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human neuroglioma U87 and U251 cells

via Wnt/-catenin signaling
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Abstract: The role of extracellular matrix proteins in glioma progression is largely unknown. In the current study,
we screened different published GSE datasets and found that an extracellular matrix protein Lysyl Oxidase-Like
1 (LOXL1) is highly expressed in different cohorts of glioma patients. To confirm the results from datasets, we ex-
amined the level of LOXL1 in 30 matched glioma tissues and we found that LOXL1 is highly expressed in glioma
malignant tissues. We further investigated the biological functions of LOXL1 in glioma cells with both loss- and gain-
function assays. These show that highly expressed LOXL1 promotes glioma cell proliferation and growth through
regulating Wnt/B-catenin signaling. In conclusion, we report that thesecretory protein LOXL1 is highly expressed in
malignantglioma tissues and promotes glioma cell proliferation through Wnt/B-catenin signaling.
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Introduction

Gliomas are solid tumors in the central nerv-
ous system that account for approximately 70%
of malignant primary brain tumors each year
[1]. In spite of intense efforts to optimize the
treatment of gliomas over the past decades, no
significant advancement in patient survival
has been achieved. Therefore, the underlying
mechanisms about glioma tumorigenesis need
to be elucidated.

The tumor microenvironment plays an essen-
tial role in tumorigenesis and progression [2]
and consists of cancer cells, extracellular ma-
trix proteins, immune cells, and tumor-associat-
ed fibroblasts [3]. There is much evidencesug-
gesting that interactions between cancer cells
and extracellular matrix proteins mediate de-
velopment of cancer [4]. In the current study,
we found a poorly studied extracellular matrix
protein LOXL1 which is highly expressed in glio-
ma tissues compared with adjacent non-tumor
tissues.

LOXL1 is a 63 KD extracellular matrix prote-
in, which functions as an extracellular copper-

dependent amine oxidase that catalyzes the
first step in the formation of cross links in col-
lagens and elastin [5]. Previous studies about
LOXL1 mainly focused on its polymorphisms in
eyes with exfoliation glaucoma [6]. However,
the role of LOXL1 in tumorigenesis or cancer
development remains largely unknown. In the
current study, we found that LOXL1 is highly
expressed in glioma and we revealed biological
functions of LOXL1 in glioma.

Materials and methods
Ethic statement

30 fresh tumor tissues and matched adjacent
tissues were collected from patients with pa-
thologically and clinically confirmed glioma. All
human tumor tissues were obtained with wri-
tten informed consents from patients. The
Institutional Review Board of Jiaxing First Pe-
ople’s Hospital approved the use of the tumor
samples in this study.

Cell culture

U87MG and U251 cells were purchased from
Cell Bank of the Chinese Academy of Sciences.


http://www.ijcep.com

LOXL1 promotes glioma cell proliferation

Table 1. Sequence of primers and shRNAs

Name Sequence (5’-3)

LOXL1 primer F: GATGGCAAGTGGTATGGGGTC

R: CGAGGACAGGCTGATCTTCC

F: AGCCTCAAGATCATCAGCAATGCC
R: TGTGGTCATGAGTCCTTCCACGAT

GAPDH primer

Sh#1 GTACCGGCACGTGAACCCAAAGTATATTCTCGAGAATATACTTTGGGTTCACGTGTTTTTTG
Sh#2 CCGGAGGGAGCGAACGTGGATGAAACTCGAGTTTCATCCACGTTCGCTCCCTTTTTTG
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Figure 1. LncRNA LOXL1 is highly expressed in glioma malignant tissues
and cell lines. A: LOXL1 is significantly up-regulated in GSE4290 patient’s
cohort. B: LOXL1 is highly expressed in GSE7696 patient’s cohort. C: Quan-
titative real-time PCR reveals that LOXL1 is significantly elevated in fresh
glioma tissues. D: Expression of LOXL1 in normal brain tissues cell line NHA

and glioma cell lines US7MG and U251.

Normal human astrocytes (NHA) were purch-
ased from American Type Culture Collection
(ATCC). All cells were maintained under stan-
dard culture conditions (37°C, 5% CO,) in cul-
ture medium recommended by Cell Bank of
the Chinese Academy of Sciences or ATCC.

RNA isolation and quantitative real-time PCR

Total RNA was purified from fresh glioma and
adjacent tissues or cells using TRIzol (Invitro-
gen) following the manufacturer’s protocol.
RNA (1 pg) was reverse transcribed using
SuperScript Reverse Transcriptase Il (Invitro-
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ding buffer for 10 min and th-
en resolved by 10% SDS-PAGE

& and transferred to nitrocellu-
0"?) lose membrane. The following
antibodies were used in this
study: LOXL1 (Proteintech), GA-
PDH (Proteintech), B-catenin
(CST), Lamin A/B (Proteintech).
Bound antibodies were visual-
ized with the ECL kit (Thermo
Scientific).

Construct stable cell lines

To generate stable silenced LOXL1 cell lines,
vectors containing shRNAs were purchased
from Sigma-Aldrich. To ectopic express LOXL1,
vectors containing the ORF of LOXL1 were ob-
tained from Genecopoeia. We then transfected
NHA cells with these vectors by lipofectamine
2000 (Invitrogen) following the manufactur-er’s
protocol. The supernatant media containing
virus was collected by centrifugation to remo-
ve cellular contaminant. The resulting viruses
were used to infect the indicated cells, and
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Figure 2. Knockdown LOXL1 inhibits GLIOMA cell proliferation and growth.
(A) Expression of LOXL1 is significantly down-regulated in indicated cell lines
after stably silencing LOXL1.Silencing LOXL1 inhibits UB7MG (A) and U251
(B) cell viability. (B, C) Knockdown LOXL1 inhibits the cell viability of UB7TMG
(B) and U251 (C). (D, E) Knockdown LOXL1 inhibits the ability of clone for-
mation in U87MG and U251. (F, G) Depletion of LOXL1 leads to US7MG and
U251 cell cycle arrest in GO/G1 stage. (G) Silencing LOXL1 inhibits subcuta-

neous tumor formation in nude mice.

then integrated cells were selected by 2 pg/ml
puromycin for 2 weeks. Alterations of LOXL1 in
those cells were confirmed by Western blots
before further analysis. The sequences of shR-
NAsaredescribed in Table 1.

CCK-8 cell viability assays

Cells were seeded into a 96-well plate at 3x10°
cells per well with 100 pl cultured medium and
cultured at 37°C, 5% C02. Cell viability was
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The indicated cells were seed-
ed in 96-well plates and trans-
fected with TCF/B-catenin re-
porter plasmid (Wnt/B-caten-
in signaling) and 10 ng Renil-
la following the recommended
protocol for the Lipofectami-
ne 2000 transfection system.
After 48 hours incubation, fire-
fly and Renilla luciferase activ-
ities were measured using the dual-lucifera-
se reporter assay system (Promega, Madis-
on, WI) from the cell lysates.

Statistics analysis

Data are expressed as the mean + stand-
ard deviation. Student’s t test was used for
comparisons between groups and P<0.05
was considered statistically significant diffe-
rence.
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Figure 3. Ectopic expression of LOXL1 promotes NHA cell proliferation and
growth. A: Expression of LOXL1 is significantly elevated in NHA cell when ec-
topic expressed LOXL1 in NHA cell lines. B: CCK-8 cell viability assays show
that overexpression LOXL1 elevates NHA cell viability. C: Clone formation
assays reveal that LOXL1 promotes NHA cell growth. D: LOXL1 promotes

NHA cell transition from GO/G1 to S stage.

Results

LOXL1 is highly expressed in different cohort
of Glioma malignant tissues

In the current study, we retrieved data from the
Oncomine Database and surprisingly found
that LOXL1 is significantly elevated in different
cohorts of glioma patients. As shown in Figure
1A and 1B, LOXL1 is highly expressed in pub-
lished GSE4290 [7] and GSE7696 [8] glioma
patient tissues. Furthermore, we then deter-
mined the level of LOXL1 in fresh glioma tis-
sues and the results were consistent with the
data in the published datasets, as shown in
Figure 1C, LOXL1 is significantly highly ex-
pressed in fresh glioma tissues when com-
pared with adjacent tissues. In addition, we
also examined the level of LOXL1 in NHA,
U87MG and U251 cell lines, and found that
the level of LOXL1 is higher in US7MG and U2-
51 when compared with NHA. These data
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ongly impaired the ability of
clone formation in US7MG and
U251 cells (Figure 2D, 2E). As
depletion of LOXL1 significant-
ly inhibited glioma cell prolif-
eration and growth, we then
asked whether LOXL1 influenc-
es the cell cycle of glioma. In
agreement with these results, we found that
silencing LOXL1 induced cell cycle arrested in
GO/G1 stage. Overall, these results indicate
that LOXL1 silencing impairs the ability of glio-
ma cell proliferation and growth.

LOXL1 overexpression enhances NHA cell
proliferation and growth

We next overexpressed LOXL1 in NHA cells
and established a LOXL1 stably overexpress-
ing cell line. As shown in Figure 3A, LOXL1 ov-
erexpression dramatically increased the level
of LOXL1 in NHA cell. Furthermore, ectopic
expression of LOXL1 significantly heightened
cell viability and the ability of cell clone forma-
tion (Figure 3B, 3C). We also explored the ce-
Il cycle in overexpressed LOXL1 NHA cells.
Notably, LOXL1 overexpression significantly en-
larged the distribution of S stage cells (Figure
3D). All together, these data indicate that LOXL1
plays a role in NHA cell proliferation and growth.
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Figure 4. LOXL1 regulates Wnt/B-catenin signaling in glioma cell lines. (A, B) Dual luciferase reporter assays re-
vealed that depletion of LOXL1 significantly inhibits Wnt/B-catenin signaling in US7MG (A) and U251 (B) cells. (C)

Silencing LOXL1 significantly inhibits the nuclear B-catenin level in UB7MG and U251 cells. (D)

-catenin inhibitor

IWR-1-endo rescues the promotive effects in NHA cell overexpression cell lines.

LOXL1 regulates the activation of Wnt/(3-
catenin signaling in glioma cells

As Wnt/B-catenin signaling could regulate
these cyclins, we then asked whether LOXL1
regulates Wnt/B-catenin signaling to subse-
quently modulate cell proliferation. As shown in
Figure 4A, luciferase reporter assays revealed
that silencing LOXL1 impairs the activation of
Wnt/B-catenin signaling in US7MG (Figure 4A)
and U251 (Figure 4B) cell lines. We then exam-
ined the level of nuclear B-catenin, as illustrat-
ed in Figure 4C, we found that depletion of
LOXL1 significantly reduced the level of nuclear
B-catenin signaling. Moreover, we then used
IWR1-endo, an inhibitor of B-catenin, treating
NHA stable cell lines, and found that IWR-1-
endo could rescue the LOXL1 induced cell
proliferation. These data suggest that LOXL1
regulates the activity of Wnt/B-catenin sig-
naling.

Discussion

In this study we found that extracellular matrix
protein LOXL1 is highly expressed in glioma

2036

malignant tissues compared with normal tis-
sue. Our study shows that LOXL1 promotes gli-
oma cell proliferation and growth through
affecting Wnt/B-catenin signaling. Extracellular
matrix proteins play pivotal roles in tumor devel-
opment through interaction with cancer cells. A
previous study reveals that extracellular matrix
proteins protect small cell lung cancer cells
against apoptosis. Extracellular matrix protein
TGFB1 promotes metastasis of colon cancer
by enhancing cell extravasation [9]. POSTN
enhances the malignant phenotypes of the
pancreatic cancer cell [10]. However, study
about the role of extracellular matrix protein in
glioma is rare. In current study, we found that
LOXL1, which is rarely reported in the field of
tumor biology, is highly expressed in glioma.
We further foundthat silencing LOXL1 signifi-
cantly inhibited cell proliferation, and ectopic
expression of LOXL1 promoted NHA cell prolif-
eration and growth. These findings indicate
that highly expressed LOXL1 promotes glioma
cell proliferation and growth in the tumor
microenvironment.

Int J Clin Exp Pathol 2018;11(4):2032-2037
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However, the role of LOXL1 in cell proliferation
and growth hasn’t been reported to date. To our
knowledge, Wnt/B-catenin signaling is an acti-
vated pathway in many kinds of tumors and it
plays a pivotal role in regulating cancer cell pro-
liferation, growth, and survival [11-13]. Our fin-
dings shed light on the mechanism that LOX-
L1 regulates Wnt/B-catenin signaling to pro-
mote glioma cell proliferation. However, de-
tailed mechanisms how LOXL1 regulates Wnt/
B-catenin signaling remain to be fully elucidated
in future studies.

Taken together, we reveal the extracellular ma-
trix protein LOXL1 is commonly up-regulated
in glioma tissues, and highly expressed LOX-
01 plays an oncogenic role in glioma cell prolif-
eration. Patients with a high level of LOXL1
might suffer a poor prognosis. We further re-
port that LOXL1 regulates Wnt/B-catenin sig-
naling to regulate glioma cell proliferation. As
LOXL1 is an extracellular secretory protein, it
is potentially a novel serological biomarker for
glioma.
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