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Abstract

Background The inelasticity of dartos tissue and the regulation of collagen expression are significant factors in the
pathophysiology of chordee associated with hypospadias. While the COL2AT:COLTAT ratio is recognised as a measure
of cell differentiation, there is yet to be a study specifically examining this ratio in hypospadias. The aim of this study
was to determine the COL2AT:COL1AT1 ratio.

Methods We collected 55 samples of dartos tissue, comprising 35 from patients with hypospadias procured from
urethroplasty procedures and 20 from patients with phimosis collected during circumcision without any lichen cases
at our institution. The gene expression levels of COLTAT and COL2AT in the dartos tissue were analyzed using reverse-
transcriptase polymerase chain reaction (qPCR).

Results Based on the type of penile abnormality, the expression levels of COLTAT and COL2AT measured by gPCR
were downregulated in hypospadias, with value of 0.83 (0.38-2.53) and 0.43 (0.10-5.66), respectively, compared to
phimosis, which had levels of 1.85 (1.24-4.61) and 0.94 (0.26-2.47) (p < 0.001). The expression levels of COL1AT and
COL2A1 were also significantly downregulated among mild, moderate, severe penile curvature, and control groups
(p<0.001 and p=0.02). However, the COL2A1:COL1A1 ratio did not show statistically significant differences based on
penile abnormalities and curvature (p> 0.05).

Conclusion The expression levels of COLTAT and COL2A1 are significantly downregulated in patients with
hypospadias and ventral curvature when compared to those in the phimosis group. However, the COL2AT:COLTA1
ratio was not significant.
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Background

Hypospadias is a significant health concern, not only
because of its high occurrence but also due to its psy-
chological effects on patients and the complications
associated with its surgical repair [1-3]. The severity of
hypospadias can be classified as mild or severe based on

*Correspondence: factors such as penile length, glans size and shape, ure-
Prahara Yuri thral plate quality, and degree of ventral curvature [4].
prahara.yuri@ugm.ac.id Th ity of th t is linked to the di

'Urology Division, Department of Surgery, Faculty of Medicine, Nursing, . € severity o € curvature is linke . 0 the 1spr0p9r-
and Public Health, Sardijito Hospital, Gadjah Mada University, tion between the dorsal and ventral sides of the penis,
Yogyakarta 55281, Indonesia periurethral fibrosis, and disorganized fibrotic dartos tis-
“Urology Department HOGIP UCAD, Cheikh Anta Diop University, Dakar, . .

Senegal sue in the ventral skin [5-7].

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12894-024-01688-1&domain=pdf&date_stamp=2024-12-31

Yuri et al. BMC Urology (2025) 25:2

In hypospadias, the dartos fascia appears thick and
inelastic [8], and on the ventral side, it is consistently
absent distal to the ectopic opening [9]. Patients with
hypospadias show reduced amounts of total collagen and
an altered ECM composition in the dartos fascia [10].

Type I collagen is the most abundant form of collagen,
and it plays a crucial role in maintaining skin elasticity.
Type II collagen, a fibrillar type, is primarily found in
cartilage but also occurs in various embryonic epithelia
[11]. Collagen interactions contribute to tissue stabil-
ity, strength, and help maintain its integrity under stress
[12]. To date, no studies have examined type II collagen
in the dartos fascia of patients with hypospadias. There-
fore, we investigated the collagen type I alpha 1 chain
gene (COL1A1) and collagen type II alpha 1 chain gene
(COL2A1) in patients with hypospadias.

Methods

In this cross-sectional study, we enrolled 55 participants,
comprising 20 controls with phimosis, 20 with proximal
hypospadias, and 15 with distal hypospadias by exclud-
ing the presence of lichen cases from 2017 to 2020 period
at our institution. A pediatric urologist (PY) used sharp
dissecting scissors to collect dartos tissue during sur-
gery. Dartos tissue from the midline was collected from
patients undergoing urethroplasty for hypospadias,
whereas periurethral dartos tissue was obtained using
sleeve methods from patients in the circumcision group
for phimosis. All the specimens were obtained after
degloving. In the control group, phimosis patients were
sampled as in a previous study [10]. The collected tissue
samples were preserved in RNAlater solution and stored
at -80 °C.

Penile curvature measurement

Measurements were performed following the induction
of an artificial erection by injecting normal saline into
the corpus cavernosum with a 25G winged needle prior
to degloving. A goniometer was used for the assessment.
Penile curvature was categorized as mild (less than 30°),
moderate (30—60°), or severe (greater than 60°).
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Table 1 Primer gene sequences
Gene Forward Reverse
COL1AT TACAGCGTCACTGTCGATGGC  TCAATCACTGTCTTGCC
CCAG
COL2A1 CTGAGACAGCATGACGCCG GGCTGCGGATGCTCTCAAT
GADPH AGGTGAAGGTCGGAGTCAACG  GATGACAAGCTTCCCGT
TCTCAG

RNA extraction and cDNA synthesis

Dartos tissues obtained from urethroplasty and circum-
cision were preserved in RNAlater solution (Ambion,
AM7021). RNA extraction was performed using Gene-
zol RNA solution (GENEzolTM, Cat. No. GZR100) in
Eppendorf tubes. The concentration and purity of the iso-
lated RNA were measured using the NanoDrop method.
c¢DNA synthesis was performed using the Reverse Tran-
scriptase Excel kit (RP1300, SMOBIO, Hsinchu City,
Taiwan) under the following conditions: denaturation
at 25 °C for 10 min, annealing at 42 °C for 50 min, and
extension at 85 °C for 5 min.

The cDNA was then amplified and quantified using a
Taq Master Mix kit (GoTaq® Green Master Mix, Cat.
M7122) using forward and reverse primers for COL1A1,
COL2A1, and GAPDH (Table 1). For qPCR, denaturation
was performed at 94 °C for 2 min followed by 40 cycles
of amplification under the same denaturation conditions.
Annealing was performed at 56 °C for 30 s, followed by
extension at 72 °C for 1 min and a final extension at 72 °C
for 10 min. The PCR products were separated on a 2%
agarose gel with a 100-bp DNA ladder (Bioron, Germany,
Cat. No. 306009) (Fig. 1). Finally, we used Image] soft-
ware for the quantification of gene expression with densi-
tometric analysis of electrophoresis bands on agarose gel.

Statistical analysis

The normality of the data distribution was assessed using
the Kolmogorov—Smirnov test. For data that did not fol-
low a normal distribution, Kruskal-Wallis and Mann—
Whitney U tests were applied, while one-way ANOVA
was used for normally distributed data. Statistical signifi-
cance was set at P<0.05.

Ventral Penile Curvature

Mild Moderate Severe

COL2A1

Fig. 1 COLTA1 and COL2A1 representative of g-PCR
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Table 2 Study characteristics

Characteristics Med. (min - max); N (%) P value
Age (years) 0.001
Hypospadias 7 (1-25)
Normal Penis 6(1-13)
Hypospadias 35(63) N/A
Distal
Glandular 3 (5.5)
Subcoronal .
Midshaft 9(16.4)
Proximal
Penoscrotal 13 (23.6)
Scrotal 6(10.9)
Perineal 1(1.8)
Normal Penis 20 (36.4)
Penile Curvature N/A
Mild (<30 degree) 11(20)
Moderate (30-60 degree) 10(18.2)
Severe (>60 degree) 14 (25.5)
No Curvature 20 (36.4)

Table 3 COLTAT and COL2A1 expression based on penile
abnormality and curvature

Col1A1 Col2A1 Col2A1:Col1A1
Ratio

Based on penile abnormality
Hypospadias 0.97(0.38-2.53)  0.71(0.10-5.66)  0.70(0.14-2.24)
Normal penis 207(1.24-461)  1.16(0.26-247)  0.58(0.15-1.47)
p-value <0.001 <0.001 0.54
Based on
Curvature
Mild 1.50(0.57-2.53) 09(0.27-5.66) 71(0.14-2.24)
Moderate 0.80(0.59-1.06) 0. 54(0 22-158) 0. 65(0 29-1.66)
Severe 0.68(0.38-0. 89) 0. 54(0 10-1.26)  0.74(0.21-1.50)
No Curvature 2.07(1.24-4.61) 16(0.26-2.47)  0.58(0.15-1.47)
p-value <0.001 0.02 0.50
Results

The median age of the patients in our study was 7 years in
the hypospadias group and 6 years in the control group.
Among the patients with hypospadias, 14 had severe
penile curvature, ten had moderate curvature, and 11
had mild curvature. Further details regarding the patient
characteristics are provided in Table 2.

Compared to the hypospadias group, which had val-
ues of 0.97 (0.38-2.53) and 0.71 (0.10-5.66), respec-
tively. qPCR results indicated that COL1A1 and COL2A1
expression was significantly downregulated in the dar-
tos tissue of hypospadias patients compared to phimosis
patients (p<0.001). Regarding penile curvature, we found
that COL1A1 and COL2A1 expression was significantly
higher in mild curvature cases [1.50 (0.57-2.53) and 1.09
(0.27-5.66)] than in moderate [0.80 (0.59-1.06) and 0.54
(0.22—1.58)] and severe curvature cases [0.68 (0.38-0.89)
and 0.54 (0.10-1.26)] (p<0.001 and p=0.02, respectively).
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COLI1A1, COL2A1, and COL2A1:COL1A1 ratios are
shown in Table 3. We observed that the severe hypospa-
dias group had a higher COL2A1:COL1A1 ratio [0.74
(0.21-1.50)] compared to the phimosis samples [0.58
(0.15-1.47)], mild hypospadias [0.71 (0.14-2.24)], and
moderate hypospadias [0.65 (0.29-1.66)], though this dif-
ference was not statistically significant (p>0.05) (Fig. 2).

Discussion

The pathophysiology of hypospadias is not fully under-
stood [10]. While the tissue proximal to the meatus
displays normal morphology, hypospadias specimens
distal from the meatus exhibit abnormal characteristics,
including granular areas and less organized smooth mus-
cles around large blood vessel channels, in contrast to the
structure seen in healthy tissue [13].

Under the urethral plate, Snodgrass et al. [14] discov-
ered well-vascularized connective tissue composed of
collagen, smooth muscle, blood vessels, and nerves with
no signs of fibrous bands or dysplastic tissue. Similarly,
Erol et al. [13] identified large blood vessels, glands, and
muscles, suggesting a connection to the corpus spon-
giosum. Additionally, Hayashi et al. [15] utilized trans-
mission electron microscopy (TEM) to observe nerves,
smooth muscle cells, and capillaries, further supporting
its similarity to the corpus spongiosum. It was discovered
that the glans tissue beneath the urethral plate displayed
the same cytokeratin staining as the normal urethra, sug-
gesting that in hypospadias, the glans under the urethral
plate represent an incomplete attempt at urethral forma-
tion [13]. Some studies support the findings of a well-vas-
cularized tissue area beneath the urethral plate [13-15].

Camoglio et al. [16] observed that the penis in hypo-
spadias was stiffer than that of normal penis; although
not explicitly stated in the publication, elastography of
the tissue surrounding the tunica spongiosum indicated
significantly increased stiffness in hypospadias compared
to the normal penis. Similarly, Spinoit et al. [17] reported
that 70% of the patients with hypospadias exhibited
structural abnormalities in the dartos fascia. Resection of
dartos tissue often helps straighten the penis in patients
with chordee, indicating that the pathophysiology of this
condition is associated with dartos tissue [17]. Structural
abnormalities in the dartos tissue are closely related to
the clinical severity of congenital penile malformations.
The composition of the fibromuscular dartos tissue along
the penile shaft determines the elasticity of the subcu-
taneous tissue and skin mobility [17, 18]. Based on the
nature of each subtype of collagen and its distribution,
the level of expression and type of collagen will affect the
consistency of the tissue [19].

Atmoko et al. [20] reported that the dartos tissue in
hypospadias had a thicker, less elastic consistency but
with lower levels of total collagen and elastin, and a
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Fig. 2 COL2A1 and COL1A1 Ratio in Hypospadias and Control Group

higher reticulin-to-collagen ratio. Our previous study
in hypospadias compared to normal penis showed that
expression of COL1A1 and COL6A1 might affect dartos
tissue elasticity [10], but no difference in vascularity [21].
Our results support the idea that total collagen expres-
sion was reduced in patients with hypospadias compared
to those with a normal penis, as we observed lower lev-
els of COL1A1 and COL2A1 mRNA in the hypospadias
group.

Type I collagen is notably soft and fragile when
unbound, but can form a denser matrix network by cross-
linking with other collagen types [22]. Our previous study
indicated that mRNA levels of COL1A1 and COL6A1
were downregulated in the dartos tissue of patients with
moderate to severe hypospadias, and there was also a
moderate correlation observed between COL1Al and
COL6A1 [11]. Hypospadias arise from abnormal growth
of the urethral fold and ventral foreskin of the penis,
reflecting failure in the canalization of the urethral fold
[23]. Furthermore, cell differentiation can be assessed by
measuring the ratio of COL2A1 to COL1A1 [24].

Type 1II collagen is primarily expressed in cartilage tis-
sue, but proteins derived from the translation of COL2A1
have also been detected in malignant melanoma and
breast cancer [26]. This indicates that type II collagen can
be found in non-cartilage tissues, which aligns with our
findings. Additionally, proteins from COL2A1 mRNA

Page 4 of 6

have been linked to chemokines such as transforming
growth factor-p (TGEF-B), which plays a role in tissue
fibrosis and possesses anti-inflammatory properties [25].
This indirectly supports the notion that collagen expres-
sion may be correlated with the expression of other col-
lagen subtypes.

Collagen type II has a structure similar to collagen I.
Collagen type II has a homotrimeric molecular structure
with a chain composition [a1(II)]; [26]. Several studies
have suggested COL2A1:COL1A1 ratio usage in the cell
differentiation index [24], anabolic chondrocyte marker
[27] and osteoarthritis severity [28]. In addition to our
study, no study has discussed the COL2A1:COL1A1l
ratio in dartos tissue of hypospadias patients. We found
no differences between hypospadias and phimosis in
COL2A1:COL1AL1 ratio.

Lastly, the thick and inelastic dartos tissue seen in
patients with hypospadias does not necessarily indicate
higher collagen levels. In our study, we discovered that
this tissue showed lower expression levels of COL1A1l
and COL2A1, although this was not reflected in the
COL2A1: COL1A1 ratio. Furthermore, mRNA levels of
COL2A1 do not always correlate with protein expression,
as fluctuations in COL2A1 and COL1A1 protein levels
can arise from transcriptional and post-transcriptional
modifications [29]. This research represents the first
assessment of COL2A1 and COL1A1l gene expression
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and its ratio in the dartos tissue of hypospadias patients.
However, our study has limitations, including the small
sample size and the absence of immunohistochemical
examinations to validate this finding.

Conclusion

COL1A1 and COL2A1 expression was downregulated in
hypospadias patients. As penile curvature became more
severe, the expression of COL1A1 and COL2A1 was
more downregulated, but there was no difference in the
COL2A1:COL1A1 ratio.
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