1 (PD‑L1) also known as B7‑H1 or CD274 and 
programmed cell death‑ligand 2 PD‑L2 also known as B7‑DC 
or CD273. PD‑L1 is expressed in several tissue and cell types 
and PD‑L2 is expressed on both DCs and macrophages (15). 
After PD‑1 binds to its corresponding ligand, Src homology 2 
domain‑containing protein tyrosine (SH)‑1 and SHP‑2 phos‑
phatase bind to the ITSM inducing the dephosphorylation 
of downstream T cell and B cell receptor effector molecules, 
such as phosphatidylinositol 3‑kinase (PI‑3K), protein 
kinase B (AKT/PKB), and extracellular signal‑regulated 
kinase 2 (ERK2) (16‑18). Previous studies have reported that 
the expression of PD‑1 on macrophages plays an important 
role in sepsis‑induced ALI/ARDS. For example, knockout of 
the pd‑1 gene in mice increased the ability of macrophages to 
clear bacteria in the blood and peritoneal lavage fluid, as well as 
reduce the release of the inflammatory factors TNF‑α, IL‑1β, 
IL‑10 and C‑C motif chemokine ligand 2 (19). Bao et al (20) 
found that hemorrhagic shock/sepsis increased the expression 
of PD‑L1 in the lung tissue of mice with ALI. In the aforemen‑
tioned study, damage to the lung tissue of pd‑l1 gene‑deficient 
ALI mice was mild and the levels of proinflammatory cytokines 
interleukin (IL) 6 and tumor necrosis factor (TNF)α in the bron‑
choalveolar lavage fluid were also significantly reduced, which 
confirmed that PD‑L1 may be involved in the immune regula‑
tion of ALI by reducing the levels of inflammatory factors.

The aims of the present study were to determine the in vitro 
expression levels of PD‑1 in alveolar macrophages in ALI 
caused by sepsis, if this phenomenon contributes to the accelera‑
tion of the alveolar macrophages apoptosis, and if the decreased 
secretion of inflammatory factors attenuate the degree of lung 
damage when the binding of PD‑1 and PD‑L1 is inhibited. 
PD‑1/PD‑L1 inhibitors can inhibit the downstream molecular 
effects and reduce apoptosis by blocking the binding of PD‑1 
to PD‑L1. In the present study, it was confirmed that BMS‑1, 
a small molecular PD‑1/PD‑L1 inhibitor, can be used not only 
for tumor research, but also for research into inflammation (21).

Materials and methods

Cell culture and treatment. A mouse alveolar macrophage 
cell line, MH‑S, was purchased from Wuhan Punosei Life 
Technology Co., Ltd. and was routinely passaged in modified 

RPMI‑1640 medium (Hyclone; GE Healthcare Life Sciences) 
supplemented with 10% fetal bovine serum (Cellmax 
Nutrients BV), 100 U/ml penicillin and 100 µg/ml strepto‑
mycin in a humidified atmosphere of 5% CO2 at 37˚C. LPS 
and BMS‑1 were at 4˚C. MH‑S cells were passaged 3 times 
and divided into three groups, a control group, LPS group 
and LPS + BMS‑1 group. The control group was provided the 
same amount of RPMI‑1640 medium as the LPS group and 
LPS + BMS‑1 group. When the LPS group and LPS + BMS‑1 
group cells had grown to 70‑80% confluence, they were stimu‑
lated with 10 ng/ml lipopolysaccharide (LPS; Escherichia coli 
055:B5; Sigma‑Aldrich; Merck KGaA) for 24 h in a humidified 
atmosphere of 5% CO2 at 37˚C, followed by treatment with 
1 µmol/l BMS‑1 for 72 h at 37˚C. BMS‑1 is an inhibitor of 
the PD‑1/PD‑L1 protein/protein interaction with an IC50 of 
6‑100 nM (Fig. 1) (21). It has previously been confirmed that 
LPS (0, 5, 10, 20 or 30 ng/ml) has no toxic effect on MH‑S cells 
and there is no statistically significant difference of different 
concentrations of LPS on MH‑S cells (22). In the present 
study, MH‑S cells were treated with LPS at a concentration of 
10 ng/ml according to a previous study (22).

Reverse transcription‑quantitative (RT‑q) PCR. Total RNA 
was extracted from the treated MH‑S cells (~5x107) using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific Inc.). 
cDNA synthesis was performed from 2 µl of total RNA 
using a RevertAid First Strand cDNA Synthesis kit (Thermo 
Fisher Scientific Inc.). The reverse transcription protocol was 
as follows: 37˚C for 15 min and heated to 85˚C for 5 sec to 
eliminate reverse transcriptase activity. The treated MH‑S cells 
were denatured at 95˚C for 30 sec, annealed at 95˚C for 5 sec 
and extended at 60˚C for 30 sec, a total of 45 cycles. The levels 
of PD‑1 mRNA expression were assessed using a SYBR Green 
Mastermix kit (Takara Bio, Inc.) with the CFX96 Touch™ 
Real‑Time PCR Detection system (Bio‑Rad Laboratories, Inc.). 
The levels of mRNA expression were calculated using the 2‑ΔΔCq 
method and normalized to GAPDH (23). The primer sequences 
used are as follows: Mouse PD‑1, forward, 5'‑ATG ACT TCC 
ACA TGA ACAT CCT‑3', reverse, 5'‑CTC CAG GAT TCT CTC 
TGTT ACC‑3'; and GAPDH, forward, GGC AAG TTC AAC 
GGC ACA GT, reverse, ATG ACA TAC TCA GCA CCG GG.

Western blotting. Following the different experimental treat‑
ments, the MH‑S cells (~5x107) cultured in 6‑well plates, 
were harvested and lysed in RIPA lysis buffer (Boster 
Biological Technology) containing a 1% protease inhibitor 
(Boster Biological Technology). The cellular supernatant was 
collected by centrifugation at 12,000 x g for 15 min at 4˚C and 
the protein concentrations were measured with a bicinchoninic 
protein assay kit (Bio‑Rad Laboratories, Inc.). The protein 
samples (20 µg/lane) were separated by 12% sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis (SDS‑PAGE) and 
transferred onto polyvinylidene difluoride (PVDF) membranes 
(Zhangshu Zhenghe Biotechnology Co., Ltd.). The membranes 
were blocked in 5% non‑fat milk proteins for 2 h at room temper‑
ature and then probed with the following primary antibodies: 
PD‑1 (cat. no. MB9410; 1:500; Bioworld Technology Inc.) 
and β‑actin (cat. no. BS6007; 1:3,000; Bioworld Technology 
Inc.) overnight at 4˚C. The membranes were subsequently 
incubated with horseradish peroxidase‑conjugated secondary 
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goat anti‑mouse antibodies (cat. no. BA1038; 1:1,000; Boster 
Biology Technology) for 1 h at 37˚C. Finally, the protein bands 
were visualized using an enhanced chemiluminescence (ECL) 
system (Thermo Fisher Scientific, Inc.) and analyzed by 
ImageJ 1.50 (National Institutes of Health.). β‑actin was used 
as the loading control.

Flow cytometry. MH‑S cells (~5x107) cultured in 6‑well plates, 
were harvested and washed three times with PBS and stained 
with 5 µl Annexin V‑FITC and 10 µl of propidium iodide for 
15 min in 500 ml binding buffer at room temperature. Surface 
exposure of phosphatidylserine in the apoptotic cells was 
measured using an Annexin V‑FITC Apoptosis Detection kit 
(Shanghai Gensheng Biotechnology Co., Ltd.) according to 
the manufacturer's instructions. Apoptosis was analyzed using 
a flow cytometer (BD FACSCalibur Cell Sorting System; 
BD Bioscience).

ELISA. Concentrations of IL‑1β, IL‑6, TNF‑α and IL‑10 in 
the supernatants of treated MH‑S cells were measured using 
respective specific ELISA kits (R&D Systems, Inc.) in accor‑
dance with the manufacturer's instructions (IL‑1β, mouse IL‑1β, 
PicoKine ELISA kit, cat. no. EK0394; IL‑6, mouse IL‑6, 
PicoKine ELISA kit, cat. no. EK0411; TNF‑α, mouse 
TNF‑α PicoKine ELISA kit, cat. no. EK0527; IL‑10, mouse 
IL‑10 PicoKine ELISA kit, cat. no. EK0417; all supplied from 
Boster Biological Technology, Ltd.).

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism version 7.0 (GraphPad Software, Inc.). The 
measurement data are presented as the means ± standard 
deviation of three independent experiments performed in 
triplicate. The comparison between the 3 different groups 
was performed by one‑way ANOVA followed by the post hoc 
Student Newman Keule test. P<0.05 was considered to indi‑
cate a statistically significant difference.

Results

BMS‑1 inhibits LPS‑induced expression of PD‑1 mRNA and 
protein in MH‑S cells. To confirm and explore the effects of 

BMS‑1 on LPS‑induced MH‑S cells, PD‑1 mRNA and protein 
expression were assessed using RT‑qPCR and western blot‑
ting, respectively. LPS‑stimulated MH‑S cells had increased 
levels of PD‑1 mRNA and protein expression compared with 
the control group (Figs. 2 and 3, P<0.01). PD‑1 mRNA and 
protein expression were reduced in MH‑S cells treated with 
LPS+BMS‑1 compared with cells just treated with LPS 
(Figs. 2 and 3, P<0.01). Taken together, these results demon‑
strated that BMS‑1 inhibited LPS‑induced expression of PD‑1 
in MH‑S cells.

BMS‑1 suppresses LPS‑induced apoptosis in MH‑S cells. To 
investigate the apoptotic effect of BMS‑1 in LPS‑stimulated 
MH‑S cells, flow cytometry was performed and the number 
of apoptotic cells were counted. LPS exposure resulted 
in enhanced apoptosis compared with the control group 
(P<0.05), which was attenuated by BMS‑1 treatment (Fig. 4, 
P<0.05). These results demonstrated that following LPS 
stimulation, alveolar macrophages exhibit high levels of PD‑1 
expression and increased apoptosis. Following treatment with 

Figure 1. The chemical structure of BMS‑1. BMS‑1, a small‑molecule immune checkpoint inhibitor of PD‑1/PD‑L1, can inhibit PD‑1/PD‑L1 protein/protein 
interaction (IC50 between 6‑100 nM).

Figure 2. Effects of BMS‑1 on LPS‑induced expression of PD‑1 mRNA 
in MH‑S cells. MH‑S cells were stimulated using 10 ng/ml LPS for 24 h 
followed by treatment with 1 µmol/l BMS‑1 for 72 h. The levels of mRNA 
expression in the treated MH‑S cells were determined using reverse 
transcription‑quantitative PCR. Data are expressed as the mean ± standard 
deviation of three independent experiments performed in triplicate. *P<0.05, 
LPS group vs. control group; &P<0.05, LPS+BMS‑1 group vs. LPS group. 
LPS, lipopolysaccharide; PD‑1, programmed cell death‑1.
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a PD‑1/PD‑L1 inhibitor, both PD‑1 expression and alveolar 
macrophage apoptosis were decreased.

BMS‑1 exerts antiinflammatory activity in LPS‑treated MH‑S 
cells. To investigate the antiinflammatory effects of BMS‑1, 
the levels of inflammatory factors IL‑1β, IL‑6, TNF‑α and 
IL‑10 secreted by LPS‑stimulated MH‑S cells were detected 
using ELISA. The secretion of the proinflammatory cytokines 
IL‑1β, IL‑6, TNF‑α and antiinflammatory cytokine IL‑10 
was increased following LPS stimulation (Fig. 5A‑D, P<0.05). 
Treatment with BMS‑1 reduced the LPS‑induced increase 
of TNF‑α, IL‑1β and IL‑6 in MH‑S cells, while IL‑10 was 
increased significantly (Fig. 5A‑D, P=0.085 for IL‑1β, P<0.05 
for IL‑6 TNF‑α and IL‑10).

Discussion

ALI caused by sepsis and ARDS remains the primary cause of 
death among patients in the ICU (24). Alveolar macrophages 
serve an important role in the pathophysiological process 
of ALI (25). In addition, a recent study confirmed that the 
inhibition of alveolar macrophage apoptosis and excessive 
inflammatory response can reduce the degree of ALI caused 
by sepsis (26). The present study investigated the apoptosis of 
MH‑S cells and levels of inflammatory mediators, such as IL‑1, 
IL‑6, TNF‑α and IL‑10, following the administration of the 
PD‑1/PD‑L1 inhibitor BMS‑1. RT‑qPCR and western blotting 
results confirmed that PD‑1 was moderately transcribed and 
expressed or expressed at basal levels in normal cells; however, 

Figure 3. Effects of BMS‑1 on LPS‑induced expression of PD‑1 protein in MH‑S cells. (A) Western Blot for relative proteins expressions of PD‑1 in three 
groups. (B) The quantified results of PD‑1 protein for figure A MH‑S cells were stimulated using 10 ng/ml LPS for 24 h followed by treatment with 1 µmol/l 
BMS‑1 for 72 h. The levels of PD‑1 protein expression in the treated MH‑S cells were determined by western blotting. Data are expressed as the mean ± stan‑
dard deviation of three independent experiments performed in triplicate. *P<0.05, LPS group vs. control group; &P<0.05, LPS+BMS‑1 group vs. LPS group. 
LPS, lipopolysaccharide; PD‑1, programmed cell death‑1.

Figure 4. Effect of BMS‑1 on LPS‑induced apoptosis of MH‑S cells. (A) The apoptosis rate of MH‑S cells in the three groups.(B) The quantified results of 
apoptosis rate of MH‑S cells for figure A. MH‑S cells were stimulated by 10 ng/ml LPS for 24 h, followed by treatment with 1 µmol/l BMS‑1 for 72 h. The rate 
of apoptosis in the treated MH‑S cells was determined using flow cytometry. Data are expressed as the mean ± standard deviation of 3 independent experi‑
ments performed in triplicate. *P<0.05 vs. control group; &P<0.05 vs. LPS group. LPS, lipopolysaccharide; PD‑1, programmed cell death‑1.
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following LPS stimulation, alveolar macrophages expressed 
high levels of PD‑1. The flow cytometry findings of the present 
study demonstrated that the apoptosis of alveolar macrophages 
was significantly increased in the LPS group compared with 
the control group. These findings indicated that PD‑1 could be 
expressed at high levels in alveolar macrophages in ALI, which 
may cause an increase in the apoptosis of alveolar macro‑
phages. According to the findings of the present study, when 
PD‑1 was bound to its ligand, PD‑L1 was inhibited, the levels 
of PD‑1 mRNA and protein expression in the LPS+BMS‑1 
group were significantly lower and the apoptosis of MH‑S 
cells was decreased compared with the LPS group. The ELISA 
results demonstrated that the expression of the proinflam‑
matory cytokines IL‑1β, IL‑6 and TNF‑α were significantly 
increased in the LPS group compared with the control group. 
In addition, the expression of the antiinflammatory factor 
IL‑10 was markedly increased upon the stimulation of BMS‑1, 
whereas PD‑1expression was inhibited. Following inhibition 
of PD‑1/PD‑L1 using BMS‑1 in the present study, the levels of 
proinflammatory cytokines IL‑1β, IL‑6 and TNF‑α decreased 
significantly and the level of the antiinflammatory cytokine 
IL‑10 increased compared with the LPS treated group. Thus, 
BMS‑1 can inhibit proinflammatory factors and promote the 
expression of antiinflammatory factors, thereby reducing the 
inflammatory response associated with ALI.

The present study has several limitations. It has only been 
shown in vitro that treatment with a PD‑1/PD‑L1 inhibitor 
can decrease the apoptosis of alveolar macrophages, reduce 
inflammatory factor expression. In addition, the study did not 

investigate if these effects were long lasting. The findings of 
the present study were only assessed in alveolar macrophage 
MH‑S cells. In addition, the specific mechanism by which 
PD‑1 and PD‑1/PD‑L1 inhibitors impact the apoptosis of 
alveolar macrophages and the release of inflammatory factors 
remains unclear.

A previous study demonstrated that the increase in 
alveolar macrophages led to an increase in the secretion of 
proinflammatory mediators, causing chemotactic central 
granulocytes to accumulate in the lungs, which destroyed 
alveolar epithelial cells and endothelial cells, resulting in 
increased permeability and acute pulmonary edema (27). 
Recently, a study has found that LPS increases PD‑1 expres‑
sion through the NF‑κB signaling pathway (28). This study 
demonstrated that PD‑1/PD‑L1 inhibitor, BMS‑1 reduced 
alveolar macrophage apoptosis and decreased the release of 
inflammatory factors, leading to the question of whether the 
treatment with BMS‑1 has an effect on the polarization of 
alveolar macrophages. Alveolar macrophages can be divided 
into two subclasses: M1 and M2 (29). M1s primarily serve a 
proinflammatory role and are involved in immune responses 
to bacterial and viral infections. M1 macrophages have high 
surface CD11c and CD16 expression. M2 macrophages are 
mainly involved in the antiinflammatory response, which is 
associated with parasitic infection, tissue remodeling, fibrosis 
and tumor development, and exhibit high levels of CD206 
and arginase 1 surface expression (30). M2 macrophages are 
further divided into 3 subtypes: A, b and c. Type a is induced 
by IL‑4 and IL‑13, type b is induced by immune complexes 

Figure 5. Effects of BMS‑1 on LPS‑induced production of proinflammatory and antiinflammatory cytokines in MH‑S cells. (A) Expression of IL‑1β in control 
group, LPS group and LPS+BMS‑1 group. (B) Expression of IL‑6 in three groups. (C) Expression of TNF‑α in three groups. (D) Expression of IL‑10 in three 
groups. MH‑S cells were stimulated by 10 ng/ml LPS for 24 h followed by treatment with 1 µmol/l BMS‑1 for 72 h. The concentrations of IL‑1β, IL‑6, TNF‑α 
and IL‑10 in the supernatants of the treated MH‑S cells were measured using ELISA. The data are expressed as the mean ± standard deviation of three inde‑
pendent experiments performed in triplicate. *P<0.05, LPS group vs. control group; &P<0.05, LPS+BMS‑1 group vs. the LPS group. LPS, lipopolysaccharide; 
PD‑1, programmed cell death‑1; IL, interleukin; TNF, tumor necrosis factor.
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and toll like receptors or the IL‑1 receptor and type c is 
induced by IL‑10 and glucocorticoids (30). In addition, it 
has been confirmed that an increase in M1 alveolar macro‑
phages leads to an increase in inflammatory factors and an 
aggravation of lung injury in rats (31). Thus, inhibiting the 
polarization of alveolar macrophages to M1 minimizes lung 
injury (31). Therefore, it can be speculated that PD‑1/PD‑L1 
inhibitors play a balancing role in the polarization of M1 
and M2 alveolar macrophages. The antiapoptotic and anti‑
inflammatory efficacy of PD‑1/PD‑L1 inhibitors in vivo 
should be assessed in future studies. Further in vitro studies 
demonstrating whether such PD‑1/PD‑L1 inhibitors polarize 
alveolar macrophages need to be conducted.

To the best of our knowledge, the present study is the first 
to demonstrate that BMS‑1, an inhibitor of the PD‑1/PD‑L1, 
pathway exerts antiapoptotic and antiinflammatory effects 
on LPS‑stimulated MH‑S cells. The findings may provide 
novel insight into the effects and molecular mechanisms 
of a PD‑1/PD‑L1 inhibitor in sepsis‑induced ALI. Thus, a 
PD‑1/PD‑L1 inhibitor may be a promising therapeutic strategy 
for treating patients with ALI. Therefore, sepsis‑induced ALI 
animal models are required to further evaluate the effects of a 
PD‑1/PD‑L1 inhibitor in vivo.
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