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Original Article

Comparison of growth factor levels in patients with normal and
hypospadiac prepuce*

Tutku SOYER1, Ebru Şebnem AYVA2, Pınar ATASOY2, Mustafa Kemal ASLAN1, Ahmet Murat ÇAKMAK1

Aim: To compare the growth factor levels in patients with normal and hypospadiac prepuce.
Materials and methods: Patients who underwent hypospadias repair were included in the study. The prepuce was excised
after achieving successful hypospadias repair with satisfactory functional and cosmetic appearance. The patients who
underwent preputial reconstructions and complicated repairs were excluded. The control group consists of boys without
hypospadias. Elective circumcision was performed to have normal preputial samples. The VEGF levels, VEGF receptor
(VEGFR) and TGF-β receptor (TGF-β-R) expressions were evaluated in preputial tissues by immunohistochemical analysis. 
Results: Fifteen patients were included in each group. The mean age of patients with normal and hypospadiac prepuce
was 4.33 ± 1.39 and 4.07 ± 1.58, respectively (P > 0.05). Although VEGF, VEGFR, and TGF-β-R levels were decreased
in hypospadiac prepuce, statistical significance was detected only in VEGF levels (P < 0.05, Mann-Whitney U test).
Conclusion: The decreased levels of VEGF obtained from patients with hypospadiac prepuce suggest a structural
anomaly related with angiogenesis. This structural difference can be considered one of the factors causing impaired
wound healing and recurrent complications after preputial reconstructions in hypospadias repair. 
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Normal ve hipospadiaslı hastaların prepisyumunda büyüme faktör seviyelerinin
karşılaştırılması

Amaç: Normal ve hipospadiaslı hastaların prepisyumlarında büyüme faktor düzeylerini karşılaştırmak amacıyla ileriye
dönük bir çalışma yapılmıştır.
Yöntem ve gereç: Çalışmaya hipospadias onarımı yapılmış olgular dahil edilmiştir. Prepisyumlar kozmetik ve fonkisyonel
başarı elde edilen hipospadias onarımları sonrasında eksize edilmiştir. Prepisyal rekonstriksiyon yapılan ve komplikasyon
gelişen olgular çalışma dışında tutulmuştur. Kontrol grubu hipospadiası olmayan olguları içermektedir. Prespiyum
örnekleri elde edilmek üzere elektif sünnet yapılmıştır. Prepisyum örneklerinde vasküler endotelyal büyüme faktörü
(VEGF), VEGF reseptörü ve transforme edici büyüme faktör-beta reseptör (TGF-β-R) düzeyleri immunohistokimyasal
yöntemlerle incelenmiştir.
Bulgular: Her grupta 15 hasta olmak üzere çalışmaya toplam 30 hasta dahil edilmiştir. Olguların yaş ortalaması normal
ve hipospadiaslı gruplarda sırasıyla 4,33 ± 1,39 yıl ve 4,07 ± 1,58 yıldır (P > 0,05). VEGF, VEGFR ve TGF-β-R düzeyleri
hipospadias grubunda normal prepisyum grubuna oranla azalmış olmakla birlikte anlamlı fark yanlız VEGF düzeylerinde
saptanmıştır (P < 0,05, Mann-Whitney U test).
Sonuç: Hipospadiaslı hastaların prepisyumunlarından elde edilen örneklerde VEGF düzeylerinin kontrol grubuna oranla
azalması, bu hastaların prepisyumunda anjiyogenezis ile ilgili yapısal bir bozukluğun varlığını düşündürmektedir.
Hipospadiaslı hastalardaki bu yapısal farklılıklar, prepisyum ile yapılan hipospadias onarımları sonrasında karşılaşılan
iyileşme sorunlarının ve tekrarlayan komplikasyonların nedenleri arasında yer alabileceğini düşündürmektedir.

Anahtar sözcükler: Hipospadias, prepisyum, vaskülar endotelyal büyüme faktörü, transforme edici büyüme faktör β
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Introduction
Numerous factors account for complicated

hypospadias repair. Therefore, many attempts have
been made to avoid these complications by improving
the surgical technique, the suture material, and
postoperative follow-up (1). The fact that operative
complications such as meatal regression, stenosis, and
fistula formation can develop despite all precautions
indicates a structural alteration in children with
hypospadias. 

The prepuce is used to form a neo-urethra or
reconstruct the penile shaft skin in hypospadias repair
(2). It is also used extensively as a skin flap. The
morphological, vascular, and sensorineural features
of the prepuce have been investigated but the presence
of growth factors that promote wound healing has not
been evaluated (2-4). 

Many growth factors have been determined in the
process of wound healing (5). Vascular Endothelial
Growth Factor (VEGF) plays a crucial role in the
proliferation, migration, and differentiation of the
endothelial cell (6). It mediates angiogenesis and
enhances wound healing by promoting endothelial
cell survival (7). TGF-β is a well-known growth factor,
having potent effects on immune modulation,
endothelial adhesiveness, extracellular matrix
synthesis, and tissue repair (8). TGF-β is known as the
strongest stimulant of collagen synthesis and plays a
key role in wound contraction (9). It participates in
remodeling as it is able to organize the matrix (10).
Wound healing features are widely evaluated by the
levels of VEGF, TGF–β, and their receptor expressions
in most of the studies. 

A prospective study was performed to compare the
levels of VEGF, VEGF receptor (VEGFR), and TGF-
β receptor (TGF-β-R) in the prepuce of normal
subjects and hypospadias patients. This study was
aimed to investigate the effect of structural features of
prepuce on the wound healing process by growth
factor levels. 

Materials and methods
Two groups of patients including children with

normal prepuce and hypospadias were included in the
study. The normal prepuce group consisted of 15
patients who were admitted to our department for

elective circumcision without a history of phimosis or
balanitis. The other cohort of 15 patients who had
undergone successful hypospadias repair from the
functional and cosmetic point of view was assessed as
the hypospadias group. Patients who underwent
urethral reconstruction with preputial flaps and were
circumcised during the repair were excluded from the
hypospadias group. The prepuce was obtained by
circumcision 6 months after the repair in patients
with hypospadias. 

Surgical method
Preputial tissue was excised from the normal

subjects and hypospadias patients under general
anesthesia by using a classic circumcision method. 

Histopathological and immunohistochemical
evaluation 

The material was sampled after 24 h of fixation in
10% formalin solution and went through routine
histopathology processes. Blocks were prepared after
embedding in paraffin. Sections 4-6 μ thick were
prepared from these paraffin blocks and transferred
to adhesive slides. The sections were treated with
routine hematoxylin-eosin stain and
immunohistochemical material such as
CD105/Endoglin/Transforming growth factor β 1/3
receptor (LabVision; 1/50), Vascular endothelial
growth factor (LabVision; 1/100), and VEGF receptor
(LabVision; 1/100). Immunohistochemical staining
was performed with streptavidin-biotin-peroxidase
(UltraVision Polyvalent [rabbit-mouse]) with
horseradish peroxidase kit as reported by Kaya et al.
(11). 

The immune staining results for these indicators
were evaluated semi-quantitatively using the
immunohistochemical histological scoring system
(HSCORE). The distribution and density of the
specific staining were reported together as the
HSCORE. The HSCORE is formulated
mathematically as follows: HS=Σ(Pi × i/100). Pi co-
efficient in the formula represents the number of cells
that stained with a density of 1-3. Overall HCORES
ranged between 0 and 300. 

Statistical analysis and ethics 
Data obtained from histopathological and

immunohistochemical evaluations were analyzed
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with SPSS 15.0. The distribution between groups was
analyzed with Kruskal Wallis test and the difference
between the 2 groups was evaluated with Mann-
Whitney U test. The P values lower than 0.05 were
considered significant

The study was approved by Kırıkkale University
Local Ethical Committee (2007/001, Dated
20.02.2007). Written informed consent was obtained
from parents. 

Results
The median age for the normal subjects and

patients with hypospadiac prepuce were 4.33 ± 1.39 (2-
6 years) and 4.07 ± 1.58 (2-6 years), respectively (P >
0.05). In the hypospadias group, urethral meatus levels
were coronal (n = 7), glanular (n = 3), subcoronal (n =
3), and penile (n = 2). The techniques chosen for
hypospadias repair were tubularized incised
urethroplasty (n = 10) and MAGPI repair (n = 5). 

The median HSCORE of VEGF, VEGFR, and
TGF-β-R for the normal subjects and patients with
hypospadiac prepuce are listed in the Table.

When the median levels of growth factors were
compared, there was no significant difference
detected between VEGF and TGF- β-R expressions (P
> 0.05). However, VEGF levels were significantly
decreased in patients with hypospadias (P < 0.05)
(Table). 

VEGF staining in submucosal vascular
endothelium in normal prepuce is shown in Figure 1.
Submucosal endothelium showed decreased VEGF
staining in patients with hypospadias (Figure 2). 

Discussion
The high complication rates of hypospadias repair

remain a significant problem despite the development
of improved surgical techniques, suture materials, and
postoperative care. Therefore, structural alterations in
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Table. The median HSCORE VEGF, VEGFR, and TGF-β-R in normal subjects and patients with hypospadias. 

VEGF VEGFR TGF-β-R

Normal Hypospadias Normal Hypospadias Normal Hypospadias

1 108 52 15 0 23 18
2 73 25 0 0 27 0
3 135 0 43 15 35 53
4 0 19 67 25 61 36
5 61 78 59 61 33 62
6 52 74 0 32 40 80
7 0 0 0 10 25 0
8 150 0 20 0 10 0
9 71 17 24 0 60 0
10 105 20 5 0 0 26
11 0 68 16 4 27 12
12 33 0 18 32 20 22
13 49 0 8 0 45 11
14 127 0 0 11 73 0
15 95 7 0 0 21 19

Median 71 (33-108) 17 (0-52) 15 (0-24) 4 (0-25) 18 (0-36) 27 (21-45)

P value P < 0.05* P > 0.05 P > 0.05



patients with hypospadias are held responsible for
these complications. The prepuce is defective in most
hypospadiac patients and is usually in the form of a
partial prepuce that does not fully cover the glans
penis (2). In hypospadias repair, skin flaps are
prepared from the prepuce and used for urethral
reconstruction (2). The development of complications
such as meatal regression, stenosis, and fistula
following these repairs has led to the investigation of
the vascular, neural, and immunological features of
the prepuce (2,4,12). 

Vascular defects are known to be present in the
prepuce in patients with hypospadias.
Underdeveloped prepuces and those with unfavorable
vascular pattern used for urethroplasty had higher
percentages of complications (2). However, although
morphologic and vascular features of hypospadiac
prepuce are well documented, there is still a lack of
detailed information on angiogenesis and wound
healing in the preputial tissue. The epidermal growth
factor (EGF) receptor measurements in the prepuce
of children with hypospadias by El- Galley et al. have
indicated a possible problem with wound healing in
these patients (13). It has been suggested that
decreased EGF levels can be considered a cause of
altered wound healing in patients with hypospadias.
Also investigations of other growth factors such as
VEGF, VEGFR, and TGF-β-R are needed to elucidate
the healing features of hypospadiac prepuce. 

VEGF is an angiogenic peptide produced by
endothelial cells, macrophages, and many other cells
(14). It mediates angiogenesis and promotes
endothelial cell survival (7). Hypoxia is the major
stimulus for the release of VEGF in the acute wound
setting (5). VEGF enhances angiogenesis to restore
tissue perfusion, reestablish microcirculation, and
increases oxygen at the wound site (5). Although
VEGF and its receptor are expressed in various type of
tissues, sections with poor angiogenetic activity may
not express VEGF and its receptors. Therefore, some
of the healthy subjects in our study showed no VEGF
expression on immunohistochemical analysis. Since
VEGF levels are decreased in chronic wounds, VEGF
becomes a treatment alternative for some indications
of chronic wounds. In the present study, we found
decreased levels of VEGF in patients with
hypospadias. However, receptor expression of VEGF
was similar in groups, and decreased levels of VEGF
indicate a possible altered vascular structure in
patients with hypospadias. Therefore, we suggest that
not only the vascular anatomy but also angiogenesis
may be defective in hypospadiac prepuce. However,
other angiogenetic features of hypospadiac prepuce
need further evaluation to confirm our suggestion. 

TGF-β is also a growth factor, having potent effects
on immune modulation, endothelial adhesiveness,
extracellular matrix synthesis, and tissue repair (8). It
is shown to have increased expression with the onset
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Figure 1. VEGF staining in submucosal vascular endothelium
(arrow) in normal prepuce (DAB × 40). 

Figure 2. Decreased levels of VEGF staining in submucosal
endothelium (arrow) in a patient with hypospadias
(DAB × 20).



of injury (5). Furthermore, elevated TGF-β-R
expression was reported as a response to ischemic
injury (11). Similar to VEGF, TGF-β-R expression is
also decreased in the chronic wound setting. In the
present study, it was found that hypospadiac prepuce
showed decreased TGF-β-R expression without a
statistical difference when compared to normal
prepuce. 

According to the results of the present study, it can
be speculated that decreased levels of VEGF in
prepuce can be considered a sign of defective
angiogenesis. Since we only evaluated the VEGF and
TGF-β-R levels, it is difficult to draw a firm
conclusion about the wound healing features of
hypospadiac prepuce and its effects on complications.
In addition, we think that not only the prepuce but
also the glans and urethra should be evaluated for

growth factors in order to draw a conclusion about
reduced angiogenesis in hypospadias. 

In conclusion, the decreased levels of VEGF
obtained from patients with hypospadiac prepuce
suggest a structural anomaly related with
angiogenesis. This structural difference can be
considered one of the factors causing impaired wound
healing and recurrent complications after preputial
reconstructions in repairs. 
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