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Knockdown of Legumain Suppresses
Cervical Cancer Cell Migration and Invasion

Fei Meng and Wei Liu
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Cervical cancer is the second leading type of cancer in women living in less developed countries. The patho-
logical and molecular mechanisms of cervical cancer are not comprehensively known. Though legumain has
been found to be highly expressed in various types of solid tumors, its expression and biological function in
cervical cancer remain unknown. In this study, we aimed to investigate legumain expression and functions in
cervical cancer. We found that legumain was highly expressed in cervical cancer cells. When knocked down,
legumain expression in HeLa and SiHa cells significantly reduced its migration and invasion abilities com-
pared with control cells. Furthermore, legumain silencing suppressed the activation of matrix metalloproteases
(MMP2 and MMP?3) in cervical cancer cells. This study indicates that legumain might play an important role
in cervical cancer cell migration and invasion. Legumain might be a potential therapeutic target for cervical

cancer therapy.
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INTRODUCTION

Cervical cancer is one of the most common gynecologic
malignancies in developing countries (1,2). Nearly 99.7% of
cervical cancer is caused by the human papillomavirus (HPV)
infection (3). As reported, over 70% of females will suffer an
HPV infection at least once in their lives. Fortunately, most
of them evade a malignant lesion by a spontaneous recovery,
and only 1-4% of the infections in this group will develop
into a persistent infection (4). Considering the heterogeneity
of cervical cancer, an increasing number of researchers have
started to investigate the molecular mechanisms of cervical
cancer that influence its prognosis. However, the molecular
mechanism of cervical cancer progression, especially migra-
tion and invasion, is still far from clear (5).

Legumain, also called asparaginyl endopeptidase, is a
unique member of the C13 family peptidases with strict
specificity for asparagine bond cleavage (6-8). Legumain
is synthesized as an inactive zymogen and goes through
autocatalytic activation with sequential removal of C- and
N-terminal propeptidase at different pH thresholds (9,10).
Legumain has been shown to play crucial roles in immu-
nity, inflammation, and tumor biology (11-17). In recent
years, legumain overexpression was observed in both solid
tumors and acute lymphoblastic leukemia with the ability
to promote tumor cell angiogenesis and metastasis (18-23).
Moreover, targeted inhibition of legumain through vaccine,

antibody, or small molecular compound has shown signifi-
cant suppression of tumor progression (24-26). Chen et al.
have investigated the effects of legumain-activated pro-
drug CBZ-AAN-Dox in SiHa cervical cancer cells (27).
We now present evidence that legumain is highly
expressed in cervical cancer cells. In addition, knockdown
of legumain significantly reduced cervical cancer cell migra-
tion and invasion through regulation of activation of matrix
metalloproteases (MMPs). Our findings suggest that legu-
main might serve as a therapeutic target for cervical cancer.

MATERIALS AND METHODS
Cell Lines

Cervical cancer cell line and breast carcinoma cell lines
were cultured in DMEM (HyClone) supplemented with
10% FBS in 5% CO, humidified atmosphere at 37°C.

Western Blotting

Western blot assays were performed using the following
primary antibodies: goat anti-human legumain (AF2199;
R&D); mouse anti-actin (Santa Cruz Biotechnology); rabbit
anti-human MMP2 (1:500; Abcam); anti-MMP9 (1:1,000;
Cell Signaling). Briefly, stimulated cells were lysed with
RIPA buffer [SO mM Tris—HCI (pH 7.5), 150 mM NaCl,
1% Triton X-100] containing protease inhibitors (Complete
Mini; Roche); 25-pg samples of the lysates were separated
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on 8-10% SDS-PAGE gels and transferred to PVDF mem-
branes. The membranes were incubated with primary anti-
bodies overnight at 4°C. The primary antibody incubation
was followed by incubation with an HRP-conjugated sec-
ondary antibody. The bound antibodies were detected using
an ECL kit (P132209; Pierce).

Lentivirus-Delivered shRNA Gene Knockdown

The shRNAssequences forhuman legumain gene knock-
down were 5’-GATGGTGTTCTACATTGAA-3" (KD-1)
and 5’-AAACTGATGAACACCAATGAT-3’ (KD-2). The
control shRNA sequence was 5'-GTAGCGCGGTGTATT
ATAC-3’. Independent stable clones were selected and
evaluated by Western blotting.

Real-Time-PCR (RT-PCR) Analysis

Cellular RNA was isolated by TRIzol Reagent (Invitro-
gen, USA) according to the manufacturer’s instructions.
cDNA was synthesized from the purified mRNA using
Moloney murine leukemia virus reverse transcription kit
(Promega, Madison, WI, USA). Actin primer sets were
used to produce a normalization control. RT-PCR was car-
ried out in triplicate with the SYBR Green PCR Master Mix
(Takara, Japan) in 7900HT Fast Real-Time PCR machine
(Applied Biosystems, Carlsbad, CA, USA).

Wound Healing Assay

Cells grown in six-well plates were artificially injured
by scratching across the plate with 200-ul pipette tips.
The wound areas were photographed at 0 and 24 h and
measured using a caliper. The wound closure percentages
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were calculated using the following formula: 1—(current
wound size/initial wound size) x 100.

Cell Invasion Assays

Cells (1x 10°) were plated in the top chamber of Matrigel-
coated Transwell assay inserts (Millipore, Billerica, MA,
USA) containing 8-um pores in 200 ml of serum-free
DMEM medium. The assays were conducted in triplicate.
The inserts were then placed into the bottom chamber of
a 24-well plate containing DMEM with 10% FBS as a
chemoattractant. After 24 h, the top layer of the insert
was scrubbed with a sterile cotton swab to remove any
remaining cells. The invading cells on the bottom sur-
face were stained with 0.1% crystal violet, counted, and
imaged under microscopy. The number of cells in five
random fields of each chamber was counted, and an aver-
age number of cells was calculated.

Statistics

Two-tailed Student’s #-tests were used to analyze dif-
ferences between control and knockdown groups. One-
way analysis of variance was initially performed to
determine whether overall statistically significant change
occurred before using two-tailed paired or unpaired
Student’s #-tests. Multiple test-adjusted values of p <0.05
were considered statistically significant.

RESULTS

Legumain Expression in Cervical Cancer Cells

Though legumain has been found to be highly
expressed in many solid tumors, for example breast

Anti-Legumain DAPI Merge

Figure 1. Expression of legumain in cervical cancer cells. (a) Western blot of lysates of HeLa, SiHa, and Mda-mb-231 cells, probed
with antibody to legumain and actin. (b) Confocal microscopy images of HeLLa and SiHa cells stained with DAPI of blue fluorescence

and anti-legumain of green florescence (scale bars: 25 pm).
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Figure 2. Knockdown of legumain in HeLa cells. (a) RT-PCR examination of HeLa cells with legumain knocked down and negative control.
Actin served as internal control. (b) Western blot of lysates of HeLa cells with legumain knocked down and negative control, probed with
antibody to legumain and actin. (¢) RT-PCR examination of SiHa cells with legumain knocked down and negative control. Actin served as
internal control. (d) Western blot of lysates of HeLa cells with legumain knocked down and negative control, probed with antibody to legu-

main and actin.

cancer, its expression in cervical cancer has never been
studied. We therefore investigated both legumain pro-
tein and mRNA levels in cervical cancer. Breast cancer
cells MDA-MB-231 served as a positive control. Western
blot analysis of cervical cancer cell (HeLa and SiHa)
revealed that legumain was highly expressed in cervical
cancer cells (Fig. 1a), indicating that legumain is highly
expressed in cervical cancer cells. Moreover, confocal
microscopy analysis of HeLLa and SiHa cells stained with
anti-legumain antibody and DAPI (nuclei) revealed that
legumain was primarily distributed in the cytoplasm and
membrane (Fig. 1b). Dot-like distribution was also found
in the perinuclear area (Fig. 1b).

Knockdown of Legumain in HeLa and SiHa Cells

To investigate the role of legumain in cervical can-
cer progression, we further constructed two lentivirus-
mediated legumain shRNA and infected HeLa cells.
Stable legumain knockdown cells were selected and
examined by RT-PCR and Western blot. Ninety-six
hours after infection, both the RT-PCR and Western blot
results confirmed that both shRNAs efficiently inhibited

legumain expression in both HeLa and SiHa cells com-
pared with negative control (Fig. 2).

Silencing of Legumain Suppressed HeLa and
SiHa Cell Migration and Invasion

The effects of legumain on the migration and invasion
of cervical cancer cells were analyzed. The scratch assay
demonstrated that the knockdown of AEP significantly
inhibited HeLa and SiHa cell migration (Fig. 3a, b, e,
and f). The Transwell assay indicated that suppression of
legumain reduced the invasion ability of HeLa and SiHa
cells. Collectively, these results showed that legumain
has a critical function in cervical cancer cell migration
and invasion (Fig. 3c, d, g, and h).

Legumain Knockdown Reduced MMP Activation

Degradation of extracellular matrix by proteases is an
important process during cell migration and invasion, and
we sought to determine whether MMPs are affected by
legumain. Western blot assays showed that knockdown of
legumain in HeLa and SiHa cells resulted in a significant
reduction of MMP2 and MMP3 protein levels (Fig. 4),
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Figure 3. Migration and invasion assay of legumain knockdown HeLa cells. (a, b) Cell migration analysis of HeLa cells of legumain
knockdown or control. (c, d) Transwell invasion analysis of the same cell described in (a). Images are representative of three indepen-
dent experiments. (e, f) Cell migration analysis of HeLa cells of legumain knockdown or control. (g, h) Transwell invasion analysis of
the same cell described in (e). Images are representative of three independent experiments. Values are mean+SEM.
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Figure 4. Legumain knockdown reduced MMP activation. (a) Western blot of lysates of HeLa cells with legumain knocked down and
negative control, probed with antibody to legumain and actin. (b) Western blot of lysates of SiHa cells with legumain knocked down

and negative control, probed with antibody to legumain and actin.

suggesting that MMP2 and MMP3 are the downstream
mediators of legumain affecting cervical cancer cell migra-
tion and invasion.

DISCUSSION

Legumain is a newly found lysosomal protease of the
C13 family peptidases with strict specificity for aspara-
gine bond cleavage (7). Several studies have verified that
legumain was highly expressed in tumors, but not in nor-
mal tissues. High expression of legumain predicted poor
prognosis and short survival time, in malignancies such
as breast cancer, colorectal cancer, and prostate cancer
(16-19), and legumain has become a new hot spot in
tumor biology, prognosis, and targeted therapy. However,
the expression of legumain in cervical cancer cells remains
unclear. Our study has established that legumain is highly
expressed in cervical cancer cells as it is in other types of
cancer. The potential prognosis and therapeutic target need
further investigation.

The function of legumain that has been reported
includes processing and presentation of antigen (10),
modulation of extracellular matrix, promoting angio-
genesis factor release, and taking part in the function of
tumor-associated macrophage (20,28). It was reported
that legumain could promote extracellular matrix degra-
dation and angiogenesis, resulting in invasion and metas-
tasis of breast cancer in 2014 (28). Thus, legumain has
been found to be closely associated with tumor metas-
tasis. Consistently, we found that legumain is critical for
cervical cancer cell migration and invasion though the
mechanism of degradation of extracellular matrix.

In order to further clarify the mechanism that legumain
uses in promoting cervical cancer cell invasion, we ana-
lyzed the protease MMPs that have an important role in

tumor invasion and metastasis. Besides this, legumain has
been found to bind with otvPB3 integrin and then modulate
the infiltrating capacity of cancer cells and tumor angio-
genesis (20). Legumain has also been reported to regulate
the cathepsin family, which is also actively involved in
cell migration and invasion (15).

In conclusion, this study has verified that legumain
can promote invasion and metastasis in cervical cancer.
Legumain might be a new diagnostic and therapeutic tar-
get in cervical cancer.
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