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 Background: The immune checkpoint of programmed cell death ligand 1 (PD-L1) commonly expressed in solid cancers, and 
the blockade of this molecule show promising results in advanced cancers, including lung cancer. The relevance 
of PD-L1 to patient-derived xenograft (PDX) formation and clinicopathological characteristics in early stage lung 
cancer have not been fully elucidated.

 Material/Methods: Cell counting kit-8 and flow cytometry were carried out to examine proliferation and apoptosis in PC9 and H520 
cells transfected with siRNAs. Nod-scid mice were used to establish PDX. Immunohistochemistry was done to 
investigate PD-L1 expression in tumor tissues.

 Results: PD-L1 was detected in lung cancer cell lines and 45.45% of primary tumor tissues from a cohort of 209 lung 
cancer patients. Cell growth was restrained and apoptosis was induced when PD-L1 was inhibited in PC9 and 
H520 cells. In addition, we successfully established 16 PDX models from tissues from 43 cases of primary lung 
cancer. Higher PD-L1 expression rates (75%) was observed in primary tumors with PDX formation compared 
to protein expression rate (44.44%) in tumors without PDX formation. Consistently, a 1.9-fold increase of PDX 
formation frequency was identified in the PD-L1 positive tumors than in the PD-L1 negative tumors. Moreover, 
PD-L1 was found to be related to smoking, histological type, and pathological stage. Importantly, PD-L1 over-
expression was associated with shorter overall survival (OS) of lung cancer patients.

 Conclusions: This study suggests that overexpression of PD-L1 could induce PDX formation and is related to poor outcome 
for the lung cancer patients.
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Background

Lung cancer is the most common cause of death among ma-
lignant cancers worldwide [1]. Lung cancer consists of approx-
imately 15% small cell lung cancer (SCLC) and 85% non-small 
cell lung cancer (NSCLC) which includes adenocarcinoma (Ad), 
squamous carcinoma (SCC) and larger cell lung cancer (LCLC). 
Although conventional treatments like surgical resection, che-
motherapy, and radiotherapy have been developed in the past 
decades, there has not been a significant improvement in over-
all survival (OS) for lung cancer patients. Therefore, we need 
to understand the molecular basis of the disease and nov-
el therapies for improving patient outcomes. Patient-derived 
xenografts (PDX), in which surgically resected tumors are di-
rectly inoculated into immune-compromised mice, can repro-
duce the biological characteristics of human cancers. It has 
been identified that approximately 30–40% of lung cancer tis-
sues could successfully form PDX with more than two passag-
es [2]. In addition, the frequency of PDX formation was associ-
ated with recurrence of patients in early stage lung cancer [3].

Recently, the immunosuppressive molecule of programmed 
cell death ligand-1 (PD-L1) has been found to be commonly 
express in tumor tissues of several solid carcinomas, including 
melanoma, breast, ovary, esophagus, and lung cancers [4–10]. 
PD-L1 on the antigen-presenting cells has been shown to neg-
atively regulate immune response through binding to its re-
ceptor PD-1 on T cells [11,12]. The effect of PD-L1 on tumor 
cells demonstrates that blockade of PD-L1 could inhibit tumor 
growth of metastatic renal cells, melanoma, and lung cancers 
in vitro and in vivo [13]. PD-L1 expression has been found to 
be related to prognosis for several cancer types including lung 
cancer [14–16].

PD-L1 has previously been detected by immunohistochemis-
try (IHC) in the formalin-fixed paraffin-embedded (FFPE) tis-
sue samples that could predict clinical response to immune 
therapy of targeted PD-1/PD-L1 [17,18]. However, data on the 
role of PD-L1 in tumor formation and the mechanism of pro-
gression for lung cancer is limited. In our study, we explored 
how PD-L1 influenced PDX formation and the clinical signif-
icance of this protein for early stage lung cancer patients. 
Knockdown of PD-L1 inhibited cell growth and induced apop-
tosis in lung cancer cell lines PC9 and H520. It was further ver-
ified that higher expression frequency of PD-L1 was observed 
in tumors with PDX formation than in tumors without PDX 
formation. In addition, higher PDX formation frequency was 
identified in PD-L1 positive tumors than in PD-L1 negative tu-
mors. In a cohort of 209 lung cancer patients, PD-L1 expres-
sion was related to smoking, histological type, stage and poor 
outcomes. Our data indicated that PD-L1 played an important 
role in PDX formation capacity and could be a poor prognos-
tic factor in early stage lung cancer.

Material and Methods

Cell lines and transient transfection

Human lung cancer cell lines PC-9 and H520 (American Type 
Culture Collection, Manassas, VA, USA) were cultured in RPMI 
1640 medium supplemented with 10% fetal bovine serum (FBS), 
100 U/mL penicillin, and 100 g/mL streptomycin (Invitrogen, 
Grand Island, NY, USA) in a humidified atmosphere of 5% CO2 
at 37°C incubator. After cells were seeded in six-well plates 
overnight, PD-L1 siRNA or scramble siRNA (Suzhou GenePharma 
Co., China) were transfected into cells with X-tremeGENE siR-
NA Transfection Reagent according to the manufacture’s in-
struction (Roche, USA).

Quantitative real-time-PCR (qRT-PCR)

Total RNA was extracted using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA). Then 2 μg of total RNA was used to 
synthesize cDNA using the Oligo dT primer. Quantitative 
real-time PCR (qRT-PCR) reactions were performed using 
Light-Cycler®480 Real-Time PCR System (Roche, USA) and 
the reagent LightCycler®480 SYBR Green I Master (Roche, 
USA). The cycling condition was as follows: five minutes at 
95°C, followed by 45 cycles of 10 second at 95°C, 30 second 
at 60°C, and 20 second at 72°C. The 2–DDCt method (where 
DCt=Cttarget–Ctcontrol) was used to analyze comparative gene 
expression with normalization to the internal reference lev-
el of GAPDH. The sequences of the used primers were as fol-
lowing: PD-L1: forward primer-GACCTATATGTGGTAGAGTATG-
GTAGC, reverse primer-TTCAGCTGTATGGTTTTCCTCAGGATC; 
GAPDH: forward primer-GACCCCTTCATTGACCTCAAC, reverse 
primer-CTTCTCCATGGTGGTGAAGA.

Cell proliferation assay

Cell growth was tested using a cell counting kit-8 assay. PC-9 
and H520 cells (2×103) were cultivated in 96-well plates for 0, 
24, 48, and 72 hours. At each time, FLUO star OPTIMA (BMG 
LAB-TECH, Offenburg, Germany) was added for one hour. Then 
the number of viable cells was determined by measuring absor-
bance at 450 nm, according to the manufacturer’s instructions.

Annexin V assay by flow cytometry

After transfection with PD-L1 siRNA or scramble siRNA in 
A549 and H520 cells for 48 hours, the cells were trypsinized 
and suspended in binding buffer including propidium iodide 
(PI) and Annexin V (FITC Annexin V Apoptosis Detection Kit 1, 
BD Biosciences) for 30 minutes at 4°C in the dark. The cells 
were resuspended in PBS through a 70-μm nylon mesh fol-
lowed by evaluation with flow cytometer (BD Biosciences) 
within 30 minutes.
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PDX establishment and clinical samples of lung cancer

Forty-three cases of fresh tumor tissues were obtained from 
lung cancer patients who underwent resection at Peking 
University Cancer Hospital. Four- to six-week old nonobese di-
abetic/severe combined immunodeficient (Nod-scid) mice were 
purchased from Vitalriver (Beijing, China) and maintained in 
specific pathogen-free conditions. After the tumors were re-
moved, the fresh tissue was immediately maintained in 1640 
medium with 2% fetal bovine serum (FBS). The tumor tissue 
was then cut into multiple pieces and inoculated subcutane-
ously into mice, as previously described [19,20]. Xenografted 
mice with tumors with more than two passages were consid-
ered successful for PDX establishment. Study protocols involv-
ing mice were approved by the Animal Care and Use Committee 
at Peking University Cancer Hospital.

In addition, we collected the tumor tissue from 209 lung can-
cer patients who underwent radically surgical resection be-
tween July 2006 and January 2013 at Peking University Cancer 
Hospital. Clinicopathological characteristics collected includ-
ed age, sex, smoking status, histological type, and TNM stage. 
All patients were followed up every three to six months un-
til February 2016. Among these lung cancer patients, 120 out 
of 145 cases with pathological stage II-IIIa received adjuvant 
chemotherapy, and chemotherapy combined with radiation 
were conducted for N2 positive disease. In addition, 11 out 
of 42 stage Ib patients with risk factor like venous invasion 
and pleural invasion also underwent adjuvant chemothera-
py. The present study was approved by the Ethics Committee 
of Peking University Hospital and written informed consent 
was received from all the patients according to the tenets of 
Declaration of Helsinki.

Hematoxylin-eosin staining (H&E) and 
immunohistochemistry

For H&E, paraffin-embedded tumor tissues were cut into 4-mm 
sections and the sections were then placed on the positively 
charged microscope slides. The slides were rehydrated in xy-
lene and graded ethanol solution. Tumor tissues were added 
with hematoxylin for five minutes followed by washing in wa-
ter. After differentiating in 1% acid alcohol for 30 seconds, eo-
sin was used to stain the slide for 10 minutes. Then the tissues 
were dehydrated through low concentration of alcohol to ab-
solute alcohol and two changes of xylene followed by mount-
ing with xylene based mounting medium.

The immunohistochemistry assays were performed as de-
scribed previously [21]. Briefly, after 4-mm paraffin-embed-
ded slides were deparaffinized, endogenous peroxidase activ-
ity was blocked by 3% H2O2 in PBS for 30 minutes. The slides 
were then incubated with primary antibody of PD-L1 (1: 500 

dilution; Abcam, UK) at 4°C overnight. The HRP-conjugated 
secondary antibody was used to incubate the slides (Sigma-
Aldrich, Poole, Dorset, UK). Sections were counterstained with 
hematoxylin and mounted with a cover glass.

Two independent pathologists analyzed the morphology and 
immunostained sections. PD-L1 staining was graded based 
on the intensity of staining, including membrane/cytoplasm 
alone and the combination of membrane and cytoplasm lo-
cation (1, weak; 2, moderate; 3, strong) and the percentage 
of stained cells (0, for <5%; 1, for 5–25%; 2, for 26–50%; and 
3, >50%.) according to the method reported in our previous 
study [21]. When combining these two parameters, 0–1 and 
>1 were ranked negative and positive expression, respectively.

Statistical analysis

Data are demonstrated as mean ±SEM and the experiments 
were independently performed in triplicate. c2 test and Fisher’s 
exact test were used to analyze the associations between the 
PD-L1 expression and clinical variables. Kaplan-Meier and Cox 
model were used to assess survival rates. A value of p<0.05 
was considered as significant difference and all the statisti-
cal analyses were done using SPSS 17.0 statistical software.

Results

Suppression of PD-L1 decreased cell growth and increased 
apoptosis in lung cancer cells

First, we investigated the capacity for proliferation and apopto-
sis in the lung cancer cell lines PC9 and H520 transfected with 
PD-L1 siRNA or scramble siRNA. Suppression of PD-L1 was val-
idated in tumor cells transfected with PD-L1 siRNA compared 
to control cells transfected with scramble siRNA by qRT-PCR 
(Figure 1A). Slower growth was demonstrated in PD-L1-siRNA 
transfected PC9 and H520 cells than the corresponding con-
trol cells (p<0.01, Figure 1B, 1C). Next, we detected apoptosis 
for PC9 and H520 cells with siRNAs transfection by Annexin 
V assay. The data revealed higher percentage of apoptotic 
cells in PD-L1-siRNA transfected cells compared to scramble-
siRNA transfected cells (p=0.05 for PC9 and p=0.02 for A549, 
Figure 1D). These results indicated that PD-L1 could increase 
proliferation and decrease apoptosis in lung cancer cells.

PD-L1 promoted PDX formation

Based on the inductive effect of PD-L1 on proliferation in lung 
cancer cell lines, we further detected whether this molecule 
influenced primary tumor growth in mice models. We collect-
ed primary tumor tissues from 43 cases of lung cancer pa-
tients to inject into Nod-scid mice for establishing PDX. The 
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clinical information for these patients is listed in Table 1. The 
median age was 63 years old (range from 29 to 82 years) with 
60.47% male. There were 31 cases of Ad, nine cases of SCC, 
one case of LCLC, and two cases of SCLC for these stage I to 
IIIa patients. Among the 43 cases of tumors from lung can-
cer patients, we successfully established 16 PDX models. The 
histology of primary and PDX tissues were validated by H&E 
staining (Figure 2A). Higher frequency of PDX formation was 
observed in lung cancer patients with older age (>63 years, 
43.5%), male (46.2%), and SCC types (66.7%) compared to that 
in patients age <63 years (30%), female (23.5%), and Ad type 
(32.3%), respectively (Table 1).

We further asked whether PD-L1 expression could influence 
the ability of PDX formation for these lung cancers. PD-L1 was 
stained on the membrane or both the membrane and cytoplasm 
of primary tumor tissues, and formed PDX tissues by immuno-
histochemistry (Figure 2B). Among these 43 cases of primary 
tumors, 24 of the tumors were detected with PD-L1 expres-
sion. Higher expression rate of PD-L1 was identified in PDX 
formed tumors (75%) than in tumors without PDX formation 

(44.4%) (Figure 2C left panel). Compared to the 26.7% of PDX 
formation in tumors which did not have detected PD-L1 ex-
pression, 50% of lung cancers with PD-L1 expression formed 
PDX with a 1.9-fold increase (Figure 2C right panel). Our data 
suggested that the lung cancers with PD-L1 expression great-
ly induced PDX formation.

Clinicopathologic significance of PD-L1 in lung cancer 
patients

Next, we assessed the clinical significance of PD-L1 expression 
in lung cancer patients. We detected PD-L1 status in tumor 
tissues from a cohort of 209 patients by immunohistochemis-
try. Based on the evaluation of PD-L1 expression by patholo-
gists, 95 cases (45.5%) were identified as positive expression 
and 114 cases (54.5% as negative expression. Among patients 
with positive expression of PD-L1, there were 59 cases with 
both membrane and cytoplasm staining, 35 cases with cyto-
plasm expression and one case with the membrane expression. 
We then divided PD-L1 expression into negative and positive 
groups and analyzed the relationship of clinical significance 
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Figure 1.  Proliferative and apoptotic abilities of lung cancer cells PC9 and H520 transfected with siRNAs. (A) The suppression of PD-L1 
was evaluated in cells with PD-L1-siRNA by qRT-PCR. (B, C) Growth curves show that proliferation was inhibited in PC9 and 
H520 cells with knockdown of PD-L1. (D) siRNA-PD-L1 induced apoptosis of lung cancer cells by Annexin V assay.
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Figure 2.  Correlation between PD-L1 expression and PDX formation of lung cancer. (A) Representative images of H&E staining in primary 
and PDX tumors. (B) Representative pictures of positive/negative PD-L1 expression in primary tumors and PD-L1 staining in 
PDX tumors. (C) Higher frequency of PD-L1 expression was shown in PDX formed tumors than in unformed PDX tumors (left 
panel). Increased rate of PDX formation was seen in PD-L1 positive tumors compared to PD-L1 negative tumors (right panel).

Variable No.
PDX establishment

Unformation (n=27) Formation (n=16)

Age (median 63, range 29–82)

 <63  20 (46.5%)  14 (70%)  6 (30%)

 ³63  23 (53.5%)  13 (56.5%)  10 (43.5%)

Sex

 Male  26 (60.5%)  14 (53.9%)  12 (46.1%)

 Female  17 (39.5%)  13 (76.5%)  4 (23.5%)

Histology

 Ad  31 (72.1%)  21 (67.7%)  10 (32.3%)

 SCC  9 (20.9%)  3 (33.3%)  6 (66.7%)

 LCLC  1 (2.3%)  1 (100%)  0 (0%)

 SLCL  2 (4.7%)  2 (100%)  0 (0%)

Venous invasion

 Negative  33 (76.7%)  20 (60.6%)  13 (39.4%)

 Positive  10 (23.3%)  7 (70%)  3 (30%)

Stage

 I  23 (53.6%)  15 (65.2%)  8 (34.8%)

 II  10 (23.2%)  6 (60%)  4 (40%)

 III  10 (23.2%)  6 (60%)  4 (40%)

Table 1. Clinical features of 43 lung cancer patients with PDX establishment.

Ad – adenocarcinoma; SCC – squamous cell carcinoma; LCLC – large cell lung cancer; SCLC – small cell lung cancer.
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for these lung cancer patients. Clinicopathologic characteris-
tics of the studied cohort are summarized in Table 2; these pa-
tients were diagnosed as stage I–IIIa lung cancer disease with 
median age of 58 years old. Our data showed that there was 
no significant correlation between PD-L1 expression and gen-
der, age, venous invasion, and differentiation of these patients 
(Table 2). Higher PD-L1 expression frequencies was shown in 
patient smokers, SCC and LCLC types, and stage II/III com-
pared to those in patient nonsmokers, Ad type, and stage I, 
respectively with statistically significant difference (Table 2).

PD-L1 expression was associated with poor prognosis

We analyzed the correlation between PD-L1 expression and 
disease free progression (DFS) and overall survival (OS) for 
these 209 lung cancer patients. Our results demonstrated that 
relatively higher PD-L1 expression rate was seen in patients 
with shorter DFS than in patients with longer DFS (Figure 3A, 

p=0.03). Importantly, PD-L1 expression correlated with poor OS 
in this cohort, with statistically significant difference (Figure 3B, 
p=0.007). Moreover, both univariate and multivariate propor-
tional hazard Cox analyses suggested that PD-L1 (HR, 1.726; 
95% CI, 1.157–2.575; p=0.007), TNM stage (HR, 2.286; 95% 
CI, 1.415–3.692; p=0.001), and tumor size (HR, 1.670; 95% CI, 
1.108–2.516; p=0.014) are strong and independent predictors 
of prognosis for lung cancer patients (Table 3).

Discussion

Lung cancer is an aggressive disease with a five-year survival 
rate ranging from 6% to 18% [22]. Most lung cancers are di-
agnosed at an advanced stage with bad outcomes compared 
to early stage disease. Thus, effective screening modalities 
for detecting early stage lung cancer are needed. It has been 
known that computed tomography (CT) screening improved 

Variable Case no.
PD-L1 expression

P value
Negative Positive

Gender p=0.094

 Male  158 (75.6%)  81 (51.3%)  77 (48.7%)

 Female  51 (24.4%)  33 (64.7%)  18 (35.3%)

Age (median 58) p=0.064

 £60  80 (38.3%)  37 (46.2%)  43 (53.8%)

 >60  129 (61.7%)  77 (59.7%)  52 (40.3%)

Smoking history p=0.041

 Yes  147 (75.6%)  74 (50.3%)  73 (49.7%)

 No  62 (24.4%)  40 (64.5%)  22 (35.5%)

Venous invasion p=0.175

 Negative  167 (79.9%)  95 (56.9%)  72 (43.1%)

 Positive  42 (20.1%)  19 (45.2%)  23 (54.8%)

Histology type p=0.010

 Ad  98 (46.9%)  64 (65.3%)  34 (34.7%)

 SCC  102 (48.8%)  47 (46.1%)  55 (53.9%)

 LCC  9 (4.3%)  3 (33.3%)  6 (66.7%)

Differentiation p=0.350

 Poor  99 (47.4%)  49 (49.5%)  50 (50.5%)

 Moderate  97 (46.4%)  58 (59.8%)  39 (40.2%)

 Well  13 (6.2%)  7 (53.8%)  6 (46.2%)

TNM stage p=0.045

 I  64 (30.6%)  41 (64.1%)  23 (35.9%)

 II/IIIa  145 (69.4%)  73 (50.3%)  72 (49.7%)

Table 2. Clinicopathological variables and PD-L1 expression in the lung cancer patients with resected surgery (n=209).

P-value was calculated using Pearson’s c2 test. Bold values are significant (P<0.05). Ad – adenocarcinoma; SCC – squamous cell 
carcinoma; LCLC – large cell lung cancer.
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long-term survival by identifying the increased number of early 
stage lung cancer patients [23]. However, the CT scan with as-
sociated radiation can induce long-term cancer risk as well [24]. 
Therefore, we attempted to find a new predictor or prognos-
tic factor for lung cancer patients from a different perspective.

Among the suppressive molecules, PD-L1 combined with PD-1 
has been proven to contribute to tumor cells’ immune-es-
cape and also has been associated with cancer patient out-
comes [25,26]. However, there is little known about the role 
of PD-L1 in tumor formation and clinical significance of ear-
ly stage lung cancer.

PD-L1 binding to PD-1 on activated T cells can induce T cell 
apoptosis [25,27] that might be the mechanism driving cancer 
cells to overexpress PD-L1 in response to immune attacks [28]. 

In our current study, we focused on the role of PD-L1 in lung 
cancer cells. We tested how PD-L1 influenced the ability of pro-
liferation and apoptosis in lung cancer cell lines PC9 and H520. 
Cell growth was decreased and apoptosis was increased when 
PD-L1 was knocked down in these cells. Apoptosis has been 
identified to play an import role in malignant properties like 
drug response in lung cancer [29,30]. It is well known that the 
MAPK pathway is involved in proliferation of cancer cells. In 
melanoma cells, MEK inhibitor or ERK1/2 siRNAs function to 
reduce PD-L1 expression [31]. MAPK signal pathway has been 
found to result in increased expression of PD-L1 by oncogen-
ic activation of EGFR in lung cancer [32]. PD-L1 promotion of 
proliferation of lung cancer cells might be through MAPK sig-
nal pathway and associated with apoptosis.

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Gender  0.937 (0.595–1.47) 0.776

Age  0.707 (0.482–1.070) 0.104

Smoking history  1.236 (0.811–1.916) 0.313

Venous invasion  0.821 (0.491–1.330) 0.413

History type 0.110

Differentiation 0.075

TNM stage  0.463 (0.337–0.755) 0.001  2.286 (1.415–3.692) 0.001

PD-L1  0.589 (0.375–0.847) 0.0027  1.726 (1.157–2.575) 0.007

Table 3. Univariate and multivariate analysis of overall survival in 209 of the patients.

P-value was calculated using Pearson’s c2 test. Bold values are significant (P<0.05). HR – hazard ratio (log-rank); CI – confidence 
interval.
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Figure 3.  Association between PD-L1 expression and DFS and OS in 209 cases of lung cancer patients. (A) Higher expression rate of 
PD-L1 was observed in patients with shorter DFS (p=0.03). (B) Kaplan-Meier survival curve demonstrates that PD-L1 positive 
expression was associated with poor OS (p=0.007).

4023
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Ma Y. et al.: 
PD-L1 associates patient-derived xenograft formation and prognosis of lung cancer
© Med Sci Monit, 2016; 22: 4017-4025

ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



We identified how PD-L1 influenced tumor growth in vivo. It 
is worth mentioning that the PDX models, which are the most 
valuable tools for preclinical evaluation of novel therapeutic 
strategies for cancer, have closely related genetic features with 
the primary tumors of our study patients. For lung cancer, ap-
proximately 30–40% of PDX formation was observed [2]. In our 
current study, 37.2% (16 out of 43 cases) of PDX formations 
from lung cancer tissues was obtained. It has also been report-
ed that PDX formation is associated with disease recurrence in 
patients with early stage lung cancer [3]. Higher frequencies of 
PDX formation were observed in patients with older age, male 
sex, and SCC type compared with patients with younger age, 
female sex and Ad type. We identified higher PD-L1 expression 
rates in the PDX formed tumors than in the PDX unformed tu-
mors. A 1.9-fold increase of frequency of PDX formation was 
found in the tumors with PD-L1 expression compared to the 
tumors without this protein expression. These results indicat-
ed that the lung cancer PDX model could provide a preclini-
cal model to investigate mechanisms of responsiveness and 
even resistance to drugs of PD-L1 inhibitors.

We looked at the correlation between PD-L1 expression and 
clinicopathological characteristics. The primary tumor tissues 
from 209 cases of lung cancer patients were evaluated by im-
munohistochemistry for detection of PD-L1. Among the 95 cas-
es of positive PD-L1 expression, we observed 35 tumors with 
membrane location of this protein, one tumor with cytoplasm 
expression, and 59 tumors with both membrane and cytoplasm 
staining. Since there were a limited number for each group for 
the different locations, we divided PD-L1 expression into two 
groups of positive and negative expression. Previous studies 
found higher frequency of PD-L1 expression in smoker com-
pared to non-smoker lung cancer patients [33,34]. Consistently, 
more smoker lung cancer patients showed PD-L1 expression 
compared with nonsmoker patients. In summary, PD-L1 could 
be induced by smoking. It has been reported that higher ex-
pression of PD-L1 was observed in stage IV lung cancer patients 

compared to stage I–III patients [33]. Among the early stage 
lung cancer patients in our current study, the patients with 
stage II/IIIa showed higher expression rates compared to pa-
tients with stage I disease. In addition, PD-L1 expression var-
ied among different types of histology for Ad, SCC, and LCLC 
with significant differences.

PD-L1 overexpression has been correlated with poor progno-
sis in melanoma [4,26], cervical [35], esophageal [14,36], gas-
tric [16,37], and colorectal cancers [38]. In a meta-analysis of 
different cohorts of lung cancer patients, there was no sig-
nificant association between PD-L1 expression and five-year 
OS [39]. Velcheti et al. reported PD-L1 expression was relat-
ed to longer survival in both Greek University (291 cases) and 
Yale University (153 cases) and mRNA analyses (288 cases 
from Greek University, and 112 cases from Yale University) 
[40]. In contrast, the study by Mu et al. showed that high ex-
pression of PD-L1 might be a poor prognostic factor in lung 
cancer patients from the Soochow University in the south of 
China (n=109) [26]. In addition, Yang et al. demonstrated that 
patients with positive PD-L1 expression had longer recurrence 
free disease than those with negative PD-L1 expression, but 
the OS between the two groups had no significant difference 
(n=163, from Taiwan University) [41]. In our study, we found 
positive PD-L1 expression was associated with poor outcome 
for DFS and OS in 209 lung cancer patients at Peking University 
Cancer Hospital of northern China. All in all, the relationship 
between PD-L1 expression and prognosis varied between dif-
ferent cohorts. More studies of lung cancer patient popula-
tions are needed.

Conclusions

PD-L1 induced PDX formation of lung cancer tissue and pos-
itive expression of this protein could predict poor prognosis 
for lung cancer patients.
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