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Abstract. A chimeric antigen receptor (CAR) is a type of 
fusion protein that comprises an antigen‑recognition domain 
and signaling domains. In the present study, a programmed 
death‑ligand  1 (PD‑L1)‑specific CAR, comprised of a 
single‑chain variable fragment (scFv) derived from a 
monoclonal antibody, co‑stimulatory domains of cluster of 
differentiation (CD) 28 and 4‑1BB and a T‑cell‑activation 
domain derived from CD3ζ, was designed. The construction 
was cloned and packaged into the lentiviral vector pLVX. Flow 
cytometry confirmed that peripheral blood mononuclear cells 
were efficiently transduced and that the CAR was successfully 
expressed on T cells. The cytotoxicity of transduced T cells was 
detected using PD‑L1‑positive NCI‑H358 bronchioalveolar 
carcinoma cells and A549 lung adenocarcinoma cells (with a 
low expression of PD‑L1, only in the A549 cells). The results 
demonstrated mild cytotoxicity at an effector‑to‑target ratio of 
10:1. An ELISA revealed a significant increase in the level of 
interferon‑γ released from T cells transduced with scFv‑28Bz 
when the cells were co‑cultured with PD‑L1‑positive NCI‑H358 
cells, while interkeukin‑2 and tumor necrosis factor‑α levels 
remained unchanged. These data indicated a potential method 
for the treatment of solid tumors.

Introduction

Lung cancer was the most common cancer and the leading 
cause of cancer‑associated mortality in China in 2015 (1), 
followed by gastric cancer, esophageal cancer and liver cancer. 
Non‑small cell lung cancer (NSCLC) accounts for 80‑90% of 
lung cancer cases (2,3). The primary treatment for stage I‑II 
NSCLC is surgery; however, the majority of NSCLC diagnoses 
occur at stage IV (4). In addition to small molecule inhibitors, 
tyrosine kinase inhibitors and monoclonal antibodies, immu-
notherapy has been used as a primary treatment method (5).

Chimeric antigen receptors (CARs) are fusion proteins 
that comprise ≥3 main domains: The antigen‑binding domain, 
usually a single‑chain variable fragment (scFv) of antibody 
responsible for recognition and binding; the intracellular 
domain; and the transmembrane sequence, which connects 
the extracellular region to the intracellular domain  (6‑8). 
The CAR molecule has been developed through three stages 
according to the intracellular signaling domain: The first 
generation of CARs consisted of only one cluster of differen-
tiation (CD)3ζ chain; the second generation was comprised of 
one co‑stimulatory molecule and a CD3ζ chain; and the third 
generation comprised ≥2 co‑stimulatory molecules with CD3ζ 
as the last signal transduction region. Once a CAR molecule is 
expressed on a CAR‑T cell and the tumor antigen is recognized 
by the scFv, the CAR‑T cell is activated and lyses the target 
cells (9). In 2003, the first preclinical study to demonstrate the 
effectiveness of anti‑CD19 was published (10), and a series of 
studies based on different target molecules have subsequently 
been conducted (11‑17). Due to antibody specificity, CAR‑T 
cells may effectively bind to an antigen independently of major 
histocompatibility complex restriction (18), and an increasing 
number of studies have demonstrated positive outcomes for 
patients following treatment with CAR‑T cells (19‑23).

Programmed death 1 (PD‑1) is a receptor that is involved 
in apoptosis  (24). One study on PD‑1‑deficient mice has 
indicated that PD‑1 functions to negatively regulate immune 
responses (25). At present, the consensus is that PD‑1 acts 
as an immune‑checkpoint receptor and is involved in regu-
lating T cell activity to inhibit immune responses and prevent 
overstimulation in peripheral tissues (26‑29). Programmed 
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death‑ligand 1 (PD‑L1), one of the two ligands of PD‑1, was 
identified and subsequently termed PD‑L1 (Pdcd1Ig1), the 
study of which provided convincing evidence that T cells 
exhibited lower proliferative ability when cultured with an 
anti‑CD3 antibody (30‑32).

Recently, several studies have revealed a high expres-
sion level of PD‑L1 in patients with NSCLC (33), and have 
demonstrated its association with the mechanism underlying 
tumor immune escape (34,35). Effective blocking of PD‑1 
or PD‑L1 has a positive effect on the treatment of cancer 
together with combination treatment methods (36‑40). CAR‑T 
cells secreting anti‑PD‑L1 antibodies have also demon-
strated promising efficacy (41). Furthermore, the expression 
of a dominant negative receptor or switch of co‑stimulatory 
receptor may achieve the same purpose to prevent inactivation 
of T cells (42‑44). Based on the results of previous studies, 
a CAR was designed comprising an anti‑PD‑L1 scFv and 
an intracellular co‑stimulation signal from CD28 and 4‑1BB 
(PD‑L1 scFv‑CD28‑CD137‑CD3z), which was inserted into a 
high‑quality lentivirus for transduction into peripheral blood 
mononuclear cells (PBMCs) (45‑47). The function of CAR‑T 
cells was confirmed by a flow cytometric apoptosis assay 
following co‑culture with NCI‑H358 or A549 cells at a ratio 
of 10:1. The levels of interferon (IFN)‑γ, interleukin (IL)‑2 
and tumor necrosis factor (TNF)‑α in the supernatant of the 
co‑culture were detected by ELISA. The results indicated mild 
antitumor activity and a protective effect of T cells against 
PD‑L1 by blocking PD‑L1.

Materials and methods

Reagents and sequences. RPMI‑1640 culture medium and 
the Dynabeads Human T‑Activator CD3/CD28 kit were 
purchased from Gibco; Thermo Fisher Scientific, Inc. 
(Waltham, MA, USA). The Annexin V Apoptosis kit with 
7‑aminoactinomycin (7‑AAD) and the carboxyfluorescein 
succinimidyl ester (CFSE) Cell Division Tracker kit were 
obtained from BioLegend, Inc. (San Diego, CA, USA). 
Fluorescein isothiocyanate (FITC)‑Protein L was purchased 
from ACROBiosystems (Newark, DE, USA). All restriction 
endonucleases were purchased from Thermo Fisher Scientific, 
Inc., and the ligation kit was obtained from New England 
BioLabs, Inc. (Ipswich, MA, USA). The homologous recom-
bination kit and chemically competent cell Stbl3™ were 
provided by Beijing TransGen Biotech Co., Ltd. (Beijing, 
China). The lentiviral vector pLVX was provided by Clontech 
Laboratories, Inc. (Mountainview, CA, USA). DNA sequences 
were synthesized by Thermo Fisher Scientific, Inc. Lentivirus 
concentrator reagent was obtained from Beijing Syngentech 
Co., Ltd. (Beijing, China). All fluorescent antibodies used for 
flow cytometric analysis were purchased from BioLegend, Inc. 
(PD‑L1/PD‑1) or BD Biosciences (CD4 and CD8; Franklin 
Lakes, NJ, USA).

Cell culture. NSCLC NCI‑H358 and A549 cells were provided 
by ATCC (Manassas, VA, USA) and cultured in RPMI‑1640 
medium (cat no.  11875119) with 10%  fetal bovine serum 
(FBS; cat no. 10099141; both Thermo Fisher Scientific, Inc.) 
in a 5% CO2 atmosphere at 37˚C. PBMCs (obtained from 
Mr Jiasen Xie and Miss Zishan Zhou, Beijing Bio DC Labs, 

Beijing, China) were activated by Dynabeads and cultured in 
X‑VIVO™ 15 chemically defined, serum‑free hematopoietic 
cell medium (cat no.  04‑418Q; Lonza Group, Ltd., Basel, 
Switzerland) with 5% FBS in a 5% CO2 atmosphere at 37˚C.

Construction of vector and production of lentivirus. The 
lentiviral vector pLVX (cat no. 631982; Clontech Laboratories, 
Inc.) was digested with EcoRI and NotI, prior to being 
recovered with a Gel DNA Recovery kit (cat no.  DP209; 
Tiangen Biotech Co., Ltd., Beijing, China). A scFv fragment, 
designated FR1 (Invitrogen; Thermo Fisher Scientific, Inc.), 
which comprised scFv and a transmembrane domain, was 
amplified from a pUC‑vector using the following primers: 
FR1 forward, 5'‑GTG​TCG​TGA​GGA​TCT​ATT​TCC​GGT​GAA​
TTC​GCC​GCC​ACC​ATG​GCC​TTA​CCA​GTG​ACC​GCC‑3' and 
reverse, 5'‑TCT​GGA​CCG​CTT​AGA​TCG​GTT​CCT​ATG​ATT​
TCG​GTT​CCT​ATG​ATT​ACA​ATA​AAG​AGT​AAT‑3'. A 
signal fragment containing a transmembrane domain, CD137 
co‑stimulatory domain and a CD28 co‑stimulatory domain 
was amplified from a pUC‑vector (Invitrogen; Thermo 
Fisher Scientific, Inc.) and termed FR2, using the following 
primers: FR2 forward, 5'‑ATT​ACT​CTT​TAT​TGT​AAT​CAT​
AGG​AAC​CGA​AAT​CAT​AGG​AAC​CGA​TCT​AAG​CGG​TCC​
AGA‑3' and reverse,  5'‑GTA​ATC​CAG​AGG​TTG​ATT​GAT​
CCG​CGG​CCG​CCT​ACC​GTG​GGG​GGA​GGG​CCT​GCA​TAT​
GAA‑3'. Platinum™ Pfx. The DNA template plasmid pUC‑FR1 
and pUC‑FR2 were synthesized by Invitrogen; Thermo Fisher 
Scientific, Inc. DNA polymerase (cat no. 11708039; Thermo 
Fisher Scientific, Inc.) was used according to the manufac-
turer's protocol, and the thermocycling conditions were as 
follows: 94˚C for 2 min, 94˚C for 15 sec, 58˚C for 30 sec, 
68˚C for 2 min, 30 cycles and 68˚C for 5 min. PCR products 
were subjected to 1% agarose gel electrophoresis and stained 
with 0.5 µg/ml ethidium bromide at room temperature for 
30 min and observed at 254 nm UV. The specific bands were 
recovered with a gel extraction kit. A seamless homologous 
recombination with FR1, FR2 and the digested vector pLVX 
was performed to obtain the scFv‑28Bz expression recombina-
tion vector. The recombination product was transformed into 
Stbl3™ competent cells, which were selected on ampicillin 
plates. The positive clones were used for sequencing.

The validated vector pLVX‑EF1α‑scFv‑28Bz was used 
to produce lentiviral particles with the 2nd generation 
package system psPAX2 and pMD2.G. The LipoFiter™ 

Liposomal Transfection reagent was purchased from Hanbio 
Biotechnology Co., Ltd. (Shanghai, China) and all procedures 
were performed according to the manufacturer's protocols. 
A total of 30  µg plasmid were transfected (containing 
15 µg pLVX‑EF1α‑scFv‑28Bz, 7.5 µg psPAX2 and 7.5 µg 
pMD2.G). The lentiviruses in the cell culture supernatant 
were collected at 48 and 72 h post‑transfection and were 
concentrated by PEG8000 reagent from the BioGeek™ 
Lentivirus Concentrate kit (cat no.  BG20101L; Beijing 
Syngentech Co., Ltd.). In order to ensure the reliability 
of the system, parallel experiments were also conducted. 
The same empty lentivector of LV‑EF1α‑scFv‑28Bz was 
constructed to express green fluorescent protein (GFP) in 
the same multiple cloning site and following the same EF1α 
promoter to produce LV‑EF1α‑GFP. The lentivector was 
packaged in lentiviral particles with the same packaging 
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system and the particles were transfected into PBMCs as 
the LV‑EF1α‑scFv‑28Bz particles would be transfected into 
PBMCs. The expression of GFP was confirmed to ensure the 
reliability of vector system, packaging system and transfec-
tion efficiency.

Cell expansion and transduction. PBMCs were activated 
by Dynabeads at a bead‑to‑cell ratio of 1:1 in X‑VIVO™ 

15  chemically defined medium with 30  IU/ml rIL‑2 
(cat no. Z03074‑10; GenScript, Piscataway, NJ, USA), and 
incubated in a humidified 5% CO2 incubator at 37˚C. A total 
of 3‑5 days later, the activated cells were resuspended and 
~2 million PBMCs were transduced with pre‑conditioned 
lentiviral particles with or without scFv‑28Bz in serum‑free 
X‑VIVO™ 15 chemically defined medium with a final 
concentration of 10 µg/ml Polybrene® (Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany), centrifuged at 270 x g at 32˚C 
for 1 h with a parallel control (virus control ‑ empty lentivirus 
particles without scFv‑28Bz + PMBC; cell control ‑ X‑VIVO™ 
15 medium + PBMC; controls centrifuged at 270 x g for 1 h 
at  32˚C) and cultured in a humidified 5%  CO2 incubator 
at 37˚C for 24 h. The medium was changed to full‑nutrient 
medium (X‑VIVO™ 15 with 5% FBS) after 24 h and fresh 
medium was added according to growth status every 2 days, 
with a density of 1‑2 million cells/ml.

Detection of CAR molecule in transduced cells and PD‑L1 
in tumor cell lines. As reported previously, the protein L has 
the ability to bind to the κ light chain of antibodies (48). Flow 
cytometry was used to confirm the expression of scFv‑28Bz 
using the FITC‑Protein‑L reagent (cat no.  RPL‑PF141; 
ACROBiosystems). PBMCs (~2  million) were harvested 
using centrifugation at 300 x g for 10 min at 25˚C, washed 
twice with phosphate‑buffered saline (PBS) and incubated 
with 2 µg FITC‑Protein‑L protein at room temperature for 
1 h in the absence of light, with FITC‑Protein‑L‑stained 
mock cells serving as the isotype control. Subsequently, 
the cells were washed three times in PBS containing 
0.5% bovine serum albumin (BSA). NCI‑H358 and A549 
cells (~2 million) were harvested by digestion with trypsin 
and washed twice with PBS. The cell lines were incubated 
with 2 µg phycoerythrin (PE)‑anti‑PD‑L1 (PE anti‑human 
CD274 Antibody; 1:10, cat no. 329706) at room tempera-
ture for 30 min, prior to being washed three times in PBS 
containing 0.5% BSA. The cells were analyzed with a BD 
FACSCalibur flow cytometer and the results were analyzed 
with FlowJo software  7.6.1 (FlowJo LLC, Ashland, OR, 
USA).

Analysis of subsets of PBMCs and PD‑1 expression. CD4+ 
CAR‑T cells provided assistance to CD8+ CAR‑T cells 
in vitro and in vivo, as the proportion of CD4+ cells and 
CD8+ cells in CAR‑T are associated with therapeutic effi-
cacy (49). In order to compare the cytotoxicity of tumors with 
different expression levels of PD‑L1, the expression level of 
PD‑1 on T cells should be similar, to avoid differences in cell 
viability due to PD‑L1 (30). PBMCs were collected at 14 days 
post‑transduction and were washed using PBS twice. A total 
of 2x106 PMBC cells were incubated at room temperature 
for 30 min with a mixture of peridinin chlorophyll protein 

complex‑CD4 (cat no. 347324) and PE‑CD8 (cat no. 340046) 
antibodies, while the remaining cells were incubated with an 
allophycocyanin‑conjugated anti‑human PD‑1 antibody (cat 
no. 329908) for 30 min at room temperature, with normal 
immunoglobulin G (IgG; PerCP‑Mouse IgG1 isotype; cat 
no. 550672; PE‑Mouse IgG1 isotype; cat no. 550617; both 
BD Biosciences; APC‑Mouse IgG1 isotype; cat no. 400120; 
BioLegend, Inc.) used as an isotype control. All antibodies 
had a dilution of 1:10. Following washing three times in 
PBS containing 0.5% BSA, the cells were analyzed by a 
flow cytometer and the results were analyzed with FlowJo 
software 7.6.1.

Detection of IFN‑γ, IL‑2 and TNF‑α production by T cells. 
In order to ensure that the interaction of T cells with target 
cells was able to induce the production of cytokines, T cells 
were co‑cultured with NCI‑H358 or A549 cells at a ratio 
of 1:1 overnight at 37˚C in serum‑free medium (X‑VIVO™ 
15 chemically defined medium), and the supernatants were 
collected for cytokine detection by ELISA kits, as follows: 
Human IFN‑γ ELISA kit (cat. no. DKW12‑1000‑096), Human 
IL‑2 ELISA kit (cat no. DKW12‑1020‑096) and Human TNF‑α 
ELISA kit (cat no. DKW12‑1720‑096; all Dakewe Biotech Co., 
Ltd., Shenzhen, China).

Flow cytometric analysis of cell apoptosis. As a reliable way 
to detect lytic activities of effector cells (50,51), flow cytometry 
has the advantages of good repeatability and sensitivity. 
CFSE‑labeled NCI‑H358 or A549 cells (1x106 cells/well) 
were seeded onto 12‑well culture plates on day 0. PBMCs 
(1x107 cells/well) were plated into the 12‑well culture plates 
for co‑culturing with NCI‑H358 or A549 cells for 3.5  h 
at 37˚C and 5% CO2 in a cell incubator. Subsequently, all the 
cells from each well were collected, and were centrifuged 
for 10 min at 200 x g at 25˚C and washed three times in 
PBS. The cells were resuspended in 100 µl binding buffer 
with Annexin V/7‑AAD (cat no. 640930; Biolegend, Inc.) 
and incubated for 30 min at room temperature in the dark. 
Following being washed with PBS containing 0.5% BSA, the 
cell mixtures were collected and resuspended in 100 µl PBS. 
Non‑co‑cultured target cells served as a parallel control to 
detect spontaneous cell death. The labeled cells were analyzed 
using a flow cytometer. Data were collected and analyzed with 
FlowJo software 7.6.1 to determine the percentage of apoptotic 
cells. The specific cytotoxicity of PBMCs was equal to the 
total death of co‑cultured target cells following subtraction 
of the total spontaneous death of non‑co‑cultured target cells 
[specific cytotoxicity=target cellco‑cultured (Q1+Q2+Q3) ‑ target 
cellnon‑co‑cultured (Q1+Q2+Q3)].

Statistical analysis. Experiments were repeated ≥3 times and 
all the results are presented as the mean ± standard deviation. 
The GraphPad Prism 6.0 software (GraphPad Software, Inc., 
La Jolla, CA, USA) was used for statistical analyses. The pair-
wise mean comparisons were performed using an unpaired 
Student's t‑test in the cell apoptosis assay and one‑way analysis 
of variance, followed by Tukey's multiple comparisons test, 
was applied to analyze the data following ELISA detection. 
P<0.05 was considered to indicate a statistically significant 
difference.
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Results

Successful construction of PD‑L1‑specific scFv‑28Bz and 
efficient expansion of cells. One type of lentiviral vector 
(LV‑EF1α‑scFv‑28Bz) was constructed successfully. As 
demonstrated in Fig. 1A, the vector contained PD‑L1 scFv, 
a scFv from MPDL3280A (52), and transmembrane domains 
from CD8α, a CD28 co‑stimulatory domain, a CD137 
co‑stimulatory domain and a CD3ζ intracellular domain 
(Fig. 1A). The 5' terminal sequencing results are depicted in 
Fig. 1B. The PBMCs were cultured in X‑VIVO™ 15 chemi-
cally defined medium with 5% FBS post‑transduction, and 
the cell numbers were counted; according to cell growth 
status, fresh medium was supplemented to maintain a 
density of 1‑2 million cells/ml. As depicted in Fig. 1C, the 
total cell number reached 200‑300  million at day  14‑21 
post‑transduction.

Expression of CAR on transduced cells and differential 
PD‑L1 expression in tumor cell lines. The FITC‑Protein L 
may effectively bind to the k‑light chain of scFv, as reported 
by Zheng et al (48). As depicted in Fig. 2A, according to 
FITC‑Protein  L staining, the scFv‑28Bz‑positive cells 
accounted for ~39% of the total cells, compared with 
<1% in the non‑transgenic control, which indicated that 
scFv‑28Bz was efficiently expressed on T cells. PD‑L1 was 
expressed on 6.97% of A549 cells and 85.1% of NCI‑H358 
cells, as depicted in Fig. 2B. Therefore, A549 was selected 
to represent negative PD‑L1 expression, while NCI‑H358 
was used as the PD‑L1‑positive cell line. As a systematic 
parallel experimental control, the LV‑EF1α‑GFP virus 
had a high infection efficiency in PBMCs, as depicted 
in Fig. 2C. The transfection efficiency of the viral system 
ensured the reliability of the expression of the CAR on the 
PBMCs.

CD4+ and CD8+ cells account for the majority of PBMCs, 
and PD1 is highly expressed in these cells. On day  14 
post‑transduction, the cells were collected to analyze the 
subsets of CD4+ and CD8+ cells and the expression of PD‑1. As 
depicted in Fig. 3A, the CD4+ subset accounted for 10‑30% of 
the total number of cells, and the CD8+ subset accounted for 
70‑90% of the total number of cells. The expression of PD‑1 
was 30‑50%, as depicted in Fig. 3B.

IFN‑γ, IL‑2 and TNF‑α production in T cells. The results 
revealed that the co‑culture of transduced T  cells with 
NCI‑H358 cells induced significantly increased production of 
IFN‑γ, compared with mock T cells with NCI‑H358 (P<0.01; 
Fig. 4A), but the levels of IL‑2 and TNF‑α were low. The levels 
of cytokines in the supernatants of co‑cultured cells with A549 
cells were <40 pg/ml (Fig. 4B).

Transduced T cells exhibit a mild ability to kill NCI‑H358 
cells, but not A549 cells. The cytotoxicity percentages of 
mock and scFv‑28Bz T cells against NCI‑H358 cells were 
5±1.7 and 17.3±1.8%, respectively (Fig. 5A), and scFv‑28Bz 
was significantly higher, compared with the mock control 
group (P<0.01). The cytotoxicity percentages of mock 
and scFv‑28Bz T cells against A549 cells were 7.3±2.77 
and 4.5±3.96%, respectively, and there was no significant 
difference between these groups (Fig. 5B). The morphology 
of co‑cultured cells also demonstrated specific cytotoxicity 
of CAR‑T cells against PD‑L1+ NCI‑H358 cells, but no 
significant effect on A549 cells expressing low PD‑L1 
levels (Fig. 6).

Discussion

Lung cancer is a lethal disease, the etiopathogenesis of which 
is varied and complex (53‑55). There are several types of 

Figure 1. Schematic diagram of the PD‑L1‑chimeric antigen receptor plasmid and the sequencing results. (A)  Structure of the lentiviral vector 
PD‑L1‑scFv‑CD28Bz. (B) Sequencing results. (C) Cell expansion of transduced T cells from day 3‑20 post‑transduction. LTR, long terminal repeat; CD8α 
leader, signal peptide of CD8α; scFv, single‑chain variable fragment; CD8α, hinge and transmembrane of CD8α; CD28, cytoplasmic domain of CD28; CD3ζ, 
cytoplasmic region of CD3ζ; PD‑L1, programmed death‑ligand 1.
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lung cancer, and different treatment methods are adopted 
depending on the type and level of development; however, 
more effective treatment programs are required (3,56). In 
recent years, immunotherapy has provided a good option 
for the treatment of lung cancer, and is expected to relieve 
the pain induced by cancer (3). Previous CAR‑T cell studies 
based on CD19 as a target have demonstrated positive 
effects (19,20,45,57). Furthermore, increasing evidence on 
immune checkpoints has provided a potential novel approach 
to tumor therapy (36,37,58‑61). In 2014, PD‑L1 immuno-
therapy utilizing a monoclonal antibody, MPDL3280A, 
was demonstrated to be effective in the treatment of meta-
static urothelial bladder cancer, and this therapy received 
breakthrough designation status by the US Food and Drug 
Administration in June 2014  (62). Using the monoclonal 
antibody MPDL3280A, another study also demonstrated 

the inhibition of a variety of cancer types with high PD‑L1 
expression, which suppressed the pre‑existing immunity 
towards the tumor antigen (52). Therefore, the light chain and 
heavy chain of MPDL3280A was selected to produce a CAR 
together with an intracellular domain. To use PD‑L1 as a novel 
target for the treatment of solid tumors with CAR‑T cells, 
it was determined that T cells expressing scFv‑28z did not 
attack nearby T cells, despite the fact that T cells expressed 
low PD‑L1 (63), and the number of T cells was effectively 
amplified. This indicated that it may be safe to select PD‑L1 
as a target. The data indicated that CAR‑T cells were able to 
release IFN‑γ at a high level when co‑cultured with NCI‑H358 
cells, but not when co‑cultured with <100 pg/ml A549 cells, 
which demonstrated a PD‑L1‑specific interaction with scFv. 
Furthermore, low concentrations of IL‑2 and TNF‑α were 
observed, reflecting that exposure to an antigen for a long 

Figure 2. Analysis of scFv‑28Bz surface expression and PD‑L1 expression in A549 and NCI‑H458 cells. (A) PBMCs labeled with FITC‑Protein‑L were 
analyzed by flow cytometry. Mock represents the control; scFv‑28Bz was transduced by the virus LV‑EF1α‑scFv‑28Bz. (B) Expression of PD‑L1 in A549 or 
NCI‑H358 cells was detected by flow cytometry using a phycoerythrin‑labeled anti‑PD‑L1 antibody, with normal immunoglobulin G as an isotype control. 
(C) PBMCs were transduced by the virus LV‑EF1α‑GFP, and the images depict GFP fluorescence and were captured 48 h after virus infection. FITC, fluo-
rescein isothiocyanate; PD‑L1, programmed death‑ligand 1; scFv, single‑chain variable fragment; GFP, green fluorescent protein; PBMCs, peripheral blood 
mononuclear cells.
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time may lead to low cytokine production by T cells, which 
requires reversal by multiple simultaneous treatments (64). 
Similarly, the apoptosis assay revealed mild specific cyto-
toxicity against PD‑L1‑positive cells at an effector‑to‑target 
T  ratio of 10:1. The results demonstrated that effectively 
blocking the PD‑1 pathway may reactivate T cell activity 
that has been decreased due to PD‑L1 expression in the 
solid tumor microenvironment. From another perspective, 
the moderate killing effect may be an ideal result of target 
blocking. Furthermore, the high level of PD‑1 expression in 

T cells, as depicted in Fig. 3, demonstrated that complete 
blocking of the signaling pathway by only one treatment 
may not be easy to implement, and that a variety of blocking 
methods, including combination with PD‑1 blocking, may 
lead to improved results.

Studies on tumor therapy have indicated that the presence 
or absence of invasive T cells is critical in determining the 
response of patients to treatment. The inhibitory effect of 
the tumor microenvironment on immunity may manifest 
as the absence of infiltrating cells (65,66). If tumor‑specific 

Figure 3. Analysis of PBMC phenotype. (A) Subsets of PBMCs as determined by flow cytometry. Transduced cells were collected and labeled with peri-
dinin chlorophyll protein complex‑CD4 and phycoerythrin‑CD8 antibodies, with normal IgG serving as an isotype control. (B) PD‑1 expression in PBMCs. 
Transduced cells were collected and labeled with an allophycocyanin‑PD‑1 antibody, with normal IgG as an isotype control. PBMCs, peripheral blood 
mononuclear cells; PD‑1, programmed death‑1; scFv, single‑chain variable fragment; CD, cluster of differentiation; IgG, immunoglobulin G.
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Figure 5. Chimeric antigen receptor‑T cells demonstrated (A) specific cytotoxicity against PD‑L1+ NCI‑H358 cells, but had (B) no significant effect on A549 
cells expressing low levels of PD‑L1. PBMCs (1x107/well) were co‑cultured with NCI‑H358 or A549 cells (1x106/well) for 3.5 h, and all the cells in each well 
were then collected for use in Annexin V/7‑AAD apoptosis assays. The specific cytotoxicity of PBMCs was equal to the total death of co‑cultured target cells 
following subtraction of the total spontaneous death of non‑co‑cultured target cells [specific cytotoxicity = target cellco‑cultured (Q1+Q2+Q3)‑target cellnon‑co‑cultured 

(Q1+Q2+Q3)]. The results are presented as the mean ± standard deviation of three independent experiments. **P<0.01. 7‑AAD, 7‑aminoactinomycin; scFv, 
single‑chain variable fragment; PD‑L1, programmed death‑ligand 1; PBMCs, peripheral blood mononuclear cells. 

Figure 4. Cytokine production by T cells co‑cultured with NCI‑H358 or A549 cells. Modified T cells were co‑cultured with (A) NCI‑H358 or (B) A549 
cells, and the cytokine levels in the supernatant were detected by ELISA in pg/ml. All assays were repeated three times and the results are presented as 
the mean ± standard deviation of three independent experiments. *P<0.05; **P<0.01. IL‑2, interleukin‑2; IFN, interferon; TNF, tumor necrosis factor; scFv, 
single‑chain variable fragment.
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T cells are unable to effectively reach the tumor cells and 
to accumulate in their vicinity, it is not possible to remove 
the tumor cells  (18). By contrast, PD‑L1‑targeted T  cells 
may avoid being weakened, and accumulate in the vicinity 
of tumor cells and infiltrate into the tumor to exert cytotoxic 
effect. As a therapeutic method, PD‑L1 CAR‑T presented 
its specificity against tumor cells with a high expression of 
PD‑L1. PD‑L1 CAR may be considered to be a shield and a 
probe that is directed toward tumor cells with high expression 
of PD‑L1. This is of clinical significance for adoptive cell 
immunotherapy. During the T‑cell immunotherapy, effective 
defense against PD‑L1 in the tumor microenvironment 
is a prerequisite for maintaining a continuous antitumor 
effect (28,62,67‑69).

In summary, PD‑L1‑targeted CAR lentiviral vectors and 
efficiently transduced T cells were constructed. The CAR‑T 
cells exerted a mild cytotoxic effect against a PD‑L1‑positive 
lung cancer cell line in vitro; however, this approach requires 
further optimization in order to obtain improved results.

The results indicated the possibility of treating tumors by 
targeting immune checkpoints in the tumor microenviron-
ment, however it remains unknown whether CAR‑T cells 
attack normal tissues expressing PD‑L1. As the results of the 
present study demonstrate, it is confirmed that CAR‑T does not 
attack nearby T‑cells with low PD‑L1 expression. In addition, 
PD‑L1 CAR may be further developed to a dual target CAR to 
achieve improved safety and specificity.
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Figure 6. Morphology of co‑cultured cells demonstrated specific cytotoxicity of chimeric antigen receptor‑T cells against PD‑L1+ NCI‑H358 cells, but no 
significant effect on A549 cells expressing low levels of PD‑L1. NCI‑H358 cells, A549 cells, mock cells and scFv‑28Bz cells were cultured alone to maintain 
the integrity of morphology and to ensure good condition. Mock cells co‑cultured with NCI‑H358 or A549 cells had no effect on target cells. Co‑culture of 
A549 cells with scFv‑28Bz cells had no effect on the morphology of A549 cells. The morphological integrity and adherent ability of NCI‑H358 cells decreased 
when co‑cultured with scFv‑28Bz cells. scFv, single‑chain variable fragment; PD‑L1, programmed death‑ligand 1.
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