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Abstract

Lung cancer is a disease and ranked as third among the ten leading causes of

human deaths according to statistics reports of the world health organization. In clinical

studies, lung cancer of a more malignant state may express more fucosyltransferase

IV(Fut 1V), which is an enzyme that transfers a fucose to a core N-acetylglucosamine

sugar of N-linked glycoprotein via a-1,3/4 linkage. Fucosylation is a common

glycosylation process in posttranscriptional modification that can affect signal

transduction, cell adhesion and cell-cell recognition. In previous studies, the

A549-FutlV cell line was established, which expresses relatively high amounts of Fut IV.

A549-FutlV, consists of nineteen membrane proteins with more or less higher degree of

fucosylation of their N-glycoproteins when compared with A549-Mock. The functions

of most of these membrane proteins remain unknown.

In this study, we focus on the relationship between these membrane proteins and

cancer metastasis in A549-FutlV. The protein (SLC3A2, CD166 or CD44) was

knockdown by siRNA. CD166 and CD44 expressions correlated with the degree of

cancer malignancy. After CD166 and CD44 knockdown, the cancer invasion ability had

significantly decreased compared to the control and CD166 could also bind to the

extracellular matrix(ECM). SLC3A2 was an amino acid transporter heavy chain that

played an important roles as a mediator of fibronectin assembling and also as a



biomarker in renal cell cancer. According to our experiments, SLC3A2 did not cause

any significantly changed to cancer metastasis, but it could bind to fibronectin.

Although CD44 knockdown could inhibit cancer invasion, it did not result from its

adhesion ability. By combining invasion assay and adhesion assay results, we found that

SLC3A2 knockdown could inhibit cancer invasion through its adhesion ability.

However, the inhibition of cancer invasion after CD166 and CD44 knockdown did not

occur via their adhesion abilities.

Key words:

Lung cancer / Fucosyltransferase VI / Metastasis / membrane protein / PTM / N-linked

glycosylation / invasion assay
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1. Introduction

1.1 Lung cancer

Lung cancer is one of the most common and deadliest forms of cancer around the

world. According to estimations of the International Agency for Research on Cancer

(IARC) and cancer statistics from the National Cancer Institute (NCI), lung cancer

patients composed approximately 1.61 million new cancer cases in 2008, representing

12.7% of all new cancers (Ferlay et al, 2010). In this year, it was also found to be the

most common cause of death from cancer, with 1.38 million deaths (18.2% of the total),

ranking as the third most common cause of human deaths in high income countries by

the  statistical reports of the World Health Organization (WHO)

(WHO:http://gamapserver.who.int/gho/interactive_charts/mbd/cod_2008/graph.html).

Although long-term exposure to tobacco smoke is the most common cause of lung

cancer, there are still other factors, such as genetic predispositions and exposure to

asbestos or air-pollution, including secondhand smoke and lampblack, can affect cancer

formation.

There are two main types of lung cancers based on histological type, namely

small-cell lung carcinoma (SCLC) and non-small-cell lung carcinoma (NSCLC).

Small-cell lung carcinoma (SCLC) displays high aggression and usually occurs in

smokers. It grows rapidly, and about 60% of patients show widespread metastasis. The
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non-small-cell lung carcinoma (NSCLC) can be categorized into three sub-types:

squamous cell lung carcinoma, adenocarcinoma, and large-cell lung carcinoma. There

are about 30% of non-small-cell lung cancer patients that classify as having squamous

cell lung carcinoma (or epidermoid carcinoma), a cancer that looks like fish scales

under a microscope. This type of lung cancer usually occurs in the central bronchi and

often grows more slowly compared with other cancer because of its well-differentiation.

Adenocarcinoma is observed in the cases of NSCLC involving non-smokers, although a

significant percentage of adenocarcinoma cases are still associated with smoking, Large

cell carcinoma is often found in the central part of the lung and usually discovered at a

later stage of lung cancer (Gorlova et al, 2007; Hong & Tsao, 2008; NCI, 2012) and

may spread into lymph nodes and to distant organs.

1.2 Membrane protein

The biological membrane consists primarily of a lipid bilayer, that is not only

separates the interior of cells from the extracellular environment but also allows

division of biologic functions into separate organelles, such as the mitochondria, Golgi,

lysosome, Endoplasmic Reticulum and so on (Lodish et al, 2000). A variety of proteins,

called membranes, accomplish vital biologic functions on/in the membrane, as

structural proteins, cell adhesion proteins, enzymes, receptors and transporters.

The membrane proteins can be divided into three categories based on how they
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make contact with the membrane: (1) integral membrane protein, (2) peripheral
membrane protein and (3) lipid-anchored protein. Integral membrane proteins (IMPSs)
are permanently attached to the membrane because they contain many hydrophobic
regions which allow them to pass through the membrane once or multiple times forming
a-helices or multiple B-strands for membrane-spanning domains. They can be released
from the membrane using detergents, nonpolar solvents, or denaturing agents. There are
many different functional proteins directly or indirectly related to IMPs. For example,
Na*/K™ ion transporters maintain normal potential voltage in nerves or receptor tyrosine
kinases that receive stimulation from the extracullular environment, are involved in
self-phosphorylation or signal transduction. The most important IMPs for cell adhesion
are of the cadherin family, and desmoglein family.

Peripheral membrane proteins bind to the membrane indirectly by interacting
with integral proteins through hydrogen bonding to their hydrophilic portions or directly
by interacting with membrane surfaces through electrostatic forces or polar head groups
of membrane phospholipids. The protein kinase C, plays a role in signal transduction
and also belongs to the peripheral membrane protein group. There are still other
peripheral membrane proteins, located in the ECM.

The last category of membrane proteins includes lipid-anchored proteins which

are located on the surface of the lipid bilayer. They are covalently bound to the lipids
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via a prenyl group. There are many lipid-anchored proteins covalently linked to

glycosylphosphatidylinositol (GPI) on the external plasma membrane, called

GPIl-anchored membrane proteins (Becker et al, 2004).

Although malignant tumors can be the result of mutations in a number of genes,

the direct factors affecting tumor metastasis may be uncontrolled proliferation, cancer

immortality and the expression of membrane proteins (Christofori & Semb, 1999).

Membrane proteins expression may increase cancer malignancy. In breast cancer, for

example, thirteen membrane proteins showed abnormally high expression levels and

three membrane proteins were under-expressed in metastatic cells, as compared to the

non-metastatic cell line (Leth-Larsen et al, 2009). In cancer metastasis, loss of the

epithelial adhesion molecules, E-cadherin , is thought to enable metastasis (Kowalski et

al, 2003). When E-cadherin loss, the induction of multiple transcription factors, such as

Twist, is necessary for E-cadherin loss—induced metastasis. This suggests that loss of

E-cadherin may contribute to metastatic dissemination in tumor. Also relevant is that in

different tumors, the role of E-cadherin may also be different (Onder et al, 2008).

1.3 Posttranscriptional modification

Posttranscriptional modification(PTM) is a mechanism that happens after gene

transcription and mRNA translation that is important for proper protein folding, signal

transduction, cell adhesion, molecule trafficking and so on. The entire human genome

6



has been sequenced, which is estimated to contain roughly 20,000 to 25,000 genes. It is

estimated that there are over 1 million proteins that are derived from these genes.

Although this seems to be quite a lot, it is still not enough to support a complex

organism, such as humans (Consortium, 2004). PTMs provide a substantial increase in

molecular diversity for the different kinds of cells to interact with. There are many

different kinds of PTM in the cell, including glycosylation, acetylation, alkylation,

methylation, biotinylation, glutamylation, isoprenylation, phosphorylation and sulfation.

All of them are essential for cell functions (Beck-Sickinger & Morl, 2006).

1.3.1 N-linked Glycoprotein

N-glycosylation is a modification in which a sugar molecule is transferred to the

nitrogen atom of an asparagine in the polypeptide chain of a protein. Typically, there are

two common sites for N-glycosylation: Asp-x-Ser and Asp-x-Thr, where X can be any

amino acid residue except for proline. There is a universal pentasaccharide core

common to all N-glycans, Man3GIcNAc,, and further modification processes allow

classification into three main classes, a high-mannose type, a complex type, and a

hybrid type, which all undergo process reaction in the Golgi complex. However, many

functions of proteins are affected by N-linked glycoproteins. Take SLC26A3 for

example, which is a CI'/HCO3™ exchanger that plays a major role in CI” absorption from

the intestine. When SLC26A3 has been deglycosylated, the transporter activity
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depresses compared to the wild-type and its mature N-linked glycoprotein also can

protect SLC26A3 from trypsin digestion (Hayashi & Yamashita, 2012). The

N-glycosylation of membrane proteins are also related to cancer malignancy (Lau &

Dennis, 2008). For example, in E-cadherin, it has been found that the more

1,6-branched expression on the N-glycans, the more malignant the tumor they reside in

(Pinho et al, 2009).

1.3.2 O-linked Glycoprotein

O-linked glycosylation of secreted and membrane bound proteins take place in

the cis-Golgi compartment after N-glycosylation and protein folding. The O-glycans are

commonly fixed to serine and thregnine, and also rarely to hydroxylysine and

hydroxyproline amino acid residues. This type of glycoylation plays an important role

in protein trafficking and in cellular communication during development. There are

many O-glycan forms, such as O-N-acetylgalactosamine (O-GalNAc), O-fucose,

O-glucose, O-N-acetylglucosamine (O-GIcNAc) and O-mannose, which are also

referred to as “mucin-type” glycan (Hanisch, 2001). O-GalNAc can be further

categorized by core type, as determined by eight distinct cores, designated corel-core8

(Varki et al, 2009). Although they do not have a universal core like N-glycans, the

structural complexity of the chains initiated by O-linked GalNAc exceeds that of

N-linked chains by far. In cancer cells, the cell-surface levels of a2p1 are reduced,
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which is a result of core3 O-glycans causing inhibition of the normal interaction
between the P1 subunit and the o2 subunit. This impairs FAK-mediated signal
transduction and cell migration. Consequently, core3 O-glycan may cause suppression
of cancer metastasis (Tsuboi et al, 2012).

1.3.3 Fucosylation

Fucosylation is one of the most common modifications for glycoproteins and
glycolipids. This modification involves transfer of a fucose residue to N-glycans,
O-glycans and glycolipids. In the fucosyltransferase family, there are nine
fucosyltransferases, which are distributed into three main groups, depending on their
type of fucosylation linkage: (1) al,2, (2) a1,3/4 and (3) al,6 fucosyltransferases. FUTI
and FUTII are the specific members belonging to the al,2-linked fucosyltransferase
group and which catalyze the transfer of a fucose residue to the terminal Gal residue.
They are important for the ABO blood group system. There are six types of a
1,3/4-fucosyltransferases, including FUTIII, FUTIV, FUTV, FUTVI, FUTVII and
FUTIX (Javaud et al, 2003). All of them except for FUTIII produce Le*, Le* and sLe*
epitopes which are essential for cell migration and adhesion. They attach a fucose to
GIcNAc which belong to Gal-GIcNAc structures. It plays an important role in cancer
metastasis because sLe* can bind to its ligand, E-selectin, which expresses in

endothelial cells, leukocytes and platelets (Borsig et al, 2002). When tumors invade the
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blood vessels, they can persist in circulation by forming circulating tumor cells (CTCs),
which interact with platelets through P-selectin and xLe*. Moreover, the CTCs
disseminate to appropriate sites to extravasate the blood vessels via interaction with
endothelial cells that express E-selectins. Therefore, the influence of fucosylation on
cancer metastasis depends on what epitopes forming (Homeister et al, 2001; Maly et al,
1996; Miyoshi et al, 2008).

1.4 Metastasis

Malignant tumors usually have some characteristics that are life-threatening, such as
uncontrolled proliferation and immortality. Progression toward metastasis is one of the
key factors that affects patient recovery after surgery or chemotherapy. It represents all
of the end products of a 'multistep cell-biological process termed the
invasion-metastasis cascade. In general, the invasion-metastasis cascade can be
distributed into seven steps, (1) local invasion, (2) intravasation, (3) forming circulating
tumor cell, (4) arrest at distant organ sites, (5) extravasation, (6) forming
micrometastases, (7) metastatic colonization (Friedl & Wolf, 2003). Each steps is
important for cancer metastasis.

During local invasion, the malignant cancer cells may secret some proteases,
metalloprotease and/or cathepsin, which can digest the basement membranes and ECM

surrounding epithelial cells and make cancer cells touching stroma cells, which secrete
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many growth factors or stimulate tumor-associated macrophages activity. Therefore,

they establish a potentially self-amplifying positive feedback loop. Most types of

carcinoma can invade as cohesive multicellular units, jointly called a “collective

invasion.” However, individual tumor cells may invade through two ways: (1)

mesenchymal invasion or (2) amoeboid invasion (Friedl & Wolf, 2003). Cancer cells

invade their neighbor cells via “epithelial-mesenchymal transition”, which decreases the

E-cadherin expression and increase a set of pleiotropically acting transcription factors,

including Snail, Twist and ZEB1, making them more stem-like (Thiery et al, 2009).

Even though there are many drugs that inhibit the protease activity, cancer cells also can

invade, via amoeboid invasion, a mode of invasion that depends on diffusion of

non-clustered integrins(Wang et al, 2004).

All the factors in the ECM can make cancer cells more malignant and may even lead

to poor diagnosis. After cancer cells intravasate into blood vessels, they can form

relatively large emboli via interaction with blood platelets through L-/P-selectins (Joyce

& Pollard, 2009). They shield themselves from shear forces and evade immune

detection. When the CTCs disseminate to appropriate sites where they may make

contact through ligand-receptor interactions or physical trapping, they can extravasate

into the tissue. During the cancer cells extravasation, the primary tumors are capable of

secreting some factors to perturb microvessel permeability, such as MMP-1, MMP-2,
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and COX-2 to make them pass easily (Gupta et al, 2007; Padua et al, 2008). In order to

form micrometastasis, the cancer cells change their gene expression and receive

stimulation by some growth factors from stroma cells to maintain their life. They

change their state via “mesenchymal-epithelial transition”. Finally, the primary cancer

cells may now thrive at the secondary site and become more malignant.

1.5 The nineteen membrane proteins in the present study

Two different A549 cell lines, A549-mock and A549-Fut IV, were derived by Dr. Yu

of the Department of Internal Medicine, National Taiwan University Hospital and

National Taiwan University College of Medicine. The A549-FutlV cell line is

transfected with gene fut4 for over-expression of FucT IV while A549-mock is

transfected with empty plasmid as control. The only difference between these two cell

lines is that the former can attach more fucose residues on the membrane proteins and

affect cancer biology.

In a cite, comparative glycoproteomic approached were used to study the differences

in the fucosylated membrane proteins when comparing the two A549 cell lines.

Nineteen membrane proteins were identified (Tablel) that had high fucosylation. While

the functions of some of these proteins remains unknown, for example, TM9SF3,

TMEM206 and GOLM1, some of them seem to participate in cell adhesion, such as

CAMD4, DSG2 and CNTNL1. In normal cells, PLXNB2 is a cell surface receptor for
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SEMAA4C, SEMA4 and SEMAJ4G and plays an important role in cell-cell signaling.
Moreover, PLXNB2 affects neuron migration and is associated with RhoA activation
(Conrotto et al, 2004; Perrot et al, 2002). EphA2 is a receptor tyrosine kinase which
binds to ephrin-A family ligands on adjacent cells (Wykosky & Debinski, 2008).
Moreover, it can regulate cell migration by ephrin-A1/EFNAL or promote cell adhesion
by DSG1/desmoglein-1 (Lin et al, 2010; Ogawa et al, 2000; Wykosky & Debinski,
2008). It also may affect cancer metastasis through RhoA GTPase activation and make

tumors become more malignant.
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Table 1. 19 membrane proteins identified from A549-mock and A549-FutlV

cell lines.
Gene entry name [Protein name Sequence  of identified|F/M
peptide
IMPAD1 Inositol monophosphatase 3 |QVALQTFGN**QTTIIPAG (1.683
QINX62
GAGYK
SLC3A2 4F2  cell-surface  antigen|SLVTQYLN***ATGNR 6.89
P08195
heavy chain
CNTN1 |Q12860 |Isoform1 of Contactin-1 GTEWLVN*'SSR 16.084
AN**STGTLVITDPTR 16.392
GKAN**STGTLVITDPTR |7.356
TMOSF3 Transmembrane 9IVDVNLTSEGK 5.164
Q9HD45
superfamily member 3
ALCAM |Q13740  |CD166 antigen N**ATVVWMK 10.118
ALGDCISEDSYPDGN*IT [11.844
WYR
TMEM?20 Transmembrane protein206  |IN***YTDPFSN**QTVK 2.186
Q9H813
6
GOLM1 Isoform 2 of Golgi membrane| AVLVNN'®ITTGER 6.27
Q8NBJ4
protein 1

14




DSG2 Q14126  |Desmoglein-2 YVQN**GTYTVK 11.169
PTPRJ Receptor-type VSDN**!ESSSNYTYK 0.762
Q12913 tyrosine-protein  phosphatase
eta precursor
PRNP Isoform 1 of Major prion|GEN*'FTETDVK 2.685
P04156
protein
EPHA2  |P29317 Ephrin type-A receptor 2 TASVSIN**QTEPPK 5.79
GLG1 Isoform 2 of Golgi apparatus|LN'®*LTTDPK 1.745
Q92896
protein 1
ITGA3 Isoform Alpha-3A of Integrin|ELAVPDGYTN*R(T) 9.555
P26006
alpha-3
PLXNB2 (015031  |Plexin B2 protein ALSN*ISLR 9999
LAMP1 LAMP1  protein  variantN**MTFDLPSDATVVLN"®R [11.398
P11279
(Fragment) (S)
CD44 P16070 Isoform 12 of CD44 antigen |AFN>’STLPTMAQMEK N/A
0oDZz3 Q9P273  |Teneurin-3 IGPFANZ#TTK 4.213
CPD 075976  |Carboxypeptidase D FANEYPN?ITR 9999
CADM4 |Q8NFZz8 |Cell adhesion molecule 4 QTLFFN®'GTR 9999
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1.6 Target genes: SLC3A2, ALCAM, CD44

1.6.1 SLC3A2

The 4F2 cell-surface antigen heavy chain is the protein encoded by the SLC3A2

gene. It is a multifunctional protein involved in cell transformation, integrin signaling,

cell fusion and amino acid transport. 4F2hc is a type Il glycoprotein, which forms

heterodimers with different light subunits. When it associate with different light chains,

it can transport different amino acids involved in gastric acid secretion (Drummond et al,

2010; Kirchhoff et al, 2006; Pfeiffer et al, 1999; Verrey et al, 2009). For example,

SLC3A2 associates with SLC7A6 or SLC7A7, acting as an arginine/glutamine

exchanger that follows an antiport mechanism for amino acid transport(Nel et al, 2012;

Verrey et al, 2009). Another function of the SLC3A2 is to make cell exert force on the

matrix to interact with integrins to support downstream signals that lead to activation of

RhoA small GTPase (Feral et al, 2007).

1.6.2 CD166

The CD166 antigen is a type | transmembrane glycoprotein, encoded by the

ALCAM gene. It mediates both heterophilic (ALCAM-CD6) and homophilic

(ALCAM-ALCAM) cell-cell interactions. When it binds to CDG6, recruited the

antigen-induced dendritic cell (DC) to the T cell contact zone and sustains DC-induced

T-cell proliferation after initial contact (Skonier et al, 1996b; Zimmerman et al, 2006a).
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Although CD166 attracts lymphocytes through CD6 interaction, it also can help cell

migration and make cancer cell more malignant. In colorectal carcinoma, ALCAM is

frequently up-regulated and is a new independent prognostic marker (Weichert et al,

2004). Truncation of CD166 was found to diminish primary tumor growth and enhance

melanoma metastasis (van Kempen et al, 2004). ALCAM in breast cancer is a tumor

suppressor because lower ALCAM expression makes tumors more aggressive (Jezierska

et al, 2006). It may have different effects in different tumors.

1.6.3 CD44

CD44 is a multi-structural and multi-functional cell surface molecule. The

variety of CD44 isoforms can be divided into three groups: (1) CD44s the standard

isoform, (2) CD44v which contains variable exons, and (3) CD44E which includes

exons v8-10 (Goodison et al, 1999). CD44 is a receptor for hyaluronic acid (Aruffo et al,

1990). It also mediates cell-cell and cell-matrix interaction through its affinity for HA,

collagens, osteopontin and matrix metalloproteinases (MMPs). CD44 may provide a

platform for tumor invasion because CD44 forms hyaluronan-induced aggregates that

make MMP9 work easily (Yu & Stamenkovic, 1999). In addition, CD44 can be cleaved

by membrane-type 1 matrix metalloproteinase (MT1-MMP) and promotes cell

migration (Kajita et al, 2001).
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2. Materials and Methods
2.1 Cell lines and cell culture

The human lung adenocarcinoma cell lines, A549-Mock and fucosyltranferase
IV-transfected A549 (A549-Fut4) were obtained from the Department of Internal
Medicine, College of Medicine, National Taiwan University. Both of these cell lines
were grown in RPMI1640 (Hyclone, Thermo Scientific,) supplemented with 10%(v/v)
Fetal bovine serum (Biological industries), 100 unit/mL penicillin, 0.1 mg/mL
streptomycin, 0.25 ug/mL amphotericin(Biological industries), 0.15 %(w/v) sodium
bicarbonate (Sigma), 10mM HEPES (Sigma), 0.25% (w/v) glucose, and 1mM sodium
pyruvate(Caissonlabs, North Logan, US). They were incubated in a humidified
atmosphere with 5% CO2 at 37°C. The cells were subcultured every 2-3 times per week.
2.2 siRNA knockdown

The siRNA of target genes (SLC3A2, CD166, CD44) were ordered from Thermo
Scientific Dharmacon. All siRNA of these genes were dissolved in RNase-free water to
produce 20 uM as stock, then stored in a -80°C refrigerator. Before the SiRNA
transfection, both cell lines (A549-Mock and A549-FutlV) were seeding in 24-well
plate and 5*10*/mL/well. The culture medium was replaced with antibiotic-free
complete medium and incubated overnight at 37°C. Then, 50uL of the siRNA in

opti-medium (invitrogen) was prepared by adding 2.5uL. of 5uM siRNA to 47.5uL of
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opti-medium in an 1.5mL eppendorf and gently mixed by pipetting carefully up and

down, then incubated for 5 minutes at room temperature. This preparation was labeled

as tube 1.

DharmaFECT transfection reagent in opti-medium was prepared by adding 1pL

DharmaFECT reagent and 49uL opti-medium gently mixed and incubated for 5 minutes

at room temperature, then labeled as tube 2. The content of tube 1 was then added to

tube 2, mixed by pipetting carefully up and down and incubated for 20 minutes at room

temperature. Then, 400 uL of antibiotic-free complete medium was added to get 500uL

transfection medium with a final concentration of 25nM siRNA. This tranfection

medium was prepared fresh before use. The antibiotic-free medium in the 24-well

cultured plate was removed and 500 pL of fresh transfection medium added to each well.

The cell were incubated for 24 hours.

2.3 RNA preparation, reverse transcription polymerase chain reaction (RT-PCR) and

guantitative PCR(qPCR)

2.3.1 RNA preparation

The total RNA of A549-Mock and A549-Fut4 in the 24-well plate were extracted

using a TRIzol Reagent (Invitrogen) following the protocol provided by the

manufacturer. Briefly, the medium was removed, the cells were washed by PBS twice

and then 1 mL TRIzol reagent was added to each well. The cell lysate was incubated 5
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minutes to homogenize the RNA and then transferred to a new tube. Two hundred
microliters of chloroform was added into 1 mL of homogenized mixture, which was
shaken vigorously, and then centrifuged at 120009 for 15 minutes at 4°C to separate the
RNA into an aqueous phase, DNA into an internal phase and protein into an organic
phase. For RNA precipitation, the aqueous phase was transferred into a new tube and
the tube was inverted several times after adding isopropyl alcohol. Then, the
aqueous-isopropyl alcohol mixture was centrifuged at 12000g for 10 minutes at 4°C,
producing an RNA pellet at the bottom of tube. The supernatant was discarded and 75%
ethyl alcohol added twice to wash the pellet. Finally, the RNA pellet was dried out and
dissolved in 50 uL. RNase-free water..
2.3.2 Reverse transcription polymerase chain reaction (RT-PCR)

To obtain 1pg cDNA, the total RNA concentration obtained by the previous
procedures was measured using NanoDrop(Thermo scientific) and appropriate volume
of total RNA was used as template in a sterile PCR tube. One hundred pmol of
oligodeoxythymidine primer (oligo(dT).s) was mixed with template RNA and filled
with RNase-free water to 12.5 pL. The mixture would chill on ice after incubating at
65°C for 5 minutes. Meanwhile, pre-mix was prepared, which contained 4uL of 5X
reaction buffer, 0.5uL of RNaseOUT, 2uL of 10mM dNTP mix and 1uL of RevertAid

reverse transcriptase (Fermentas). These two mixtures were mixed to a total volume of
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20uL and the mixture incubated at 42°C for 60 minutes. Finally, the reaction was
terminated by heating at 70°C for 10 minutes and used in further experiments.
2.3.3 Quantitative PCR(qPCR)

The gPCR probe for these genes (Fut4, SLC3A2, CD166, CD44) were designed by
LightCycler Probe Design Software (Roche) and the sequence of these genes were
obtained from NCBI(accession number: NM_002033.3, AB018010.1, NM_001627.3,
and NM_000610.3, respectively). The replicon of gPCR length was generally about
160-180 base pairs and the melting temperature was about 60°C . To avoid primer dimer,
the probes used did not have AG less than -2000, a threshold value estimated by the

software. The probes used in this study are shown in the following table.

primer name |F primer 5'->3' R primer 5'->3'

Fut4 CCCAgACCgTgCCAACTA 0gAggTgATgTggACAQC

SLC3A2 CCAgAAQgATgATgTCgCT CAACCTgAgTggAgAACC

ALCAM ggCAgTggAAgCgTCATA AgCAgAgACATTCAAQgAgT

CD44 TCAACAQgTggCAATggAgC gCAggTTCCTTgTCTCATCA

2.4 Migration/Invasion assay
2.4.1 Wound healing assay

A549-mock and A549-FutlV cell lines were seeded at a density of 2 x 10° cells
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per well in a 24-well plate and grown overnight to confluence in complete medium. The
monolayer was scratched with a pipette tip and washed with PBS to remove floating

cells. The scrape was monitored and photographed after 4, 8, 12, 24 h incubation.
2.4.2 Invasion assay

A cell invasion assay was performed using a Boyden chamber (Millpore, Co., USA)
with 8§ um pore polycarbonate filters that were coated with 40ug geltrex (Invitrogen)
which was diluted by serum-free RPMI-1640. After 72 hrs of transfection, 2*10* cells
were resuspended by 200uL serum-free medium and seeded to the upper compartment
of the Boyden chamber. The lower chamber was filled with 1 mL of RPMI-1640
complete medium. The cells were allowed to migrate for 48 hrs, incubated at 37°C, 5%
CO,. The cells were then removed from the upper chamber using a cotton swab. The
cells on the lower surface of the chamber were stained with Liu’s stain and counted.
Data representing the average number of cells per pixel in five fields were compared
between the siRNA groups, NC groups, and blank control groups.

2.5 Adhesion assay

Ninety-six-well plates were coated with Collagen (Cohesion; Vitrogen), Fibronectin
(Sigma-Aldrich), Gelatin (Sigma-Aldrich) and BSA for 12 hours at 4°C. Each coating
protein was dissolved in PBS (pH: 7.4) to yield a final concentration of 60 pg/mL, and a

volume of 100 pL was added to each individual wells. The plates were then blocked
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with 10 mg/mL Bovine serum albumin (Sigma-Aldrich) which was heated at 85°C for
10 minutes in PBS for 1 hour at 37°C and washed with PBS twice.

Targeted knockdown cells were isolated by trypsinization and washed once in
RPMI1640 with 10% FBS to stop trypsin activity. Then the cells were resolved in
serum-free RPMI1640 to remove serum components. Suspensions of 10* cells/mL
viable targeted knockdown cells were then added to each well and allowed to attach for
1 hour at 37°C, 5% CO,. To determine the cell adhesion ability, plates were then
carefully washed three times with PBS and fixed by 5% paraformaldehyde for 15
minutes. And then they were washed by ddH,O three times and stained by crystal violet
for 30 minutes. Then, they were washed by ddH,O! three times and resolved crystal
violet by 10 % acetic acid. Finally, the optical density was measure at 570 nm.

2.6 Protein extraction

The organic phase from the RNA extraction which contained protein was added to
300 pL of 100% ethanol per 1 mL of TRIzol reagent and then mixed by inverting the
sample. The mixture was stored for 3 minutes at room temperature and centrifuged for
2000 g for 5 minutes at 4°C. The supernatant was transferred to a new eppendorf and
then 1.5 mL of isopropanol was added for homogenization. The mixture was stored at
room temperature for 15 minutes and centrifuged at 12000 g for 10 minutes at 4°C. The

supernatant was removed and the protein pellet was washed by a solution containing
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0.3M guanindine hydrochloride in 95% ethanol three times. During each wash step, the

protein pellet was stored in wash solution for 20 minutes at room temperature and

centrifuged at 7500 g for 5 minutes at 4°C. After the final washing, the protein pellet

was vortexed in 2 ml absolute ethanol and allowed to sit for 20 minutes at room

temperature. In the final step, it was centrifuged at 75009 for 5 minutes at 4°C and the

supernatant was discarded. The protein pellet was resolved by the solution with 9.5 M

Urea and 2% CHAPS and the sample was stored at -20 °C for further use.

2.7 Western blot

Protein samples (15 pg) were separated by SDS-PAGE and transferred to a PVDF

membrane The membrane was blocked with 5% (w/v) BSA (sigma) in PBST for lhr at

room temperature, incubated with (1) 200 ng/mL rabbit polyclonal IgG to SLC3A2

(santa cruz, CA. U.S.A)), (2) 200 ng/mL mouse monoclonal 1gG to CD166 (santa cruz,

CA. U.S.A)), or (3) 400 ng/mL rabbit polyclonal IgG to CD44 (santa cruz, CA. U.S.A))

in PBST involving 5% (w/v) BSA overnight at 4 ‘C. The membrane was washed with

PBST for 30 mins twice and incubated with (1) 80 ng/mL Goat polyclonal secondary

antibody to rabbit 1IgG HRP (Abcam, Cambridge, UK), or (2) 200 ng/mL rabbit

polyclonal secondary antibody to Mouse IgG HRP (Abcam, Cambridge, UK) in PBST

involving 5% BSA (v/v) for 1hr. The membrane was washed with PBST for 30 minutes

twice. The immunoreactive bands were visualized by film exposure (GE Healthcare,
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Uppsala, Sweden) through the ECL enhanced chemiluminescence detection system.
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3. Results

3.1 Characteristics of A549-Mock and A549-FutlV

Under microscopic observation, the morphology of A549-Mock and A549-FutlV

appeared different. The former had a thinner spindle shape and the latter had a round

shape (Fig.1). To confirm the FUT IV expression, real-time PCR and western blot had

been employed. The total RNA extractions from the two cell lines were extracted and

reversely transcribed into cDNA. The FUT IV primers had been designed and it had

about seventy-four folds change in real-time PCR examination (Fig.2). The FUT IV

protein expression and fucosylation also had a significant change in A549-FutlV

(Fig.3-4). In order to identify which cell lines were more malignant, we analyzed

invasion ability to investigate their metastasis in vitro. The result showed that

A549-FutlV had a higher degree of cell invasion to another transwell site than

A549-Mock (Fig.5).

3.2 Functional network analysis of the nineteen genes

The 19 membrane proteins that were more or less saturated with fucose were

analyzed by Ingenuity Pathways Analysis. There were 12 membrane proteins that could

be linked to form a network which were associated with cell morphology, cell

movement and cell assembly (Fig.6). Six of them were relative to tumorigenesis,

metastasis and cell migration, namely PRNP, ITGA3, CD44, EPHA2, DSG2 and
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CD166. There was one protein associated with amino acid transport, SLC3A2 (Fig.7).

3.3 Analysis of the siRNA knockdown effect in A549-Mock and A549-FutlV

SiIRNA had been employed to decrease the target genes expression level for SLC3A2,

CD166 and CD44. Under the rules of siRNA knockdown, the knockdown efficiency of

target genes must be over 90%. In other words, the target gene expression must lower

than 10% compared to the control. From the quantitative polymerase chain reaction

examination, all the genes’ expressions decreased below 0.06 compared to the control

after 24h transfection (Fig.8). Transfected-cell lines had no cytotoxicity from siRNA or

transfection reagent and their viabilities also still had over 80% during the experiments

(Fig.9). After siRNA transfection 3 days, the target proteins decreased(Fig.10-10.3).

3.4 Functional analysis of the target genes after genes knockdown

3.4.1 The effect of target proteins invasion ability

Since membrane proteins could affect cancer metastasis, we investigated whether

the membrane proteins influenced it and made cancer more malignant. In an in vitro

study, cell invasion was assessed using Boyden chambers. While cancer cells invaded

another side of the transwell, they would be stained by Liu’s stain, causing them to

displayed a purple color(Fig.11). Knockdown for all the three genes showed different

invasion ability compared to the control (Fig.12) and had different fold changes in cell

counting (Table2). From the results, CD166 had the greatest ability to inhibit cancer cell
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invasion, especially in the more malignant cell line, A549-FutlV. The second strongest

invasion inhibitor was CD44 and the weakest was SLC3A2. All transfected A549-mock

cell lines had no significant difference regarding cancer cells invasion inhibition. When

all the transfected-cell lines were compared to A549-Mock, the invasion ability of

Ab549-FutlV that was transfected with CD166 was closest in similarity to A549-mock

(Fig.13 Table3d).

3.4.2 The effect of target proteins adhesion ability

In order to investigate how these fucosylated membrane proteins after knockdown

could affect cell adhesion, the cell adhesion ability was studied with different ECMs.

We employed fibronectin, collagen; gelatin and BSA as negative controls. With different

ECM coatings, the transfected cell lines showed different adhesion abilities to different

ECMs (Fig.14). CD166 knockdown of the Ab549-FutlV cell line had significantly

decreased its adhesion ability to collagen, gelatin and fibronectin. SLC3A2 had slightly

reduced its binding ability to fibronectin and CD44 had slightly reduced its binding

ability to collagen.

3.4.3 The effect of target proteins migration ability

To investigate how these proteins after knockdown could affect cell migration. We

used would healing assay to study their migration ability and found that when SLC3A2

was knockdown, the migration ability of the cells increased comparing to control after
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8h. CD166 and CD44 did not have any significantly changed.(Fig.15)
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4. Discussion

4.1 Fucosyltransferase 1V over-expression in A549 might make cancer more

malignant

In our observation, the fucosyltranferaselVV over-expressed A549 lung carcinoma

showed relatively more malignancy compared with others. Regarding invasion ability,

A549-FutlV was more invasive than A549-Mock and it was thought that invasion

ability might relate to MMP activities. In the zymography assay, A549-FutlV showed

that it had more MMP2/9 proteins expression than A549-mock. This meant that the

A549-FutlV cell line could reach metastasis and make cancer more malignant.

4.2 The relationship between membrane proteins and cancer metastasis

4.2.1 SLC3A2

SLC3AZ2 is an amino acid transporter heavy chain that is able to form heterodimers

with other light chains, such as L-type amino acid transporter 1(Yanagida et al, 2001),

LAT2(Broer et al, 2000), y+LAT2(Broer et al, 2001) and others. In addition, it can

stabilize the activity of the glucose transporter GLUT1(Ohno et al, 2011). During cell

growth, SLC3A2(CH98hc) also plays a role in mediating integrin signaling. Because of

integrin mediation, SLC3A2 might influence the cell shape. SLC3A2 over-expression

would lead to anchorage-independent cell growth and tumorigenesis in 3T3 fibroblast

and activation of certain integrin-regulated signaling(Feral et al, 2005). As a tumor
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marker, SLC3A2 has been observed to express in renal cell cancer and it was correlated

directly with grade of malignancy(Prager et al, 2009). In our study, although SLC3A2

knockdown could decrease cell viability to 80%, the transfected-A549 cell lines did not

show a significant change in their invasion ability nor cell shape. This means that

SLC3A2 might not affect cancer metastasis even though it mediates integrin signaling.

4.2.2 CD166

CD166 was classified as a cell adhesion protein and that could create neurite

extension via heterophilic and homophilic interactions(Swart, 2002; Wade et al, 2012).

In immunoreactions, CD166 binds to CD6, which is a cell surface receptor expressed on

immature thymocytes and mature T and Bla lymphocytes and form a central

supramolecular activation cluster. So, it plays an important role in intra- and

intercellular molecular interactions mediated by CD6 during T cell activation and

proliferation processes(Gimferrer et al, 2004; Hassan et al, 2004; Skonier et al, 1996a;

Zimmerman et al, 2006b). But in cancer studies, CD166 expression levels were higher

in primary tumors and lower in metastase or in higher-grade lesions, such as found in

prostate cancer(Kristiansen et al, 2003) and breast cancer(King et al, 2004). Further, in a

clinical analysis, CD166 over-expressed in colorectal carcinoma and shortened patients

survival(Weichert et al, 2004). In our study, we used siRNA to knockdown CD166

expression and found that it could inhibit cancer invasion ability in lung
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adenocarcinoma. From a recent study, we know that CD166 can control matrix

metalloproteinase activity in melanoma cell lines(Lunter et al, 2005). Cancer invasion

ability might decrease because CD166 controlled MMPs activities. But the reason that

primary tumors showed higher CD166 expression while lower during metastases is still

unknown(Ofori-Acquah & King, 2008).

4.2.3 CD44

Previous research suggests that CD44 has high expression on primary tumors of

malignant melanoma, causing patients to have poor survival(Dietrich et al, 1997) and in

prostate cancer, they found that primary tumors were expressing CD44 at increased

levels while lower in metastases (Noordzij et al, 1999). In our study, the CD44 function

was found to be associated with cancer metastasis from the in vitro study, and further

support from previous works is that CD44 expression was found related to lymph node

metastasis in non-small cell lung cancer by a clinical statistical analysis(Miyoshi et al,

1997). It might mediate cancer invasion via cyclooxygenase-2-dependent pathway

(Dohadwala et al, 2001).

4.3 Characteristics of the three proteins regarding cell adhesion to ECMs

In our observation, although SLC3AZ2 is an amino acid transporter, it still could bind

to ECMs and provide weak cell adhesion. Furthermore, we found that CD166 could also

bind to collagen, gelatin and fibronectin and it influenced cancer adhesion ability. It
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might provide cancer migration when cancer invades the ECM. CD44 is an adhesion

protein and a hyaluronate receptor, which could bind to some ECM, like collagen,

fibronectin, laminin and so on (Aruffo et al, 1990; Ishii et al, 1993; Jalkanen & Jalkanen,

1992; Lokeshwar & Bourguignon, 1991). But in our study, CD44 knockdown cell lines

did not have any significantly change in cell adhesion, which might result from CD44

being expressed at a very low level (Fig.3c) and thus unable to make strong

adhesion(Fig.4k).

4.4 The protein functions as related to invasion and adhesion ability

Membrane proteins are cell surface proteins that can provide cell-cell adhesion, cell

migration, signal transduction and so on. Cancer cell metastasis must attach to the ECM

or basement membrane and secrete some proteinase, like MMPs, to digest the ECM and

ease migration. CD166 provided a binding ability to ECMs, whcih meant that cancer

cells might migrate to the other site due to CD166. When CD166 was knockdown, there

had be a significant change, not only in invasion ability, but also cell adhesion ability in

malignant cancer cells. SLC3A2 had a slight adhesion ability to the ECM, so it might

increase cell adhesiveness. CD44 antigen presented a positive control to cancer invasion

and cell adhesion when it was knockdown.
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6.Figure
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Figurel. A549-mock and A549-FutlV cell shapes
A549-mock had a spindle shape and
A549-FutlV had a round shape.
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A549-Mock and A549-Fut4
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Figure 2. Fucosyltransferase IV mRNA level.
Fucosyltransferase IV has 74 folds increasing in A549-FutlV comparing to A549-Mock.

(Y| F
KDa

170
130

115 — e 72

55

3G . —— 43

34

26

Figure 3. Protein expression of fucosyltransferase Figure 4. AAL blot between A549-Mock

V. and A549-FutlV.
In protein expression, fucosyltransferase 1V also A549-Fut4 proteins had been more decorated
showed higher expression in A549-FutlV cell line. fucose than A549-Mock.
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Figure 5. The invasion ability between A549-Mock and A549-FutlV
A549-FutlV showed more invaded than A549-Mock after 48h treating.
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Figure 6. 12 membrane proteins network.
There are 12 membrane proteins which are associated with cell adhesion, cell migration can be

linked to a network.
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Figure 7. Protein function classification.

Most of them could be classified to cell adhesion or cell migration. One of them is related to amino

acid transport.
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Figure 8. mRNA expression of the target genes.
Target genes had been knockdown within 24h.
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Figure 9. During the experiments, cell viability after siRNA transfection.
After siRNA transfection, these cells still had over 80% viability during the
experiments.
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Figure 10. The protein level of these genes had turnover after

All the target proteins were be diminished after 72h.
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Figure 10.1. SLC3A2 expression after sSiRNA knockdown.
The SLC3AZ2 protein expression in A549-mock and
A549-FutlV were decreasing after sSiRNA transfection
72h.
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Figure 10.2. CD166 expression after sSiRNA knockdown.
The CD166 protein expression in A549-mock and

A549-FutlV were decreasing after sSiRNA transfection
72h.
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Figure 10.3. CD44 expression after sSiRNA knockdown.
The CD44 protein expression in A549-mock and

A549-FutlV were decreasing after sSiRNA transfection
72h.
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Figure 12. The percentage of transfected-cell invasion ability.
The invasion ability of each siRNA knockdown cell line which were comparing to
each control, A549-Mock and A549-Fut4.
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Table2. The relative folds of invasion ability.

The relative folds of invasion ability which had been knockdown by
siRNA transfection were comparing to each control, A549-Mock and
AS49-Fut IV.

nhame folds

A549-Mock 1
control

A549-Fut4 1

A549-Mock 0.933
SiSLC3A2

A549-Futd 0.803

A549-Mock | [0.984
SiCD166

A549-Fut4d 0.543

A549-Mock 1.02
siCD44

A549-Fut4 0.739

58



w
(O}
o

100

> 300

E

© 250

[ =

.S

[7,]

g 200 T

% m A549-Mock
o 150 W A549-Fut4
8

c

Q

e

)]

Q.

[~

Ul
o

control siSLC3A2 siCD166 siCD44

Figure 13. The percentage of transfected-cell invasion ability.

The invasion ability of each siRNA knockdown cell line which were
comparing to control, A549-Mock. CD166 showed the most suppress
invasion ability after knockdown. A549-mock which showed less invasion
ability and they had no significantly change after sSiRNA knockdown.
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Table 3. The relative folds of invasion ability.
The relative folds of invasion ability which had been knockdown by siRNA
transfection were comparing to the control, A549-Mock.

name folds

A549-Mock 1
control

A549-Fut4 2.55

A549-Mock 0.933
SiSLC3A2

A549-Fut4 2.05

A549-Mock 0.984
SiCD166

A549-Fut4 1.39

A549-Mock 1.02
siCD44

A549-Fut4 1.88
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Figure 14. The adhesion ability of each siRNA knockdown cell lines.
CD166 showed significantly change in extracellular matrix binding.
SLC3A2 had a slightly effect and CD44 had no changes in any
extracellular matrix.
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Figure 15. The migration ability of each target proteins after knockdown.
SLC3AZ2 had a significantly increased its migration ability. CD166
and CD44 did not have any changed comparing to control.
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