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Introduction: Nasal polyposis (NP) is a frequent problem during adulthood. Treatment of

NP is primarily based on drugs, such as oral or topical steroids and in some types, by surgery.

Despite of available therapeutic options for NP, recurrence after polypectomy is found.

Vascular endothelial growth factor (VEGF) is a known factor involved in NP.

Bevacizumab is a monoclonal antibody, which acts against VEGF.

Aim: Regarding the availability of bevacizumab and its use in ophthalmic off-label applica-

tion, in this study, we hypothesized that it could be a choice of non-invasive treatment. The

researchers aimed at evaluating the use of bevacizumab in vitro on the growth of NP.

Materials and methods: In this experimental study, the researchers used eight non-allergic

NP tissues from patients admitted for polypectomy clinic of Imam Reza Hospital, Mashhad.

Tissues were cultured in DMEM medium based on standard protocols in the presence or

absence of bevacizumab (10 to 250 μM) then incubated. The mean of the responses was

reported. The level of VEGF and MTT test for NP epithelial cell viability were determined

for each group. Data were analyzed using the SPSS software.

Results: The researchers demonstrated that bevacizumab leads to a decrease in the level of

VEGF (the most common cause of angiogenesis in NP) in media culture of NP, dose-

dependently (P<0.001). The highest mean was related to the 10-μM group and the least

mean was related to the 250-μM group. In MTT test after 5 days, it was shown that the

percentage of viable epithelial NP cells (due to apoptosis) was decreased dose-dependently

and could lead to resolving NP tissue (P<0.001), significantly.

Conclusion: This study showed that bevacizumab could help decrease the growth of NP

tissue dose-dependently in organ culture in vitro by inhibiting VEGF. It seems that bevaci-

zumab could be a good candidate for the treatment of non-allergic NP.
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Introduction
The prevalence of nasal polyposis (NP) during adulthood is between 1% and 4%

and in children, except in cases of cystic fibrosis, this is lower. It usually involves

patients between 30 and 60 years old and is two to four times more frequent in

males than females.1,2 Furthermore, NP is a chronic inflammatory disorder of nasal

and paranasal sinuses mucosal membrane with unknown etiology. It is character-

ized by inflammatory edematous mucus mass that makes a wide or narrow stalk.3–5
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NP tissue is covered by pseudo-stratified epithelium

except some parts, which had squamous cells and base-

ment membrane thickness.4 It is a multifactorial disorder

that is associated with infection, inflammation without

infection, and genetic and anatomic anomalies. There are

some conditions related to NP, such as allergic and non-

allergic rhinitis, fungal allergic sinusitis, aspirin intoler-

ance, asthma, Churg-Strauss syndrome, cystic fibrosis,

Kartagener syndrome, and primary ciliary dyskinesia.4 It

has been determined that eosinophil infiltration, fibronec-

tin expression, and edematous histology are associated

with the size of NP. It has been indicated that eosinophil

and fibronectin interaction may have a role in edema

formation and lead to the growth of NP.6 Moreover, vas-

cular endothelial growth factor (VEGF) is severely

increased in NP mucosa.7 Precursor mRNA of tumor

growth factor (TGF) and fibroblast growth factor (FGF)

are increased in NP tissues. Immunohistochemistry analy-

sis indicated that TGF-β is accumulated in extra-cellular

matrix and NP stroma, beside eosinophils.8 It has been

demonstrated that TGF-α, TGF-β, FGF, and epidermal

growth factor induced the expression of VEGF, which is

a known and strong factor in endothelial cell mitosis and

vascular permeability.9 In another study, it was shown that

in the nasal cavity, VEGF expression leads to angiogenesis

and an increase in the vascular permeability.10

Furthermore, NP treatment is primarily oral or topical

nasal steroids. Although in some cases that surgery is

necessary, aggressive medical treatment is needed before

and after surgery.11 The goal of treatment in NP is main-

taining ventilation and discharge of sinuses, beside pre-

venting its recurrence.4 Patients with abnormal endoscopic

findings are tended to recurrence and will need greater

surgical interventions in the future.3 Although there are

many available options for treatment of NP, about 40% of

patients that undergo polypectomy will encounter recur-

rence and need to re-surgery.2 It has been demonstrated

that VEGF has an important role in angiogenesis of nasal

polyp stalk.12 Bevacizumab (Avastin®) is a long-term

monoclonal antibody adjusted for humans and acts against

VEGF.13 It has been approved for colorectal neoplasm

treatment and is under-evaluation for breast and renal

cancers treatment.14,15 It has also been used successfully

for intra-vitreous injection to treat macular degeneration13

and proliferative diabetic retinopathy.16,17 This drug pre-

vents the connection to VEGF and interaction by its recep-

tors like KDR and Flt-1 in endothelial cells and prevents

angiogenesis.18

Regarding the high rate of NP recurrence after treat-

ment, using an alternative treatment with high efficacy that

can directly resolve the etiology of the disorder is neces-

sary. Considering the important role of VEGF in etiology

of NP formation, and no previous studies in this field, the

current research was intended to explore this subject.

Materials And Methods
This study was designed to assess the effect of bevacizu-

mab on the growth of NP culture.

Subjects
This research included patients, who were candidates for

polypectomy and excluded those who had previously used

intra-nasal corticosteroid, anti-histamine or anti-leukotriene,

and intra-nasal decongestant or anti-cholinergic agents 1

week before the surgery. The research also excluded

patients, who received intramuscular or oral steroid within

4 weeks before surgery, pregnant, and breastfeeding

women. Eight subjects with non-allergic nasal polyps were

recruited at the Department of Otorhinolaryngology,

Mashhad University of Medical Sciences Imam Reza

Hospital, Mashhad, Iran (Table 1). Individuals were diag-

nosed with nasal polyps based on the minimal criteria for

chronic rhinosinusitis with nasal polyps, according to stan-

dard criteria.19

Nasal polyps were removed by surgery from the mid-

dle meatus at the beginning. No patients had been treated

with steroids (systemic or topical), nonsteroidal anti-

inflammatory drugs, antihistamines or macrolide antibio-

tics for the 4 weeks prior to biopsy. Control nasal polyps

were matched by age and gender with same condition as

the intervention group.

Organ Culture Of Nasal Polyp
Nasal polyps were cultured using the air-liquid interface

method.20 Eight nasal polyps were cut using blades into

Table 1 The Demographic Data Of Patients

Variables

Age (years), mean±SD 45.5±7.63

Gender (male:female), frequency 5:3

Type of polyp

Asthma 2, 25%

Aspirin intolerance 1, 12.5%

Eosinophilic type 5, 62.5%
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small pieces (about 3 mm3) under sterile conditions and

passed through a fine wire mesh (pore size 0.9 mm3) to

obtain tissue fragments. They were weighted and washed

three times with phosphate-buffered saline containing

amphotericin (Fungizone, 2.5 µg/mL), streptomycin (100

U/mL), gentamycin (100 U/mL), and penicillin G (100 U/

mL) and then rinsed with 98% DMEM supplemented with

calf serum (10%) and gentamicin (20 µg/mL). Then, it was

incubated for 1 hr. To determine the effects of Avastin

(AryoGen Pharmed Co., Tehran, Iran) treatment on nasal

polyps, tissues were saturated for 1 hr in culture medium

(DMEM+10% calf serum+100 µg/mL gentamicin, fungi-

zone, streptomycin, and penicillin) in the presence or

absence of Avastin (10, 50, 100, 150, or 250 µM). Tissue

fragments were then placed on hydrated 1×1 cm gelatin

sponge with the mucosa facing upward and the submucosa

downward. Each sponge was placed in a 6-well plate

containing 3 mL of culture medium so that the mucosa

was above the liquid phase. The plates were then placed in

an incubator and maintained at 37°C in a 5% CO2 atmo-

sphere for 24 hrs. Avastin (10 to 250 µM) was added to

culture medium. Subjects were divided to six groups: 1)

non-treated group (nasal polyps were saturated for 1 hr in

culture medium and then organ-cultured for 24 hrs in

culture medium); 2) 10 µM Avastin-treated group; 3) 50

µM Avastin-treated group; 4) 100 µM Avastin-treated

group; 5) 150 µM Avastin-treated group; 6) 250 µM

Avastin-treated group. Five cultures were performed by

the samples in every group and the mean of results was

considered for the report.

Measurement Of VEGF
The levels of VEGF were determined using a VEGF human

ELISA kit (Cat. No. ab100663, Abcam, Cambridge, MA,

USA). The detection limit was 10 pg/mL.

MTT Assay
The tissue viability was assessed by measuring mitochon-

drial activity. Tissue (20 mg) was incubated for 3 hrs at

37°C with 2 mg/mL of MTT in DMEM. After removal of

the medium and washing with PBS, tissues were incubated

in 1 mL of Me2SO for 20 mins on a shaker to solubilize

the formazan product. The OD was then measured spectro-

photometrically at a 540 nm. The OD was converted to

percentage survival based on tissue before culture and

expressed as relative viability (relative viability (%)

=100×(OD of 20 mg of tissue after culture/OD of 20 mg

of tissue before culture)). For each experimental condition,

at least four experiments were performed using six repli-

cates per experiment.

Statistics
Data were reported as mean±SD. Statistical differences

were determined by ANOVA and Tukey’s test using the

SPSS software (ve.16; SPSS, Inc., Chicago, IL). P-values

less than 0.05 were considered a significant difference.

Ethics
This study was approved by the ethical committee of

Guilan University of Medical Sciences and ethical code

of 1930252812 was assigned. Written informed consent

was obtained from each patient. This study was conducted

in accordance with the Declaration of Helsinki.

Results
The current findings showed that bevacizumab led to a

decrease of VEGF level dose-dependently (P<0.001). The

highest mean level of VEGF was associated with 10-μM
group and the least was associated with the 250-μM group.

The mean of VEGF in every group is listed in Table 2 and

this dose-dependent effect is shown in Figure 1.

Table 3 demonstrates that the viable cell test by MTT

showed the percentage of viable cells due to apoptosis

after 5 days in isolated epithelial NP cells of different

groups.

As shown in the above table, by increasing the days of

study, the NP epithelial cells viability rate was decreased

and bevacizumab significantly lowered the number of NP

epithelial cells and improved the NP (P<0.001) (Figure 2).

Figure 3 shows the microscopic difference between

highest dose bevacizumab versus the control group.

Table 2 The Mean Vascular Endothelial Growth Factor Level In Different Groups

Group Control Avastin

10μg/mL

Avastin

50μg/mL

Avastin

100μg/mL

Avastin

150μg/mL

Avastin

250μg/mL

Mean VEGF level

(pg/mL)

285.3 243.1 198.4 161.3 58.5 49.8
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Discussion
To the best of the author’s knowledge, this is the first

study, in which the effect of off-label use of bevacizumab

was evaluated in the treatment of NP. This study showed

that bevacizumab markedly decreased the level of VEGF

and resolved the NP cells in vitro culture.

The VEGF role in the regulation of angiogenesis has

been the subject of intensive investigation over a decade.21

This not only leads to cellular growth, yet also prevents the

apoptosis of epithelial cells. It acts in a forward positive

route for automatic tuning by NP1 in non-neoplastic

epithelial cells of human primary airways.22

The VEGF is the most important driver of vascular

formation, as it is required to initiate the formation of new

blood vessels by angiogenic sprouting or vasculogenesis.

Furthermore, VEGF induces vascular hyper-permeability

and angiogenesis through two high-affinity receptors:

VEGFR-1, previously known as flt-1 (fms-like tyrosine

kinase-1), and VEGFR-2, previously known as flk-1

(fetal liver kinase-1) or KDR (kinase-insert- domain-con-

taining receptor).23,24 In nasal epithelial cells, VEGF can

be a helpful factor for detecting nasal disorders. The

function of VEGF can lead to an increase in hyperplasia

of epithelial cells. Soluble VEGF in nasal lavage in NP

increases and this increment is associated with the exis-

tence of NP.25 It has been demonstrated that VEGF is a

novel biomarker for chronic rhinosinusitis with hyperplas-

tic sinonasal polyposis that functions in an autocrine feed-

forward manner to promote nasal epithelial cell growth

and to inhibit apoptosis. It functions through neuropilin-1

on non-neoplastic primary human airway epithelial cells,

to amplify cell growth, contributing to exuberant hyper-

plastic polyposis.25

Bevacizumab (Avastin™, Genentech) is a humanized

monoclonal antibody targeting VEGF, a critical angiogenic

factor involved in both physiological and pathological

conditions. It has been approved by the US FDA as a

first-line therapy for widespread metastatic colorectal can-

cer. The mechanism of anti-tumor activity of bevacizumab

is most likely due to its anti-angiogenesis effect through

binding and neutralization of secreted VEGF.21 Currently,

bevacizumab is commonly used along with conventional

chemotherapy in first-line treatment of metastatic color-

ectal cancer; however, it is used with only modest

improvements in patient progression and overall survival

when compared to chemotherapy alone. Furthermore,

some patients do not benefit at all from this therapy.26 In

vitro study of bevacizumab in different cancers has been

performed and its effect through inhibition of VEGF was

found previously.26–29 One of its adverse effect is nasal

septum perforation, which should be considered.

Nasal application of bevacizumab is reported in limited

literature. In a clinical trial study, its nasal use at dose of

100 mg injected to nasal mucosa under sinus endoscopy

reduced epistaxis in hereditary hemorrhagic

telangiectasia.30 Some case reports indicated the use of

bevacizumab as nasal spray or topical bevacizumab for

epistaxis in hereditary hemorrhagic telangiectasia31–35 or

Rendu-Osler disease.36 In an in vitro study, trans-mucosal

bevacizumab transport through porcine nasal mucosa was

confirmed harmless for nasal mucosa and no harm in

histological assessment.37 In another clinical trial on epis-

taxis in hereditary hemorrhagic telangiectasia, a bevacizu-

mab nasal spray treatment of three administrations at

14-day intervals with doses of 25mg, 50mg, or 75mg per

Figure 1 Effects of different doses of Avastin on vascular endothelial growth factor

levels (measured by the ELISA method).

Table 3 Viable Cell Test By MTT In Different Groups

Group Control Avastin

10μg/mL

Avastin

50μg/mL

Avastin

100μg/mL

Avastin

150μg/mL

Avastin

250μg/mL

Day 1 3 5 1 3 5 1 3 5 1 3 5 1 3 5 1 3 5

Viability (%) 100 100 100 72 67 56 58 52 45 54 49 43 49 41 36 47 34 27
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spray, compared with a placebo did not diminish epistaxis

duration in the 3 repetitive months after the end of

treatment.38

However, there were no studies on its in vitro effect in

NP culture. This is the first one and recommended its off-

label use for topical treatment of NP. According to the

mechanism of the stalk of NP formation and the role of

VEGF, the current findings supported the base of study for

clinical trials in NP treatment. Due to available invasive

treatments of NP and high rate of its recurrence, finding an

effective therapeutic approach and lowering the size of NP

by apoptosis and inhibiting VEGF expression is necessary.

In previous studies in nasal application of bevacizumab,

tolerance of its intranasal route was reported excellent

after a 1-day nasal spray administration three times,

regardless of the dose. Moreover, there was no side effect,

such as nasal cartilaginous septum perforations.38 Topical

treatment by bevacizumab might be a replacement choice

for this disorder and decreases complications, cost of

patients, and health systems. However, this needs greater

explorations and clinical investigations.

The current study had some limitations: 1) we did not

evaluate other inflammatory indexes in the culture media;

2) assessment of sub-groups of VEGF could help find

mechanisms of the action of drug; 3) the researchers did

not evaluate immunohistochemistry of the samples.

Figure 2 Effects of different doses of Avastin on nasal polyp epithelial cells in MTT test. It showed the lowering cell viability in polyp cells and significant dose-dependent

decrease of volume of polyp size.

Figure 3 Control groups polyposis cell culture versus high dose of Avastin (250). The results showed a significant decrease of cell viability and deformation of nasal

polyposis epithelial cells.
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Conclusion
This study showed that bevacizumab could help decrease

the growth of NP tissue dose-dependently in organ culture

in vitro by inhibiting VEGF and decrease epithelial NP

cells survival. It seems that bevacizumab could be a good

candidate for the treatment of non-allergic NP. However,

performing clinical trials in human subjects should be

performed. The current data provide evidence of the ther-

apeutic effect of bevacizumab-treated NP cells by target-

ing VEGF for the first time.

Abbreviations
NP, nasal polyposis; VEGF, vascular endothelial growth

factor; TGF, tumor growth factor; FGF, fibroblast growth

factor; EGF, epidermal growth factor; flt-1, fms-like tyr-

osine kinase-1; flk-1, fetal liver kinase-1; KDR, kinase-

insert- domain-containing receptor.
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