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Background: Dicer is a multidomain ribonuclease III enzyme involved in the biogenesis of microRNAs
(miRNAs) and small interfering RNAs (siRNAs); depletion of Dicer was found to impair the migration of
endothelial cells.
Methods: siRNA transfection, cell migration assay, real-time RT–PCR, chromatin immunoprecipitation,
Western blotting, ELISA, caspase-3 activity assay, and annexin-V–FITC assay were utilized.
Results: Knockdown of Dicer impairs the migratory capacity of HEK293T cells and induces fibronectin-1. The
upregulation of fibronectin-1 is dependent on Egr1. Fibronectin-1/Dicer double-knockdown cells showed a
marked increase in apoptosis compared with fibronectin-1 single knockdown cells.
Conclusions: Decreased Dicer expression induces fibronectin-1 expression via an Egr1-dependent manner.
General significance: Our data suggest that upregulation of fibronectin-1 protects Dicer knockdown HEK293T

cells against apoptosis.
© 2009 Elsevier B.V. All rights reserved.
1. Introduction

Dicer is a ribonuclease III-like enzyme that plays a key role in the
biogenesis ofmiRNAsand siRNAs [1]. In addition,Dicer is essential for the
regulation of chromatin structure and function, DNA replication timing,
genome stability, and cellular senescence [2–6]. Targeted knockout of
Dicer leads to the inability to maintain the stem cell population during
early mouse development [7], aberrant T cell differentiation [8], meiosis
arrest of mouse oocytes [9], dilated cardiomyopathy [10], poor
proliferation of primordial germ cells and spermatogonia [11], aberrant
B cell development [12], glomerular disease [13], degeneration of the
mouse retina [14], and neurological disorders [15].

Depletion of Dicer was found to impair the migration of endothelial
cells [16,17], and fibronectin-1 (FN1) was upregulated in Dicer
knockdown endothelial cells [18]. Here, we demonstrate that knock-
down of Dicer impairs the migratory capacity of HEK293T cells and
induces fibronectin-1 expression. We also explore the molecular
mechanisms of Dicer knockdown-induced upregulation of fibronectin-
1 and the biological significance of elevated fibronectin-1 expression.

2. Materials and methods

2.1. Cell culture and RNAi

HEK293T cells were cultured in RPMI 1640medium supplemented
with 10% FBS. siRNAs were prepared by in vitro transcription with the
ll rights reserved.
Silencer siRNA Construction kit (Ambion). Target sequences of siRNAs
were as follows: Dicer siRNA (AAGGCTTACCTTCTCCAGGCT), fibronec-
tin-1 siRNA (GTGGTCCTGTCGAAGTATT), Egr1 siRNA (CCATGGACAAC-
TACCCTAA), and the control siRNA was designed according to the
sequence of the non-silencing control siRNA (AATTCTCCGAACGTGT-
CACGT) fromQiagen. Transfectionwas performed using siPORTNeoFX
(Ambion), according to the manufacturer's instructions.

2.2. Migration assay

Cells were trypsinized 48 h after transfection with siRNAs and
placed in the upper chamber of a modified Boyden chamber (2×104

cells per chamber; pore size, 8 μm; BD Biosciences) coatedwith 10 μg/
mL fibronectin-1. The chamber was placed in serum-free DMEM. After
6 h, cells were fixed with 4% paraformaldehyde. Cells on the upper
part of the chamber that did not migrate were removed with a cotton
swab, and cells on the lower part of the chamber were stained with
propidium iodide. To test whether the secreted fibronectin-1
inhibited cell migration, different concentrations of fibronectin-1
were added to the medium in upper chamber.

2.3. Western blotting and ELISA

Cells were lysed in RIPA buffer. Total protein was measured using
the Bradford protein assay. Samples were denatured at 100 °C for
5 min. Equal amounts of total protein were loaded to each well for
electrophoresis in SDS–polyacrylamide gels and then transferred to
polyvinylidene fluoride microporous membranes (Millipore). Mem-
branes were then incubated with primary antibody, followed by
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Fig. 1. Inhibition of HEK293T cell migration by knocking down Dicer expression or by
fibronectin-1. (A) Cells were plated in the upper chamber 48 h after transfection. Six
hours after plating, cells that had migrated to the bottom chamber were fixed and
counted. ⁎Pb0.05 compared to cells transfected with control siRNA. (B) Fibronectin-1
inhibited cell migration, fibronectin-1 was added to the medium in the upper chamber
at different concentrations, and cell migration was carried out as described in A.
⁎Pb0.05 compared to cells without addition of fibronectin-1.
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incubation with horseradish peroxidase–linked secondary antibodies.
The primary antibodies included anti-Dicer (ab14601; Abcam), anti-
fibronectin-1 (Abcam), anti-Egr1 and anti-β-actin (both from Santa
Cruz Biotechnology, Inc.). Fibronectin-1 in the culture supernatant
was quantified using the ELISA kit (EK0349; Boster, Wuhan, China).

2.4. Quantitative real-time RT–PCR

Total RNA was prepared using TRIZOL (Invitrogen) and incubated
with RNase-free Dnase I (Fermentas) for 30 min. The DNA-free RNA
was reverse transcribed using MMLV reverse transcriptase (TOYOBO
Bio-Technology) according to the manufacturer's instructions. Sam-
ples prepared without reverse transcription served as negative
control templates. SYBR green PCR was performed in triplicate,
using the ABI PRISM 7300 Sequence Detection system (Applied
Biosystems). All samples were normalized to the signal generated
from GAPDH. Primer sequences (forward and reverse) were as
follows: Dicer, TCCACGAGTCACAATCAACACGG and GGGTTCTGCATT-
TAGGAGCTAGATGAG; ERG1, GCCTGCGACATCTGTGGAA and
CGCAAGTGGATCTTGGTATGC; GAPDH, ATGACATCAAGAAGGTGGTG
and CATACCAGGAAATGAGCTTG; fibronectin-1, GGAGTTGATTATAC-
CATCACTG and TTTCTGTTTGATCTGGACCT; ITGA5, TGCCTCCCTCAC-
CATCTTC and TGCTTCTGCCAGTCCAGC.

2.5. RNAPol-ChIP

Chromatin immunoprecipitation was performed as reported
previously [20]. DNA immunoprecipitated with RNA pol II antibody
(sc-899; Santa Cruz Biotechnology) was amplified with primer pairs
in triplicate, and amplification was monitored using SYBR green
fluorescence on the ABI PRISM 7300 Sequence Detection system.
Samples prepared without antibody served as negative controls. All
samples were normalized to the signal generated from β-actin. Primer
sequences (forward and reverse) were as follows: Fibronectin-1,
TCCTTGCTGGTATCATGGCAG and AGACCCAGGCTTCTCATACTTGA;
ACTB, TTCCTGGGCATGGAGTC and CAGGTCTTTGCGGATGTC.

2.5. Apoptotic assays

The activity of caspase-3 was determined using the Caspase-3
activity kit (Beyotime Institute of Biotechnology, Haimen, China). Cell
lysates were incubated in a 96-well microtitre plate with 20 ng Ac-
DEVD-pNA for 1 h at 37 °C. Caspase activity wasmeasured by cleavage
of the Ac-DEVD-pNA substrate to pNA, one unit is the amount of
enzyme that will cleave 1.0 nmol of the colorimetric substrate Ac-
DEVD-pNA per hour at 37 °C under saturated substrate concentra-
tions. Annexin-V–FITC assay was conducted using annexin-V/PI
apoptosis kit (Biovision) according to the manufacturer's instructions.
The cells were labeled with annexin-V–FITC and propidium iodide for
5 min and washed once with PBS; the fluorescence was then detected
with FACSAria (BD Biosciences).

2.6. Statistical methods

All statistical analyses were performed with Microsoft Excel
software. All graphs represented the mean±SD from three indepen-
dent experiments. Differences were considered significant when
Pb0.05.

3. Results

3.1. Knockdown of Dicer impairs the migratory capacity of HEK293T cells
and induces the expression of fibronectin-1

Although migration of Dicer-deficient endothelial cells on a
collagen matrix was not affected [16], it was significantly impaired
when fibronectin was used as the matrix [17,18]. To test whether
Dicer could regulate the migration of other cells, we knocked down
Dicer in HEK293T cells. Our results indicate that knockdown of Dicer
inhibited the migration of HEK293T cells towards a fibronectin-1
matrix (Fig. 1A). Increased synthesis of fibronectin-1 inhibits smooth
muscle cell migration [19], and fibronectin-1 is upregulated in Dicer
knockdown endothelial cells [18]. Using quantitative RT–PCR, we
found that fibronectin-1 was upregulated in Dicer knockdown
HEK293T cells compared to control siRNA-transfected cells (Fig. 2A).
The upregulation of fibronectin-1 was confirmed by Western blotting
(Fig. 3B). In accordance with the previous finding that inhibition of
cell migration by the AT2 receptor occurs simultaneously with
increased fibronectin-1 secretion [19], we found that the secreted
fibronectin-1 in the culture medium was increased in Dicer
knockdown cells (Fig. 2C). To confirm that the impact of fibronec-
tin-1 on migration is caused by its secretion, we added fibronectin-1
to the culture medium and found that migration was inhibited in a
concentration-dependant manner (Fig. 1B).

3.2. Egr-1 is required for the induction of fibronectin-1 in Dicer
knockdown HEK293T cells

To dissect themolecular mechanisms responsible for the induction
of fibronectin-1 in Dicer knockdown HEK293T cells, we performed
chromatin immunoprecipitation, using anti-RNA polymerase II anti-
body (RNAPol-ChIP) [20] to check the transcription of this gene.
Transcription of fibronectin-1 increased in Dicer knockdown cells
(Fig. 2B). Egr1 binds to the fibronectin-1 promoter and is required for
the induction of fibronectin-1 matrix production by hepatocyte



Fig. 2. Upregulation of fibronectin-1 in Dicer knockdown cells. (A) Real-time RT–PCR
analysis of fibronectin-1 mRNA levels 48 h after Dicer siRNA transfection; (B) RNAPol-
ChIP indicated that the transcription of fibronectin-1 was increased in Dicer knockdown
cells compared to control cells. The value from cells transfected with control siRNA was
arbitrarily set at 1. (C) ELISA indicated that the secreted fibronectin-1 in the culture
medium was increased in Dicer knockdown cells. ⁎Pb0.05 compared to cells
transfected with control siRNA.

Fig. 3. Egr1 is required for the elevated transcription of fibronectin-1 in Dicer
knockdown HEK293T cells. (A) Real-time RT–PCR indicated that the upregulation of
fibronectin-1 in response to Dicer knockdown was blocked by Egr1 silencing. The
mRNA level in cells transfected with control siRNA was arbitrarily set at 1. ⁎Pb0.05
compared to cells transfected with control siRNA; ⁎⁎Pb0.05 compared to cells
transfected with Dicer siRNA alone. (B) Western blotting confirmed that depletion of
Egr1 prevented the induction of fibronectin-1 in Dicer knockdown cells.
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growth factor [21]. Our previous work indicated that Egr1 is
upregulated in Dicer knockdown HEK293T cells [5]. Therefore, we
deduced that the upregulation of fibronectin-1 is dependent on Egr1.
To test this hypothesis, we simultaneously knocked down Dicer and
Egr1 in HEK293T cells and found that knockdown of Egr1 prevented
the upregulation of fibronectin-1 induced by Dicer knockdown (Fig.
3). Consequently, knockdown of Egr1 partially rescued the migratory
capability of Dicer knockdown cells (Fig. 1A).

3.3. Fibronectin-1/Dicer double knockdown cells show a marked
increase in apoptosis compared with fibronectin-1 single knockdown
cells

Silencing Dicer expression decreases endothelial cell viability and
sensitizes them to apoptosis in response to serum starvation [17,18].
To test whether decreased Dicer expression led to apoptosis in
HEK293T cells, we checked the activity of caspase 3, whose activation
plays a key role in initiation of cellular events during the early
apoptotic process, in Dicer knockdown and control cells. Although
Dicer knockdown did not lead to a significant increase in caspase 3
activity, fibronectin-1 knockdown resulted in a 2-fold increase in
caspase 3 activity. Simultaneous knockdown of Dicer and fibronectin-
1 resulted in a marked increase in caspase 3 activity, and the increase
in caspase 3 activity can be blocked partially by pre-coating the
culture plates with 10 μg/mL fibronectin-1 (Fig. 4A and B).
Consistent with the caspase 3 assay, annexin-V staining indicated
that knockdown of Dicer did not lead to apoptosis; however,
simultaneous knockdown of Dicer and fibronectin-1 enhanced the
apoptosis induced by fibronectin-1 knockdown, and the apoptosis can
be rescued by pre-coating the culture plates with fibronectin-1 (Fig.
4C). Therefore, our observation suggests that upregulation of
fibronectin-1 in Dicer knockdown cells may protect cells from
apoptosis.

4. Discussion

In this study, we demonstrated that fibronectin-1 and EGR1 were
upregulated in Dicer knockdown HEK293T cells, and that upregula-
tion of fibronectin-1 by Dicer knockdown was prevented by genetic
inhibition of EGR1, which indicated that upregulation of fibronectin in
response to Dicer knockdown was caused by EGR1. Knockdown of
Dicer compromises miRNA biogenesis in HEK293T cells [3], and



Fig. 4. Fibronectin-1 protects Dicer knockdown HEK293T cells against apoptosis. Cells
were transfected with control siRNA, Dicer siRNA, fibronectin-1 siRNA, or co-
transfected with Dicer siRNA and fibronectin-1 siRNA. The culture plates were either
coated with BSA or fibronectin-1. Cell apoptosis was determined 48 h after transfection.
(A) Western blotting confirmed the knockdown efficiency. (B) Caspase 3 activity. (C)
Percentage of annexin-V-positive cells. ⁎Pb0.05 compared to cells transfected with
control siRNA; ⁎⁎Pb0.05 compared to cells transfected with fibronectin-1 siRNA alone;
⁎⁎⁎Pb0.05 compared to blank plates.
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miRNAs directly or indirectly regulate the expression of fibronectin-1
[22–24]. Given that knocking down EGR1 alone did not result in a
significant decrease of fibronectin-1 and that upregulation of
fibronectin-1 in response to Dicer knockdown was not prevented
completely by double knockdown of EGR1 and Dicer, further study is
needed to elucidate whether upregulation of fibronectin-1 is also the
consequence of miRNA misregulation.

Depletion of Dicer was found to impair the migratory capacity of
endothelial cells [16,17]. In this study, we demonstrated that
knockdown of Dicer also inhibited the migration of HEK293T cells.
Increased synthesis of fibronectin-1 inhibits smooth muscle cell
migration [19]; therefore, the reduced migration of HEK293T cells
may be the consequence of elevated synthesis and secretion of
fibronectin-1. Although the expression of integrin α5, the major
fibronectin receptor, was not significantly increased in Dicer knock-
down cells (data not shown), we cannot rule out the possibility that
depletion of Dicer differentially modifies other fibronectin receptors,
thereby selectively impairing cell functions dependent on the
fibronectin matrix [25].

Fibronectin-1 protects prostate cancer cells from TNF-α-induced
apoptosis [26], and knockdown of fibronectin-1 induces mitochon-
dria-dependent apoptosis in rat mesangial cells [27]. Consistent with
these observations, we demonstrated that knockdown of fibronectin-
1 in HEK293T cells led to apoptosis. Although Dicer knockdown did
not cause apoptosis in HEK293T cells, fibronectin-1/Dicer double
knockdown cells showed a marked increase in apoptosis compared
with fibronectin-1 single knockdown cells. Therefore, we speculate
that Dicer knockdown causes apoptosis if without upregulation of
fibronectin-1.
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