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Expression analysis of VEGFA, FGF2, TGFB1, EGF
and IGF1 in human nasal polyposis
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Abstract. A better understanding of the expression profile of
a group of angiogenic markers in nasal polyps (NPs) would
contribute considerably to the investigation of the formation
of NPs. The aim of this study was to evaluate the combined
mRNA expression of vascular endothelial growth factor A
(VEGFA), fibroblast growth factor 2 (FGF2), transforming
growth factor 31 (TGFB1), epidermal growth factor (EGF) and
insulin-like growth factor 1 (IGF1) in NPs obtained from 21
patients undergoing nasal polypectomy. Nasal mucosae were
obtained from the adjacent inferior turbinates (AIT) and middle
turbinates (AMT) of the patients, as well as from 11 control
subjects undergoing nasal corrective surgery. Analysis was
performed using real-time RT-PCR. VEGFA, TGFB1 and
IGF1 exhibited significant over-expression in the NPs
compared to the control turbinates, EGF did not exhibit
significant expression, and FGF2 presented constant over-
expression in the NPs compared to both the adjacent and
control turbinates. Since its mRNA levels were positively
correlated with all the corresponding levels of the rest of the
growth factors studied, TGF1 seems to be a key cytokine in
interactions between NP cells and the leading molecule of the
epithelial differentiation and tissue remodelling present in the
disease. Many correlations between the transcript levels of the
other growth factors arose in the NP group as well, supporting
a co-regulation of these genes in nasal polyposis. Our
conclusions were that that VEGFA and TGFR1 participate
significantly in the formation of NPs, whereas FGF2 and
IGF1 are implicated in nasal polyposis to a lesser, but still
significant, extent. EGF does not seem to be actively involved
in the NP evolution process.
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Introduction

Nasal polyps (NPs) are a common chronic disease of the nasal
or paranasal sinus mucosa characterized by proliferation of
the epithelial layer, glandular hyperplasia, thickening of the
basement membrane, edema, focal fibrosis and cellular
infiltration of the stroma layer (1). Most often they originate
from the middle meatus and the ethmoid sinus region of the
nasal cavity (2). Nasal polyposis is almost always present in
conjunction with chronic rhinosinusitis (CRS/NP) (3). The
molecular alterations required for NP development have been
under investigation only in recent years, and their molecular
structure is still not completely understood.

Angiogenesis is an important event during the neoplastic
process. This complex procedure, also known as neovascu-
larization, is essential for tissue development, wound healing
and reproduction (4), and is an indispensable requirement for
tumor progression, invasiveness and metastasis (5). Tumor
cells, as well as certain stromal cells such as macrophages,
mast cells and fibroblasts, are known to secrete a large number
of growth factors that activate neovascularization. However,
the balance between angiogenic enhancers and endogenous
inhibitors adjusts the angiogenic switch. Increasing evidence
implicates angiogenesis not only in tumor growth but also in
several chronic inflammatory disorders (6-8).

The induction of the angiogenic switch in several cancer
types has been mainly associated with vascular endothelial
growth factor A (VEGFA) and fibroblast growth factor 2
(FGF2) up-regulation, while transforming growth factor
(TGFB) has been recognized as a growth inhibitor (4,5).
Although the mechanisms leading to the growth of NPs are
unclear, the increased proliferation of epithelial cells,
endothelial cells and fibroblasts may play an important role
in the pathogenesis of NPs (9,10). Polypeptide growth factors
have been shown to stimulate cell growth in various in vitro
and in vivo systems. It has been reported that some growth
factors, including TGFB, platelet-derived growth factor,
insulin-like growth factor 1 (IGF1) and basic fibroblastic
growth factor (bFGF), may contribute to cellular proliferation
in NPs (11-13), thus no real-time RT-PCR experiments have
been conducted for the verification of their results. RT-PCR
is an established technique for quantifying mRNA expression
in biological samples. The benefits of this procedure over
conventional methods include its sensitivity, large dynamic
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Table I. Clinicopathological characteristics of patients and
control subjects.

Nasal polyps and Control
adjacent turbinates mucosae
Subjects (no.) 218 11
Sex (M/F) 15/6 9/2
Age (years) 512 334
Range 21-73 12-68
Current or recent 7/14 3/8
ex-smokers (yes/no)
Alcohol (yes/no) 6/15 4/7
Aspirin 5/16 11/0
tolerance/intolerance
Stage of nasal polyp
Grade I 3
Grade II 8
Grade IIT 10

range and potential for high, as well as accurate, quantification
output.

In order to investigate the significance of angiogenic
markers in NP formation, we evaluated the combined mRNA
expression of VEGFA, FGF2, TGFB1, epidermal growth
factor (EGF) and IGF1 in NPs in mucosae from the adjacent
inferior turbinates (AIT) and middle turbinates (AMT) of the
patients, as well as in control mucosae from the inferior and
middle turbinates (CIT and CMT) of healthy subjects, using
an RT-PCR assay with SYBR-Green I. We further examined
whether the mRNA expression profile of these genes is
correlated with the clinical stage of the disease and other
clinicopathological features.

Patients and methods

Patients. Biopsies of the NPs and mucosa from the AIT and
AMT were obtained from a total of 21 patients with CRS/NP
(15 men and 6 women; average age, 51.2 years; range, 21-73
years). In patients 1-4, no middle turbinate was ceded.
Following histopathological examination of the specimens, a
grading system was used for each nasal cavity: I, small polyps
located either in the middle meatus or superior to the middle
turbinate; II, polyps extending between the upper and lower
limits of the inferior turbinate; III, polyps reaching below the
lower limit of the inferior turbinate (Table I). Moreover,
patients were divided according to aspirin-tolerance (n=5) and
intolerance (n=16) on the basis of history. All patients suffered
from sneezing, rhinorrhea, headaches, nasal obstruction and
hyposmia or anosmia, and had undergone nasal polypectomy
at least once in the past. NP patients had not taken any drug
(topical or systemic corticosteroids) within 4 weeks of surgery.

Eleven subjects with nasal septum deformity (9 men and
2 women; average age, 36.8 years; range, 12-68 years) who
underwent nasal corrective surgery and had no history of nasal
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Table II. Primer sequences used for quantitative RT-PCR.

Amplicon
Sequence pair size

Primer (5'-39) (bp)

EGF CTTGTCATGCTGCTCCTCCTG 118
TGCGACTCCTCACATCTCTGC

FGF2 CTGGCTATGAAGGAAGATGGA 149
TGCCCAGTTCGTTTCAGTG

TGF31 AAGGACCTCGGCTGGAAGTGC 137
CCGGGTTATGCTGGTTGTA

VEGFA ATGACGAGGGCCTGGAGTGTG 91
CCTATGTGCTGGCCTTGGTGAG

IGF1 CCTCCTCGCATCTCTTCTACCTGC 166
TGCTGGAGCCATACCCTGTG

GAPDH GGAAGGTGAAGGTCGGAGTCA 101

GTCATTGATGGCAACAATATCCACT

or allergic symptoms of any nature served as our control group.
During these operations, a biopsy from the mucosa of the CIT
and CMT of each patient was acquired. No patient in this group
had received corticosteroids for at least 1 month before surgery.

All study groups were submitted to serum determination
of total IgE, specific IgE (RAST) and to hypersensitivity skin
tests for a number of allergens; patients with allergies or
asthma were excluded from the study. Clinical parameters
such as age, sex, smoking and alcohol habits were available
for all the patients and control subjects.

The Ethics Committee of the University of Crete approved
the present study and all participants (patients and control
subjects) were informed of its scope and gave their informed
written consent.

RNA extraction and reverse transcription. Total-RNA was
extracted from each specimen using a power homogenizer and
TRIzol® reagent (Invitrogen, Carlsband, CA) according to the
manufacturer's instructions. cDNA was synthesized using the
StrataScript reverse transcriptase kit (Stratagene, La Jolla,
CA) as previously described (14).

RT-PCR. Peptide growth factor mRNA expression was
measured using RT-PCR with SYBR-Green I. Primers were
designed to span introns. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as the internal control in
order to normalize VEGFA, TGFB1, FGF2, EGF and IGF1
expression levels. Specifically, 1 1l cDNA from NP, AMT,
AIT, CMT or CIT samples was amplified in a PCR reaction
containing 2X Brilliant SYBR-Green I QPCR Master Mix,
300 nM of each primer and 30 M ROX passive reference
dye, in a final volume of 20 ul. After an initial denaturation
at 95°C for 10 min, the samples were subjected to 40 cycles
of amplification comprised of denaturation at 95°C for 30 sec,
annealing at 60°C for 30 sec and elongation at 72°C for 30 sec,
followed by a melt curve analysis in which the temperature
was increased from 55°C to 95°C at a linear rate of 0.2°C/sec.
Data collection was performed during both annealing and
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Figure 1. Dissociation curves of (A) VEGFA, (B) TGFB1, (C) FGF2, (D) EGF, (E) IGF1 and (F) gel analysis of all the genes. Single peaks and bands of
representative samples prove the specificity of the amplification products, as well as the absence of any by-product or primer-dimer formation. The T, of each
amplification product is indicated with the dissociation peak. NTC, non-template control.

extension with 2 measurements at each step, and at all times
during the melt curve analysis. All PCR experiments were
conducted on the Mx3000P RT-PCR thermal cycler using
software version 2.0 (Stratagene). In order to verify the results
of the melt curve analysis, PCR products were analyzed by
electrophoresis in 2% agarose gel, stained with ethidium
bromide and photographed on a UV light trans-illuminator.
PCR product lengths for all the growth factors analyzed as
well as for GAPDH are depicted in Table II. In each PCR
reaction, 2 non-template controls were included.

All reactions were run in triplicate and peptide growth
factor transcript levels were calculated and normalized to each
specimen's housekeeping gene mRNA (GAPDH), as well as to
the appropriate calibrators, using the AACt method for relative
quantification. Specifically, after amplification, standard
curves were constructed from samples used in a series of
consecutive dilutions for both the gene of interest (GF) and
the internal control (GAPDH). Growth factor and GAPDH
amplification efficiencies were the same, reaching 100%.
NP, adjacent and control turbinate data were first normalized
against variation in sample quality and quantity. Normalized
values to GAPDH, ACts, were initially calculated using the
following equation: ACty,,. = Ctgp - Ctgappy. The AACt was

then determined using the formula AACt = ACty, - ACtuminae
and the expression of the normalized (to GAPDH) GF genes
in NP compared to the corresponding turbinate used as a
calibrator = 2-24¢t, A 2-fold increased (=2) or decreased (<0.5)
value compared to the calibrator was considered GF mRNA
over-expression or down-regulation, respectively.

Statistical analysis. Peptide growth factor mRNA levels were
first evaluated by the non-parametric Friedman's test for
several related samples, and by the Wilcoxon test for the
2-related samples test. The non-parametric Spearman rank
correlation was used to examine their relation pair-wise and
their association with continuous variables (age, stage of NP).
All statistical analyses were performed with SPSS 11.5 (SPSS,
Chicago, IL). Statistical significance was set at the 95% level
(P<0.05).

Results

This study was conducted in order to determine mRNA
transcription levels of VEGFA, TGFB1, FGF2, EGF and IGF1
peptide growth factors using the quantitative RT-PCR method
(Fig. 1).
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We initially calculated the normalized values of all target
genes to GAPDH for all tissues, NPs, AITs, AMTs, CITs and
CMTs, and compared the expression levels of GFs among
the different tissue groups. Following this analysis, we used
two approaches to estimate GF over- or under-expression in
NPs. We calculated the expression of the normalized (to
GAPDH) GF genes in NP compared to a) the corresponding
AIT and AMT, used as the first calibrator and b) the average
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Figure 2. mRNA levels of (A) VEGFA, (B) TGF81, (C) FGF2, (D) EGF and
(E) IGFI in the nasal polyps (NPs), adjacent inferior/middle turbinates
(AIT/AMTSs) and the control inferior/middle turbinates (CIT/CMTs). Relative
values of growth factor expression vs. GAPDH exhibited significant
differences with respect to tissue type (P<0.070 for VEGFA, P=0.005 for
TGFR1 and P<0.001 for IGF1, respectively; Friedman's test). Significant
differences, assessed by the Wilcoxon test for 2-related samples test, are
shown. Boxplots show the 25th, 50th (median) and 75th percentile values.
Whiskers show the minimum and maximum values.

normalized values of all CIT and CMT samples, used as the
second calibrator.

Expression levels. Regarding the expression levels of the
peptide growth factors in the tissues studied, VEGFA and
TGFRB1 were expressed in all the tissues. FGF2 was expressed
in 86% of NPs, 86% of AITs and 82% of AMTs. All CIT
and 90% CMT presented FGF2 expression. EGF exhibited
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Figure 3. X-fold change in expression levels of VEGFA, TGF1, FGF2, EGF
and IGF1 between the nasal polyp and adjacent (NP/AIT, NP/AMT) or control
(NP/CIT, NP/CMT) turbinates. VEGFA, TGF1, EGF and IGF1 mRNA
expression was significantly higher in NPs relative to control turbinates and
in NPs relative to adjacent turbinates. Values shown are the mean + SD.

expression in 66% of NPs, 74% of AlTs, 75% of AMTs and
in all control turbinates. Finally, IGF1 showed expression in
95% of NPs, 90% of AITs and in all AMTSs and control
turbinates.

According to the first part of our analysis, VEGFA, TGFf1
and IGF1 normalized mRNA expression levels presented
significant differences among the tissues studied (NP, AIT,
AMT, CIT and CMT) (P<0.070, P=0.005 and P<0.001,
respectively; Friedman's test) (Fig. 2), whereas EGF and FGF2
did not. The mean expression values for VEGFA, TGFf1 and
IGF1 were higher in the polyps compared to the CMTs
(P=0.026, P=0.010 and P=0.004, respectively; Wilcoxon test),
and compared to the CITs in the case of TGF1 and IGF1 only
(P=0.004 and P=0.003, respectively; Wilcoxon test). Of note,
TGFB1 mRNA levels were higher in the polyps compared to
just the AITs (P=0.040, Wilcoxon test). Moreover, the AITs
presented higher VEGFA, TGFB1 and IGF1 mRNA levels
than the corresponding CITs (P=0.062, marginal, P=0.050
and P=0.033, respectively), whereas the AMTs compared
to the CMTs presented significantly elevated levels of
VEGFA, TGF81 and IGF1 (P=0.010, P=0.021 and P=0.004,
respectively). FGF2 and EGF presented similar expression
levels among all the tissues.

In the second part of our analysis, we estimated GFs over-
and under-expression in NPs by using different calibrators, the
adjacent and control (inferior and middle) turbinates. Fig. 3
depicts the mean fold change in the mRNA expression levels
of all GFs in NPs according to each calibrator. VEGFA and
TGFB1 mRNA fold change was higher in NPs relative to the
control turbinates than it was in NPs relative to the adjacent
turbinates (for TGFB1: NP/AIT-NP/CIT, P=0.043 and
NP/AMT-NP/CMT, P=0.008, Mann-Whitney). FGF2, EGF
and IGF1 fold change was similar among the tissue pairs
NP/AIT, NP/AMT, NP/CIT and NP/CMT. Thus, the fold
change in mRNA levels of VEGFA and TGF(1 displays a
different expression pattern depending on whether the
calibrator used is the adjacent (NP/AIT/AMT) or control
turbinate (NP/CIT/ CMT).
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Growth factor expression levels compared to clinico-
pathological characteristics. No statistically significant
correlation was established between GF mRNA levels, sex,
age, smoking or aspirin tolerance/intolerance. NP occurrence
was more frequent in men than in women (P=0.003; %?) and
patients over 40 years old were more prone to the disease
(P=0.022, %?.

VEGFA mRNA levels presented a significant difference in
terms of the stage of the NP (P=0.05). VEGFA mRNA levels
were higher in grade I NPs compared to grade II (P=0.015)
and III polyps. Regarding TGFB1, grade I NPs presented
marginally elevated expression levels compared to grade II
(P=0.066), and significantly elevated levels compared to grade
III, polyps (P=0.043). However, levels in grade II polyps
were not higher than they were in grade III ones, suggesting
that the cause is random variation and not stage effect. FGF2,
EGF and IGF1 mRNA levels rose proportionally to the stage
of the NP, but the difference was not statistically significant.

Pair-wise mRNA expression analysis. Significant Spearman
correlations between the co-expression patterns of all the
growth factors were assessed in the NP tissues. Specifically,
TGFB1 expression levels were significantly correlated with
the corresponding levels of VEGFA (P=0.045), FGF2
(P=0.021), EGF (P=0.024) and IGF1 (P=0.027). Moreover, in
the NP group, FGF2 was well correlated with EGF (P=0.005)
and IGF1 (P=0.018) transcript levels. Only a few correlations
between the co-expression patterns of the growth factors were
detected in the AMTs (VEGFA with EGF, P=0.042) and the
CITs (VEGFA with TGF1, P=0.031; EGF with FGF2,
P=0.047), and no significant correlations were detected in the
AlTs or CMTs. These findings imply that the genes are co-
regulated in the context of the disease.

Discussion

The goal of this study was to identify the expression profile
of specific growth factor genes using RT-PCR in order to
contribute considerably to the understanding of the formation
of human NPs. This is the first evaluation of the gene expres-
sion profile of growth factors via RT-PCR in NPs compared
to mucosa from the adjacent turbinates of the patients and to
turbinates from symptom-free subjects. Lee et al (15) recently
obtained a transcriptome of normal human nasal mucosa
by SAGE, and 47 genes presented at least 2-fold higher
expression in the NPs compared to the normal nasal mucosae,
including growth factors. Our results are in accordance with
their report regarding the expression of growth factor transcript
levels in NPs, providing, for the first time, expression data on
a specific group of growth factor genes.

Expression levels. All growth factors exhibited expression
levels in the majority of NPs and turbinate mucosae except for
EGF. VEGFA, TGFB1, FGF2 and IGF1 exhibited significant
over-expression in the NPs relative to the turbinate mucosae,
whereas EGF did not exhibit significant expression in the NPs.

The fold change in the expression of VEGFA and TGFR1
was higher in the NP-control turbinate tissue pairs than in the
NP-adjacent turbinate tissue pairs. This implies that the mRNA
levels of these factors are significantly elevated in the adjacent
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turbinate mucosae as well. In all previously published studies,
the expression levels of various growth factors in NP tissues
were compared to the corresponding levels in control mucosae
(from patients undergoing nasal septum deformity). To our
knowledge, this is the first report stating that the remodelling
process also affects the adjacent mucosa in addition to the
polyp tissue.

Growth factors have been shown to be expressed in NPs
(11,17,18) mainly by protein-based assays. The intense
expression of VEGF in polyp cells should not be surprising
since inflammatory cells, especially macrophages, intensely
express VEGF mRNA in various inflammatory states (18).
Coste et al (17) reported that NP epithelial cells are also able
to express VEGF mRNA in vitro, and secrete the VEGF
protein upon up-regulation by TGF1. The VEGFA mRNA
over-expression that we found in NPs relative to CITs and
CMTs could therefore be attributed to both the inflammatory
and epithelial cells of the polyps, as a response to high levels of
TGFB1. TGFB1 mRNA levels were also significantly elevated
in the polyps. This hypothesis is reinforced by our finding that,
in the NPs, TGFB1 transcript levels were correlated to those
of VEGFA. The elevated VEGFA mRNA expression that we
observed in grade I, as opposed to grade II or grade III polyps,
led us to surmise that VEGFA mRNA levels play a more
active role at the beginning of the disease than its later stages,
and are responsible for the induction of angiogenesis and
increased microvascular permeability. However, the small
number of grade I polyps and the observation that levels in
grade II were not higher than in grade III does not allow us to
draw final conclusions regarding the effect of NP VEGFA
stage.

Previous studies (11,19) have demonstrated elevated TGFf3
protein levels in NPs, suggesting that TGFR synthesized by
eosinophils contributes to the structural abnormalities, such
as stromal fibrosis, angiogenesis, epithelial and glandular
hyperplasia and basement membrane thickening, which
characterize this disease. In our study, and supporting the
conclusions of protein-based reports (11,19,20), TGFB1
presented mRNA over-expression in NPs compared to the
turbinate mucosae. TGFB31 mRNA levels were also higher in
grade I polyps than those of the more advanced stages.
Nonetheless, the case is similar to that of VEGFA and seems
to be caused by random variation and not by stage effect. By
virtue of its ability to up-regulate VEGFA and to correlate
positively with all the growth factors studied in the polyps, as
opposed to the adjacent and control turbinates, TGF1 seems
to be a key cytokine in the interactions between NP cells,
leading to the epithelial differentiation and tissue remodelling
that is present in the disease.

Kim et al (21) reported, based on RT-PCR, that FGF2 is
expressed in NPs more frequently than in inferior turbinates
at both the protein and mRNA levels. In our study, FGF2 was
present in approximately 86% of polyps, in contrast with
Kim et al who reported a 29% mRNA expression of FGF2 in
NPs. Apparently, this difference is attributed to the specificity
of RT-PCR compared to semi-quantitative RT-PCR. In our
study, FGF2 was over-expressed in 36.8 and 25% of NPs
compared to AIT and AMT, respectively, and in only 19% of
the polyps compared to both CIT and CMT. However, there
was also a significant percentage of FGF2 under-expression in
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the NPs compared to the control turbinates (AIT, 33.3% and
AMT, 28.5%). Our findings, that FGF2 mRNA expression
levels are significantly correlated with the corresponding
TGFB1 levels in polyps, are in accordance with those of
Gajdusek et al (22), who suggested that FGF2 and TGF1
comprise synergistic mediators of angiogenesis in vitro.
Furthermore, the co-expression of FGF2 mRNA in polyps
with EGF and IGF1, demonstrated in our study, reinforces
the hypothesis that FGF2 acts as a paracrine mediator that
facilitates NP growth by stimulating epithelial and endothelial
proliferation. Grade III polyps presented slightly elevated
FGF2, EGF and IGF1 mRNA expression levels (though these
were not statistically significant) compared to levels at earlier
stages of polyposis, leading us to assume that FGF2, EGF
and IGF1 are not as critical to the induction of the disease
as VEGFA and TGFB1 are, but provide assistance so that
the modifications of epithelial differentiation and tissue re-
modeling can become more crucial in grades II and III.

This is the first attempt to evaluate the expression pattern
of EGF in NPs via RT-PCR, and it seems that it is not signif-
icantly associated with the pathogenesis of the disease as it
presents similar levels of expression in the pathologic (polyp)
and non-pathologic (turbinate) tissues. On the other hand, it
has been proposed that its receptor (EGFR) is correlated with
the disease to a greater extent, since it has been shown to be
increased in the epithelium, gland cells and inflammatory cells
of NPs (23).

High concentrations of the tropic peptide IGF1 have been
demonstrated by immunohistochemistry in NPs (24), and it
has been proposed that nasal mucosal inflammatory reactions
induce the local formation and accumulation of IGF1. This
could eventually result in very high IGF1 concentrations in the
paranasal sinuses due to their tendency to be enclosed, i.e. to
produce reduced drainage. According to our evaluation,
elevated IGF1 mRNA expression levels (~2-fold) are also
observed in NPs compared to adjacent and control turbinates.

In conclusion, tissue remodeling seems to be a prominent
feature of NP formation and involves angiogenesis-related
growth factors. Our data imply that the remodelling process
affects not just the polyp tissue, but also the adjacent mucosa.
Significant correlations between the co-expression patterns of
all the growth factors were assessed in the NP tissues, implying
a co-regulation of these genes in the context of the disease.
Of all the genes studied, TGF1 seems to be a key cytokine
for the formation of NPs as it is correlated to all the other
growth factors studied. The intense expression of VEGFA in
polyp cells is justified since inflammatory cells, especially
macrophages, intensely express VEGF mRNA in various
inflammatory states. TGFB81 synthesized by eosinophils
contributes to the structural abnormalities, such as stromal
fibrosis, angiogenesis, epithelial and glandular hyperplasia and
basement membrane thickening, which characterize nasal
polyposis. FGF2, acting as a paracrine mediator, facilitates NP
growth by stimulating epithelial and endothelial proliferation.
EGF does not appear to be strongly associated with the
pathogenesis of the disease, in contrast to its receptor. Finally,
nasal mucosal inflammatory reactions seem to induce the local
formation and accumulation of IGF1. Our findings provide
new perspectives on the molecular mechanisms involved in
the pathogenesis of NPs. However, further investigation
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needs to be conducted if new molecular targets of therapeutic
strategies are to be identified.
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