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VEGF Background: Nasal inflammatory disorders such as chronic rhinosinusitis and na-
Nasal polyp sal polyp are among the most prevalent complications with high socioeconomic costs.
Chronic rhinosinusitis Vascular Endothelial Growth Factor (VEGF) plays a key role in angiogenesis and cell
proliferation. In the present study the effect of VEGF on the development and progno-
sis of chronic rhinosinusitis and nasal polyp was investigated.

Methods: This cross sectional study was performed on the nasal histological spec-
imens of two groups of patients suffering from nasal polyp or chronic rhinosinusitis,

and the expression of VEGF in the two groups was compared immunohistochemi-

ARTICLE INFO cally. Based on the percentage of VEGF-positive cells the specimens were classified

into four scores. Furthermore, the relations between the VEGF expression and some

Received 17 Mar 2015: demographic characteristics were evaluated.

Results: The VEGF immunohistochemistry findings indicated a significantly
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higher expression of VEGF in nasal polyp group compared to chronic rhinosinusitis
without nasal polyp group. In terms of VEGF-expression scoring, in both groups most
of the specimens were classified as score-2, namely indicating 10-50% of VEGF-pos-
itive epithelial cells. In both groups no significant relation between VEGF expression
and age or sex of the patients could be seen.

Conclusion: Local modulation of VEGF expression might be taken as a putative
therapeutic strategy in management of sinunasal inflammatory disorders, especially
nasal polyps.
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Introduction

The coexistence of rhinitis and sinusitis is
called rhinosinusitis defined as inflammation of
the nose and paranasal sinuses with two or more
of the following symptoms: nasal congestion or
blockade, anterior or posterior nasal discharge,
facial pain or pressure, reduction or loss of smell,
and complementary endoscopic signs and CT
changes. The ostiomeatal complex plays a fun-
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damental role in the pathogenesis of rhinosinus-
itis (1). If rhinosinusitis persists for more than 12
weeks, it would be classified as chronic rhinosi-
nusitis (CRS) (2), which can be the consequence
of epithelial damage and activation of immunity
(3). Nasal polyps (NPs) are grape-like structures,
consisting of loose connective tissue, oedema, in-
flammatory cells, glands and capillaries, and are
usually covered with respiratory pseudostratified
epithelium and goblet cells, and include many
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inflammatory cells such as neutrophils, mast
cells, plasma cells, lymphocytes, monocytes, fi-
broblasts, and specially eosinophils as the most
common cells (1). NP can be associated with al-
lergy, asthma, aspirin sensitivity, cystic fibrosis
and infection (4)

Since it is impossible to differentiate between
NP and CRS, they are often taken together as one
disease entity (5), and NP is considered a sub-
group of CRS. It is unknown whether chronic rh-
inosinusitis, gives rise to polyp growth, or these
two conditions happen independently. However,
for clinical purposes, these pathological nasal
conditions can be differentiated as acute rhino-
sinusitis (ARS), chronic rhinosinusitis with Na-
sal Polyp (CRSwWNP) and chronic rhinosinusitis
without Nasal Polyp (CRSnNP).

CRS can be accompanied with or without na-
sal polyps (NP), which although similar in their
symptoms, follow different inflammatory pat-
terns (2), and are different at molecular and cel-
lular level. Due to the insufficient phenotypic
differentiation of different types of CRS, it is
necessary to differentiate between them by cel-
lular and molecular markers (6), which can be
useful to better predict the patient prognosis and
to develop new effective therapies.

CRSwNP is characterized by neutrophil infil-
tration, increased fibrosis, and collagen deposi-
tion in the stroma and a slightly thickened base-
ment membrane; whereas CRSnNP is defined by
extensive leukocyte infiltration with overt pres-
ence of pseudocysts, albumin accumulation and
edema, decreased collagen in stroma, thickened
basement membrane and significant epithelial
alterations (7). The two types of CRS with and
without NP not only have different inflammatory
patterns, but also it seems that they show differ-
ent responses to treatment, namely CRSwNP
tend to react better to nasal and systemic corti-
costeroids (8), whereas in the case of CRSnNP,
long-term therapy with macrolides can be more
effective (9).

Vascular endothelial growth factor (VEGF),
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a ~45 kDa dimeric heparin-binding glycoprotein
with pro-oedematous and angiogenic proper-
ties, plays a key role in angiogenesis and vessel
remodeling. VEGF specifically binds to high-
affinity receptors with tyrosine kinase activity.
VEGF induces endothelial cell proliferation and
increases vascular permeability and is involved
in wound healing, tumour growth, and chronic
inflammation (10). VEGF through inducing vas-
cular hyperpermeability, edema and angiogen-
esis (11), can play a key role in pathogenesis of
inflammatory disorders such as nasal polyp (10).
In the present study, by comparison of VEGF
expression in NP and CRSnNP, its worth as a
useful biomarker in diagnosing different types of
inflammatory nasal disoreders was investigated.

Materials and Methods

This cross sectional study was performed ac-
cording to the ethical guidelines of Shahed Uni-
versity Research Ethics Committee, on patholog-
ical specimens of 103 patients having CRSwNP
and 30 patients suffering from CRSnNP.

All patients underwent endoscopic endona-
sal surgery, and a sample of excised tissue was
prepared for histopathological investigation. The
samples with a diagnosis of malignancy as well
as congenital angiogenic pathological condi-
tions were excluded from the study. The tissue
samples were fixed in formaldehyde, embedded
with paraffin and 3 um sections were obtained.
From all specimens one section was stained with
hematoxyline & eosine to confirm the pathologi-
cal characteristics, and another section was pre-
pared for immunohistochemical investigation of
VEGF.

VEGF immunohistochemistry
Following deparaffinization and rehydration,
the sections were exposed to 3% peroxide hydro-

gen in methanol for 10 min. To retrieve the anti-
gen, the sections were put in buffer citrate (pH:6)
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and placed in a microwave autoclave adjusted
to 126 °C and 15 atmospheric compression for
1 min. Then the sections were washed by TBS
(pH: 7.2-7.6), and were exposed to peroxidase
and protein blocking solutions, each for 5 min.
At the next stage the samples were covered with
anti-VEGF-antibody (Novocastra/UK) for 1 h
at room temperature, and then placed in post-
primary blocking solution for 30 min. Then the
sections were incubated with polymer solution of
secondary antibody for 30 min and washed with
TBS. Finally the samples were covered for 5 min
with diaminobenzidine (DAB) as chromogen
and counterstained with hematoxyline for about
30 sec.

At the end, the sections were mounted and
under a light microscope the percentage of
VEGF-positive epithelial cells were calculated
and scored by a semiquantitative scale: No posi-
tive cells was considered as score-0, and less
than 10%, 11-50%, and more than 50% positive
cells were regarded as scores 1, 2 and 3, respec-
tively. Furthermore based on the percentage of
the VEGF-positive cells, with a cutoff point of
10%, the specimens were divided into negative
(less than 10% positive cells) and positive states
(more than 10% positive cells). The demographic
data of the patients were also gathered and ana-
lyzed in both groups.

Statistical analysis

The obtained data were analyzed by statistical
tests Chi-square, Mann-Whitney, Sperman, one-
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way ANOVA and t-test, and P<0.05 was consid-
ered significant.

Results

This study was performed on 133 patients, 103
with NP and 30 cases suffering from CRSnNP. In
both groups the percentage of male and female
patients was almost the same (Table 1).

In the NP-group, the youngest and oldest
patients were 19 and 88 yr old, whereas in the
CRSnNP-group these values were 18 and 60 yr.
Table 2 summarizes the mean and standard de-
viation of the age of patients in the two groups
and the total values.

The four immunohistochemically VEGF-pos-
itivity-scores, did not show equal prevalences. In
both NP and CRSnNP groups, most of the cases
showed the score-2 (87.4% of NP-group and
66.7% of CRSnNP-group), whereas no score-0
could be identified in each of the groups. 5.8% of
NP-group and 33.3% of CRSnNP-group showed
score-1. 6.8% of NP-group indicated score-3
whereas none of the CRSnNP-group showed
score-3 (Fig. 1). Chi-square test indicated sig-
nificant difference between two experimental
groups, in terms of VEGF-positivity-scoring
(P<0.001).

Based on the VEGF-positivity, the negative
(less than 10% positive cells) and positive (more
than 10% positive cells) states were calculated in
both groups. In NP-group 94.2% of cases were
estimated positive and only 5.8% were nega-
tive, whereas in the CRSnNP-group 66.7% were

Table 1
The prevalence and percentage of genders in both Nasal Polyp (NP) and Chronic Rhinosinusitis without Nasal Polyp (CRSn-
NP) groups.
Group Male Female Total
NP Number 64 39 103
Percentage 62.1 379 100
Number 19 11 30
CRSnNP
Percentage 63.3 36.7 100
Number 83 50 133
Total
Percentage 62.4 37.6 100

Vol.11 No.3, Summer 2016

IRANIAN JOURNAL OF PATHOLOGY



234 Expression of Vascular Endothelial Growth Factor in ...

Table 2

The mean and standard deviation of age of both Nasal Polyp (NP) and Chronic Rhinosinusitis without Nasal Polyp (CRSnNP)

groups in different genders.

Group Male Female
NP 46.95 £ 16.08 38.74 £ 14.9
CRSnNP 35.16 £ 10.36 39.64 £ 13.94
Total 4425+ 15.72 38.94 + 14.56
Table 3
Prevalence and percentage of VEGF scores in both Nasal Polyp (NP) and Chronic Rhinosinusitis without Nasal Polyp
(CRSnNP) groups
Group Score 0 Score 1 Score 2 Score 3 Sum
NP Number 0 6 90 7 103
Percentage 0 37.5 81.8 100 77.4
Number 0 10 20 0 30
CRSnNP
Percentage 0 62.5 18.2 0 22.6
Number 0 16 110 7 133
Total
Percentage 0 100 100 100 100
100
90
80
100%
70
& 60 80%
§ >0 m NP-group Eﬂ 60%
8 40 = 5
CRSnNP-group 5 40%
30 o
56 20%
10 0% —
0 || [ | positive negative
Score-0 core-1 Score-2 Score-3 VEGF-expression state
VEGF-positivity Scoring ENP-group ® CRSnNP-group
Fig. 1 Fig. 2

Percentage of different VEGF-positive scores, in both Nasal
Polyp (NP) and Chronic Rhinosinusitis without Nasal Polyp
(CRSnNP) groups

positive and 33.3% were negative (Fig. 2). These
data suggest that in the NP-group compared to
CRSnNP-group, significantly more cases were
positive. Statistical analysis by Mann-Whitney
test indicated a significant difference in VEGF
expression between NP and CRSnNP groups
(P=0.005).

Besides, the prevalence and percentage of
all VEGF scores in both groups were calculated
(Table 3), and analyzed by chi-square test, which
indicated a significant relation between the two
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Percentage of cases of both Nasal Polyp (NP) and Chronic
Rhinosinusitis without Nasal Polyp (CRSnNP) groups, de-
fined as positive or negative VEGF-expression states, with
the cutoff point of 10% positive cell

experimental groups in terms of VEGF-expres-
sion scoring (P<0.001).

Chi-square test indicated no significant dif-
ferences between gender and VEGF scoring
(P=0.422), as well as between gender and VEGF-
expression state (P=0.993), which proposes that
gender had no significant effect on VEGF expres-
sion. Furthermore, ANOVA test showed no signif-
icant relation between age and VEGF-positivity
scoring (P=0.461), t-test showed no significant
relation between age and VEGF-expression state
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(P=0.679), and finally the results of Spearman
test also could not show any significant correla-
tion between age and percentage of VEGF ex-
pression (P=0.3). All of the following statistical
results indicated that age too, had not any signifi-
cant effect on VEGF expression.

Discussion

The findings of our VEGF immunohistochem-
istry study on the histopathological samples of
nasal mucosa indicated that in the NP specimens
the expression of VEGF was significantly high-
er than in the chronic rhinosinusitis without NP
samples. In terms of VEGF-expression scoring,
in both groups most of the specimens were clas-
sified as score-2, namely indicating 10-50% of
VEGF-positive epithelial cells. Investigating the
demographic data indicated no significant rela-
tion between VEGF expression and age or sex of
the patients in both groups.

In a study performed on 100 patients with NP,
the age range of patients was from 14 to 70 yr,
and 68% of patients were 20-50 yr old, and no
significant relation existed between sex of the
patients and the occurrence of NP (12). In an-
other study on forty-four patients suffering from
chronic rhinosinusitis and concomitant NP and
asthma, a significant relation between NP and
older age was characterized (P<0.01) (13).

The nasal epithelium acts as a physical and
immune barrier, and in the development of CRS
in addition to external risk factors, the epithelial
response is also important. Inflammatory stress
would induce injury of nasal epithelium, fol-
lowed by a rapid remodeling response including
epithelial hyperplasia, goblet-cell metaplasia,
loss of cilia, fibrosis, and basement membrane
thickening (14).

In patients with CRSwNP, nasal symptoms
such as impaired smell and nasal discharge are
more common, whereas patients suffering from
CRSnNP more often complain of facial pain.
However these two clinical conditions have
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many overlapping symptoms (15) which make
their distinction difficult. In spite of many stud-
ies performed on the nasal inflammatory com-
plications such as CRS or NP, the pathogenesis
of these ailments has not been clarified exactly.
The interaction of many genes and environmen-
tal factors may play key roles in the pathogenesis
of these disorders. Genetic and molecular path-
ways involved in pathogenesis and prognosis
of CRS, are going to be better understood. This
understanding can be helpful in establishment
and development of more effective therapeutic
strategies for CRS treatment. The expression of
involved genes in these inflammatory responses
can be used as a marker to define the pathophysi-
ological processes and/or the diagnostic and
therapeutic procedures. One of these biomarkers
is VEGF, which has been proved to be involved
in proliferative and angiogenic processes. Lee
and Kim examined the expression of members of
VEGEF genes and their receptors in cultured pri-
mary human nasal epithelial cells, and observed
abundant expression of different isoforms of
VEGF, which may function as additional path-
ways to promote growth of airway epithelial cells
during inflammation (16). Hu et al. studied the
expression of VEGF in a group of children suf-
fering from CRSwNP and another group having
CRSnNP, and indicated a significantly abundant
expression of VEGF within NP tissue compared
to CRS, and concluded that VEGF participates in
formation of NP by inducing plasma extravasa-
tion and angiogenesis (17).

VEGEF is one of the main angiogenic factors
essential for embryonic vasculogenesis and/or
angiogenesis (18), vascular permeability (19),
endothelial cell proliferation (20), tumor angio-
genesis (21), and is expressed in human tumors
including lymphoma (22). VEGF activates endo-
thelial cells through two main VEGF receptors:
VEGFR-1 and VEGFR-2; VEGFR-1 appears to
have both inhibiting and promoting roles in an-
giogenesis (23), whereas VEGFR-2 stimulates
mitosis and motility of endothelial cells (24). In
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addition to angiogenesis and edema, other basic
mechanisms of tissue homeostasis, such as pro-
liferation and apoptosis, might be involved in
nasal polyp formation and regulated by VEGF.
High levels of VEGF in polyps might activate
VEGFRs and downstream pathways, result-
ing in increased proliferation and decreased
apoptotic cell death, thereby promoting polyp
formation (25).

Conclusion

Parallel to the routine treatments, local modu-
lation of VEGF expression might be taken as a
putative therapeutic strategy in management of
sinunasal inflammatory disorders, especially na-
sal polyps.

Acknowledgements

This paper is the result of medical student the-
sis and has been financially supported by Shahed
Univesity. The authors declare that there is no
conflict of interests.

Conflict of interest

None of the authors have any conflict of inter-
est to disclose.

References

1. Fokkens WJ, Lund VJ, Mullol J, Bachert C, Alo-
bid I, Baroody F, et al. EPOS: European position paper on
rhinosinusitis and nasal polyps 2012. A summary for oto-
rhinolaryngologists. Rhinology 2012; 50: 1-12.

2. Kato A. Immunology of chronic rhinosinusitis.
Alergology Int 2015; 64: 121-30.

3. Anselmo-Lima WT, Sakano E, Tamashiro E,
Araujo E, Ortiz E, Pinna F. Rhinosinusitis: evidence and
experience. Braz J Orthorhinolaryngol 2015; 81 (Sup 1):
S1-S49.

4. Cingi C, Demirbas D, Ural A. Nasal Polyposis:

An Overview of Differential Diagnosis and Treatment. Re-

IRANIAN JOURNAL OF PATHOLOGY

cent Patents on Inflammation & Allergy Drug Discovery
2011; 5 (3): 241-252.

5.  Dykewicz MS, Hamilos DL. Rhinitis and sinus-
itis. J Allergy Clin Immunol 2010; 125(2): S103-S110.

6. Akdis CA, Bacher C, Cingi C, Dykewicz MS,
Hellings PW, Naclerio RM, et al. Endotypes and pheno-
types of chronic rhinosinusitis: a PRACTALL document of
the European academy of allergy and clinical immunology
and the American academy of alergy, asthma and immu-
nology. J Allergy Clin Immunol 2013; 131: 1479-90.

7. Van Bruaene N, Bacher C. Tissue remodeling in
chronic rhinosinusitis. Curr Opin Allergy Clin Immunol
2011; 11: 8-11.

8. Stjarne P, Blomgren K, Caye-Thomasen P, Salo
S, Soderstrom T. The efficacy and safety of once-daily mo-
metasone furoate nasal spray in nasal polyposis: a random-
ized, double-blind, placebo-controlled study. Acta Otolar-
yngol 2006; 126: 606—12.

9.  Wallwork B, Coman W, Mackay-Sim A, Greiff L,
Cervin A. A double-blind, randomized, placebo-controlled
trial of macrolide in the treatment of chronic rhinosinusitis.
Laryngoscope 2006; 116: 189-193.

10. Coste A, Brugel L, Maitre B, Boussat S, Papon
JF, Wingerstmann L, et al. Inflammatory cells as well as
epithelial cells in nasal polyps express vascular endothelial
growth factor. Eur Respir J 2000; 15 (2): 367-72.

11. Kaner RJ, Ladetto JV, Singh R, Fukuda N, Mat-
thay MA, Crystal RG. Lung overexpression of the vascular
endothelial growth factor gene induces pulmonary edema.
Am J Respir Cell Mol Biol 2000; 22: 657-64.

12. Thanigaimani GD, Dhanaram B, Vijayalakshmi
S. Histological analysis of Nasal Polyps in A Tertiary Hos-
pital. J Dent Med Sci 2015; 14 (6): 18-20.

13. Saikuniene J, Vaitkus S, Japertine LM, Ryskiene
S. Association of chronic rhinosinusitis with nasal polyps
and asthma: clinical and radiological features, allergy and
inflammation markers. Medicine (Kaunas) 2008; 44 (4):
257-65.

14. Li C, Shi L, Yan Y, Gordon BR, Gordon WM,
Wang DY. Gene Expression Signatures: A New Approach
to Understanding the Pathophysiology of Chronic Rhinosi-
nusitis. Current Allergy and Asthma Reports 2013; 13 (2):
209-17.

15. Dietz de Loos DAE, Hopkins C, Fokkens W1J.

Vol.11 No.3, Summer 2016



Symptoms in Chronic Rhinosinusitis with and without Na-
sal Polyps. Laryngoscope 2013; 123: 57-63.

16. Lee H, Kim J. Constitutive expression of vascular
endothelial cell growth factor (VEGF) gene family ligand
and receptors on human upper and lower airway epithelial
cells. Int Forum Allergy Rhinol 2014; 4 (1): 8-14.

17. Hu KH, Lee FP, Cheng YJ, Huang HM. Vascu-
lar endothelial growth factor and children featuring nasal
polyp. Int J Pediatr Otorhinolaryngol 2007; 71: 23-8.

18. Ferrara N, Carver-Moore K, Chen H, Dowd M,
Lu L, O’Shea KS, et al. Heterozygous embryonic lethality
by targeted inactivation of the VEGF gene. Nature 1996;
380:439-442.

19. Senger DR, Galli SJ, Dvorak AM, Peruzzi CA,
Harvey VS, Dvorak HF. Tumor cells secrete a vascular
permeability factor that promotes accumulation of ascites
fluid. Science 1983; 219: 983-5.

20. Connolly DT, Heuvelman DM, Nelson R, Olan-
der JV, Eppley BL, Delfino JJ, et al. Tumor vesicular per-
meability factor stimulates endothelial cell growth and an-
giogenesis. J Clin Invest 1989; 84: 1470-8.

21. Kim KJ, Li B, Winer J, Armanini M, Gillett N,
Phillips HS, et al. Inhibition of vascular endothelial growth

factor-induced angiogenesis suppresses tumour growth in

Vol.11 No.3, Summer 2016

Azizzadeh Delshad et al. 237

vivo. Nature 1993; 362: 841-4.

22. Ho CL, Sheu LF, Li CY. Immunohistochemi-
cal expression of basic fibroblast growth factor, vascular
endothelial growth factor and their receptors in stage IV
Non-Hodgkin lymphoma. Appl Immunohistochem Mol
Morphol 2002; 10: 316-21.

23. Rahimi N. VEGFR-1 andVEGFR-2: two non-
identical twins with aunique physiognomy. Front Biosci
2006; 11: 818-29.

24. Waltenberger J, Claesson-Welsh L, Siegbahn A,
Shibuya M, Heldin CH. Di!erent signal transduction prop-
erties of KDR and Flt1, two receptors for vascular endothe-
lial growth factor. J Biol Chem 1994; 269: 26988-95.

25. Fruth K, Zhu C, Schramek E, Angermair J, Kas-
sem W, Haxel BR, et al. Vascular Endothelial Growth Fac-
tor Expression in Nasal Polyps of Aspirin-Intolerant Pa-
tients. Arch Otolaryngol Head Neck Surg 2012; 138(3):
286-93.

How to cite this article:

Azizzadeh Delshad A, Jalali Nadoushan M, Davati A,
Rostami A. Expression of Vascular Endothelial Growth
Factor in Nasal Polyp and Chronic Rhinosinusitis. Iran J
Pathol. 2016; 11(3):231-7.

IRANIAN JOURNAL OF PATHOLOGY





