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 Background: The aim of this study was to explore effects of microRNA-200c regulating TGF-b/Smad3 pathway by targeting 
Zeb1 on the occurrence and development of hypospadias and to evaluate the relationship between microRNA-
200c and occurrence of hypospadias.

 Material/Methods: Pregnant rats with a gestational age of 12 days were allocated into 2 groups; one received gavage of DEHP-
contained soybean oil (1 ml/day, 8 days; Group A) and the other had gavage of normal soybean oil (1 ml/day, 
8 days; Group B). Baby rats with hypospadias from Group A were assigned to the model group (n=20) and 
healthy baby rats from Group B were assigned to the control group (n=20). Real-time quantitative polymerase 
chain reaction (qRT-PCR), immunohistochemistry and Western blot analysis were performed to detect microR-
NA-200c, Zeb1, TGF-b, and Smad3 mRNA and protein expressions in the model group (n=20) and the control 
group (n=20). The relationship between microRNA-200c and Zeb1 was detected using a dual-luciferase report-
er gene experiment. After the in vitro intervention experiment in fetal rat penises, Western blot was used to 
detect the expression of Zeb1, TGF-b, and Smad3.

 Results: In the model group, microRNA-200c was expressed at a low level, and microRNA-200c expression in control 
group was 2.1 times higher than in the model group (P<0.05). When compared with the control group, mRNA 
expressions, protein expressions, and positive rates of Zeb1, TGF-b, and Smad3 were higher in the model group 
(all P<0.01). Luciferase gene report determined that Zeb1 is a target gene of microRNA-200c. The in vitro inter-
vention experiment in fetal rat penises found that a high concentration of microRNA-200c inhibited hypospa-
dias occurrence by suppressing the expression of Zeb1, TGF-b, and Smad3.

 Conclusions: MicroRNA-200c was expressed in hypospadias penis tissues at low levels and was negatively correlated with 
Zeb1 expression. MicroRNA-200c up-regulated Zeb1 expression to regulate the TGF-b/Smad3 pathway, which 
led to the occurrence of hypospadias.
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Background

Hypospadias, defined as a malformation of the penis due to in-
complete development of the ventral part of the penis [1], is one 
of most common congenital anomalies, affecting between 1 in 
200 to 1 in 300 live male births [2]. A study has suggested a pro-
gressive increase in incidence of hypospadias in recent years and 
found an association between living in urban areas and hypo-
spadias [3]. According to severity, hypospadias is classified into 
3 degrees: the urethra opens on the anterior portion of the pe-
nis; openings on the midshaft of the penis; and posterior penile, 
penoscrotal, scrotal and perineal openings [4]. With the further 
study of hypospadias, we found the etiology is directly related 
to the following factors: genetic factors; epidermal growth fac-
tor (EGF); and environmental factors, including extra estrogen 
and progestin [5,6]. With the increasing use of molecular biolo-
gy, several molecular methods have been used in the treatment 
of hypospadias, such as abnormal genetic transcription by gene 
site-directed mutation [7] and regulation of the expression and 
function of related target protein by microRNA overexpression [8], 
which indicate a new direction for hypospadias treatment.

MicroRNA (miRNA) is a small (21–25 nucleotides long) non-cod-
ing, single-stranded RNA derived from a 70-nucleotide-long pre-
cursor that controls gene expression by targeting mRNA tran-
scripts, leading to its translational repression or degradation [9]. 
Several studies have demonstrated the important role of miRNA 
in cancers such as colorectal cancer, breast cancer, and gastric 
cancer [10,11]. Several studies have reported that miRNA-200 
(miR-200c), a member of the miRNA-200 family, plays a critical 
role in the metastatic behavior of colorectal cancer; increasing 
expression of miR-200c results in the negative regulation of Zeb1 
gene, which in turn regulates E-cadherin and vimentin expression 
to trigger epithelial-to-mesenchymal transition (EMT) [12,13]. In 
2008, Korpal found that miR-200c can resist and reverse TGF-
b1-induced EMT [14]. Another study confirmed that TGF-b1 has 
a vital role in the occurrence and development of urethral scar 
fibrosis [15]. Previously, Smad3 was found to be a downstream 
signal transduction factor of TGF-b1 [16]. These studies suggest 
that miRNA-200c plays a critical role in the pathogenesis of hy-
pospadias. Therefore, the aim of this study was to evaluate the 
expression of miR-200c in hypospadias and normal penis tis-
sues to determine the target gene of miR-200c and its related 
signal pathway in the occurrence of hypospadias.

Material and Methods

Ethics statement

The study design was reviewed and approved by the Ethics 
Committee of the First People’s Hospital of Yulin. This study was 
conducted in accordance with International Animal Convention.

Study subjects

The healthy and qualified rats used this study were provided by 
the Experimental Animal Centre of the First People’s Hospital 
of Yulin and the rats were housed as female-male pairs. The 
day on which sperm was detected on a vaginal smear was des-
ignated as gestation day (GD) 0. A total of 40 health rats on 
GD 12 were randomly selected and divided into 2 groups: the 
Di (2-ethylhexyl) phthalate (DEHP) experimental group (group 
A, n=20) and the soybean oil control group (group B, n=20). 
DEHP (500 mg/kg) dissolved in 1 ml of soybean oil was intra-
gastrically administered to pregnant rats at 8:00 AM from GD 
12 to GD 19, while the control group was only given an equiv-
alent volume of soybean oil [17]. On postnatal day (PND) 1, 
the male newborn rats were counted and weighted, and their 
anogenital distances (AGD) were measured under a dissecting 
microscope. On PND 70, male offspring were intraperitoneally 
anesthetized with 10% chloral hydrate. After anesthesia, the 
length, curvature, and urethral opening position of each rat’s 
penis were examined to identify the presence of hypospadias.

A total of 20 male rats with hypospadias was assigned to the 
model group and 20 normal male rats were assigned to the 
control group. All rats were aged PND 70. After processing by 
liquid nitrogen, penis tissues were kept at –80°C. Half of the 
tissue specimen of each rat was used to detect microRNA-200c, 
and the other half underwent immunohistochemistry detection 
after 4% polyoxymethylene fixation and paraffin embedding.

Detecting the mRNA expressions of microRNA-200c, Zeb1, 
TGF-b, and Smad3 by quantitative real-time polymerase 
chain reaction (qRT-PCR)

A total of 50 mg frozen tissues were obtained to extract the 
total RNA using the miRNeasy Mini Kit (Qiagen, Valencia, CA). 
After 5 μl of the RNA sample was diluted 20 times with RNAase-
free ultrapure water, the quality and purity of RNA were mea-
sured with optical density (OD) of 260 nm and 280 nm. OD260/
OD280 between 1.7 and 2.1, which indicates higher purity of 
RNA, indicated qualification for inclusion in the following ex-
periment. Briefly, total RNA was reverse-transcribed into cDNA 
templates using PCR amplification, and primers were synthe-
sized by Invitrogen (Guangzhou) Trading Co. Ltd. The qRT-PCR 
was performed using 7500HT fluorogenic quantitative PCR (ABI 
Co.) at conditions of: pre-denaturation at 95°C for 10 min, 40 
cycles of denaturation at 95°C for 10 s, annealing at 60°C for 
20 s, and extension at 72°C for 34 s). All primers are shown 
in Table 1. U6 snRNA was considered as an internal refer-
ence for miR-200c and GAPDH as internal reference for Zeb1, 
TGF-b, and Smad3. 2–DDCt showed the ratio of genetic expres-
sions in the experimental group and control group, and the 
formula was as follows: DDCT=DCtexperimental group – DCtcontrol group; 
DCt=Ct miRNA – Ct U6. Here, Ct is the number of amplification 
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cycles when the real-time fluorescence intensity of the reac-
tion reaches the set threshold and the amplification increas-
es as logarithmic phase.

Detecting the expression of Zeb1, TGF-b, and Smad3 by 
immunohistochemistry

Two-step method was performed to detect the expressions 
of Zeb1, TGF-b, and Smad3 by PV-9000. After de-paraffiniza-
tion in graded ethyl alcohol to distilled water, serial sections 
(4 μm) of each paraffin-embedded tissue chip were retrieved 
with antigens using a microwave, cooled naturally at room 
temperature, and washed by distilled water twice and phos-
phate-buffered (PBS) twice. After being treated with 3% hy-
drogen peroxide to block endogenous peroxidase, sections 
were incubated with primary antibodies (monoclonal rabbit 
anti-rat ZEB1, 1:100; rabbit anti-rat TGF-b, 1:100; rabbit anti-
rat Smad 3, 1:100; Beijing Bioss Co.) overnight at 4°C, followed 
by 20-min incubation with polymerase adjuvant at room tem-
perature, and 30-min incubation with horseradish peroxidase-
labelled secondary antibodies (goat anti-rabbit ZEB1, 1:500; 
goat anti-rabbit TGF-b, 1:500; goat anti-rabbit Smad 3, 1:500; 
Beijing Bioss Co.) at room temperature. Finally, the sections 
were visualized by addition of a buffered diaminobenzidine 
(DAB) and then counterstained with hematoxylin and sealed. 
Primary antibody was replaced by PBS as negative control, and 
normal penis tissues were used as positive control. Zeb1 pro-
tein was mainly expressed in the cell nucleus as diffuse yel-
low granules, while TGF-b and Smad3 were expressed in the 
cell nucleus of penis matrix and vascular endothelial cells of 
subcutaneous tissue. The percentage of positive cells was as-
signed to one of the following categories: 1=1~10%; 2=11~25%; 
3=26~50%; and 4=51~75%; 5=76%100%. The relative inten-
sity of positive signals was classified into 3 grades with 1~3 
scores: 1 (weakly stained, stronger than background, nega-
tive); 2 (moderately stained, light yellow, weakly positive); 3 
(intensely stained, yellow, positive). These 2 scores were add-
ed and divided by 2 to produce the final score for each sec-
tion (negative=1~2.5; positive=3~4) [18].

Detecting the expression of Zeb1, TGF-b, and Smad3 by 
western blot

After cells were washed 3 times in pre-chilled PBS, cultured 
cells were lysed in lysis buffer in a culture bottle (100 μl/50 
ml) and placed on ice for 30 min, followed by a 10-min cen-
trifugation at 12 000 rpm at 4°C. Then, supernatant was ab-
sorbed and placed in a 0.5-ml centrifuge tube separately and 
saved at –20°C. PBS was used to dilute 2 μg/μl BSA protein 
standards into 20 μg/μl, 15 μg/μl, 10 μg/μl, 5 μg/μl, 2.5 μg/μl, 
and 0 μg/μl. Based on the number of samples, we calculated 
the amount of BCA detection reagent, and blended solution A 
and solution B (BCA kit, Pierce Co.) at a 50:1 ratio.

A total of 2 μl protein was diluted with 18 μl of double-dis-
tilled water and each sample was divided and placed into 2 
wells. After 200 ul of detection liquid were added to 96-well 
plates, diluted protein standards and detecting samples (10 ul/
well) were added in detection wells with light and even shak-
ing, followed by 30-min incubation at 37°C and then cooling 
to room temperature. The absorption value of samples was 
obtained using a full-automatic microplate reader (Beijing 
Nuoya Instrument Co.) at 490 nm, and the protein concentra-
tion of samples was calculated with a standard curve. All sam-
ples were saved at –70°C.

In a cold chamber at 4°C, electrophoresis began at 60 V and 
then at 120 V for 1–2 h as soon as protein went into separation 
gel. The wet-transfer method was used to transfer protein onto 
PVDF membrane for 2 h in the 4°C cold chamber. After PVDF 
membrane was removed, samples were sealed with 5% nonfat 
dried milk Tris-buffered saline tween (TBST) for 1–2 h at room 
temperature. Then, the samples were incubated with primary 
antibodies for Zeb1, TGF-b, and Smad3 overnight at 4°C, and 
washed with TBST (10 min ×3). The cells were then incubated 
with secondary antibodies at room temperature for 1 h and 
washed 3 times in TBST (10 min ×3). After the samples were 
exposed and fixed to X-ray film, chemiluminescent assay was 
performed to detect protein bands, followed by data analysis.

Gene Forward primers: 5’-3’ Reverse primers: 5’-3’

mir-200c ACACTCCAGCTGGGTAATACTGCC TGGTGTCGTGCAGTCG

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

Zeb1 GGCACAACCAAAATCATCATCAA GCAGTCCTCACACAAAAGGCAAG

TGF-b TACCAACTACTGCTTCAGCTCCAC GTTGTGTTGGTTGTAGAGGGCA

Smad3 GAGAAACCAGTGACCACCAGATG TAGGAGATGGAGCACCAGAAGG

GAPDH GGAAATCCCATCACCATCT GGACTCCACGACGTACTCA

Table 1. Relative primer sequences.
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Cell culture

Penis tissues were rinsed with normal saline, placed in an 
Erlenmeyer flask (0.25% trypsin and 0.02% EDTA solution), 
sealed, and kept at 4°C for 18 h. The skin graft was trans-
ferred to a petri dish, following by separating and discarding 
the epidermis. The dermis graft was rinsed with DMEM, cut 
into pieces, and digested with collagenase. After 1-h incubation 
at 37°C and repeated shaking for cell scattering, the digestive 
solution was filtered through a 100-mesh screen to collect cell 
suspensions, following by centrifugation. The supernatant was 
then discarded, and the cell cluster was made into a cell sus-
pension using DMEM medium, following by counting and ad-
justing the cell density. The cells were cultured in DMEM sup-
plemented with 10% fetal bovine serum in 5% CO2 and 95% 
humidity at 37°C. The culture cells grew as a monolayer and 
were subjected to routine cell passage.

Luciferase reporter gene experiment

We designed respectively mutant sequence and wild sequence, 
that Zeb1 has a deletion in 3’UTR for miR-200c binding, to insert 
reporter plasmids. In hypospadias penile tissue cells, miR-200c 
mimics were co-transfected with wild (Wt-miR-200c/Zeb1) and 
mutant (Mut-miR-200c/Zeb1) recombinant plasmids. DNA was 
extracted with TIANamp Genomic DNA Kit (TIANGEN) accord-
ing to the manufacture’s instruction. With constructing lucif-
erase reporter vector, luciferase activity of samples was mea-
sured using Dual-Luciferase Reporter Assay System (E1910) 
(Promega Co.). After 48-hour transfection, the former medium 
was removed, and the cells were washed with PBS twice and 
lysed in 100 μl passive lysis buffer (PLB) with 15-min shaking 
at room temperature so as to collect cell lysis buffer.

The program was set as 2 s pre-reading, 10 s reading and 
100 μl sample size (LARII and Stop & Glo® Reagent). After the 
pre-made LARII, Stop & Glo ® Reagent and luminescent tube 
or plate with cell lysis buffer (20 μl per sample) was added in 
bioluminescence detector, program was conducted till the end 
of fluorescence reading and data were recorded.

In-vitro intervene experiment of fetal rat penis

The pregnant rats were killed by cervical dislocation at GD 12.5. 
The fetal rats were removed under sterile condition, washed 
with sterile PBS, and the abdominal cavity was dissected to 
identify male fetuses by finding testes. Cross-cutting along the 
penis root, the full penis was located 0.4 µm above the mi-
croporous membrane as ventral side downward, followed by 
adding 1.5 ml BjGb medium in each well until the penis was 
in a gas-liquid interface. The experiments were classified as 
the experimental group (200 μM mono-2-ethylhexyl phthalate 
(MEHP), in vivo metabolite of DEHP, supplemented with a high 

dose of miR-200c); the control group (200 μM MEHP, in vivo 
metabolite of DEHP); and the blank group (no treatment). Each 
group was incubated with 5% CO2 and saturation humidity at 
37°C and the medium was replaced every 24 h. After 72-h in-
cubation, the expression of Zeb1, TGF-b, and Smad3 mRNAs 
and proteins were measured.

Statistical analysis

All data were analyzed using SPSS 21.0 software (SPSS Inc, 
Chicago, IL, USA) and are expressed as mean ± standard de-
viation (SD). Measurement data were analyzed by t test, the 
chi-square test was performed to analyze enumeration data, 
and correlation analysis was analyzed using Pearson correla-
tion method. P<0.05 was considered statistically significant.

Results

Modeling results of hypospadias in rats

In the DEHP experiment group, 20 pregnant rats had 127 baby 
rats. Of these 127, 67 were male newborns, of which 26 had 
hypospadias (an occurrence rate of 20.5%). In the soybean oil 
control group, 20 pregnant rats had 103 baby rats, of which 
50 newborns were males with no hypospadias. There were 
no significant differences in the number of newborns or their 
sex ratios (both P>0.05). When compared with the soybean 
oil control group, the occurrence rate of hypospadias in the 
DEHP experiment group was significantly higher (P<0.05), in-
dicating the success in modeling (Table 2). For normal male 
rats, the urethra opens at the top of the penis with complete 
foreskin, and micturition is linear when stimulated. Male rats 
with hypospadias have an abnormal opening at the junction 
between the penis and the perinea or ventral side, with ven-
tral foreskin division.

The expression of microRNA-200c

When compared with the control group, qRT-PCR detection re-
sults showed that the expression of microRNA-200c in penis 
tissues was lower in the model group. The expression quanti-
ty of microRNA-200c was 2.1 times higher than in the model 
group (t=2.09, P<0.01) (Figure 1).

The mRNA expression levels of Zeb1, TGF-b and Smad3

qPT-PCR was performed to detect the expression of Zeb1 
mRNA, TGF-b, and Smad3. The results (Figure 2) showed that 
expression level of Zeb1 mRNA in penis tissues in the model 
group was 1.3±0.12, which was significantly higher than the 
0.67±0.06 in the control group (t=2.04, P<0.01). In the model 
group, the expression level of TGF-b mRNA in penis tissues was 
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1.45±0.13, which was significantly higher than the 1.08±0.10 
in the control group (t=2.03, P<0.01). When compared with the 
control group (0.78±0.07), the expression level of Smad3 mRNA 
in penis tissues was much higher (1.25±0.08) (t=2.03, P<0.01).

The protein expression levels of Zeb1, TGF-b, and Smad3

Immunohistochemical results demonstrated that Zeb1 protein 
was mainly positively expressed in cell nucleus as diffuse yel-
low granules, while TGF-b and Smad3 proteins were positive-
ly expressed in the cell nuclei of penis matrix and vascular en-
dothelial cells of subcutaneous tissues (Figure 3). As shown 
in Table 3, the positive expression rate of Zeb1, TGF-b, and 
Smad3 in penis tissues in the model group was significantly 
higher than in the control group. Moreover, Western blot re-
sults (Figure 4) indicated that the expression of Zeb1 in penis 
tissues in the model group was 0.97±1.23, which was signifi-
cantly higher than the 0.35±0.05 in the control group (P<0.01). 
When compared with the control group (0.29±0.04), the ex-
pression of TGF-b in penis tissues in the model groups was 
much higher (0.98±0.10) (P<0.01). In the model group, the ex-
pression of Smad3 in penis tissues was 1.15±0.16, which was 
significantly higher than the 0.78±0.16 found in the control 
group (P<0.01).

Correlation analysis of microRNA-200c with Zeb1, TGF-b, 
and Smad3

As shown in Table 4, Pearson correlation analysis results demon-
strated that the miRNA-200c expression level and the Zeb1 expres-
sion level were negatively correlation (r=–0.991, P<0.01), but the 
Zeb1 expression level was positively correlated with the expression 
levels of TGF-b and Smad3 (r=0.999, P<0.001; r=0.995, P<0.01).

Verifying the target gene of miR-200c

The online prediction software Target Scan was used to deter-
mine the target site for Zeb1 to bind miR-200c and the sequenc-
es in 3’-UTR where Zeb1 mRNA binds miR-200c (Figure 5A). 
In order to prove miR-200c was targeting Zeb1, we designed 
a mutant sequence and a wild sequence that is a 3’ UTR de-
letion in Zeb1 for miR-200 binding, to insert reporter plasmid. 
In hypospadias penile tissue cells, miR-200c mimics were co-
transfected with wild (Wt-miR-200c/Zeb1) and mutant (Mut-
miR-200c/Zeb1) recombinant plasmids. The luciferase activity 
detection results showed that miR-200c mimics had no sig-
nificant effects on the luciferase activity intensity in the mu-
tant (Mut-miR-200c/Zeb1) reporter plasmid group; however, in 
the wild (Wt-miR-200c/Zeb1) reporter plasmid group, the lu-
ciferase activity intensity was decreased (P<0.05) (Figure 5B).

Group
Pregnant rats 

(n)
Newborns 

(n)
Male newborns 

(n)
Occurrence of 

hypospadias (n)
AGD 
(cm)

Occurrence rate of 
hypospadias (%)

Experiment group 20 127 67 26 0.181* 20.5

Control group 20 103 50 0 0.208 0

Table 2. Comparison between experiment group (DEHP-induced hypospadias) and control group.

AGD – anogential distance; * compare with control group, P<0.001

Figure 1.  Differences in the expression level of microRNA-200c in 
penis tissues between model group and control group, 
* compared with control group, P<0.01.
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Figure 2.  Comparisons of the expression levels of Zeb1, TGF-b, 
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In vitro intervention results of fetal rats

After 72-h in vitro incubation of penis tissues, expressions of 
Zeb1, TGF-b, and Smad3 mRNAs were quantified (Figure 6A), 
showing that the largest expression quantity was in the con-
trol group, but the expression quantity in the experiment 
group was close to that in the blank group. Western blot anal-
ysis was performed to detect the expression of Zeb1, TGF-b, 
and Smad3 proteins. Taking GAPDH as an internal reference, 
Zeb1, TGF-b, and Smad3 expressions were highly expressed in 
the control group and the expression results in the experiment 
group were similar to that in the blank group (Figure 6B). The 

results indicated that the high dose of miRNA-200c inhibited 
the expressions of Zeb 1, TGF-b, and Smad3 in penis tissues 
and reduced the occurrence and severity of hypospadias. The 
results also identified that Zeb1, TGF-b, and Smad3 were high-
ly expressed in hypospadias penis tissues.

Discussion

There is currently no clear understanding of the complex eti-
ology of hypospadias. By intragastrically administering preg-
nant rats with DEHP to produce baby rats with hypospadias, 

A1 B1 C1

A2 B2 C2

Figure 3.  Immunohistochemistry results on the expressions of Zeb1, TGF-b, and Smad3 (200×). (A1) weakly positive expression of Zeb1 
in normal penis tissues; (A2) strongly positive expression of Zeb1 in penis tissues with hypospadias; (B1) weakly positive 
expression of TGF-b in normal penis tissues; (B2) strongly positive expression of TGF-b in penis tissues with hypospadias; 
(C1) weakly positive expression of Smad3 in normal penis tissues; (C2) strongly positive expression of Smad3 in penis 
tissues with hypospadias.

N

Zeb1 TGF-b Smad3

Negative Positive 
Positive 
rate (%)

Negative Positive 
Positive 
rate (%)

Negative Positive 
Positive 
rate (%)

Model 
group

20 3 17 85 1 19 95 2 18 90

Control 
group

20 18 2 10 18 2 10 17 3 15

c2 22.56 28.97 22.56

P P<0.001 P<0.001 P<0.001

Table 3. The expression status of Zeb1, TGF-b and Smad3 proteins.
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we found microRNA-200c was under-expressed in hypospadi-
as tissues, and more importantly, the expression of Zeb1 was 
negatively correlated with miR-200c. As a member of the miR-
NA-200 family, related research involving miR-200c has con-
centrated on its functions in tumors. Recently, studies report-
ed that miRNA-200 families were up-regulated in different 
tumor cells and able to inhibit tumor cell invasion and migra-
tion [10,19,20]. One study showed that microRNA-200c was 
negatively correlated with Zeb1 protein expression in pancre-
atic cancer [21]. In colorectal cancer, miR-200c inhibits Zeb1 
protein expression [12]. Moreover, miR-200c inhibits Zeb1 pro-
tein expression on cell membranes so as to promote cancer 
cell invasion [22]. Furthermore, it was found that miR-200c can 
resist and reverse TGF-b by suppressing Zeb1 and Zeb2 activi-
ties [14]. Together, these data suggest that miR-200c is nega-
tively correlated with Zeb1 protein expression in various dis-
eases. This further confirms that reduction of miR-200c and 
increase of Zeb1 protein expression in hypospadias promotes 
the occurrence and development of hypospadias.

By detecting the expression of Zeb1, TGF-b, and Smad3 at the 
protein level, we found the expression level of Zeb1, TGF-b, 
and Smad3 in the model group was significantly higher than 
that in the control group. In vitro experiment results showed 
that high levels of miR-200c can reduce the expression of 

Indicator microRNA-200c Zeb 1 TGF-b Smad3

microRNA-200c 1.000 –0.991* –0.990* –0.985*

Zeb 1 –0.991* 1.000 0.999* 0.995*

TGF-b –0.990* 0.999* 1.000 0.994*

Smad3 –0.985* 0.995* 0.994* 1.000

Table 4. Correlation of the microRNA-200c expression with the expression of Zeb1, TGF-b and Smad3 in model group.

* P<0.01, significant correlation between two indicators.

Figure 4.  (A, B) The Western blot results on expression levels of Zeb1, TGF-b, and Smad3 proteins in model group and control group, 
* compared with control group, P<0.01.
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Figure 5.  The Target Scan software identified that miR-200c 
directly targets Zeb1. (A) Gene comparison of miR-
200c and Zeb1 3’UTR; (B) Dual-luciferase reporter gene 
activity assay. * P<0.01 in comparison with the control 
group.
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Zeb1, TGF-b, and Smad3 so as to inhibit the occurrence of hy-
pospadias. A recent study reported that miR-200c inhibited 
activity of Smad pathway and secretion of TGF-b in keloid fi-
broblasts [23]. Another study reported that the development 
of fetal rat genitalia used urethral epithelium as a molecular 
signal center, which was regulated by TGF-b1 [7]. As the po-
tent chemokine of fibroblasts, TGF-b1 can inhibit proliferations 
of most cells and induce epithelial cell apoptosis through au-
tocrine and paracrine functioning in inflammatory and repair 
cells directly or indirectly, individually or synergistically, syn-
chronously or asynchronously [24]. Moreover, a study found 
that phosphorylation of Smad3 necessarily involves TGF-b1 
because only phosphorylated Smad3 can enter into the nu-
cleus from the cytoplasm and then regulate the expression of 
the specific downstream gene, which triggers a series of bio-
logical events, including promoting fibroblast collagen synthe-
sis, reducing collagen degradation, and adhering cells to ex-
tracellular matrix [25]. These findings suggest that TGF-b and 
Smad3 promote the occurrence of hypospadias, leading to the 
inhibition of growth of urethral epithelial cells and apoptosis, 
and that inhibitory expression of TGF-b and Smad3 play a vi-
tal role in healing hypospadias.

Figure 6.  In vitro intervention results in fetal rats. (A1) expression of Zeb1, TGF-b, and Smad3 mRNAs in the blank group; 
(A2) expression of Zeb1, TGF-b, and Smad3 mRNAs in the experimental group, which was similar to the blank group; 
(A3) high expression of Zeb1, TGF-b, and Smad3 mRNAs in the control group (GAPDH as internal reference). (B1) the 
expression of Zeb1, TGF-b, and Smad3 proteins in penis tissues in blank group; (B2) the expression of Zeb1, TGF-b, and 
Smad3 proteins in penis tissues in the experimental group, similar to the blank group; (B3) the high expression of Zeb1, 
TGF-b, and Smad3 proteins in penis tissues in the control group.
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However, the present study has its own limitations. Besides 
the small number of experiment subjects, this study did not 
completely explain the relationship between DEPH and miRNA-
200c in pregnant rats. Furthermore, it is still unknown whether 
high doses of DEPH cause the low expression of miRNA-200c, 
leading to hypospadias. Finally, this study did not explore the 
relationship of different DEHP doses with degree of hypospa-
dias and miRNA-200c expression quantity.

Conclusions

This study indicates that miR-200c is expressed at low lev-
els in hypospadias penis tissues and is negatively correlated 
with Zeb1 protein expression. Furthermore, miRNA-200c might 
up-regulate Zeb1 gene and protein expression to up-regulate 
TGF-b/Smad3 pathway level, suggesting that miRNA-200c is 
correlated with hypospadias occurrence and degree.
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