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Introduction: Glioma is the most frequent malignancy of the adult central nervous system with
high recurrence risk and poor prognosis. Understanding the biological molecular mechanisms
involved in glioma progression is critical for studying oncogenic mechanisms and improving
prognosis. Lysyl oxidase-like 2 (LOXL2) is a kind of lysyl oxidase catalyzing the formation
of peptidyl-lysine residues and promoting intramolecular cross-linking, especially for proteins
in extracellular matrix. Our study explored the expression pattern of LOXL?2 in glioma for the
first time and found that its high expression was associated with larger tumor size and advanced
tumor grade (P<<0.05). Moreover, univariate and multivariate analyses revealed LOXL2 as a
novel independent prognostic factor for the overall survival of glioma patients.

Methods: To evaluate the detailed functional roles of LOXL2, we tested its oncobiology
characteristics in U87-MG cells with overexpression and knockdown experiments.

Results: Cellular results demonstrated that LOXL2 overexpression enhanced cell proliferation
and invasion, while LOXL2-siRNA attenuated cell viability. Furthermore, our data identified the
participation of E-cadherin, Snaill, Src, and FAK proteins downstream of LOXL2. Notably, by
using immunoprecipitation and mass spectrometry strategies, we initially verified the interac-
tion between LOXL2 and HDAC2, indicating the existence of a protein complex containing
LOXL2/Snaill/HDAC2. Additionally, the expression of HDAC2 protein was highly correlated
with that of LOXL2 in clinical glioma tissues (P=0.02), further implying the synergic oncogenic
roles of these 2 proteins.

Conclusion: LOXL2 is a promising prognostic biomarker and may be further evaluated as a
potential drug target for patients with glioma.

Keywords: glioma, HDAC?2, invasion, LOXL2, prognosis

Introduction

Glioma is the most frequent primary brain malignancy of adults and is characterized
by quick progression and poor survival.'* According to the World Health Organization
(WHO), glioma can be classified into pilocytic astrocytoma (grade I), diffuse astrocytoma
(grade IT), anaplastic astrocytoma (grade IIT), and glioblastoma (grade IV).? Surgical resec-
tion is the most effective treatment for glioma; meanwhile, radiotherapy and chemotherapy
development have led to significant progress. However, the clinical outcomes of glioma
patients are far from satisfactory, with more than half of the patients dying within 2 years
after diagnosis due to, inevitably, postoperative recurrence.* One of the major prognostic
factors is the tumor grade, and it is widely used in clinical prognosis. Accumulating stud-
ies have shown that even patients suffering from the same tumor type and at the same
tumor grade may have completely different prognosis.® Therefore, an understanding of
the biological and molecular factors involved in the progression of glioma is critical for
further improvement in prognosis predication and therapy selection.

submit your manuscript

Dove n,u

http:

OncoTargets and Therapy 2018:11 2699-2708 2699
© 2018 Du and Thu. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S164056
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:shuilongyinnn@126.com

Du and Zhu

Dove

Recent evidence revealed that the extracellular matrix
(ECM) plays critical roles in modulating tumor growth and
metastasis.” The biological change in ECM can directly regu-
late cell adhesion and dissemination, and thus more attention
is focused on studying the role of ECM-related proteins in
tumor progression. For example, the lysyl oxidase (LOX)-
like 2 (LOXL2), a member of the LOX family, is a kind of
secreted, copper-dependent amine oxidase.® LOXL2 contains
a copper-binding motif and a lysyl-tyrosyl-quinone group
in its C-terminus,’ and thus it can oxidatively deaminate the
peptidyl-lysine residues and generate reactive aldehyde groups
to initiate covalent inter- and intramolecular cross-linking.'°
The ECM protein collagen and elastin are well-known
substrates of LOXL2.!"" Additionally, it has been reported
that E-cadherin was downregulated by LOXL2, resulting
in enhanced epithelial-mesenchymal transition process.'?
Although, the above studies implied the possible involvement
of LOXL2 in tumor progression, its expression pattern and
clinical significance in glioma have not been illuminated.

Here in this study, we explored the expression and prog-
nostic role of LOXL2 in glioma patients for the first time.
Besides, we characterized the role of LOXL2 in promoting
glioma cell proliferation and invasion using U87-MG glioma
cell line. Importantly, mass spectrometry (MS) and immunopre-
cipitation experiments verified the interaction between LOXL2
and Snaill/HDAC?2 proteins, providing novel insights into
the functional mechanisms of LOXL2 in tumor progression.

Patients and methods

Patients and tissue samples

We randomly enrolled 65 paraffin-embedded glioma tissues
obtained from Qianfoshan Hospital Affiliated to Shandong
University. Another 8 freshly isolated normal brain tissues
and 13 glioma tissues were collected and stored at —80°C until
use. None of the above patients had received chemotherapy
or radiotherapy prior to surgery. All diagnoses were based
on histological examination by the Department of Pathology
according to the WHO criteria. This study was approved
by the Human Ethics Committee of Qianfoshan Hospital.
Written informed consent authorizing the collection and
use of tissue samples for research purposes was obtained
from all patients. The patients were retrospectively followed
up, and the retrieved clinicopathological characteristics are
summarized in Table 1.

Immunohistochemically (IHC) staining

and IHC evaluation
To determine the protein expression and cellular localiza-
tion of LOXL2, a 4 wm section of each tumor specimen was

Table | Correlations between LOXL2 level and clinical para-
meters of glioma patients

Variables Cases LOXL2 expression P-value
(n=65) Low High
(n=42) (n=23)

Gender 0418
Male 41 28 13 (31.70%)
Female 24 14 10 (41.67%)

Age (years) 0.174
=50 35 20 15 (42.86%)
>50 30 22 8 (26.67%)

Tumor size 0.006*
=5cm 32 26 6 (18.75%)
>5cm 33 16 17 (51.52%)

WHO grade 0.039*
Il 31 24 7 (22.58%)
-V 34 18 16 (47.06%)

Karnofsky score 0.652
=90 40 25 15 (37.50%)
>90 25 17 8 (32.00%)

Note: *Statistically significant by y-test.
Abbreviations: LOXL2, lysyl oxidase-like 2; WHO, World Health Organization.

subjected to IHC analysis. The slides were deparaffinized,
rehydrated, and treated with 3% H,O, in methanol for
15 min to inhibit endogenous peroxidase. After blocking
with 10% nonimmunogenic goat serum at room temperature
for 30 min, slides were incubated with rabbit anti-LOXL2
polyclonal antibody (ab96233, Abcam, Cambridge, UK)
overnight at 4°C. PBS incubation was parallelly conducted
as the negative control. Immunoreactivity was assessed
with a 2-step assay kit (PV-6001, ZSGB-Bio, Beijing,
People’s Republic of China) and a DAB THC detection kit
(ZA19017, ZSGB-Bio) according to the manufacturer’s
instructions. After counterstaining, dehydration, and mount-
ing, 2 pathologists blinded to the clinical data were invited
to evaluate the IHC results based on both staining propor-
tion and intensity. The positive proportion was scored as
0 (0%—-10%), 1 (11%-25%), 2 (26%—-50%), 3 (51%—75%),
and 4 (75%-100%); the staining intensity was scored as
0 (negative), 1 (light yellow, weak), 2 (yellow, moderate),
and 3 (dark brown, strong). The final IHC score was cal-
culated by multiplying the 2 scores above. IHC score <8
was considered as low expression, while IHC score =8 was
grouped into high expression.

RNA extraction and real-time quantitative
PCR (RT-qPCR)

Total RNA was extracted from tissues using Trizol reagent
(Takara, Tokyo, Japan) according to the manufacturer’s
instruction. One microgram RNA was reverse-, and the
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cDNA product was used for RT-qPCR performed using
the SYBR premix Ex Taq (Takara) on a Real-Time PCR
Detection System with the following cycling program: 95°C
for 10 min, 95°C for 15 sec for 40 cycles, and 60°C for 1 min.
GAPDH was parallelly tested as an internal reference. The
primers were as followed:

GAPDH, forward, 5-ATGGGGAAGGTGAAGG

TCG-3,

reverse, 5’-GGGGTCATTGATGGCAACAATA-3’;

LOXL2, forward, 5'~ACATGTACCGCCATGACATC

GACT-3,

reverse, 5’-TGAAGGAACCACCTATGTGGCAGT-3'.

Western blot

The tissues or cells were lysed in RIPA buffer containing
50 mM Tris-HCI (pH 7.5), 150 mM NacCl, 5 mM EDTA,
0.5% NP-40 (Sigma, Kawasaki, Japan), 5 mM dithiothreitol,
10 mM NaF, protease, and phosphatase inhibitor cocktail
(Thermo Fisher Scientific, Pittsburgh, PA, USA). The
protein concentration was determined using a BCA assay kit
(Biorad, Berkeley, CA, USA). Approximately 20 |Lg protein
was subjected to sodium dodecyl sulfate—polycrylamide
gel electrophoresis and transferred to a PVDF membrane
(Thermo Fisher Scientific). After blocking with 5% nonfat
milk at room temperature for 1 h, the membrane was incu-
bated with corresponding primary antibodies (LOXL2,
Snaill, E-cadherin, phosphor-Src, Src, phosphor-FAK, FAK,
HDAC?2, and B-tublin) at 4°C overnight. Immunoblotting was
conducted with another incubation with secondary antibodies
conjugated to horseradish peroxidase. Immunoreactivity was
visualized with X-ray film (Fujifilm, Tokyo, Japan) using
ECL-Plus detection reagents (Santa Cruz Biotechnology,
Santa Cruz, CA, USA).

Cell culture and transfection
Human normal cortical cell line (HCN-2) and 3 different
glioma cell lines (U87-MG, U251, and U118-MG) were
obtained from the American Type Culture Collection
(Shanghai, People’s Republic of China). Cells were cultured
in Dulbecco’s Modified Eagle’s Medium (Thermo Fisher
Scientific) supplemented with 10% fetal bovine serum (Gibco,
Life Technologies, Carlsbad, CA, USA) and maintained
at 37°C in a humidified chamber containing 5% CO,.
HA-tagged LOXL2, GFP-tagged LOXL2, and YFP-
tagged Snaill plasmids in pCDNA3.1 vector were con-
structed by Sangon Biotech (Shanghai, People’s Republic
of China) and confirmed by DNA sequence. For knockdown
experiments, siRNA was synthesized by GenePharma
(Shanghai, People’s Republic of China) with the following

sequence: LOXL2: 5'-CAGUCUAUUAUAGUCACAU-3;
negative control: 5-UUCUCCGAACGUGUCACGU-3".
Both overexpression and knockdown were performed
by transient transfection with FUGENE®6 Transfection
Reagent (Promega, Madison, WI, USA) following the
manufacturer’s instructions. The transfection efficiency
was tested by Western blot. Colocalization between trans-
fected proteins were visualized via a fluorescence inversion
microscope system.

CCK-8 proliferation assay

At 24 h after transfection, cells were seeded into 96-well
plates (5x10* cells per well) and cultured at 37°C with
5% CO,. At 1, 2, 3, and 4 days, 10 uL of CCK-8 solution
(Beyotime, Beijing, People’s Republic of China) was added
into each well. Following incubation for 1 hat 37°C, the absor-
bance of each well was measured at 450 nm wavelength. The
experiment was performed in triplicate and repeated thrice.

Migration and invasion assay

Transwell chambers (Corning Inc., Corning, NY, USA) with
or without Matrigel (BD Bioscience, San Jose, CA, USA)
coating were used to perform migration and invasion assays,
respectively.’® Briefly, transfected cells were cultured in
serum-free medium in the upper chambers (5x10° cells per
chamber), while the lower chamber contained 10% fetal
bovine serum-supplemented medium. After 48 h of culture,
Transwell membranes were fixed with methanol and stained
with crystal violet. Noninvaded cells on the upper side of
the membrane were gently wiped off, and the stained cells
on the lower side were quantified under a microscope. The
average number of invaded cells was calculated by counting
5 visual fields per chamber. Three independent experiments
were conducted in triplicate.

Immunoprecipitation and MS

To identify interaction partners of LOXL2, we performed
HA-affinity immunoprecipitation for U87-MG cells trans-
fected with HA-LOXL2 plasmid. Briefly, transfected cells
were harvested and lysed in lysis buffer containing 50 mM
HEPES (pH 7.5), 150 mM NaCl, | mM EDTA, 50 mM NaF,
1.5 mM Na,VO,, 10 mM B-glycerophosphate, and protease
inhibitor cocktail. After centrifugation at 13,000xg at 4°C
for 15 min, supernatants were mixed with HA-affinity beads
(Santa Cruz Biotechnology) and incubated overnight at 4°C.
HA-affinity beads were then washed with lysis buffer thrice.
Finally, the binding proteins were eluted with synthesized
HA peptide (1 mg/mL), which were subjected to MS analysis
and Western blot.
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For MS analysis, the immunoprecipitated samples were
digested with trypsin and tested using shotgun strategy using
a tandem MS Q Exactive™ Plus (Thermo Fisher Scientific)
coupled online to an ultra performance liquid chromatogra-
phy system. For MS scans, the m/z scan range was set from
250to 1,500. The obtained MS/MS data were processed using
the Mascot search engine (Matrixscience, London, UK) and
searched against SwissProt_human database as well as the
reverse decoy database.

Statistics

All statistical analyses were performed using SPSS 20.0
(IBM Corporation, Armonk, NY, USA). The correlations
between expression levels of LOXL2 and patients’ char-
acteristics were tested by y’-test. Survival analysis and
univariate analysis were assessed by Kaplan—Meier method
and compared by log-rank test. Multivariate Cox regression
analysis was used to identify independent prognostic factors
using a forward stepwise approach. P<<0.05 was considered
statistically significant.

Results

Patient characteristics

The entire cohort contained 41 male and 24 female patients,
with a median age of 49 years. Thirty-one patients (47.69%)
were suffering from WHO grade 11, 22 (33.85%) had
grade III, and 12 (18.46%) had grade IV tumor. The infor-
mation on tumor size and Karnofsky performance score was
also retrieved (Table 1). The median overall survival time
was 41 months (range, 4-74 months), and there were 12
survivors by the end of follow-up.

High expression of LOXL2 is associated

with advanced tumor progression

LOXL2 showed low and negative staining in normal brain
tissues (Figure 1A). In glioma tumor cells, LOXL2 protein
mainly located in the cytoplasm and ECM, but also showed
detectable staining in the nucleus (Figure 1B). By RT-qPCR,
we found that LOXL2 mRNA was expressed higher in glioma
tissues than that in normal brain tissues (Figure 1C). Simul-
taneously, we evaluated its protein level in fresh resected
tumor tissues, revealing an elevated protein expression than
in normal brain tissues (Figure 1D).

Thus, we were interested in exploring whether higher
LOXL2 was associated with glioma progression. By sub-
grouping patients into low LOXL2 group and high LOXL2
group, y’-test showed that LOXL2 was positively correlated
with tumor size (P=0.006, Table 1). Additionally, higher
immunoreactivity was seen in grade Il and grade IV tumors

(P=0.039), compared with grade II. There was no significant
correlation between LOXL2 protein expression and patient
gender, age, or Karnofsky score (Table 1).

LOXL2 is an independent prognostic

factor in glioma patients

Given that a significant statistical association between
LOXL2 level and disease progression was observed, we
plotted Kaplan—Meier survival curves according to dif-
ferent clinicopathological characteristics (Figure 2). By
univariate regression analysis, we identified that higher
LOXL2 protein expression was an unfavorable parameter
affecting patients’ survival (mean survival time 29.114+4.71
vs 47.7543.18 months, P=0.003, Table 2), confirming the
association between LOXL2 and tumor progression. Other
conventional prognostic factors included tumor size and
WHO grade (P=0.048 and P=0.001, respectively).

To further explore the clinical significance of LOXL2,
we performed multivariate Cox regression analysis with
tumor size, WHO grade, and LOXL2 expression level
(Table 3). Among them, advanced WHO grade led to a
significantly worse prognosis with HR of 2.813 (95%
CI=1.561-5.069, P=0.001). Besides, LOXL2 also acted
as an independent prognostic factor in glioma patients
(HR=2.119, 95% CI=1.189-3.776, P=0.011). Tumor size
showed no statistical significance in terms of multivariate
analysis.

LOXL2 promotes proliferation, migration,
and invasion of U87-MG cells

Since LOXL2 overexpression was observed in glioma
tissues, our next question was whether LOXL2 had a direct
functional role in facilitating glioma growth or metastasis.
By testing the endogenous protein expression levels of
LOXL2 in a normal cortical cell line (HCN-2) and in 3 dif-
ferent glioma cell lines (U87-MG, U251, and U118-MQG),
we found that LOXL2 was significantly higher expressed in
U87-MG and U118-MG cells compared to normal HCN-2
cells (Figure 3A). Due to the moderate expression level of
LOXL2 in U87-MG cells, we chose this cell line to per-
form further silencing and overexpressing studies using the
FuGENE 6 reagent. CCK-8 assay indicated that LOXL2
knockdown significantly inhibited cell proliferation, while
LOXL2 overexpression enhanced cell viability (Figure 3B).
In addition, Transwell and Matrigel-Transwell analyses were
performed to evaluate whether LOXL2 affected cell migra-
tion or invasion. Our results showed that overexpression
of LOXL2 led to a significant increase of migrated as well
as invaded cells, and silencing of LOXL2 attenuated these
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Figure 1 LOXL2 shows a higher expression level in glioma tissues.

Notes: (A) Representative negative staining of LOXL2 in normal brain tissue. (B) Representative high expression of LOXL?2 in glioma tissue (male, 22 years old, WHO
grade ll). (C) RT-qPCR results of LOXL2-mRNA expression in normal brain tissues (n=8) and glioma tissues (n=13), showing a higher LOXL2-mRNA level in glioma
(P<<0.05). (D) The protein expression of LOXL2 was tested in 8 paired freshly resected normal brain tissues (N) and glioma tissues (T) by Western blot, and glioma LOXL2
showed a higher protein level than normal brain tissues in 75.0% (6/8) paired samples. Magnification 400x. Scale bar, 50 um.

Abbreviations: LOXL2, lysyl oxidase-like 2; RT-qPCR, real-time quantitative polymerase chain reaction; WHO, World Health Organization.

processes (Figure 3C and D). These findings indicated that  of another study.'? Interestingly, we also found that intrac-
LOXL2 might play a tumor-promoting role in glioma. ellular LOXL2 can positively regulate the phosphorylation

Furthermore, Western blot analysis revealed that LOXL2  levels of Src and FAK proteins without affecting the total
can inhibit E-cadherin level while upregulating Snaill  protein levels. Similar signaling pathways were reported for
expression (Figure 3E), which was consistent with the results  secreted LOXL2 in gastric cancer.'
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Figure 2 Kaplan—Meier survival curve according to different clinicopathological characteristics.
Notes: The overall survival analysis was performed based on patients’ gender (A), age (B), tumor size (C), WHO grade (D), KPS score (E), and LOXL2 protein levels
(F), respectively. The overall survival was evaluated by Kaplan—Meier univariate analysis and log-rank test. *P<<0.05.

LOXL2 downregulates E-cadherin by
interacting and stabilizing Snail /[HDAC?2
proteins

To date, the mechanism by which LOXL2 regulates Snaill,
E-cadherin, and other downstream proteins is unclear.
We conducted MS experiments to detect the interactome
of LOXL2 protein in U87-MG cells. By searching against

SwissProt_human database, we identified Snaill protein and
HDAC?2 (Figure 4A) as novel binding partners of LOXL2.
It has been reported that Snaill can recruit HDAC1/HDAC?2
complex and subsequently repress E-cadherin signaling in
pancreatic cancer cells and HEK 293T cells.!*"!” Therefore,
we suspected that LOXL2 may also participate in Snail/
HDAC complex formation or stabilization. Consistent with
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Table 2 Univariate analysis for overall survival of glioma patients

Variables Patients Overall survival time P-value
(n=65) (months)
Mean + SD Median

Gender 0.961
Female 41 42.51£3.32 45.00
Male 24 38.60+5.14 34.00

Age (years) 0.521
=50 35 40.47+4.21 46.00
>50 30 41.69£3.76 42.00

Tumor size 0.048*
=5cm 32 42.27+3.74 44.00
>5cm 33 35.08+4.04 34.00

WHO grade 0.001*
Il 31 52.36+3.28 54.0
-v 34 30.59+3.69 22.0

Karnofsky score 0.847
=90 40 40.03£3.70 44.0
>90 25 42.92+4.48 42.0

LOXL2 expression 0.003*
Low 42 47.75%3.18 52.0
High 23 29.11£4.71 31.0

Note: *Statistically significant by log-rank test.
Abbreviations: LOXL2, lysyl oxidase-like 2; WHO, World Health Organization.

the MS data, immunoprecipitation experiments proved that
LOXL2 can bind with Snaill and HDAC2 (Figure 4B).

Moreover, we tested the expression profile of HDAC2
protein in glioma tissues. The level of HDAC2 showed
a significant positive correlation with LOXL2 level
(Figure 4C, P=0.02). Intracellular interaction between
HDAC?2 and Snaill was further verified by colocalization
assay using fluorescence strategy (Figure 4D), thus indicat-
ing the existence of this protein complex in glioma cells
(Figure 4E).

Discussion

LOXL2 was first reported as a collagen cross-linking enzyme,
which can catalyze lysyl oxidation.'® Accumulating evidence
showed the diverse cellular localization and functions of
LOXL2. For example, it can cross-link the proteins in ECM
by catalyzing oxidative deamination of peptidyl-lysine

Table 3 Multivariate analysis for the independent prognostic
factors of glioma patients

Variables HR 95% ClI P-value
Tumor size (>5 cm vs =<5 cm) 1.699 0.949-3.044 0.075
WHO grade (IlI-IV vs II) 2813 1.561-5.069 0.001*
LOXL2 expression (high vs low) 2.119 1.189-3.776 0.011*

Note: *Statistically significant.
Abbreviations: LOXL2, lysyl oxidase-like 2; WHO, World Health Organization.

residues.!” Secreted LOXL2 also showed its effects by
stimulating surrounding cells, such as by activating fibro-
blasts and promoting gastric cancer cell metastasis.?’ Besides
ECM, LOXL2 is also localized in the cytoplasm, where it
regulates cell plasticity and polarity.®*! In addition, LOXL2
plays roles in cell nucleus by modulating Snail-related sig-
naling and transcriptional process.?> Importantly, LOXL2
shows tumor-promoting functions in gastric cancer,? breast
cancer,? hepatocellular carcinoma,” and lung squamous cell
carcinoma.?® However, the high diversity of LOXL2 func-
tion may result in paradoxical effects in different tissues or
cell types.?’

Here in the current study, we initially found that the
mRNA and protein levels of LOXL2 in clinical glioma
tissues were higher than those in normal brain tissues.
As demonstrated by statistical analysis, LOXL2 is an inde-
pendent unfavorable biomarker for glioma patients. Since
LOXL2 exhibited upregulated expression in patients with
advanced tumor grade, we performed cellular studies to
evaluate its oncogenic roles. Consistent with in other tumor
types, LOXL2 overexpression significantly enhanced glioma
tumor cell proliferation and invasion, indicating its potential
as anovel drug target. Taking into consideration the fact that
LOXL2 has complex functions, we next aimed to identify
its global binding partners to better elucidate its signaling
network.

HDACT1 and HDAC?2 are well-known tumor suppression
proteins.?® Previous studies showed the existence ofa HDAC1/
HDAC2/Snail complex, which can inhibit E-cadherin signal-
ing in pancreatic cancer.” Besides HDAC1/HDAC2, Snaill
protein was also reported to be directly regulated by LOXL2,
thus exerting transcriptional and epigenetic functions.* Nota-
bly, we identified the existence of both Snall and HDAC2
in LOXL2 protein complexes by using immunoprecipitation
and MS strategies. Further IHC data demonstrated a statisti-
cally significant correlation between HDAC2 and LOXL2
expression in glioma tissues. Therefore, it is high likely that
LOXL2 can recruit HDAC2 to interact with Snaill, forming
a functional heterotrimer, or even hereotetramer with the
involvement of HDACI, to inhibit E-cadherin signaling.
However, whether and how this protein complex is assembled
needs further structural information.

Last but not least, our data suggested another signaling
pathway downstream of LOXL2, which is accomplished by
phosphorylation of Src and FAK protein complex. Src and
FAK proteins can both be activated upon phosphorylation,
subsequently promoting cell proliferation via a wide range
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Figure 3 LOXL2 enhances proliferation and invasion capacities of glioma cells.

Notes: (A) Endogenous protein expression level of LOXL2 in normal cortical cell line (HCN-2) and 3 different glioma cell lines (U87-MG, U251, and Ul 18-MG) was tested
by Western blot. (B) Proliferation of U87-MG cells was tested by CCK-8 assay, revealing a higher cellular viability in cells o/e LOXL2. In contrast, cells transfected with
LOXL2-siRNA showed a decreased proliferation pattern. Migration—Transwell (C) and Matrigel-Transwell (D) experiments were performed to evaluate the migration
and invasion processes of glioma cells. Similar to the proliferation results, LOXL2 expression level was positively associated with cell migration and invasion capacities.
(E) Immunoblotting results revealed that LOXL2 can upregulate the protein expression of Snail |, while downregulating E-cadherin. Besides, the phosphorylation status of Src
and FAK proteins was also enhanced by LOXL2 overexpression. Western blot results were semi-quantified using Image] Software. All data were summarized from at least
3 independent experiments. *P<<0.05 compared to CTL group.

Abbreviations: CTL, control; LOXL2, lysyl oxidase-like 2; NS, not significant; o/e, overexpressing.
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Figure 4 LOXL2 interacts with Snaill and HDAC2 proteins.
Notes: (A) Representative MS/MS spectrum showing identification of Snaill protein and HDAC2 protein immunoprecipitated by LOXL2. The unique peptides were
generated by tryptic digestion and mapped by a QE-plus UPLC-MS/MS instrument. Data was analyzed using Mascot method. (B) U87-MG cells transfected with HA-LOXL2
were subjected to HA-affinity agarose (HA-beads) immunoprecipitation, using protein A/G agarose as control (A/G). The immunoprecipitation data showed a significant
interaction between LOXL2 and Snaill and HDAC2. (C) The protein expression of HDAC2 in glioma tissues was explored by IHC staining, demonstrating a positive
correlation with the LOXL2 expression levels (y*-test, P=0.02). (D) Immunofluorescence assay demonstrated an obvious colocalization between LOXL2 and HDAC2 in the
cytoplasm. (E) Schematic signaling pathways downstream of LOXL2 as revealed in our study. Magnification 400x. Scale bar, 50 um. *Indicates P<<0.05 by chi-square test.
Abbreviations: IHC, immunohistochemistry; LOXL2, lysyl oxidase-like 2; MS, mass spectrometry; UPLC, ultra performance liquid chromatography.
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