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Abstract Introduction Combination of chronic inflammation and an altered tissue remodeling
process are involved in the development of Chronic Rhinosinusitis with Nasal Polyps
(CRSwNP). Studies demonstrated that mesenchymal stem cells expressing the progen-
itor gene CD133 were involved in a significant reduction of the chronic inflammatory
process in the polypoid tissue.
Objective To evaluate the levels of CD133 (Prominin-1) in nasal polypoid tissue and its
correlation with interleukin-8 (IL-8) and transforming growth factor β1 (TGF-β1).
Methods A total of 74 subjects were divided in the following groups: control group
(n¼35); chronic rhinosinusitis with nasal polyps nonpresenting comorbid asthma and
aspirin intolerance (CRSwNPnonAI) group (n¼27); and chronic rhinosinusitis with
nasal polyps presenting comorbid asthma and aspirin intolerance (CRSwNPAI) group
(n¼12). Histologic analysis and also evaluation of the concentration of CD133, IL-8,
and TGF-β1 by enzyme-linked immunosorbent assay (ELISA) kits were performed in
nasal tissue obtained from nasal polypectomy or from middle turbinate tissue.
Results Higher eosinophilic infiltration was found in both CRSwNP groups by histologic
analysis. Lower levels of TGF-β1 and IL-8 were observed in both CRSwNP groups when
comparedwith the control group,whereas theCD133 levelswere significantly reducedonly
in the CRSwNPnonAI group compared with the control group.
Conclusion It was demonstrated that the nasal mucosa presenting polyposis showed a
significant reduction of CD133 levels, and also that this reduction was significantly correlated
with the reduction of TGF-β1 levels, but not with IL-8 levels. Therefore, these findings may be
involved in thealtered inflammatory and remodelingprocesses observed in thenasal polyposis.
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Introduction

Chronic rhinosinusitis with nasal polyps (CRSwNP) is a
complex illness that affects many people worldwide.1,2 It
can be subdivided into eosinophilic and noneosinophilic
chronic rhinosinusitis,3 being the presence of eusinophilic
infiltrate frequently associatedwith poorer surgical outcome
after surgery and with more severe symptoms.4,5 It has been
reported that CRSwNP is a result of anomalous growth of the
nasal mucosa, caused by the combination of chronic inflam-
mation and an altered tissue remodeling process that lead to
mechanical dysfunction.6–8 Histological studies have shown
that nasal polyps are characterized by the generation of the
altered extracellular matrix, tissue infiltration by inflamma-
tory cells, presence of pseudocysts, and edema.9,10

Although CRSwNP is a complex illness, some aspects such
as low drug responses, local aggressiveness, and high rate of
recurrence after surgery are observed in an overwhelming
majority of patientswith this disease.11 In addition, there is a
specific endotype of patients with CRSwNP, named as aspi-
rin-exacerbated respiratory disease (AERD), which presents
not only severe asthma and recurrent nasal polyposis, as well
as an exacerbated airway response following ingestion of
aspirin or other nonsteroidal anti-inflammatory drugs
(NSAIDs) that inhibit cyclooxygenase-1 (COX-1).1,11

In terms of clinical treatment modalities, in a general way,
the treatment aims to promote the reduction of the chronic
inflammatory process by the use of anti-inflammatory and
immunomodulatory agents.6However, new therapeuticmo-
dalities that act directly on mechanical dysfunction have
been suggested, mainly trying to increase interstitial hydro-
static pressure.12,13

By the way, studies reported that the presence of mesen-
chymal stem cells in the polypoid tissue was associated with
a decreased number of inflammatory cells and proinflam-
matory interleukins, as well as increased regulatory T-cells
and interleukin-10 (IL-10), which consequently led to the
reduction of the chronic inflammatory process.14,15 In addi-
tion, it was demonstrated that nasal polyp-derived mesen-
chymal stem cells presented decreased expression of
immunoassociatedmolecules, but presented overexpression
of progenitor genes when compared with bone marrow-
derived mesenchymal stem cells,16 which may be associated
with the altered remodeling process. Among the gene over-
expressed by the nasal polyp-derived mesenchymal stem
cells was the CD133 (prominin-1),16 a pentaspan membrane
glycoprotein1, widely expressed by the progenitor cells.17,18

Beyond a well-known stem cell marker, studies have
demonstrated that CD133 is involved in cell growth and
self-renewal, tissue repair, regeneration, remodeling, resis-
tance, metabolism, differentiation, autophagy, and apopto-
sis, especially, in terms of tumor tissue.19–23 Other studies
evaluated the role of bone marrow-derived CD133þ stem
cells in the regeneration of ischemic heart tissue,24,25 and in
endstage liver disease,26 with promising results. Further-
more, the presence of CD133þ bone marrow-derived
stem/progenitor cells was associated with increased levels
of cytokines associated with Th1 immunological profile.26,27

Based on these pieces of information, studies aiming to
evaluate the presence of CD133 in nasal polypoid tissue from
individuals with chronic rhinosinusitis clearly could amplify
theknowledgeof themechanisms involved in thedevelopment
of nasal polyposis. Therefore, in the present study, we aimed to
evaluate the levels of CD133 in nasal polypoid tissue from
individuals with chronic rhinosinusitis comparedwith healthy
nasal tissue, as well as its correlation with two well-known
cytokines involved in CRSwNP, such as IL-8 and also TGF-β1.

Methods

Study Subjects
A total of 74 subjects (mean age: 52.3�12.7 years old) were
enrolled in the present study. All volunteers were recruited
from a primary health care program belonging to the De-
partment of Otorhinolaryngology and Head and Neck Sur-
gery of the Federal University of Sao Paulo. The participants
were separated in two groups: control group, composed by
healthy subjects; and chronic rhinosinusitis with nasal pol-
yps (CRSwNP), diagnosed in accordance with the 2020
European position paper on Rhinosinusitis and Nasal Polyps
(EPOS 2020).2 It is worth to highlight that 12 patients in the
CRSwNP group presented comorbid asthma and aspirin
intolerance (diagnosed through medical history). Therefore,
the volunteers of the CRSwNP groupwere separated into two
subgroups: without aspirin intolerance (CRSwNPnonAI) and
with aspirin intolerance (CRSwNPAI) (►Table 1).

All the procedures and laboratory experiments agreedwith
Ethical Standards and also with the Declaration of Helsinki.28

All the volunteers signed the informed consent previously
approved by the Research and Ethic Committee of the Federal
University of Sao Paulo (number 79787817.3.0000.5505).

Nasal Tissue Samples
Nasal tissue samples from the CRSwNP group were obtained
by nasal polypectomy, and from the control group by septo-
plasty and turbinoplasty of patients with nasal obstruction
due to septal deviation and pneumatized middle turbinate
(concha bullosa), respectively.

All nasal tissue samples were resected under strict aseptic
technique during surgery at Federal University of Sao Paulo.
Freshly obtained nasal tissueswereweighed and divided in 2
portions: one was fixed using 10% acetaldehyde and was
maintained for 24 hours at room temperature; the other

Table 1 Demographics of the study population

Control CRSwNPNonAI CRSwNPAI

Patients (n) 35 27 12

Male, n (%) 15 (42.85) 6 (22.22) 9 (75)

Aspirin
intolerance,
n (%)

0 (0) 0 (0) 12 (100)

Abbreviations: CRSwNPNonAI, chronic rhinosinusitis with nasal polyps
without aspirin intolerance; CRSwNPAI, chronic rhinosinusitis with nasal
polyps with aspirin intolerance.
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portion was mixed with lysis buffer (PBSþ0.2% Tween-20)
containing protease inhibitor (Merck, Darmstadt, Germany)
at a ratio of 3μL buffer/μg of nasal tissue and stored at - 80°C.

Nasal Tissue Homogenate
All nasal tissue portions mixed with lysis buffer were me-
chanically submitted to homogenization (Tissue Ruptor,
QIAGEN, USA) at a speed of 10,000 rpm until complete
dissociation. After that, the samples were placed on ice for
30minutes and were centrifuged at 10,000g and 4°C for
10minutes. The supernatant was collected, aliquoted, and
stored at -80°C.

Nasal Tissue Histology
The nasal tissue portions previously fixedwere embedded in
paraffin, and 4-μm-thick sections were obtained using a
microtome. All sections were affixed onto Superfrost Plus
glass slides (Menzel Glaser, Braunschweig, Germany) and
were dried at 60°C for a few hours. For deparaffinization, the
slides were washed successively in xylene (3 times for
10minutes), 100% ethanol (2 times for 5minutes), 90%
ethanol (2 times for 5minutes), and 70% ethanol (2 times
for 5minutes). The nuclei were stained with alum hematox-
ylin (Lillie–Mayer solution) for 5minutes and rinsed in
running tap water. Differentiation was performed with
0.3% acid alcohol, and sections were rinsed again in running
tap water and, subsequently, in Scott tap water substitute
(sodium hydrogen carbonate 10 g, magnesium sulfate 100 g,
distilled water 5 L).

After being rinsed in tap water, the sections were stained
with eosin solution (1% eosin Y 400mL, 1% aqueous phloxine
40mL, 95% alcohol 3100mL, and glacial acetic acid 16mL) for
2minutes, then they were dehydrated and cleared.

Histological examination was performed by a pathologist
through a Leica DM2000 binocular microscope at 400x
magnification. The absolute number of eosinophils per
high-power field (HPF) was counted in an average of 10
fields of view selected from themost inflamed area of tissue.

Determination of Cytokines and CD133 in Nasal Tissue
Homogenate
Cytokine concentrations of IL-8 and TGF-β1 (R&D Systems,
Minneapolis, Minnesota, USA), and of CD133 (Elabscience,
Houston, Texas, USA) protein were determined in nasal
tissue homogenate by ELISA commercial kit following the
guidelines of the manufacturer. Cytokines and CD133 con-
centrations were normalized by the total content of protein,
determined by the Bradford method29.

Statistical Analysis
The analyses were performed using PASW Statistics for
Windows, version 18.0 (SPSS Inc., Chicago, IL, USA), and
the significance level was set at p<0.05. The Kolmogorov–
Smirnov test and also the Levene test were used to assess the
normality of distribution. As the data showed a non-normal
distribution, the Kruskal-Wallis test was used to evaluate the
occurrence of statistically significant differences between
the volunteer groups.

Result

Eosinophil Infiltration on Nasal Tissue
As shown in ►Fig. 1, none of the volunteers in the control
group showed eosinophil infiltration in the nasal tissue,
whereas 73% of the volunteers in the CRSwNP group showed
>10 eosinophils per HPF, 18% showed 5 to 10 eosinophils per
HPF, and 9% showed<5 eosinophils per HPF.

Levels of CD133, TGF-β1and IL-8 in Nasal Tissue
Homogenates
►Fig. 2 shows higher levels of CD133 (►Fig. 2A) in the nasal
tissue homogenates from the control group than in the
CRSwNPnonAI group (p¼0.023). In relation to TGF-β1 levels
(►Fig. 2B), higher levels of this cytokine were found in the
control groupwhen comparedwith the values observed in the
CRSwNPnonAI group (p¼0.017) and in the CRSwNPAI group
(p¼0.04). Similarly, as with CD133 and TFG-β1, the IL-8 levels
(►Fig. 2C) were significantly higher in the control groupwhen
compared with the values found in the CRSwNPnonAI
(p<0.001) and in the CRSwNPAI (p<0.001) groups.

Correlations between the Levels of CD133 and TGF-β1
or IL-8 in Nasal Tissue Homogenates
As shown in ►Table 2, significant positive correlations
between CD133 and TGF-β1 were found in all volunteer
groups. In relation to the correlation between CD133 and
IL-8, we found a positive correlation between these mole-
cules only in the control group (►Table 2).

Discussion

The results obtained in the present study showed for thefirst
time that nasal tissue presenting chronic rhinosinusitis with
nasal polyposis but without asthma and aspirin intolerance,
demonstrates a significant reduction of the levels of CD133,
TGF-β1 and IL-8 when compared with healthy nasal tissue

Fig. 1 Eosinophil count per high-power field in the nasal polyposis (all
cases) group.
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(control group). Interestingly, the CRSwNPAI group showed
reduced levels of TGF-β1 and IL-8 comparedwith the control
group, whereas the CD133 levels did not show a significant
difference when compared with the other volunteer groups.
Concerning the correlation analysis, significant positive cor-
relations were found between the levels of CD133 and TGF-
β1 or IL-8 in the control group, whereas the groups present-
ing chronic rhinosinusitiswith nasal polyposis showedonlya
positive correlation between CD133 and TGF-β1.

According to the literature, the expression of CD133 by
stem cells has been involved in tissue regeneration, repair,
and growth,24,25 as well as in immunosuppressive situations
and environments, such as in tumor microenvironments.30

Based on these properties, the role of CD133 in the patho-
genesis of chronic inflammatory diseases, especially when
an altered tissue remodeling represents an essential charac-
teristic for its development, such as in the nasal polyposis,6–8

needs to be evaluated.
In this respect, our group previously demonstrated that

CD133 expression in polyp-derived mesenchymal stem cells
was higher than in bonemarrow-derivedmesenchymal stem
cells.16However, as mentioned above, in the present study, a
lower CD133 level was found in the homogenate from the
nasal tissue of the CRSwNPnonAI group in comparison with
the values observed in the control group. Despite the appar-
ently opposite results, it is worth mentioning that, in the
previous study,16 the analysis of CD133 expression was
performed in one isolated cell-type from nasal polyposis
and not in the nasal tissue presenting or not polyposis. Here,
instead of analyzing CD133 expression, we aimed tomeasure
the concentration of the CD133 protein in nasal tissue to
evaluate its role in nasal polyposis.

The observation that the CRSwNPnonAI showed reduced
CD133 levels can lead us to suggest that the chronic inflam-
matory response associatedwith polyposis acts by inhibiting

CD133 production, in order to maintain an inflamed micro-
environment. In addition, the similar CD133 levels found in
the control group and in the CRSwNPAI group can reinforce
our suggestion described above, since that, in the polyposis
group, the therapy based on the use of intranasal cortico-
steroids, which is considered the first-line therapy, not only
can act tominimize the local inflammatory response but also
induces CD133 production.31

Regarding the induction of CD133 expression, it has been
shown that TGF-β1, a pivotal molecule involved both in the
remodeling and immunoregulation process, can regulate
CD133 expression through the demethylation of the CD133
gene promoter P1.19 In addition, it was also reported that
CD133þ cells could also increase TGF-β1 activity via integrin
molecules.32 Thus, CD133 and TGF-β1 are closely associated.
Corroborating these pieces of information, and also in agree-
ment with the literature,8 we observed a significant reduc-
tion of TGF-β1 levels in nasal tissue homogenates from both
volunteer groups with nasal polyposis. In addition, our
results of a positive correlation between these molecules
observed in the three volunteer groups can putatively rein-
force the proposal that these molecules act together in many
situations and sites, including in the nasal tissue.

It is widely accepted that TGF-β1 plays a relevant role inT-
cell maturation and differentiation, depending on the cyto-
kines present in the inflammatory milieu.33–35 For instance,
the presence of TGF-β1 and IL-2 prompts differentiation into
Treg cells;35 with interleukin-4 (IL-4) there is differentiation
into Th9 cells;33 and its association with interleukin-6 (IL-6)
and interleukin-21 (IL-21) leads to the differentiation into
Th17 cells.36 Furthermore, it is well-known that TGF-β1 is
capable of inhibiting both Th1 and Th2 cell differentiation.

In relation to CRSwNP, depending on the inflammatory
pathophysiology, three different endotypes have been
reported: (1) Th1 profile, which, in general, is associated

Fig. 2 Levels of cytokines in nasal tissue homogenates. Abbreviations: CRSwNPNonAI, chronic rhinosinusitis with nasal polyps without aspirin
intolerance; CRSwNPAI, chronic rhinosinusitis with nasal polyps with aspirin intolerance.

Table 2 Correlations between the levels of CD133 and TGF-β1 or IL-8 in nasal tissue homogenates

Groups Control (n¼ 35) CRSwNnonPAI (n¼ 27) CRSwNPAI
(n¼ 12)

Variables TGF-β1 IL-8 TGF-β1 IL-8 TGF- β1 IL-8

CD133 r¼0.466;
p¼0.04

r¼0.725;
p<0.0001

r¼0.909; p
<0.0001

r¼ 0.403;
p¼0.063

r¼ 0.905; p< 0.0001 r¼ 0.274; p¼0.229

Abbreviations: CRSwNPAI, chronic rhinosinusitis with nasal polyps with aspirin intolerance; CRSwNnonPAI, chronic rhinosinusitis without nasal
polyps with aspirin intolerance; IL-8, interleukin-8; TGF-β1, transforming growth factor β1.
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with predominant neutrophil infiltration and increased
levels of IL-2, interferon (IFN), and tumor necrosis factor-a
(TNF-a); (2) Th2 profile, which is mainly characterized by
increased eosinophil infiltration and higher levels of IL-4,
interleukin-5 (IL-5), IL-10, interleukin-13 (IL-13), and im-
munoglobulin E (IgE); and (3) Th17 profile, which is associ-
atedwith increased expression of IL-6, interleukin 17 I(L-17),
interleukin-22 (IL-22), and TNF-α.37

Based on these pieces of information, the prominent nasal
tissue eosinophil infiltration found in the CRSwNP groups
(91%) allows us to suggest that a Th2 profile was predomi-
nant in these groups. Therefore, the reduced levels of TGF-β1
and of other cytokines related to other Th-cell phenotypes,
such as interleukin-8 (IL-8) and interleukin 12 (IL-12), which
are related to the Th-1 profile, in these volunteer groups,
were an expected finding.

In relation to IL-8, a proinflammatory cytokine, it iswidely
accepted that it acts as a chemoattractant molecule, espe-
cially for neutrophils.38,39 It has been reported that this
cytokine can be locally produced by nasal fibroblasts40

and, as described above, depending on the context, may be
involved in the neutrophil infiltration found in Th-1 pheno-
type-derived nasal polyposis. Therefore, the reduced IL-8
levels found in the nasal tissue homogenate from both
CRSwNP groups corroborate our data that a Th-2 phenotype
was predominant in these groups. Beyond its chemoattrac-
tant action, IL-8 also is involved in the angiogenesis pro-
cess.39 By the way, it has been reported that CD133 can
induce IL-8 expression, leading to increased angiogene-
sis.27,41 This data can support our observation of a positive
correlation between CD133 levels and IL-8 found in the
control group. Interestingly, both CRSwNP groups with nasal
polyposis did not show the same correlation, showing that
polyposis development disturbs the close relationship be-
tween these molecules.

Conclusion

In conclusion, in the present study, we were able to demon-
strate, for the first time, that nasal mucosa presenting
polyposis has a significant reduction of CD133 levels, and
also that this reduction was significantly correlated with the
reduction of TGF-β1 levels, but not with the reduction of IL-8
levels. These findings, in associationwith the presence of the
Th-2 phenotype, reinforce the knowledge that the develop-
ment of CRSwNPmayaffect the nasal tissue cytokine pattern,
and now CD133 levels, which consequently can putatively
influence in both inflammatory and remodeling processes
observed in nasal polyposis.
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