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Introduction

Cellular senescence is a state characterized by the 

progressive cessation of cell replication (1). In senescent 

cells, the expression of the cell cycle inhibitors p21 and 
p16 is enhanced, resulting in cell cycle arrest (2,3). An 
increased number of senescent cells has been observed 
in various disorders, such as diabetes mellitus (4) and 
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arteriosclerosis (5). Previous studies have reported an 
enhanced cellular senescence in lung disorders, including 
chronic obstructive pulmonary disease (COPD) (6) and 
idiopathic pulmonary fibrosis (IPF) (7,8). Smoking is 
considered a stimulus that induces cellular senescence in 
COPD (9). In IPF, ≥2 factors, including smoking (10), 
oxidative stress (11), TGF-β levels (12,13), and telomere 
shortening in alveolar epithelial cells (8,14), may be 
involved in the induction of cellular senescence. Although 
cellular senescence progresses in both COPD and IPF, it 
is unclear whether there is a difference in the degree of 
cellular senescence between these two disorders. Moreover, 
it is unclear whether there are any differences in the degree 
of cellular senescence in other interstitial lung diseases 
(ILDs), such as connective tissue disease-associated ILD 
(CTD-ILD). The present study was conducted to clarify 
the differences in the degree of cellular senescence among 
tissues obtained from patients with IPF, CTD-ILD,  
and COPD.

Senescent cells cause arrest of proliferation as well as 
exhibit the senescence-associated secretory phenotype 
(SASP) that is characterized by the profuse expression 
and secretion of various inflammatory proteins into the 
surrounding tissues (15). van Deursen (16) have reported 
that SASP contributes to malignant transformation 
and degenerative diseases, indicating that SASP is an 
important factor linking cellular senescence to COPD 
and ILD. A study has suggested that cellular senescence 
does not simultaneously occur with SASP (17); therefore, 
the relationship between cellular senescence and SASP 
warrants investigation. Because SASP develops primarily 
v ia N F-κB signal ing (18-20), we invest igated the 
relationship between cellular senescence and SASP in 
patients with COPD, IPF, and CTD-ILD by subjecting 
the tissues from such patients to immunostaining for 
phosphorylated NF-κB and p16.

Methods

Patients

Patients diagnosed with IPF, CTD-ILD, or COPD in 
pathological lung tissue at the Saitama Red Cross Hospital 
between January 2010 and December 2014 were enrolled 
in the present study. The diagnosis of IPF was established 
according to the 2011 ATS/ERS/JRS/ALAT guidelines (21).  
CTD-ILD was diagnosed by two col lagen disease 
specialists in consultation with two respiratory medicine 

specialists in the Saitama Red Cross Hospital. Patients 
with COPD whose FEV1.0 values <70% and in whom 
emphysematous lesions had been histologically confirmed 
by a pathologist were selected for the present study. Lung 
tissue samples of IPF and COPD obtained from the 
resected lung of patients with lung cancer were considered 
the experimental group. Noncancerous lung tissue samples 
obtained from the resected lung of patients with lung 
cancer without a smoking history were considered to 
represent normal lung tissue and comprised the control 
group.

Tissue preparation

Lung tissue from lung biopsy specimens and noncancerous 
lung tissue from lobectomy specimens of patients with lung 
cancer were used. The resected lung tissue was immersed/
fixed in 10% buffered formalin for 4 h, following which it 
was embedded in paraffin. Among patients with IPF, lung 
tissues with advanced fibrosis, such as honeycomb lung, 
were selected, whereas among patients with COPD, lung 
tissues where emphysematous lesions were most prevalent 
were selected.

Immunohistochemistry

Immunohistochemical staining of 3-μm-thick sections of 
the tissue samples was performed using a fully automated 
immunostaining apparatus (Ventana BenchMark GX, 
Ultra View DAB; Roche Diagnost ics Internat ional 
Ltd., Tokyo). The primary antibodies used were mouse 
monoclonal anti-p16 antibody (100 µL on each slide) 
(#sc-6246, Santa Cruz Biotechnology, INC, Dallas) and 
mouse monoclonal anti-p21 antibody (1:20, 150 µL on 
each slide) (#sc-1661, Santa Cruz Biotechnology, INC, 
Dallas). Secondary antibodies used included horseradish 
peroxidase-conjugated anti-mouse/rabbit antibody (#760-
500, Ventana BenchMark GX); the nature and cross-
react ivity of this antibody was not disclosed by the 
manufacturer. 3,3'-Diaminobenzidine (Ventana ultraView 
Universal DAB Detection Kit, Roche, Basel) was used as 
a chromogenic substrate for the horseradish peroxidase 
reaction. Nuclear counterstaining was performed using 
hematoxylin. Further, to examine the degree of cellular 
senescence, tissue samples were stained for p16 or p21. 
Overall, 500 epithelial cells from the honeycomb lung 
or alveolus obtained from each patient were assessed 
to determine the positive-staining rate. The pathology 
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slides were randomly divided into five parts, and each 
100 epithelial cells from the honeycomb lung or alveolus 
were assessed to determine the positive-staining rate. 
To examine the correlation between cellular senescence 
and SASP, tissue samples were double-stained for p16 
and phosphorylated NF-κB. First, immunohistochemical 
staining with rabbit monoclonal anti-phosphorylated NF-
κB antibody (1:50, #4808, Cell Signaling Technology, 
Danvers) was per formed using a f u l ly automated 
immunostaining apparatus. The secondary antibody 
(#760-500) and 3,3'-diaminobenzidine (Ventana ultraView 
Universal DAB Detection Kit) were used to visualize 
phosphorylated NF-κB antigen. Thereafter, the initial 
primary and secondary antibody complexes were removed 
by heating in a boiling water bath (100 ℃ for 10 min). 
Finally, immunohistochemical staining for mouse anti-P16 
antibody (#sc-6246) was repeated using the automated 
immunostaining apparatus. To visualize the p16 antigen, 
Histo Green (#E109, AbCys, Paris) was used as the 
chromogenic substrate for the horseradish peroxidase 
reaction. Because visualizing the double-staining results is 
challenging, nuclear counterstaining with hematoxylin was 
not included in the double-staining procedure. Overall, 
500 epithelial cells of the honeycomb lung or alveolus 

obtained from each patient were assessed to determine the 
phosphorylated NF-κB-positive rates of p16-positive and 
p16-negative cells.

Statistical analyses

Data were analyzed using the Kruskal-Wallis test, and a 
P value of <0.05 was considered as statistically significant. 
Excel Statistics Software (SSRI Co., Ltd.) was used for data 
analyses.

Results

Patient characteristics are summarized in Table 1. In 
patients with IPF, forced vital capacity and pulmonary 
diffusing capacity were maintained within the normal 
ranges, whereas median serum KL-6 level was slightly 
elevated [565.5 U/mL (reference range: 152–400 U/mL)]. 
The GAP stage was stage 1 in all patients with IPF. The 
percentage of younger female nonsmokers was higher 
among patients with CTD-ILD than among patients 
with IPF, and the serum KL-6 level tended to be higher 
in patients with CTD-ILD. The COPD group exhibited 
lower FEV1/FVC values than the IPF and control groups. 
Several cases complicated by lung cancer were noted. The 
IPF group included two cases of small cell carcinoma 
and six cases of non-small cell carcinoma. In the COPD 
and control groups, all cases exhibited non-small cell 
carcinoma.

The p16-posit ive rate in the epithel ial cel ls was 
significantly higher in the IPF group (53.2%) than in the 
COPD group (4.8%). Furthermore, the p16-positive rate in 
the epithelial cells was significantly higher in the IPF and 
COPD groups (53.2% and 4.8% respectively) than in the 
control group (0.5%) (Figures 1,2). The p21-positive rate in 
epithelial cells was significantly higher in the IPF group 
(20.7%) than in the COPD and control groups (0.8% and 
0.2% respectively) (Figure 3).

Double-staining conducted for p16 and phosphorylated 
NF-κB revealed that the phosphorylated NF-κB-positive 
rates in the p16-positive cells of the IPF, CTD-ILD, and 
COPD groups were 25.1%, 39.7%, and 13.6% respectively 
(Figures 4,5); no significant differences were observed with 
regard to these rates among the groups. Furthermore, the 
phosphorylated NF-κB-positive rates in the p16-negative 
cells were quite low in the IPF, CTD-ILD, and COPD 
groups (4.7%, 7.2%, and 1.6%, respectively); no significant 
differences were observed among the groups (Figure 6).

Table 1 Baseline characteristics

Variable IPF CTD-ILD COPD Controls

Cases, n 8 3 6 6

Male, n 8*‡ 0† 6 2

Age (years) 68.0 46.0 73.5 73.0

Never smoker, n 0*‡ 3† 0* 6

Lung cancer 
coexistence, n

8‡ 0*† 6 6

KL-6 (U/mL) 565.5 1,313.0 NA NA

FVC (L) 3.41 2.87 3.00 2.68

FVC %pred. 107.1 105.5 89.5 109.7

FEV1/FVC (%) 78.1† 86.6 57.8* 77.3

FEV1 (L) 2.61† 2.53 1.84 2.13

DLco %pred. 85.0 95.0 86.9 105.1

Data are presented as median and analyzed by the Kruskal-
Wallis test. *, P<0.05 versus Control; †, P<0.05 versus COPD; 
‡, P<0.05 versus CTD-ILD. KL-6, Krebs von den Lungen-6; 
FVC, forced vital capacity; FEV1, forced expiatory volume in 1 
second; DLco, diffusing capacity of lung for carbon monoxide; 
NA, not applicable. 
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Discussion

Cellular senescence is a state wherein the cells cease to 
replicate (1). The expression of cyclin-dependent kinase 
inhibitors, such as p21 and p16, is enhanced in senescent 
cells, leading to permanent cell cycle arrest (2,3,22). The p21 
protein arrests cell cycle progression during the G1 phase by 
inhibiting CDK1 or CDK2 (23,24). The expression of this 
protein is strictly controlled by the p53 tumor suppressor (25).  
The p16 protein binds to CDK4 or CDK6 to participate 
in the induction of cell cycle arrest (26). In addition to cell 
cycle arrest, senescent cells are primarily characterized by 
resistance to apoptosis, flattening and enlargement of the 
cells, changes in the expression of cellular senescence-related 
genes, and SASP (27). The causes of cellular senescence 
include the telomere shortening, oxidative stress, oncogenes, 
and DNA damage (28).

In patients with COPD, cellular stress and telomere 
shortening due to tobacco smoke induces cel lu lar 
senescence (29,30), resulting in an abnormal increase in 
cytokine secretion from the senescent cells (SASP) and 
the inhibition of cellular proliferation. Cellular senescence 
occurs in several types of cells in COPD. Reports have 
shown shorter telomere length in the peripheral blood 
neutrophils in patients with COPD than that in normal 
healthy controls, with the evident progression of cellular 
senescence in the alveolar epithelial cells, vascular 
endothelial cells, fibroblasts, and stem cells (31-33).

For IPF, the hypofunct ion of telomerase reverse 
transcriptase has been reported in 15% of patients with 
familial interstitial pneumonia and 3% of patients with 
sporadic IPF (7,34). It is currently acknowledged that 

Figure 1 Low power (A) and high power (B) photomicrographs of immunohistochemical staining for p16 (brown) in lung tissues with IPF. 
Nuclear counterstaining was performed using hematoxylin. Original magnifications were ×40 in (A) and ×100 in (B).

A B

Figure 2 Percentage of p16-positive cells in the IPF, CTD-
ILD, COPD and control groups. The horizontal bars indicate 
average values. The Kruskal-Wallis test was used. IPF, idiopathic 
pulmonary fibrosis; CTD-ILD, connective tissue disease-associated 
interstitial lung disease; COPD, chronic obstructive pulmonary 
disease; N.S., not significant.
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Figure 3 Percentage of p21-positive cells in the IPF, CTD-
IP, COPD and control groups. The horizontal bars indicate 
average values. The Kruskal-Wallis test was used. IPF, idiopathic 
pulmonary fibrosis; CTD-ILD, connective tissue disease-associated 
interstitial lung disease; COPD, chronic obstructive pulmonary 
disease; N.S., not significant.
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telomere shortening is involved in IPF development. 
Apoptosis and cellular senescence are induced by DNA 
damage due to telomere shortening; therefore, cellular 
senescence is considered to contribute to the onset of  
IPF (35). Although cellular senescence contributes to 
the onset of COPD and IPF, the differences in cell 
senescence in patients with COPD and IPF have rarely 
been investigated. The present study noted the cellular 
senescence of epithelial cells in patients with COPD and 
those with IPF, with a greater degree of cellular senescence 
being observed in those with IPF than in those with 
COPD. The telomere shortening was associated with poor 
survival in patients with IPF (36). We speculated that IPF 
shortens telomere length more rapidly than COPD because 
epithelial cell proliferation with structural modification 
observed in patients with IPF was more enhanced than 
that in those with COPD (37).

NF-κB has been shown to induce SASP (38-41). We 
found no significant differences in the phosphorylated 
NF-κB-positive rate of p16-positive and p16-negative cells 
between COPD and IPF, as assessed by double-staining. 
The similar phosphorylated NF-κB-positive rates of p16-
positive and p16-negative cells in both the COPD and IPF 
groups indicate that SASP occurrence depends on p16 in 
both COPD and IPF.

Telomere shortening has been reported to occur in 
both IPF and CTD-ILD (42), despite differences in their 
etiology, indicating that cellular senescence and SASP are 
induced in CTD-ILD. No significant differences were 
observed in both the p16- and p21-positive rates in the 
IPF and CTD-ILD groups; however, they tended to be 
higher in the IPF group. We suggest that the lower degree 

Figure 4 Double-staining for p16 (green) and phosphorylated NF-κB (brown) in a case with IPF (A, ×400) and that with controls (B, ×200) 
was performed. The epithelial cells with IPF were stained green and brown. IPF, idiopathic pulmonary fibrosis.

A B

Figure 5 Phosphorylated NF-κB-positive rates in p16-positive 
cells. The horizontal bars indicate average values. The Kruskal-
Wallis test was used. IPF, idiopathic pulmonary fibrosis; CTD-
ILD, connective tissue disease-associated interstitial lung disease; 
COPD, chronic obstructive pulmonary disease; N.S., not 
significant.
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Figure 6 Phosphorylated NF-κB-positive rates in p16-negative 
cells. The horizontal bars indicate average values. The Kruskal-
Wallis test was used. IPF, idiopathic pulmonary fibrosis; CTD-
ILD, connective tissue disease-associated interstitial lung disease; 
COPD, chronic obstructive pulmonary disease; N.S., not 
significant.
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of cell senescence in patients with CTD-ILD than that 
in patients with IPF is attributable to the progression of 
CTD-ILD that occurs at a slower rate than that of IPF as 
well as to the number of younger nonsmokers observed in 
the CTD-ILD group compared with the IPF group.

Our study has several limitations. First, the sample size 
in each disease group was low; however, the present series 
enabled us to demonstrate the differences in the degree 
of cellular senescence among pulmonary fibrotic lesions, 
emphysematous lesions, and control tissues. Second, the 
inf luence of lung cancer must be considered, because 
cases in all of the groups except CTD-ILD had lung 
cancer. Although we prepared microscopic tissue sections 
from the regions of pronounced fibrotic changes with no 
malignant cells to minimize the possible influence of lung 
cancer, the effects of malignancy could not be completely 
dismissed. Patients in both the IPF and control groups 
were diagnosed with lung cancer; therefore, the results in 
both groups might have similar cancer effects. However, 
we considered that the inf luence of lung cancer was 
negligible based on the comparison between both groups. 
It is possibly important that the expression of p16 and p21 
was significantly stronger in the IPF group compared with 
controls. Third, the influence of smoking history must be 
considered. In patients with non-small cell lung carcinoma 
and a smoking history, there is a report that p16-positive 
rate was higher than in patients with non-small cell lung 
cancer without a smoking history (43). Nevertheless, the 
p16-positive rate was higher in patients with CTD-ILD 
without a smoking history than in those with COPD 
without a smoking history in the present study. Fibrotic 
disease might have a greater influence on the p16-positive 
rate than the smoking history. Moreover, it is possible 
that our result was influenced by the sex of the patients. In 
the present study, no significant difference was observed 
between men and women in the control group. All patients 
with IPF underwent lung cancer surgery; thus, our cohort 
primarily comprised patients with mild IPF. Although 
median value of pulmonary function testing was within 
the normal range, all patients with IPF pathologically 
exhibited UIP pattern; despite mild IPF, cell senescence 
was observed in all these patients.

In conclusion, the present study demonstrated a 
difference in the degree of cellular senescence between 
patients with COPD and those with IPF. SASP was 
induced in certain p16-positive cells in both COPD and 
IPF. Cellular senescence and SASP were evident to the 
same degree in patients with CTD-ILD and those with 

IPF. Our findings suggest that cellular senescence and 
SASP are more pronounced in pulmonary fibrotic diseases 
than in emphysematous diseases.
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