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Abstract. CYP21A2, which is responsible for 21-hydroxylase activity, is prominent to the develop-
ment of congenital adrenal hyperplasia (CAH). The aim of our current study is to investigate the 
role of CYP21A2 in the tumor processes. Here, we used HepG2 cell lines and generated CYP21A2 
overexpressing vector and siRNA to investigate the effect of CYP21A2 on the tumor development 
processes, particularly cell migration and invasion; genes expression related to these processes were 
further examined. Results showed that CYP21A2 over-expressed or silenced had no effects on cell 
viability as well as the process of cell apoptosis. Further study suggested that CYP21A2 silenced 
significantly decreased the G0/G1 phase and increased the S phase of the cell cycle. However, no 
differences were observed when CYP21A2 was overexpressed. Moreover, we found that cell migra-
tion and invasion significantly improved with CYP21A2 overexpressed and impaired with silenced 
CYP21A2. Finally, we examined the expression of genes related to tumor processes and found that 
the Wnt signaling genes were changed. Taken together, our results demonstrated a novel function 
of CYP21A2 in the regulation of tumor processes, particularly cell migration and invasion, which 
this may be mediated by the Wnt signaling pathway.
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Introduction

Cancer is responsible for one of the major causes to death 
which is believed to be one end result of a process of somatic 
evolution (Hahn and Weinberg 2002; Calcinotto et al. 2019; 

Siegel et al. 2019; Srivastava et al. 2019). It is related to 
genetic mutations or environmental factors which endow 
a single clonal lineage cells with adaptive and proliferative 
advantages (Martincorena et al. 2018; Puisieux et al. 2018). 
Several processes promoted tumor development including 
cell viability, proliferation, apoptosis, migration, invasion 
and also angiopoiesis (Strilic and Offermanns 2017; Puisieux 
et al. 2018). Numerous studies have demonstrated kinds of 
signaling pathways and regulators that were required for 
the formation and development of tumor, including Wnt 
signaling (Ghosh et al. 2019; VanderVorst et al. 2019), ERK 
signaling (Lito et al. 2013), Notch signaling (Meurette and 
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Mehlen 2018), SUMOylation (Eifler and Vertegaal 2015) and 
some others (Schmitt and Chang 2016; Rojo de la Vega et al. 
2018; Neagu et al. 2019). Although many regulatory mecha-
nisms regarding these processes have been identified up to 
date, detailed and novel mechanisms require to be explored.

CYP21A2 (cytochrome P450 21-hydroxylase) is a mem-
ber of the cytochrome P450 superfamily (Canturk et al. 
2011), which includes highly versatile heme containing en-
zymes catalyzing a variety of oxidation reactions (Bernhardt 
2006; Lamb and Waterman 2013; Girvan and Munro 2016). 
As a vital regulator for 21-hydroxylase activity (Carmina et 
al. 2017), CYP21A2 plays an important role in the develop-
ment of congenital adrenal hyperplasia (CAH) (Canturk et 
al. 2011; Haider et al. 2013; New et al. 2013; Carmina et al. 
2017). About 95% of CAH cases are caused by deficiency of 
21-hydroxylase activity (Canturk et al. 2011). CYP21A2 is 
a protein located in the endoplasmic reticulum and crucial 
in steroid hormone biosynthesis that provides the precursors 
of aldosterone, glucocorticoid, cortisol and mineralocorti-
coid (Ryan and Engel 1957; Kominami et al. 1980; Mizrachi 
et al. 2011; Brixius-Anderko et al. 2015). Previous studies 
showed that CYP21A2 was involved in the regulation of 
physiological processes, including congenital adrenal hyper-
plasia (Carmina et al. 2017), polycystic ovarian syndrome, 
infertility (Bry-Gauillard et al. 2014) and hypertension (Lu et 
al. 2015). Recently, however, studies implied a possible role 
of CYP21A2 in the regulation of tumor metabolism (Charni 
et al. 2016). From microarray analysis of liver cells, it was 
found that CYP21A2 may be a novel target gene of p53, an 
important tumor suppressor that functions to prevent tumor 
development (Vogelstein et al. 2000). The above study sug-
gested that CYP21A2 may play an important role in cancer 
development. The aim of our current study is to investigate 
this possibility and implore the underlying mechanism.

Materials and Methods

Cell lines

The human hepatoma cell line HepG2 was obtained from 
KeyGEN BioTECH (Nanjin, Jiangsu Province). Cells were 
maintained in Dulbecco’s modified Eagle’s medium (DMEM) 
(KeyGEN BioTECH, Nanjin, China) with 10% fetal bovine 
serum (FBS) (Gibco, Invitrogen Corp.), 1% penicillin and 
streptomycin (Invitrogen Corp.). All cell lines were cultured 
in a humidified incubator (5% CO2/95% air atmosphere at 
37°C).

Plasmids construction and cell treatments

The DNA fragment encoding CYP21A2 was amplified 
from human HepG2 cells cDNA. The DNA fragment was 

then cloned to the control vector pIRES2 EGFR to form 
the CYP21A2 expressing plasmid. Double-stranded siRNA 
targeting human CYP21A2 was purchased from GeneP-
harma. The siRNA sequence specific for human CYP21A2 is 
following: 5’-CCCUGCUCUGGAAAGCCCACAAGAA-3’. 
HepG2 cells were transfected with CYP21A2 expressing plas-
mid by Lipofectamine 3000 (Life technologies) or CYP21A2 
siRNA by Lipofectamine RNAiMAX Transfection Reagent 
(Life technologies), respectively.

CCK-8 assay

Cell cytotoxicity was evaluated by CCK-8 assay according 
to the manufacturer’s instructions (TransGen Biotech, Bei-
jing, China). HepG2 cells were seeded in a 96-well plate at 
a density of 5×103 cells per well. After incubation for 24 h, 
cells were transfected with CYP21A2 expressing plasmid 
or siRNA or the controls, respectively. After another 24-h 
incubation, the medium removed and 10% CCK-8 assay 
solution added to each well. Cells were further incubated 
for 2 h and the absorbance was measured using a Microplate 
Reader at the wavelength of 450 nm.

Cell cycle detection

HepG2 cells were seeded in 25 cm2 culture bottles at a den-
sity of 1×105 cells/ml. After incubation for 24 h, cells were 
transfected with CYP21A2 expressing plasmid or siRNA or 
the controls. After another 24-h incubation, the medium 
removed, then cells were washed twice with PBS and digested 
using trypsin (Gibco, Invitrogen Corp.). The harvested 
cells were fixed overnight in 4°C with cold PBS and 75% 
ethyl alcohol. And then washed twice with cold PBS, added 
PI/RNase staining buffer and filtrated using 200 mesh nylon 
screen. After 30 min incubated in dark, the red fluorescence 
at the excitation wavelength of 488 nm were measured us-
ing Flow cytometry and analyzed the DNA content using 
software.

Cell apoptosis detection

Annexin V-FITC/PI apoptosis detection was made ac-
cording to the manufacturer’s instructions. HepG2 cells 
were seeded in 25 cm2 culture bottles at a  density of 
1×105 cells/ml. After incubation for 24 h, cells were trans-
fected with CYP21A2 expressing plasmid or siRNA or the 
controls. 24 h later, the medium removed, cells were washed 
twice with PBS and then digested using trypsin (Gibco, 
Invitrogen Corp.). Next, cells were collected and washed 
twice with cold PBS and suspended in Annexin V binding 
buffer, filtrated using 200 mesh nylon screen and incubated 
with FITC labeled Annexin V for 15 min at 4°C in dark. 
Then, propidium iodide (PI) was added to incubate 5 min 
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at 4°C in dark. The samples were analyzed by Flow cytom-
etry (30 min).

Cell migration and invasion detection

Cell migration and invasion analysis were measured us-
ing a transwell chamber containing 8 µm pores (Corning, 
USA). HepG2 cells were transfected with CYP21A2 ex-
pressing plasmid or siRNA or the controls for 24 h. Then 
cells were collected in serum free medium in a density of 
5×105 cells/ml. The cells were plated into the upper cham-
ber, and the lower chamber putted with medium supple-
ment with 10% FBS. After 72-h incubation, cells on the 
upper chamber were washed with PBS twice and stained 
with Giemsa solution (Nanjing Jiancheng Bioengineering 
Institute, Nanjing, China) and then counted in five fields 
randomly.

RNA isolation and relative quantitative RT-PCR 

mRNA levels were examined by RT-PCR using SYBR green 
fluorescent nucleic acid stain with the sequences of primers 
described in Table S1 (see Supplementary materials).

Statistics

All data are expressed as mean ± SEM. Significant differ-
ences were assessed either by two-tailed Student t-test or 
one-way ANOVA followed by the Student-Newman-Keuls 
(SNK) test as indicated. A value p < 0.05 was considered 
statistically significant.

Results

CYP21A2 has no effect on cell viability 

To investigate the role of CYP21A2 in cell viability, we 
transfected HepG2 cells with plasmid expressing CYP21A2 
(+ CYP21A2) or control vector (- CYP21A2) and then 
conducted the CCK-8 assay. As expected, the expression 
of CYP21A2 increased dramatically with CYP21A2 over-
expressing plasmid (Fig. 1A), but not affected cell viability 
(Fig. 1B). On the other hand, CYP21A2 silenced also had 
no effect on cell viability (Fig. 1D), although the expression 
of CYP21A2 was significantly decreased (Fig. 1C).

CYP21A2 has no effect on cell apoptosis 

To further investigate the role of CYP21A2 in cell apoptosis, 
we transfected cells with CYP21A2 overexpressing vector or 
siRNA or the controls respectively, and then used flow cy-
tometry to analyze the rate of cell apoptosis (Fig. 2A and C). 

We examined the early apoptosis rate, the later apoptosis 
rate and the total apoptosis rate but found no differences no 
matter increased or decreased the expression of CYP21A2 
(Fig. 2B and D).

Knockdown of CYP21A2 changes cell cycle distribution

Above results showed that CYP21A2 had no effects on cell 
viability and apoptosis. To further investigate its function 
on cell cycle, we overexpressed CYP21A2 and analyzed cell 
cycle distribution using flow cytometry. The results showed 
that there were no differences (Fig. 3A and B). Furthermore, 
we detected the protein levels of cell cycle G1-associated 
proteins like cyclin D and cyclin E. We found that the two 
protein expressions were not affected by CYP21A2 over-
expressed (Fig. 3C). To confirm the role of CYP21A2 in 
cell cycle, CYP21A2 expression was then silenced. Surpris-
ingly, we found that the cell cycle changed (Fig. 3D), the 
G0/G1 phase decreased and the S phase increased while 
the G2/M phase was not changed (Fig. 3E). Moreover, 

Figure 1. Effects of CYP21A2 on cell viability. Cells were trans-
fected with CYP21A2 overexpressing plasmid (+  CYP21A2), 
control vector (– CYP21A2), CYP21A2 siRNA (+ si-CYP21A2), 
control siRNA (–  si-CYP21A2) for 24  h, respectively. A,  C. 
CYP21A2 mRNA levels. B, D. CCK-8 assay. Data were obtained 
with at least three independent in vitro experiments (n = 10 per 
group) and presented as means ± SEM. Statistical significance 
was calculated using two-tailed Student’s t-test for the effects 
of CYP21A2 versus control vector, si-CYP21A2 versus control 
siRNA. * p < 0.05.
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cyclin D expression was not changed but cyclin E expres-
sion was increased when CYP21A2 was downregulated 
(Fig. 3F). These results suggested that CYP21A2 may have 

a regulation role on cell proliferation. To confirm this, we 
did the cell proliferation assay but found no changes (Fig. 
S1, Supplementary materials).

Figure 2. Effects of CYP21A2 on cell apop-
tosis. Cells were transfected with CYP21A2 
overexpressing plasmid (+  CYP21A2), 
control vector (–  CYP21A2), CYP21A2 
siRNA (+  si-CYP21A2), control siRNA 
(–  si-CYP21A2) for 24  h, respectively. 
A,  C. Results of flow cytometry scatter 
plot. B, D. Total apoptosis rate. Data were 
obtained with at least two independent in 
vitro experiments (n = 6 per group) and 
presented as means ± SEM. Statistical sig-
nificance was calculated using two-tailed 
Student’s t-test for the effects of CYP21A2 
versus control vector, si-CYP21A2 versus 
control siRNA. 

Figure 3. Effects of CYP21A2 on cell cycle. Cells were transfected with CYP21A2 overexpressing plasmid (+ CYP21A2), control vector 
(– CYP21A2) for 24 h, respectively. A, D. Flow cytometry results. B, E. Cell cycle distribution. C, F. Cyclin D and Cyclin E protein (top, 
Western blot; bottom, quantitative measurements of Cyclin D and Cyclin E protein relative to actin). Cells were transfected with CYP21A2 
siRNA (+ si-CYP21A2), control siRNA (– si-CYP21A2) for 24 h, respectively. Data were obtained with at least two independent in vitro 
experiments (n = 6 per group) and presented as means ± SEM. Statistical significance was calculated using two-tailed Student’s t-test for 
the effects of CYP21A2 versus control vector, si-CYP21A2 versus control siRNA. * p < 0.05.
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CYP21A2 regulates cell migration and invasion

Previous study had shown that CYP21A2 may regulate cell 
cycle, which plays a vital role in the process of tumor and can-
cer (Zhu and Thompson 2019). What’s more, cell migration 
and invasion are also very important to tumor development 
(Cooper and Giancotti 2019). Next, we examined whether 
CYP21A2 regulate cell migration and invasion. We observed 
that CYP21A2 overexpressing markedly improved the migra-
tion ability and invasion ability of HepG2 cell following by 
the transwell assay (Fig. 4A and B). On the other hand, cell 
migration and invasion ability were significantly impaired 
when silenced CYP21A2 expression (Fig. 4C and D). 

CYP21A2 regulates genes expression related to tumor 
process

Tumor development is related to several processes includ-
ing Wnt signaling pathway, angiogenesis, cell prolifera-
tion and migration, protein modification in endoplasmic 
reticulum, oxidative phosphorylation, etc. (Clarke et al. 
2012; De Palma et al. 2017; Lee et al. 2017; Ghosh et al. 

2019; Zhu and Thompson 2019). We therefore examined 
the effects of CYP21A2 on genes expressions which were 
related to these processes in HepG2 cells overexpressing or 
silenced CYP21A2. The Wnt signaling genes like Ctnnb1 
(catenin beta 1), Myc (MYC proto-oncogene) and DKK1 
(Dickkopf WNT signaling pathway inhibitor 1) increased 
with CYP21A2 overexpressed and decreased with silenced 
CYP21A2 (Fig. 5A and D). The expression of other genes 
related to this pathway like Wnt6 (Wnt family member 6) 
and Ccnd2 (cyclin D2) were not changed with CYP21A2 
overexpressed (Fig. 5A) or decreased with CYP21A2 
silenced (Fig. 5D). What’s more, the expression of Tcf7 
(transcription factor 7) and Gpc3 (glypican 3) had no dif-
ferences in two conditions (Fig. 5A and D). Genes related to 
angiogenesis and protein modification processes including 
Hif1a (hypoxia inducible factor  1 subunit alpha), Vegfa 
(vascular endothelial growth factor  A), Egfr (epidermal 
growth factor receptor), Nos3 (nitric oxide synthase  3), 
Sec63 (Sec63 homolog, protein translocation regulator), 
Hyou1 (hypoxia up-regulated 1) and Hspa5 (heat shock 
protein family A (Hsp70) member 5) were not changed or 
decreased (Fig. 5B and E). On the other hand, oxidative 

Figure 4. Effects of CYP21A2 on cell migration and invasion. Cells were transfected with CYP21A2 overexpressing plasmid (+ CYP21A2), 
control vector (– CYP21A2) for 24 h, respectively. A, C. Transwell of cell migration assay. B, D. Transwell of cell invasion assay (left, 
Giemsa staining; right, relative level). Cells were transfected with CYP21A2 siRNA (+ si-CYP21A2), control siRNA (– si-CYP21A2) for 
24 h, respectively. Data were obtained with at least three independent in vitro experiments (n = 60 per group) and presented as means ± 
SEMs. Statistical significance was calculated using two-tailed Student’s t-test for the effects of CYP21A2 versus control vector, si-CYP21A2 
versus control siRNA. * p < 0.05.
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phosphorylation in mitochondria is very important to 
tumor process which provides energy for cell proliferation, 
migration and invasion (Fulda et al. 2010; Green et al. 2014). 
We also detected the related genes expressions and found 
that Ndufa2 (NADH: ubiquinone oxidoreductase subunit 
A2), Ndufa3 (NADH: ubiquinone oxidoreductase subunit 
A3) and Cox17 (cytochrome c oxidase assembly homolog 
17) showed no differences with CYP21A2 overexpressed 
(Fig. 5C) and decreased with CYP21A2 silenced (Fig. 5F). 
However, the expression of Cyp19a1 (cytochrome P450 
family 19 subfamily  A  member  1), which is responsible 
for cell oxidation reaction, was decreased when CYP21A2 
overexpressed (Fig. 5C) and increased when CYP21A2 

silenced (Fig. 5F). We also examined the protein levels of 
Wnt signaling genes like Ctnnb1, Myc and DKK1 and found 
that these were increased under CYP21A2 overexpressed 
condition (Fig. S2A) but not changed under CYP21A2 
silenced condition (Fig. S2B).

Discussion

Most of CYP21A2 functions known are related to congenital 
adrenal hyperplasia, one of the most frequent autosome 
recessive disorders (Carmina et al. 2017; El-Maouche et 
al. 2017), but the functions of CYP21A2 in other areas 

Figure 5. CYP21A2 regulates the expression of genes related to cell migration and invasion. Cells were transfected with CYP21A2 
overexpressing plasmid (+ CYP21A2), control vector (– CYP21A2) for 24 h, respectively. A, D. Wnt6, Ctnnb1, Tcf7, Ccnd2, Myc, 
Dkk1, Gpc3 mRNA levels. B, E. Hif1a, Vegfa, Egfr, Nos3, Sec63, Hyou1, Hspa5 mRNA levels. C, F. Ndufa2, Ndufa3, Cox17, Cyp19a1 
mRNA levels. Cells were transfected with CYP21A2 siRNA (+ si-CYP21A2), control siRNA (– si-CYP21A2) for 24 h, respectively. 
Data were obtained with at least two independent in vitro experiments (n = 6 per group) and presented as means ± SEM. Statistical 
significance was calculated using two-tailed Student’s t-test for the effects of CYP21A2 versus control vector, si-CYP21A2 versus 
control siRNA. * p < 0.05.



379CYP21A2 regulates cell migration and invasion

are poorly understood. Here, we showed that CYP21A2 
overexpression or silenced did not affected cell viability or 
apoptosis. Furthermore, CYP21A2 silenced changed cell 
cycle distribution, decreased the G0/G1 phase and increased 
the S  phase respectively, while CYP21A2 overexpressed 
displayed no difference in cell cycle distribution. In addi-
tion, CYP21A2 over-expression improved the abilities of 
cell migration and invasion, whereas CYP21A2 silenced 
had the opposite effects. Finally, gene expression analysis 
showed that CYP21A2 improved the Wnt signaling. These 
results highlight a critical role of CYP21A2 in the regula-
tion of cell migration and invasion, which are important to 
cancer development. 

Tumor and cancer development is a multistep process, 
influencing by lots of regulators (Kim and Roberts 2016; Luo 
et al. 2018; Srivastava et al. 2019). Our results exhibited that 
CYP21A2 mainly affected cell migration and invasion but 
not cell viability or apoptosis. Cell migration and invasion 
are complex and fundamental biological processes in life, 
they are critical to many pathological processes, including 
embryonic morphogenesis, tissue repair and regeneration, 
mental retardation, chronic inflammatory diseases, and 
cancer (Condeelis and Pollard 2006; Slattum and Rosenblatt 
2014). Migration and invasion helps cancer cells invade to 
colonize distant metastatic lesions (Talmadge and Fidler 
2010). We speculated CYP21A2 may regulated cancer 
formation and development via affecting cell migration 
and invasion. On the other hand, we found that CYP21A2 
silenced changed cell cycle distribution but had no effect 
while overexpressed. Cell cycle distribution is important to 
cell proliferation, which is influenced by many stimulants 
and is improved dramatically in the development of cancer 
(Wee and Wang 2017; Hidalgo et al. 2019). Our results 
suggested that CYP21A2 partly affected cell cycle and may 
function in a complex manner.

The tumor suppressor p53 is a well known transcription 
factor involved in cancer (Kruiswijk et al. 2015). Previous 
study found that CYP21A2 was a novel target gene of p53 
(Charni et al. 2016), which hinted that CYP21A2 may have 
a  regulated role in cancer. In our study, we verified this 
possibility and found that some related moleculars in Wnt 
pathway changed, like Ctnnb1, Myc and Dkk1. Wnt signaling 
plays a very important role in the development of cancers 
(Ghosh et al. 2019). These results suggested CYP21A2 dis-
played its role in regulating cell migration and invasion via 
affecting Wnt signaling genes. This provides new evidence for 
the transcriptional regulation of Wnt signaling by CYP21A2. 

Interestingly, we found that CYP21A2 regulated the 
expression of Cyp19a1, an important gene in cell oxidation 
which is related to oxidative phosphorylation in mitochon-
dria (Singh et al. 2017). Previous studies demonstrated that 
mitochondrial respiration was essential for tumorigenesis 
(Weinberg et al. 2010). What’s more, in the promoter of 

CYP21A2, there exists a  regulatory DNA element neces-
sary for the cAMP expression and also has CREB binding 
site (Watanabe et al. 1993) that are important regulators to 
metabolism, including glucose metabolism, lipid metabolism 
and energy metabolism (Zhang et al. 2010). The possible 
involvement of CYP21A2 in metabolism requires to be 
studied in the future.

In summary, as described above, we observed CYP21A2 
played an important role in regulating tumor- related 
processes and the Wnt signaling. These results provide 
novel insights for the potential functions and molecular 
mechanisms of CYP21A2 and even the treatment targets 
for cancer. 
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Effects of CYP21A2 on proliferation of cells. A. Results of absorbance at 370 nm. Cells were 

transfected with CYP21A2 overexpressing plasmid (+ CYP21A2), control vector (–CYP21A2) for 

24h, respectively. B. Results of absorbance at 370 nm. Cells were transfected with CYP21A2 

siRNA (+ si-CYP21A2), control siRNA (–si-CYP21A2) for 24 h, respectively. Data were obtained 

with at least three independent in vitro experiments (n = 6 per group) and presented as means ± 

SEM. Statistical significance was calculated using two-tailed Student t-test for the effects of 

CYP21A2 versus control vector, si-CYP21A2 versus control siRNA. 
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Figure S1. Effects of CYP21A2 on proliferation of cells. A. Results 
of absorbance at 370 nm. Cells were transfected with CYP21A2 
overexpressing plasmid (+ CYP21A2), control vector (–CYP21A2) 
for 24h, respectively. B. Results of absorbance at 370 nm. Cells were 
transfected with CYP21A2 siRNA (+ si-CYP21A2), control siRNA 
(–si-CYP21A2) for 24 h, respectively. Data were obtained with at 
least three independent in vitro experiments (n = 6 per group) and 
presented as means ± SEM. Statistical significance was calculated 
using two-tailed Student t-test for the effects of CYP21A2 versus 
control vector, si-CYP21A2 versus control siRNA.

Table S1. List of oligonucleotide primer pairs used in RT-PCR analysis
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Figure S2. Effects of CYP21A2 on Wnt signaling genes expression. A. Ctnnb1, Myc and DKK1 protein (top, western blot; bottom, 
quantitative measurements of Ctnnb1, Myc and DKK1 protein relative to actin). Cells were transfected with CYP21A2 overexpressing 
plasmid (+ CYP21A2), control vector (- CYP21A2) for 24 h, respectively. B. Ctnnb1, Myc and DKK1 protein (top, Western blot; bottom, 
quantitative measurements of Ctnnb1, Myc and DKK1 protein relative to actin). Cells were transfected with CYP21A2 siRNA (+ si-
CYP21A2), control siRNA (- si-CYP21A2) for 24 h, respectively. Data were obtained with at least two independent in vitro experiments 
(n = 6 per group) and presented as means ± SEMs. Statistical significance was calculated using two-tailed student t-test for the effects of 
CYP21A2 versus control vector, si-CYP21A2 versus control siRNA (* p < 0.05).
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Effects of CYP21A2 on Wnt signaling genes expression. A. Ctnnb1, Myc and DKK1 protein (top, 

western blot; bottom, quantitative measurements of Ctnnb1, Myc and DKK1 protein relative to 

actin). Cells were transfected with CYP21A2 overexpressing plasmid (+ CYP21A2), control vector 

(- CYP21A2) for 24 h, respectively. B. Ctnnb1, Myc and DKK1 protein (top, Western blot; bottom, 

quantitative measurements of Ctnnb1, Myc and DKK1 protein relative to actin). Cells were 

transfected with CYP21A2 siRNA (+ si-CYP21A2), control siRNA (- si-CYP21A2) for 24 h, 

respectively. Data were obtained with at least two independent in vitro experiments (n = 6 per group) 

and presented as means ± SEMs. Statistical significance was calculated using two-tailed student 

t-test for the effects of CYP21A2 versus control vector, si-CYP21A2 versus control siRNA (* p < 
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