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Glioblastomas are the most common and malignant intracra-
nial tumors with a low survival rate. Dysregulation of long
non-codingRNAs andRNA-binding protein causes various dis-
eases, including cancers. However, the function of LINC00680
andTTN-AS1 in the progression of glioblastomas is still elusive.
In this study, we detected that LINC00680 and TTN-AS1 were
upregulated in glioblastoma cells. RNA-binding protein
EIF4A3 could prolong the half-life of LINC00680 and TTN-
AS1. Knockdown of EIF4A3, LINC00680, and TTN-AS1
impaired proliferation, migration, and invasion and inhibited
the growth of tumor in vivo and promoted apoptosis of glioblas-
toma cells. miR-320b was proven to be a target of LINC00680
and TTN-AS1. They interacted with miR-320b as competing
endogenous RNAs, which resulted in the reduction of binding
between transcriptional factor EGR3 (early growth response
3) mRNA andmiR-320b. The accumulation of EGR3 promoted
expression of plakophilin (PKP)2, which could activate the
epidermal growth factor receptor (EFGR) pathway, leading to
the malignant biological behaviors of glioblastoma cells. In
summary, LINC00680 and TTN-AS1 promoted glioblastoma
cell malignant biological behaviors via the miR-320b/EGR3/
PKP2 axis by being stabilized by EIF4A3, which may provide
a novel strategy for glioblastoma therapy.
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INTRODUCTION
Gliomas are the most common primary brain tumors and represent
about 80% of malignant brain tumors, and about 50% of the patients
present the most lethal form, glioblastoma.1 Despite the major ad-
vances in therapy for gliomas, the overall 5-year survival of patients
with glioblastomas is less than 5%.2 The invasive growth of the tumor
cells and resistance to the induction of cell death make it difficult for
systemic therapy.3 Thus, it is urgent to identify an effective molecular
therapy for glioblastomas.

RNA-binding proteins (RBPs) play an important role in many
cellular processes. RBPs conduct their functions by interacting with
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different kinds of target RNAs and forming ribonucleoprotein
(RNP) complexes. Dysregulation of RBPs is involved in the progres-
sion of different diseases, cancers included. For instance, HuR could
bind to LINC00324 to increase the stability of FAM83B mRNA and
promote the proliferation of gastric cancer cells.4 EIF4A3 is one of
the three core components of the exon junction complex (EJC), which
is critical for RNA splicing, location, and degradation. The EJC is vital
in brain development, neuronal outgrowth, and neuronal activity.5

However, the role of EIF4A3 in the development of glioblastomas is
still elusive.

Long non-coding RNAs (lncRNAs) are a group of RNAs with a mo-
lecular weight of >200 bases in length that generally do not code for
proteins. lncRNAs have shown to be involved in modulation of
many aspects of the tumor biological process. SNHG-12 and
NEAT1, which were expressed aberrantly in glioma tissues and
cell lines, regulate the biological behaviors of glioma cells.6,7

LINC00680 might be a protective biomarker and an independent
prognostic indicator of soft-tissue sarcoma.8 TTN-AS1 promotes
esophageal squamous cell carcinoma cell proliferation and inva-
sion.9 The clinical significance of lncRNA LINC00680 and TTN-
AS1 in glioblastomas remains unclear.

MicroRNAs (miRNAs) are endogenous small non-coding RNAs of
18–24 nt, acting as modulators in post-transcriptional and transla-
tional gene expression. miRNAs can bind to Argonaute (Ago) protein
and form an RNA-induced silencing complex (RISC), in which
miRNAs are able to recognize and bind to the 30 UTR (untranslated
region) of target mRNA so that target mRNAs can be cleaved with
perfect complementarity or translational repression with imperfect
complementarity.10 Upregulation of miR-320b could promote
erapy: Nucleic Acids Vol. 19 March 2020 ª 2020 The Authors. 905
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apoptosis and inhibit proliferation, migration, and invasion of glioma
cells.11 However, its mechanism is indistinct.

EGR3 (early growth response 3) is a member of the zinc finger tran-
scription factor family. This family contains a three-zinc finger motif
that can bind to a 9-bp consensus sequence of GC-rich consensus
DNA, the EGR response element.12 EGR3 has diverse functions on
tumor biological behavior.13,14 EGR3 is highly expressed in glioblas-
toma.15 However, the function of EGR3 on biological behavior and its
mechanism in glioblastomas have not been stated.

Plakophilin (PKP)2 is a member of the armadillo-like protein sub-
family that has another three members, PKP1, PKP3, and PKP4.
PKP proteins localize to cell desmosomes, and its mutations are
related to arrhythmogenic cardiomyopathy.16 PKP2 could directly
activate epidermal growth factor receptor (EGFR) signaling.17 It has
been reported that PKP2 is upregulated and correlated to the progres-
sion of gliomas. Knockdown of PKP2 could inhibit proliferation,
migration, and invasion of glioma cells.18 However, its mechanism
is still unclear.

In this study, we investigated the expression of EIF4A3, LINC00680,
TTN-AS1, miR-320b, and EGR3 in glioma tissues and cells. Further-
more, we examined the role of EIF4A3, LINC00680, TTN-AS1, miR-
320b, EGR3, and PKP2 in the regulation of gliomamalignant progres-
sion and their interactions. These results may provide a potential
strategy for glioblastoma therapy.

RESULTS
EIF4A3 Promoted Malignant Biological Behaviors of

GlioblastomaCells by Prolonging the Half-Life of LINC00680 and

TTN-AS1

First, we determined the expression of EIF4A3 in glioma tissues and
cells by western blot. EIF4A3 was significantly upregulated in glioma
tissues and cells (U87, U251, and BTIC [brain tumor-initiating cell])
(Figure 1A; Figure S2B). We found that EIF4A3 was highly expressed
in glioma tissues in the Oncomine database, and lower expression of
EIF4A3 presented a longer survival in the GEPIA database (Figures
S1G and S1I). By searching bioinformatics with Starbase v2.0 soft-
ware, we found that there were putative binding sites between
EIF4A3 and LINC00680 or TTN-AS1 (Figures S1A and S1B).
Then, the expression of LINC00680 and TTN-AS1 in glioma tissues
Figure 1. EIF4A3, LINC00680, and TTN-AS1 Served as Oncogenes in Glioblasto

(A) Western blot was used to detect expression of EIF4A3 in glioma tissues (left) and cells

II; n = 7, grade III; n = 7, grade IV; n = 3 for each cell line). Left: *p < 0.05 versus nontumo

low-grade glioma tissues. Right: **p < 0.01 versus normal human astrocytes. (B) Expres

PCR. Data are presented as the mean ± SD (n = 8, NBTs; n = 3, grade I; n = 5, grade II; n

**p < 0.01 versus NBTs group; ***p < 0.001 versus NBTs group; ##p < 0.01 versus norma

(right) was detected by real-time qPCR. Data are presented as the mean ± SD (n = 8, N

NBTs group; ***p < 0.001 versus NBTs group; ##p < 0.01 versus normal human astroc

LINC00680, and TTN-AS1 on proliferation in U87 and U251 cells. (E) Flow cytometry an

Transwell assays were used to measure the effect of EIF4A3, LINC00680, and TTN-AS

statistical plots are presented. Data are presented as the mean ± SD (n = 3 in each group

0.05 versus sh-EIF4A3 group; $p < 0.05 versus sh-LINCC0680 group; &p < 0.05 versu
and cells (U87, U251, and BTIC) was detected using qRT-PCR. As
shown in Figures 1B, 1C, and S2C, LINC00680 and TTN-AS1 were
significantly upregulated in glioma tissues and cells. For further
study, we constructed cell lines of short hairpin RNA (shRNA)-
induced (sh-)EIF4A3, sh-LINC00680, sh-TTN-AS1, sh-EIF4A3+sh-
LINC00680, and sh-EIF4A3+sh-TTNA-AS1. Compared to sh-nega-
tive control (NC) cells, knockdown of EIF4A3, LINC00680, or
TTN-AS1 could significantly decrease the ability of proliferation,
migration, and invasion and promote apoptosis of glioblastoma cells.
Meanwhile, co-silencing of EIF4A3 and LINC00680 or co-silencing of
EIF4A3 and TTN-AS1 could significantly inhibit proliferation,
migration, and invasion and promote apoptosis of glioblastoma cells
compared to sh-EIF4A3, sh-LINC00680, and sh-TTN-AS1 (Figures
1D–1F; Figures S2D–S2F). To verify the interaction of EIF4A3 and
LINC00680 or TTN-AS1, we performed RNA immunoprecipitation
(RIP) and RNA pull-down assays. LINC00680 and TTN-AS1 were
significantly enriched in anti-EIF4A3 compared to anti-immunoglob-
ulin G (IgG) (Figure 2A). RNA pull-down verified that EIF4A3 could
bind to LINC00680 and TTN-AS1 (Figure 2B). The expression of
LINC00680 and TTN-AS1 in sh-EIF4A3 cells was significantly down-
regulated compared to sh-NC cells (Figure 2C; Figure S2G). A nascent
RNA capture assay showed that there was no significant difference
between sh-EIF4A3 cells and sh-NC cells (Figure 2D). However,
the half-life of LINC00680 and TTN-AS1 was shortened in sh-
EIF4A3 cells compared to sh-NC cells (Figure 2E). All of these results
proved that EIF4A3 could bind to LINC00680 and TTN-AS1 and
help stabilize them to promote malignant biological behaviors of glio-
blastoma cells.

miR-320b Inhibited Proliferation, Migration, and Invasion of

Glioblastoma Cells by Targeting LINC00680 and TTN-AS1

The expression of miR-320b was downregulated in glioblastoma
cells and tissues.11 We predicted via bioinformatics software
LncBase that there were binding sites between miR-320b and
LINC00680 or TTN-AS1 (Figures S1C and S1D). The effects of
miR-320b on biological behaviors of glioblastoma cells are shown
in Figures 2F–2H and S2H–S2J. As shown in Figures 2F and S2H,
knockdown of miR-320b could promote proliferation of glioblas-
toma cells, and overexpression of miR-320b could inhibit prolifera-
tion of glioblastoma cells. Knockdown of miR-320b could decrease
apoptosis of glioblastoma cells, and overexpression of miR-320b
could increase apoptosis of glioblastoma cells (Figure 2G;
ma Cells

(right). Data are presented as themean ±SD (n = 8, NBTs; n = 3, grade I; n = 5, grade

rous brain tissues; ***p < 0.001 versus nontumorous brain tissues; ##p < 0.01 versus

sion of LINC00680 in glioma tissues (left) and cells (right) was detected by real-time

= 7, grade III; n = 7, grade IV; n = 3 for each cell line). *p < 0.05 versus NBTs group;

l human astrocytes group. (C) Expression of TTN-AS1 in glioma tissues (left) and cells

BTs; n = 3, grade I; n = 5, grade II; n = 7, grade III; n = 7, grade IV). *p < 0.01 versus

ytes group. (D) A CCK-8 assay was conducted to investigate the effect of EIF4A3,

alysis of EIF4A3, LINC00680, and TTN-AS1 knockdown in U87 and U251 cells. (F)

1 on cell migration and invasion in U87 and U251 cells. Representative images and

). *p < 0.05 versus sh-NC group (empty vector); **p < 0.01 versus sh-NC group; #p <

s sh-TTN-AS1 group. Scale bar represents 80 mm.
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Figure S2I). Knockdown of miR-320b could promote migration and
invasion of glioblastoma cells. Overexpression of miR-320b had the
opposite results (Figure 2H; Figure S2J).

To determine how LINC00680 and TTN-AS1 interact with miR-
320b, we detected the expression of miR-320b in different cell lines.
Compared to sh-NC cells, silencing EIF4A3, LINC00680, or TTN-
AS1 could upregulate the expression of miR-320b. Co-silencing
EIF4A3 and LINC00680 or co-silencing EIF4A3 and TTN-AS1 could
significantly increase the expression of miR-320b compared to
silencing EIF4A3, LINC00680, or TTN-AS1 alone (Figure 3A;
Figure S3A). Knockdown or overexpression of miR-320b could
upregulate or downregulate LINC00680 and TTN-AS1, respectively
(Figures 3B and 3C; Figure S3B). A dual-luciferase reporter assay
showed that co-transfection of wild-type (Wt) LINC00680 or TTN-
AS1 and miR-320b could reduce fluorescence (Figure 3D).
LINC00680, TTN-AS1, and miR-320b were much more enriched in
the anti-Ago group than that in the anti-IgG group (Figure 3E). These
results suggested that LINC00680 or TTN-AS1 could interact
with miR-320b to form RISC. To investigate how LINC00680
or TTN-AS1 and miR-320b influence biological behaviors of
glioblastoma cells, we constructed sh-LINC00680+anti-miR-
320b, sh-TTN-AS1+anti-miR-320b, sh-LINC00680+pre-miR-320b,
sh-TTN-AS1+pre-miR-320b, and their negative control cell lines.
As Figures 3F–3H and S3C–S3E show, knockdown of LINC00680
and TTN-AS1 while overexpression of miR-320b could significantly
inhibit proliferation, migration, and invasion and increase apoptosis
of glioblastoma cells. Nevertheless, knockdown of miR-320b could
entirely invert the effect of knockdown of LINC00680 or TTN-AS1
on the biological behaviors of glioblastoma cells.

EGR3 Was a Target of miR-320b and Promoted Proliferation,

Migration, and Invasion of Glioblastoma Cells

With the help of the bioinformatics software TargetScan, we pre-
dicted that EGR3 was the target of miR-320b (Figure S1E). The
expression of mRNA and protein of EGR3 was upregulated in glio-
blastoma cells and tissues (Figure 4A and 4B; Figures S3F and
S3G). We found that EGR3 was highly expressed in glioma tissues
in the Oncomine database, and lower expression of EGR3 presented
a longer survival in database GEPIA (Figures S1G and S1H). A Cell
Counting Kit-8 (CCK-8) and transwell assay showed that knockdown
of EGR3 could inhibit proliferation, migration, and invasion of
Figure 2. EIF4A3 Stabilized LINC00680 and TTN-AS1; miR-320b Promoted Mal

(A) A RIP assay showed that LINC00680 (left) and TTN-AS1 (right) could bind with EIF4

Data represent mean ± SD (n = 3 in each group). **p < 0.01 versus anti-IgG group. (B)

(right). (C) Expression of LINC00680 (left) and TTN-AS1 (right) was detected in U87 and U

group). *p < 0.05 versus sh-NC group. (D) A nascent RNA capture assay showed no s

LINC006780 and TTN-AS1. (E) Relative levels of LINC00680 (left) and TTN-AS1 (right) a

different periods were measured by PCR. (F) CCK-8 assay was conducted to investigate

the mean ± SD (n = 3 in each group). *p < 0.05 versus pre-NC group; #p < 0.05 versus an

U251 cells. Data are presented as the mean ± SD (n = 3 in each group). *p < 0.05 versu

measure the effect of miR-320b on cell migration and invasion in U87 and U251 cells. R

mean ± SD (n = 3 in each group). *p < 0.05 versus pre-NC group; #p < 0.05 versus an
glioblastoma cells (Figures 4C and 4E; Figure S3H and S3J). A flow
cytometry assay proved that knockdown of EGR3 increased apoptosis
of glioblastoma cells (Figure 4D; Figure S3I).

To verify that EGR3 was involved in the EIF4A3/LINC00680, TTN-
AS1/miR-320b regulatory axis, we detected the expression of EGR3 in
knocked down EIF4A3A, LINC00680 and TTN-AS1 cells. Compared
to the sh-NC group, EGR3 was expressed at lower levels in sh-
EIF4A3, sh-LINC00680, and sh-TTN-AS1 cells (Figure 5A; Fig-
ure S4A). Furthermore, EGR3 was significantly lower expressed in
sh-EIF4A3+sh-LINC00680 and sh-EIF4A3+sh-TTN-AS1 cells
compared to sh-EIF4A3, sh-LINC00680, and sh-TTN-AS1 cells,
respectively (Figure 5A; Figure S4A). However, knockdown or over-
expression of miR-320b could upregulate or downregulate the expres-
sion of EGR3 (Figure 5B; Figure S4B). Overexpression of miR-320b
could strengthen the downregulation of EGR3 caused by knockdown
of LINC00680 or TTN-AS1, while knockdown of miR-320b could
entirely invert the downregulation of EGR3 caused by knockdown
of LINC00680 or TTN-AS1 (Figure 5C; Figure S4C). A dual-lucif-
erase reporter assay indicated that miR-320b could bind to EGR3
(Figure 5D).

To further determine the effect of miR-320b and EGR3 on biological
behaviors of glioblastoma cells, we constructed anti-miR-320b+sh-
EGR3 cells and their negative controls. As Figures 6A–6C and
S3K–S3M show, knockdown of miR-320b could promote prolifera-
tion, migration, and invasion of glioblastoma cells, while this effect
could be inverted by knockdown of EGR3. Knockdown of miR-
320b could decrease apoptosis of glioblastoma cells, and the effect
could be inverted by knockdown of EGR3. These results indicated
that EGR3 could entirely invert the effect of miR-320b on biological
behaviors of glioblastoma cells.

PKP2 Was a Target of EGR3 and Was Involved in EGR3-Induced

Regulation of Glioblastoma Cell Malignant Progression

PKP2 was a predicted target of EGR3 via the bioinformatics software
Jaspar (Figure S1F). The expression of PKP2 was correlated to grades
of glioblastoma, and inhibition of PKP2 could inhibit proliferation,
migration, and invasion of glioblastoma cells.18 Knockdown of
LINC00680 or TTN-AS1 could significantly reduce the expression
of PKP2 in glioblastoma cells (Figure 7A; Figure S4D); however,
knockdown of miR-320b could invert this effect, and overexpression
ignant Biological Behaviors of Glioblastoma Cells

A3. Real-time PCR was used to measure enrichment of LINC00680 and TTN-AS1.

RNA pull-down assay indicated EIF4A3 binding with LINC00680 (left) and TTN-AS1

251 cells with EIF4A3 knockdown by PCR. Data represent mean ± SD (n = 3 in each

ignificant difference between the sh-EIF4A3 and sh-NC group in the expression of

fter U87 and U251 cells with EIF4A3 knockdown being treated in actinomycin D for

the effect of miR-320b on proliferation in U87 and U251 cells. Data are presented as

ti-NC group. (G) Flow cytometry analysis effect of miR-320b on apoptosis in U87 and

s pre-NC group; #p < 0.05 versus anti-NC group. (H) Transwell assays were used to

epresentative images and statistical plots are presented. Data are presented as the

ti-NC group. Scale bar represents 80 mm.
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of miR-320b could strengthen this effect (Figure 7B; Figure S4E).
Knockdown or overexpression of miR-320b could upregulate or
downregulate the expression of PKP2, respectively (Figure 7C; Fig-
ure S4F). Furthermore, the effect of miR-320b knockdown on the
expression of PKP2 could be completely inverted by knockdown of
EGR3 (Figure 7D; Figure S4G). Knockdown of EGR3 could downre-
gulate the expression of PKP2 (Figure 7E; Figure S4H). As Figure 7F
shows, Chromatin Immunoprecipitation (ChIP) confirmed that
EGR3 could bind to the promotor of PKP2.

PKP2 may take effect by activating the EGFR pathway. As shown
in Figure 7G, miR320b could significantly downregulate expression
of phosphorylated (p-)phosphatidylinositol 3-kinase (PI3K) and
p-Akt. Binding of miR-320b and the 30 UTR of EGR3 mRNA could
downregulate expression of p-PI3K and p-Akt. However, EGR3
without the 30 UTR could reverse the effect.

Knockdown of EIF4A3, LINC00680, or TTN-AS1 Could Inhibit

Tumor Growth In Vivo

To study the effects of these molecules in vivo, we constructed sh-
EIF4A3, sh-LINC00680, sh-TTN-AS1, and sh-EIF4A3+LINC00680+
TTN-AS1 cells. Compared to controls, knockdown of EIF4A3,
LINC00680, and TTN-AS1 could significantly reduce the volume of tu-
mor and prolong survival of nude mice. sh-EIF4A3+LINC00680+-
TTN-AS1 could significantly reduce the volume of tumors and prolong
the survival of nudemice compared to sh-EIF4A3, sh-LINC00680, and
sh-TTN-AS1 (Figures 8A–8C).

DISCUSSION
In the present study, we have confirmed that EIF4A3, LINC00680,
and TTN-AS1 were highly expressed in glioblastoma cells and tissues.
EIF4A3 could help prolong the half-life of LINC00680 and TTN-AS1.
Knockdown of EIF4A3, LINC00680, or TTN-AS1 inhibited prolifer-
ation, migration, and invasion and promoted apoptosis of
glioblastoma cells. However, miR-320b had an opposite effect on glio-
blastoma cells compared to EIF4A3, LINC00680, or TTN-AS1. miR-
320b could bind to the 30 UTR of EGR3 mRNA to hinder the
expression of EGR3. Knockdown of LINC00680 and TTN-AS1 could
downregulate the expression of EGR3. EGR3 could bind to the pro-
Figure 3. LINC00680 and TTN-AS1 Were Targets of miR-320b: Reintroducing m

LINC00680 and TTN-AS1

(A) Real-time PCR analysis for EIF4A3, LINC00680, and TTN-AS1 regulatingmiR-320b e

group). *p < 0.05 versus sh-NC group; **p < 0.01 versus sh-NC group; #p < 0.05 versus

AS1 group. (B) Real-time PCR analysis for miR-320b modulating LINC00680 expression

*p < 0.05 versus pre-NC group; #p < 0.05 versus anti-NC group. (C) Real-time PCR ana

presented as themean ±SD (n = 3 in each group). *p < 0.05 versus pre-NC group; #p < 0

(right) with miR-320b are indicated. Relative luciferase activity was conducted after cells

TTN-AS1-30 UTR-mutant (Mut). Data are presented as the mean ± SD (n = 3, each group

was identified in the LINC00680-miR-320b and TTN-AS1-miR-320b RISC complex. En

Data represent mean ± SD (n = 3 in each group). **p < 0.01 versus anti-IgG group. (F) A

miR-320b on proliferation in U87 and U251 cells. Data are presented as the mean ± SD

analysis of LINC00680/TTN-AS1 and miR-320b in U87 and U251 cells. Data are presen

(H) Transwell assays were used to measure the effect of LINC00680/TTN-AS1 and miR

and statistical plots are presented. Data are presented as the mean ± SD (n = 3 in eac
motor of PKP2 and activate the PI3K/Akt pathway. Knockdown
EIF4A3, LINC00680, and TTN-AS1 could reduce the growth of xeno-
graft tumor and prolonged the survival of nude mice.

RBPs have been proven to be involved in many aspects of the cell pro-
cess. Its dysfunction may cause diseases, including cancers.19 EIF4A3
is a core component of the EJC, which stimulates precursor (pre-)
mRNA splicing, mRNA export, translation, and degradation.20

EIF4A3 was overexpressed in several kinds of cancers and was closely
related to the prognostic index for survival, and thus EIF4A3 was
considered as a diagnostic marker or therapeutic target for cancers.21

Inhibition of EIF4A3 could impair the formation and maintenance of
stress granules in the cell after stress and change the expression of cell
cycle-related transcripts in tumor cells, both of which are important
for the survival and progression of tumor cells.22 In this study,
EIF4A3 was highly expressed in glioblastoma cells and tissues.
Furthermore, the expression in high-grade gliomas was higher than
that in low-grade gliomas. As glioma grade increases, the glioma ex-
hibits more invasiveness and less apoptosis. Since EIF4A3 was related
to cell cycle and stress in tumor cells, there might be a correlation be-
tween its expression and glioma grade. However, more samples are
needed for further research. In vivo study showed that silencing
EIF4A3 could reduce tumor growth and prolong the survival of
nude mice. In addition to our results, the expressions of EIF4A3
and survival from database results demonstrate that EIF4A3 is highly
expressed in glioblastoma and that lower expression of EIF4A3 shows
longer survival. These results indicate that EIF4A3 may be a diag-
nostic marker for glioblastomas, but this needs more research.
Knockdown of EIF4A3 could inhibit the proliferation, migration,
and invasion and promote the apoptosis of glioblastoma cells. These
results suggest that EIF4A3 could promote malignant biological be-
haviors of glioblastoma cells.

lncRNA could regulate gene expression on the post-transcriptional
level.23 Dysfunction of lncRNA relates to the numbers of cancers.
LINC01121 represses the expression of GLP1R and inhibition of the
cyclic AMP (cAMP)/protein kinase A (PKA) signaling pathway, thus
inhibiting apoptosis and promoting proliferation, migration, and inva-
sion of pancreatic cancer cells.24 LINC01133 is downregulated in
iR-320b Impaired Malignant Behavior of Glioblastoma Cells Induced by

xpression in U87 and U251 cells. Data are presented as themean ± SD (n = 3 in each

sh-EIF4A3 group; $p < 0.05 versus sh-LINCC0680 group; &p < 0.05 versus sh-TTN-

in U87 and U251 cells. Data are presented as the mean ± SD (n = 3 in each group).

lysis for miR-320b modulating TTN-AS1 expression in U87 and U251 cells. Data are

.05 versus anti-NC group. (D) Putative binding sites of LINC00680 (left) and TTN-AS1

were transfected with LINC00680/TTN-AS1-30 UTR-wild-type (Wt) or LINC00680/

). **p < 0.01 versus LINC00680/TTN-AS1-30 UTR-Wt+pre-NC group. (E) miR-320b

richment of LINC00680, TTN-AS1, and miR-320b was measured via real-time PCR.

CCK-8 assay was conducted to investigate the effect of LINC00680/TTN-AS1 and

(n = 3 in each group). **p < 0.01 versus sh-NC+pre-NC group. (G) Flow cytometry

ted as the mean ± SD (n = 3 in each group). **p < 0.01 versus sh-NC+pre-NC group.

-320b on cell migration and invasion in U87 and U251 cells. Representative images

h group). **p < 0.01 versus sh-NC+pre-NC group. Scale bar represents 80 mm.
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gastric cancer cells. LINC01133 depletion promotes cell proliferation,
migration, and the epithelial-mesenchymal transition (EMT) in gastric
cancer cells.25 Moreover, a lot of lncRNAs have been identified as diag-
nostic and prognostic bio-markers for a variety of cancers, including
gliomas.26,27 In our study, LINC00680 and TTN-AS1 were highly ex-
pressed in glioma tissues, and the expression of them was higher in
high-grade gliomas than that in low-grade gliomas. Furthermore,
LINC00680 and TTN-AS1 could significantly reduce the volume of tu-
mor and prolong the survival of nude mice. These results indicate that
LINC00680 and TTN-AS1 could promote progression of glioblastoma.

Recently, the focus on interaction between RBPs and RNAs has
shifted from mRNA to non-coding RNA (ncRNA). RBP could regu-
late splicing, translocation, and stability of RNA on the post-tran-
scriptional level.28–30 H19 could bind to EIF4A3 and hinder the
recruitment of EIF4A3 to the cell-cycle gene mRNA to promote the
proliferation of colorectal cancer cells.31 EIF4A3 could bind to
circPVRL3 and promote the malignant biological behaviors of gastric
cancer cells.32 In our study, we predicted that there were binding sites
between EIF4A3 and LINC00680 or TTN-AS1 via Starbase v2.0. RIP
and RNA pull-down assays verified that EIF4A3 could bind to
LINC00680 and TTN-AS1. Knockdown of EIF4A3 and LINC00680
or TTN-AS1 together could significantly inhibit the proliferation,
migration, and invasion and promote apoptosis of glioblastoma cells
compared to knockdown of EIF4A3 or LINC00680 or TTN-AS1
alone, which indicated there may be interaction between EIF4A3,
LINC00680, and TTN-AS1. In this study, we provide a new insight
of EIF4A3 for its function in glioblastoma progression. Nascent
RNA and half-life tests showed knockdown of EIF4A3 to shorten
the half-life of LINC00680 and TTN-AS1 without increasing their
expression. Thus, we assumed that EIF4A3 promotes malignant be-
haviors of glioblastoma cells by stabilizing LINC00680 and TTN-AS1.

miRNAs were involved in the regulation of tumorigenesis, cell
apoptosis, migration, and invasion of cancers.33 miRNAs have drawn
much attention in cancer research since they can form RISC with
Ago10. miR-320 could inhibit proliferation, migration, and invasion
of breast cancer, ovarian cancer, and cholangiocarcinoma cells.34–36

miR-320b was lowly expressed in glioma cells and could inhibit prolif-
eration, migration, and invasion of glioma cells,11 which was consistent
with our results.

lncRNAs, serving as competitive endogenous RNAs (ceRNAs), could
function as a miRNA sponge and regulate target gene expression by
Figure 4. EGR3 Acts as an Oncogene in Glioma Tissues and Cells

(A) Expression of EGR3mRNA in glioma tissues (left) and cells (right) was detected by rea

grade II; n = 7, grade III; n = 7, grade IV; n = 3 for each cell line). *p < 0.05 versus NBTs

versus normal human astrocytes group. (B) western blot was used to detect expression

(n = 8, NBTs; n = 3, Grade I; n = 5, Grade II; n = 7, Grade III; n = 7, Grade IV; n = 3 ea

nontumorous brain tissues; ##p < 0.01 versus low-grade glioma tissues. Right: **p < 0.0

the effect of EGR3 on proliferation in U87 and U251 cells. Data are presented as the m

analysis of EGR3 in U87 and U251 cells. Data are presented as the mean ± SD (n = 3

measure the effect of EGR3 on cell migration and invasion in U87 and U251 cells. Re

mean ± SD (n = 3 in each group). *p < 0.05 versus sh-NC group. Scale bar represents
sharing the same miRNA response elements (MREs).10 NEAT1 acts
as a ceRNA to regulate miR-34a expression, repress the miR-34a/
SIRT1 axis, and activate theWnt/b-catenin signaling pathway to pro-
mote proliferation and metastasis of colorectal cancer cells.37 We pre-
dicted that LINC00680 and TTN-AS1 could bind to miR-320b by us-
ing the biological information software LncBase. Dual-luciferase
reporter assays confirmed that miR-320b could bind to LINC00680
and TTN-AS1. Knockdown of EIF4A3, LINC00680, and TTN-AS1
could upregulate the expression of miR-320b. However, knockdown
or overexpression of miR-320b could upregulate or downregulate
LINC00680 and TTN-AS1, respectively. RIP assays verified that
LINC00680 or TTN-AS1 and miR-320b were enriched in Ago. These
results proved that LINC00680 and TTN-AS1 could bind to miR-
320b in Ago to form RISC to regulate malignant biological behaviors
of glioblastoma cells.

EGR3 is a zinc-finger transcription factor that contains a highly
conserved DNA-binding domain encoding zinc finger protein.
EGR3 is a diagnostic and prognostic biomarker of cutaneous squa-
mous cell carcinoma.38 Consistent with a previous study,15 mRNA
and protein of EGR3 in our research were highly expressed in glio-
blastoma tissues and cells. It has been reported that mature brain-
derived neurotrophic factor (BDNF) was upregulated in human gli-
oma tissues and that its expression was correlated with the glioma
grade.39 Furthermore, BDNF could regulate the expression of EGR3
on both the mRNA and protein levels,40,41 which was consistent
with our results that the expression of EGR3 in high-grade glioma
was higher than that in low-grade glioma. However, whether the
expression of EGR3 was correlated to the grade of glioma needs
more research since we have limited tumor tissue. Knockdown of
EGR3 could inhibit proliferation, migration, and invasion but pro-
mote apoptosis of glioma cells, which indicated that EGR3 facilitates
the malignant biological behaviors of glioblastoma cells.

miRNAs target mRNAs of some proteins and regulate their expres-
sion by binding to the 30 UTR of their mRNAs.42 Inhibition of
CCNA2 mediated by miR-381-3p modulates the proliferation and
EMT progression in bladder cancer cells.43 Overexpression of miR-
489 could inhibit HER2-induced tumorigenesis by altering progenitor
cell populations and could decrease tumor growth and metastasis via
influencing tumor-promoting genes DEK and SHP2.44 As shown in
the present study, we found that miR-320b could bind to the 30

UTR of EGR3 mRNA via a dual-luciferase reporter assay.
LINC00680 and TTN-AS1 may serve as ceRNAs of miR-320b,
l-time PCR. Data are presented as the mean ± SD (n = 8, NBTs; n = 3, grade I; n = 5,

group; **p < 0.01 versus NBTs group; ***p < 0.001 versus NBTs group; ##p < 0.01

of EGR3 in glioma tissues (left) and cells (right). Data are presented as the mean ± SD

ch cell line). Left: *p < 0.05 versus nontumorous brain tissues; ***p < 0.001 versus

1 versus normal human astrocytes. (C) A CCK-8 assay was conducted to investigate

ean ± SD (n = 3 in each group). *p < 0.05 versus sh-NC group. (D) Flow cytometry

in each group). *p < 0.05 versus sh-NC group. (E) Transwell assays were used to

presentative images and statistical plots are presented. Data are presented as the

80 mm.
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Figure 5. EGR3 Was a Target of miR-320b and Was Regulated by LINC00680, TTN-AS1, and miR-320b

(A) Expression of EGR3 was regulated in U87 and U251 cell lines with knockdown of EIF4A3 and/or LINC00680/TTN-AS1. Data are presented as the mean ± SD (n = 3 in

each group). *p < 0.05 versus sh-NC group; **p < 0.01 versus sh-NC group; #p < 0.05 versus sh-EIF4A3 group; $p < 0.05 versus sh-LINCC0680 group; &p < 0.05 versus

sh-TTN-AS1 group. (B) Expression of EGR3 was regulated in U87 and U251 cell lines with knockdown or overexpression of miR-320b. Data are presented as the mean ± SD

(n = 3 in each group). **p < 0.01 versus pre-NC group; ##p < 0.01 versus anti-NC group. (C) Expression of EGR3was regulated by LINC00680/TTN-AS1 andmiR-320b. Data

are presented as the mean ± SD (n = 3 in each group). **p < 0.01 versus sh-NC+pre-NC group. (D) Putative binding sites of miR-320b and the 30 UTR of EGR3 mRNA are

indicated. Relative luciferase activity was conducted after cells were transfected with EGR3-30 UTR-Wt or EGR3-30 UTR-Mut. Data are presented as the mean ± SD (n = 3,

each group). **p < 0.01 versus EGR3-30UTR-Wt+pre-NC group.
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Figure 6. EGR3 Could Reverse the Biological Function of miR-320b in Glioblastoma Cells

(A) CCK-8 assays were performed in U87 and U251 cells with the altered expression of miR-320b and EGR3. Data are presented as themean ± SD (n = 3 in each group). *p <

0.01 versus anti-NC group; #p < 0.05 versus anti-miR-320b group. (B) Flow cytometry analysis of U87 and U251 cells with the altered expression of miR-320b and EGR3.

Data are presented as the mean ± SD (n = 3 in each group). *p < 0.05 versus anti-NC group; #p < 0.05 versus anti-miR-320b group. (C) Quantification number of migration

and invasion cells treated with anti-miR-320b and sh-EGR3. Representative images and statistical plots are presented. Scale bar represents 80 mm. Data are presented as

the mean ± SD (n = 3 in each group). *p < 0.05 versus anti-NC group; #p < 0.05 versus anti-miR-320b group.

www.moleculartherapy.org
competing with EGR3 mRNA, thus repressing the binding of miR-
320b and EGR3 mRNA so as to upregulate expression of EGR3.

With the use of JASPAR, we predicted that PKP2 was one of the tar-
gets of EGR3. PKP2 is upregulated in glioma tissues and cells and is
related to the progression of gliomas. Knockdown of PKP2 could
inhibit the proliferation and migration of glioma cells,18 which is
consistent with our results. PKP2 activates the EGFR pathway.17,45
PKP2 is the most widespread in the desmosomes of all proliferative
epithelial cells of normal tissues as well as of the tumors, and it was
related to metastasis of cancer cells.46 ChIP verified that EGR3 could
bind to the promotor of PKP2. Knockdown of EGR3 inhibited the
expression of PKP2. Wild-type EGR3 binding to miR-320b could
inhibit the expression of p-PI3K and p-Akt, indicating that PKP2
was involved in EGR3-induced regulation of glioblastoma cell malig-
nant progression via the EGFR pathway.
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Figure 7. PKP2 Was Regulated by LINC00680, TTN-AS1, miR-320b, and EGR3

(A) Western blot analysis of PKP2 in U87 and U251 cell knockdown of LINC00680 or TTN-AS1. Data are presented as the mean ± SD (n = 3 in each group). *p < 0.05 versus

sh-NC group. (B)Western blot analysis of PKP2 in U87 and U251 cells regulated by LINC00680/TTN-AS1 andmiR-320b. Data are presented as themean ± SD (n = 3 in each

group). **p < 0.01 versus sh-NC+pre-NC group. (C) Western blot analysis of PKP2 in U87 and U251 cells regulated bymiR-320b. Data are presented as themean ± SD (n = 3

(legend continued on next page)
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In summary, this study presented that knockdown of LINC00680 and
TTN-AS1 could inhibit proliferation, migration, and invasion but
promote apoptosis of glioblastoma cells. While EIF4A3 could help
stabilize LINC00680 and TTN-AS1, LINC00680 and TTN-AS1might
be ceRNAs of miR-320b, which might result in the accumulation of
EGR3 and activation of the EGFR pathway. The interactions of
EIF4A3, LINC00680, TTN-AS1, miR-320b, EGR3, and PKP2 were
discovered for the first time, and they might be a promising target
in glioblastoma therapy.

MATERIALS AND METHODS
Patients and Clinical Specimens

Glioma tissues and normal brain tissues (NBTs) were collected during
surgery in the Department of Neurosurgery of Shengjing Hospital
with the approval of the Ethics Committee of Shengjing Hospital of
China Medical University. Informed consent was obtained from all
the patients. The tumor specimens were classified into four grades ac-
cording to the 2016World Health Organization (WHO) classification
by two independent neuropathologists. All samples were immediately
frozen in liquid nitrogen after resection. NBTs acquired from patients
undergoing decompression caused by trauma, hemorrhage, or infarc-
tion were used as NCs.

Cell Culture

Human astrocyte (HA) cells were purchased from ScienCell
Research Laboratories (Carlsbad, CA, USA) and cultured in RPMI
1640 culture medium (Gibco, Grand Island, NY, USA) with 10%
fetal bovine serum (FBS, Gibco, Carlsbad, CA, USA). Glioblastoma
cell lines (U87 and U251) and human embryonic kidney (HEK) 293
T cells were purchased from the Shanghai Institutes for Biological
Sciences Cell Resource Center. BTICs are a derivate from glioblas-
toma. Tumor tissues were stored in liquid nitrogen after surgery.
Tissues were washed in normal saline and cut into pieces about
1 mm3. Then, they were digested in 0.25% trypsin at 37�C for
10 min. After that, the solution was filtered and centrifuged and
then suspended in culture solution. Tumor cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM)/high glucose with
10% FBS. All cells were cultured at 37�C with 5% CO2 in a humid-
ified atmosphere.

RNA Extraction and PCR

Total RNA was extracted from cells and tissues with TRIzol reagent
(Life Technologies, Carlsbad, CA, USA). A NanoDrop spectropho-
tometer (ND-100, Thermo Scientific, USA) was used to detect the
concentration of RNA at 260 nm/280 nm absorbance. Expression
of mRNA of EIF4A3 and EGR3, LINC00680, and TTN-AS1 was de-
tected by a One-Step SYBR PrimeScript RT-PCR kit (Takara Bio,
Japan) in a 7500 Fast RT-PCR system. Expression of miR-320b was
in each group). **p < 0.01 versus pre-NC group; ##p < 0.01 versus anti-NC group. (D) We

Data are presented as themean ± SD (n = 3 in each group). **p < 0.01 versus anti-NC gro

and U251 cells regulated by EGR3. Data are presented as the mean ± SD (n = 3 in each g

Immunoprecipitated DNA was amplified by PCR. (G) Expression of p-PI3K and p-Akt wa

each group). **p < 0.01 versus miR-320b+EGR3-NC group. ##p < 0.01 versus miR-32
detected by a TaqMan miRNA reverse transcription kit (Applied Bio-
systems, Foster City, CA, USA) with TaqMan Universal Master Mix
II. GAPDH and U6 were used to normalize the expression of mRNA,
lncRNA, and miRNA respectively. Expressions were normalized to
endogenous controls, and the relative quantification (2�DDCt) method
was used for fold-change calculation. Primer sequences of PCR are
shown in Table S1.

Cell Transfection

shRNAs against EIF4A3, LINC00680, TTN-AS1, EGR3, EGR3
without the 30 UTR (EGR3 non-30 UTR), and their non-target se-
quences (NCs) were constructed (GenePharama, Shanghai, China).
miR-320b agomir, miR-320b antagomir, and their respective NCs
were synthesized (GenePharama, Shanghai, China). Glioma cells
were seeded in a 24-well plate (Corning, Corning, NY, USA). After
incubating for 24 h, the cells reached about 70% confluence. Lipofect-
amine 3000 reagent and Opti-MEM I (Life Technologies, Waltham,
MA, USA) were used according to the manufacturer’s instructions
after the cells were incubated to reach about 70% confluence. Stable
transfected cells were selected with G418 and puromycin (Sigma-
Aldrich, St. Louis, MO, USA). qPCR and western blot were used to
evaluate the transfection efficacy. The shRNA concentration was
500 ng/mL, the agomiR-320b concentration was 2 mg/mL, and the
antagomiR-320b concentration was 1 mg/mL. Sequences of RNA
interference (RNAi) are shown in Table S2.

Western Blot

Total proteins of cells and tissues were extracted by lysing in radio-
immunoprecipitation assay buffer (RIPA buffer; Beyotime Institute
of Biotechnology, Jiangsu, China) on ice for 30 min and then centri-
fuged at 17,000 � g for 40 min at 4�C. The concentration of protein
was determined by a bicinchoninic acid (BCA) assay kit (Beyotime
Institute of Biotechnology). An equal amount of protein was sepa-
rated by 10% sodium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) and then transferred to polyvinylidene fluoride
(PVDF) membranes. Tween 20 with Tris-buffered saline (TTBS)
with 10% non-fat milk was used to block the membranes at room
temperature for 2 h. Then, membranes were incubated in primary
antibody of EIF4A3 (1:500, Proteintech, Rosemont, IL, USA),
EGR3 (1:300, Santa Cruz Biotechnology, Santa Cruz, TX, USA),
PKP2 (1:200, Santa Cruz Biotechnology, Santa Cruz, TX, USA),
PI3K, Akt (1:500, Proteintech, Rosemont, IL, USA), and GAPDH
(1:5,000, Proteintech, Rosemont, IL, USA) overnight at 4�C followed
by horseradish peroxidase (HRP)-conjugated secondary antibody
(1:5,000, Proteintech, Rosemont, IL, USA) at room temperature
for 2 h. The blots were visualized with an enhanced chemilumines-
cence (ECL) kit (Beyotime Institute of Biotechnology) and scanned
by ChemImager 5500 v2.03 software.
stern blot analysis of PKP2 in U87 and U251 cells regulated bymiR-320b and EGR3.

up; ##p < 0.05 versus anti-miR-320b group. (E) Western blot analysis of PKP2 in U87

roup). **p < 0.01 versus sh-NC group. (F) Putative EGR3 binding sites are indicated.

s regulated by mir-320b and EGR3. Data are presented as the mean ± SD (n = 3 in

0b+EGR3 group.
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Cell Proliferation Assay

Cells were seeded into wells of a 96-well plate, with 2,000 cells in each
well. After cells were cultured in the incubator for 24 h, 20 mL of
CCK-8 (Beyotime Institute of Biotechnology, Jiangsu, China) was
added to each well and then the plate was displaced at 37�C for
another 2 h. The absorbance value of each well was measured spectro-
photometrically at 450 nm on a SpectraMax M5 microplate reader
(Molecular Devices, USA).

Cell Migration and Invasion Assays

A transwell chamber (Costar, Corning, NY, USA) was used to eval-
uate the migration and invasion ability of cells. Cells were resus-
pended in serum-free medium and loaded onto the upper chamber
with a density of 2 � 105 cells per chamber for the cell migration
assay. For the cell invasion assay, the upper chamber was pre-coated
with 50 ng/mL Matrigel solution (BD Biosciences, Franklin Lakes, NJ,
USA). After incubation for 24 h, the chamber was fixed with meth-
anol and glacial acetic acid at the ratio of 3:1 and stained with 20%
Giemsa stain. Cells were observed and counted using an inverted mi-
croscope within five randomly chosen fields, and the average number
of cells was calculated.

Cell Apoptosis Assay

The cell apoptosis rate was assessed by annexin V-phycoerythrin
(PE)/7-aminoactinomycin D (7AAD) staining (SouthernBiotech,
Birmingham, AL, USA) according to the instructions of the manufac-
turer. After washing with 4�C PBS twice, cells were collected and
stained, and then samples were detected by flow cytometry (FACScan,
BD Biosciences) and apoptotic fractions were investigated by Cell-
Quest 3.0 software.

Dual-Luciferase Reporter Assay

The sequence of the putative binding site was substituted by
LINC00680-mutant (Mut), TTN-AS1-Mut, and EGR3-Mut to
mutate the putative binding site of LINC00680, TTN-AS1, or EGR3
and miR-320b. HEK293 cells were seeded in a 96-well plate, and after
the cells reached 50%–70% confluence, then they were co-transfected
with LINC00680-Wt (or LINC00680-Mut), TTN-AS1 (or TTN-AS1-
Mut), or EGR3-Wt (or EGR3-Mut) and miR-320b or miR-320b-NC
plasmids. The luciferase activities were detected by a Dual-Luciferase
reporter assay kit (Promega) 48 h after transfection.

ChIP Assay

A SimpleChIP enzymatic ChIP kit (Cell Signaling Technology) was
used to perform a ChIP assay. Glioma cells were cross-linked with
1% formaldehyde for 10 min and terminated by glycine. 2% lysates
were used as an input control, and the remainder was incubated
with normal rabbit IgG or anti-EGR3 antibody. DNA crosslinks
Figure 8. In Vivo Study

(A) The stable expressing cells were used for the in vivo study. The nude mice carrying tu

are shown. (B) Tumor volume was calculated every week after injection, and the tumor w

versus sh-EIF4A3 group; ##p < 0.01 versus sh-LINC00680 group; &&p < 0.01 versus sh-T

right striatum (n = 10). ***p < 0.001 versus control group; $$p < 0.01 versus sh-EIF4A3 gr
were reversed by NaCl and proteinase K and then purified and ampli-
fied by PCR. ChIP primer sequences are shown in Table S3.

RIP Assay

RIP assays were conducted with an EZ-Magna RIP kit (Millipore,
Billerica, MA, USA). Glioblastoma cells were lysed by a complete
RNA lysis buffer according to the manufacturer’s protocol. Magnetic
beads conjugated with human anti-Argonaute2 (Ago2) antibody
(Millipore) or normal mouse IgG (Millipore) as a negative control
were incubated beforehand. Samples were incubated with proteinase
K buffer at 4�C overnight, and then immunoprecipitated RNA was
isolated, purified, and analyzed by qRT-PCR.

RNA Pull-Down Assay

In brief, LINC00680 and TTN-AS1 transcripts were transcribed by
using T7 RNA polymerase (Ambion), and then by using the RNeasy
Plus mini kit (QIAGEN) and treatment with DNase I (QIAGEN).
Purified RNAs were biotin labeled with a biotin RNA labeling mix
(Ambion). Cell lysates were mixed and incubated with biotinylated
RNAs. Streptavidin agarose beads were added to each binding reac-
tion and incubated at room temperature for 1 h. Afterward, the beads
were washed and the retrieved protein was analyzed by western blot.

RNA Stability Measurement

Transfected cells (sh-NC, sh-EIF4A3) were seeded in culture dishes
with 2 mg/mL actinomycin D (ActD, NobleRyder, China) to block
de novo RNA synthesis. Total RNA was extracted every 2 h. The
expression of LINC00680 and TTN-AS1 was measured by qRT-
PCR. The half-life of LINC00680 and TTN-AS1 was determined at
the time when they reached the 50% of RNA before adding actino-
mycin D.

Nascent RNA Capture Assay

A nascent RNA capture assay was performed using a Click-iT nascent
RNA capture kit (Invitrogen) following the manufacturer’s protocol.
Cells were seeded in 5-ethynyl uridine (EU). Total RNAwas extracted
at this time. EU-labeled RNA was biotinylated in a Click-iT reaction
buffer and then collected using streptavidin magnetic beads.

Tumor Xenograft Models

Female BALB/c nude mice (4–5 weeks of age; Vital River Laboratory
Animal Technology, Beijing, China) were used for xenograft models
in accordance with a protocol approved by the Administrate Panel on
Laboratory Animal Care of China Medical University. Nude mice
were divided into five groups: control, sh-EIF4A3, sh-LINC00680,
sh-TTN-AS1, and sh-EIF4A3+LINC00680+TTN-AS1. Cell transfec-
tion and selection were described as before. 3 � 105 cells were subcu-
taneously injected in the right flanks of the mice. Tumor size was
mors from respective groups are shown. The sample tumors from respective groups

as excised after 6 weeks. **p < 0.01, ***p < 0.001 versus control group; $$p < 0.01

TN-AS1 group. (C) The survival curves of nudemice with xenografts injected into the

oup; ##p < 0.01 versus sh-LINC00680 group; &&p < 0.01 versus sh-TTN-AS1 group.
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calculated as (length�width2)/2 and recorded every week. Mice were
sacrificed 42 days after injection. The number of surviving nude mice
was recorded and survival analysis was performed using a Kaplan-
Meier survival curve in the orthotopic inoculation experiment.

Statistical Analysis

Data are presented as mean ± SD from three independent experi-
ments. All statistical analyses were performed by Graphpad Prism
5.0 (GraphPad, La Jolla, CA, USA) with a Student’s t test or one-
way analysis of variance; survival data were analyzed by a Kaplan-
Meier survival curve and log-rank test. p < 0.05 indicated statistical
significance.
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