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Abstract

Although the application of radiotherapy techniques reduced normal lung tissue of exposure for patients
with non-small cell lung cancer, Radioactive Pneumonia (RP) and Pulmonary Fibrosis (RF) are still
frequently occurred in the processes of lung cancer radiotherapy. Plasminogen Activator Inhibitor-1
(PAI-1) plays a crucial role in the process of lung injury during RP in lung cancer patients. However, the
relationships between PAI-1 and lung injury have not well understood, yet. In this study, we investigated
the role of PAI-1 in the progression of RP and PF in patients with lung cancer, who have undergone
radiotherapy. A total of 126 lung cancer patients and 62 healthy volunteers were recruited to analyse the
changes of PAI-1 serum levels. We showed that PAI-1 serum levels were down-regulated in patients with
lung cancer compared to healthy volunteers. Outcomes demonstrated that PAI-1 was up-regulated in
lung cancer patients after radiotherapy. Patients with RP presented higher serum levels of PAI-1 were
positively correlated with degree of RP and PF for patients who undergone radiotherapy. We also
showed that serum levels of PAI-1 were down-regulated after recovery of radioactive lung injury in lung
cancer patients. Outcomes indicated that PAI-1 gene expression levels were up-regulated in lung
fibroblasts in patients with radioactive lung injury compared to healthy controls. In conclusion, these
findings indicate that serum levels of PAI-1 were associated with radioactive lung injury-induced PR
and PF in lung cancer patients, who undergone radiotherapy.
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Introduction
Lung cancer is one of the most common human tumors in the
world that causes the most common cancer-related mortality in
the world [1,2]. Many reports have reported that lung tumor
cells growth migration contributes to tumor metastasis,
development and reoccurrence [3,4]. In recent years, more and
more therapeutic schedules were applied for the treatment of
human lung cancer and outcomes presented certain anti-cancer
effects for clinical patients [5,6]. A review has showed the role
of radiotherapy and targeted agents for medical treatment of
advanced non-small cell lung cancer in elderly patients, which
confirmed the anti-cancer efficacy of radiotherapy [7].

Lung injury induced by radiotherapy is frequently occurred in
lung cancer patients after received radiotherapy [8,9]. Cella et
al. have predicted the risk of developing asymptomatic or
symptomatic pulmonary damage in hodgkin's lymphoma
patients treated with sequential chemo-radiotherapy [10].
Evidences have showed that radiotherapy often leads to
Radioactive Pneumonia (RP) and Pulmonary Fibrosis (RF) for
patients with lung cancer [11,12]. Previous study has indicated
that modified laryngotracheal separation for intractable
aspiration pneumonia is potentially reversible in patients with

lung carcinoma treated by radiotherapy [13]. In addition, a
meta-analysis has demonstrated the association between TGF-
beta1 polymorphisms and radiation pneumonia in lung cancer
patients treated with definitive radiotherapy [14]. Furthermore,
a biostatistician's perspective study has explored the
application of competing risk model in oncology practice in
head and neck cancer patients undergoing radical radiotherapy
[15]. However, the biomarkers in the patients with radioactive
lung injury remains poorly understand.

Plasminogen Activator Inhibitor-1 (PAI-1) plays a crucial role
in the process of lung injury during RP in lung cancer patients
[16]. Osterholzer et al. have indicated that PAI-1 can promote
the accumulation of exudate macrophages and worsens
pulmonary fibrosis following type II alveolar epithelial cell
injury [17]. In this study, we investigated serum levels of PAI-1
in lung cancer patients prior and post treatment with
radiotherapy. We reported that serum levels of PAI-1 are
positively correlated with the degree of RP and RF. Here, we
also analysed PAI-1 gene expression in lung fibroblasts in
patients with radioactive lung injury compared to healthy
controls.
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Materials and Methods

Study design, subjects and sampling
A total of 126 lung cancer patients and 62 healthy volunteers
were recruited in this retrospective study. The age of lung
cancer patients was 24.7-62.8 y. Subjects include 72 male and
52 female cancer patients. Healthy volunteers included 30 male
and 32 female. Inclusion criteria for individuals with lung
cancer were diagnosed by CT and pathological sections [18].
The Institutional The study protocol was approved by the
Central Ethics Committee (Ethics Committee of Heilongjiang
Province Nongken General Hospital). All patients were
required to write informed consent with signature.

ELISA
Blood samples were obtained from patients on day 200 after
received radiotherapy. Serum levels of PAI-1 (MBS01873,
Thermo Fisher Scientific) were analysed in healthy volunteers
and patients with radioactive lung injury using ELISA kit
according to the manufacturer’s instrument. The serum
concentration levels of PAI-1 were measured by an enzyme
micro-plate reader at 570 nm.

Real-time quantitative PCR (RT-qPCR) assay
Total RNA in lung cells was extracted using RNAzol, and
DNase RNase-free was adopted to digest total RNA at 37°C
for 15 min, and then RNeasy kit to purify RNA to adjust its
concentration to 1 μg/μl. The 2 μg RNA was used as the
template to synthetize cDNA by reacting with reverse
transcriptase at 37°C for 120 min, at 99°C for 4 min, and at
4°C for 3 min respectively. Followed by, reverse transcription-
polymerase chain reaction method was adopted to amplify the
gene expression of PAI-1 (Forward 5’-
GGCACAATCCAACAGAGACAA-3’, Reverse 5’-
GGCTTCTCATCCCACTCTCAAG-3’) to determine the
transcription level of mRNA, and β-actin was used as the
housekeeping genes of internal control group. Eventually,
agarose electrophoresis with 1% ethidium bromide was
adopted to check PCR amplified products. Relative mRNA
expression changes were calculated by 2-ΔΔCt. The results are
expressed as the n-fold way compared to control.

Western blotting
Lung cells were collected and lysed in RIPA buffer (M-PER
reagent for the cells and T-PER reagent for the tissues, Thermo
Scientific) followed homogenized at 4°C for 10 min. A total of
20 μg protein extracts was electrophoresed on 12.5%
polyacrylamide gradient gels and then transferred to
nitrocellulose membranes. The membranes were incubated in
blocking buffer (5% milk) prior to incubation with primary
antibodies at 4°C overnight. The primary rabbit anti-human
antibodies used in the immunoblotting assays were: PAI-1 (1:
500, ab125687, Abcam) and β-actin (1: 500, ab8226, Abcam).
Horseradish peroxidase-conjugated anti-rabbit IgG (Bio-Rad,

Hercules, CA, USA) were used at a 1: 5000 dilution and
detected using a Western Blotting Luminol Reagent.

Regression analysis
The serum levels of PAI-1 and uric acid in the detective data
(Y) by regression analysis in different clinical stage PR or PF
patients using least square convergence [19]. The predicted
curve that results in the lowest sum of squares is the best fit. If
the fit is robust, then the parameters of the observed curve can
be inferred from those of the predicted.

Statistical analysis
For each experiment, the mean and standard error were
determined. Statistical differences between groups were
assessed by means of Analysis of Variance (ANOVA) from 6
replicate experiments with the post-hoc Dunnett’s test.
Statistical significance was considered at P<0.05.

Results

Expression levels of PAI-1 in lung cells
We investigated PAI-1 expression in lung cancer and normal
tissues. As shown in Figures 1A and 1B, PAI-1 mRNA and
protein expression levels were down-regulated in normal lung
cells in healthy volunteers compared to lung cancer patients.
We also showed that gene and protein expression levels of
PAI-1 were also up-regulated in lung cells in lung cancer
patients after received radiotherapy (Figures 1C and 1D).
These results suggest that expression levels of PAI-1 were up-
regulated in lung cells in patients with lung cancer prior and
post radiotherapy.

Figure 1. Expression levels of PAI-1 in lung cells. (A, B) Lung cancer
patients have a higher PAI-1 mRNA (A) and protein (B) expression
levels in lung cells compared to in healthy volunteers. (C, D) Gene
(A) and protein (B) expression levels of PAI-1 are up-regulated in
lung cells in lung cancer patients after received radiotherapy.
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PAI-1 serum levels in patients with lung cancer
PAI-1 serum levels were analysed in patients with lung cancer
compared to healthy volunteers. We observed that PAI-1 serum
levels were increased in patients with lung cancer (Figure 2A).
We also demonstrated that PAI-1 serum levels were increased
in patients after received radiotherapy compared to prior
treatment (Figure 2B). These results indicate that PAI-1 serum
levels are significantly up-regulated in patients with lung
cancer.

Figure 2. PAI-1 serum levels in patients with lung cancer. (A) PAI-1
serum levels are increased in patients with lung cancer compared to
in healthy volunteers. (B) PAI-1 serum levels are increased in patients
after received radiotherapy compared to prior treatment.

Serum levels of PAI-1 in patients with RP
A total of 57 patients with RP were used to analyse serum
levels of PAI-1. As shown in Figure 3A, serum levels of PAI-1
were significantly up-regulated in in patients with radioactive
lung injury-induced RP. Outcomes demonstrated a positively
correlated with degree of RP in patients with radioactive lung
injury-induced RP (Figure 3B). These results indicate that
serum levels of PAI-1 are associated with radioactive lung
injury-induced PR in lung cancer patients.

Figure 3. Serum levels of PAI-1 in patients with RP. (A) Patients with
radioactive lung injury-induced RP show a higher serum levels of
PAI-1. (B) Serum levels of PAI-1 are positively correlated with degree
of RP in patients with radioactive lung injury-induced RP.

Serum levels of PAI-1 in patients with RF
The associations between serum levels of PAI-1 and degree of
RF were investigated in lung cancer patients. Results
demonstrated that serum levels of PAI-1 were up-regulated in
lung injury-induced PF compared to prior treatment (Figure
4A). Serum levels of PAI-1 were positively correlated with
degree of PF for patients who undergone radiotherapy (Figure
4B). These results patients with RP presented higher PAI-1
serum levels and positively associated with degree of RP in
radioactive lung injury-induced RP.

PAI-1 gene expression levels in lung fibroblasts in
patients with radioactive lung injury
Results showed that serum levels of PAI-1 were down-
regulated after recovery of radioactive lung injury in lung
cancer patients (RPRLI) (Figure 5A). Outcomes revealed that
PAI-1 gene and protein expression levels were up-regulated in
lung fibroblasts in Patients with Radioactive Lung Injury
(PRLI) compared to healthy controls (Figures 5B and 5C).
Collectively, these results suggest that PAI-1 gene and protein
expression levels are up-regulated in lung fibroblasts in
patients with radioactive lung injury.

Figure 4. Serum levels of PAI-1 in patients with RF. (A) Patients with
radioactive lung injury-induced RF show a higher serum levels of
PAI-1. (B) Serum levels of PAI-1 are positively correlated with degree
of PF for patients who undergone radiotherapy.

Figure 5. PAI-1 gene expression levels in lung fibroblasts in patients
with radioactive lung injury. (A) Serum levels of PAI-1 are down-
regulated after recovery of radioactive lung injury in lung cancer
patients (RPRLI). (B, C) PAI-1 gene (B) and protein (C) expression
levels are up-regulated in lung fibroblasts in Patients with
Radioactive Lung Injury (PRLI) compared to healthy controls.

Discussion
Lung cancer is one of the most common human respiratory
tumors that has become a major public health problem and the
leading cancer-cause of cancer-related mortality in the world
[20]. Evidences have indicated that radiation injury is
inevitable after hypofractionated stereotactic radiotherapy for
peripheral small lung tumors determined by serial changes on
CT [21]. Importantly, elevated PAI-1 serum levels are
associated with poor clinical outcomes in pediatric patients
with acute lung injury [22]. In this study, we further analysed
the changes of PAI-1 expression in lung cells and in serum
levels in lung injury patients induced by radiotherapy. We
reported the associations between PAI-1 serum levels and
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degree of RP or RF in lung cancer patients induced by
radiotherapy. Outcomes in this study demonstrated that
expression levels of PAI-1 were up-regulated in lung cells and
serum levels in patients with lung cancer prior and post
radiotherapy. Interestingly, findings suggest that PAI-1 serum
levels present positively associated with degree of RP and PF
in radioactive lung injury-induced RP.

Ochiai et al. have indicated that radiation-induced organizing
pneumonia should be considered as one of the late lung injuries
after stereotactic body radiotherapy for lung tumors [13]. It is
important to be aware the importance of bronchiolitis
obliterans organizing pneumonia in the clinical symptoms and
radiographic findings after an initiation of steroid therapy [23].
In this study, we observed that lung injuries after radiotherapy
significantly affect patients’ living quality. Report also
indicated that PAI-1 is an essential component of the
pulmonary host response during Pseudomonas aeruginosa
pneumonia in mice [16] and PAI-1 gene is associated with
multiple organ dysfunction and septic shock in pneumonia
induced severe sepsis: prospective, observational, genetic study
[24]. We showed that serum levels of PAI-1 are associated with
radioactive lung injury-induced PR in lung cancer patients.

Currently, acute exacerbation of subclinical idiopathic
pulmonary fibrosis triggered by radiotherapy has been reported
in a patient with primary lung cancer and slightly focal
honeycombing [25]. Nakajima et al. have suggested radiation
can induce pulmonary fibrosis after stereotactic ablative
radiotherapy for lung cancer determined by 18F-FDG PET/CT
findings [26]. Report also indicated that PAI-1 production is
increased in alveolar macrophages in pulmonary fibrosis [27].
We showed that PAI-1 production is up-regulated in patients
with RF. Outcomes have demonstrated that patients with RP
presented higher PAI-1 serum levels and positively associated
with degree of RP in radioactive lung injury-induced RP.

In conclusion, findings in this study have revealed that PAI-1
gene and protein expression levels were up-regulated in lung
cancer patients after undergone radioactive lung injury-induced
PR or PF. Our outcomes have suggested that PAI-1 serum
levels may be regarded as biomarkers to predict radioactive
lung injury-induced RP or PF in lung cancer patients.
However, further studies are needed to confirm our results in
large populations.
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