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Abstract. The present study aimed to evaluate the pro‑apop-
totic effects of bleomycin A5 on nasal polyp‑derived fibroblasts 
(NPDFs) and the underlying molecular mechanisms. Nasal 
polyp tissue was acquired from 10 patients during surgery 
and NPDFs were isolated from surgical tissues. Fibroblasts 
were identified using immunohistochemistry. Bleomycin A5 
was used to treat NPDFs along a concentration gradient. Cell 
viability was evaluated using a Cell Counting Kit‑8 assay. A 
flow cytometric Annexin V‑fluorescein isothiocyanate/prop-
idium iodide assay was used to determine the percentage of 
apoptotic NPDFs. The mRNA expression levels of apoptotic 
genes were determined by reverse transcription‑quantitative 
polymerase chain reaction and levels of proteins associated 
with apoptosis were determined by western blotting. The 
results indicated that bleomycin A5 was able to induce apop-
tosis in NPDFs in a dose‑dependent manner. NPDFs treated 
with bleomycin A5 were identified to contain significantly 
high amounts of the active forms of caspase‑3 and showed 
considerable cleavage of poly(ADP‑ribose) polymerase. The 
mRNA and protein expression levels of the pro‑apoptotic 
molecule Bcl‑2‑associated X protein were significantly higher 
in treated NPDFs than in untreated NPDFs. In contrast, the 
mRNA and protein expression of the anti‑apoptotic molecule 
B‑cell lymphoma 2 (Bcl‑2) was significantly lower in treated 
NPDFs. These results indicated that bleomycin A5 could 
induce apoptosis in primary NPDFs through activation of the 
Bcl‑2 family and caspase cascades in a time‑, and concentra-
tion‑dependent manner.

Introduction

Nasal polyps are a heterogeneous disease characterized by 
predominant infiltration of inflammatory cells, structural 
fibrosis, edematous stromal tissue, and thickening of the base-
ment membrane (1). The prevalence is about 4% (2). Much of 
the nasal polyp stroma is dense with fibroblasts, which produce 
many kinds of cytokines for polymorphonuclear leukocytes. 
The fibroblasts in nasal polyp tissue can be transformed into 
myofibroblasts, which are the main source of extracellular 
matrix in nasal polyps (3,4). This suggests the importance of 
controlling fibroblast functions, such as proliferation, collagen, 
and cytokine production, in the management and treatment of 
nasal polyps (5,6).

Bleomycin A5 is a cytotoxic antibiotic derived from 
Streptomyces verticellus. It has antineoplastic, antibacterial, 
and antiviral properties. Intralesional bleomycin  A5 has 
recently come to be used in the treatment of keloid and hyper-
trophic scars (7,8). Several studies have besen performed to 
explain the exact mechanism by which bleomycin A5 resolves 
keloids and hypertrophic scars. Some researchers have 
shown that cultured human dermal fibroblasts treated with 
bleomycin A5 can diminish collagen synthesis (9). Similarly, 
administration of bleomycin A5 to cultured fibroblasts causes 
a reduction in lysyl oxidase levels (10). It has also been reported 
that bleomycin A5 induces apoptosis in epithelial cells and 
fibroblasts in the lungs through production of reactive oxygen 
species (ROS), and activation of the Fas‑FasL associated 
caspase cascade‑mediated pathway (11,12).

Recently, intralesional bleomycin A5 injections have been 
used to treat nasal polyps in China. It has also been reported 
that bleomycin A5 induces apoptosis among eosinophils in 
nasal polyp tissue (13). Based on previous studies, it is here 
hypothesized that bleomycin A5 may also have a pro‑apoptotic 
effect on NPDFs. For this reason, this study was designed to 
ascertain whether the apoptotic signaling pathway of bleo-
mycin A5 becomes activated in NPDFs.

Materials and methods

Isolation, culture, and identification of fibroblasts. Here, 
10  patients (6  females and 4  males, 36.3±4.1  years) who 
were non-smokers and had either not been treated with 
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glucocorticoids (systemic or topical), antihistamines, 
non‑steroidal anti‑inflammatory drugs, or macrolide antibi-
otics for at least 1 month or who had ceased using the drug 
at least 1 month due to lack of alleviation or even aggrava-
tion of symptoms, were recruited from the Department of 
Otorhinolaryngology at Sun Yat‑sen Memorial Hospital. All 
participants provided written informed consent in advance, 
and nasal polyp tissues were obtained during surgery. The 
study was approved by the Ethics Committee of Sun Yat‑sen 
Memorial Hospital.

NPDFs were isolated from nasal polyp tissue from patients 
who had chronic rhinosinusitis with nasal polyps using a 
previously described method (14). Briefly, nasal polyp tissue 
was cut into pieces, re‑suspended in DMEM/F12 containing 
1 mg/ml collagenase I in a centrifuge tube, and then placed 
in a 5% CO2 humidified atmosphere at 37˚C. After 12 h, the 
tissues were re‑suspended in DMEM/F12 with 10% FBS and 
cultured in a 5% CO2‑humidified atmosphere at 37˚C, and the 
medium was changed every 48 h. Trypsin enzymatic digestion 
and differential attachment were used to isolate fibroblast cells.

The isolated fibroblasts were identified immunocyto-
chemistry using vimentin as a positive marker and CK (pan) 
as a negative marker. After 3 rounds of washing with PBS, 
the cells were incubated for 30 min with 5% BSA to block 
non‑specific sites. The coverslips were then incubated with 
primary antibody (vimentin or CK) (1:200 dilution) in 1% 
BSA in a humidified chamber overnight at 4˚C. Then the 
coverslips were incubated with HRP conjugated anti‑rabbit 
secondary antibody for 30  min, and washed 3  times for 
5 min each with PBS. DAB substrate was used to detect HRP 
activity. Another group of NPDFs were grown in 6‑well plates 
using DMEM/F12 containing 10% FBS with or without 100, 
200, or 400 µM bleomycin A5 for 48 h in a 5% CO2 humidified 
atmosphere at 37˚C to assess the influence of bleomycin A5 
on NPDFs.

CCK-8 array of NPDFs. Cultured NPDFs (1x104) were seeded 
in each well of a 96‑well plate in triplicate. After attachment, 
the cells were treated with bleomycin A5 at various concentra-
tions (from 0 to 400 µM at 50 µM intervals) for 24, 48, or 
72 h. Then cells were incubated for 3 h with CCK‑8 reagent 
(100 µl/ml medium) (Dojindo Molecular Technologies, Inc., 
Kumamoto, Japan). Absorbance was determined at 490 nm 
using a microplate reader (Thermo Fisher Scientific Inc., 
Cramlington, UK).

Flow cytometric Annexin  V-fluorescein isothiocyanate 
(FITC)/propidium iodide assay of fibroblast cells. An 
Annexin  V/PI Apoptosis kit (Thermo Fisher Scientific 
Inc.) was used to assess the rate of apoptosis of fibroblast 
cells after bleomycin  A5 treatment in accordance with 
the manufacturer's instructions. Briefly, after incubation 
in 6‑well plates with DMEM/F12 with 10% FBS medium 
in the presence of various concentrations of BLE (0, 100, 
200 or 400 µM) for 48 h, the cultured fibroblast cells were 
gently suspended in binding buffer and incubated for 15 min 
at room temperature in the dark with 5 µl Annexin V‑FITC 
and 10 µl PI. The Annexin V‑FITC‑ and PI‑labelled cells 
were analyzed using a flow cytometer (BD  Biosciences, 
Burlington, MA, USA). Using flow cytometry, dot plots of 

PI on the y‑axis, against Annexin V‑FITC on the x‑axis were 
used to distinguish viable cells, which are negative for PI 
and Annexin V‑FITC, cells in the early stages of apoptosis 
(Annexin V‑positive/PI‑negative), and cells in late apoptosis or 
full necrosis (Annexin V‑FITC‑positive/PI‑positive staining).

Reverse transcription-quantitative polymerase chain 
reaction. After bleomycin A5 treatment at various concentra-
tions (including 0, 100, 200, and 400 µM), fibroblasts were 
homogenized in 1 ml TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA). Total RNA was obtained, and 2  µg RNA/cell 
sample was reverse transcribed into complementary DNA 
(cDNA) using the reverse transcription system (Toyobo Co., 
Ltd., Osaka, Japan). Quantitative polymerase chain reac-
tion was performed using Roche Light cycler  96 system 
(Roche Diagnostics, Basel, Switzerland) with a 10 µl volume 
mixture containing 2 µl cDNA, 0.2 µl of each primer, and 
5 µl SYBR‑Green (Toyobo Co., Ltd.). The relative mRNA 
expression levels of apoptosis‑related genes were compared 
using the 2‑ΔΔCq method. The sequences of the primers used 
for PCR were ascertained from the primer bank and are listed 
as follows: GADPH forward, 5'‑CAG​TGC​CAG​CCT​CTG​CTC​
AT‑3' and reverse, 5'‑ATA​CTC​AGC​ACC​AGC​ACAT‑3'; Bcl‑2 
forward, 5'‑CTGGGATGCCTTTGTGGAAC‑3' and reverse, 
5'‑GGC​AGG​CAT​GTT​GAC​TTC​AC‑3'; Bax forward, 5'‑CCA​
AGA​AGC​TGA​GCG​AGT​GT‑3' and reverse, 5'‑CAG​CCC​ATG​
ATG​GTT​CTG​AT‑3'; caspase‑3 forward, 5'‑ATG​CAG​CAA​
ACC​TCA​GGG​AA‑3' and reverse, 5'‑GTC​GGC​CTC​CAC​TGG​
TAT​TT‑3'.

Western blot analysis. NPDFs treated with bleomycin A5 were 
homogenized in RIPA buffer (Sigma-Aldrich;. Merck KGaA, 
Darmstadt, Germany) on ice for 30 min. Using a BCA protein 
assay kit (Beyotime Institute of Biotechnology, Beijing, China), 
equal amounts of proteins were separated using 10% sodium 
dodecyl sulfate‑polyacrymide (SDS) gel electrophoresis and 
transferred onto polyvinylidene fluoride membranes (Milipore, 
Billerica, MA, USA). They were then blocked using 5% 
non‑fat milk in TBS‑0.1% Tween‑20 for 1 h at room tempera-
ture. The membranes were then incubated overnight at 4˚C 
with primary antibodies for caspase‑3 (1:500 dilution), cleaved 
caspase‑3 (1:1,000 dilution), poly(ADP‑ribose) polymerase 
(PARP) (1:1,000  dilution), active PARP (1:1,000  dilu-
tion), Bax (1:2,000  dilution), Bcl‑2 (1:1,000  dilution), or 
GADPH (1:10,000 dilution) (Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA, USA). After washing in TBST, the membranes 
were incubated with horseradish‑peroxidase‑conjugated 
anti‑rabbit secondary antibodies for 1 h at room temperature 
and then visualized using an enhanced chemiluminescence kit 
(Millipore, Billerica, MA, USA). Images of the bands were 
captured using a Bio‑Rad Gel Doc XR documentation system 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The levels of 
relative protein expression were determined by densitometry 
and standardized to the GAPDH levels using ImageJ software 
(National Institutes of Health, Bethesda, MD, USA).

Bax gene silencing by siRNA. Mitochondria‑mediated 
caspase‑dependent pro‑apoptotic protein Bax was inhibited 
using small interfering RNA (siRNA). Cells (2.5x105/well) 
were plated in 6‑well plates and transfected with 20  nM 
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Bax‑targeting siRNA or control siRNA (Santa Cruz 
Biotechnology, Inc.) using Lipofectamine  3000 kit (Life 
Technologies, Japan) according to the manufacturer's instruc-
tions and cultured for 72 h at 37˚C in a 5% CO2 incubator. 
The cells were then analyzed for Bax protein levels by western 
blot analysis using an anti‑Bax antibody. The membranes 
were re‑probed with an anti‑GAPDH antibody to verify equal 
loading. Then, transfected NPDFs were treated with 200 µM 
BLE for 48 h and analyzed for apoptosis by Annexin V/PI 
staining in a flow cytometer. Annexin V+ cells were considered 
to be apoptotic cells.

Statistical analysis. All experiments were performed 3 times 
to provide sufficient data. The differences between the experi-
mental conditions and the controls were analyzed through 
one‑way analysis of variance and Tukey's test (GraphPad 
Prism, version 5; GraphPad Software, San Diego, CA, USA). 
Statistical significance was determined at the 95% confidence 
level. P‑values <0.05 were considered to indicate a statistically 
significant difference.

Results

Identification of NPDFs. To identify NPDFs, we first isolated 
fibroblast cells from nasal polyp tissue observe the cell 
morphologies. As showed in Fig. 1A, NPDFs were spindle 
and nest‑like distributed. Immunocytochemistry staining of 
primary NPDFs indicated that the isolated and cultured cells 
were vimentin‑positive and CK (pan)‑negative, which was 
consistent with the characteristics of fibroblasts (Fig. 1B‑D).

Bleomycin A5 induces NPDF apoptosis in a concentration‑ 
and time‑dependent manner. Next, we examined the effect of 
bleomycin A5 on NPDF viability. Results showed that groups 
treated with higher concentrations of bleomycin A5 had lower 
cell viability. This phenomenon was especially visible at doses 
ranging from 0 to 200 µM. As the duration of bleomycin A5 
exposure increased, cell viability also decreased in all treated 
groups. In the 48 h group, the IC50 = 193.0 (95% confidence 
intervals, 146.3 to 254.5) (Fig. 2). These results indicated that 
the effect of bleomycin A5 on NPDFs was concentration‑ and 
time‑dependent.

Flow cytometry indicated that the ratio of apoptotic cells 
was 7.25±2.09% in the 0 µM group, 23.50±4.09% in 100 µM 
group, 55.27±8.17% in the 200 µM group, and 88.32±7.39% 
in 400 µM group (Fig. 3). NPDFs exposed to bleomycin A5 

Figure 1. (A) NPDFs morphology observed by optical microscope. (B‑D) Immunohistochemical staining to identify NPDFs using PBS as control group (B) CK 
(pan) as a negative marker (C) and vimentin as a positive marker (D). Scale bars, 50 µm. Original magnification, x400. NPDFs, nasal polyp‑derived fibroblasts.

Figure 2. NPDFs were exposed to various concentrations of bleomycin A5 
for 24, 48, and 72 h with 3 wells/group. Cell viability curves were plotted as 
viable cell percentage with ± SD based on the CCK-8 assay. NPDFs, nasal 
polyp‑derived fibroblasts.

Figure 3. (A) Dot plots of Annexin‑V/PI flow cytometric analysis. (B) Bar 
graphs of relative number of apoptotic cells. The results are here expressed 
as the mean ± standard deviation (n=3). *P<0.05 and **P<0.001, relative to the 
control group.
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exhibited increased cell apoptosis in concentration‑dependent 
manner. These results further confirmed that bleomycin A5 
can induce NPDF apoptosis in a dose‑dependent manner.

Caspases, PARP, and Bcl‑2 family participate in bleo-
mycin A5‑induced apoptosis in NPDFs. We next focused on 
identifying the pathways that lead to NPDF apoptosis using 
bleomycin A5. To identify the genes involved in apoptosis, we 
first conducted a PCR array using NPDFs treated with bleo-
mycin A5 for 48 h at different concentrations. Using RT‑qPCR, 
the mRNA levels of Bcl‑2, Bax, and caspase‑3 increased, and 
the difference was statistically significant (P<0.05) after bleo-
mycin A5 treatment for 48 h (Fig. 4).

Next, we examined the changes in the protein levels of 
these genes using western blot analysis. Even though the 

100 µM group seemed to show more caspase‑3 expression than 
the control group, the difference was not significant. However, 
the levels of cleaved caspase‑3 increased in a dose‑dependent 
manner (Fig. 5). The levels of PARP, a zymolyte of cleaved 
caspase‑3, also declined as the concentration of bleo-
mycin A5 increased, and the level of active PARP increased 
in a dose‑dependent manner. These results indicated that the 
concentrations of the apoptotic downstream effective proteins 
were significantly higher in both the 200 and 400 µM groups 
than in the control group (Fig. 5).

Bcl‑2 and Bax are 2 important mitochondria‑mediated 
caspase‑dependent apoptotic proteins. It has been proven that 
Bax forms a complex with the anti‑apoptotic protein Bcl‑2 
to balance its apoptotic effects (15). The ratio of Bcl‑2/Bax 
was used to determine whether cells undergo programmed 
cell death. The Bcl‑2/Bax ratio was determined through 
densitometry and normalized to the GAPDH levels of each 
group. The results indicated that stimulation of NPDFs 
with bleomycin  A5 in  vitro resulted in a dose‑dependent 
decrease in the Bcl‑2/Bax ratio (Fig. 6). To further confirm 
this conclusion, pro‑apoptotic protein Bax was knockdown by 
siRNA transfection. The Annexin V/PI staining shows that 
such knockdown could significantly attenuate apoptosis in 
BLE‑treated NPDFs (Fig. 7).

Discussion

Recent studies have shown that cultures of human dermal 
fibroblasts undergo reductions in lysyl oxidase concentra-
tion as a result of the action of bleomycin. In addition, 
fibroblast apoptosis and proliferation levels are both higher 
during bleomycin‑induced lung fribrosis (16). Results have 
demonstrated that bleomycin, which mainly targets the 
fibroblasts in scar tissue, can induce keloid fibroblast death 

Figure 4. mRNA levels of genes involved in apoptosis of NPDFs induced by 
different doses of bleomycin A5 for 48 h using RT‑qPCR. *P<0.05 relative to 
the control group (n=3). NPDFs, nasal polyp‑derived fibroblasts.

Figure 5. (A) Western blot analysis of downstream cell apoptotic signaling 
pathways proteins in NPDFs at 0, 100, 200, or 400  µM BLE for 48  h. 
(B) Statistical analysis of A. *P<0.05. NPDFs, nasal polyp‑derived fibroblasts.

Figure 6. (A) Western blot analysis of mitochondrial apoptosis‑related 
proteins in NPDFs at 0, 100, 200, or 400 µM BLE for 48 h. (B) Statistical 
analysis of ratio of Bcl‑2/Bax of A. *P<0.05. NPDFs, nasal polyp‑derived 
fibroblasts.
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and lead to a reduction in collagen synthesis. For this reason, 
the intralesional injection of bleomycin A5 into keloids and 
hypertrophic scars has been proposed as a modality for scar 
treatment and scar prevention after surgery (17). Because of 
the effects of bleomycin on fibroblasts and its roles in the 
production of cytokines and collagen in stromal fibroblasts 
in nasal polyp tissue, we here propose that bleomycin A5 
may have an inhibitory effect on NPDFs. In fact, when we 
performed this study, we also collected clinical data regarding 
the use of intralesional bleomycin A5 in nasal polyps, and 
results showed that this off‑label use can cure nasal polyps and 
improve the nasal ventilation function of patients suffering 
from nasal polyps effectively (data not shown). In this study, 
we further isolated NPDFs from surgical specimens of nasal 
polyp tissue and then used a primary culture to investigate 
bleomycin A5‑induced apoptosis in NPDFs. Results showed 
that bleomycin A5 induced apoptosis in NPDFs in a time‑ and 
concentration‑dependent manner through activation of bcl‑2 
family and caspase cascades.

Previous studies have shown bleomycin  A5‑induced 
apoptosis in primary cultures of rat type II alveolar epithe-
lial cells and in human A549 cells to be concentration‑ and 
time‑dependent  (18). To determine whether bleomycin‑A5 
induced NPDF apoptosis is time‑ or concentration‑dependent 
in NPDFs, we choose different concentrations of bleomycin A5 

and durations of stimulus. We found that at higher concentra-
tions of bleomycin A5 and over longer periods of exposure, 
the number of NPDFs with condensed cytoplasm and nuclei 
increased and total number of cells decreased. Notably, at 
48 h, the number of cells undergoing apoptosis became stable 
regardless of concentration. For this reason, we choose 48 h for 
the rest of our experiments.

PARP is a DNA repair enzyme that is activated by various 
environmental stimuli, including ROS, free radicals, and 
peroxynitrite. During almost all forms of apoptosis, PARP 
can be processed in vivo into its apoptotic 24 and 89 kDa 
fragments by caspase‑3 or ‑7 (19). In this study, we found that 
bleomycin A5‑treated NPDFs contained significantly greater 
amounts of the active forms of caspase‑3 and underwent more 
cleavage of PARP at the protein levels. These results indicated 
that increased activation of caspase cascades mediated bleo-
mycin A5 induced NPDF apoptosis.

Previous studies indicate that activation of the pro‑apoptotic 
Bcl‑2 family is required for the development of pulmonary 
fibrosis after the intratracheal instillation of bleomycin in mice. 

Mice lacking Bid exhibited significantly less pulmonary fibrosis 
in response to bleomycin than WT mice (20). It is here suggested 
that apoptosis mediated by members of the Bcl‑2 family may 
play an essential role in apoptosis of lung cells (21). The bcl‑2 
family is divided into 2 groups: Pro‑apoptotic and anti‑apoptotic 

Figure 7. (A) Western blot analysis of Bax expression in NPDFs transfected with siRNA or si‑Control. (B) Statistical analysis of A. (C) Apoptotic analysis by 
Annexin V/PI staining of the transfected NPDFs. (D) Statistical analysis of C. The results are here expressed as the mean ± standard deviation (n=3), *#P<0.05. 
NPDFs, nasal polyp‑derived fibroblasts.
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molecules. Pro‑apoptotic proteins can induce apoptosis through 
breakage of the mitochondrial membrane potential (22). To the 
contrary, by binding to specific site of Bax, the anti‑apoptotic 
proteins retained normal permeability and prevented the release 
of mitochondrial pro‑apoptotic factors into the cytoplasm (23). 
Thus, the balance of pro‑apoptotic and anti‑apoptotic proteins 
is often used to regulate cell apoptosis (17). In this study, we 
analyzed the pro‑apoptotic molecules Bax and the anti‑apop-
totic molecule Bcl‑2 using RT‑PCR and Western blotting. These 
results indicated that there was significantly more mRNA and 
protein expression of the pro‑apoptotic Bax molecules in bleo-
mycin A5‑treated NPDFs than in untreated NPDFs. In contrast, 
expression of Bcl‑2 mRNA and protein was significantly lower 
in bleomycin A5‑treated NPDFs than in untreated NPDFs. 
And knockdown of Bax result in decrease of apoptosis in 
BLE‑treated NPDFs. This pro‑apoptotic change in the expres-
sion levels of members of the Bcl‑2 family, which are major 
regulators of apoptosis via the intrinsic pathway, suggests that 
the induction of apoptosis in NPDFs by bleomycin A5 is medi-
ated by an intrinsic mitochondria‑mediated pathway.

In conclusion, this study demonstrated that bleomycin A5 
induces apoptosis of primary NPDFs in association with 
increased expression of pro‑apoptotic proteins, decreased 
expression of genes in the anti‑apoptotic Bcl‑2 family and 
increased expression of caspase cascades (caspase‑3 and 
PARP) in a time‑, concentration‑, and caspase‑dependent 
manner. Intralesional injection has already been used in this 
way in clinical settings for the treatment of infantile heman-
giomas, keloids, and hypertrophic scar, and this approach 
may be a suitable alterative therapeutic option for patients 
with nasal polyps, especially recurrent, difficult‑to‑treat, and 
glucocorticoid insensitive cases.
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