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A b s t r a c t :  

Objective: To evaluate the clinicopathological and prognostic significance of 
PD-L1 expression in lung adenocarcinoma using bioinformatics and validate its 
expression and clinicopathological correlation through immunohistochemistry. 
Methods: The GEPIA database was utilized to analyze the quantitative expression 
of PD-L1 mRNA, which was further validated using immunohistochemistry. The 
impact of PD-L1 expression on the prognostic value of lung adenocarcinoma 
was assessed using the Kaplan-Meier Plotter. Immune cell infiltration in lung 
adenocarcinoma was analyzed with Timer 2.0. Additionally, the differential 
expression of various PD-L1 subtypes in lung adenocarcinoma was examined 
using the TCGA module of the UALCAN database. Results: Bioinformatics 
analysis revealed that PD-L1 expression was significantly lower in cancer 
tissues compared to normal tissues. Immunohistochemistry results demonstrated 
high expression of PD-L1 in lung adenocarcinoma tissues, whereas low or no 
expression was observed in adjacent normal tissues. No significant differences in 
PD-L1 expression were found among different ages, genders, clinical stages, or 
lymph node metastasis statuses. However, PD-L1 expression was significantly 
correlated with overall survival and first progression-free survival of patients. 
Conclusion: The expression of PD-L1 is associated with the survival prognosis 
of patients with lung adenocarcinoma.
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1. Introduction
Lung cancer is one of the cancers with the highest 
incidence and fatality rates worldwide, and it is also 
the most common cause of cancer-related deaths. Lung 
cancer mainly includes small cell lung cancer and non-
small cell lung cancer (NSCLC), with approximately 80% 
of lung cancers being NSCLC. NSCLC further comprises 
lung adenocarcinoma and lung squamous cell carcinoma, 
with lung adenocarcinoma accounting for the majority [1]. 
This study primarily focuses on lung adenocarcinoma.

PD-L1,  also known as B7-H1,  is  a  type I 
transmembrane glycoprotein encoded by the calcium 
glycoprotein gene on human chromosome 9. It belongs to 
the B7 superfamily of costimulatory ligands and consists 
of 7 exons. Its expression is considered an effective 
immunosuppressant mediated by T-cells in antitumor 
responses [2]. Abnormal expression of PD-L1 can 
occur in cancer cells of some malignancies [3,4]. Tumor-
associated PD-L1 expression is correlated with poor 
pathological features and prognosis [5]. The PD-1/PD-L1 
pathway is recognized as an effective immunosuppressive 
checkpoint, and inhibiting the interaction between PD-
L1 and its receptor PD-1 can enhance T-cell responses in 
vitro and mediate clinical antitumor activity. It has been 
applied in lung cancer, primary renal cell carcinoma, 
and ovarian cancer [7,8]. Studies have found that PD-
L1 expression is associated with patient prognosis [9]. 
Overexpression of PD-L1 in NSCLC often indicates 
a poor prognosis. However, there is no consensus on 
the relationship between PD-L1 protein expression 
in NSCLC and its clinicopathological features [8]. 
Therefore, this study aims to evaluate the relationship 
between PD-L1 expression in lung adenocarcinoma and 
clinicopathological characteristics and prognosis through 
bioinformatics and validate it using immunohistochemical 
staining methods.

2. Materials and methods 
2.1. Bioinformatics analysis 
The quantitative expression of mRNA in the GEPIA 
(Gene Expression Profiling Interactive Analysis) database 
was used to analyze the differences in PD-L1 expression 
between tumor tissues and normal tissues, as well as its 
impact on pathological staging. The online tool Kaplan-

Meier Plotter was utilized to evaluate the effect of PD-
L1 expression on the prognosis of lung adenocarcinoma, 
employing Kaplan-Meier survival curves to analyze 
the relationship between PD-L1 expression and overall 
survival (OS), first-progression survival (FP), and post-
progression survival (PPS) in lung adenocarcinoma 
patients.

Timer 2.0 is an online resource database that uses 
deconvolution as a statistical method to analyze immune 
cell infiltration in various cancers. The correlation 
between PD-L1 expression and the infiltration levels of 
immune cells (B cells, CD8+ T lymphocytes, CD4+ T 
lymphocytes, macrophages, neutrophils, and dendritic 
cells) was examined through gene analysis in the 
immune association module. The UALCAN database 
is an interactive web portal primarily used for cancer 
genomics data analysis. The TCGA module was used to 
analyze PD-L1 expression in lung adenocarcinoma and 
its differences related to gender and age.

2.2. Immunohistochemical staining 
Sixty-two cases of lung adenocarcinoma tissues 
were selected from patients who visited the First 
Affiliated Hospital of Bengbu Medical College in 
2020 and underwent surgical treatment. Twenty cases 
of adjacent normal tissues were chosen as controls. 
Immunohistochemical staining was performed using PD-
L1 antibodies. The sample included 24 males and 38 
females, with 3 cases aged 50 or below and 59 cases aged 
above 50. The clinicopathological data of the patients 
were obtained through the case management system of 
the First Affiliated Hospital of Bengbu Medical College.

2.2.1. Main reagent
PD-L1 antibody was purchased from Wuhan Sanying 
(Proteintech Group) Biotechnology Co., Ltd.

2.2.2. Immunohistochemical detection of PD-L1 
expression
Lung adenocarcinoma tissues and normal tissues were 
fixed with 4% neutral formalin, embedded in paraffin, 
and sectioned at 4 μm. After dewaxing and hydration, 
cell permeabilization and blocking, antigen retrieval, 
and serum blocking, the primary antibody was diluted 
at 1:2000 and applied to the slide for 16 hours at 4℃, 
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followed by incubation with a goat anti-rabbit secondary 
antibody for 15 minutes. After DAB staining, the sections 
were dehydrated with a gradient concentration of ethanol, 
cleared with xylene, mounted with neutral balsam, and 
then observed under a microscope.

2.2.3. Result analysis
The results were evaluated by two pathologists using a 
blinded method. Evaluation was based on the positive rate 
of cell staining and staining intensity. The positive rate 
was scored as 0 (0%), 1 (0–10%), 2 (10–50%), and 3 (> 
50%). The staining intensity was scored as 0 (no staining), 
1 (weak staining), 2 (moderate staining), and 3 (strong 
staining). The final score was calculated by multiplying 
the positive rate score by the staining intensity score. 
Scores of 0–1 were considered negative (-), 2 was 
considered weakly positive (±), 3–5 were considered 
positive (+), 6–8 were considered strongly positive (++), 
and > 8 was considered very strongly positive (+++).

2.3. Statistical analysis
Data were analyzed using SPSS 26.0 software. The chi-
square test was used to compare differences in PD-
L1 expression between different groups. Kaplan-Meier 
method and log-rank test were used to describe and 
compare survival rates between different groups. The 
significance level was set at α = 0.05.

3. Results
3 . 1 .  E x p r e s s i o n  o f  P D - L 1  i n  l u n g 
adenocarcinoma tissues and normal tissues
3.1.1. Bioinformatics
Analysis of PD-L1 protein expression levels in lung 
adenocarcinoma tissues using the GEPIA and UALCAN 
databases showed that PD-L1 protein expression was 
lower in lung adenocarcinoma tissues compared to 
adjacent normal tissues (P < 0.001) (Figure 1).

3.1.2. Immunohistochemistry
Since PD-L1 is a transmembrane protein, its positivity 
is determined by the presence of brown-yellow 
granules in the cytoplasm and/or cell membrane. 
Immunohistochemical staining showed that the positive 
expression rate of PD-L1 was 87.1% (54/62) in 62 

cases of lung adenocarcinoma tissues, while no positive 
expression of PD-L1 was observed in 20 cases of adjacent 
normal tissues. There was a statistically significant 
difference in the positive expression rate of PD-L1 
between the two groups (χ2 = 51.014, P < 0.001) (see 
Table 1 and Figure 2).

3.2. Impact of PD-L1 expression on the 
prognosis of lung adenocarcinoma patients
The Kaplan-Meier Plotter was used to evaluate 
the prognostic value of PD-L1 expression in lung 
adenocarcinoma. Survival curve analysis was performed 

Figure 1. Analysis of PD-L1 expression in lung adenocarcinoma 
using GEPIA and UALCAN databases. (A) The expression level of 
PD-L1 in normal tissues and cancer tissues of lung adenocarcinoma 
in the GEPIA database; (B) The expression level of PD-L1 in 
normal tissues and primary tumors of lung adenocarcinoma in the 
UALCAN database. *P < 0.001.

Table 1. Expression of PD-L1 in lung adenocarcinoma 
tissue and normal tissue

Grouping
PD-L1 pathological score

- ± + ++ +++ Total

Lung adenocarcinoma tissue 2 6 18 36 0 62

Normal tissue 20 0 0 0 0 20

Figure 2. Immunohistochemical detection of PD-L1 expression 
in lung adenocarcinoma tissue and normal t issue. (A) 
Immunohistochemical staining image of a clinical specimen of 
lung adenocarcinoma tumor (SP × 400); (B) Immunohistochemical 
staining image of a clinical specimen of normal tissue (SP × 400).
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to assess the overall survival (OS), first progression 
(FP), and post-progression survival (PPS) of lung 
adenocarcinoma patients with different PD-L1 expression 
levels. The results suggested that high PD-L1 expression 
levels were significantly associated with OS and FP (P < 
0.05). Moreover, higher PD-L1 expression levels in tumor 
tissues were associated with lower OS and FP in lung 
adenocarcinoma patients (Figure 3A and Figure 3B). 
However, PD-L1 expression levels were not correlated 
with PPS (Figure 3).

3.3. Relationship between PD-L1 expression 
and clinicopathological features of lung 
adenocarcinoma patients
3.3.1. Bioinformatics
The association between PD-L1 expression in lung 
adenocarcinoma and gender and age was analyzed 
using the TCGA module in the UALCAN database. 

The relationship between PD-L1 expression in lung 
adenocarcinoma tissue and pathological grading was 
analyzed using the GEPIA database. The results showed 
statistically significant differences in CD274 expression 
of the PD-L1 gene between genders, ages, and lymph 
node metastasis compared to normal tissue (P < 0.05), 
as shown in Figure 4. However, the GEPIA database 
indicated that there was no statistically significant 
difference between PD-L1 expression and pathological 
staging (P > 0.05), as illustrated in Figure 5.

3.3.2. Immunohistochemistry
The results showed no statistically significant difference 
in PD-L1 expression based on gender, age, lymph 
node metastasis, pathological stage, and degree of 
differentiation in patients with lung adenocarcinoma (P > 
0.05).

Figure 3. Bioinformatics analysis of the relationship between PD-L1 expression and prognosis in patients with lung adenocarcinoma. (A) 
The relationship between PD-L1 expression and overall survival rate; (B) The relationship between PD-L1 expression and first progression 
survival; (C) The relationship between PD-L1 expression and progression-free survival.

Figure 4. Relationship between PD-L1 expression and clinicopathological features in lung adenocarcinoma. (A) CD274 expression levels 
based on gender differences in lung adenocarcinoma patients; (B) CD274 expression levels based on age differences in lung adenocarcinoma 
patients; (C) CD274 expression levels based on lymph node metastasis in lung adenocarcinoma patients. *P < 0.01, P < 0.05.
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3.4. Correlation between PD-L1 and the degree 
of immune infiltration
Based on the TIMER database, the correlation between 
PD-L1 and the degree of immune infiltration was 
analyzed and the infiltration levels of B cells, CD8+ 
T cells, CD4+ T cells, macrophages, neutrophils, and 
dendritic cells were measured. The results indicated 
that CD8+ T cells, B cells, NK cells, and dendritic cells 
(DCs) are associated with a good prognosis in lung 
adenocarcinoma. To evaluate the correlation between 
PD-L1 expression and immune cells in the tumor 
microenvironment of lung adenocarcinoma, the TIMER 
database was used to determine the infiltration levels of 
CD8+ T cells, B cells, NK cells, and DCs. The results 
showed that CD8+ T cells (R = 0.457, P < 0.01), B 
cells (R = -0.086, P > 0.05), NK cells (R = -0.261, P < 

0.001), and DCs (R = 0.451, P < 0.01) had significant 
correlations with PD-L1 expression. Specifically, there 
was a positive correlation between the infiltration levels 
of CD8+ T cells and DCs and PD-L1 expression in lung 
adenocarcinoma, while there was a negative correlation 
between the infiltration levels of B cells and NK cells and 
PD-L1 expression (Figure 6).

4. Discussion
Lung cancer currently has the highest mortality rate 
among all cancers globally, with a 5-year survival rate 
of less than 10%. It is also very common in clinical 
practice [9]. Every year, there are 22 million new 
cases and 17.9 million deaths [10]. This study found 
inconsistencies between the bioinformatics of PD-L1 
and immunohistochemistry results. This may be due to 
differences in the clone numbers of PD-L1 detection 
antibodies currently used, and there is no unified 
standard for positive interpretation. Therefore, there are 
large discrepancies in results among different studies, 
and a unified positive interpretation standard should 
be established as soon as possible [11]. Meanwhile, the 
TCGA database contains expression profile data obtained 
from mRNA expression analysis of tumor samples. 
Immunohistochemistry, on the other hand, is based on 
immunological and histochemical principles, allowing 
for in situ qualitative, localization, or quantitative 
studies of certain chemical components in tissue sections 
or cell samples. It utilizes the high specificity of the 
binding between antibodies and antigens, which may 
also contribute to the inconsistencies in the results. In 
summary, although the results of the two methods are 

Figure 5. Relationship between PD-L1 expression and pathological 
staging.

Figure 6. Correlation between PD-L1 and the degree of immune cell infiltration in lung adenocarcinoma.
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inconsistent, they provide some indication for subsequent 
research. Through bioinformatics analysis, this study 
found that high PD-L1 expression levels are significantly 
correlated with patients’ OS and FP. Higher PD-L1 
expression levels in tumor tissues result in lower OS and 
FP for lung adenocarcinoma patients. PD-L1 expression in 
healthy individuals is higher than in lung adenocarcinoma 
patients, which may be due to the significant difference in 
the number of healthy individuals and tumor patients in 
the TCGA database. Nevertheless, previous studies have 
found that improvement in overall survival is not related 
to PD-L1 expression [12], while other studies have shown 
that PD-L1 expression is an unfavorable prognostic factor 
for non-small cell lung cancer [13].

A meta-analysis evaluating the correlation between 
PD-L1 expression and OS found that overexpression of 
PD-L1 is associated with shorter OS in lung cancer [14]. 
Although some results are inconsistent, studies have 
shown that PD-L1-positive patients have a longer 
survival period [15], indicating that it is reasonable to 
correlate PD-L1 expression with clinical outcomes. 
In this study, bioinformatics analysis revealed that 
PD-L1 expression is related to patients’ age, gender, 
and lymph node metastasis, but not to pathological 
staging. Immunohistochemistry also showed that PD-
L1 expression is not associated with the patient’s age, 
gender, lymph node metastasis, pathological staging, or 
degree of differentiation. Immunohistochemistry detects 
whether there is a statistically significant difference in 

PD-L1 expression among lung adenocarcinoma tumor 
tissues. Compared to normal tissues, bioinformatics 
analysis yielded statistically significant results, but 
the findings between groups were almost consistent 
with those obtained through immunohistochemistry. 
Some literature suggests that PD-L1 expression is not 
related to patients’ age, gender, or pathological staging 
but is associated with lymph node metastasis [12], while 
other studies indicate no correlation between PD-
L1 expression and lymph node metastasis [11]. These 
contradictions may be due to differences in antibodies, 
detection techniques, and sample sizes. Bioinformatics 
analysis also demonstrated a positive correlation 
between PD-L1 expression and CD8+ T cells, CD4+ 
T cells, macrophages, neutrophils, and dendritic cells, 
suggesting that the infiltration of immune cells has a 
certain impact on the occurrence and development of lung 
adenocarcinoma. Traditional treatment methods for lung 
adenocarcinoma include chemotherapy, radiotherapy, 
and surgery, but the prognosis for these patients remains 
poor. Therefore, a new therapeutic approach is needed 
to improve the current situation [16]. PD-L1 and PD-1 
are important immunosuppressive molecules. The PD-
L1/PD-1 pathway can inhibit T-cell activity, helping 
tumors achieve immune evasion. PD-L1/PD-1 activating 
inhibitors have shown significant efficacy in certain types 
of tumors and are widely recognized in clinical oncology 
treatment [17]. Therefore, this study provides valuable 
insights into patient prognosis and clinical treatment.
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