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Abstract
Our laboratory has recently found that glycoprotein CD147 (Basigin, EMMPRIN) is highly
enriched on the surface of apoptotic vesicles (Apo-V) isolated from EL4 and B16 tumour
cells. The CD147 protein can appear at a range of sizes due to the presence of multiple
isoforms and glycosylation processes. CD147 has been described as an anti-apoptotic
molecule and is involved in the invasion and metastasis of metastatic cancers. Apoptotic
vesicles (Apo-V) have been shown to bind the CD169 sialic acid-receptor expressed by
macrophages in the sub-capsular sinus of lymph nodes and the marginal zone of the spleen.
It has been suggested that this interaction of vesicles with the CD169 receptor may have the
potential to suppress immune responses. In this investigation, the expression and role of
CD147 in Apo-V was observed. After many failed attempts to knockdown CD147 expression
in EL4 cells using small hairpin RNA (shRNA) techniques, an alternate pathway was
undertaken using B16 melanoma cells. The observed knockdown in cellular fractions of B16
was also replicated in corresponding Apo-V fractions. No significant changes in Apo-V
production in the CD147 shRNA knock-down B16 cell line were observed, neither were there
major changes in Coomassie blue bands as analysed by polyacrylamide gel electrophoresis.
This suggested that CD147 knockdown did not affect apoptotic vesicle production quality.
The binding of Apo-V to spleen and lymph node sections was not affected by the
knockdown of CD147, suggesting that the CD147 glycoprotein is not the major ligand for
CD169 in lymphatic tissues. To further investigate the potential of CD147 to bind CD169, a
CD169-Fc-FLAG protein was produced. However, no specific binding of CD169-Fc-FLAG to
CD147 was detected.

Since CD147 has been implicated in tumour metastasis, the

metastatic potential of CD147 knockdown B16 cell lines was next tested to confirm the
knockdown. This resulted in functional changes in the cell line behaviour. However, no
conclusive evidence for an effect of CD147 knockdown on metastasis was noted.
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1.0 Introduction

1.1 Apoptosis and apoptotic vesicles (Apo-V)
Apoptosis is defined as programmed cell death [1], it is essential in the maintenance of
normal tissue homeostasis ensuring cell turnover [2] and occurs to minimise tissue damage
during injury [3]. During apoptosis, apoptotic cells undergo biochemical and morphological
changes which leads to the formation of extracellular vesicles known as apoptotic bodies or
apoptotic vesicles (Apo-V) [4, 5].
During apoptosis the cell is triggered by a variety of physiological agents, which activate
intracellular signalling pathways [6], irreversibly committing the cell to die [7, 8] and
inducing morphological changes such as the retraction of the cell. At this point the cell loses
its adherence to the substrate and the plasma membrane exhibits extensive and rapid
blebbing [9]. This blebbing can be visualised for hours and involves a vast reorganisation of
organelles and cytoskeleton. The cell undergoes cytoplasmic condensation; at the nuclear
level chromatin becomes highly condensed and the nucleus is usually fragmented. Partition
of the cytoplasm and nucleus results in the production of membrane bound vesicles roughly
50-500 nm in size [10-12] (Figure 1.1).

Figure 1.1: Electron microscopy of apoptotic vesicles [13]. The image shows two apoptotic
vesicles (EL4 thymoma) and represents the variance in size among apoptotic vesicles. Figure
provided courtesy of Lane Black (MSc Student) and Assoc. Prof Alex McLellan.

2

Despite extensive investigations, a major unanswered question in the field of apoptosis is
the role of the apoptotic vesicle ('blebs') [2]. Apoptotic cells are a source of autoantigens
and therefore require rapid recognition and clearance by professional macrophages to
prevent severe immune reactions such as tissue damage or inflammation from intracellular
products [14, 15]. The uptake of Apo-V by phagocytes yields T cell epitopes [4] and B cell
autoantigens [16]. The characterisation and isolation of Apo-V can be difficult due to the
lack of surface markers and the overlap in size of microvesicles [17], although histones have
been suggested as a hallmark of Apo-V [10, 18, 19].
Apoptosis can be induced in a variety of ways. In clinical settings therapeutic agents such as
irradiation or drugs cause apoptotic cell death by DNA damage through a p53-dependent
pathway [20]. The protein kinase C inhibitor staurosporine is often used in experimental
settings as an in vitro inducer of apoptosis in many different cell lines [21, 22]. Staurosporine
is able to induce apoptosis via a classical mitochondrial pathway as well as intrinsic
apoptotic pathways [23]. Staurosporine is a broad inhibitor which blocks most protein
kinase C isoforms by varying degrees, which results in cell apoptosis [24].
The improper clearance of Apo-V or deregulated apoptosis can lead to a range of
autoimmune diseases such as systemic sclerosis [25], systemic lupus erythematosus [15]
and rheumatoid arthritis [26]. The role for Apo-V in the immune system is not well
established, however its potential is now being investigated [27-29]. It has been shown that
Apo-V have the ability to express surface major histocompatibility complex (MHC) molecules
and therefore may possess antigen presentation properties [30, 31], which in turn could
have a role in immune suppression [32]. Analysis of the content of tumour-derived Apo-V
(Appendix 1) could allow for more efficient cancer screening and diagnostics thus providing
information such as tumour characterisation, origin and progression [17].
1.2 CD147 (basigin)
The widely distributed cell surface glycoprotein CD147 (basigin/EMMPRIN), is involved in
cell adhesion, tissue remodeling, retinal cell development, human immunodeficiency virus
3

(HIV) attachment and T cell activation [33]. The CD147 protein is heavily glycosylated and
the most common isoform consists of single-chain type I transmembrane molecule. CD147
is composed of a 21 amino acid signal sequence, a 186 residue extracellular domain
consisting of two Immunoglobulin (Ig)-like domains (figure 1.2), a transmembrane domain of
21 amino acids and a cytoplasmic domain of 41 residues [34, 35]. Three N-glycosylation sites
have been identified and migration on sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) gel occurs between 39 and 65 kDa depending on the degree of
glycosylation [35]. There are four human CD147 alternative splicing transcript variants
encoding different isoforms (Basigin1-4) [34]. CD147 has been found in almost every cell
type and is involved in the regulation of multiple protein families [36]. The masking of
CD147 on erythrocytes leads to selective trapping by the spleen [37], and the CD147 protein
has very recently been identified as the receptor for the malaria parasite Plasmodium
falciparum expressed on red blood cells [38]. CD147 belongs to the Ig superfamily and is
highly enriched on the surface of malignant tumour cells and is suggested to serve as a key
regulator in oncogenesis [39, 40]. The controlled degradation of the extracellular matrix is a
prerequisite for tumour invasion and metastasis. CD147 is also known as EMMPRIN due to
its role as an extracellular matrix metalloproteinase inducer which regulates matrix
metalloproteinase (MMP) expression [34]. MMP helps cancer cells spread by breaking down
the extracellular matrix. The expression of CD147 on melanoma cells promotes tumour
invasiveness and metastasis by stimulation of surrounding fibroblasts to produce MMPs [41,
42].
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Figure 1.2: Topology of CD147 isoforms [35]. The most frequently expressed variant of
CD147 (two Ig like domains; left) and the rarely expressed variant of CD147 (three Ig like
domains; right).
Proteomic screens have revealed that CD147 is expressed on exosomes [43-45] while our
laboratory has observed that CD147 is also expressed in the Apo-V fractions (Appendix 1).
Our laboratory has also shown that CD147 on EL4 Apo-V is enriched 85-fold compared to
parent cells or exosomes [46]. Therefore we investigated the relevance of this enrichment
on Apo-V. CD147 has been identified as a mediator of anti-apoptotic function and
chemoresistance [47] and the up-regulation of CD147 has been observed in several
multidrug-resistant cancer cell lines [35]. The high expression of CD147 during the
progression of some diseases suggests it could be a biomarker for prostate, liver, and gastric
cancer [36]. Therefore targeting CD147 may be effective in cancer therapies.
1.3 CD169+ macrophages and the immune system
1.3.1 Immune system
The immune system is a network of cells, tissues and organs that work in concert to destroy
foreign bodies that may be harmful to the host [48]. The immune response can be divided
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into two major parts, the innate and adaptive immune response [49]. The innate immune
response occurs rapidly upon exposure to an infectious organism. At the same time the
adaptive immune response is also active, it takes longer to develop however but results in a
highly specific immune response. The adaptive immune response can produce ‘memory’,
allowing for a more vigorous response at the time of next antigen encounter [49].
Our laboratory is primarily interested in the adaptive immune system. In particular we are
interested in the ability or potential of microvesicles, such as exosomes from living cells, or
apoptotic vesicles (Apo-V) from dying cells, to modulate immune responses via a CD169
mediated pathway (see related sections).
1.3.2 Peripheral lymphoid organ anatomy
Lymphocytes circulate in the blood and the lymph and are also found in large numbers in
lymphoid tissues or lymphoid organs. Lymphoid organs can be divided into central lymphoid
organs where lymphocytes are generated and peripheral lymphoid organs where mature
naïve lymphocytes are maintained and adaptive immune responses are initiated. The spleen
and lymph nodes are considered peripheral lymphoid organs [49]. The 185 kDa molecule
CD169 is a macrophage restricted adhesion molecule found in lymph nodes and the spleen
[50].
The anatomy of the mouse spleen is highly specialised to capture antigens from the
circulation and to initiate and maintain immune responses.[51] The spleen has no direct
connection with the lymphatic system, rather it collects antigen from the blood and is
involved in immune responses to blood-borne pathogens. Lymphocytes enter and leave the
spleen via blood vessels. As seen in Figure 1.3 A, most of the spleen is composed of red pulp
(RP). This is the site of red blood cell disposal and is also rich in red pulp macrophages (RPM)
[49, 51]. Lymphocytes surround the arterioles running through the spleen forming isolated
areas of white pulp (WP). The sheath of lymphocytes around an arteriole is called the PALS
(periarteriolar lymphoid sheath) and contains mainly T cells. Lymphoid follicles are found at
intervals along the PALS and contain mainly B cells. The marginal zone (MZ) surrounds the
follicle; it has few T cells and is rich in marginal zone macrophages (MZM) and marginal
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metallophilic macrophages (MMM) which express the CD169 molecule [51, 52]. It also has a
resident non-circulating population of B cells known as marginal zone B cells (Figure 1.3B).
Blood borne microbes, soluble antigens and antigen-antibody complexes are filtered from
the blood by macrophages and immature dendritic cells within the marginal zone. When
dendritic cells in the splenic marginal zone take up antigens and become activated they
migrate into the T-cell areas of the spleen, where they are able to present the antigens they
carry to T cells [49, 53].

Figure 1.3: Anatomy of the spleen. (A) Schematic diagram depicting the transverse section
of white pulp within the spleen [49]. The marginal zone is rich in marginal zone
macrophages while the PALS (periarteriolar lymphoid sheath) contain mainly T cells. The red
pulp is rich in red pulp macrophages. (B) Transverse section of the spleen and a close up of
the marginal zone depicting the proximity of B cells and marginal zone macrophages [54].
The lymph nodes are highly organised lymphoid organs. They drain the vessels of the
lymphatic system, which collects extracellular fluid from the tissues and returns the fluid to
the blood. Extracellular fluid is produced continuously by filtration from the blood and is
called lymph [49]. The lymphatic vessels (lymphatics) carry the lymph flow away from the
peripheral tissues. Reverse flow is prevented by one-way valves in lymphatic vessels. Fluid is
drained from the tissues via afferent lymphatic vessels which carry pathogens and antigen
bearing cells from infected tissues to the lymph nodes. Free antigens move through the
extracellular fluid to the lymph node via diffusion, where as dendritic cells (DC) actively
7

migrate into the lymph node under the influence of chemotactic chemokines. These
chemokines also attract lymphocytes from the blood, which enter lymph nodes through
high endothelial venules (HEV). As seen in figure 1.4, the B lymphocytes localise in follicles
which make up the outer cortex of the lymph node. T cells are more diffusely distributed in
the surrounding paracortical areas, also referred to as the deep cortex or T cell zones [55].
Lymphocytes migrating from the blood to the lymph nodes enter the paracortical areas first.
Antigen presenting DC and macrophages also localise here since they are attracted by the
same chemokines. Free antigen diffusing through the lymph node can become trapped on
these dendritic cells and CD169+ macrophages in the sub-capsular sinus (marginal sinus). In
the T cell zone naïve T cells can bind antigen and become activated due to the proximity of
antigen, antigen-presenting cells to naive T cells. Naive B cells pass through the T cells zones
where they may encounter both their antigen and their cooperating helper T cells, and
become activated before entering the follicles. Some of the B cell follicles include germinal
centres, where activated B cells undergo intense proliferation into plasma cells (Murphy et
al., 2007).

Figure 1.4: Anatomy of the lymph node. A schematic diagram depicting the lymph node
[49]. Outer cortex made up of B cells, while T cells reside in the paracortical areas. The
marginal sinus (sub-capsular sinus) contains macrophages.
8

1.3.3 The role of CD169 in the immune response
The CD169 (sialoadhesin) molecule is present on the surface of sub-capsular sinus
macrophages in lymph nodes and on marginal metallophilic macrophages in the spleen [31,
50]. CD169 is also known as sialoadhesin (Sn) or SIGLEC-1 [50, 52, 56]. CD169+ macrophage
populations are present at major sites of fluid entry to the lymph nodes or spleen, and are in
contact with B cells, T cells, and antigen presenting cells. The proximity of these cells to
lymphocytes suggests that these cells have the potential to influence the outcome of the
immune response [57]. These two areas are important as the early antigen sampling events
that occur in these secondary lymphoid organs are decisive for antimicrobial immune
responses [58-60]. CD169 is a sialic acid binding molecule [31, 50]. Sialic acids are present on
all cells and on most secreted proteins. CD169 has a low (mM) affinity for sialic acids and
therefore only heavily sialylated multimeric structures such as exosomes (formed as a result
of inward budding of the endosomal membrane) are able to bind to CD169 + macrophages,
and has therefore been referred to as the exosome receptor [31, 61]. Findings in our
laboratory have also shown that Apo-V from B cells as well as EL4 cells are able to bind the
CD169 receptor due to the enhanced expression of sialiac acids on its surface [13, 30]. As
seen in figure 1.5 B, this binding provides a means of antigen transfer to surrounding cells in
particular dendritic cells, which can therefore present to the surrounding T cells in order to
elicit an immune response [54, 62, 63].
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Figure 1.5: The role of exosomes and apoptotic vesicles in the immune system. (A)
Exosomes and apoptotic bodies (Apo-V) are released in the periphery and are trapped in the
marginal zone of the spleen and the subcapsular sinus of the lymph nodes. Green dashed
lines indicate where CD169+ macrophages are found. (B) A potential mechanism by which
CD169+ macrophages bind sialic acids expressed on the surface of apoptotic bodies or
exosomes and antigen is presented to T cells to elicit an immune response [31].
There has been debate as to the role of vesicles in the immune response. Some studies
suggest that CD169+ macrophages may play an immunostimulatory role [57] such as
controlling antiviral immunity [64] and producing virus specific T and B cell populations [65]
or having rapid TNFα and IFNβ responses to sialylated C.jejuni [66].Other studies suggest
they are dispensable for immune responses and may be involved in tolerance induction to
host material [32, 53, 67, 68]. Interestingly, CD169+ macrophages have been shown to crosspresent antigens from apoptotic tumour cells to drive antitumour immunity [54, 63].
1.4 The current study
The highly glycosylated protein CD147 is considered an anti-apoptotic molecule [47]. Our
laboratory has observed that EL4 (thymoma) cells express the CD147 molecule. Interestingly
apoptotic vesicles (Apo-V) produced from EL4 cells express a larger amount of CD147 than
cellular fractions [46]. We would like to investigate the significance for this abundance in
Apo-V. Apo-V are able to bind the marginal zones of spleen as well as the sub capsular sinus
of lymph nodes in a CD169 mediated fashion [13, 30, 31]. We would like to investigate if
there is a relationship between CD147 on these vesicles and CD169 expressed by
macrophages in the spleen and lymph nodes.
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In order to investigate these questions we set four main aims. Our first aim was to
knockdown the expression of CD147. Our second aim was to observe the effect of
knockdown on vesicle quality. Our third aim was to observe the ability of CD147 knockdown
cells to bind spleen and lymph node sections. Our final aim was to produce a CD169-Fc-FLAG
protein in order to observe a direct relationship between CD169 and CD147.
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2.0 Materials and methods
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2.1 General media and buffers
2.1.1Dulbecco’s Phosphate Buffered Saline (PBS) (1 L)


1 Sachet GIBCO PBS (Gibco cat.#21600-010)



Total volume made up to 1 L with Milli-Q H2O



pH 7.3



Filter sterilised

2.1.2 RPMI 1640 medium (1 L)


1 Sachet RPMI medium 1640 (Gibco cat.#31800-022)



2 g NaHC03



100 U/ml penicillin



100 μg/ml streptomycin (Gibco cat.#15140-122)



55 mM beta-mercaptoethanol (Gibco cat.#21985-023)



Total volume made up to 1 L with Milli-Q H2O



pH 7.3



Filter sterilised

2.1.3 R5


90% RPMI Medium 1640



5% Foetal calf serum (FCS)

2.1.4 Serum Free Media (SFM)


489 ml DMEM/F12 (Gibco cat.#11320)



489 ml RPMI-1640



10 ml penicillin (100 μg/ml)/ streptomycin (50 μg/ml) (Gibco cat.#15140)



10 ml of 10% BSA/PBS (5 μg/ml)



1 ml bovine insulin (5 μg/ml) (Sigma cat.#I-5500)
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1 ml bovine holo transferrin (5 μg/ml) Sigma cat.#T1283-50MG)



100 μl sodium selenite (10 nM) (Sigma cat.#S5261)



100 μl hydrocortisone (50 nM) (Sigma cat.#H0888)



16.2 μl triiodothyrinine (5 pM) (Sigma cat.#IRMM469-1EA)

2.1.5 10 Hanks buffered salt solution (HBSS) (1 L)


0.48 g Na2HPO4



4 g KCl



0.6 g KH2PO4



80 g NaCl



10 g Glucose



Total volume made up to 1 L with Milli-Q H2O



Filter sterilized

2.1.6 1 HBSS (1 L)


100 ml 10 HBSS



4.7 ml Sodium bicarbonate (7.5%)



Total volume made up to 1 L with Milli-Q H2O



pH 7.3-7.4



Filter sterilised

2.1.7 Coomassie blue G-250


0.25% Brilliant Blue G-250



40% Methanol



10% Acetic acid



49.75% Milli-Q H2O

2.1.8 Coomassie destain (1 L)


100 ml Acetic acid
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250 ml Methanol



Total volume made up to 1 L with Milli-Q H2O

2.1.9 Lysis buffer


0.02% Azide



150 mM NaCl



0.25% CHAPS



0.5% Triton-X100



100 mM Tris pH 8.0



Add 1 tablet Roche complete Tm protease inhibitor per 10 ml lysis buffer before use.

2.1.10 Ultraculture medium


99% IMDM (Iscove’s modified Dulbecco’s medium; Invitrogen cat.#12440-053)



1% BSA/PBS

2.1.11 Fekete’s solution (1 L)


580 ml 95% ethanol



200 ml Milli-Q H2O



80 ml 37% formaldehyde solution



40 ml glacial acetic acid

2.2 Western blot, 10%-15% layered SDS PAGE acrylamide gel
2.2.1 1M Tris (pH 7.4)


60.57 g Tris Base



500 ml double distilled H2O



2.2.2 5M NaCl



146.1 g NaCl



500 ml double distilled H2O
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2.2.2 5M NaCl


146.1 g NaCl



500 ml double distilled H2O

2.2.3 Resolving buffer (1.5M Tris-HCl pH 8.8)


27.23 g Tris base



pH to 8.8 with HCL



make up to 150 ml Milli-Q H2O

2.2.4 Stacking buffer (0.5M Tris-HCl pH 6.8)


6 g Tris base



100 ml Milli-Q H2O



pH with HCl to pH 6.8

2.2.5 Sample buffer


8.4 ml 0.05% bromophenol blue



2 ml stacking buffer



1.6 ml glycerol



3.2 ml 10% SDS

2.2.6 Reducing sample buffer


1 ml Sample buffer



50 μl beta-mercaptoethanol

2.2.7 10 Running buffer


30 g Tris



144 g glycine



10 g SDS



1 L Milli-Q H2O
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2.2.8 1 Running buffer


10 ml 10 running buffers



990 ml Milli-Q H2O

2.2.9 1 Transfer buffer


192 mM Glycine



25 mM Tris base



20% methanol of final volume

2.2.10 10% ammonium persulphate


0.5 g ammonium persulphate (AP)



5 ml with double distilled H2O

2.2.11 TBS (Tris-buffered saline)


25 ml 1M Tris (pH 7.4)



15 ml 5M NaCl



460 ml double distilled H2O

2.2.12 TBS-T


1 ml 10% Tween20



500 ml TBS

2.2.13 Wash buffer


1 L TBS



2 ml 10% Tween20

2.2.14 Blocking buffer TBS-T +5% skimmed milk powder


20 ml TBS-T



1 g skimmed milk powder
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2.2.15 Upper stacking gel (3%)


3.25 ml distilled H2O



50 μl 10% Sodium dodecyl sulphate (SDS)



1.25 ml Stacking buffer



0.5 ml 30% Acrylamide (Bio-Rad cat.#161-0158)



30 μl 10% AP (ammonium persulphate)



15 μl TMED (Electra cat.#443083G)

2.2.16 10% Lower resolving gel


3.47 ml distilled H2O



100 μl 10% SDS



200 μl 50% Glycerol



2.5 ml Resolving buffer



3.33 ml 30% Acrylamide



60 μl AP



30 μl TMED

2.2.17 15% Lower resolving gel


1.8 ml distilled H2O



100 μl 10% SDS



200 μl 50% Glycerol



2.5 ml Resolving buffer



5 ml 30% Acrylamide



60 μl AP



30 μl TMED

2.2.18 Running 10-15% layered gel SDS-PAGE gel
Poured 10-15% layered SDS-PAGE gel, was poured, including stacking gel. Samples were
prepared by adding reducing sample buffer to a final volume of 20μl and boiled for five
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minutes. Prepared samples and 5μl of rainbow marker (Amersham High-Range Molecular
weight marker, GE healthcare cat.#RPN756E) were loaded onto the gel The gel tank was
filled with 1 running buffer and samples run at 100 V, 126 mA for 2 hours.
2.2.19 Immunoblotting membrane and super signal detection
The 10-15% gel containing proteins was transferred onto Hybond TM –C nitrocellulose
membrane (Amersham cat.#RPN137E) using transfer buffer on ice for one hour at 30 V and
170 mA. The membrane was then blocked in 20 ml blocking buffer overnight at 4°C. The
membrane was washed with wash buffer before the addition of anti-FLAG M2 horseradish
peroxidase (HRP) antibody (Sigma cat.#A8592-1MG) 1/2000 in 10 ml wash buffer and
incubated for one hour at room temperature on a shaker. The membrane was washed in
wash buffer and developed using super signal substrate (Thermo Scientific cat.#34080) for
five minutes. Bands were visualised using Gel Doc (Bio-Rad cat.#170-8195) under
chemiluminescence.
2.3 NuPAGE 12% Bis-Tris Gel
2.3.1 NuPAGE MOPS-SDS running buffer 800 ml


40 ml NuPAGE MOPS-SDS NP0001 (Invitrogen cat.#NP0001)



760 ml Milli-Q H2O

2.3.2 1 NuPAGE Transfer buffer 1 L


50 ml 20 NuPAGE transfer buffer (Invitrogen cat.#NP0006)



100 ml Methanol



850 ml Milli-Q H2O

2.3.3 Running NuPAGE 12% Bis-Tris Gel Electrophoresis
Samples prepared as follows unless otherwise stated. Neat 10 µg samples were
resuspended in 19 µl NuPAGE LDS sample buffer (Invitrogen cat.#NP0007) with 1 µl sample
reducing agent (Invitrogen cat. #NP0009) and boiled for five minutes before placing on ice.
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Samples (20 µl) were then run on a NuPAGE 12% Bis-Tris gel (Invitrogen cat. #NP0342BOX)
along with 3 μl SeeBlue Plus2 ladder (Novex cat.#LC5925) in 800 ml NuPAGE MOPS-SDS
running buffer plus 500 µl antioxidant (Invitrogen cat.#NP0005) on ice for two hours at 150
V and 126 mA.
2.3.4 Western blot and DAB detection
The NuPAGE 12% Bis-Tris gel containing proteins which had undergone electrophoresis was
transferred onto a HybondTM –C nitrocellulose membrane using 1 NuPAGE transfer buffer
on ice for one hour at 30 V and 170 mA. After transfer was complete, the membrane was
rinsed in PBS and then left overnight at 4°C in PBS to allow stronger binding of proteins to
nitrocellulose thus increasing sensitivity. The membrane was blocked with 10 ml of 1%
BSA/PBS at room temperature for one hour with gentle rocking, after which the primary
antibodies;

anti-β

actin

(0.5

µg/ml;

Sigma

cat.#A1978-200UL),

goat anti-mouse CD147 (1 μg/ml; Santa Cruz cat.#sc-9757), anti-FLAG-HRP antibody
(0.5 μg/ml; Sigma cat.#A8592-1MG) were added in 10 ml of 1% BSA/PBS and rotated gently
while on a rocker for two hours at room temperature. The membrane was then washed
thoroughly three times with 0.02% tween20/PBS for five minutes on a shaker. The
appropriate secondary antibody, goat anti-mouse-Ig-HRP (Sigma cat.#A4416), anti-goat-IgGHRP (Sigma cat.#A5420-1ML) was then added at 1/1000 in 10 ml of 1% BSA/PBS at room
temperature and rocked gently for one hour. Finally the membrane was rinsed with Milli-Q
H2O and the HRP signal developed with SIGMA Fast kit (Sigma cat.#D-4293): one tablet of
each of DAB (diaminobenzidine) and urea hydrogen peroxide/ Tris was dissolved in 5 ml in
Milli-Q H2O. Development was stopped by rinsing with Milli-Q H2O.
2.4 Apo-V and cell preparations
2.4.1 Culturing EL4, B16 and HEK293 cell lines
EL4 (T cell line, ATCC#TIB-38), B16-F10 (B16) (melanoma cell line, ATCC#CRL-6475), HEK293
(ATCC#CRL-1573) cell lines were recovered from liquid nitrogen storage and thawed using a
Pasteur pipette and 10 ml of warm (37°C) R5. Cells were then counted using a Neubauer
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haemocytometer (1:1 ratio cell suspension to trypan blue dye) and resuspended at 2  106
cells/ml in R5.
2.4.2 EL4 Apo-V release
Cultured EL4 cells were grown in Falcon T175 flask in R5 and resuspended at 1  106 cells/ml
with 250 nM of staurosporine in 150 ml of R5. Cells were incubated at room temperature
for 30 minutes and then overnight at 37°C with 5% CO2. Cells were then harvested and
purified for EL4 apoptotic vesicles (Apo-V).
2.4.3 B16 Apo-V release
Cultured B16 cells were resuspended at 1  106 cells/ml in 30 ml of R5 with 250 nM
staurosporine. Cells were incubated at room temperature for 30 minutes and then
overnight at 37°C with 5% CO2. Cells were then harvested and purified for B16 Apo-V
2.4.4 Apo-V purification
Cell culture supernatant was harvested following induction of Apo-V release. Cells were
pelleted at 453  g for five minutes. Supernatant was transferred to a fresh tube, debris
were pelleted at 3220  g for 20 minutes at 4°C, then washed twice with PBS plus 5 mM
EDTA via centrifugation at 25000  g for 60 minutes at 4°C. The supernatant was then
carefully aspirated and the pellet resuspended in the residual volume. To conserve vesicles,
Apo-V concentration was determined using a Coomassie blue protein concentration test
2.4.5 Coomassie blue protein concentration test
A standard was prepared from 2 mg/ml of BSA/PBS and diluted in doubling dilutions in PBS.
Apo-V protein was diluted in PBS using 1/3 dilutions. A BSA standard and Apo-V protein
were pipetted onto filter paper in 1 µl spots and allowed to air dry at room temperature.
Samples were flooded with Coomassie blue and rocked gently for five minutes. The
Coomassie blue was drained, the filter paper was then incubated with coomassie destain
and rocked for 20 minutes at room temperature. Protein concentration was determined by
eye, by comparison against the standard.
21

2.4.6 B16 and EL4 whole cell lysate preparation
B16 and EL4 cells were resuspended at 1  108 cells/ml in lysis buffer plus protease
inhibitors then incubated on ice for 30 minutes. The suspension was then pelleted for ten
minutes at 14593  g in a microfuge. The pellet was discarded and the supernatant stored at
-80°C. Lysate concentration was determined using a Coomassie blue protein concentration
spot test.
2.4.7 B16 and EL4 Apo-V lysate preparation
The Apo-V pellets obtained from Apo-V purification were resuspended in 200 μl of lysis
buffer plus protease inhibitors then incubated on ice for 30 minutes. The suspension was
then pelleted for ten minutes at 14593  g. The pellet was discarded and the supernatant
stored at -80°C. Lysate concentration was determined using a Coomassie blue protein
concentration spot test.
2.4.8 Biotinylation of Apo-V
In a sterile microfuge tube 1 mg/ml of Apo-V was added to 1 mg/ml of biotin/PBS and
incubated for one hour at 4°C. This was transferred into JA20 tubes, topped up with 100
mM of glycine/PBS and centrifuged in an Avanti J-26XPI centrifuge (Beckman Coulter) at
25000  g for 1 hr 4°C. Supernatant was removed and the pellet resuspended in 2 ml of 100
mM glycine/PBS transferred to two 1.5 ml microfuge tubes and centrifuged at 25000  g for
one hour to concentrate the sample, which was then resuspended in 200 µl of PBS.
2.4.9 Binding Apo-V to aldehyde sulphate beads
In a sterile microfuge tube 10 μg of Apo-V in 100 μl PBS was added to 25 μl of aldehyde
sulphate beads/PBS (1.4  109 beads/ml) (Invitrogen cat.#A37304) and incubated on a
rotator overnight at 4°C.BSA/PBS at 0.5 mg/ml was added and incubated for 15 minutes on
ice before pelleting beads at 4700  g for five minutes at 4°C and the liquid was discarded.
The reaction was stopped by adding 0.5 ml of 100 mM glycine/PBS (pH 7.4) for 30 minutes
on ice. The beads were again pelleted and liquid discarded. The beads were resuspended in
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1 ml of 0.05% BSA/PBS, before again being pelleted and liquid was discarded. The beads
were resuspended in 100 μl of 0.05% BSA/PBS.
2.4.10 Flow cytometry
In 1 ml microtiter tubes (QSP cat.# 845), 3 µl of apoptotic vesicle-bead conjugates were
either added to 3 μl of 50 concentrate CD169-FLAG-Fc and incubated at 4°C overnight
before being resuspended in 47 µl of 0.05% BSA/PBS, or were directly added to 47 µl of
0.05% BSA/PBS. Beads were then labelled with anti-human IgG-PE (5 µg/ml; Jackson
cat.#709-116-149) for 15 minutes on ice, or with 5 µg/ml biotinylated lectin Maackia
amurensis lectin II (MAL-II) (Vector cat.#B-1265) for 30 minutes on ice. Beads were then
washed in 1 ml 0.05% BSA/PBS and pelleted for five minutes at 974  g. Streptavidinphycoerythrin (PE) (BD Pharmingen cat.#554061) diluted to 2 µg/ml in 50 µl of 0.05%
BSA/PBS was incubated with beads for 15 minutes on ice to detect biotinylated reagents,
beads were then washed in 1 ml of 0.05% BSA/PBS and pelleted for five minutes at 974  g
and then resuspended in 300 µl of 0.05% BSA/PBS. Samples were analysed with BD
LSRFortessa Cell Analyser (BD Biosciences) and FACS plots were produced with FlowJo 8.8.6.
2.4.11 Cryostat cutting of tissue
Spleen and lymph node tissue to be frozen was first blotted on filter paper to remove excess
fluid. Following this tissue was transferred into a pre-cooled plastic mould containing
Optimal Cutting Temperature (OCT) (VWR cat.#25608-930) freezing media, after which it
was frozen by placement of the mould onto dry ice. Tissue was then stored at -80°C. A
cryostat (LEICA CM 1850 UV) was used to cut frozen tissue into 5 µm thin sections which
were mounted onto Histobond slides (Marienfeld cat.#0810001). Before use of the frozen
tissue sections slides were dried for two hours in moving air or overnight at room
temperature.
2.4.12 Modified Stamper-Woodruff assay
This method has been optimised previously in our laboratory. [31, 69] Spleens and lymph
nodes from wild type B6 mice mounted in OCT freezing compound at -20°C and then cut
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into 10 μm sections using a cryostat and placed onto histobond slides. The sections were
allowed to dry in moving air for one hour. Slides were rinsed in PBS and then blocked with
1% BSA/PBS for ten minutes at room temperature. The remainder of the experiment was
carried out in a humid box. The spleen sections were then incubated with 50 µg/ml of
biotinylated Apo-V diluted in 200 µl of ultraculture or with primary antibodies from cell
supernatant prepared from MOMA-1 (anti-CD169) for two hours at 37°C, 5%CO2. Sections
were rinsed with PBS, and then fixed with 1% PFA for 10 minutes at room temperature
before being rinsed with PBS. Sections were then quenched with 100 mM glycine/PBS for
ten minutes at room temperature before blocking with 1% goat serum/PBS for ten minutes
at room temperature. Apo-V were detected with 5 μg/ml anti-rat-IgG-Alexa-594 (Invitrogen
cat#.A21209) or 5 μg/ml Streptavidin-Alexa-594 (Invitrogen cat#.S11227) and nuclei stained
with 25 ng/ml DAPI (4’,6 diamidino-2-phenylindole, Invitrogen cat.#D3571), in of 1% goat
serum/PBS was applied to spleen sections and incubated for one hour at 37°C. Sections
were rinsed in PBS before cover slips were mounted using Prolong Gold anti-fade
(Invitrogen cat.#P36930). Spleen sections were viewed with Olympus BX-51 (upright)
fluorescent microscope and images were analysed and produced with DPManager.
2.4.13 Pulmonary metastatic model
B16, KD and SCR cells were grown in Falcon T175 flasks until 90% confluent the day before
transfection. On the day of transfection the cells were scraped and resuspended 1 HBSS at
a concentration of 1  106 cells/ml. Age and sex matched mice in each group (B16, KD SCR),
were intravenously injected with 1  105 cells (100 μl) in the lateral tail vein. The mice were
monitored every day for 19 days. On the 19th day the mice were sacrificed with C02 gas and
the lungs were excised, rinsed in PBS and then placed in Fekete’s solution.
2.4.14 CD169-FLAG-Fc detection
Transfected HEK293/CD169-FLAG-Fc cells were grown to 90% confluence in 50 ml of R5 in a
Falcon T175 flask at 37°C, 5% C02. The supernatant was transferred to a 50 ml Falcon tube to
100 μl of anti-FLAG M2 beads (diluted 1:5 TBS) (Sigma cat.#A2220-25ML) and incubated at
4°C overnight. The beads were centrifuged at 400  g for five minutes and resuspended in
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1 ml of culture media and transferred to a sterile 1.5 ml microfuge tube. The beads were
centrifuged at 400  g for five minutes and resuspended in 1 ml of PBS to wash the beads.
The beads were centrifuged at 400  g for five minutes and resuspended in 25 μl of reducing
sample buffer. The sample was then boiled for five minutes and centrifuged at 13,000  g.
Twenty microlitres of the sample was then loaded onto a 10-15% layered SDS-PAGE gel. The
standard protein mVEGF164 (AVF; 100 ng/ml; provided to us by Dr. Lyn Wise; University of
Otago, Dunedin, New Zealand) was diluted 1:5 in PBS and 10 μl was added to 10 μl of
reducing buffer, boiled for 5 minutes, centrifuged at 13000  g and 20μl loaded onto the gel.
5 μl of rainbow marker is also added to the gel and run at 100 V, 125mA for two hours and
FLAG was detected by carrying out following the procedure, ‘Immunoblotting membrane
and super signal detection’ (2.2.19).
2.4.15 CD169-FLAG-Fc elution
HEK293 cells were grown in Falcon T175 flasks in R5 until 90% confluence was reached. The
supernatant was centrifuged at 453  g and the pellet discarded. The supernatants were
then incubated with 200 μl of anti-FLAG M2 beads (diluted 1:5 TBS) at 4°C overnight on a
rotator. Beads were allowed to settle by placing on ice for one hour. Supernatant was
transferred into a purification column (Bio-Rad cat.#731-1550) and allowed to empty by
gravity. The column was washed three times with 10 ml of TBS-T before being incubated
with 10 ml TBS-T at 4°C on a rotator for 10 minutes. The contents of the column were
emptied after which 100 μl of FLAG diluted in 4 ml TBS-T was added and rotated overnight
at 4°C. The contents of the column was collected this and is now referred to as 1 CD169-FcFLAG protein stock. The column containing beads was then washed with 2 ml of 100 mM
glycine/HCL pH 2.3 and immediately emptied into a microfuge tube containing 500 μl of 2 M
Tris pH 8.5. The 1 CD169-Fc-FLAG stock and the proteins eluted with low pH buffers were
concentrated by centrifuging in Amicon Ultra-15 Centifugal Filter Concentrator (Millipore
cat.#UFC901008) at 5000  g until the proteins were in a 400 μl volume of liquid. To
concentrate the 1 CD169-Fc-FLAG stock to 50 CD169-Fc-FLAG, the protein was
transferred to AMICON ULTRA 0.5 Centrifugal Filter Device (Millipore cat.#UFC500308) and
the procedure was carried out following the manufacturer’s instructions.
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2.4.16 CD169-Fc-FLAG protein quantification
Twenty microlitres of carbonic anhydrase protein (CA) (100 ng/μl) and 1 CD169-Fc-FLAG
were diluted in 20 μl of sample buffer and were boiled for five minutes. Three microlitres, 8
μl, 20 μl of CA/sample buffer and CD169-Fc-flag/sample buffer were loaded and run on a 1015% layered SDS-PAGE gel along with 5 μl of rainbow marker at 100 V, 125mA for two
hours. The gel was than stained with Coomassie blue stain overnight and destained with
Coomassie destain until the protein bands were visible.
2.4.17 Identifying CD169-Fc-FLAG elution fractions
Ten microlitres of 1 CD169-Fc-FLAG, 50 CD169-Fc-FLAG, low pH buffer elution products,
TBS-T containing anti-FLAG M2 beads used in elution process and TBS-T containing antiFLAG M2 beads not used in the elution process were added to 10 μl of Nu PAGE LDS sample
buffer and run on a Novex Bis-Tris 12% gel along with 3 μl SeeBlue Plus2 ladder for two
hours at 150 V and 126 mA. The gel was either stained with Coomassie blue stain overnight
and then destained with coomassie destain until proteins were visible or were Western
blotted for FLAG detection following procedure ‘Western blot and DAB detection’ (2.3.4).
2.4.18 Coomassie gel of Apo-V
Apo-V were purified form B16, SCR and KD cells as stated in 2.4.4 and 10 μg of protein in 10
μl NuPAGE LDS sample buffer were boiled for five minutes and loaded onto NuPAGE 12%
Bis-Tris gel and run for two hours at 150 V and 126 mA. The gel was then stained in
Coomassie blue stain overnight and destained with Coomassie destain for two hours. Gel
photos were captured using Gel Doc under white light.
2.4.19 Apo-V yield
Apo-V were purified as stated in 2.4.4 and the quantity determined by 2.4.5 Coomassie blue
protein concentration test. The data was analysed using the software Prism6 (GraphPad)
and statistics were determined by one way ANOVA with a Tukey's multiple comparisons
test.
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2.4.20 Proteomics screen of B16 Apo-V
Apo-V were purified from B16 cells as stated in 2.4.4 before providing samples to
Dr. Torsten Kleffmann (University of Otago, Dunedin, New Zealand) for analysis by mass
spectrometry. Samples were reduced and alkylated with iodoacetamide prior to digestion
with trypsin. Tryptic peptides were then analysed by LTQ Orbitrap mass spectrometry
(Thermo Scientific San Jose, CA) coupled to nano-flow reversed phase liquid
chromatography on an ultimate 3000 RSLC-system (Dionex, Thermo Scientific-San Jose, CA).
Peptides were separated by an acetonitrile (ACN) gradient from 5% ACN and 0.2% formic
acid (FA) in water to 30% ACN and 0.2% FA in water over 40 min, followed by an increase to
90% ACN and 0.2% FA in water over ten minutes. Full MS spectra were acquired in the
Orbitrap analyser in a mass range of m/z 400-2000 at a resolution of 60,000 followed by 7
data dependent CID MS/MS acquisitions in the LTQ analyser. Raw spectra were processed
through the Proteome Discoverer software (Thermo Scientific) and searched against a
muridae subset of the NCBI non-redundant amino acid sequence database using the
Mascot, SEQUEST (Thermo Scientific) and MS Amanda search engines. For each search node
the following modifications were selected: oxidation (M), carbamidomethylation (C),
ubiqitylation (K), Deamidation (N, Q). All modifications were selected as variable
modifications with the exception of carbamidomethylated cysteine, which was selected as a
static modification in the MS Amanda search node. Protein hits were accepted if they were
identified by at least two different peptides at a calculated peptide score threshold above a
false discovery rate (FDR) of 1%. The FDR was calculated using the percolator program [70].
Identified proteins are listed in Appendix 1.
2.4.21 Mice
C57BL/6 (B6) mice, originally obtained from Jackson laboratories were bred at the Hercus
Taieri Resource Unit, University of Otago under specified pathogen free conditions. Mice
were euthanised by C02 asphyxiation. Animal studies were approved by the University of
Otago Animals Ethics Committee.
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2.5 DNA techniques
2.5.1 1% agarose gel


2 g LE agarose



200 ml TAE buffer



5 μl ethidium bromide

2.5.2 LB Broth (1 L)


10 g tryptone



5 g yeast extract



make up to 1 L with Milli-Q H2O



autoclave before use

2.5.3 LB agar (1 L)


10 g tryptone



5 g yeast extract



5 g NaCl



15 g Agar



Milli-Q H2O make 1 L



autoclave before use

2.5.4 HQ-STET buffer


8% sucrose



50 mM EDTA (pH 8)



50 mM Tris (pH 8)



5% TritonX-100

2.5.5 50 TAE buffer (1 L)


242 g Tris base



57.1 ml Glacial acetic Acid
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100 ml 0.5 M EDTA (pH 8.0)



make up to 1 L with Milli-Q H2O

2.5.6 1 TAE buffer


20 ml 50 TAE buffer



980 ml Milli-Q H2O

2.5.7 RNAse


10 ml Milli-Q H2O



100 mg RNAse A (QIAGEN cat.#19101)



100 μl 1M Tris



30 μl 5M NaCl

2.5.8 Restriction Digest (50 μl)


2 μl restriction enzyme



5 μl 10 enzyme buffer



14 μl Milli-Q H2O



29 μl plasmid DNA

2.5.9 Transforming E.coli GT116 Cells
LyoComp GT116 E.coli (InvivoGen cat.#lyo-116-11) cells were resuspended in 0.5 ml of
reconstitution buffer and placed on ice for five minutes. The cells were gently homogenised
and allowed to completely rehydrate before being placed on ice for 25-30 minutes. The
plasmid DNA was then added to the E.coli cells and incubated on ice for 30 minutes. The
DNA/cell mixture was then incubated in a 42°C water bath for exactly 30 seconds and placed
on ice for two minutes before adding 900 μl of room temperature LB broth and incubated
for 1.5 hours on a shaker at 37°C. Either, 1 μl, 50 μl, 100 μl, or 300 μl, of DNA/cell mixture
was transferred to LB agar plates containing 25 μg/ml zeocin (Invivogen cat.#ant-zn-1p).
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Bacterial lawns were then streaked on each plate using a sterile glass spreader and
incubated overnight at 37°C.
2.5.10 Boiling preparations
Selected colonies were picked off LB plates and transferred to 5 ml of LB broth with either
25 μg/ml zeocin or 100 μg/ml ampicillin and incubated overnight at 37°C on a shaker. The LB
broth culture was centrifuged at 13000  g for 60 seconds and supernatant was discarded.
The remaining pellet was resuspended with 350 μl of HQ-STET buffer along with 25 μl of
lysozyme (4-9 mg in 490 μl Milli-Q H2O), before being boiled for 40 seconds and centrifuged
for 10 minutes at 13000  g. A sterile tooth pick was used to discard the gelatinous pellet
before the addition of 350 μl of HQ-STET buffer and 450 μl of isopropanol which was then
centrifuged for five minutes at 13000  g. Supernatants were discarded and 1 ml 70%
ethanol was added and centrifuged for five minutes at 13000  g. Ethanol was discarded
and the pellets were dried at 37°C for 10 minutes and resuspended in 50 μl Milli-Q H2O and
frozen at -80°C.
2.5.11 Ethanol precipitation
One hundered microlitres of 100% absoloute ethanol is added to 50 μl of restriction digest
mix along with 5 μl of sodium acetate (3 M pH 5.2.) or plasmid DNA in 50 μl Milli-Q H2O. The
solution was centrifuged for 10 minutes at 13000  g and supernatant discarded. Half a
millilitre of 70% absoloute ethanol was added and then centrifuged for five minutes at
13000  g, and supernatant was discarded. The last of the liquid was expelled after one final
centrifugation at 13000  g and the pellet was air dried at room temperature before being
resuspended in 15 μl of Milli-Q H2O. Protein was quantified by Nanodrop and stored at 4°C.
2.5.12 1% Agarose gel electrophoresis
Fifty microlitres of restriction digest was centrifuged for 10 seconds at 13000  g, before
being placed in a 37°C hot water bath for two hours. One microlitre of RNAse was added to
digests and incubated at 37°C for 20 minutes and placed on ice. Seven and a half microlitres
of bromophenol blue (tracking dye) was added to each sample. One percent agarose gel was
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made. Samples and 5μl 1 Kb Plus DNA Ladder (Invitrogen cat.#10787-018) was added to
3.5 μl bromophenol blue and loaded onto the 1% agarose gel. The gel was run in 1  TAE at
70 V for two hours. Bands were observed on Gel Doc by epillumination.
2.5.13 Miniprep
Transformed E.coli cells were grown on LB agar with either 25 μg/ml zeocin or 100 μg/ml
ampicillin. Selected colonies were picked with a sterile tooth pick and transferred to a 5 ml
LB broth with either 25 μg/ml zeocin or 100 μg/ml ampicillin and incubated overnight 37°C
on a shaker. Following the ‘QIAprep Spin Miniprep Kit Protocol using a microcentrifuge’
instructions outlined in the hand book (QIAGEN cat.#27106) the QIAprep Miniprep System
was used to amplify and isolate DNA.
2.5.14 Midiprep
Transformed E.coli cells were grown on LB agar with appropriate concentration either 25
μg/ml zeocin or 100 μg/ml ampicillin. Selected colonies were picked with a sterile tooth pick
and transferred to a 5 ml LB broth with either 25 μg/ml zeocin or 100 μg/ml ampicillin
incubated overnight 37°C on a shaker. One hundred microlitres of broth culture from the
5 ml broth was transferred to a 100 ml LB broth containing appropriate concentration of
selection agent and incubated at 37°C overnight on shaker. The 100 ml broths were
centrifuged at 6000  g in F250 tubes for 15 minutes, 4°C and supernatants were discarded.
The pellets were frozen at -20°C. DNA was amplified and isolated by Using QIAGEN plasmid
purification kit and following ‘Protocol: Plasmid or Cosmid DNA Purification using QIAGEN
Plasmid Midi and Maxi Kits’ instructions outlined in the hand book (QIAGEN cat.#12125).
2.5.15 KD and SCR plasmids
We acquired shRNA (small hairpin RNA) knockdown (KD) and scrambled (SCR) plasmids from
Jurgen. C. Becker (department of dermatology, Julius Maximilians University, Wurzburg,
Germany) [71] who inserted the hairpin sequences into the plasmid psiRNAh7SKGFPzeo
(InvivoGen cat.#ksirn4-gz21; figure 2.1). KD and SCR plasmids dried on filter paper were
rehydrated in 100 μl Milli-Q H2O. This was incubated at room temperature for a few minutes
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before being centrifuged at 13000  g for one minute. The liquid was harvested and protein
was quantified by NanoDrop. Ethanol precipitations were then carried out and the plasmid
DNA was transformed into E.coli GT116 cells (InvivoGen cat.#lyo-116-11). Transformed
colonies were then picked with a sterile tooth pick and incubated overnight in 5 ml of LB
broth with 25 μg/ml zeocin at 37°C before undergoing boiling preparations. The DNA was
then cut with SpeI (Roche cat.#11008943001), PstI (Roche cat.#10621625001), NocI (Roche
cat.#10835315001) with buffer H (Roche cat.#11417991001) and run on a 1% agarose gel
and the appropriate cutting sites were observed. The primer psiRNA ori FAACCACCGCTGGTAGCGGTGG was designed using SeqBuilder (DNASTAR Lasergene 11) and
produced by Invitrogen the primers and plasmid DNA was then sequenced at Massey
University (Palmerston North, New Zealand). Once it was confirmed that the hairpin
sequences

were

correct

(KD-

GAGGCAATCACCAATAGCACT,

SCR-

GCATATGTGCGTACCTAGCAT) the plasmid DNA was amplified by carrying out a Midi
preparation.
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Figure 2.1: psiRNA-h7SK-GFPzeo plasmid. (InvivoGen cat.#ksirn4-gz21). The vector used to
create the knockdown (KD) and scrambled (SCR) plasmids. The restriction enzyme BbsI is
used to cut and remove the alpha peptide and the KD hairpin sequence
(GAGGCAATCACCAATAGCACT) or the SCR hairpin sequence (GCATATGTGCGTACCTAGCAT) is
inserted into the vector. The plasmid contains a GFP/zeocin fusion gene for zeocin
resistance as well as visualisation via GFP. The plasmid was transformed into E.coli GT116
cells.
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2.5.16 Constructing CD169-Fc-FLAG
We received the CD169-Fc expressing plasmid Sn(d1-3)Fc from Prof. Paul Crocker
(University of Dundee, Nethergate, Dundee, Scotland, UK) designed to function in CHOK1
(Chinese Hamster Ovary) cells [72]. The primers Sn(d1-3)seqF-CTTCAACTGTTCCACACCCTAC
and Sn(d1-3)seqR-GCTCTGGAAGCTGGAGGTGAC were designed using SeqBuilder (DNASTAR
Lasergene 11) and primers were constructed by Invitrogen. The primers where then used to
PCR (Roche: Expand High Fidelity PCR System) the CD169 region using the Sn(d1-3)Fc
plasmid as a template. The PCR products where then cleaned up using QIAquick PCR
Purification Kits and following the protocol outlined in the QIAquick Spin Handbook. The
pAPEX-Fc-FLAG provided to us by Dr. Lyn Wise (University of Otago, Dunedin, New Zealand).
The vector DNA was amplified by Miniprep and was then cut with restriction enzyme KpnI
and buffer L (Roche cat.#10742953001), ethanol precipitated and cut with AscI and buffer 4
(NEB cat.# R0558L). The correct cutting sites were visualised on a 1% agarose gel. The vector
bands were then excised and gel purified using QIAquick Gel Extraction Kit following
instructions in QIAquick Spin Handbook. The vectors were phosphotased and then ligated
with the CD169 sequence to produce the CD169-Fc-FLAG plasmid. The ligations were then
ethanol precipitated and electroporated with electrocompetent DH5α E.coli cells. The cells
were then plated onto LB plates containing 50 mg/ml ampicillin. The colonies that formed
then underwent boiling preparations and were cut with BamHI (Roche cat.#10220612001)
and buffer B (Roche cat.#11417967001) before being run on a 1% agarose gel to observe
the correct cutting sites. The correct clone was then streaked onto LB plates containing
100μg/ml ampicillin and sequenced at Massey University (Palmerston North, New Zealand)
before undergoing Midipreps to bulk up the DNA.
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Figure 2.2: pAPEX-CD169-Fc-FLAG plasmid. The CD169 sequence was produced by using the
primers
Sn(d1-3)seqF-CTTCAACTGTTCCACACCCTAC
and
Sn(d1-3)seqRGCTCTGGAAGCTGGAGGTGAC and the Sn(d1-3)Fc plasmid (Nath et al., 1995) as a template
via PCR. This was sequenced into the pAPEX-Fc-FLAG by cutting with the restriction enzymes
AscI and KpnI. The CD169 portion also contans BamHI cutting sites which can be used to
check sequence insert on 1% agarose gel. The plasmid was transformed into DH5α E.coli
cells and then transfected into HEK293 cells.
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2.6 Transfection protocols
2.6.1 Transfection of EL4 cells via Lipofectamine2000
Four micrograms of either plasmid DNA (KD or SCR) per 250 μl of SFM was incubated at
room temperature for five minutes. Ten microlitres of Lipofectamine2000 (Invitrogen cat#.
11668-019) per 250 μl of SFM was incubated at room temperature for five minutes. The
Lipofectamine2000 mixture was pooled with the DNA mixture at equal volumes and
incubated at room temperature for 20 minutes. The DNA/Lipofectamine2000 mixture was
added at a volume ratio of 1:4 to EL4 cell suspension (1  105 cells/ml) in SFM and incubated
at 37°C, 5% CO2 overnight. The SFM was replaced with R5 with 25 μg/ml of zeocin
(Invivogen cat.#ant-zn-1p). The cells were then visualised for GFP fluorescence 24 hours
later by fluorescent microscopy. Cells were grown in 25 μg/ml of zeocin to obtain stable
cells.
2.6.2 Transfection of B16 cells via Lipofectamine2000
B16 cells were resuspended in R5 at 1  105 cells/ml and were allowed to seed overnight.
When cells were adherent R5 was replaced with SFM. Transfection was then carried out by
adding the DNA/Lipofectamine2000 mixture at a volume ratio of 1:4 to B16 cell suspension.
2.6.3 Transfection of HEK293 cells
HEK293 cells were grown in Falcon T75 flasks till 60% confluent in R5. Fifteen micrograms of
pAPEX-CD169-FLAG-Fc plasmid DNA was added per 500 μl of SFM was incubated at room
temperature for five minutes. Ten microlitres of Lipofectamine2000 per 500 μl of SFM was
incubated at room temperature for five minutes. Lipofectamine2000 mixture was pooled
with the DNA mixture at equal volumes and incubated at room temperature for 20 minutes.
The R5 was removed from the flasks and replaced with 10 ml of SFM. The
DNA/Lipofectamine2000 mixture was added at a volume ratio of 1:10 to HEK293 cells and
incubated at 37°C, 5% CO2 for 3-5 hours. The media is then replaced with 10 ml of R5 with
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50 μg/ml Hygromycin B (Roche cat.#10 843 555 001) and incubated overnight at 37°C, 5%
CO2. The Hygromycin B containing R5 was replaced every day for two weeks to select for
stable transfected cells.
2.6.4 Transfection of EL4 cells via Neon Transfection System
EL4 cells were grown in a Falcon T75 flask in R5 the day before transfection. Cells were
centrifuged at 453  g and resuspended at 5  106 cells/ml in PBS before being aliquoted
and resuspended in the appropriate buffers as per the provided protocol (Neon Transfection
System, Invitrogen cat.#MPK5000). EL4 cells were transfected with either 5 μg of KD, SCR or
2 μg of pEGFPC-1 (provided to us by Prof. Vernon Ward, University of Otago, Dunedin, New
Zealand) plasmid or no plasmid at all. The transfection was carried out using the parameters
1150 V, 50 ms, 1 pulse as suggested by the EL4 cell protocol (Invitrogen). After
electroporation, cells were transferred to a well of a six well plate containing 2 ml of
antibiotic free R5. The six-well plate was incubated overnight at 37°C, 5%CO2. Cells were
then analysed for GFP expression by fluorescent microscopy.
2.6.5 siRNA transfection of EL4 cells
EL4 cells were grown in a Falcon T75 flask in R5 the day before transfection. EL4 cells were
centrifuged at 453  g and resuspended at 2  105 cells/ml in 8 ml of SFM. 2 ml of cell
suspension was transferred to three wells of a six-well plate. Eight microlitres of CD147
knockdown small interfering RNA (siRNA; siKD; Santa Cruz Biotechnology cat.#sc-35299) or
control siRNA (siCON; siRNA-A; Santa Cruz Biotechnology cat.#sc-37007) per 100 μl of SFM
was

incubated

at

room

temperature

for

five

minutes.

Eight

microlitres

of

Lipofectamine2000 per 100 μl SFM was incubated for five minutes at room temperature.
Lipofectamine2000 mixture was pooled with the DNA mixture at equal volumes and
incubated at room temperature for 20 minutes. siRNA/Lipofectamine2000 mixture was
diluted 1:5 in SFM before adding at a volume ratio of 1:2 EL4 cells in SFM. The six-well plate
was then incubated overnight at 37°C, 5% CO2. SFM was replaced with R5 (2 ml) and
incubated overnight at 37°C, 5% CO2.
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3.0 Results
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3.1 High expression of CD147 in Apo-V fractions
Apo-V express a large amount of proteins on their surface which could aid in the binding of
Apo-V to CD169+ macrophages. Previous research in our laboratory has suggested that the
highly glycosylated surface molecule CD147 is highly enriched in the Apo-V fraction of EL4
cells when compared to cellular fraction [46] and is therefore a candidate molecule in the
binding of Apo-V to CD169. It has also been suggested that B16 cells express a large amount
of CD147 on the cell surface [39]. The expression of CD147 in the Apo-V fraction of B16 cells
was therefore investigated to observe if CD147 enrichment in Apo-V fractions occurs across
different cell types. To ensure equal loading, the protein quantity of each lysate was
measured by coomassie blue protein concentration test (2.4.5) before loading the
appropriate amount of lysate into each lane.
As seen in figure 3.1, the expression of CD147 was varied in all four lanes. The expression of
CD147 in the EL4 whole cell lysate (Cell) was higher than that of the B16 cell fraction.
However, Apo-V fractions of both EL4 and B16 were similar in the expression of CD147. The
expression of CD147 in the Apo-V fractions of B16 and EL4 was greater than that of their
respective cell fractions. EL4 Cell, B16 Cell and B16 Apo-V all expressed two bands at 49 kDa
and 39 kDa. While EL4 Apo-V expressed the same two bands at 49 kDa, 39 kDa, a third band
was also expressed at 35 kDa. The multiple bands observed was due to the presence of
multiple isoforms of CD147 expressed by these cell lines [34, 35].
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Figure 3.1: CD147 detection of EL4 and B16 whole cell lysates whole cell vs. apoptotic
vesicles (Apo-V) via Western blot. Lysates were run on a NuPAGE 12% Bis-Tris gel. Lanes
were loaded with 20 μg of EL4 cell lysate, EL4 Apo-V lysate, B16 cell lysate or B16 Apo-V
lysate as indicated. Expression of CD147 was detected with 1 μg/ml of goat anti-mouse
CD147 and anti-goat-IgG-HRP. Bands were visualised using DAB. Representative of four
experiments.
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3.2 CD147 knockdown of EL4 cells via Lipofectamine2000
To observe the function of CD147 we decided to knockdown the expression of CD147 on the
surface of EL4 cells via transfection of a plasmid vector and the transfection reagent
Lipofectamine2000. The KD and SCR plasmids provided to us by Jurgen. C. Becker
(Department of Dermatology, Julius Maximilians University, Würzburg, Germany) [71]
contained CD147 knockdown shRNA and scrambled control shRNA sequences respectively.
The plasmid contained a GFP-zeocin fusion sequence for the visualisation and selection of
stable transfected cells.
As seen in figure 3.2, the GFP expression in KD and SCR was the same as that of
untransfected EL4 cells, suggesting that the EL4 cells had not taken up the plasmid and
therefore were not producing GFP. This suggests that these cells were not successfully
transfected with either plasmid. Furthermore when cells were treated with zeocin they
began to die. This further suggested that the cells had not taken up the plasmid which
contains a zeocin resistance sequence. Therefore knockdown of CD147 surface expression in
EL4 cells via the Lipofectamine2000 transfection method was unsuccessful.
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Figure 3.2: GFP expression of EL4 cells post-transfection. EL4 cells (2  105 cells/ml) were
transfected with either 4 μg CD147 knockdown plasmid DNA (KD) or 4 μg scrambled control
plasmid DNA (SCR) or were untransfected (EL4). The cells were selected with zeocin (25
μg/ml) for a week and then visualised for GFP expression at 20 magnification.
Representative of three experiments.
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3.3 CD147 knockdown of EL4 cells via Neon Transfection System
Due to the unsuccessful transfection of EL4 cells via the Lipofectamine2000, alternate
transfection strategies needed to be investigated. Electroporation is a widely used method
to deliver plasmids directly into the cell by using an electric current to form pores in the cell
so that the DNA may enter. The electroporation was carried out using the Neon Transfection
System. Once again KD and SCR plasmids were used to knockdown CD147 in EL4 cells.
In some cases electroporation can cause cells to die. Therefore post-transfection the EL4
viability was visualised under bright field exposure as seen in figure 3.3. KD and SCR cells
looked round, healthy and appeared to be dividing similar to non-transfected EL4 cells and
were therefore viable post-transfection. Once the viability of the cells was confirmed, the
cells were then visualised for GFP expression. As seen in figure 3.3, there was no expression
of GFP in KD and SCR cells which was similar to that of the non-transfected EL4 cells;
therefore the transfection via the Neon Transfection System was unsuccessful.
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Figure 3.3: Bright field and fluorescent images of EL4 cells post Neon transfection. Upper
panel shows cells under bright field (BF) to check for viability at 20 magnification. Lower
panel shows cells visualised by fluorescent microscopy (FLU) for GFP expression at 20
magnification. EL4 cells (2  105 cells/ml) were transfected with either 4 μg CD147
knockdown plasmid DNA (KD) or 4 μg scrambled control plasmid DNA (SCR) or were nontransfected EL4 cells (EL4). Twenty four hours later cells were visualised for viability and GFP
expression.
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3.4 pEGFP-C1 transfection of EL4 cells via Neon Transfection System
Since EL4 was unable to be transfected by the chosen plasmids we wanted to investigate if
EL4 cells were incapable of taking up the plasmid. In order to observe this the Neon
transfection was repeated with EL4 cells, this time using only the KD plasmid as well as a
positive control plasmid pEGFP-C1 provided to us by Vernon Ward, (University of Otago,
Dunedin, New Zealand). The pEGFP-C1 is said to function well in most mammalian cells and
also contains a GFP expression sequence. Therefore uptake of this plasmid should result in
GFP expression.
As seen in figure 3.4, KD and pEGFP-C1 cells were in similar condition to non-transfected EL4
cells when viewed under bright field exposure and were therefore viable post transfection.
Once the viability of the cells was confirmed, the cells were visualised for GFP expression. As
seen in figure 3.4, there was no expression of GFP in KD cells which was similar to that of the
non-transfected EL4 cells suggesting that the transfection with KD plasmid had failed once
again. However the cells transfected with pEGFP-C1 expressed GFP suggesting the
transfection was successful. Therefore it is possible to transfect EL4 cells; however the KD
and SCR plasmids might not be able to function in EL4 cells.
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Figure 3.4: Neon transfection of EL4 cells with KD and pEGFP-C1. Upper panel shows cells
under bright field (BF) to check for viability. Lower panel shows cells visualised by
fluorescent microscope (FLU) for GFP expression. EL4 cells (2  105 cells/ml) were
transfected with either 4 μg CD147 knockdown plasmid DNA (KD) or 2 μg pEGFP-C1 plasmid
DNA (pEGFP-C1) or were non-transfected EL4 cells (EL4). Twenty four hours later cells were
visualised for viability and GFP expression.
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3.5 CD147 knockdown of EL4 cells via siRNA
Due to the failures transfecting EL4 cells with KD and SCR plasmid via Lipofectamine2000
and Neon Transfection System, an alternate knockdown strategy was required. siRNA has
often been used to knockdown cell surface protein [73]. siRNAs specific for the knockdown
of CD147 (siKD) and a control siRNA (siCON) were used to transfect EL4 cells to knockdown
CD147 via Lipofectamine2000 and lysates were analysed by CD147 detection via Western
blot.
As seen in figure 3.5, non-transfected EL4 cell expressed three distinct bands at 49 kDa,
39 kDa and 35 kDa. Bands of the same molecular weight could be seen in the cells
transfected with control siRNA (siCON), suggesting that the siRNA did not have any off
target effects on CD147 expression. Cells transfected with CD147 knockdown siRNA (siKD)
however also expressed these three bands with similar intensity suggesting the knockdown
in EL4 cells via siRNA had been unsuccessful.
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Figure 3.5: CD147 detection of EL4 cell lysates post siRNA knockdown by Western blot.
Lysates were run on a NuPAGE 12% Bis-Tris gel. Lanes were loaded with 20 μg of nontransfected EL4 cell lysate (NON), or EL4 cell lysate transfected with 4 μg CD147 knockdown
siRNA (siKD), or EL4 cell lysate transfected with 4 μg control siRNA (siCON) as indicated.
Expression of CD147 was detected with 1 μg/ml goat anti-mouse CD147 and anti-goat-IgGHRP. Bands were visualised using DAB. Representative of four experiments.
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3.6 CD147 knockdown of B16 cells via Lipofectamine2000
Due to the lack of success in transfecting EL4 cells and knocking down the expression of
CD147, it was decided that the use of an alternate cell line may yield more successful
results. As seen in figure 3.1, the B16 melanoma cell line like EL4 expresses a greater
amount of CD147 in its Apo-V fraction than in its cellular fraction and is therefore an
excellent candidate for the knockdown of CD147. Once again the KD and SCR plasmids were
used for transfection via Lipofectamine2000.
As seen in figure 3.6, the non-transfected B16 cells did not express GFP because they had
not been transfected with the GFP producing plasmid. B16 cells transfected with the KD and
SCR plasmids both expressed high amounts of GFP which suggested that the plasmid had
been taken up by these cells and were able to function. Furthermore the successfully
transfected cells were able to grow in the presence of zeocin which allowed for the selection
of stable transfected cells and further confirmed a successful transfection. B16 cells
containing the KD plasmid will be referred to as KD cells and B16 cells containing the SCR
plasmid will be referred to as SCR cells from now on.
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Figure 3.6: GFP expression of B16 cells post-transfection. B16 cells (2  105 cells/ml) were
transfected with either 4 μg of CD147 knockdown plasmid DNA (KD) or 4 μg scrambled
control plasmid DNA (SCR) or were non-transfected (B16). The cells were selected with
zeocin (25 μg/ml) for a week and then visualised for GFP expression at 20 magnification.
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3.7 Evaluating the efficiency of knockdown of CD147 in B16 cells
As seen previously in figure 3.6, the B16 cells had successfully taken up the plasmid vector.
However the ability to knockdown CD147 expression was yet to be assessed. In order to
observe the knockdown effect, lysates were made from B16, KD and SCR cells and CD147
expression was observed by Western blot. During the selection process the concentration of
the selective agent (zeocin) needed to be gradually increased to ensure the selection of
stable cells. To ensure that the zeocin was not affecting the expression of CD147, lysates
were taken from cells grown in the presence of 25 μg/ml and 50 μg/ml of zeocin.
As seen in figure 3.7, SCR cells contained two distinct bands at 49 kDa and 39 kDa similar to
the non-transfected B16 cells. While the expression of CD147 between SCR and B16 was
similar, there was a clear distinction in expression between B16 and SCR from KD which
suggested a successful knockdown. The KD cells presented a diminished 49 kDa band, while
the 39 kDa band was largely absent. This suggested that the 39 kDa isoform had been
completely knocked down beyond the detection limits of this assay, while the 49 kDa
isoform was partially knocked down. What could also be observed was that there was no
difference in the expression of CD147 in cells grown in the presence of either 25 or 50 μg/ml
of zeocin. These results strongly suggested that the expression of CD147 had been
successfully knocked down in B16 cells, and the knockdown was independent of the
concentration of zeocin.
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Figure 3.7: Detection of CD147 by Western blot of cell lysates post-transfection selected
with varied concentrations of zeocin. Lysates were run on a NuPAGE 12% Bis-Tris gel. Lanes
were loaded with 20 μg of KD cell lysates grown in 25 μg/ml of zeocin, SCR cell lysates
grown in 25 μg/ml of zeocin, KD cell lysates grown in 50 μg/ml of zeocin, SCR cell lysates
grown in 50 μg/ml of zeocin or non-transfected B16 cell lysate as indicated. Expression of
CD147 was detected with 1 μg/ml goat anti-mouse CD147 and anti-goat-IgG-HRP. Bands
were visualised using DAB. Representative of four experiments.
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3.8 CD147 knockdown of B16 Apo-V
Due to the successful knockdown of CD147 in B16 cells we next wanted to observe if this
knockdown would also occur in Apo-V produced from these cells. Apo-V were produced
from B16, SCR and KD cells and lysates were made before detecting CD147 expression by
Western blot.
As seen in figure 3.8, B16 cell lysates and SCR cell lysates expressed almost identical bands
at 49 kDa and 39 kDa. B16 Apo-V and SCR Apo-V also expressed similar 49 kDa and 39 kDa
bands to each other. However in both cases the Apo-V fractions produced a more intense
49 kDa band and a less intense 39 kDa band than the respective cell fractions. KD cell lysates
once again expressed a diminished 49 kDa band while not expressing a 39 kDa band when
compared to B16 and SCR cell lysates, indicating a knockdown has taken place. The KD ApoV fractions expressed a higher amount of CD147 than its cell fractions which is consistent
with B16 Apo-V and SCR Apo-V. However the amount of CD147 expressed by KD Apo-V was
lower than B16 Apo-V and SCR Apo-V. Also the band at 39 kDa seen in SCR Apo-V and B16
Apo-V was not present in KD Apo-V indicating that the knockdown had occurred in the ApoV.
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Figure 3.8: Detecting CD147 expression of cell lysates vs Apo-V lysates via Western blot.
Lysates run on a NuPAGE 12% Bis-Tris gel. Lanes were loaded with 20 μg of non-transfected
B16 cell lysate, non-transfected B16 Apo-V lysate, KD cell lysate, KD Apo-V lysate, SCR cell
lysates or SCR Apo-V lysate. Expression of CD147 was detected with 1 μg/ml goat antimouse CD147 and anti-goat-IgG HRP. Bands were visualised using DAB. Representative of
four experiments.
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3.9 Observing Apo-V quality and yield
To observe the effects of the CD147 knockdown on vesicle quality, B16, SCR and KD Apo-V
were run on a NuPAGE 12% Bis-Tris gel and stained with Coomassie Blue to observe any
major differences or alterations in protein composition in KD Apo-V. The Apo-V yield was
also determined by Coomassie blue protein concentration test to observe if the CD147
knockdown affects vesicle yield.
As seen in figure 3.9 A, the protein composition in all three samples was largely similar
although some clear differences could be seen. The major difference was seen in KD and
SCR which expressed two distinct bands between 62 kDa and 51 kDa. These were likely to
be related to the KD and SCR plasmid in particular the GFP protein, human β globin and
products involved in zeocin resistance and therefore could not be seen in B16 Apo-V.
Unfortunately it was over this size range that the CD147 protein was expressed and
therefore it was difficult to observe if there were any abnormalities in the protein content in
this area. The Apo-V yield (figure 3.9 B) was similar for B16, SCR and KD cells suggesting that
the knockdown of CD147 does not affect Apo-V yield. There were no major changes in
protein content or vesicle yield and therefore it suggested that the knockdown of CD147
had not impacted the overall quality of the Apo-V.
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Figure 3.9: Coomassie blue gel and vesicle yield of B16, SCR and KD Apo-V. (A) Protein
profile of B16, SCR and KD Apo-V visualised by Coomassie blue stain on NuPAGE 12% Bis-Tris
gel. Lanes were loaded with either 5 μl of SeeBlue molecular weight ladder or 10 μg of B16
Apo-V lysate, KD Apo-V lysate or SCR Apo-V lysate as indicated. (B) Apo-V yield of B16, KD
and SCR Apo-V preparations determined by Coomassie blue protein concentration test.
Variance between groups was determined to be not significant by one way ANOVA.
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3.10 Observing the quality of CD147 knockdown in vivo via pulmonary metastatic
melanoma model
Metastatic spread and invasion has been associated with the presence of CD147 [42]. In
order to observe this association, a pulmonary metastatic melanoma model was employed
to observe the quality of the knockdown of CD147 of B16 cells in vivo. Previous experiments
in our laboratory [74] have involved the use of B16 cells to observe metastatic spread to the
lungs.
As seen in figure 3.10, the B16 groups exhibited metastatic spread with tumours consuming
much of the lung tissue as well as causing the surface of the lung to appear textured or
‘bumpy’ when compared to the smooth exterior of the control lungs. KD group had much
less metastatic spread. There were fewer tumours present in the KD group which presented
discrete individual colonies. There were also amelanotic tumours present in this group
which was seen very scarcely in the B16 group. Surprisingly the SCR group did not seem to
have any melanotic tumours present while presenting few amelanotic tumours. Moreover
the lungs seemed to be largely healthy and looked similar to the control lungs (figure 3.10
C). There were no differences in tumour outcome between males and females within any of
the groups.
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Figure 3.10: Pulmonary B16 metastatic model. B6 mouse lungs excised 20 days after
administration of 2  105 B16, KD or SCR cells by intravenous tail injection. (A) Male group
lungs. (B) Female group lungs (C) Control naïve lungs that were not injected with cells.

58

3.11 Apo-V bind to spleen and lymph node sections
It has been previously shown in our laboratory that Apo-V from EL4 cells are able to bind to
the marginal zone of the spleen and sub-capsular sinus of lymph nodes in particular CD169+
macrophages [13, 30]. To investigate if CD147 plays a role in this binding, Apo-V produced
from EL4, B16, KD and SCR cells were biotinylated and applied to naive to B6 mouse spleen
and lymph node sections using a modified Stamper-Woodruf assay in vitro and the binding
pattern was observed.
As seen in figure 3.11.1, clear CD169 staining in the sub-capsular sinus of the lymph nodes
indicated the presence of CD169+ macrophages in this region. EL4 and SCR Apo-V appeared
to bind to this region very well. While B16 Apo-V also bound to this zone the binding was
not as pronounced as EL4 and SCR Apo-V. Interestingly we saw much less binding of KD ApoV to this region. This indicated a reduced interaction of KD Apo-V with CD169+ macrophages
compared to EL4, SCR or B16 Apo-V.
Spleen sections were then observed for Apo-V binding as seen in figure 3.11.2.
CD169+macrophages were clearly present in the rings of the marginal zone as indicated by
CD169 staining. Apo-V from B16, SCR, KD and EL4 were able to bind the marginal zone with
similar efficacy. There was no non-specific binding of antibody to the spleen sections as
indicated by the lack of SA-594 (red) staining seen in the ultraculture negative control
(figure 3.11.2 F). These results suggested that Apo-V binding to spleen and lymph nodes was
not inhibited significantly by the knockdown of CD147.
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Figure 3.11.1: Modified Stamper-Woodruff in vitro binding of Apo-V to B6 lymph node
sections. Biotinylated-Apo-V or anti-CD169 (MOMA-1) were applied to naïve B6 lymph node
sections using a modified Stamper-Woodruff assay. Biotinylated-Apo-V were detected with
streptavidin-Alexa-594 (red) and anti-CD169 (MOMA-1) was detected with anti-rat IgGAlexa-488 (red). All sections were labeled with DAPI (blue) as a nuclear counter stain.
Sections were visualised at 20 magnification. (A) anti-CD169 (MOMA-1). (B) EL4 Apo-V-bio
(C) B16 Apo-V-bio. (D) SCR Apo-V-bio. (E) KD Apo-V-bio
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Figure 3.11.2: Modified Stamper-Woodruff in vitro binding of Apo-V to B6 sections.
Biotinylated-Apo-V or anti-CD169 (MOMA-1) were applied to naïve B6 spleen sections using
a modified Stamper-Woodruff assay. Biotinylated-Apo-V were detected with streptavidinAlexa-594 (red) and anti-CD169 (MOMA-1) was detected with anti-rat IgG-Alexa-488 (red).
All sections were labeled with DAPI (blue) as a nuclear counter stain. Sections were
visualised at 20 magnification. (A) anti-CD169 (MOMA-1). (B) EL4 Apo-V-bio (C) B16 Apo-Vbio. (D) KD Apo-V-bio. (E) SCR Apo-V-bio (F) ultraculture labeled
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3.12 Producing CD169-Fc-FLAG protein
The Stamper-Woodruff binding assay revealed that there was some association of Apo-V
binding and CD169+ macrophages both in lymph node (figure 3.11.1) and spleen (figure
3.11.2) sections. While this interaction suggests specific binding, it does not allow us to
observe if there is a direct interaction. In order to look at direct binding a soluble CD169
protein was produced.
We acquired a CD169-Fc producing plasmid from collaborator Prof. Paul Crocker (University
of Dundee, Nethergate, Dundee, Scotland, UK) designed to function in CHO-K1 (Chinese
hamster ovary) cells. The CD169 portion of the plasmid was then sequenced and inserted
into a pAPEX-Fc-FLAG plasmid vector provided to us by Dr Lyn Wise (University of Otago,
Dunedin, New Zealand) which contained pre-existing Fc and FLAG sequence to aid in the
isolation and pull down of protein. The plasmid was inserted into HEK293 (human
embryonic kidney) cells to produce the protein. The CD169 portion encoded three
functional domains of the CD169 protein. The selection marker hygromycin B was included
in the pAPEX-Fc-FLAG vector to aid in the production of stably transfected cells.
The supernatant of transfected HEK293 cells was collected and CD169-Fc-FLAG was isolated
with anti-FLAG M2 beads. The beads were then boiled and loaded onto a 10-15% split SDS
PAGE gel and the expression of FLAG was detected by Western blot to reveal the presence
of CD169-Fc-FLAG. As seen in figure 3.12, the positive control mVEGF164 (AVF) protein
(vascular endothelial growth factor) which contained a FLAG tag was detected at 32kDa.
TheCD169-Fc-FLAG protein was much larger (72 kDa) than the mVEGF164 (AVF) protein (32
kDa) due to the size of the CD169 domains (approximately 32kDa) the human Fc
(approximately 20-25 kDa) and the FLAG (10 kDa). It is likely that these proteins are
glycosylated therefore adding to the overall molecular weight of the protein. The results
suggested that CD169-FLAG-Fc had been produced successfully by the transfected HEK293
cells.
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Figure 3.12: Western Blot of mVEGF164 (AVF) and CD169-Fc-FLAG detection of FLAG.
CD169-Fc-FLAG was isolated from cell supernatant and FLAG was detected by Western blot.
(1) 200 ng mVEGF164 (AVF; vascular endothelial growth factor) protein to serve as positive
control. (2) CD169-FLAG-Fc recovered from anti-FLAG beads post protein isolation. FLAG
detected using anti-FLAG-M2-HRP antibody 1 μg/ml visualised using chemiluminesence
super signal substrate by Gel Doc.
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3.13 Quantification of CD169-Fc-FLAG
Once we were able to identify that the HEK293 cells were successfully transfected and were
able to produce detectible amounts of CD169-FLAG-Fc protein via Western blot, the
transfected cells were then grown in mass to produce a large quantities of CD169-Fc-FLAG
protein. The protein was once again isolated with anti-FLAG-M2 beads and eluted by
competition with FLAG peptide to collect the protein sample. The protein yield was
compared to known quantities of CA (carbonic anhydrase) protein by Coomassie blue stain
on a 10-15% split SDS PAGE gel for the quantification process.
As seen in figure 3.13, there were clear bands being produced in lanes 1-3 due to the
increasing amounts of CA protein loaded, while lanes 4-6 which were loaded with CD169-FcFLAG protein did not express any protein bands. This suggested that we were unable to
observe any detectable amounts of CD169-Fc-FLAG protein by this method. It also
suggested that the transfected cells either produced extremely low quantities of protein or
we were unsuccessful in eluting the protein off the anti-FLAG-M2 beads efficiently.
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Figure 3.13: Coomassie blue gel of CD169-Fc-FLAG vs CA protein. Quantification of CD169Fc-FLAG by Coomassie blue stain of 10-15% split SDS PAGE Gel. (L) 5 μl Rainbow marker. (1)
150 ng CA protein. (2) 400 ng CA protein. (3) 1000 ng of CA protein. (4) 3 μl of CD169-FcFLAG. (5) 8 μl of CD169-Fc-FLAG. (6) 20 μl of CD169-Fc-FLAG.
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3.14 Identification of CD169-Fc-FLAG by Coomassie blue gel and western blot
The inability to detect CD169-Fc-FLAG by Coomassie blue gel led to the possibility that the
CD169-Fc-FLAG protein was still bound to the anti-FLAG M2 beads used in the protein
isolation process.
The protein eluted after competition with FLAG peptide was concentrated to 50 its original
concentration to ensure that protein was not going undetected due to the 1 CD169-FcFLAG sample being too dilute. Low pH buffers were added to the elution process after
competition with FLAG to dissociate any residual protein still attached to the beads. The
contents of the 1 CD169-Fc-FLAG after FLAG competition and the contents eluted after the
addition of low pH buffers were both examined on the Coomassie gel. The anti-FLAG M2
beads used to isolate the CD169-Fc-FLAG protein were also boiled and loaded onto the gel
to observe if any residual protein had been left on the beads after low pH buffer treatment.
As a control anti-FLAG M2 beads not used in the elution process were also boiled and
loaded onto the gel. To identify exactly which elution fraction contained the CD169-Fc-FLAG,
FLAG was detected by Western blot.
Samples were first run on a NuPAGE 12% Bis-Tris gel and analysed by Coomassie blue
staining as seen in figure 3.14 A. In lane 1 the 50 CD169-Fc-FLAG concentrated protein
sample presented a stronger band than the unconcentrated 1 CD169-Fc-FLAG sample. This
suggested that our HEK293 cells did produce the CD169-Fc-FLAG but at very low levels. This
was further confirmed by the Western blot figure (3.14 B) as there was no detection of FLAG
in the 1 CD169-Fc-FLAG sample but surprisingly there were two bands present in the 50
CD169-Fc-FLAG sample. The larger band was approximately 94-110 kDa while the smaller
band was approximately 55-60 kDa. The larger band is likely a lowly expressed dimer of the
smaller band and therefore was not detected in the Coomassie blue gel. The 55-60 kDa band
is smaller than our protein size observed in figure 3.12 but this is likely due to the use of
different gels in the two experiments.
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As seen in figure 3.14 A, there was no protein eluted by low pH buffers (lane 2) while there
were two distinct bands present from anti-FLAG M2 beads used in the elution process
(lane 3). These bands were of a different size to the bands produced by beads not used in
the elution process (lane 4). This suggests that the low pH buffers had no effect on protein
elution. It is also likely that there is no residual protein attached to the anti-FLAG beads and
the differences seen in lane 3 and 4 were due to the degradation of the beads after the
addition of low pH buffers. This point was further confirmed as there was no FLAG detection
in lanes 2, 3 or 4 (3.14 B).
All these results combined suggest that the protein was not lost during elution steps rather
the HEK293 cells were producing very low amounts of the protein. The 50 CD169-Fc-FLAG
was used in subsequent binding experiments.
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Figure 3.14: Coomassie blue gel and FLAG detection via Western blot of CD169-Fc-FLAG
elutions. Samples run on a NuPAGE 12% Bis-Tris gel (A) Coomassie blue gel of CD169-FcFLAG obtained from various elution methods. (B) FLAG detection via Western blot of CD169Fc-FLAG obtained from various elution methods. (L) 3 μl SeeBlue Plus2 ladder. (1) 20μl 50
CD169-Fc-FLAG. (2) 20μl Low pH buffer elution. (3) 20μl anti-FLAG M2 beads used for
elution. (4) 20μl anti-FLAG M2 beads not used in elution. (5) 20μl 1 CD169-Fc-FLAG.
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3.15 Assessing binding of CD169-Fc-FLAG to Apo-V
To observe the direct binding of Apo-V to CD169, Apo-V were conjugated to aldehyde
sulphate beads and the ability to bind CD169-Fc-FLAG was analysed via flow cytometry. It is
known that Apo-V express abundant sialic acids [30, 75] and therefore MAL-II-bio (Maackia
Amurensis lectin-II) expression was used to confirm the presence of sialylated Apo-V on
these beads.
As seen in figure 3.15, all Apo-V were positive for MAL-II-bio staining confirming α2,3-linked
sialic acid expression (black line) and demonstrating that Apo-V had successfully bound to
aldehyde sulphate beads. There seemed to be no interaction of the 50 concentrated
CD169-Fc-FLAG (black line) with the Apo-V as the expression was similar to that of the
negative control (blue line) which did not contain 50 CD169-Fc-FLAG. This suggested that
the concentration of CD169-Fc-FLAG used in this assay was likely to be too low to be
detectable in this assay. Unfortunately at this point we had exhausted our concentrated
protein stocks and were not able to produce more due to time constraints.
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Figure 3.15: Flow Cytometric analysis of Apo-V binding assay. Apo-V were bound to
aldehyde-sulphate beads and then analysed by flow cytometry for lectin staining and 50
CD169-Fc-FLAG binding. Upper panel shows the expression of α2,3-linked sialic acid by MALII-bio staining (black) which shows that vesicles are present on the beads vs the expression
of SAPE without the addition of MAL-II-bio (blue). Lower panel shows the detection of
expression of 50 CD169-Fc-FLAG bound to Apo-V by anti-human-PE (black) vs expression of
anti-human-PE without the addition of CD169-Fc-FLAG (blue).
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4.0 Discussion

4.1 Successful CD147 knockdown in B16 cells
We have observed that the highly glycosylated surface molecule CD147 was expressed by
B16 and EL4 cells. CD147 was found to be enriched in Apo-V when compared to cells (figure
3.1). CD147 can be identified at varying sizes depending on the isoform and glycosylation
processes involved in the production of the protein [34, 35, 76]. The EL4 Apo-V fractions
expressed the 35 kDa isoform of CD147 which was not detectable in the cellular fractions.
The over-expression of CD147 in Apo-V fractions of multiple cell lines as well as the
emergence of an isoform not seen in the cellular fractions of EL4 suggested that CD147 may
play a role in apoptosis or may be involved in some function of Apo-V.
RNA interference can be used to knockdown CD147 expression in various cell lines [77, 78].
The knockdown of CD147 in melanoma cells using the delivery of shRNA in a plasmid vector
has been carried out previously with Lipofectamine2000 [71]. We were fortunately able to
obtain the same plasmids used in that study and intended to knockdown CD147 expression
in EL4 cells. However our efforts were largely unsuccessful as there was no detectable GFP
being produced (figure 3.2). The cells were also unable to survive and grow in zeocin
selection medium post-transfection. This transfection was particularly time consuming as
there were a series of optimisation steps involving amounts of DNA, amount of
Lipofectamine2000 and concentrations of zeocin needed to be altered which ultimately
resulted in unsuccessful EL4 transfections.
The Neon Transfection System has reported to yield great transfection outcome in EL4 cells
[79]. Unfortunately, while EL4 cells transfected with KD and SCR plasmids remained viable
post-electroporation, there was no detectable GFP produced, and cells died when treated
with zeocin (figure 3.3). The pEGFP-C1 plasmid, provided to us by Prof. Vernon Ward,
(University of Otago, Dunedin, New Zealand) was used as a positive control, as it has been
used to observe GFP expression in many mammalian cell lines [80, 81] and therefore allow
us to observe if a transfected plasmid can function in EL4 cells. When the EL4 cells were
transfected with pEGFP-C1, GFP production was easily visualised, suggesting that the
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transfection probably was effective but KD and SCR plasmids were unable to function in EL4
cells (figure 3.4). It has been suggested that the expression of vectors can be difficult in
lymphoid derived cells, in particular EL4 cells [82].
Due to the possibility of the plasmids not being expressed by the EL4 cells, the knockdown
strategy had to be altered. The knockdown of CD147 has previously been carried out in
mouse hepatocellular carcinoma cell line Hep1-6 with the use of commercial siRNAs [83].
Therefore we decided to use commercial siRNAs to knockdown CD147 expression in EL4
cells. Once again the transfection reagent Lipofectamine2000 was used to deliver the siRNAs
to the cells. Unfortunately we were not able to view any recognisable knockdown in these
cells via Western blot as lysates from EL4, siKD and siCON cells all expressed three distinct
CD147 isoforms of similar size and intensity (figure 3.5).
Due to the inability to knockdown CD147 in EL4 cells it was decided the EL4 cell line would
be abandoned and the knockdown of CD147 expression would be carried out in a different
cell line. B16 cells were a good candidate cell choice as we were able to observe CD147
expression in this cell line at both cellular and Apo-V level (figure 3.1). The KD and SCR
plasmids were also originally intended for the use in B16 cells [71] and therefore
optimisation steps were not required. Transfection of this cell line was a success with
Lipofectamine2000 and the plasmid was able to function in this cell as noted by GFP
expression (figure 3.6) and zeocin resistance. There was also visible knockdown at the
cellular level as well as the Apo-V level (figures 3.7 and 3.8). The overall procedure to
transfect the B16 cells was simple, however obtaining a stable knockdown was very time
consuming as cells were slower growing when in a selection medium, which needed to be
slowly increased in order to obtain stable cells.
The expression of CD147 at the cellular level revealed some promising results. The SCR cells
contained two distinct bands at 49 kDa and 39 kDa similar to the untransfected B16 cells,
while KD cells resulted in a resulted in a knockdown of the 39 kDa isoform as well as the
highly expressed 46 kDa isoform (figure 3.7). This signified that the knockdown of CD147 in
B16 cells was a success. It was exciting to see that the knockdown was able to be carried
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over to the Apo-V, with B16 and SCR Apo-V both expressing the 49 kDa and 39 kDa while KD
Apo-V only expressing the 49 kDa isoform (figure 3.8). The 49 kDa isoform appears to be
highly expressed in Apo-V when compared to cellular fractions, however the expression in
KD Apo-V was much less than B16 or SCR Apo-V which suggests a successful knockdown at
the Apo-V level.
Observations of CD147 knockdown on Apo-V quality by Coomassie blue gel revealed some
interesting results. Largely the protein composition of KD and SCR Apo-V remained similar to
B16 Apo-V, however there was one major difference observed was that SCR and KD showed
the presence of two bands seen between 51 and 61 kDa (figure 3.9 A). These bands are
likely KD and SCR plasmid-encoded, relating to the GFP/zeocin fusion protein, where GFP
makes up 27 kDa [84] and zeocin resistance protein makes up 13 kDa [85, 86] of the total
protein weight and the remaining is likely due to glycosylation. In addition to the GFP/zeocin
fusion proteins it is likely that the expression of human β globin (16 kDa monomer, 32 kDa
dimer) could also be adding to the overall molecular weight of the protein [87]. Therefore
these bands are absent in B16 Apo-V. It is unfortunate that the plasmid related proteins are
in the same molecular weight range as CD147, consequently we were unable to view any
changes in this region. An additional observation was that these plasmid-related proteins
account for a large amount of the overall protein weight of the sample loaded onto the gel
and therefore the expression of other proteins in the sample appeared slightly diminished
when compared to B16 Apo-V.
The Apo-V yield was unaffected by the knockdown of CD147 as there was no significant
difference in the yield of Apo-V from B16, KD and SCR apoptotic vesicle preparations, as
determined by ANOVA (figure 3.9, B). These results suggested that CD147 does not impact
vesicle yield nor does it have a bearing on the expression of other major proteins expressed.
4.2 Pulmonary metastatic model
B16.F10 (B16) melanoma is a spontaneous melanoma derived from B6 mice and produced
from the parental line B16.F0, which is poorly metastatic. Several variants were isolated by
Dr. Isaiah (Josh) Fidler and the main differences between sublines were their metastatic
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potential and susceptibility to immune destruction [88, 89]. The most commonly used
variant for in vivo experiments is B16.F10, which is highly aggressive and readily colonises
lungs upon intravenous (i.v.) injection [90, 91].
CD147 is also called EMMPRIN (extracellular matrix metalloproteinase inhibitor) due to its
role in metastatic spread and tumour invasion by activation of extracellular matrix
metalloproteinase pathways [34, 41, 42]. Therefore it was decided that the efficiency of the
CD147 knockdown would be tested in vivo by observing metastatic spread.
All mice challenged with parental B16 cells presented with pigmented (‘melanotic’)
tumours. However, mice challenged with transfected B16 (i.e. both SCR and KD) presented
with fewer colonies compared to the B16 groups, moreover, these tumours were largely
amelanotic – a feature previously noted in some sub-lines of B16 [91]. It is likely that the
results observed in the SCR and KD group were due to unforeseen indirect effects of the
plasmid in these cells and therefore results were non-conclusive. B16.F10 has been
described as a genetically unstable cell line compared to parental B16 and gives rise to
various phenotypes and metastatic variants [91, 92]. Thus it is possible that the insertion of
the plasmid has altered the phenotype of the cells as well as its metastatic properties.
Previous work in our laboratory has involved the treatment of pulmonary tumours with
Apo-V to investigate their potential role tolerance [74]. Therefore the results of this
experiment were particularly disappointing as further experiments were planned involving
the challenge of mice with Apo-V from these cell lines to observe if the tolerance pathway is
altered due to the CD147 expression.
Recent studies have shown shedding of CD147 rich microvesicles by human uterine
epithelial cells stimulates MMP (matrix metalloproteinase) production by uterine stromal
cells [93] and suggests a broader role for CD147 expression in Apo-V rather than just
involvement in immune mechanisms.
4.3 KD Apo-V bind to spleen and lymph node sections
CD169 (Sialoadhesin) is a macrophage-restricted adhesion molecule of 185 kDa that
mediates sialic acid-dependent binding to cells. It is expressed strongly by macrophages in
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marginal zones of the spleen and sub-capsular sinus of lymph nodes, where it likely
mediates cell-cell interactions [50, 52, 56]. CD169 binds to heavily sialylated structures such
as exosomes and Apo-V [13, 30, 31]. Since Apo-V expressed large amounts of heavily
glycosylated CD147, we were interested in investigating if CD147 had a role to play in the
binding process of Apo-V to CD169. EL4 Apo-V were included in the in vitro Stamper
Woodruff binding assay as they have previously been shown to bind to the marginal zone of
the spleen and the sub-capsular sinus of lymph node sections [13, 30]. As seen in the figure
3.11.1 when Apo-V from B16, SCR, EL4 and KD were applied to lymph node sections all ApoV were able to bind to the sub-capsular sinus which is where these CD169+ macrophages
reside as indicated by MOMA-1 staining, however the binding of KD Apo-V to this area was
slightly diminished when compared to SCR and B16 Apo-V which may suggest that the lack
of CD147 is affecting the binding, but was more likely due to the variance that can occur
between sections due to the amount of macrophages present through various parts of a
section. When observing the Apo-V binding to spleen sections via the same in vitro assay the
binding of marginal zones (where CD169+ macrophages reside as indicated by MOMA-1
staining) is seen by all Apo-V types with similar efficacy (figure 3.11.2), suggesting that the
knockdown of CD147 had no effect on the ability of these vesicles to bind to CD169.
However, we cannot conclude from these results alone whether or not CD147 is directly
involved in CD169 binding interaction. Furthermore, as we were only able to achieve a
partial knock down of the 49 kDa isoform it is likely that this isoform may be mediating the
majority of the binding as it was still highly expressed in Apo-V fractions even after
knockdown (figure 3.8). Hence this may explain why we were unable to observe a difference
in binding of vesicles to the tissue sections.
Previous experiments in our laboratory have involved visualising in vivo co-localisation of
CD169 with B cell-derived exosomes or EL4 Apo-V within the spleen i.v. injection in the tail
vein and then calculating the percentages of macrophages binding vesicles to observe
trapping [13, 31]. It would be useful to observe if co-localisation is altered when CD147 has
been knocked down. Our laboratory has also performed in vivo experiments to view Apo-V
trafficking in the spleen after i.v. injection in the tail vein, or in lymph nodes via
subcutaneous injection in the forearm of B6 mice and CD169-/- mice. It will be interesting to
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observe if the knockdown of CD147 alters the trafficking in the spleen and in lymph nodes
or binds to different areas in CD169-/- spleen and lymph nodes. It has previously been
suggested that aged erythrocytes undergo selective trapping in the spleen due to lack of
CD147 [37], therefore it will be interesting to observe if the same holds true for Apo-V. The
inability to decisively conclude if CD147 is involved in the binding of Apo-V to CD169 via
Stamper-Woodruff binding assay lead us to create a soluble CD169-Fc-FLAG protein to be
used in binding assays to observe direct interaction.
Due to the anatomical locations and proximity of CD169 + macrophages to T cells and DC in
the spleen and lymph nodes there is a great potential for presentation of antigen to these
cells [57] [58-60]. Therefore binding of Apo-V to these cells is very important as antigen
present on Apo-V may be presented to DC or T cells and influence the outcome of the
immune response [54, 62, 63].
4.4 CD169-Fc-FLAG
A major part of this project involved the cloning of vectors, which was largely new to our
laboratory. There were many difficulties in trying to obtain the correct CD169-Fc-FLAG
clone. Early ligations involving the insertion of the CD169 sequence into pAPEX-Fc-FLAG
were unsuccessful and led to multiple single colonies had to be tested in order to obtain a
plasmid that contained the insert. In addition, the production of primers by Invitrogen and
sequencing of plasmids at Massey University (Palmerston North, New Zealand) was time
consuming as they were done off site and lead to unscheduled delays.
Our collaborator Prof. Paul Crocker (University of Dundee, Nethergate, Dundee, Scotland,
UK), provided us with the CD169-Fc plasmid which contained the three functional domains
of the CD169 protein [72]. This plasmid was designed to function in CHOK-1 (Chinese
Hamster Ovary) cells which we were unfortunately unable to transfect. Therefore the CD169
sequence was cloned into the vector pAPEX-Fc-FLAG provided to us by Dr. Lyn Wise
(University of Otago, Dunedin, New Zealand) in order to construct the CD169-Fc-FLAG
plasmid and expressed in HEK293 cells.
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The identification of the CD169-Fc-FLAG in our preparations was challenging. We first
identified our protein on a 10-15% split SDS PAGE gel by FLAG detection on Western blot as
a 72 kDa protein. This was consistent with the estimated size range of our protein,
considering the molecular weight of the CD169 domains (approximately 32 kDa), the human
Fc domain (approximately 20 kDa) and the FLAG domain (10 kDa). It is likely that the protein
is also glycosylated therefore adding to the overall molecular weight of the protein. The
original CD169-Fc plasmid produced a protein of 80 kDa [72], it is likely that the size differs
due to the glycosylation processes involved in producing these plasmids in two different cell
lines (CHOK1 vs HEK293).
When trying to quantify the protein on a 10-15% split SDS PAGE gel by Coomassie blue stain
(figure 3.13), we were unable to detect the CD169-Fc-FLAG protein expression, despite the
standard CA protein being clearly detectable. As the detection by Coomassie blue was
particularly insensitive, it was thought that protein may have been lost during the elution
process, or may have remained bound to the anti-FLAG M2 beads used in the elution
process.
To overcome this, the addition of low pH buffers to the beads after FLAG competition was
suggested to remove any residual protein off the beads. A sample of the beads used in the
elution process was also investigated alongside beads that were not used in the elution
process to observe if there was any residual CD169-Fc-FLAG still bound. The 1 CD169-FcFLAG obtained after FLAG competition was 50 concentrated in an attempt to obtain any
detectable protein quantities. The samples were also detected for FLAG by Western blot to
uncover which fraction contained the protein of interest. The samples were run on a
NuPAGE 12% Bis-Tris gel. As seen in figure 3.14 A, there was no protein detected in the low
pH buffer fraction, however both bead fractions presented two distinct protein bands,
although these bands were of different sizes. This suggests that there was no CD169-FcFLAG present on the beads after FLAG peptide competition, whilst the difference observed
in the two different bead fractions was due to the degradation of the anti-FLAG M2 beads
caused by the addition of the low pH buffers. This was confirmed when there was no FLAG
detection in any of these three fractions (figure 3.14 B). The 1 CD169-Fc-FLAG 'neat'
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preparation once again resulted in no detectable protein, however the 50 CD169-Fc-FLAG
concentrate resulted in a 52-60 kDa band which was likely the CD169-Fc-FLAG protein
(figure 3.14 A). Furthermore Western blot of the 1 CD169-Fc-FLAG preparation showed
expression of FLAG, whilst the 50 concentrated protein revealed two bands, one between
55-60kDa and the other between 97-110 kDa (figure 3.14 B). It is likely that the larger band
is a dimer of the smaller band. This suggested that we were able to successfully isolate our
protein of interest; however it also meant that the cell line was a poor producer of the
protein.
When the protein was detected on a NuPAGE 12% Bis-Tris gel by Coomassie blue staining
we observed a protein in the size range of 52-60 kDa, which was slightly smaller than the 72
kDa protein seen on a 10-15% split gel. This varying size could be due to the composition of
the two different gels as well as two different molecular weight ladders used to estimate the
size of the bands (SeeBlue2 vs Rainbow marker). Moreover the sample buffer used on the
10-15% gels contained reducing agents, whereas the samples run on NuPAGE 12% Bis-Tris
gel were not reduced and could also account for the difference in size. This particular point
was brought to our attention when the dimer could be observed by the detection of FLAG
on the Western blot of 50 CD169-Fc-FLAG sample due to the lack of reducing agent.
Unfortunately we were unable to isolate large quantifiable amounts of the CD169-Fc-FLAG
protein. CD169 is a sialic acid binding protein [52], hence it is likely that the protein that is
produced is attaching to the sialic acids present on HEK293 cells and are therefore not being
collected in the supernatant. This is perhaps why the original plasmid was designed to
function in CHOK1 cells as these cells lack the surface expression of α2,6-linked sialic acid
potentially making it easier to isolate the protein [94]. As HEK293 cells are normally CD169future experiments could involve the production of lysates from transfected HEK293 cells
used to produce CD169-Fc-FLAG, followed by analysis of samples for CD169, FLAG and Fc
expression by Western blot. In addition cells could analysed by flow cytometry for the
detection of CD169, FLAG and Fc. This would indicate if the CD169-Fc-FLAG protein was in
fact binding to the cells and therefore not being collected in the supernatant.

79

4.5 CD169-Fc-FLAG binding assay
The direct interaction of the CD169-Fc-FLAG protein with Apo-V was investigated via flow
cytometry. The B16, SCR, EL4 and KD Apo-V were directly conjugated to aldehyde-sulphate
beads. Apo-V are rich in surface sialic acid expression [30, 31] and therefore the expression
of α2,3-linked sialic acid was detected by the addition of the MAL-II lectin to confirm that
the Apo-V were conjugated to the beads. When 50 CD169-Fc-FLAG was incubated with the
Apo-V we were unable to detect any binding of the protein to Apo-V. This is likely due the
concentration of the CD169-Fc-FLAG being lower than the detectable limits of the assay. It
was planned for the binding of CD169 to Apo-V to be observed via a sandwich ELISA.
Unfortunately we exhausted our concentrated protein stocks and were unable to collect
more protein due to time constraints.
There is potential for Apo-V in antigen presentation via CD169 mediated pathways. One
such example was a study showing that Apo-V from mycobacteria-infected macrophages
were able to stimulate CD8 T cells in vivo [29]. Of further interest, the sialic acid binding
ability of CD169 was able to be explored when sialic acid expressing liposomes were
selectively targeted to CD169+ macrophages. Here they were bound and internalised by
CD169+ macrophages and accumulated over time and this internalisation did not occur in
CD169-/- mice [62]. Interestingly the CD169-targeted liposomes enhanced the delivery of
antigen to macrophages for the presentation to and proliferation of antigen-specific T cells.
Therefore it may be possible to use Apo-V in a similar way to modulate the immune
response. Identifying the particular protein (or groups of proteins) directly responsible for
the binding will provide a means to target Apo-V binding to CD169.
Future directions for this study could involve obtaining a more efficient knockdown of
CD147 to ensure true ablation of function. In addition, optimising CD169-Fc protein
expression would allow for the identification of potential CD169 ligands on Apo-V. This work
would lead to a greater understanding of the role apoptotic vesicles play in the immune
response.
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Appendix 1
Table 1: Proteomic screen of staurosporine-induced B16.F10 melanoma Apo-V
isolated by differential centrifugation. Listed in order of % peptide coverage.
Vimentin
Clathrin heavy chain 1
ATPase alpha1,Na/K
gamma-actin [Mus musculus]
Heat shock protein 8 [Mus musculus]
78 kDa glucose-regulated protein; AltName: Full=GRP 78; AltName: Full=Heat shock 70
kDa protein 5;
Tubulin, beta 2C [Mus musculus]
enolase 1 [Mus musculus]
gag polyprotein pr65 [Mus musculus]
PREDICTED: similar to Nucleophosmin (NPM) (Nucleolar phosphoprotein B23)
(Numatrin) (Nucleolar protein NO38) [Mus musculus]
annexin A6, isoform CRA_c [Mus musculus]
Gag-Pol polyprotein
PREDICTED: similar to Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) isoform 3
[Mus musculus]
Tubulin alpha-1B chain; AltName: Full=Tubulin alpha-2 chain; AltName: Full=Alphatubulin 2; AltName: Full=Alpha-tubulin isotype M-alpha-2
Annexin A1; AltName: Full=Annexin-1; AltName: Full=Annexin I; AltName:
Full=Lipocortin I; AltName: Full=Calpactin II; AltName: Full=Chromobindin-9; AltName:
Full=p35; AltName: Full=Phospholipase A2 inhibitory protein
4F2 cell-surface antigen heavy chain; Short=4F2hc; AltName: CD_antigen=CD98
unnamed protein product [Rattus norvegicus]
Annexin A2; AltName: Full=Annexin-2
envelope protein
Heat shock protein HSP 90-beta; AltName: Full=HSP 84
Tyrosinase-related protein 1 (TRP-1)
60S ribosomal protein L3; AltName: Full=J1 protein
Integrin beta-1; AltName: Full=Fibronectin receptor subunit beta; AltName:
Full=Integrin VLA-4 subunit beta; AltName: CD_antigen=CD29; Flags: Precursor
60S acidic ribosomal protein P0; AltName: Full=L10E
Fructose-bisphosphate aldolase A; AltName: Full=Muscle-type aldolase; AltName:
Full=Aldolase 1
IgE-binding protein
ATP synthase subunit beta, mitochondrial; Flags: Precursor
Annexin V; AltName: Full=Lipocortin V; AltName: Full=Endonexin II; AltName:
Full=Calphobindin I;
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ribosomal protein S3, isoform CRA_e [Mus musculus]
putative gag-pol protein [Mus musculus]
albumin precursor [Rattus norvegicus]
mCG114749, isoform CRA_c [Mus musculus]
elongation factor-1 alpha
Heat shock protein HSP 90-alpha; AltName: Full=HSP 86; AltName: Full=Tumor-specific
transplantation 86 kDa antigen; Short=TSTA
heterogeneous nuclear ribonucleoprotein U, isoform CRA_b [Mus musculus]
PREDICTED: similar to KIAA2019 protein [Mus musculus]
Chain A, Structure Of Calmodulin Refined At 2.2 Angstroms Resolution
Hist1h4f protein [Mus musculus]
LOC72520 protein [Mus musculus]
moesin, isoform CRA_a [Rattus norvegicus]
60S ribosomal protein L5
myosin, heavy polypeptide 9, non-muscle isoform 1 [Mus musculus]
Probable ATP-dependent RNA helicase DDX5; AltName: Full=DEAD box protein 5;
Ras GTPase-activating-like protein IQGAP1
60S ribosomal protein L4
Endoplasmin; AltName: Full=Heat shock protein 90 kDa beta member 1; AltName:
Full=94 kDa glucose-regulated protein; Short=GRP94; AltName: Full=ERP99; AltName:
Full=Polymorphic tumor rejection antigen 1; AltName: Full=Tumor rejection antigen
gp96; Flags: Precursor
Vat1 protein [Mus musculus]
RAB1, member RAS oncogene family [Mus musculus]
PREDICTED: similar to 60S ribosomal protein L7a (Surfeit locus protein 3) [Rattus
norvegicus]
Peptidyl-prolyl cis-trans isomerase A; Short=PPIase A; Short=Rotamase A; AltName:
Full=Cyclophilin A; AltName: Full=Cyclosporin A-binding protein; AltName: Full=SP18
Chain B, Mouse C14a Glutathione-S-Transferase Mutant In Complex With S-(PNitrobenzyl) Glutathione
mCG1035404 [Mus musculus]
annexin A11, isoform CRA_d [Mus musculus]
Guanine nucleotide-binding protein G(I)/G(S)/G(T) subunit beta-2; AltName:
Full=Transducin beta chain 2; AltName: Full=G protein subunit beta-2
Heterogeneous nuclear ribonucleoprotein L [Mus musculus]
16S ribosomal protein
GTP-binding protein G-alpha-i2 splice variant a [Rattus norvegicus]
Chain H, The Crystal Structures Of The Rep-1 Protein In Complex With C-Terminally
Truncated Rab7 Protein
solute carrier family 1 member 5 [Mus musculus]
annexin A4 [Mus musculus]
DEAD (Asp-Glu-Ala-Asp) box polypeptide 17 [Mus musculus]
serine (or cysteine) peptidase inhibitor, clade H, member 1, isoform CRA_a [Mus
musculus]
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mKIAA4003 protein [Mus musculus]
phosphoglycoprotein Pgp-1 (Ly24.2) precursor
rCG62940 [Rattus norvegicus]
mCG1128, isoform CRA_a [Mus musculus]
Ras-related protein Rap-2b; Flags: Precursor
60S ribosomal protein L14
ATP-dependent RNA helicase DDX3X; AltName: Full=DEAD box protein 3, Xchromosomal
Chain B, Crystal Structure Of The Extracellular Domain Of Murine Carbonic Anhydrase
Xiv In Complex With Acetazolamide
rCG23030, isoform CRA_c [Rattus norvegicus]
t complex polypeptide 1
Sodium/potassium-transporting ATPase subunit beta-3; AltName:
Full=Sodium/potassium-dependent ATPase subunit beta-3; Short=ATPB-3; AltName:
CD_antigen=CD298
ribosomal protein L18 [Mus musculus]
ribosomal protein S9-like [Mus musculus]
14-3-3 zeta isoform
High affinity cationic amino acid transporter 1; Short=CAT-1
PREDICTED: similar to ribosomal protein isoform 2 [Mus musculus]
PREDICTED: similar to QM protein [Mus musculus]
ribosomal protein L7 [Mus musculus]
40S ribosomal protein S14
Cofilin-1; AltName: Full=Cofilin, non-muscle isoform
rCG37389, isoform CRA_b [Rattus norvegicus]
mCG123291, isoform CRA_b [Mus musculus]
p100 co-activator [Mus musculus]
GNAS complex locus GNASL [Mus musculus]
Calnexin; Flags: Precursor
silver precursor [Mus musculus]
AHNAK nucleoprotein isoform 1 [Mus musculus]
Eef2 protein [Mus musculus]
Hist1h2ah protein [Mus musculus]
Rpl30 protein [Mus musculus]
RAB14 protein variant [Mus musculus]
PREDICTED: similar to 60S ribosomal protein L9 isoform 2 [Mus musculus]
PREDICTED: similar to ribosomal protein L15 [Mus musculus]
rCG63207 [Rattus norvegicus]
malate dehydrogenase [Mus musculus]
NonO [Mus sp.]
Vacuolar proton pump subunit d 1
rCG48149, isoform CRA_d [Rattus norvegicus]
Myb-binding protein 1A; AltName: Full=Myb-binding protein of 160 kDa
Integrin alpha-5; AltName: Full=Fibronectin receptor subunit alpha; CD49e
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mCG13663, isoform CRA_c [Mus musculus]
cyclophilin CyP-S1 [Mus musculus]
Alpha-actinin-4; AltName: Full=Non-muscle alpha-actinin 4; AltName: Full=F-actin
cross-linking protein
Phosphoglycerate kinase 1
Myristoylated alanine-rich C-kinase substrate; Short=MARCKS
Protein disulfide-isomerase A6; AltName: Full=Thioredoxin domain-containing protein
7; Flags: Precursor
Krt42 protein [Mus musculus]
profilin [Rattus norvegicus]
calnexin
Eukaryotic initiation factor 4A-III; AltName: Full=Eukaryotic translation initiation factor
4A isoform 3
tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein [Rattus
norvegicus]
RAB5C, member RAS oncogene family [Rattus norvegicus]
V-type proton ATPase subunit E 1; Short=V-ATPase subunit E 1; AltName:
Full=Vacuolar proton pump subunit E 1; AltName: Full=V-ATPase 31 kDa subunit;
Short=P31
solute carrier family 7 (cationic amino acid transporter, y+ system), member 5 [Mus
musculus]
reticulon 4, isoform CRA_b [Mus musculus]
mCG17577 [Mus musculus]
PREDICTED: similar to ribosomal protein S15a [Rattus norvegicus]
14-3-3 protein gamma [Mus musculus]
Keratin, type II cytoskeletal 1b; AltName: Full=Cytokeratin-1B; Short=CK-1B
chaperonin 10, cpn10 [Rattus norvegicus=rats, liver, Peptide Mitochondrial, 101 aa]
Keratin, type I cytoskeletal 14; AltName: Full=Cytokeratin-14; Short=CK-14; AltName:
Full=Keratin-14; Short=K14
DNA replication licensing factor MCM7; AltName: Full=CDC47 homolog
Ubiquitin-like modifier-activating enzyme 1; AltName: Full=Ubiquitin-activating
enzyme E1
integrin alpha 4 [Mus musculus]
Syntaxin 12 [Mus musculus]
triosephosphate isomerase [Mus musculus]
mCG123446, isoform CRA_b [Mus musculus]
Solute carrier family 2, facilitated glucose transporter member 1; GLUT-1
Rps5 protein [Rattus norvegicus]
copine III (predicted), isoform CRA_b [Rattus norvegicus]
PREDICTED: similar to DNA replication licensing factor MCM3 (DNA polymerase alpha
holoenzyme-associated protein P1) (P1-MCM3) [Rattus norvegicus]
PREDICTED: similar to keratin complex 2, basic, gene 6a isoform 1 [Rattus norvegicus]
minichromosome maintenance deficient 2 mitotin [Mus musculus]
Elongation factor 1-gamma; Short=EF-1-gamma; AltName: Full=eEF-1B gamma
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clathrin, light polypeptide A isoform d [Mus musculus]
integrin alpha 6 [Mus musculus]
beta-globin [Mus musculus]
PREDICTED: hypothetical protein [Mus musculus]
mCG22130, isoform CRA_d [Mus musculus]
mCG125679 [Mus musculus]
chaperonin
Proteasome 26S subunit ATPase 1
PREDICTED: similar to 40S ribosomal protein S20 [Rattus norvegicus]
PREDICTED: similar to 60S ribosomal protein L8 [Rattus norvegicus]
ADP/ATP translocase 2; AltName: Full=Adenine nucleotide translocator 2; Short=ANT
2;
T-complex protein 1 subunit zeta; Short=TCP-1-zeta; AltName: Full=CCT-zeta;
AltName: Full=CCT-zeta-1
Ddx21 protein [Mus musculus]
Chain G, Crystal Structure Of Murine Cyclophilin C Complexed With
Immunosuppressive Drug Cyclosporin A
Rap1A-retro1 [Mus musculus]
Chain A, Crystal Structure Of G Alpha 13 In Complex With Gdp
PREDICTED: hypothetical protein [Mus musculus]
rCG39209, isoform CRA_d [Rattus norvegicus]
nucleolin, isoform CRA_b [Mus musculus]
mCG49804 [Mus musculus]
mCG121979, isoform CRA_b [Mus musculus]
Chain E, Crystal Structure Of The Mouse Rap80 Uims In Complex With Lys63-Linked DiUbiquitin
PREDICTED: similar to ribosomal protein L24 [Mus musculus]
inositol monophosphatase domain containing 1 [Rattus norvegicus]
Voltage-dependent anion-selective channel protein 1; Short=VDAC-1; Short=rVDAC1;
AltName: Full=Outer mitochondrial membrane protein porin 1
Vesicle-trafficking protein SEC22b; AltName: Full=SEC22 vesicle-trafficking protein
homolog B; AltName: Full=SEC22
Vesicle-associated membrane protein 3; Short=VAMP-3; AltName:
Full=Synaptobrevin-3; AltName: Full=Cellubrevin; Short=CEB
Phosphoglycerate mutase 1; AltName: Full=Phosphoglycerate mutase isozyme B;
Short=PGAM-B; AltName: Full=BPG-dependent PGAM 1
nuclear RNA helicase [Rattus norvegicus]
rCG35301, isoform CRA_b [Rattus norvegicus]
ADP-ribosylation factor 1, isoform CRA_a [Rattus norvegicus]
DNA replication licensing factor MCM5; AltName: Full=CDC46 homolog; AltName:
Full=P1-CDC46
Complement C3
Ornithine aminotransferase, mitochondrial; AltName: Full=Ornithine--oxo-acid
aminotransferase
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myelin basic protein expression factor 2, repressor [Mus musculus]
protein 4.1G [Mus musculus]
PREDICTED: similar to ribosomal protein S26, isoform 1 [Mus musculus]
PREDICTED: similar to ribosomal protein S25 isoform 3 [Mus musculus]
PREDICTED: similar to Fibrillarin isoform 2 [Mus musculus]
rCG26466, isoform CRA_b [Rattus norvegicus]
dynein cytoplasmic 1 heavy chain 1, isoform CRA_b [Mus musculus]
capping protein (actin filament) muscle Z-line, alpha 2, isoform CRA_a [Mus musculus]
ribophorin II [Mus musculus]
dopachrome tautomerase [Mus musculus]
prohibitin 2 [Mus musculus]
ribophorin I, isoform CRA_a [Mus musculus]
mKIAA0765 splice variant 1 [Mus musculus]
DNA helicase II [Mus musculus]
transmembrane protein [Rattus norvegicus]
Ldha protein [Rattus norvegicus]
Transferrin receptor protein 1; Short=TfR1; Short=TfR; Short=TR; Short=Trfr; AltName:
CD_antigen=CD71
Poliovirus receptor [Mus musculus]
alpha-N-acetylglucosaminidase (Sanfilippo disease IIIB) [Mus musculus]
PREDICTED: similar to proliferating cell nuclear antigen (DNA polymerase delta
auxiliary protein) isoform 2 [Mus musculus]
basigin, isoform CRA_c [Mus musculus]
Chain H, S-Adenosylhomocysteine Hydrolase Containing Nad And 3-Deaza- DEritadenine
coagulation factor 5 (mapped) [Rattus norvegicus]
T-complex protein 1 subunit epsilon; Short=TCP-1-epsilon; AltName: Full=CCT-epsilon
myosin IC isoform b [Mus musculus]
Hist1h2bj protein [Mus musculus]
ATPase, H+ transporting, lysosomal V1 subunit H [Mus musculus]
Sqstm1 protein [Mus musculus]
mCG18710, isoform CRA_b [Mus musculus]
protein phosphatase 1, catalytic subunit, alpha isoform, isoform CRA_d [Mus
musculus]
myosin Va, isoform CRA_b [Mus musculus]
ATPase, H+ transporting, lysosomal V0 subunit A1, isoform CRA_d [Mus musculus]
Psmc6 protein [Rattus norvegicus]
Rpl11 protein [Mus musculus]
PREDICTED: similar to ribosomal protein L6 [Mus musculus]
rCG63324 [Rattus norvegicus]
mCG2315, isoform CRA_a [Mus musculus]
mCG119320 [Mus musculus]
cytochrome b5
Isocitrate dehydrogenase [NADP], mitochondrial; Short=IDH; AltName:
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Full=Oxalosuccinate decarboxylase;
Ras-related protein Rab-27A; Short=Rab-27; AltName: Full=GTP-binding protein Ram;
AltName: Full=Ram p25
Eftud2 protein [Rattus norvegicus]
Glycyl-tRNA synthetase; AltName: Full=Glycine--tRNA ligase; Short=GlyRS
hemiferrin, transferrin-like protein [Rattus norvegicus]
tumor-susceptibility gene 101 protein [Rattus norvegicus]
integrin linked kinase, isoform CRA_c [Rattus norvegicus]
Rps13 protein [Mus musculus]
NADH-cytochrome b5 reductase 3; Short=Cytochrome b5 reductase; Short=B5R;
Alpha-soluble NSF attachment protein; Short=SNAP-alpha
heterogeneous nuclear ribonucleoprotein A0 [Mus musculus]
plectin isoform 1hij [Mus musculus]
Anxa7 protein [Mus musculus]
Chain A, The Crystal Structure Of Beta-Catenin Armadillo Repeat Complexed With A
Phosphorylated Apc 20mer Repeat.
Programmed cell death 6 interacting protein [Mus musculus]
integrin alpha V [Mus musculus]
PREDICTED: hypothetical protein [Mus musculus]
PREDICTED: similar to DnaJ-like protein [Mus musculus]
programmed cell death 6 (predicted), isoform CRA_b [Rattus norvegicus]
catenin (cadherin associated protein), delta 1, isoform CRA_d [Mus musculus]
PREDICTED: similar to ribosomal protein L34 [Rattus norvegicus]
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