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Purpose: Increasing evidence suggests that lysyl oxidase-like 2 (LOXL2) contributes to
tumor progression. However, the role of LOXL2 in cervical cancer still remains unclear.
Patients and methods: We used the TCGA database to analyze the expression of LOXL2 in
cervical cancer and its role on survival. The effects of LOXL2 on cervical cancer metastasis and
EMT were verified by transwell and wound healing assay. Western blot assay was used to detect
the effect of LOXL2 on EMT-related gene expression. In addition, we used animal experiments
to observe the role of LOXL2 on tumor genesis and metastasis in cervical cancer.

Results: Here we found that LOXL2 participates in epithelial-mesenchymal transition-
related cervical cancer progression. LOXL2 ablation in cervical cancer cells inhibited cell
metastatic ability, whereas LOXL2 overexpression promoted cell metastasis. In addition,
more clinical data from TCGA revealed that LOXL2 is closely related to the prognosis and is
highly expressed in highly malignant and metastatic cervical tumors.

Conclusion: Taken together, our findings established a pathophysiologic role and new
function for LOXL?2 in cervical cancer metastasis.
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Introduction
The extracellular matrix (ECM) is a highly complex network of glycosaminogly-
can, proteins and proteoglycans. Increasing evidence suggests that the ECM plays
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important roles in the proliferation,'* differentiation® and migration
cells. Degradation of the ECM alters the topography of the matrix, thereby allowing
the invasion and migration of cancer cells. Lysyl oxidase-like 2 (LOXL2) belongs
to the lysyl oxidase (LOX) family that can catalyze the crosslinking of ECM
components. Thus, LOX family members play an essential role in tissue home-
ostasis contributing to ECM remodeling.® Studies have implicated LOX and
LOXL2 in the progression and metastasis of several types of carcinomas.” '
Cervical cancer is a common female malignancy worldwide and is responsible
for over 300,000 deaths worldwide each year.'' The overall prognosis of cervical
cancer remains poor because of tumor metastasis or recurrence. During tumor
metastasis, the loss of epithelial features and acquisition of mesenchymal charac-
teristic increase the invasion and migration of cancer cells.'*'® During epithelial—
mesenchymal transition (EMT), the degradation of the ECM enables tumor cells to
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migrate, invade and spread to various secondary sites.*'*'®
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The present study investigated the function of LOXL2 in
cervical cancer during EMT. We found that LOXL2 is closely
associated with unfavorable prognosis in cervical cancer. The
expression of LOXL2 was up-regulated in cervical cancer,
especially in highly malignant and metastatic cervical tumors.
In vitro knock-down of LOXL2 revealed a direct correlation
between tumorigenesis and distant metastasis in cervical can-
cer cells. In vivo experiments indicated that LOXL?2 promotes
tumorigenesis and EMT-related metastasis in cervical cancer.
These results indicate the function of LOXL2 in cervical
cancer, suggesting that LOXL2 is a valuable therapeutic target.

Materials And Methods
Cell Lines And Plasmids

Cervical cancer cell lines HeLa, CaSki, SiHa and C-33A were
purchased from Cell Bank of Shanghai Institutes for Biological
Sciences (Shanghai, China). HeLa and Caski cells were cul-
tured in RPMI 1640. HepG2, SiHa and C-33A cells were
cultured in MEM medium supplemented with 10% fetal
bovine serum (FBS) at 37 °C in an incubator with 5% CO,.
LOXL2 expression and interference plasmids were purchased
from ORIGENE (CAT: RC200455, Beijing, China). All plas-
mids and control vectors were transfected into the cells by
Lipofectamine 2000 (CAT: 11668027, Invitrogen, USA).

Clinical Data Analysis

A total of 291 cervical cancer clinical data from TCGA
(The Cancer Genome Atlas) were used to analyze the
survival time and expression of LOXL2 and EMT-related
markers. The patient samples selected were divided
according to clinical stage and pathological grading. The
expression levels of LOXL2 and EMT markers in these
samples were then analyzed.

Cell Migration Assay

Treated cells were plated in 24-well culture plates. After
24 h, a straight scratch was created in the center of each
well. The distance of wound closure at 24 h was measured
and normalized by wound length at 0 h. Each experiment
was performed in triplicate.

Cell Invasion Assays

For transwell assay, cells in serum-free medium were
seeded on the upper chamber coated with Matrigel (CAT:
356234, BD Biosciences). Medium with 10% FBS was
added below the chamber. After 24 h, invasive cells on the
lower surface of the chamber were stained with 0.1%

crystal violet. Passed cells were photographed under the
microscope and then counted.

Xenograft Tumor Model

Mice were purchased from the Animal Center of the Chinese
Academy of Science (Shanghai, China). After treatment,
about 5x10° SiHa and HeLa cells were injected subcuta-
neously in each BALB/c nude mouse. Tumor volumes were
serially measured with a digital caliper every 3 days. On day
27, the mice were sacrificed. Tumor tissues were collected
and fixed with 10% formalin for hematoxylin—eosin or
immunohistochemical (IHC) staining. The remaining tissues
were stored in a deep freezer at —80 °C for protein analysis.

Western Blot Analysis

Harvested cells and tumor tissues were lysed, and the protein
concentration was determined using bicinchoninic acid assay.
The lysates were separated by electrophoresis and then trans-
ferred onto polyvinylidene difluoride membranes (CAT:
ISEQ00010, Millipore). The membranes were blocked and
then incubated with primary antibodies of LOXL2 (CAT:
ab96233, Abcam, UK), E-cadherin (CAT: AF0131, Affinity,
China), Vimentin (CAT: AF7013, Affinity, China) and
Collagen 1 (CAT: AF7001, Affinity, China). GAPDH (CAT:
5174, CST, USA) was used as the loading control. After 2 h,
the membranes were incubated with a horseradish peroxidase-
labelled secondary antibody. Protein expression was assessed
by enhanced chemiluminescence substrate (Millipore).

IHC Assay And Analysis

The tissue sections were sequentially treated in a micro-
wave and then blocked. After being incubated with primary
and secondary antibodies, the samples were stained with
3,3'-diaminobenzidine and hematoxylin. The results were
captured with a microscope (Olympus, Japan). Negative
controls were prepared using phosphate-buffered saline in
lieu of the first antibody. The results were read by two
separate pathologists without any knowledge on the sam-
ples. Both intensity and percentage of the positive cells
were determined and multiplied (staining index). A staining
index of < 6 was considered low expression, whereas a
staining index of > 6 was defined as high expression.

Statistical Analysis

All statistical analyses were performed with GraphPad Prism
V.6.0 (GraphPad Software, San Diego, California, USA).
Data were expressed as mean + SE of mean. Comparisons
between two groups were performed by Student’s #-test,
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whereas comparisons among three or more groups were
conducted using ANOVA with Dunnett’s post-test.
Differences were considered significant at P < 0.05.

Compliance With Ethical Standards

This article does not contain any studies with human partici-
pants performed by any of the authors. All animal experi-
ments in this study were confirmed that ethical and legal
approval was obtained prior to the commencement of the
study. All the works meets the standards set out in NC3Rs
primates guidelines. All procedures performed in studies
involving animals were in accordance with the ethical stan-
dards of the institution or practice at which the studies were
conducted. All experimental protocols were approved by the
Institutional Animal Care and Use Committee (IACUC) at
Tianjin medical university cancer institute and hospital.

Results
LOXL2 Highly Expressed In Metastatic
Cervical Cancer And Associated With

Unfavorable Prognosis
In total, 291 cervical cancer (CESC) samples from the TCGA
database were analyzed. As shown in Figure 1A, THC results

revealed that the expression of LOXL2 was higher in the
CESC tissue () than in normal tissue. This up-regulation of
LOXL2 was correlated with unfavorable prognosis in cervi-
cal cancer (Figure 1B). However, further analysis suggested
that LOXL2 is selectively highly expressed in cervical cancer
of high malignancy and metastatic cervical cancer but not
highly expressed in all CESCs (Figure 1C-F). As shown in
Figure 1D, LOXL2 is selectively expressed in poorly differ-
entiated, high-grade cervical cancer (Grage3 and Grade 4).
Furthermore, LOXL2 is highly expressed in patients with
metastatic cervical cancer (M1) than that in non-metastatic
(MO) patients (Figure 1F).

LOXL2 Correlated With EMT In Cervical

Cancer

To further validate the function of LOXL.2 in cervical cancer,
we used GSEA analysis to find that LOXL2 contributes
mainly to EMT, stemness and tumorigenesis, especially in
EMT (Figure 2A). These results suggest that LOXL2 is
crucial for EMT-related cervical cancer metastasis.
Analysis of the relationship between LOXL2 and
EMT-related factors in cervical cancer showed that LOXL2
positively correlated with the expression of vimentin, MMPs,
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Notes: (A) Immunohistochemical detection of LOXL2 in cervical cancer and normal tissues. (B) Patients with cervical cancer were divided into high-expression and low-
expression groups, and then overall survival and disease-free survival of the two groups were compared. (C-F) Expression of LOXL2 obtained from TCGA data in cervical
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collagen | and LAMADS, in cervical cancer.

LAMAZ? and collagen. These results confirm the relationship
between LOXL2 and EMT and cervical cancer progression
(Figure 2B-H).

Knock-Down Of LOXL2 In Vitro Inhibits
Cervical Cancer Cell Migration And

Invasion

To examine the role of LOXL2 in the EMT of cervical cancer
cells, we first selected high LOXL2-expressing cells, HeLa and
CaSki, knocked down the expression of LOXL2 (Figure 3A)
and then tested the migration and invasion of cervical cancer
cells by transwell and healing analyses. Results showed that
LOXL2 knock-down can inhibit the migration and invasion of
cervical cancer cells (Figure 3B—C). In addition, Western blot
analysis revealed that LOXL2 knock-down decreased vimen-
tin, MMPs and collagen but up-regulated the expression of
E-cadherin (Figure 3D). The above results confirmed that
LOXL2 is closely related to the metastasis and EMT of cervical
cancer cells.

Ectopic Expression Of LOXL2 In Vitro
Promotes EMT And Cervical Cancer

Migration And Invasion
We selected two other cervical cancer cells with low expres-
sion of LOXL2, C-33A and SiHa, to verify the effect of

LOXL2 up-regulation on the invasion and EMT of cervical
cancer cells. LOXL2 expression plasmids were transfected
into these two cells (Figure 4A). Results showed that
LOXL2 up-regulation can significantly promote the migra-
tion and invasion of cervical cancer cells (Figure 4B—C). In
addition, we observed the down-regulation of the EMT
marker E-cadherin and the up-regulation of vimentin by
(Figure 4D). These
results further reveal the important biological role of

immunofluorescence experiments

LOXL2 in the EMT and metastasis of cervical cancer cells.

LOXL2 Promotes Tumorigenesis And

Metastasis Of Cervical Cancer In Vivo

In vitro and TCGA results revealed that LOXL2 can
promote the metastasis and EMT progression of cervical
cancer. To further determine the function of LOXL2 in
cervical cancer, we changed the expression of LOXL2 in
HeLa and SiHa cells and inoculated the obtained stable
cell strain into mice to monitor tumor growth and metas-
tasis. Results showed that the tumorigenic and metastatic
abilities of the HeLa cells were inhibited after knocking
down the expression of LOXL2 (Figure 5SA and B). In
SiHa cells, overexpression of LOXL2 promoted the tumor-
igenesis and metastasis of the cervical cancer cells
(Figure 5D and E). LOXL2 protein levels in solids tumors
were detected (Figure 5C and F).
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Figure 3 LOXL2 depression inhibited cervical cancer invasion.

Notes: (A) Expression of LOXL2 in cervical cancer cell lines Hela, SiHa, C-33A and CaSki. (B, C) Hela and CaSki cells, invasion (B) and migration ability (C) were
detected after knock-down of LOXL2. (D) Expression of EMT marker and collagen protein in cervical cancer cells after knock-down of LOXL2. *Differences were

considered significant at P < 0.05.

LOXL2 Contributes To EMT In Cervical

Cancer Progression

To further validate the effect of LOXL2 on EMT in cervi-
cal cancer, we detected the expression of LOXL2 and
EMT-related proteins in solid tumors by using IHC.
After the expression of LOXL2 was disturbed, the expres-
sion of E-cadherin was up-regulated and the expression of
vimentin, MMPs and collagen was down-regulated.
However, the expression of these proteins was reversed
after LOXL2 overexpression (Figure 6A). IHC staining
results were statistically analyzed based on staining inten-
sity (Figure 6B and C).

Discussion

Metastasis and recurrence are the greatest challenge in
cancer therapy. Many studies have revealed that the EMT
of carcinoma cells plays a crucial role in tumor
metastasis.'”* The acquisition of mesenchymal cell traits

promotes disease progression and enhances the metastatic
phenotype. The main features of EMT are decreased cell
adhesion and enhanced mobility.”* LOXL2 has been sug-
gested to contribute to the metastasis of breast cancer and
regulated by EMT regulatory transcription factor Snaill.’
In lung cancer, LOXL2 is regulated by ZEB1/miR-200 and
promotes collagen deposition tumor metastasis.* In cervi-
cal cancer, EMT also plays an important role in tumor
progression and metastasis. Here, we reveal the role of
LOXL2 in cervical cancer EMT and metastasis. Although
the effect of LOXL2 on the survival of cervical cancer is
obvious, the expression of LOXL?2 in cervical cancer with
low malignancy is not much different from that in normal
tissues. Interestingly, LOXL2 is significantly up-regulated
in high-grade cervical cancer, similar to its expression in
metastatic tumors. This finding shows that LOXL2 is
closely related to the late metastasis of cervical cancer.
Further analysis of the available data revealed that LOXL2
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Figure 4 LOXL2 promoted cervical cancer invasion and EMT.

Notes: (A) Expression of LOXL2 in SiHa and C-33A after transfection with LOXL2 expression plasmid. (B, C) SiHa and C-33A cells, invasion (B) and migration ability (C)
were analyzed after overexpression of LOXL2. (D) After overexpression of LOXL2, immunofluorescence was used to detect the expression and cell localization of

E-cadherin and vimentin. *Differences were considered significant at P < 0.05.

is closely related to the tumorigenesis and EMT of cervical
cancer. Therefore, we hypothesized that LOXL2 promotes
its metastasis by driving the EMT of cervical cancer. This
likelihood was then confirmed in our experiments. Both in
vivo and in vitro experiments have shown that LOXL2-
induced cervical cancer metastasis is accompanied by cor-
responding changes in EMT markers.

EMT-dependent tumor invasion and metastasis are
continuous processes. Tumor cells first shed from the
primary site and activate the cell secreting enzymes to
degrade the ECM, thereby forming a transfer channel
that assists the tumor cells to enter the blood vessel. The
cells extravasate to the secondary sites and then con-
tinue to proliferate to form metastases.”**>?’ ECM
degradation is crucial during EMT. LOXL2 as a lysyl
of ECM
components.”* The dysregulation of LOXL2 promotes

oxidase can catalyze the crosslinking
tumor progression through intracellular and extracellular
mechanisms, including collagen fibre reorganization and

crosslinking,”® which are crucial for EMT. In breast

cancer, LOX-mediated collagen crosslinking can directly
increase tumor cell proliferation, thereby enhancing
metastatic  colonization and growth.”” However,
LOXL2 may not be a decisive factor in tumor metastasis
because its expression is regulated by EMT-inducing
factors. In the present study, our results confirmed that
the abnormal expression of LOXL2 is closely related to
the malignant progression of cervical cancer, especially
to tumor metastasis. High expression of LOXL2 is
accompanied by up-regulation of collagen and MMPs,
which are important in tumor EMT and metastasis.

In summary, LOXL2 contributes to cervical cancer
progression. Clinical data point to the abnormally high
expression of LOXL2 in high-grade and metastatic cervi-
cal cancer. Our functional experiments also confirmed its
important function in cervical cancer metastasis and asso-
ciation with EMT. Therefore, the role of LOXL2 in the
malignant progression of cervical cancer promotes its
metastasis. Our findings suggest that LOXL2 is a new

therapeutic target for cervical cancer metastasis.
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