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Abstract
Purpose—We determined the effect of estrogen on ZEB1 in vitro and tested the hypothesis that
ZEB1 is over expressed in the penile skin of subjects with hypospadias.

Materials and Methods—Hs68 cells, a fibroblast cell line derived from human foreskin, were
exposed to 0, 1, 10 and 100 nM estrogen, and the expression level of ZEB1 was assessed using
reverse transcription real-time polymerase chain reaction, Western blot and immunocytochemical
analysis. Next, preputial skin was prospectively collected from case and control subjects at
hypospadias repair (37 cases) and circumcision (11). Hypospadias was classified as severe (13
cases) or mild (24) based on the position of the urethral meatus. ZEB1 expression was quantified
using reverse transcription real-time polymerase chain reaction, Western blot and
immunohistochemical analysis.

Results—Estrogen increased ZEB1 expression at the mRNA and protein levels in Hs68 cells in a
concentration dependent fashion (p <0.01). Subjects with severe hypospadias had significantly
higher ZEB1 mRNA levels and protein expression compared to controls or subjects with mild
hypospadias (both p <0.01). Subjects with severe hypospadias had increased expression of ZEB1
in the basal layers of the preputial epidermis.

Conclusions—Estrogen increases ZEB1 expression in a human foreskin fibroblast cell line in
vitro. Furthermore, ZEB1 is significantly over expressed in the penile skin of subjects with severe
hypospadias. We propose that ZEB1 overexpression may contribute to development of
hypospadias and may mediate the effect of estrogen on developing external male genitalia.
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Hypospadias is a common congenital genitourinary anomaly that affects approximately 1 in
125 live male births.1 Although the cause in most cases is unknown, hypospadias has been
associated with aberrant androgen signaling during development.2,3 Additionally
epidemiological studies have demonstrated an association between fetal estrogen exposure
and hypospadias.4,5 The molecular mechanism underlying this association is unknown.

© 2011 by American Urological Association Education and Research, Inc.
*Correspondence: Department of Urology, University of California, San Francisco, 400 Parnassus Ave. A640, San Francisco,
California 94143 (telephone: 415-476-1611; FAX: 415-476-8849; lbaskin@urology.ucsf.edu).

Study received UCSF Committee on Human Research approval.

NIH Public Access
Author Manuscript
J Urol. Author manuscript; available in PMC 2012 August 27.

Published in final edited form as:
J Urol. 2011 May ; 185(5): 1888–1893. doi:10.1016/j.juro.2010.12.066.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The zinc finger box genes, ZEB1 and ZEB2, have been associated with hypospadias.6,7

ZEB1 is nearly ubiquitously expressed in human tissues and is one of many genes up-
regulated in patients with isolated hypospadias. ZEB1 acts primarily as a transcriptional
repressor and down-regulates expression of E-cadherin, a cell adhesion molecule expressed
in normal epithelial cells.8 Consequently ZEB1 is an important mediator of epithelial to
mesenchymal transition, the process by which epithelial cells become migratory
mesenchymal cells.9 ZEB1 is hormonally responsive and is up-regulated by estrogen in
normal endometrium and uterine cancer.10,11 However, the role of ZEB1 in normal and
abnormal penile development is unknown. We sought to determine the effect of estrogen on
ZEB1 expression in human foreskin fibroblasts, and to quantify the expression of ZEB1 in
boys with normal external genitalia and those with hypospadias.

MATERIALS AND METHODS
Cell Culture

Hs68 cells, a fibroblast cell line derived from human foreskin (ATCC™), were cultured in
Dulbecco’s modified Eagle’s medium supplemented with 10% fetal bovine serum, 1%
nonessential amino acid, 10,000 U/ml penicillin, 10,000 μg/ml streptomycin SO4, 0.025 mg/
ml amphotericin B and 110 μg/ml sodium pyruvate at 37C in 5% CO2 until 80%
confluence. Cells used in the experiments were from passages 5 through 10. At the time of
experiment cells were starved of fetal bovine serum for 12 hours and subsequently treated
with estrogen (β-estradiol-water soluble, Sigma-Aldrich®) at 0, 1, 10 and 100 nM for 4
hours.

RNA Preparation, Reverse Transcription and Real-Time PCR
The following protocols were used for the Hs68 cells and human foreskin tissue. RNA was
isolated with RNeasy® Midi Kit per manufacturer protocol after eliminating contaminating
DNA with 1.3 mg proteinase K (Roche Diagnostics GmbH, Mannheim, Germany) and 20 μl
RNase-Free DNase I (Qiagen® Inc., Valencia, California). The quantity and purity of RNA
were measured by NanoDrop spectrophotometer (Thermo Fisher Scientific Inc.,
Wilmington, Delaware), and RNA integrity was visualized by the sharpness of the 28s and
18s ribosomal RNA bands in agarose gels.

Reverse transcription PCR was performed according to standard protocol. Briefly 2.5 μg
RNA were reverse transcribed in a reaction volume of 20 μl. This product was then diluted
with TE buffer (10 mM Tris-HCI, pH 8, 1 mM EDTA). PCR primers were designed
according to target gene sequence published on PubMed and were synthesized by Integrated
DNA Technologies Inc. (San Diego, California, see table).

Real-time PCR was performed in a 25 μl reaction containing 20 ng template DNA, 1 ×
Power SYBR® Green PCR master mix and 300 nM primers. Amplification was carried out
in 96-well plates in a 7300 Fast Sequence Detection System (Applied Biosystems Inc.,
Foster City, California) using the default thermal profile. Primer titration and dissociation
experiments were performed so that no primer dimers or false amplicons would interfere
with the result. Cycle threshold number was extracted for the reference (GAPDH) and target
genes with auto baseline and manual threshold. PCR was repeated 3 times for each sample.
Expression levels of ZEB1 are reported relative to GAPDH using 2-delta-delta cycle
threshold.12 There was no difference in the amplification kinetics of GAPDH and ZEB1.

Protein Isolation and Western Blot
The following protocol was used for the Hs68 cells and in human prepuce samples. Protein
from the patient samples was extracted with NE-PER® Nuclear and Cytoplasmic Extraction
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Reagents kit. Protease inhibitors (Halt Protease Inhibitor Cocktail, Thermo Fisher Scientific
Inc.) were added to the extraction reagents. Protein samples from the Hs68 cells were
obtained by homogenization of the cells in a lysis buffer containing 1% Igepal® CA-630,
0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate, aprotinin (10 μl/ml), leupeptin
(10 μg/ml) and phosphate buffered saline.

Cell lysates containing 20 μg protein were loaded into a 10% precast sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (Bio-Rad Laboratories, Hercules, California),
followed by electrophoresis and transfer of the proteins onto a polyvinylidene fluoride
membrane (Millipore Corp., Billerica, Massachusetts), which was stained with Ponceau S.
Detection of target proteins was performed with an electrochemoluminescence kit
(Amersham Life Science Inc., Arlington Heights, Illinois) using primary antibodies for
ZEB1 (ab23398, Abcam®, 1:200) and β-actin (Sigma-Aldrich, A5441, 1:3000 dilution).
After secondary antibody hybridization the images were analyzed with the ChemiImager
4000 (Cell Biosciences™ Inc., Santa Clara, California). Expression levels of ZEB1 are
reported relative to β-actin, another housekeeping gene commonly used as a control in
Western blots.

Immunofluorescence Staining
After treatment with estrogen as described the Hs68 cells were fixed with ice-cold methanol,
permeabilized with 0.05% Triton® X-100 and blocked with Superblock (Perbio Science
GmbH, Heidelberg, Germany). The cells were then incubated with rabbit anti-ZEB1
antibody (H-102, Santa Cruz Biotechnology Inc., Santa Cruz, California) followed by
incubation with donkey anti-rabbit Alexa Fluor® 488 fluorescein isothiocyanate conjugated
antibody. The cells were stained with 4′, 6-diamidino-2-phenylindole to stain the nuclei and
then counted using a Nikon Eclipse E600 fluorescence microscope and a Retiga 1300™

QImaging camera.

Immunohistochemical Analysis
Human tissues were fixed in formalin, paraffin embedded and sectioned (5 μm). Antigens
were retrieved using antigen unmasking solution (Vector Laboratories Inc., Burlingame,
California). Following blocking, slides were incubated overnight at 4C with rabbit anti-
ZEB1 antibody (H-102). Staining of the tissue was performed with the Vectastain Elite ABC
Kit (Vector Laboratories Inc.) followed by hematoxylin counterstaining.

Clinical Data
Preputial tissue was obtained from 37 males with hypospadias at surgical repair at UCSF
between 1995 and 2000. Degree of hypospadias was determined by the position of the
urethral meatus and was classified as mild (meatus at or distal to mid shaft of penis, 24
cases) or severe (meatus proximal to mid shaft, 13). Normal preputial skin was obtained
from 11 subjects undergoing circumcision during the same period. Fewer subject samples (6
controls, 6 mild cases, 5 severe cases) were used for the Western blot experiments due to
insufficient tissue to extract protein in the other samples. For all other experiments the entire
sample size was used. All subjects were prospectively enrolled, and written informed
consent was obtained from parents or guardians preoperatively. This study was approved by
the UCSF Committee on Human Research.

Statistical Analysis
Differences in mean ZEB1 mRNA and protein levels in the Hs68 cells after exposure to
increasing estrogen concentrations were determined using ANOVA with Bonferroni
correction. The same analysis was performed to determine if mean ZEB1 mRNA and
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protein levels differed between controls, subjects with mild hypospadias and subjects with
severe hypospadias. Statistical analysis was performed with Stata/SE® 11.

RESULTS
Estrogen Increases ZEB1 Expression In Vitro

Mean expressions of ZEB1 mRNA in Hs68 cells exposed to 0, 1, 10 and 100 nM estrogen
were 0.12, 0.21, 0.47 and 0.71, respectively. Mean levels of ZEB1 protein in Hs68 cells
exposed to 0, 1, 10 and 100 nM estrogen were 0.18, 0.29, 0.40 and 0.51, respectively. There
was a significant difference in mean expression levels of ZEB1 RNA and protein in cells
exposed to increasing concentrations of estrogen (F = 197.03 and F = 122.03, respectively,
fig. 1). ZEB1 is expressed in the nucleus and is up-regulated by estrogen (fig. 2).

ZEB1 Expression Correlates With Hypospadias Severity
Mean expressions of ZEB1 mRNA in controls and subjects with mild and severe
hypospadias were 3.4, 24.33 and 115.17, respectively (fig. 3). There was no difference in the
ZEB1 expression levels between controls and subjects with mild hypospadias (p = 0.64).
However, there were statistically significant differences in expression of ZEB1 between
controls and subjects with severe hypospadias (p <0.001), and between subjects with mild
and severe hypospadias (p <0.001).

Expression of ZEB1 at the protein level was significantly higher in subjects with mild and
severe hypospadias than in controls (p = 0.01 and p <0.01, respectively), and was higher in
subjects with severe vs mild hypospadias (p <0.01, fig. 3). Immunohisto-chemical analysis
revealed that ZEB1 is highly expressed in the stratum basale of subjects with severe
hypospadias but is not seen in controls (fig. 4).

Subject Characteristics
Of the 24 subjects with mild hypospadias the meatus was glanular in 2 (8%), subcoronal in 4
(17%), at the distal shaft in 10 (42%) and at the mid shaft in 8 (33%). Of the 13 patients with
severe hypospadias the meatus was at the proximal penile shaft in 8 (62%), at the
penoscrotal junction in 3 (23%) and in the perineum in 2 (15%).

DISCUSSION
We observed that graded estrogen exposure increases ZEB1 mRNA and protein expression
in vitro in human foreskin fibroblast cells. Furthermore, we found that ZEB1 is over
expressed in preputial tissue of patients with severe hypospadias.

ZEB1 is expressed throughout the developing embryo and is necessary for survival.13 Most
research on the function of ZEB1 has focused on the effect of ZEB1 knockouts in
development or ZEB1 overexpression in carcinogenesis. To our knowledge, there have not
been any reports of human congenital genitourinary anomalies associated with ZEB1
overexpression. Therefore, it is necessary to extrapolate from the known functions of ZEB1
to explain and provide the context for the association we found between ZEB1 expression
levels and hypospadias.

The urethral abnormalities seen in hypospadias can be viewed as a failure of epithelial cell
adhesion. In hypospadias the urethra terminates proximal to its orthotopic location in the
glans penis as a result of failure of the urethral plate and abortive corpus spongiosum to fuse
in the midline. We hypothesize that ZEB1 overexpression decreases cellular adhesion in the
developing male urethra and ventral penile skin, which results in the abortive penile
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development seen in hypospadias. It is known that ZEB1 overexpression decreases
intercellular adhesion by repressing multiple cellular adhesion molecules such as E-
cadherin, which is a transmembrane glycoprotein that mediates cellular adhesion between
epithelial cells through interaction with other proteins such as β-catenin.14 –17

To our knowledge, no studies have investigated the expression patterns of E-cadherin in
normal and hypospadic urethras. However, poor cellular adhesion is a likely causative factor
in hypospadias as mice with mutations of ephrin-B2, a cell surface molecule important in
cellular adhesion, manifest severe hypospadias and cloacal anomalies.18 It is plausible that
the increased ZEB1 expression in the basal layer of preputial skin in boys with hypospadias
reflects decreased expression of cell adhesion molecules in the urethra such that fusion of
the urethral folds is aborted prematurely. However, it is possible that the molecular and
cellular events occurring in the prepuce, which is of ectodermal origin, do not reflect events
occurring in the urethra, which is of endodermal origin.

An alternative, although less likely, explanation is that ZEB1 overexpression decreases
urethral collagen. In osteoblasts ZEB1 has been shown to down-regulate type I collagen.19 If
ZEB1 also represses collagen I genes in the urethra, it is possible that deficient urethral
collagen formation contributes to hypospadias. However, to our knowledge, ZEB1 mediated
decreased collagen formation has not been demonstrated in tissues other than cartilage and
bone. Additionally there are no differences in the amount or distribution of collagen I or III
in hypospadic and normal penises.20

We found a direct relationship between estrogen concentration and ZEB1 foreskin fibroblast
expression in vitro. We also found that boys with severe hypospadias have higher levels of
ZEB1 mRNA and protein levels than controls. Although the urethral tissue was not directly
examined, it is possible that there is also a dose response effect of ZEB1 on urethral
development. Chamberlain and Sanders found that estrogen increases ZEB1 transcription
through direct interaction of the estrogen receptor complex with the ZEB1 gene.21 Our
findings support these results and suggest that the enhancement of ZEB1 transcription by
estrogen is concentration dependent. Additionally Graham et al reported that ZEB1 binds to
the AR promoter, ZEB1 regulates the response of the AR to androgens, and there is
reciprocal suppression between AR and ZEB1.22 These results were observed in an
aggressive breast cancer cell line, and it is unknown how ZEB1 and AR interact during
normal and abnormal embryonic development. However, when viewed in this context, our
findings raise the possibility that ZEB1 mediates some of the effects of sex hormones on
penile development.23–25

Alterations in sex hormones during the critical period of external genitalia formation have
been hypothesized to increase the risk of hypospadias.26,27 Boys born to women exposed to
diethylstilbestrol in utero have higher rates of hypospadias than boys born to women who
are not exposed to diethylstilbestrol.4 To our knowledge, no published study has revealed an
association between the dose of estrogen exposure and hypospadias severity. However, in a
population based cohort boys who were small for gestational age were significantly more
likely to have moderate to severe hypospadias but not mild hypospadias compared to normal
children.28 It is possible that ZEB1 overexpression links the associated conditions of small
for gestational age and severe hypospadias, since ZEB1 represses production of types I and
II collagen in osteoblasts and chondrocytes, respectively.19,29

In this study Hs68 cells were used for the in vitro experiments. This cell line has important
strengths, including being derived from the foreskin of a newborn male, and previous studies
in which Hs68 cells were exposed to estrogen have supported findings in human tissue
samples and mouse models.30 However, this cell line has limitations. Hs68 cells might not
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reflect the gene expression profile or cellular properties of the developing urethral plate, as
they are endodermal in origin and derived from neonatal rather than fetal tissue. Given that
Hs68 cells are fibroblasts, we cannot definitively state that estrogen increases ZEB1
expression in human foreskin epithelium in vitro. However, since ZEB1 levels vary by
tissue type, we believed it was of primary importance to perform the in vitro studies in cells
that originated from human neonatal male genital skin. We are not aware of an epithelial cell
line that meets these criteria. Despite these limitations, we believe the Hs68 cell line is an
acceptable, albeit imperfect, model for investigating hypospadias at a cellular level, given
that the foreskin and urethra are affected in hypospadias, and human subject studies support
the in vitro experiments.

Given the responsiveness of ZEB1 to estrogen and the association of estrogen exposure and
androgen disruption with hypospadias, the mechanism by which ZEB1 mediates the effect
of estrogen in the pathogenesis of hypospadias merits further investigation. Future
experiments using murine models to investigate the effect of estrogen on ZEB1 expression
and the development of hypospadias should help elucidate whether ZEB1 overexpression
can cause hypospadias.

CONCLUSIONS
Estrogen up-regulates ZEB1 expression in human foreskin cells in vitro. Additionally boys
with severe hypospadias have increased expression of ZEB1 in penile skin. Given the role of
ZEB1 in repressing epithelial phenotype and decreasing cell adhesion molecules, and its
responsiveness to estrogen, increased ZEB1 expression may be a mechanism that
contributes to the development of hypospadias.

Abbreviations and Acronyms

AR androgen receptor

GAPDH glyceraldehyde-3-phosphate dehydrogenase

PCR polymerase chain reaction

UCSF University of California, San Francisco
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Figure 1.
Estrogen increases ZEB1 expression in vitro. mRNA (A) and protein (B) levels in Hs68
cells.
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Figure 2.
Effect of estrogen (E2) on ZEB1 expression in Hs68 cells. Estrogen increased intensity of
ZEB1 immunofluorescence in nucleus of fibroblasts derived from human foreskin.
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Figure 3.
Expression of ZEB1 in controls and subjects with hypospadias. Subjects with severe
hypospadias had significantly higher mRNA (A) and protein (B) levels of ZEB1 compared
to controls and subjects with mild hypospadias.
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Figure 4.
Expression of ZEB1 in normal subjects and patients with hypospadias. ZEB1 is absent in
preputial skin of controls but is highly expressed in stratum basale (arrows) in subjects with
severe hypospadias. HE, hematoxylin & eosin.
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Table

Gene Primer Products Size

ZEB1 F: ATGCACAACCAAGTGCAGAAGAGC
R: TTGCCTGGTTCAGGAGAAGATGGT

145 bp

GAPDH F: CATGTTCGTCATGGGTGTGAACCA
R: AGTGATGGCATGGACTGTGGTCAT

160 bp
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