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Abstract
Aim: To evaluate expression of anti-apoptotic Bcl-2 protein in 

the nasal tissue and its levels in blood serum of patients with chronic 
rhinosinusitis with (CRSwNP) and without nasal polyps (CRSsNP).

Material and methods: Expression of Bcl-2 in the sinonasal tissue 
and its levels in blood serum of patients with CRSsNP and CRSwNP were 
evaluated immunohistochemically and using ELISA, respectively.

Results: In patients with CRSsNP, Bcl-2 was overexpressed in nasal 
epithelial cells mainly in the atrophic regions. However, its upregulation 
was also observed in regions with epithelial cell proliferation. 
Immunostaining for Bcl-2 was stronger both in the stroma and epithelial 
lining compared with control subjects. The level of Bcl-2 in blood 
serum was elevated in both forms of chronic rhinosinusitis with a more 
pronounced increase in CRSwNP.

Conclusion: CRSsNP and especially CRSwNP are associated with 
overexpression of anti-apoptotic Bcl-2 in nasal epithelial cells and in 
the lamina propria against the background of elevated circulating 
concentrations of Bcl-2.
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Introduction
Chronic rhinosinusitis (CRS) is an inflammation 

of the nasal tissue and paranasal sinuses lasting 
for at least 12 consecutive weeks and affecting up 
to 10-12% of population [1,2]. This debilitating 
disease significantly affects the quality of life and 
is characterized by enormous economic costs for 
the healthcare system. Morphologically, two forms 
of CRS have been reported. Chronic rhinosinusitis 
with nasal polyps (CRSwNP) is accompanied by the 
development of noncancerous soft outgrowths in the 
nasal and paranasal tissue. They are referred to as nasal 
polyps. Another form is called chronic rhinosinusitis 
without nasal polyps (CRSsNP). In its case, sinonasal 
inflammation occurs without the formation of polyps 
[3,4]. Despite numerous hypotheses offered to explain 
the etiopathogenesis of both forms of the disease, it still 
remains not fully elucidated. However, converging lines 
of evidence demonstrate that some factors contribute 
to the development of both CRSwNP and CRSsNP: 
genetic predisposition, defects of the innate immunity, 
features of sinonasal microbiota, epigenetic factors, 

abnormal mucociliary clearance, etc. [5-7]. Although 
both subtypes of CRS share common characteristics, 
CRSwNP and CRSsNP have numerous distinct features 
[8]. In particular, inflammation in CRSwNP has been 
reported to be Th2-mediated, whereas in CRSsNP Th1 
cell subset prevails [9]. The search for dissimilarities 
between CRSsNP and CRSwNP may help find novel 
targets for therapeutic interventions specific for a 
particular subtype of CRS. 

It has been reported that cell death is of 
crucial importance for the regulation of any kind of 
inflammation, including the sinonasal one [10]. One 
of cell death modes is apoptosis, which occurs in 
response to a wide variety of stimuli. However, pro-
apoptotic signaling pathways are counterbalanced by 
anti-apoptotic signaling, and B-cell lymphoma 2 (Bcl-
2) protein is a key anti-apoptotic regulator in the cells 
[11]. It provides pro-survival signaling by inhibiting the 
intrinsic mitochondrial apoptotic pathway via regulating 
mitochondrial outer membrane permeabilization 
(MOMP), which is believed to be a point-of-no-return 
in the intrinsic pathway [12,13]. MOMP results in the 
release of cytochrome c from mitochondria, followed 
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by the formation of apoptosome and activation of caspases [14]. 
Since Bcl-2 provides selective survival advantage for cells, it 
is of huge importance for neoplasms. It has been reported that 
overexpression of Bcl-2 is observed in a wide range of tumors 
and premalignant lesions, which allows suggesting its important 
role at early stages of tumorogenesis [15,16].

Features of Bcl-2 expression in cells of sinonasal mucosa 
and the role of this anti-apoptotic protein in CRS have been under 
investigation with some promising results reported recently [17]. 
We have hypothesized that Bcl-2 expression may be altered in 
CRS. Exploration of Bcl-2 involvement in the pathogenesis of 
CRS may contribute to the emergence of Bcl-2-targeted therapy. 
Thus, our study may shed extra light on the pathogenesis of CRS 
and to broaden our knowledge about the differences between 
CRSwNP and CRSsNP.

The aim of the research was to assess and compare 
circulating levels of Bcl-2 and features of its expression in the 
nasal mucosa of patients with CRSsNP and CRSwNP.

Material and methods
Patients

A total of 30 patients with CRS were recruited from 
the Kharkiv Regional Clinical Hospital (Kharkiv, Ukraine). 
Fifteen of them were diagnosed with CRSsNP (9 males and 6 
females). Their age ranged from 21 to 60 years with the mean 
age of 37.44±4.21 years. In other 15 patients, the diagnosis of 
CRSwNP was verified (8 males and 7 females). Their age varied 
from 20 to 58 years of age. They mean age reached 34.98±3.41 
years. The control group consisted of 15 healthy subjects (7 
males and 8 females) of 19 to 53 years of age. These patients 
underwent a correction of deviated septum (septoplasty) under 
combined general and regional anesthesia. The mean age of this 
group was 31.85±4.02 years. The control subjects did not show 
any clinical signs of inflammation in the upper airways. ‘‘EPOS 
2012: European Position Paper on Rhinosinusitis and NPs 2012” 
guidelines were used to verify the diagnosis [18]. 

The exclusion criteria were smoking, acute or exacerbation 
of chronic inflammatory diseases, cystic fibrosis, allergic 
diseases and asthma, administration of glucocorticoids at least 1 
month prior to the collection of biological materials, pregnancy, 
and endocrine diseases. 

Collection of blood samples and 
determination of circulating levels of Bcl-2 
by ELISA

In order to assess the circulating level of Bcl-2, we 
collected blood samples immediately after hospitalization. 
Blood was used to prepare serum by centrifugation. Bcl-2 values 
in blood serum were determined by ELISA test using Human 
Bcl-2 Platinum ELISA Kits (eBioscience, Austria). The level of 
Bcl-2 was expressed in ng/ml.

Immunohistochemical study of Bcl-2 
expression in the nasal tissue

Nasal tissue samples were obtained exclusively during 
surgery if there were indications for it. Briefly, formalin-fixed 
and paraffin-embedded tissue samples were obtained and used 
for immunohistochemical evaluation of Bcl-2 expression. Four-
μm-thick sections of nasal tissues were immunostained with 
anti-Bcl-2 antibodies (Thermo Fischer Scientific, UK). Staining 
was completed with 3,3′-Diaminobenzidine (DAB) with the 
formation of brown coloration indicating Bcl-2 expression.

Bioethics
The revised Helsinki Declaration (2000) and “Bioethical 

Expertise of Preclinical and Other Scientific Researches 
Conducted on Animals” (Kyiv, 2006) were strictly followed. The 
experiment protocol was approved by the Ethical Committee of 
Kharkiv National Medical University (minutes No 6 dated June 
6, 2018). Informed consent was carefully read and signed by all 
patients and control subjects enrolled in this study.

Statistical analysis
Numerical values of circulating Bcl-2 levels were 

analyzed with the help of the non-parametric Kruskal-Wallis 
test, since three unmatched groups were compared. As a post-
hoc test, we used the Dunn’s multiple comparison test. Data are 
represented as the medians and interquartile ranges. Differences 
were considered statistically significant at p < 0.05. Statistical 
analysis was performed using GraphPad Prism 5.0 (GraphPad 
software, USA).

Results
Analysis of Bcl-2 expression in the nasal mucosa of control 

subjects showed that its expression was observed in some cells 
of the lamina propria and submucosa. Bcl-2 expression was also 
revealed in some nasal epithelial cells (NECs). 

Figure 1 - Immunostaining for Bcl-2 in the nasal mucosa of a 
control individual. Brown staining shows Bcl-2 expression (red 
arrows). Some Bcl-2 positive cells are found in the lamina propria. 
400x.

Figure 2 - Immunostaining for Bcl-2 in patients with CRSsNP. 
Strong staining is found in nasal epithelial cells. The number of 
Bcl-2-labelled nasal epitheliocytes is much higher compared 
with the control group (A, C, D; yellow arrows). Atrophic regions 
were characterized with a lower number of Bcl-2 positive cells in 
the lamina propria (D; red arrows). Bcl-2 expression was week in 
the glandular epithelial cells in regions with no signs of damage 
(B). In some regions, extracellular matrix cells strongly expressed 
Bcl-2 (B; red arrows). Figures 2a, 2c, 2d - 100x; Figure 2b – 400x.
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The mucosa of patients with CRSsNP was characterized 
by the presence of regions with either atrophic or regenerating 
epithelia. It is important to note that in the latter case the epithelial 
layer had several rows of NECs. This fact is of huge importance, 
since Bcl-2 was found to be significantly upregulated in NECs 
in atrophy. No or weak Bcl-2 expression was detected in the 
mucosal glandular epithelial cells in regions with no signs of 
damage. However, cells of the extracellular matrix (probably 
fibroblasts) were characterized by strong Bcl-2 expression. 

NECs that cover polyps in patients with CRSwNP 
significantly express Bcl-2, excluding regions where excessive 
proliferation of NECs was observed. Under the epithelial layer in 
the extracellular matrix a higher number of Bcl-2-positive cells 
were found compared with the control group. They were either 
oval-shaped or spherical, i.e. these could be both fibroblasts 
and macrophages. Bcl-2 was overexpressed both in the lamina 
propria and NECs in patients with CRSwNP compared with 
control subjects. 

The development of CRSwNP is accompanied by a more 
pronounced Bcl-2 expression in the epithelial layer that covers 
polyps and in their stroma than in the inflamed nasal mucosa of 
patients with CRSsNP. 

Figure 3 - Immunostaining for Bcl-2 in patients with CRSwNP. 
The amount of Bcl-2-positive cells in the lamina propria is visually 
higher than in the control group (A, B; red arrows). Strong Bcl-
2 expression is observed in nasal epithelial cells that cover the 
polyps (B, C, D; yellow arrows). 400x

Figure 4 - Circulating levels of Bcl-2 in patients with CRSwNP 
and CRSsNP. Both forms of chronic rhinosinusitis are associated 
with statistically significant elevation of Bcl-2 in blood serum 
compared with healthy controls. Circulating Bcl-2 concentration 
increases 1.7–fold in CRSsNP (p < 0.0001), while in patients with 
CRSwNP its level is twice higher (p < 0.0001) compared with the 
control group. The statistical difference between Bcl-2 levels in 
blood serum in CRSsNP and CRSwP was insignificant (p > 0.05).

All patients and control subjects were evaluated for Bcl-2 
circulating concentrations on admission to the hospital. Serum 
levels of Bcl-2 in patients with both forms of CRS were found 
to be statistically significant (p < 0.0001) elevated compared 
with the control group (Figure 4). It is important to note that 
serum concentrations of Bcl-2 were twice elevated in CRSwNP 
compared with control subjects (26.33 [22.17; 31.12] ng / ml 
against 13.23 [12.14; 15.67] ng / ml in controls), while in patients 
with CRSsNP (22.67 [19.89; 27.90] ng / ml) this parameter 
was only 1.7-fold higher than in the control group. However, 
statistical analysis showed no significant difference (p > 0.05) 
between circulating Bcl-2 levels in patients with different 
morphological forms of CRS.

Discussion
It has been reported that NECs play an important role 

in inflammatory responses, which is not restricted to their 
passive barrier function. In addition to their barrier role, 
NECs release cytokines [19]. Thus, these cells are directly 
involved in the regulation of inflammatory response and their 
survival is important for maintaining nasal homeostasis during 
inflammation. The fate of NECs depends on the balance between 
numerous pro-apoptotic and anti-apoptotic signaling. There is 
strong evidence that CRS is associated with the activated NEC 
apoptosis [20]. We believe that the pattern of Bcl-2 expression 
in NECs of patients with CRSsNP, namely more pronounced 
overexpression of anti-apoptotic and pro-survival Bcl-2 protein 
in atrophic regions observed in this study, aims at providing the 
survival of remaining NECs to maintain the integrity of damaged 
epithelial lining. 

However, overexpression of Bcl-2 in multi-row, 
hyperplastic epithelium covering nasal polyps in patients with 
CRSwNP may be involved in sustaining proliferating NECs. 
Our hypothesis is consistent with other data that support the 
involvement of Bcl-2 in sustaining inflammation-induced 
hyperplasia of airway epithelial cells [21-23]. Nevertheless, 
the role of Bcl-2 overexpression in CRSwNP seems to be more 
important in damaged mucosal areas than in the proliferating 
ones, evidenced by a higher upregulation of Bcl-2 in NECs 
in regions with signs of damage to epithelial lining. Since the 
strongest Bcl-2 immunostaining in this study (both for CRSsNP 
and CRSwNP) was observed in the NECs where the damage 
to epithelia was the most significant and weak expression 
within NECs was found in undamaged areas, we believe that 
its upregulation is compensatory. It increases the viability of 
cells, which is crucial for preventing the extra involvement of 
nasal microbiota to the inflammatory process due to the loss of 
epithelial barrier.

Our findings are consistent with experimental data 
provided by Suo et al who demonstrated that nasal inflammation 
in rats is accompanied by overexpression of Bcl-2 mRNA and 
Bcl-2 protein in mucosal epithelia [24]. 

We speculate that Bcl-2 elevation in blood serum of patients 
with CRS found in this study is due to its release from damaged 
tissues. This can be partially confirmed by the trend, albeit 
statistically insignificant, towards a more pronounced increase 
in circulating Bcl-2 in CRSwNP compared with CRSsNP against 
the background of its higher expression in the nasal mucosa. 
However, this hypothesis has to be tested experimentally.

Taken together, our findings suggest that chronic nasal and 
paranasal inflammation may affect Bcl-2, mostly in CRSwNP, 
which can be considered an adaptive response to prevent cell 
loss. 
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Intense surface epithelial cell proliferation has been 
reported earlier in CRSwNP, evidenced by overexpression of 
proliferation markers such as Ki67 and proliferating cell nuclear 
antigen (PCNA) in the nasal mucosa. According to Mumbuc et 
al, such NEC proliferation in nasal polyps may contribute to the 
development of inverted papillomas [25]. We believe that Bcl-
2 overexpression found in our study may also be involved in 
this process, since Bcl-2 is known to facilitate oncogenesis by 
inhibiting apoptosis [26]. However, more studies are required 
to study the role of Bcl-2 oveexpression in the development of 
tumors in the nasal and paranasal tissues. 

This study has some limitations. Firstly, we did not analyze 
cell-specific markers in the lamina propria, which prevented 
us from identifying accurately the cells with overexpressed 
Bcl-2. Secondly, we did not have to opportunity to evaluate 
Bcl-2 mRNA expression. Nevertheless, immunohistochemical 
studies provided clear evidence of Bcl-2 overexpression in the 
nasal mucosa of patients with CRS. Thirdly, we had a limited 
number of patients. However, we managed to obtain statistically 
significant results. Fourthly, we could not determine circulating 

levels of pro-apoptotic BAX protein to assess the BAX/Bcl-2 
ratio.

Conclusions
Both CRSwNP and CRSsNP are associated with 

overexpression of anti-apoptotic Bcl-2 in NECs and stroma 
against the background of elevated circulating levels of Bcl-2 
protein. In CRSwNP upregulation of Bcl-2 in the nasal mucosa 
is more pronounced than in CRSsNP, while concentrations in 
blood serum don’t differ. The study encourages the more detailed 
research on evaluating diagnostic and therapeutic implications 
of Bcl-2 in CRS.
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