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Abstract
Background. The chronic inflammatory process of nasal mucosa, with the fundamental role of eosinophils in its
development, is considered to be responsible for the formation and growth of nasal polyps. The abundance of
eosinophils in nasal polyp tissues may be a result of their prolonged survival. Defective apoptotic control mecha−
nisms may contribute to disturbances in the local homeostasis of nasal mucosa. 
Objectives. The aim of this study was to determine the role of Mc1−1 in the pathogenesis of nasal polyps by com−
parative analysis of its expression in eosionophilic polyps, neutrophilic polyps, and normal mucosa, including its
contribution to eosinophil apoptosis in polyposis tissue.
Material and Methods. The study group included 24 paraffin sections of nasal polyp tissues obtained from 20
male and 4 female patients with nasal polyposis undergoing polypectomy. The control group consisted of 10 nor−
mal nasal mucosa specimens from patients undergoing septoplasty. Sixteen nasal polyps were histopathologically
classified as eosinophilic polyps and eight as neutrophilic polyps.
Results. Immunohistochemistry was used to examine the expression of Mcl−1 in the nasal polyp tissues. In the
group of eosinophilic polyps the most intense staining was detected in the inflammatory infiltration cells. In 75%
of the samples it was evaluated as intense. In the group of neutrophilic polyps and the control group the expression
of Mcl−1 was present in the epithelial cells. In 62.5% of the neutrophilic polyps it was evaluated as strong. There
was strong expression of MCL−1 in the epithelium of 70% of the samples from the control group. Weak Mcl−1
expression was detected in the neutrophilic polyp inflammatory cells and normal mucosa.
Conclusions. The results indicate differences in expression of anti−apoptotic protein Mcl−1 in neutrophilic and
eosinophilic nasal polyps and nasal mucosa. The increase in the expression of Mcl−1 protein in eosinophils in nasal
polyps may lead to resistance to topical nasal corticosteroid therapy in some patients (Adv Clin Exp Med 2007,
16, 4, 519–525).
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Streszczenie
Wprowadzenie. Przewlekły proces zapalny błony śluzowej nosa, u którego podłoża leży naciek eozynofilowy
uważa się za przyczynę powstawania i wzrostu polipów nosowych. Duża liczba eozynofilów w tkance polipów no−
sa może wynikać z ich przedłużonego przeżycia. Defekt mechanizmów kontrolujących apoptozę może się przy−
czyniać do zaburzenia miejscowej homeostazy. 
Cel pracy. Określenie roli Mcl−1 (myeloid cell leukemia sequence 1) w patogenezie polipów nosowych za pomocą
analizy porównawczej jego ekspresji w polipach eozynofilowych, neutrofilowych oraz prawidłowej błonie śluzo−
wej wraz z udziałem procesu apoptozy w tkance polipów. 
Materiał i metody. Materiał badany obejmował 24 skrawki parafinowe tkanki polipa pobrane podczas zabiegu po−
lipektomii od 20 mężczyzn i 4 kobiet z polipowatością nosa. Grupę kontrolną stanowiło 10 próbek zdrowej błony
śluzowej pobranych od pacjentów podczas zabiegu plastyki przegrody nosa. 16 polipów oceniono w badaniu hi−
stopatologicznym jako eozynofilowe, 8 jako neutrofilowe. 
Wyniki. W celu określenia ekspresji Mcl−1 wykorzystano badanie immunohistochemiczne. W grupie polipów eo−
zynofilowych najbardziej intensywną ekspresję stwierdzono w komórkach zapalnych. W 75% próbek ekspresję



The chronic inflammatory process of nasal
mucosa, with a fundamental role of eosinophils in
its development, is now considered to be responsi−
ble for the formation and growth of nasal polyps
[1]. The abundance of eosinophils in nasal polyp
tissues may be a result of their infiltration and/or
prolongation of their survival. In the past few
years, numerous studies considering various me−
chanisms of increased eosinophil migration have
been published. [2, 4, 6]. The group of cytokines
that induce or support selective eosinophil recruit−
ment includes IL−1, IL−4, IL−5, IL−8, RANTES,
eotaxin, and MCP−3 [2–5]. It was shown that
cytokines located in nasal polyp tissues, such as
IL−3, IL−5, and GM−CSF, inhibit eosinophil apop−
tosis in vitro [6]. Delayed apoptosis of eosinophils
may be responsible for tissues eosinophilia, but
the exact mechanism of eosinophil infiltration and
accumulation in nasal polyp tissue remains
unknown.

The Bcl−2 family acts as major regulator of the
apoptotic process by controlling the activation of
caspases and the release of mitochondrial
cytochrome c. The Bcl−2 family includes proteins
with pro− and anti−apoptotic function. Bcl−2 is the
prototype for an anti−apoptotic protein group that
includes Mcl−1, BclXl, and Bclw. A defect in the
apoptotic control mechanisms may contribute to
disturbance in the local homeostasis of nasal
mucosa. Mcl−1 is a short−living anti−apoptotic pro−
tein. It is active during the early stage of the mito−
chondrial apoptotic pathway, which is supposed to
protect cells against apoptosis.

The aim of this study was to determine the role
of Mc1−1 (myeloid cell leukemia sequence 1) in
the pathogenesis of nasal polyps by a comparative
analysis of its expression in eosinophilic polyps,
neutrophilic polyps, and normal mucosa, including
its contribution to eosinophil apoptosis in polypo−
sis tissue.

Material and Methods

The study group included 24 paraffin sections
of nasal polyp tissues obtained from 20 male and
4 female patients 29–73 years of age with nasal

polyposis undergoing polypectomy. The control
group consisted of 10 normal nasal mucosa speci−
mens from patients undergoing septoplasty. Six−
teen nasal polyps were histopathologically classi−
fied as eosinophilic polyps and eight as neu−
trophilic polyps. In the group with eosinophilic
polyps, ten patients had multiple polypectomies
and suffered from aspirin triad. Four of the remain−
ing six patients with eosinophilic polyps had aller−
gy diagnosed with SPT test (dust, cat, feathers).

Deparaffinized sections 4 µm thick were rehy−
drated and digested with 0.05% pronase.
Following blocking of endogenous peroxidase
activity, sections were rinsed twice in 0.3% H2O2

for 5 minutes before incubation with normal serum
for 30 minutes. Then they were incubated with the
primary antibody (mouse monoclonal anti−MCl−1
antibody) diluted 1:30 for 30 minutes followed by
a double PBS wash for 5 minutes. The samples
were incubated for 15 min with a biotinylated sec−
ondary antibody and then rinsed twice in PBS for
5 minutes. Immunostaining was performed using
a three−stage avidin−biotin complex (ABC) immu−
noperoxidase technique (LSAB+ System−HRP,
Dako). The slides were washed again two times
for 5 minutes in PBS. Visualization was carried
out with DAB+chromogen, after which the slides
were rinsed twice in 0.3% H2O2 for 5 minutes. The
nuclei of the cells were stained by the hema−
toxylin. Then the samples were rinsed in running
tap water for 10 minutes. Finally the slides were
dehydrated and cover−glassed. The intensity of
staining was graded as (+) weak for an expression
of less than 25% of cells, (++) moderate for an
expression of 25–75% of cells, (+++) strong for an
expression of more than 75% of cells, or (–) for no
staining.

Results

Table 1 shows the results obtained. In the
group of eosinophilic polyps, the most intense
staining was detected in the inflammatory infiltra−
tion cells (Fig. 1). In 75% of the samples (12/16)
it is was evaluated as intense. It consisted of cyto−
plasmic staining, located mainly in the upper,
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oceniono jako intensywną. W grupie polipów neutrofilowych oraz w grupie kontrolnej ekspresja Mcl−1 była obec−
na w komórkach nabłonkowych. W przypadku polipów neutrofilowych w 62,5% ekspresja została oceniona jako
duża. W 70% próbek z grupy kontrolnej ekspresję Mcl−1 określono jako dużą. Wykryto małą ekspresję Mcl−1
w komórkach zapalnych polipów neutrofilowych oraz w zdrowej błonie śluzowej. 
Wnioski. Wyniki badań wskazują na różnice w ekspresji antyapoptotycznej proteiny Mcl−1 w polipach neutrofilo−
wych, eozynofilowych oraz zdrowej błonie śluzowej nosa. Zwiększenie ekspresji Mcl−1 w tkance polipów eozy−
nofilowych może prowadzić u niektórych pacjentów do oporności na leczenie glikokortykosteroidami (Adv Clin
Exp Med 2007, 16, 4, 519–525). 

Słowa kluczowe: polipy nosowe, Mcl−1, apoptoza, immunochemia.



superficial parts of cells. Sometimes staining was
present in every part of the cell (Fig. 2). In the
group of neutrophilic polyps and the control group
the expression of Mcl−1 was present in the epithe−
lial cells (Fig. 3). In 62.5% (5/8) of the neu−
trophilic polyps it was evaluated as strong. There
was strong expression of MCL−1 in the epithelium
in 70% (7/10) of the samples of the control group.
In the neutrophilic polyp inflammatory cells and
normal mucosa, weak expression of Mcl−1 was
detected. Figure 4 shows the negative control.

Discussion

The Bcl−2 family proteins play an important
regulatory role in apoptosis. All the family mem−
bers share at least one of the conserved motifs
called the Bcl−1 homology domains, designated
BH1, BH2, BH3, and BH4. These homology

motifs are similar to the alpha−helix, which deter−
mines their structure and scope of activity. The
Bcl−2 family is divided into three subfamilies on
the basis of function and structure [7]. The first
subfamily includes anti−apoptotic proteins, e.g.
Bcl−2, Bcl−x, and Mcl−1. The second subfamily
includes pro−apoptotic proteins, e.g. Bax and Bak.
The members of this subfamily contain homolo−
gous sequences with BH1, BH2, and BH3, but
except for one, they lack a BH4 domain. The third
Bcl−2 subfamily consists of pro−apoptotic proteins
with a BH3 domain and includes Bik, Bid, and
others.

Mcl−1 protects cells against apoptosis. Mcl−1
must be damaged in order to allow a cell to die
properly. Too little Mcl−1 can lead to malfunction
of the immunological system or even death.
Increased expression of Mcl−1 may result in pro−
longed cell survival. This may lead to mutation,
excessive and abnormal growth, or neoplasm for−
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Table 1. The presence of Mcl−1 in various tissue components from the nasal polyps comparing to the normal mucosa

Tabela 1. Obecność Mcl−1 w różnych częściach tkanki polipów nosa w porównaniu ze zdrową tkanką

No. Type of lesion Eosinophils Neutrophils Epithelium
(Lp.) (Rodzaj zmiany) (Eozynofile) (Neutrofile) (Śródbłonek)

1 E +++ – –
2 E +++ – –
3 E ++ – –
4 E +++ – –
5 E + – –
6 E +++ – –
7 E +++ – –
8 E +++ – –
9 E +++ – –

10 E +++ – –
11 E ++ – –
12 E +++
13 E +++
14 E +++
15 E +
16 E +++
17 N – + ++
18 N – – +++
19 N – – ++
20 N – – +++
21 N – – +++
22 N – – +++
23 N – + +++
24 N – – ++
25 K – – ++
26 K – – +++
27 K – – +++
28 K – – ++
29 K – – +++
30 K – – +++
31 K – – +++
32 K – – +++
33 K – – +++
34 K – – +



mation. Zhang et al. discovered that Mule protein
leads to ubiquitination, the process in which ubiq−
uitin peptide is bound to Mcl−1. When attached to
the molecule, ubiquitin initiates cell signaling
which results in the degradation of the substrate
protein. Increased activity of Mule enzyme in
cells contributes to fast degradation of Mcl−1 pro−
tein [8]. 

One of the main factors leading to the
increased infiltration of eosinophilic cells in nasal
polyp tissues may be their prolonged survival. It
has been shown that apoptosis can be inhibited by
several cytokines, including IL−3, IL−5, and GM−
CSF [9]. Huang discovered high correlation
between the expression of Mcl−1 and the anti−
apoptotic activity of interleukin−5 (IL−5). His
study revealed that IL−5 and SCF (stem cell factor)
affect Mcl−1 via two signaling pathways: mitogen−
activated protein kinase (MAPK) and phos−
phatidylinositol−3 kinase (PI−3K) [10]. GM−CSF
also delays eosinophils’ apoptosis using the

MAPK signaling pathway [6]. Chao showed that
Mcl−1 is located at the end of this pathway [11]. 

Mcl−1 was originally identified during the dif−
ferentiation of ML−1 myeloid leukemia cells,
when a high expression of the gene for Mcl−1, one
of the Bcl−2 family members, was detected [12]. In
subsequent studies an increase in the expression of
Mcl−1 was also shown in other neoplastic cells
[13, 14]. It was also observed that an increased
number of cells with Mcl−1 correlates with deteri−
oration of the patient’s clinical condition [15].
Fleischer revealed that Mcl−1 is an important fac−
tor in delayed apoptosis by studying Mcl−1 expres−
sion in human hepatocellular carcinoma [16]. It
was also discovered that the Mcl−1 molecule is
responsible for chemotherapy resistance in myelo−
ma multiplex [8] and esophageal carcinoma [17].
Studies concerning the influence of Mcl−1 on the
inflammatory process were performed simultane−
ously. Nowadays, after various studies based on
detecting Mcl−1 expression on neutrophills, Mcl−1
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Fig. 1. Eosinophilic polyp – staining in inflammatory cells

Ryc. 1. Polip eozynofilowy – barwienie obejmuje
komórki zapalne

Fig. 2. Eosinophilic polyp – staining in all the cells

Ryc. 2. Polip eozynofilowy – barwienie obejmuje całe
komórki 

Fig. 3. Neutrophilic polyp

Ryc. 3. Polip neutrofilowy

Fig. 4. Negative control HE

Ryc. 4. Kontrola negatywna HE



is considered to be responsible for increasing the
inflammatory process by its ability to extend the
time of leukocyte survival [15, 19, 28]. Li used
immunohistochemistry to evaluate Mcl−1 expres−
sion in fibroblasts in patients suffering from
rheumatoid arthritis. It was significantly higher to
compared as a control group [20].

During literature searches the present authors
found no publications concerning Mcl−1 expression
in nasal polyp tissues. Increased expressions of Bcl−
2 and PKC m−RNA in nasal polyp tissues compared
with normal mucosa was revealed. This demon−
strates, according to the author, that eosinophil
apoptosis inhibition is activated by the protein
kinase C signal transduction pathway [21].
Interesting studies have been performed by Uller to
examine the process of clearance of eosinophils
from nasal polyp tissues. Three methods were used
to investigate different stages of apoptosis: TUNEL
(terminal deoxyRNase−mediated nick end labeling),
p85 poly (ADP−ribose) polymerase (PARP) stain−
ing, and TEM (transmission electron microscopy).
The study showed that eosinophils are not eliminat−
ed from nasal polyps through apoptosis pathways,
but through cytolysis and the para−epithelial migra−
tion process [22]. Davidsson demonstrated apopto−
sis of eosinophils in six of fourteen evaluated nasal
polyp tissue species using the TUNEL method
[23]. Kowalski using the same method detected
increased eosinophil apoptosis in polyp tissues
obtained from aspirin−hypersensitive as compared
to samples from aspirin−tolerant patients [24].

The increase in Mcl−1 expression in eosino−
philic polyps compared to normal mucosa obser−
ved in the present study confirms apoptosis inhibi−
tion in those cells. Interestingly, no expression of
Mcl−1 in the cellular infiltration in neutrophilic
type of polyps was found. This is perhaps deter−
mined by the ability of nasal polyps to regulate the
immune response to inflammatory infiltration.
This is also suggested by Dutsch−Wicherek, in
whose study the expression of a marker of the can−
cer process, RCAS1 (receptor−binding cancer anti−
gen expressed on SiSo cells), which can also be
expressed in physiological processes and tissues,
was evaluated. There were differences in its loca−
tion according to the type of inflammatory infiltra−
tion in various histological types of nasal polyps
(lower in neutrophilic than in eosinophilic polyps).

The author assumed that neutrophilic and lympho−
cytic nasal polyps are more resistant to the process
of apoptosis than eosinophilic polyps [25].
Stronger immunostaining of Mcl−1 in eosinophoil−
ic polyps detected in the present study does not
confirm this observation. According to the
Edwards, Mcl−1 plays an important role in the reg−
ulation of neutrophil apoptosis. A decrease in the
expression of this protein in neutrophils indicates
domination of pro−apoptotic proteins, leading to
death of the cell [26]. Moulding states that the
Mcl−1 transcripts are extremely unstable and
undergo rapid turnover in neutrophils. This indi−
cates that neutrophil apoptosis is regulated by
short−term Mcl−1 expression, which leads to the
domination of pro−apoptotic proteins [27]. Gara−
wello demonstrated an increase in the proportion
of proliferating cells in the epithelial cell lining of
polyps compared with normal mucosa by detecting
the proliferation marker Ki−67 using immunohisto−
chemistry [28]. In the present study the absence of
anti−apoptotic Mcl−1 in the epithelial layer of the
eosinophilic polyps suggests increased apoptosis of
these cells. This may be the result of the activation
of cell proliferation, but the correlation between
proliferation and apoptosis markers is not unani−
mous. Various studies performed by different
researchers have demonstrated diverse results
according to the disease entity evaluated [29, 30].

To summarize, the results of the present study
indicate differences in the expression of the anti−
apoptotic protein Mcl−1 in neutrophilic and eosi−
nophilic nasal polyps and normal nasal mucosa.
The increase in expression of Mcl−1 protein in the
eosinophils in nasal polyps may lead to resistance
to topical nasal corticosteroid therapy in some
cases. Establishing the prognostic significance of
Mcl−1 may be important not only from a scientif−
ic, but also from a clinical point of view as a future
therapeutic goal in the treatment of nasal polyps.
Despite various studies on cell apoptosis and its
influence on inflammatory processes, there are
still many unclear issues. The most intriguing
questions is whether in the therapeutic process we
can inhibit nasal polyp growth and development
through the influence on apoptosis. Further inves−
tigations that may contribute to progress in nasal
polyp therapy are required.
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