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Abstract. Non‑small cell lung cancer (NSCLC) is the leading 
cause of cancer‑associated mortality. Therapies targeting 
programmed cell death 1 ligand 1 (PD1L1) have promising 
effects on NSCLC. However, resistance to targeted therapy has 
become the main problem and the underling molecular mecha-
nism remains unclear. In the present study, the expression of 
PD1L1 in NSCLC was determined and the association with 
clinicopathological characteristics was analyzed. A combina-
tion therapy was also constructed, including pembrolizumab 
(Pem) and iodine‑125 (125I), which represented an efficient 
strategy for the treatment of NSCLC. The expression of PD1L1 
was upregulated in NSCLC tissues and positively correlated 
with the Ki‑67 index, pathological subtypes and risk stages. A 
higher level of PD1L1 expression was associated with poorer 
survival in patients with NSCLC, which could be used as a 
prognostic indicator. When NSCLC cells were cultured in the 
presence of Pem and 125I seeds, the combination treatment 
significantly abrogated the tumor proliferation and aggressive-
ness through the inhibition of matrix metalloproteinase‑2 and 
‑9 secretion. Flow cytometry analysis revealed pembrolizumab 
combined with 125I contributed to a higher rate of apoptosis 
and cell cycle arrest, indicating that the combination treatment 
improved the resistance to immunotherapy. Furthermore, the 
associated molecular mechanism was the dysregulation of 
ADAM metallopeptidase domain 17. The findings from the 
present study revealed that PD1L1 could be used as a predic-
tive biomarker, and the application of combination treatment of 
pembrolizumab and 125I showed promising effects on NSCLC. 

Introduction

Lung cancer accounts for ~1.8 million patients and led to 
1.6 million deaths globally by 2015 (1,2), which is the most 
common cause of cancer‑related death in males and the second 
most common cause in females (3). A majority of patients are 
diagnosed at ~70 years old. Overall, only 17.4% of patients 
with lung cancer in the USA survive >5 years following the 
initial diagnosis (4), while the outcomes, on average, are worse 
in the developing world ~10.6% (5). Lung cancers are classi-
fied based on histology (6), which is important to determine 
both management and prognostic prediction. The three main 
subtypes of non‑small cell lung cancer (NSCLC) include 
adenocarcinoma, squamous‑cell carcinoma and large‑cell 
carcinoma (7). In spite of the significant advance in diagnostic 
and therapeutic strategies, the resistance to existing therapies 
still remains a huge challenge. 

A recent clinical trial has reported that anti‑programmed 
cell death protein‑1 (PD‑1) and programmed cell death 1 ligand 
1 (PD1L1) antibodies have produced a clinical response and 
survival improvement in advanced NSCLC (8). Furthermore, 
two reagents, pembrolizumab (Pem) and nivolumab, have been 
approved by the USA Food and Drug Administration (FDA) for 
the treatment of advanced NSCLC (9,10). Although targeting 
PD1L1/PD‑1 has displayed promising effects on NSCLC, the 
two reagents offer little improved outcomes due to the resis-
tance to immunotherapy drugs among more than one‑third 
of patients with a high level of PD1L1 expression (8,11). This 
phenomenon has become the bottleneck in clinical practice. 
Thus, the exploration of underlying mechanism of resistance 
will maximize the application of immunotherapy in NSCLC 
and in addition, facilitate bedside‑to‑bench studies in other 
types of cancer immunotherapy, such as breast and prostate 
cancers. Comprehensive treatment plays a critical role in 
NSCLC, including chemotherapy, immunotherapy and 
radiation. Nevertheless, it is difficult to deliver a sufficient 
radiation dose to tumors using external beam radiotherapy 
alone because of the obstruction of surrounding tissues (12). 
Radioactive seed implantation has been reported to be success-
fully applied for treating inoperable solitary lung cancers, 
while avoiding excessive radiative exposure to surrounding 
normal tissues (13), such as iodine‑125 (125I) seed implantation. 
However, there still remains illusiveness whether 125I radiation 
can improve the resistance of NSCLC to immunotherapy. 
Therefore, the current study aimed to explore an approach to 
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improve the resistance to immune checkpoint therapy. To the 
best of our knowledge, it is the first study to detect the effects of 
combination therapy with PD1L1 inhibitor and 125I on NSCLC 
with the goal of improving the resistance to immunotherapy.

Materials and methods

Patients and samples. NSCLC‑associated specimens were 
obtained from 92 patients with NSCLC (50 men; 42 women; 
mean age 41.2  years, age range 28‑76  years) undergoing 
surgery at the Department of Thoracic Surgery in The 
Second Hospital of Tianjin Medical University between 
October 2014 and June 2018. Two experienced pathologists 
at the Department of Pathology in The Second Hospital of 
Tianjin Medical University confirmed the diagnosis indepen-
dently (14). The stained methods have been provided in IHC 
sections. None of patients had received chemotherapy and 
radiotherapy before the operation. The patient information, 
including the general characteristics, diagnosis, treatment 
strategy and the survival time, were obtained from the medical 
records or outpatient follow‑up records of the patients every 
3 months. All of the operative tissues [normal lung (distance 
to tumor tissues, 2 cm) and tumor tissues] were harvested 
during resection. Subsequently the samples were immediately 
frozen with liquid nitrogen and stored until further use. The 
aforementioned procedures were approved by the Research 
Ethics Committee of Tianjin Medical University. All patients 
provided written informed consent in accordance with the 
Declaration of Helsinki.

Cell lines. The human H460, H1299 and A549 NSCLC cell 
lines, and the PC6 SCLC cell line, were purchased from the 
Institute of Basic Medical Sciences Peking Union Medical 
College. The PC6 cells were used as a control. The 4 tumor 
cell lines were authenticated using cellular morphology and 
cultured in DMEM (Thermo Fisher Scientific, Inc.) supple-
mented with 10% FBS (Thermo Fisher Scientific, Inc.) and 
penicillin/streptomycin (1%) at 37˚C in a humidified incubator 
with 5% CO2. H460 and A549 cell lines in the following 
experiments were divided into four groups: i) Pem combined 
with 125I (Pem + 125I, 10 µg/µl); ii) Pem 10 µg/µl; iii)  125I, 
10 µg/µl; and iv) DMSO, 10 µg/µl.

Main reagents. Pem (5 ml; 20 mg; molecular weight 534.6) 
was purchased commercially from Merck KGaA. 125I radioac-
tive seeds with 22.4‑29.6 MBq/particle were purchased from 
Shanghai GMS Pharmaceutical Co. Ltd. Both reagents were 
stored at ‑20˚C and a small amount (10 µg/µl) was used for 
subsequent experiments.

Immunohistochemical (IHC) staining. IHC staining proce-
dures were performed according to the manufacturer's 
instructions. Tissues were dehydrated by using ethanol gradient 
(70, 80 and 95%; 5 min each), followed by incubation with 
100% ethanol three times for 5 min. The paraffin‑embedded 
block was sliced into 5‑8 µm thick sections using a micro-
tome and washed in a 40˚C water bath containing distilled 
water for 15 min. Section were fixed in 4% PFA (Image‑iT™ 
Fixation/Permeabilization Kit; Invitrogen; Thermo Fisher 
Scientific, Inc.) at 4˚C overnight. The sections were heated 

at  75˚C for 30  min and 5% normal FBS (Thermo Fisher 
Scientific, Inc.) to reduce unspecific background staining. 
Briefly, to investigate the expression of PD1L1 in lung cancer 
tissue and investigate the association with tumor proliferation, 
the prepared sections were stained with anti‑PD1L1 antibody 
(cat. no. CST51296; 1:100; Cell Signaling Technology, Inc.) 
and anti‑Ki‑67 antibody (cat. no. AB15580; 1:100; Abcam) 
at 4˚C overnight. The validity of these antibodies has been 
confirmed by previous studies  (15,16). Subsequently, the 
samples were washed with PBS and incubated with the goat 
to rabbit secondary antibodies (Thermo Fisher Scientific, Inc.; 
cat. no. A11034; 1:500) for 1 h at room temperature. The ratio 
of PD1L1‑positive cells and Ki‑67‑positive cells was calcu-
lated by counting the average number of stained cells in 500 
nuclei in four random light high‑power fields (magnification 
400X (17). The average IHC score of PD1LI in all samples was 
6. Histopathological diagnoses were confirmed by two pathol-
ogists at The Second Hospital of Tianjin Medical University 
based on the WHO classification of thorax tumors.

MTT assay. To determine cell proliferation, MTT assays were 
strictly performed according to our previous work (18). The 
H460 cells (1,000 cells/well) were seeded into 96‑well plates 
for 24 h (37˚C, 5% CO2) and subsequently treated with different 
compounds (10 µg/µl) based on the aforementioned groups for 
an additional 24 h. Cell viability was assessed using the MTT 
assay. Briefly, 0.5 mg MTT reagent was added to each well for 
4 h of incubation before the end of Pem or 125I treatment. After 
removing the supernatant, 100 µl DMSO was added to each 
well and incubated for 10 min. The purple mixture in each 
well was then measured at 490 nm using the Polarstar Optima 
microplate reader from BMG Labtech GmbH. The inhibition 
rate was analyzed using the following formula: [(Control 
D490‑Experimental D490)/Control D490] x100%.

Flow cytometry (FCM) analysis. FCM analysis was performed 
according to the manufacture's instructions. Briefly, tumor 
cells were diluted to 1x105/ml and treated with the aforemen-
tioned reagents, in the four treatment groups for 24 h. The 
cells were dissociated in 1X binding buffer and subsequently 
stained with Annexin V‑FITC (Biolegend, Inc.) and propidium 
iodide (PI) in the dark for 20 min at room temperature and 
analyzed using FCM (Becton, Dickinson and Company) cell 
sorting. The apoptosis rate was calculated as the percentage 
of the Annexin V‑FITC+/PI+ cells from the total cells. 
Additionally, the dissociated cells were incubated in 95% cold 
alcohol overnight at 4˚C and then stained with PI (50 ug/ml) 
supplemented with Triton X‑100 in the dark for 30 min at 4˚C. 
In total, 1x104 cells were used as the gate region and analyzed 
using FCM cell sorting to examine the cell cycle. The dead 
cells were calculated as the proportion of PI+ cells. The data is 
presented as the mean ± standard deviation from three inde-
pendent experiments. 

ELISA. ELISA was performed using the matrix metallopro-
teinase (MMP)2 and MMP9 ELISA kits (Boster Biology 
Technnology; cat. nos. EK1488 and EK1107) according to the 
manufacturer's instructions. Briefly, 100 µl supernatant from 
H460 and A549HE cells cultured with the aforementioned 
reagents for 8 h was added into duplicate wells and incubated 
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at 37˚C for 90 min. After washing three times, 100 µl indi-
cating antibodies from the ELISA kits were added and 
incubated at 37˚C for 60 min. After the color reaction step with 
3,3',5,5'‑tetramethylbenzidine substrate for 15 min at 37˚C, 
absorbency was detected at 450 nm using a microplate reader 
(SpectraMax; Molecular Devices, LLC). The data is presented 
as the mean ±  standard deviation from three independent 
experiments. 

Cell lysis. Cells from all 4 cell lines were lysed with ice‑cold 
buffer (50 mM Tris. Cl pH 6.8, 15 mM NaCl, 5 mM EDTA, 
0.5% NP‑40 and 1 mM PMSF) supplemented with 0.1% Triton 
X‑100 and 20 mM Tris‑HCl (pH 7.4), and protease‑inhibitor 
cocktail. The protein concentration was determined with 
Coomassie Brilliant Blue (Thermo Fisher Scientific, Inc.; 
cat. no. 23200) using a microplate spectrophotometer (Infinite 
M200 PRO; Tecan Group, Ltd.).

Western blot analysis. The total protein (50 µg) was separated 
with 10% SDS‑PAGE gel and the protein was transferred on 
to PVDF membranes. The membranes were subsequently 
incubated against the Bax (cat. no. AB182733; Abcam) and 
Bcl‑2 (cat. no. AB32124; Abcam) antibodies overnight at 4˚C. 
Subsequently, the membranes were probed with secondary 
antibodies (cat. no. GL1538; GuideChem; 1:500) for 1 h at 
room temperature. β‑actin was utilized as the loading control. 
The primary antibodies were diluted to 1:500 and the β‑actin 
antibody was diluted to 1:3,000. The immunoblotting results 
were visualized using TMB (cat. no. PR1210; Beijing Solarbio 
Science & Technology Co., Ltd.). 

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). RNA was isolated from tumor tissues and cells 
from all 4 cell lines following the treatment of the aforemen-
tioned regents using TRIzol® (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
cDNA was synthesized using iScript reverse transcription 
system (Invitrogen; Thermo Fisher Scientific, Inc.) and 2 µg 
RNA. Real‑time RT‑PCR conditions were 95.0˚C for 5 min, 
35 cycles of 95.0˚C for 30 sec and 60.0˚C for 30 sec. The mRNA 
expression levels of PD1L1, p21, p27 and ADAM metallopep-
tidase domain 17 (ADAM17) were determined using the iQ 
SYBR Green Supermix kit (Bio‑Rad Laboratories, Inc.) and 
the Bio‑Rad iQ5 Multicolor Real‑Time PCR detection system 
and normalized with GAPDH mRNA. The following condi-
tions were used for the qPCR: Initial denaturation at 95.0˚C 
for 5 min, then 35 cycles of 95.0˚C for 30 sec and 60.0˚C for 
30 sec. The 2‑∆∆Ct method (19) was performed to calculate the 
fold change and all the experiments were conducted three 
times. The sequences used for the primers are provided in 
Table SI.

Statistical analysis. Student's t‑test and χ2 test were used 
to determine the statistical difference between the reagent 
treatment group and the control group. Data were presented 
as the means ± standard deviation. Data were analyzed by 
Student's t‑test and Mann‑Whitney test using SPSS v19.0 
(IBM Corp.) and GraphPad Prism v7.0 (GraphPad Software, 
Inc). An unpaired t‑test was used for comparison between 
two groups, and comparison of mean values between multiple 

groups was evaluated by one‑way ANOVA followed by 
Student‑Newman‑Keuls post hoc test. The functional experi-
ments were performed at least three times. The correlation 
between PD1L1 expression and Ki‑67 labeling was deter-
mined using Pearson's correlation. The clinical risk factors 
were analyzed using logistic regression. Survival analysis 
was performed using Kaplan‑Meier curves. The Mantel‑Cox 
log‑rank test was used to assess the significant differences 
between survival curves. P<0.05 was considered to indicate a 
statistically significant difference.

Results

PD1L1 expression is positively correlated with proliferation 
of NSCLC. A total of 92 NSCLC cases were included in the 
present study: 71 (77.17%) were squamous cell carcinoma, 16 
(17.39%) were adenocarcinoma and 5 (5.43%) were large cell 
carcinoma (Table I). The expression of PD1L1 was examined 
using IHC. PD1L1 was expressed in human NSCLC samples 
and was located on the surface of tumor cells (Fig. 1A). As 
presented in Table I, the IHC score of PD1L1 was <6 in 33 
(35.87%) cases and >6 in 59 (64.13%) samples. he Ki‑67 index 
of the 92 NSCLC cases was determined and the samples 
were subsequently divided into three groups depending on 
the percentage of cells stained positive. Ki‑67 labeling was 
identified as low percentage (<10.0%) in 28 (30.43%) cases, 
moderate percentage (10.0‑20.0%) in 34 (36.96%) cases and 
high percentage (>20.0%) in 30 (32.61%) cases. Most of the 
cases had moderate percentage expression. Similarly, most of 
the patients (49; 53.26%) were at the second risk stage (Table I). 
Additionally, the association of PD1L1 expression with Ki‑67 
index was evaluated by Pearson's correlation, which revealed 
positive correlation (Fig. 1A). These data suggests that PD1L1 
expression was associated with proliferation of NSCLC.

PD1L1 is a prognostic indicator for patients with NSCLC. In 
the present study, the median follow‑up time was 35.8 months 
(range 3.0‑59.0 months). Among them, 39 (42.39%) patients 
were alive and 53 (57.61%) patients died as a result of NSCLC 
during the follow‑up periods. In addition, among the patients 
(dead and alive) with PD1L1 expression, progression‑free 
survival (PFS) and overall survival (OS) were calculated using 
Kaplan‑Meier analysis. Patients with lower levels of PD1L1 
expression (<6.0, the average score of all cases) had a signifi-
cantly longer PFS compared with those with higher expression 
levels (Fig. 1B). Similarly, patients with lower expression had 
a longer survival (Fig. 1C). As shown in Table I, the param-
eters of age, risk stage, PD1L1 score, ratio of Ki‑67 labeling 
and pathological subtypes also affected the OS as evidenced 
from the logistic regression analysis. The aforementioned data 
demonstrated that PD1L1 could be a prognostic indicator for 
patients with NSCLC.

Combination treatment with Pem and 125I inhibits cell viability 
and mobility. Following the association of PD1L1 with NSCLC 
progression, the role of PD1L1 in tumor proliferation was subse-
quently explored. For this purpose, PD1L1 mRNA expression 
was investigated in H1299, H460 and A549 NSCLC cell lines 
and the PC6 SCLC cell line, using RT‑qPCR to select the appro-
priate cell model for further experimentation. As presented in 
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Fig. 2A, among the four cell‑lines, the relative mRNA expression 
of PD1L1 was significantly higher in H460 and A549 cells, but 
there was low expression in the H1299 cell line (~0.1‑fold) and 
PC6 cell line (~0.22‑fold), therefore the H460 and A549 cells 
would be utilized in the subsequent experiments. The expres-
sion of PD1L1 in fresh human NSCLC tissues was determined, 
and it was found to be significantly higher compared with that in 
normal tissue samples (Fig. 2B). To detect the anticancer effect 
of Pem and 125I on NSCLC cells, the MTT assay was performed 
using the aforementioned experimental groups, including 
the combination of Pem with 125I, Pem, 125I and DMSO as the 
control. As shown in Fig. 2C, the proliferation curves revealed 
that the combination of 2.0 µmol/l Pem and radioactive 125I seeds 
significantly reduced H460 cells (left) and A549 (right) growth, 
compared with any of the single treatment groups. Although 
the inhibitory effects were observed in the Pem or 125I radia-
tion single treatment groups, the suppression of proliferation 
was strongest in the combination treatment group, supporting 
the hypothesis that the combination of the two strategies could 
reduce tumor cell growth. To detect the effects of Pem+125I on 
the migration ability of tumor cells, H460 and A549 cells were 
generated based on the above subgroups for 8 h and then the 

concentrations of secreted MMP2 and MMP9 proteins were 
tested in the supernatant of NSCLC cell cultures by ELISA. As 
demonstrated in Fig. 2D and E, MMP2 secretion was suppressed 
more efficiently by Pem combined with 125I treatment group 
compared with that in the single treatment groups of Pem and 
125I, and the control, for both cell lines. The secretion of MMP9 
was also similarly inhibited by the combination treatment group 
compared with that in the single treatment groups in both cell 
lines (Fig. 2D and E). These data suggests that the combination 
of Pem and 125I played a critical role in repressing the tumor 
proliferation and aggressiveness. 

Combination treatment promotes cell apoptosis. Apoptosis 
in H460 and A549 cells treated with the aforementioned 
reagents was determined using FCM analysis. As presented in 
Fig. 3A, the combination of Pem and 125I could induce tumor 
cell apoptosis up to ~65%, whereas the single Pem or 125I 
radiation treatment groups only induced apoptosis to <40%. 
According to cell proliferation mediated by the cell cycle, 
FCM was continuously performed to further detect the effect 
of the combination treatment on cell cycle by measuring the 
binding activity of PI. As shown in Fig. 3B, the combination 
treatment resulted in more H460 cells arrested in in S phase 
without ability to enter into the proliferation cycle and any of 
the single treatment analogously inhibited the blocking ability 
about 20%. Thus, combination with Pem and 125I showed the 
strong anti‑tumor activity via suppressing the proliferation and 
mobility as well as promoting apoptosis. 

ADAM17 is downregulated by the combination treatment. 
Following the observation that the combination of Pem and 
125I was more effective in the NSCLC cell models compared 
with the single treatment groups, the underlying mechanisms 
involved in the anti‑tumor effects were subsequently investi-
gated. Based on the striking ADAM17 phenotype, the protein 
and mRNA expression levels of key proteins associated with 
apoptosis and proliferation, such as Bcl‑2, Bax, p21 and 
p27 (20,21), in H460 cells treated with the aforementioned 
reagents were detected using western blot analysis and 
RT‑qPCR. As presented in Fig. 4A, markedly decreased levels 
of Bcl‑2 were observed in H460 cells following combination 
treatment compared with that in the single treatment groups. 
In addition, this combination also markedly upregulated Bax 
expression to induce the apoptosis in contrast with the single 
Pem or 125I treatment groups. Furthermore, the mRNA expres-
sion of p21 and p27 was determined using RT‑qPCR, which 
are considered as regulators of the cell cycle (22,23). As shown 
in Fig. 4B, both p21 and p27 mRNA levels were significantly 
elevated in H460 cells (~40%) following the combination treat-
ment, supporting the phenomenon that most of the tumor cells 
were arrested in S phase. Recently, ADAM17 was discovered 
as a crucial mediator of resistance to immunotherapy, there-
fore (24) the mRNA expression of ADAM17 was investigated. 
There was a significant reduction in ADAM17 levels in the 
combination treatment group compared with the control group 
(Fig. 4C), suggesting that the combination could modify the 
sensitivity of H460 cells to the targeted therapy and radiation. 
Therefore, these data demonstrate that the combination of Pem 
and 125I treatment suppressed NSCLC cell growth and induced 
the apoptosis through ADAM17 expression.

Table  I. Characteristics of patients with non‑small cell lung 
cancer. 

Clinicopathological factor	 Number of patients (%)	 OR

Sex		  0.71
  Male	 50 (54.35)
  Female	 42 (45.65)
Age, years		  1.39
  <30	 2 (2.17)
  30‑60	 51 (55.43)
  >60	 39 (42.39)
Prognosis		  0.88
  Alive	 39 (42.39)
  Dead	 53 (57.61)
Risk stage		  1.82
  I	 28 (30.43)
  II	 49 (53.26)
  III	 15 (16.31)
PD‑L1 IHC score		  2.12
  <6	 33 (35.87)
  >6	 59 (64.13)
Ki‑67, %		  1.75
 <10.0	 28 (30.43)
 10.0‑20.0	 34 (36.96)
  >20.0	 30 (32.61)
Pathology		  1.53
  Squamous cell carcinoma	 71 (77.17)
  Adenocarcinoma	 16 (17.39)
  Large cell carcinoma	 5 (5.43)

OR, odds ratio.
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Discussion

NSCLC is the leading cause of cancer‑associated mortality 
globally (4). There are several types of NSCLC, including 
adenocarcinoma, squamous cell (epidermoid) carcinoma 
and large cell (undifferentiated) carcinoma. The prognosis 
and treatment options depend on the stage of the cancer, the 
subtype of lung cancer and the mutations of certain genes, 
such as the epidermal growth factor receptor (EGFR) gene or 
the anaplastic lymphoma kinase gene (25). The 5‑year survival 
rate varies between 4 and 17%, relying on the cancer stage and 
geographical location (26). Neither items have been consid-
ered as the indicative biomarkers for diagnosis at early stage, 
nor have parameters been detected to be positively correlated 
with the clinicopathological features. 

Different treatments are available for patients with 
NSCLC, including the standard therapy (operation combined 
with chemotherapy and radiotherapy). Immunotherapy exists 
as a strategy utilizing the host immune system to kill cancer 
cells, which is also called biotherapy. Immune checkpoint 
inhibitor therapy is now a popular choice for the treatment for 
numerous types of cancer, particularly NSCLC (27). PD1L1 is 
found to be upregulated in a wide array of malignancies, such 
as breast cancers and melonomas (28,29). Recent studies have 
discovered the medical roles of PD1L1/PD‑1 protein in many 
malignancies, including lung cancer (30). Extending from the 
cancer cell surface, PD1L1 interplays with PD‑1 on T cells. This 
coupling, known as an immune checkpoint, instructs the T cell 
to leave the tumor cell alone (31). Chemotherapy combined 
with atezolizumab (check point inhibitor) in the first‑line 
treatment of extensive‑stage SCLC led to significantly longer 

overall survival and progression‑free survival (32). Although 
immunotherapy, which targets PD1L1, is a common treatment 
option, the resistance to this strategy has gained more attention 
in recent years (31). Similar to the targeted therapy, resistance 
to the immunotherapeutic reagents can manifest through 
primary and existing therapies. A patient with primary resis-
tance never responds to the immune therapy. With acquired 
resistance, a patient may initially respond, but this is often 
short‑lived with eventual recurrence or metastases (33). In the 
present study the correlation between PD1L1 and clinicopath-
ological characteristics and prognosis was firstly identified, 
and the combination therapeutic strategy, containing Pem and 
125I, was developed to subsequently investigate resistance of 
NSCLC cells to immunotherapy. 

In the current study, PD1L1 was highly expressed in 
NSCLC compared with that in normal tissues. In addition, 
the NSCLC cases with high PD1L1 scores showed significant 
association to the proportion of Ki‑67 index, indicating that 
PD1L1 contributed to the malignancy prediction. Moreover, 
dividing patients based on high or low expression revealed 
that patients with low expression levels were associated with 
poor prognosis of NSCLC, which supports that patients with 
high expression of PD1L1 relapse faster. Therefore, the expres-
sion of PD1L1 could be considered as a prognostic factor. 
Additionally, the in vitro studies with respect to the effects of 
the combination treatment of Pem and 125I on the prolifera-
tion, invasion and apoptosis of NSCLC cells suggested that the 
combination strategy improved the resistance of tumor cells to 
the targeted PD1L1/PD‑1 therapy via ADAM17 dysregulation. 
The combination of Pem with 125I provides a novel approach 
to improve the resistance to immune checkpoint therapy 

Figure 1. PD1L1 expression in NSCLC tissues and the association of PD1L1 with patient survival. (A) Representative IHC images of PD1L1 and Ki‑67 expres-
sion in the high‑ and low‑expressing groups (x100). The inset image shows the high‑power field of PD1L1 expression (x400). The red arrows indicate PD1L1+ 
cells. The positive correlation between PD1L1 score and Ki‑67 index was analyzed using Pearson's correlation (P<0.0001). The (B) progression‑free survival 
and the (C) overall survival of patients with NSCLC divided into high‑and low‑expression groups, with respect to PD1L1 (P<0.0001, P=0.0003). PD1L1, 
programmed cell death 1 ligand 1; NSCLC, non‑small cell lung cancer.
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among patients with NSCLC. Both Pem and 125I seed are 
widely used in clinical practice, which are safe and convenient 
for the patients. Additionally, the usage of internal radiation 
can successfully avoid excessive radiation exposure to the 
surrounding normal tissues. However, the combination with 
these two reagents inadvertently increases stress to the liver 
and affects renal function. 

Upregulation of PD1L1 allows the cancer cells to avoid 
detection from the host immune system. The PD1L1/PD‑1 
complex in the tumor microenvironment plays a crucial role in 
tumor immune escape, which positively correlates with tumor 

progression and development. Recent studies have revealed 
that the progression of cancer is partly attributed to the special 
tumor immune microenvironment (27). All cancer cells can 
avoid elimination by the host immune system via escaping 
immune surveillance and disrupting the immune checkpoint 
within ligand‑receptor interaction  (34). The cytotoxic T 
lymphocytes infiltrate the tumor microenvironment and 
specifically bind to tumor cells via ligand‑receptor interaction, 
leading therefore to cancer cell death (31,35). 

PD1L1/PD‑1 signaling induces the evasion from immune 
surveillance using multiple specific mechanisms, as i) The 

Figure 2. Effects of the combination of Pem and 125I on the proliferation and mobility in NSCLC cells. (A) The mRNA expression of PD1L1 in four cell lines 
examined using reverse transcription‑quantitative PCR. (B) The PD1L1 mRNA and protein levels in fresh human NSCLC tissues. (C) H460 (left) and A549 
(right) cells were treated with DMSO, and Pem and 125I, singularly or in combination for 24 h and the cell growth was measured using MTT assay. Amount 
of MMP2 (left) and MMP9 (right) released after (D) H460 and (E) A549 cells were incubated with DMSO, and Pem and 125I, singularly or in combination for 
8 h was determined using ELISA. Pem, pembroliumab; NSCLC, non‑small cell lung cancer; PD1L1, programmed cell death 1 ligand 1; cont, control; MMP; 
matrix metalloproteinase; I, iodine.
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exhaustion of tumor‑infiltrating lymphocytes in tumor micro-
environment is associated with PD1L1 expression of cancer 
cells (36); ii) PD‑1 induces apoptosis of T cells by upregulating 
apoptotic genes, such as Bcl‑2 and Bcl‑xL (37); and iii) the down-
regulation of mTOR, AKT, PTEN and ERK2 phosphorylation 

by PD1L1/PD‑1 signaling can induce regulatory T cells, thus 
suppressing the activity of effector T‑cells (38). 

A previous study has reported that higher PD1L1 expression 
was associated with more significant cancer aggressiveness 
based on the analysis of 196 cases with renal cell carcinoma (39), 

Figure 3. Effects of the combination of Pem and 125I on apoptosis and cell cycle in non‑small cell lung cancer cells. (A) Apoptosis and B) cell cycle analysis 
using flow cytometry in H460 (left) and A549 (right) cells following treatment with control, and Pem and 125I, singularly or in combination for 24 h. PD1L1, 
programmed cell death 1 ligand 1; Pem, pembroliumab; I, iodine; cont, control. *P<0.05, **P<0.01, ***P<0.001.

Figure 4. Protein and mRNA expression levels after Pem+125I functions. (A) Targeted effects of Pem+125I on the protein expression of Bcl‑2 and Bax in H460 
cells when incubated for 8 h, with DMSO, and Pem and 125I, singularly or in combination, using western blot analysis. The β‑actin protein was used as the 
internal control. The mRNA expression of (B) p21 (left) and p27 (right) and (C) ADAM17 in H460 cells using reverse transcription‑quantitative PCR following 
the treatment with Pem+125I, Pem, 125I and control for 8 h. (C) ADAM17, ADAM metallopeptidase domain 17; Pem, pembroliumab; I, iodine; cont, control. 
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consistent with the results from the present study. Over the last 
4 years, a high number of PD1L1 small molecular inhibitors 
have been developed, which present promising results in clinical 
trials as immunotherapies (40‑42). In general normal tissue, the 
immune response was restricted by the communications between 
transcription factors such as, paired box 8 and NF‑κB with the goal 
of protecting normal tissue and limiting inflammation. However, 
among the cancers, PD1L1 expression can be induced by the loss 
of feedback restriction, which results in the ineffectiveness of 
systemic treatment when targeting PD1L1/PD‑1 (43). Although 
PD1L1 targeted therapy has been reported to show effectiveness 
in targeting tumor cells, drug resistance is still a problem.

In the present study, 125I radiation was combined with Pem 
to reduce occurrence of drug resistance, which involved the 
downregulation of ADAM17. The ADAM family of proteins 
have been shown to promote invasion in different types of 
cancer, such as breast cancer, NSCLC and prostate cancer, 
which suggests that ADAM might be a promising therapeutic 
target (35). The major mechanism by which ADAM17 is hypoth-
esized to promote these malignant properties involves activation 
of growth factors in the epidermal growth factor (EGF) family, 
such as pro‑transforming growth factor‑α, proheparin‑binding 
EGF‑like growth factor, amphiregulin or neuregulin  (44). 
In particular, ADAM17 is a potential source of deregulation 
in the tumor microenvironment and adds an additional level 
of complexity to the manipulation of these natural systems, 
which also results in the resistance to chemo‑/radiotherapy 
via the targeted signaling activation (45,46). ADAM17 can be 
considered as the therapeutic targeting when over activated in 
the tumor cells either alone or in combination with other treat-
ment, including chemotherapy and radiotherapy (47,48). On the 
other hand, ADAM17 was discovered as a crucial mediator of 
resistance to radiotherapy, which can be considered as a thera-
peutic target when it overexpresses in tumor cells either alone 
or in combination with other immune modulating treatment. 
Upregulation of ADAM17 expression significantly contributes 
to pathogenesis of human cancers, such as the glioma and 
prostate cancer. ADAM17 has been known to induce activation 
of the EGFR/PI3K/Akt signaling, which plays a critical role in 
chemo‑/radiotherapy resistance (49). 

In conclusion, the current study discovered the crucial role 
of PD1L1 in NSCLC and reveals the relationship between 
clinicopathological characteristics and chemotherapeutic 
resistance. This data can be considered as the valuable diag-
nostic reference, which includes the expression of PD1L1 
in NSCLC as a biomarker to predict the prognosis. A novel 
strategy regarding combination therapy in patients with 
NSCLC to solve the resistant problem and even expand this 
application to other malignancies with high levels of PD1L1.
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