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Abstract

Effect of LOXL2
on cell viability and metastasis

in NSCLC A549 cell spheroids

Heesu Yun

Interdisciplinary Graduate Program in Genetic Engineering
The Graduate School

Seoul National University

(Directed by Prof. Sangho Roh, D.V.M., Ph.D.)

Lung cancer is the prominent cause of cancer—associated death
primarily because of distant metastatic disease. The metastatic
potential of non—small cell lung cancer (NSCLC) is associated with
tumor cell aggregation. However, the systemic
mechanotransduction mechanism by which tumor cells dynamically
aggregate and disseminate is poorly understood, especially in
NSCLC. In this study, I examine whether LOXLZ, a tumor
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metastatic microenvironment facilitator, affects cell aggregation and
plays important role in metastasis. I used poly—2—hydroxyethyl
methacrylate—based 3D spheroid formation methods to mimic in
vivo metastatic lesions. To investigate the effects of LOXLZ2 on
A549 spheroids, Ab49 cells were transfected with siRNA to
downregulate LOXLZ2 gene expression. Downregulation of LOXLZ2
decreased cell spheroid size and impaired compact aggregate
formation in 3D culture, indicating that LOXLZ2 regulates spheroid—
forming behavior. Furthermore, LOXLZ downregulation inhibited
metastasis and induced apoptosis in A549 spheroids. Consistently,
Ab49 cell spheroids with endogenous overexpression of LOXLZ
increased metastasis. Since cell aggregation is biophysically
affected in 3D culture conditions, I examined whether LOXL2
regulates cell surface matrix. As a result, knockdown of LOXLZ2
altered cell surface matrix and regulated the expression of
glycocalyx—related genes. Overall, these data imply that LOXL2
contributes to cell surface matrix remodeling and regulates

collective metastasis of free—floating aggregates.

Keywords: LOXLZ2, Aggregation, Apoptosis, Metastasis,NSCLC,
Lung cancer, Cell surface matrix (glycocalyx)
Student Number: 2020—24033
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Introduction

Lung cancer is the second most common malignancy and the
leading cause of mortality among tumors worldwide. Approximately

85% of all lung cancers are non—small cell lung cancer (NSCLC)
[1—4]. Distant metastasis is the main cause of poor prognosis in
NSCLC, with the S5—year survival rate that still remains at 19%,
particularly in metastatic stage IIIA disease. Despite rapid progress
in therapeutic methods and diagnostic technology, approximately
30—40% of NSCLC patients are still diagnosed at an advanced stage
with adverse outcomes, making systemic therapy, including surgery,
radiotherapy, and chemotherapy less effective [5,6]. Therefore, a
comprehensive appreciation of the pathophysiological mechanisms
of metastasis should be identified.

Cancer metastasis is a systemic succession of multiple processes,
containing dissemination from the primary lesion, migration and
invasion into the surrounding tissues, intravasation and survival in
the circulation, and extravasation to a distant organ [7—9].
However, disseminated tumor cells are subject to continuous
cellular—mechanical pressures from the tumor microenvironment

[10,11]. Indeed, it is estimated that thousands of circulating tumor

SERL
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cells (CTC) shed into the circulation, yet less than 0.01% of CTCs
can survive and complete metastases [12]. Most tumor cells lose
viability and do not survive due to detachment—induced anoikis and
amorphosis, hemodynamic shear forces and attack by the immune
system, leading to low success of metastasis [13—15]. Thus,
survival in the circulating systems would be a limiting step in the
metastatic cascade.

Recent studies have suggested that multicellular circulating tumor
cells(CTC) are significantly more metastatic than individual CTCs
[16—19]. Moreover, CTC clusters are associated with poorer
outcomes compared to single CTC [20—23]. In support of this,
several studies have reported that the formation of clusters or
aggregates prevents anoikis by acquiring invasive phenotypes such
as increased stem cell—like traits, evasion of natural killer cell
targeting, and resistance to mechanical and metabolic stress, among
others [24—26]. Therefore, the mechanism underlying by which
tumor cells dynamically aggregate needs to be figured out. Although
mechanistic understanding of regulating tumor cell clustering have
yet to be fully elucidated, canonical cell adhesion genes including
plakoglobin, ICAM1, CD54, and cadherin have been identified to

mediate cluster formation [27—29]. However, a number of studies
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reported that these adhesion molecule—mediated cell forces are
suppressed, and the biophysical microenvironment of cell—cell
interfaces is a key regulator of intercellular adhesion in advanced
cancer in  vivo [30—32]. To examine the physiological cell
interaction under the in vivo cancer context, I used a three—
dimensional (3D) cell culture on a hydrophilic poly—2-—
hydroxyethyl methacrylate (Poly HEMA) substrate, which mimics
the clustering and dissemination of cancer «cells In in
vivo metastasis.

LOXL2 is a member of the lysyl oxidase (LOX) family, which
constitutes the prototypical LOX and four related members
(LOXL1-4) [33]. LOX enzymes catalyze the oxidative deamination
of peptidyl lysine residues, contributing to crosslinking of
extracellular matrix components, such as collagens and elastin. LOX
family members, therefore, play an important role in ECM
remodeling, leading to the formation of pathological tumor
microenvironment [34—37]. Many studies have demonstrated an
association between LOXLZ and cancer progression. High
expression of LOXLZ2Z is detected in many types of cancer and is
associated with a poorer prognosis [38]. Furthermore, recent

studies have shown that LOXLZ2 is involved in cancer cell migration,
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invasion, metastasis, and epithelial-mesenchymal transition (EMT),
as well as malignant transformation [39—43]. However, the role of
LOXLZ in cell aggregation for survival from anoikis remains unclear.
Therefore, I aimed to study the role of LOXL2 in formation of free—
floating NSCLC A549 cell clusters. Furthermore, my current study
is the first to indicate that LOXLZ is essential for collective
metastasis by acting as a key regulator of glycocalyx network

restructuring.
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Materials and Methods

2.1. Cell culture and reagents

Human NSCLC Ab549 cells were purchased from KCLB (Seoul,
Korea). Cells were in Roswell Park Memorial Institute (RPMI—
1640) medium containing 10% fetal bovine serum (Gibco, Grand
Island, NY, USA). Cells were maintained in a 5% CO: humidified
atmosphere incubator at 37° C. The chemicals propylene oxide
(PO), paraformaldehyde (PFA), formaldehyde (FA), and
glutaraldehyde (GA) were purchased from EMS (Hatfield, PA,

USA).

2.2. Poly HEMA coating

A 3% Poly HEMA (Sigma—Aldrich, St. Louis, MO, USA) solution
was prepared in 95% ethanol with stirring overnight at room
temperature. The Poly HEMA solution was applied on culture
vessels (505 xL/36 mm diameter) in a tissue culture hood,
followed by swirling in a plate rotator for 10 min. The Poly HEMA—
coated vessels were left with lids covered in a laminar flow hood to
prevent coffee ring effect overnight and then aseptically maintained

with the lids uncovered to thoroughly dry. Poly HEMA—coated
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vessels were rinsed with phosphate—buffered saline (PBS) just

before use.

2.3. Spheroid aggregation assay

Following LOXL2 siRNA transfection for 24 h, 5 X 10°cells were
plated on a Poly HEMA—coated U—bottom tissue culture 96—well
plate (# 3799, Corning, Glendale, AZ, USA). Following incubation,
the phenotypes of the plated cells were captured using a light

microscopy.

2.4. Transient Transfection

Small interfering RNAs (siRNA) transfection of A549 cells was
carried out by adding a mixture of LOXL2 siRNA or negative siRNA
(OriGene, Rockville, MD, USA) and Lipofectamine™ RNAIMAX
(ThermoFisher, Rockford, I, USA) to 3 X 10° cells per well in 6—
well plates following the manufacturer’ s protocol. After incubating
for 24 h, cells were divided into standard tissue culture substrate
(2D) and Poly HEMA —coated substrate (3D cultures). Twenty—
four hours post incubating, cells were collected for further analysis.
The sequences of three LOXLZ siRNA are available in Table 1.

Overexpression of LOXL2 was performed by transient transfection

14



of pCMV—-6—-L0OXL2 plasmid (RC200455, OriGene). pCMV6—A~—
Puro empty vector (PS10025, OriGene) was used as a transfection

negative control.
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2.5. Reverse transcription quantitative real—time

PCR (RT—qPCR)

Total RNA was isolated from cultured cells using a PureLink RNA
Mini Kit (Invitrogen, Carlsbad, CA, USA), followed by transcription
to the first—strand complementary DNA (cDNA) synthesis. RT—
gPCR reactions were proceeded using a 7500 real—-time PCR
system (Applied Biosystems, Foster City, CA, USA). To check off—
target amplifications, PCR products were subject to agarose gel and
melting curve analysis. The A4A4CT method was employed to
calculate relative expression. The expression of target mRNA was
adjusted to that of internal control glyceraldehyde 3—phosphate
dehydrogenase (GAPDH) in the same sample. Values are means =+
SD from three separate runs performed in triplicate. The details of

genes and their primers are shown in Table 2.
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2.6 Western blot analysis

Cells were lysed with RIPA lysis buffer (Sigma—Aldrich) for 30
min on ice, and then centrifuged to clear the lysate at 13,000 g for
15 min at 4 ° C. Equal amounts of protein were run on SDS—PAGE
and then electroblotted onto PVDF membrane (Millipore, Bedford,
MA, USA). The membranes were serially probed with primary
antibodies to LOXL2 (NBP1-32954, Novus Biologicals, USA) and
@ —tubulin (sc—58666, Santa Cruz Biotechnology), and, then with
horseradish peroxidase (HRP)— conjugated secondary antibodies.
Protein bands were detected by electrochemiluminescence (ECL)

reagents (ThermoFisher).

2.7. Immunostaining

Ab549 cells were harvested and immunocytochemical staining was
conducted. Briefly, cells washed with PBS were sequentially
immersed in 4% PFA fixative (EMS) for 10 min and then in 0.15%
Triton—X 100 for 5 min for permeabilization. Cells were
subsequently blocked for 1 h with PBS with 3% BSA, followed by
probing with primary antibody against LOXLZ2 overnight at 4° C.
Subsequently, the cells were incubated with Alexa 488 —conjugated

goat anti—rabbit IgG (A—11008, Invitrogen) for 60 min at ambient
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temperature, followed by labeling with rhodamine—conjugated
phalloidin (Molecular Probes, Eugene, OR, USA) at a dilution of
1:2000. The cells were subsequently rinsed with PBS with tween,
and placed on aseptic glass coverslips. The coverslips were
immersed in a mounting medium containing 10% Mowiol 488
solution, 1 1 g/mL 4" 6—diamidine—2—phenylindole
dihydrochloride (DAPI; D—9542, Sigma—Aldrich), and 25% glycerol
in PBS. The cells were imaged with a confocal laser scanning

microscope (LSMR&00, Zeiss, Oberkochen, Germany).

2.8. Transmission electron microscopy of spheroids

The electron microscopy procedure used to demonstrate the
glycocalyx was a slight modification of a protocol by Graham and
Orenstein.”” Briefly, cells grown in a standard tissue culture dish
(2D culture) and Poly HEMA—coated dish (3D culture) were fixed
in situ with freshly prepared Karnovsky' s fixative containing 3%
GA (EMS) and 2% FA (EMS) in 0.1M phosphate buffer, pH 7.4 with
1 mM ruthenium red (Sigma—Aldrich) for 1 h. Following fixation,
cells were collected, pelleted at 50g centrifugation, and washed in
sodium 0.1M phosphate buffer three times for 10 min each. Pellets

were immersed in a secondary fixative 5% osmium tetroxide
20



(0Os04) with 0.1 M ruthenium red for 3 h. Waters of post—fixed
samples were serially removed with ethanol, followed by
infiltration with compositions of ethanol and propylene oxide and
then with compositions of PO (EMS) and Epoxy resin 812
(Sigma—Aldrich). Subsequently, samples were submerged in
Epoxy resin 812 embedding medium and stuffed into an
embedding enclosure to polymerize at 60 ° C for 3 days.
Following the light microscope analysis of 1 um sections stained
with toluidine and sodium tetraborate, 80 nm sections cut with an
EM UC7  ultra—microtome (Leica Microsystems, Wetzlar,
Germany) were serially impregnated with 1% uranyl acetate
solution and lead citrate on copper grids. Micrographs were
captured using a JEM—1400 Flash TEM (JEOL Ltd. Japan) at 110

kV.

2.9. Spheroid 3D invasion assay

Matrigel (cat# 354232, Corning) was added to 96—well plates at
40 pl/well and solidified for 30 min at 37° C before use.
Aggregates were prepared by plating cells on a Poly HEMA —coated
dish for 3 h. Then, they were transferred to 96 —well plates coated

with Matrigel and cultured at 37° C for 24 h. Invasive sprouts were
21
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quantified in at least 10 fields for each condition.

2.10. Transwell cell migration assay

The migration of Ab549 cells was investigated using a 6.5 mm
Transwell with 8—um pore size polycarbonate membrane insert
(Corning). The cells were seeded on the inserts and incubated at
37 °C. The following day, the directionally migrated cells through
the inserts were immersed with 4% paraformaldehyde fixative for
15 min and stained with 0.1% crystal violet (Sigma—Aldrich) for 10
min. The inserts were washed at least three times with PBS, and
non—migrated cells on the upper surface of the inserts was gently
wiped away with a cotton swab. After briefly drying at room
temperature, the crossed cells on the bottom surface of the insert

were counted per field of view under phase —contrast microscopy.
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Results

3.1. LOXL2 is involved in aggregation and spheroid

formation of A549 cells

Several studies have shown that CTC clusters are significantly
assoclated with poorer prognosis, contributing to more efficient
metastasis compared to single CTCs [20—-23]. I therefore
investigated the role of LOXLZ in formation of cell aggregation. To
this end, LOXLZ siRNA was transfected into A549 cells to
knockdown expression of LOXLZ Knockdown of LOXLZ was
confirmed by RT—gPCR and western blotting, respectively. (Fig. 1A,
B). The results showed that A549 cells transfected with LOXL2
siRNA exhibited distinct morphology with decreased in size
compared to the control siRNA-—treated cells (Fig. 2). It was
further confirmed by immunofluorescence (Fig. 3). Moreover, I
found that knockdown of LOXLZ forms cells with less compact
spheroid, suggesting that intercellular or interspheroid generated
pulling force is weak and isotropic, compared to the control siRNA—
treated cells (Fig. 4). These data suggest that downregulation of
LOXL?Z2 is critical for spheroid—forming behavior of the cell, leading

to less compact spheroid and aggregation.
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Figure 1. The expression levels of LOXL2Z following LOXLZ2 siRNA
transfection. (A)Transient silencing of LOXLZ2 protein following
transfection of LOXLZ siRNA. Twenty—four hours following siRNA
transfection, knockdown of LOXLZ protein was validated in 2D and
3D culture conditions, respectively, by western blotting. « —tubulin
was used as an internal control in western blotting. (B) Gene
expression level following transfection of LOXLZ2 siRNA. Twenty—
four hours following siRNA transfection, knockdown of LOXLZ2
mRNA was validated in 2D and 3D culture conditions, respectively,

by RT—qPCR. The expression of LOXLZ transcript was normalized
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to that of the GAPDH in the same cDNA sample and presented as
the fold—change over that of control cells. Differences in transcript

levels were evaluated for significance using two—tailed —tests with

unequal variance (P <0.05; P< 0.01; and ***/~ < 0.001).
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Control siControl siLOXL2

Figure 2. The phase—contrast micrographs showing the morphology
of human NSCLC A549 cells grown in 3D cultures following LOXL?2

siRNA transfection.
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Figure 3. The immunofluorescent staining of Ab549 spheroids
following knockdown of LOXL2. A549 cells were stained with anti—
LOXLZ2 antibody, followed by fluorescein—conjugated antibody
(green). The actin microfilaments were labeled with rhodamine—

conjugated phalloidin (red), and the nuclei were counter stained

with DAPI (blue).
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Control siControl siLOXL2

Figure 4. The effect of LOXL2 knockdown on spheroid aggregation
in U—bottom 96 —well tissue culture plates coated with Poly HEMA.
The white box indicates enlarged images of A549 spheroids of each

group.
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3.2. LOXL2 controls migration and invasion in A549

cancer cell

Considering that LOXLZ2 is involved in cell spheroid tethering, I
examined effect of LOXLZ on metastasis. The results showed that
migration of A549 spheroids with reduced level with LOXLZ2 was
decreased in a Transwell assay (Fig. 5). I next investigated
whether LOXLZ2 expression altered A549 cancer cell invasion. To
this end, I performed a 3D spheroid invasion assay in a
reconstituted BM matrix. A549 cell spheroids transfected with
LOXL2 siRNA exhibited less sprouting than control spheroids,
indicating that downregulation of LOXLZ suppresses invasion in

extracellular matrix (Fig. 6).
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Figure 5. The representative images of the migration of NSCLC
A549 spheroid transfected with siRNA LOXL2 (up) and
quantification (down) in the Transwell. Twenty—four hours
following siRNA transfection in 2D culture conditions, cells were
further incubated in 2D and 3D culture conditions, respectively. The
migration capacity of A549 spheroids with reduced level of LOXL2
was significantly lower than that of the negative control cell. *F

<O.05; ##P < 0.01; and *** < 0.001
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Figure 6. The representative images of invasion of A549 spheroids
transfected with siRNA LOXLZ in basement membrane matrix
Matrigel (up). Invasive sprouts were quantified in at least 10 fields
for each condition respectively (down). *P <0.05, #»#P < 0.01; and

ik 2<0.001
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To confirm that these results are due to LOXLZ—induced
mechanism, I used a gain of function study with overexpression of
LOXL2. Western blotting indicated that the expression of LOXL2
was markedly overexpressed by pCMV—-6—LOXL2 plasmid (Fig. 7).
The results showed that LOXLZ overexpression significantly led to
increase in migration and invasion, suggesting that cells with
elevated LOXL2 expression are more aggressive and have higher
activity (Fig. 8, 9). Overall, these data indicate that downregulation
of LOXL?2 restrict the ability of A549 cancer cells to move through
circulation and the stromal tissue and uncovers anti—invasive

activity of LOXLZ in line with previous studies.
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Figure 7. The protein level of 3D spheroid following pCMV—6—
LOXLZ2 plasmid. Twenty—four hours following pCMV—-6—L0OXL2
and control vector pCMV —6—Puromycin transfection in 2D culture
conditions, the cells were transferred to Poly HEMA 3D culture
conditions. The effect of the endogenous overexpression of LOXL2
were confirmed using western blotting of cell harvest; a—tubulin

was used as an internal control.
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Figure 8. The representative images of the migration of NSCLC

A549 spheroid transfected with pCMV—-6—-LOXL2 plasmid (up) and

the Transwell. Twenty—four hours

following transfection in 2D culture conditions, cells were further

sequentially. The

spheroids expressing

increased level of LOXLZ was significantly higher than that of the

negative control cells. *P <0.05, ##P < 0.01; and ***/ < 0.001
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Figure 9. The representative images of invasion of A549 spheroids
transfected with pCMV—-6—-L0OXL2 plasmid in basement membrane
matrix Matrigel (left). Invasive sprouts were quantified in at least
10 fields for each condition respectively (right). *P <0.05,; #*P <

0.01; and **x/ < 0.001
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3.3. Downregulation of LOXL2 leads to apoptosis in

Ab549 spheroids

I investigated the effect of LOXLZ2 on cell proliferation. The
results showed that downregulation of LOXLZ led to a significant
decrease in cell viability compared to control siRNA (Fig. 10).
Based on this observation, I further explored apoptosis related
markers to evaluate mechanism of cell death. Interestingly, the
results showed that the mRNA expression level of Bel—2, an anti—
apoptotic molecule, was significantly decreased and Bax, an
proapoptosis molecule, was increased. Furthermore, mRNA
expression of Bax/Bcl—2 ratio was also increased, which is a
hallmark of apoptosis (Fig. 11). In addition, A549 spheroids with
downregulated with LOXLZ exhibited increased level of
proapoptotic proteins including cleaved caspase 9, cleaved caspase
3 and cleaved PARP, indicating that downregulation of LOXL2

induced apoptosis (Fig. 12).
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Figure 10. The cell viability of A549 spheroids following siRNA
LOXL2 transfection. Twenty—four hours following transfection in
2D culture conditions, cells were further incubated in 3D culture
conditions for 24h. The cell viability was investigated by WST—8

viability assay. *P <0.05, #+P < 0.01; and ***/ < 0.001
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Figure 11. The mRNA expression of apoptosis genes following
siLOXLZ transfection. Twenty—four hours following transfection in
2D culture conditions, cells were further incubated in 3D culture
conditions for 24h. Then, cells were harvested to confirm mRNA
expression related to apoptosis genes. GAPDH was used as an
internal control. Differences in mRNA levels were evaluated for

significance using two—tailed ¢/—tests with unequal variance (*P

<0.05; ##P < 0.01; and **#+P < 0.001).

38



3D

siCON siLOXL2

Caspase 9

Cleaved
caspase-9

Caspase 3
Cleaved

caspase-3

PARP

Cleaved PARP

o-tubulin

Figure 12. The effects of LOXLZ2 knockdown on the apoptosis
signaling pathway. Twenty—four hours following transfection in 2D
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conditions for 24h. Then, cells were harvested to confirm protein
expression related to apoptosis genes using Western blotting. a—

tubulin was used as an internal control.
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3.4. LOXLZ2 may regulate cell adhesion through

glycocalyx

My results showed that LOXL2 expression regulates formation of
clustering, leading to collective metastasis. Here, I examined the
possibility that glycocalyx is a target of LOXLZ2 because one of the
factors regulating biophysical feature of cell—cell interfaces is
glycocalyx which is found on the surface of cell with dense, charged
and hydrated nature of its main components, acting as a repulsive
barrier. To investigate this hypothesis directly, I analyzed the
glycocalyx using transmission electron microscopy (TEM).
Interestingly, morphology of glycocalyx was altered upon
knockdown of endogenous LOXLZ expression. The glycocalyx in
Ab549 cells with transfected with LOXLZ siRNA was more dense and

shorter compared with control A549 cells (Fig. 13).
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Figure 13. The effects of LOXL2 knockdown with siRNA on cell
surface remodeling (glycocalyx) in 2D adhesive culture.
Representative transmission electron  microscopy (TEM)
micrographs of NSCLC Ab49 cells showing glycoconjugates of
glycocalyx in control (left panel) and LOXL2 siRNA-—treated cells
(right panel). Images were captured after 24 h of culture using

polycationic ruthenium red as a stain for TEM.
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Furthermore, I examined whether glycocalyx expression is
altered upon knockdown of LOXLZ expression. To this end, I
investigated a few components of glycocalyx which is known to
involved in both cell adhesion and metastasis. It was observed that
A549 spheroids with reduced level of LOXLZ2Z exhibited the increase
in expression of GALNT3 and GALNT4, tumor suppressors, and the
decrease in expression of HAPLN3 and HSPG2 in 3D culture (Fig.
14). To confirm regulation of glycocalyx expression is due to
LOXLZ2, I also analyzed the glycocalyx expression following LOXL2
overexpression. The results showed that expression levels of
genes except for HAPLN3 were downregulated (Fig. 15).
Furthermore, the expression level of HSPGZ showed same
tendency both in downregulation and upregulation of LOXLZ level.
Therefore, GALNT3 and GALNT4 could be a target of glycocalyx
affected by LOXL2. Together, these results led me to conclude that
LOXLZ regulates glycocalyx and affects the expression of the

components constituting glycocalyx.
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Figure 14. The expression level of glycocalyx—related gene in 2D
(up) and 3D (down) cells following LOXL2 knockdown. The mRNA
level was normalized to that of the GAPDH in the same cDNA
sample and presented as the fold—change over that of control cells.
Differences in mRNA levels were evaluated for significance using
two—tailed /—tests with unequal variance (xP <0.05; #+P < 0.01; and

w2 < 0.001).
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in mRNA levels were evaluated for significance using two—tailed /-
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Discussion

In this study, I found that LOXL2 expression contributes to A549
cancer cell clustering and regulates collective metastasis of
substratum—detached cells. This finding has important implications
for understanding of tumor biology and translation to therapeutic
control in NSCLC metastasis.

The ability of forming clustering plays important role in survival
in anchorage—independent conditions, characteristics of circulating
systems. My study demonstrated that LOXLZ2 expression
contributes to tumor cell clustering. LOXL2 is known to promote
migration and invasion through remodeling surrounding ECM [44].
However, the mechanism underlying LOXLZ2—-mediated metastasis
is limited in 2D adhesive culture conditions. Moreover, recent study
revealed that elevated expression of LOXLZ associates with poor
prognosis in non—small lung cancer [45]. Indeed, my results
showed that downregulation of LOXLZ blocks tumor cell cluster
formation, thereby inhibiting metastasis and anti—apoptosis. In
support of this, several studies have suggested that size and
compaction of spheroid is associated with invasive phenotypes
[46,47]. Therefore, my study is the first to indicate LOXL2 is

essential for collective metastasis through regulating cell—cell
45
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adhesion under anchorage—independent conditions.

The cell wviability of A549 spheroid following siLOXLZ2
transfection was decreased. I further explored mechanism of cell
death using apoptosis markers. Apoptosis is programmed cell death
characterized by shrinkage of the cell, chromatin condensation,
fragmentation of DNA, membrane blebbing. The apoptosis pathway
starts from increasing expression of BAX, proapoptotic molecules,
and releasing cytochrome c¢ from mitochondrial outer membrane.
Then, the released cytochrome c activates inactive form of proteins
including caspase 9, caspase 3, PARP, consequently leading to
apoptosis [48,49]. My study showed that downregulation of LOXL2
activates caspases, leading to increased expression of active form
of caspases such as cleaved caspase 9, cleaved caspase 3 and
cleaved PARP. Therefore, my study demonstrated that knockdown
of LOXLZ induces apoptosis in A549 spheroids, which could be
referred to as anoikis.

Cell—cell adhesion is not only mediated through surface
expression of specific receptors, but also by glycoconjugate
glycocalyx, a wubiquitous carbohydrate—enriched sugar surface
coating of glycolipids, glycoproteins, and glycosaminoglycans
[50,51]. Matthew J. Paszek reported that glycocalyx with high o—
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glycan content promotes cell survival in a suspended state [49].
This data suggested that glycocalyx not only mediate cell adhesion
but also critical for cell survival following cell detachment. In regard
to the mechanisms of action involving LOXL2, I hypothesized that
LOXL2 catalyzes the core protein of glycocalyx, resulting in inter—
or intra—crosslinking, and the enzymatic activity of LOXL2 has been
studied extensively in ECM cross—linking. However, intracellular
functions have been described more extensively for LOXLZ2. LOXL2
coordinates with transcription factors to regulate the expression of
genes including ACAN, SOX2, and CDH1 [41,52,53]. However, my
study 1is limited to providing that LOXLZ affects structure and
expression of several components of glycocalyx, but specific target
is not discovered. Indeed, many studies investigated role of
glycocalyx on cancer progression by manipulating individual
components of glycocalyx since each of them functions differently
[54—57]. Therefore, further research is needed to investigate by
which LOXLZ changes the cell surface through either gene
expression or enzyme activity, or both. It will be interesting to

discover how LOXL2 remodels the cell surface.
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