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Abstract: The aim of the current study was to evaluate the expression levels of STAT6, VEGF and microvessel density
(MVD) score in nasal polyp tissues and to explore the underlying relationships during the pathogenesis of nasal polyps. 40
cases with surgical removal of nasal polyps were included, comparing with control group of 10 inferior turbinate mucosal
tissues resected from nasal septum deviation correction surgery, from the same time period. By immunohistochemistry, the
protein expression levels of STAT6, VEGF and MVD were determined. The results showed that the positive expression rate of
STAT6 in mucosal epithelium and glands of nasal polyp tissues was 70%, which was significantly higher than that in control
group (P < 0.01). The positive expression percentage of VEGF was 75%, which also higher than that in control group (P <
0.01). The MVD values in nasal polyp group was 22.67±7.54, while 7.04±2.63 in control group. The expression of STAT6 was
closely related with the expression of VEGF and MVD, increasing with the level of VEGF and MVD. In general, the
expression levels of STAT6, VEGF and MVD in nasal polyp group were increased and themselves were positively correlated,
indicating the significant importance in the development of nasal polyp.
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1. Introduction
The pathology of nasal polyp is a process of imbalance
between cell proliferation and apoptosis, which involves in
many cytokines [1]. Regulation the proliferation and
apoptosis of epithelial cells is a new way to control the
chronic inflammatory reaction process [2]. Signal transducer
and activator of transcription (STAT) proteins are
cytoplasmic proteins which can be activated to translocate to
nuclei to bind DNA. Thus, STAT proteins show both signal
transduction and transcriptional activity. Recently, STAT6,
one isoform of STAT proteins, not only plays an important
role in inflammatory regulation, but also in cell proliferation,
apoptosis and cancer [3-5]. Vascular endothelial growth
factor(VEGF), also called vessel pass factor (VPF), is a
glycosylated secreted polypeptide factor, and is the strongest,
most specific and important angiogenic factor [6]. By
binding to its receptors in vascular endothelial cells, VEGF

would induce cell proliferation, capillary formation and
increase vascular permeability. Human leukocyte antigen
CD34 is a specific marker for vascular endothelial cells,
expressed in hematopoietic progenitor cells, small vascular
endothelial cells, primitive mesenchymal cells and various
tumor stromal small vessels [7, 8]. CD34 antibody is usually
applied for the detection of microvessel density (MVD). The
expression of VEGF and CD34 have been reported in nasal
polyp, however, the role of MVD and the relationship of
STAT6 and VEGF in the development of nasal polyp remain
unknown. By immunohistochemistry, we detected the
expression of STAT6 and VEGF, the value of MVD in nasal
polyp tissues and analyzed the relationship between them.

2. Methods
2.1. Clinical Tissue Collection
Nasal polyp tissues (experimental group) were collected
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form 40 patients in the Department of Otorhinolaryngology,
The First Affiliated Hospital of Jinan University from Feb to
Dec 2015. 26 cases of male, 24 females; average age 38.7,
range 17 – 66 years old. Inferior turbinate mucosal tissues
(control group) were collected from 10 cases under nasal
septum deviation correction surgery within the same time
period; 6 males and 4 females; average age 35.3, range 18 –
56. All the tissues were split into 2 pieces, one for HE
staining for the detection of nasal polyp; the other was use
for immunohistochemistry staining.

images were analyzed by BI2000 software.

2.2. Immunohistochemistry

3. Results

Briefly, tissue sections were treated with hydrogen
peroxide to inactivate endogenous peroxidases. Antigen
retrieval was performed in a microwave in 10 mM citrate
buffer at pH 6.0. Sections were fixed with paraformaldehyde
followed by permeabilization and blocking. Sections were
then incubated with antibodies (VEGF, 1:100; CD34, 1:25;
STAT6, 1:50; all were purchased from Abcam) overnight at
4°C, and a secondary antibody was used to detect protein
expression, under a microscope (CH-30, Olympus). The

The staining results showed that STAT6 was expressed in
nasal polyp glands and mucosal epithelium, but also in
interstitial and infiltration of inflammatory cells. Most
positive signals were distributed in nuclei, few in
cytoplasmic. The positive staining rate of STAT6 was 70%,
with no signal in inferior turbinate tissues (Figure 1). The
expression of STAT6 was significantly higher than that in
inferior turbinate tissue (χ2 = 11.8, P < 0.01).

2.3. Statistical Analysis
All experiments were repeated at least three times, and the
results are presented as the mean ± SD. Analyses of
significance were performed using Student’s t-tests or oneway ANOVAs, followed by Bonferroni corrections. SPSS
20.0 software was used for statistical analyses. P < 0.05 was
considered statistically significant.

Figure 1. The expression of STAT6. (A) STAT6 in mucosal epithelium of nasal polyps. (B) STAT6 in glandular epithelium of nasal polyps. (C) STAT6 in inferior
turbinate tissue (low expression).

VEGF mainly expressed in endothelium, vascular
endothelial cells, glands, mucosal cells and interstitial
infiltration of inflammatory cells of nasal polyp tissues. Most
positive staining signals were shown in nuclei. The positive

rate of VEGF was 75%, with weak staining in inferior
turbinate tissue (Figure 2). The expression of VEGF was
significantly higher than that in inferior turbinate tissue (χ2 =
13.9, P < 0.01).

Figure 2. The expression of VEGF. (A) VEGF in mucosal epithelium of nasal polyps. (B) VEGF in glandular epithelium of nasal polyps. (C) VEGF in inferior
turbinate tissue (low expression).
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CD34 in nasal polyp showed microvascular morphology
(Figure 3): the expression of CD34 was mainly in
cytoplasmic, with weak staining in inferior turbinate tissue.
The morphology of microvascular was irregular, round or
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cord shaped, mostly CD34 positive staining. The MVD
values can be found in Table 1, the scores was 22.67 ± 7.54
in nasal polyp tissues and 7.04 ± 2.63 in inferior turbinate
tissues, showing significant difference (t=16.9, P < 0.01).

Figure 3. The expression of CD34. (A) CD34 in mucosal epithelium of nasal polyps. (B) CD34 in in inferior turbinate tissue.
Table 1. MVD score and expressions of STAT6 and VEGF in the nasal polyps and the inferior turbinate.
Group
Nasal polyps
Inferior turbinate

Case
40
10

STAT6 (case, %)
28(70%)
0

Then we analyzed the correlation between the expression
of STAT6 and VEGF in nasal polyps. Staining of STAT6 was
divided into 4 levels: (-), (+), (++), (+++). Staining of VEGF
was divided into 4 levels: 0, 1, 2, 3. According to KruskalWallis Test, the correlation was analyzed and showed in
Table 2.
Table 2. The correlation between the expression of STAT6 and VEGF in the
nasal polyps.
VEGF

Total

0
1
2
3
Total

11
8
12
9
40

STAT6
5
2
1
1
9

+
3
3
3
2
11

++
2
2
5
3
12

+++
1
1
3
3
8

χ2=11.3, P=0.038

4. Discussion
STAT6 was firstly identified in IFN induced gene
transcription. There are 5 important functional regions
located in STAT6: (1) C-terminal transcriptional activation
region; (2) Tyr641 is important for IL-4 induced STAT6
activation; (3) highly conserved SH2 domain, where IL-4
receptor binding to and the region for STAT6 dimers; (4)
DNA binding domain; (5) conserved N terminal region [9].
Human STAT6 located in 12q13-24 chromosomal region, is
one of the most potential candidate for the treatment of

VEGF (case, %)
30(75%)
1(10%)

MVD
22.67±7.54
7.04±2.63

allergic rhinitis and asthma [10]. Via the JAK/STAT pathway,
STAT6 regulates the expression of IL-3, IL-4 and IL-13,
which plays an important role in inflammatory response [11,
12], involving formation of inflammatory vessels, cell
proliferation, cell cycle and apoptosis. In the current study,
we found the high expression of STAT6 in nasal polyps and
glandular epitheliums. Thus, STAT6 may be critical for cell
proliferation and apoptosis inhibition of nasal polyps.
Two mechanisms were believed to be involved in VEGF
induced vascular formation: (1) as an endothelial cell
mitogen; (2) as a potent regulator of vascular permeability.
Under normal physiological conditions, angiogenesis is shut
down, with lower VEGF expressed [13]. With the increased
VEGF expression, vascular permeability is increasing, the
invasion of inflammatory cells, fibroblasts and endothelium
cells would induce the formation of granulation tissue.
Meanwhile, because of increased plasma extravasation,
extracellular matrix accumulation and tissue edema, local
increased force induces epithelial rupture, slowly forming
nasal polyps [14, 15]. In the current study, the positive
expression of VEGF in nasal polyps was 75%, while low
expression in inferior turbinate tissue, indicating the
important role of VEGF in the development of nasal polyps.
This is consistent with previous reports [16, 17]. CD34 is
expressed in the inner surface of vascular endothelium cells,
indicating the involvement of CD34 antigen in endothelium
adhesion and migration during the vascular formation. In the
current study, CD34 was positively expressed in nasal
polyps; and the MVD score was markedly higher than that in
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control group, suggesting obvious vascular hyperplasia in
nasal polyps. Accordingly, vascular formation is important
for the formation, development and recurrence process of
nasal polyps [14, 17]. Inducing neovascularization can
promote the formation of nasal polyps, which involved many
cytokines; and VEGF may be a critical one. Further, the
genetic expression of VEGF may be regulated by STAT
proteins [18]. STATs may function at the upstream of VEGF
to control its expression, which need further evidences.
In summary, we determined the relationship of STAT6,
VEGF and MVD score in nasal polyps, provided evidence
for the interaction between them in clinical specimens,
indicating the important roles in the development of nasal
polyps. However, the detailed mechanisms involving STAT6,
VEGF and MVD or other cytokines need to be further
explored.
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