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Abstract

Cancer is a hypernym used to describe a group of diseases characterised by the
uninhibited growth and spread of abnormal cells in the body. An estimated 7.6 million
annual deaths are attributed to the disease while 12.7 million new cases are reported
every year. The severity of this disease demonstrates the urgent requirement of novel
anti-cancer therapeutic agents. The non-integrin laminin receptor, here designated the
37 kDa/67 kDa laminin receptor (LRP/LR), is a multifunctional protein located on the
surface, in the cytoplasm, in the perinuclear compartment and in the nucleus of cells.
While this receptor is imperative for normal cellular functioning, it has also been
implicated in many diseases — it serves as a cell surface receptor for numerous
viruses, infectious prion proteins as well as certain respiratory tract pathogens.
Additionally, LRP/LR has been found to have some involvement in zoonotic diseases
and those involving neurodegeneration, such as Alzheimer’s disease. Most
importantly for this study, LRP/LR has been implicated in cancer progression, where
it was found to be overexpressed on the surface of various cancer cell lines, this
overexpression correlating to increased metastasis. The aim of this study was to
investigate the effect of the siRNA-mediated downregulation of LRP expression on
the viability of tumorigenic lung and cervical cancer cells (A549 and Hela,
respectively). The cell surface LRP/LR and total LRP levels were investigated using
flow cytometry and western blotting, respectively, in A549 and HeLa cells, the results
revealing high percentages of both cell lines expressing LRP/LR on their surface.
Additionally, A549 and HeLa cells express similar total levels LRP. The
transfectability of these cells was confirmed and siRNA-LAMRI was shown to
significantly downregulate LRP expression (80% and 60% in A549 and HeLa cells,
respectively). MTT assays revealed that the significant 13% and 18% reduction in
cellular viability in A549 and HeLa cells, respectively, was as a consequence of LRP
downregulation. This reduction in cellular viability was found to be a consequence of
induced apoptosis (identified by the visualisation of the loss in nuclear integrity, as
well as the significantly increased activity of the apoptosis-associated protein caspase-
3) and inhibited cellular proliferation in the aforementioned cells. These findings
suggest that siRNA targeting LRP mRNA may act as a potential alternative

therapeutic tool for the teatment of cancer.
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“The fear of the Lord is the beginning of wisdom, and the
knowledge of the Holy One is understanding”

— Proverbs 9:10

IV



Acknowledgements

I would like to thank the following people who made this work possible:

To my supervisor Prof. Stefan F. T. Weiss, for your encouragement, advice and
scientific guidance through the duration of this project. For always being available for
my questions and concerns and for believing in my ability to undertake this research, I

appreciate all you have invested in me.

To the past and present members of my research group:

Aadilah ‘A’ Omar, Bianca ‘Binxypoo’ Da Costa Dias, Danielle ‘Daniboy’ Gonsalves,
Katarina ‘Kitty Kat’ Jovanovic, Raksha ‘Rakshi’ Khusal, Thandokhule ‘Thando’
Khumalo and Dr. Vusi ‘JP’ Mbazima. I can not satisfactorily express my gratitude for
the influence you all have had on my life, both scientifically and otherwise. Being a
part of this research group has taught me too much for words to adequately describe,
and the friendships I’ve forged here will be ones that I cherish dearly. I will miss

GH614. You guys are incredible!

To the various labs and research groups in the school of Molecular and Cell Biology,
your willingness to share knowledge, expertise, reagents and equipment has helped

me a great deal.

To Prof. Marco Weinberg for assistance with the shRNA design and production and

Dr. Clement Penny for assistance with immunofluorescence microscopy.

To the following institutions for financial assistance:

National Research Foundation, South Africa - Prestigious and Equity Scholarship and
Incentive Funding

Medical Research Foundation, South Africa — Funding toward cancer research
University of the Witwatersrand — Postgraduate Merit Award

Without your funding, this M. Sc. would not have been possible



To my Mum and Dad, for providing me with every opportunity to achieve my
dreams, for your unconditional love and constant encouragement, for never allowing
me to give up and for believing in me. I would never be where 1 am today without
you. Thank you for moulding me into the person I am. Words cannot describe my

appreciation and love for you both.
To my brother, for always pushing me to “cure cancer” and asking “how long is this
going to take?”. The impact of those words is profound, you are dearly loved and

deeply cherished.

To my grandparents, thank you for beliving in me from day 1, for teaching me the

importance of education, for your prayers and support, it means so much to me.

To my extended family and my church, for your encouraging words, prayers and for

always being concerned about how things are going.

Above all, I would like to thank my LORD Jesus for His countless blessings and

favour. Without HIM I can do nothing (Jn. 15 vs 5).

VI



Research OQutputs

Original Publications:

Moodley, K., Weiss, S. F. T. (2013). Downregulation of the non-integrin
laminin receptor reduces cellular viability by inducing apoptosis in lung and

cervical cancer cells. PloS one in press.

Khusal, R., Dias, B. D. C., Moodley, K., Penny, C., Reusch, U., Knackmuss,
S., Little, M., Weiss, S. F. T. (2013). In vitro Inhibition of Angiogenesis by
antibodies directed against the 37kDa/67kDa Laminin Receptor. PloS one in

press.

Jovanovic, K., Gonsalves, D., Dias, B. D. C., Moodley, K., Reusch, U.,
Knackmuss, S., Penny, C., Weinberg, M., Little, M., Weiss, S. F. T. (2012).
Anti-LRP/LR specific antibodies and shRNAs impede amyloid beta shedding

in Alzheimer’s disease. Scientific reports revised.

Review Articles:

Omar, A., Jovanovic, K., Da Costa Dias, B., Gonsalves, D., Moodley, K.,
Caveney, R., Mbazima, V. & Weiss, S. F. (2011). Patented biological
approaches for the therapeutic modulation of the 37 kDa/67 kDa laminin
receptor. Expert opinion on therapeutic patents 21, 35-53.

Local conferences — Poster presentations:

Omar, A., Moodley, K., Khusal, R. and Weiss, S. F. T. (2011). Anti-LRP/LR
specific antibodies significantly reduces cell adhesion and cell viability of

various metastatic cancer types. Mini Cell and Developmental Biology

VII



Symposium, Wits Medical School, 2011.

Moodley, K. and Weiss, S. F. T. (2012). Potential Apoptosis Inducing Activity
of anti-37 kDa/67 kDa Laminin Receptor Specific Antibodies and shRNA in
Various Human Cancer Cell Lines. 23" SASBMB/FASBMB Congress,
Drakensburg, 2012.

Moodley, K. and Weiss, S. F. T. (2012). The effect of the siRNA mediated
downregulation of the non-integrin laminin receptor on cell viability in human
lung and cervical cancer cells. Wits 4 Cross-Faculty Postgraduate

Symposium, Wits Postgraduate Development Hub, 2012.

Moodley, K. and Weiss, S. F. T. (2012). The effect of the siRNA mediated
downregulation of the non-integrin laminin receptor on cell viability in human
lung and cervical cancer cells. MBRT Research Day 2012, Wits Postgraduate
Development Hub, 2012.

VIII



Table of Contents

Declaration

Abstract

Acknowledgements

Research Outputs

Table of Contents

List of Figures
List of Tables
List of Symbols

List of Abbreviations

1.

Chapter 1 — Introduction

1.1. Cancer

1.1.1. Cancer cause and prevention

1.1.2. Mechanisms of cancer progression
1.1.2.1. Cancer cells self-sufficiency in growth signals
1.1.2.2. Cancer cells unresponsiveness to antigrowth

signals

1.1.2.3. Cancer cells infinite replicative potential
1.1.2.4. Cancer cells maintain angiogenesis
1.1.2.5. Cancer cells invasion and metastasis
1.1.2.6. Cancer cells evasion of apoptosis

1.2. Apoptosis
1.2.1. Apoptotic pathways

1.2.1.1. Death receptor (extrinsic) pathway

1.2.1.2. Mitochondrial-dependent (intrinsic) pathway
1.2.2. Cellular alterations resulting from apoptosis

1.2.2.1. Morphological features of apoptosis

1.2.2.2. Biochemical features of apoptosis
1.2.3. Caspases and apoptosis

1.3. The cell cycle
1.4. The 37-kDa/67-kDa laminin receptor precursor/laminin receptor
1.4.1. Structure of LRP/LR

1.4.2. Cellular locations and physiological roles

II
III

VII
IX
X1V
XVI
XVII

XVIII

wn A~ A

O O O X X AN N W

N N N = = = = = e
N © © oo L i W W O

IX



1.4.3. Pathological implications of LRP/LR

1.4.3.1. LRP/LR and its role in cancer and metastasis
1.4.3.2. LRP/LR and its role in cancer angiogenesis
1.4.3.3. LRP/LR and cellular viability
1.4.3.4. LRP/LR and the evasion of apoptosis
1.4.3.5. LRP/LR and cellular proliferation

1.5. RNA silencing

1.5.1. Components of gene silencing

1.5.1.1. Dicer
1.5.1.2. RNA-Induced Silencing Complex

1.5.2. Mechanism of RNA interference
1.5.3. Regulation of RNA interference
1.5.4. Applications of RNA interference

1.6. Rationale, research question, aims and objectives

1.6.1. Rationale
1.6.2. Research question
1.6.3. Aim

1.6.4. Objectives

. Chapter 2 — Materials and Methods

2.1. Cell lines and cell culture maintenance
2.1.1. Cell lines
2.1.2. Cell culture maintenance
2.2. Plasmids and plasmid amplification
2.2.1. Plasmids
2.2.2. Plasmid amplification
2.2.2.1. Production of chemically competent

E.coli XL1-Blue

2.2.2.2. Transformation of plasmids into E.coli XL1-Blue

2.2.23. Plasmid isolation
2.2.2.3.1. Plasmid DNA purification (mini-prep)
2.2.2.3.2. Endotoxin-free plasmid DNA
purification (maxi-prep)
2.3. Determination of cell surface LRP/LR levels
2.4. Determination of total LRP levels

22
23
26
26
27
27
27
28
28
29
29
31
31
32
32
32
32
32
34
34
34
34
34
34
35

35
35
36
36

37
38
39



2.4.1. Cell lysis

2.4.2. BCA assay

2.4.3. Preparation of protein samples for SDS-PAGE

2.4.4. SDS-PAGE

2.4.5. Transfer of proteins from the gel to PVDF
membrane (western blotting)

2.4.6. Immunodetection of LRP and f3-actin protein
expression levels

2.4.7. Densitometric analysis

2.5. Determination of A549 and HeLa transfectability

2.5.1. Transfection of A549 and HeLa cells with pCl-neo-GFP

2.5.2. Immunofluorescence microscopy
2.6. Production of shRNA
2.6.1. Design of oligonucleotides

2.6.2. Nested PCR amplification of oligonucleotides

2.6.2.1. Primary PCR
2.6.2.2. Secondary PCR
2.6.3. PCR clean-up
2.6.4. Ligation reaction
2.6.5. Transformation reaction
2.6.6. Plasmid isolation

2.6.7. Plasmid DNA sequencing
2.6.8. Retransformation of pTZ57R/T shRNA-1.1
2.6.9. Isolation of pTZ57R/T shRNA-1.1

2.7. Transfection of cells with pTZ57R/T shRNA-1.1 and

determination of LRP downregulation

2.7.1. Transfection
2.7.2. Determination of LRP downregulation

2.8. Purchase of siRNA directed against LRP mRNA,
transfections and determination of LRP expression levels
2.8.1. Transfection of A549 and HeLa cells with

siRNA-LAMR1

2.8.2. Determination of LRP expression levels

39
39
40
40

41

41
42
42
42
43
43
43
44
44
45
46
46
47
47
48
48
48

48

48

49

49

50
50

XI



2.9.

Examination of cell viability

29.1. Transfection of A549 and HelLa cells with

siRNA-scr and siRNA-LAMR1

2.9.2. Incubation of A549 and HeLa cells with

2.10.
2.11.
2.12.
2.13.
. Chapter 3 — Results

3.1.

siRNA-scr and DharmaFECT® 1 reagent
Examination of apoptotic nuclear morphology
Examination of caspase-3 activity
Assessment of cellular proliferation

Statistical analysis

Determination of cell surface LRP/LR and total LRP levels on
A549 and HelLa cells

3.1.1. Determination of cell surface LRP/LR levels

3.1.2. Determination of total LRP levels

3.2.
3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

4.1.

4.2.

4.3.

4.4,
4.5,

Determination of A549 and HelLa cell transfectability
Determination of LRP downregulation in A549 and HeLa

cells post-transfection with pTZ57R/T shRNA-1.1

Determination of LRP downregulation in A549 and HeLa

cells post-transfection with siRNA-LAMR1

Determination of the effect of the siRNA-mediated
downregulation of LRP expression on cellular viability
Assessment of the effect of the siRNA-mediated downregulation
of LRP expression on nuclear morphology

Examination of the effect of the siRNA-mediated downregulation
of LRP expression of caspase-3 activity

Examination of the effect of the siRNA-mediated downregulation

of LRP expression on cellular proliferation

. Chapter 4 — Discussion

Cell surface LRP/LR and total LRP levels
LRP silencing

Cellular viability

Apoptosis

Cellular proliferation

50

51

51
51
52
52
53
54

54
54
54
57

57

60

60

64

64

67

69

69

70

71

72
73

XII



4.6. Targeting LRP/LR for cancer treatment 73

5. Chapter 5 — Conclusion and Future Work 75
5.1. Conclusion 75

5.2. Future work 76
References 77

Appendix 88

XIII



List of Figures

Figure 1.1 —
Figure 1.2 —

Figure 1.3 —
Figure 1.4 —
Figure 1.5 —
Figure 1.6 —
Figure 1.7 —
Figure 1.8 —
Figure 1.9 —
Figure 3.1 —

Figure 3.2 —

Figure 3.3 —
Figure 3.4 —

Figure 3.5 —

Figure 3.6 —

Figure 3.7 —

Figure 3.8 —

Figure 3.9 —

Figure 3.10 —

Figure 5.1 —
Figure Al —

Global incidences of cancer.

Most frequently diagnosed gender specific cancer types in
Southern Africa.

The six main hallmarks of cancer.

The two main apoptotic pathways in mammalian cells.

The morphological features associated with apoptosis in the cell.

The cell cycle.

Structure of LRP/LR.

The process of tumour metastasis.

The mechanism if RNA interference.

Flow cytometric analysis of surface LRP/LR levels on
A549 and HelLa cells.

Determination of total cellular LRP levels on A549

and HeLa cells.

Determination of A549 and HelLa cell transfectability.
LRP expression in A549 and HeLa cells post-transfection
with shRNA-1.1.

siRNA-mediated downregulation of LRP expression in
A549 and HeLa cells.

The effect of the siRNA-mediated downregulation of LRP
expression on cellular viability in A549 and HeLa cells.
The effect of sSiIRNA-scr and DharmaFECT® 1 reagent
on cellular viability.

The effect of the siRNA-mediated downregulation of
LRP expression on nuclear morphology.

The effect of the siRNA-mediated downregulation of
LRP expression on caspase-3 activity.

The effect of the siIRNA-mediated downregulation of
LRP expression on cellular proliferation.

Conclusion of the study.

pCl-neo plasmid map.

55

56
58

59

61

62

63

65

66

68

75
89

XIV



Figure A2 —
Figure A3 —
Figure A4 —
Figure AS —
Figure A6 —

pti-H1 plasmid map.

pTZ57R/T plasmid map.

Design of shRNA-1, 4 and 7 oligonucleotides.
Nested PCR amplification of oligonucleotides.
Transformation of pTZ57R/T shRNA-1, 4 and 7 into
E. coli XL1-Blue.

90
90
98
99

101

XV



List of Tables

Table 1.1 —  Apoptotic morphology associated proteins cleaved by caspases 17
Table 1.2 —  Cancer types overexpressing LRP/LR 23

XVI



List of Symbols

°C

cm

mA
min
mL

mm

ng
pL
uM

umol

Degree Celsius
Centimetre
Hour

Molar
Milliampere
Minute
Millilitre
Millimeter
Millimolar
Nanogram
Nanometer
Picogram

Picomole

Revolutions per minute

Second
Volts
Alpha

Beta
Microgram
Microlitre
Micromolar

Micromole

XVII



List of Abbreviations

37LBP
67LR
A549
aa

Ago
AIDS
AMD
APS
ATCC
ATP
BCA
Bcel2
Bid

bp
BrdU
BSA
C-terminus
CaCl,
CAD
CAM
CO,
DD
DED
dH,O
DISC
DMEM
DMSO
DNA
dNTP
DPBS
dsRNA

37-kDa laminin-binding protein
67-kDa laminin receptor
Adenocarcinoma human alveolar basal epithelial cells
Amino acid

Argonaute

Acquired immune deficiency syndrome
Age-related macular degeneration
Ammonium persulfate

American Type Culture Collection
Adenosine triphosphate
Bicinchoninic acid assay

B-cell lymphoma 2

Bcl-2 Interacting Domain

Base pair

Bromodeoxyuridine

Bovine serum albumin
Carboxyl-terminus

Calcium chloride
Caspase-Activated DNase

Cell-cell adhesion molecule

Carbon dioxide

Death domain

Death effector domain

Distilled water

Death inducing signalling complex
Dulbecco's Modified Eagle Medium
Dimethyl sulfoxide
Deoxyribonucleic acid
Deoxyribonucleotide triphosphate
Dulbecco's Phosphate-Buffered Saline
Double stranded RNA

XVIII



E. coli
ECM
EDTA
FADD
FCS
FITC
FXR
GFP

GS
HBV
HeLa
Hep3B
HepG2
HIV
HPV
HRP
HT1080
ICAD
10D
IPTG
KCl
kDa

LB
LBP-p40
LRP
LRP/LR
mRNA
MTT
N-terminus
NaCl
NaOH
NuMA
OD
PBS

Escherichia coli

Extracellular matrix
Ethylenediaminetetraacetic acid
Fas-associated protein with death domain
Fetal calf serum

Fluorescein isothiocyanate

Fragile X-related

Green fluorescent protein

Growth signals

Hepatitis B virus

Human cervix carcinoma cell line
Human hepatoma cell line

Liver hepatocellular cell line

Human immunodeficiency virus
Human papillomavirus

Horse radish peroxidase

Human fibrosarcoma cell line
Inhibitor of Caspase-Activated DNase
Integrated optical density

Isopropyl B-D-1-thiogalactopyranoside
Potassium chloride

Kilo Dalton

Lysogeny broth

Laminin-binding protein precursor p40
Laminin receptor precursor
37-kDa/67-kDa laminin receptor precursor/laminin receptor
messenger RNA
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
Amino-terminus

Sodium chloride

Sodium hydroxide

Nuclear mitotic apparatus protein
Optical Density

Phosphate buffered saline

XIX



PCA
PCR
pRb
PTGS
PVDF
RISC
RNA
RNAI
RPSA
rRNA
RSV

RT

SDS
SDS-PAGE
shRNA
siRNA
TBE
tBid
TEMED
TGS
TNFR
TRAIL
Tudor SN
v/v

w/v

Xgal

Protocatechuic acid

Polymerase chain reaction
Retinoblastoma protein
Post-transcriptional gene silencing
Polyvinylidene fluoride
RNA-induced silencing complex
Ribonucleic acid

Ribonucleic acid interference
Ribosomal protein SA
Ribosomal ribonucleic acid
Respiratory syncytial virus
Room temperature

Sodium dodecyl sulfate

Sodium dodecyl sulfate polyacrylamide gel electrophoresis

Small hairpin RNA/short hairpin RNA
Small interfering RNA
Tris/Borate/EDTA

Truncated Bid
Tetramethylethylenediamine
Transcriptional gene silencing
Tumour necrosis factor receptor
(TNF)-related apoptosis-inducing ligand
Tudor-Staphylococcus nuclease
volume/volume

weight/volume

5-bromo-4-chloro-indolyl-B-D-galactopyranoside

XX



1. CHAPTER 1 - INTRODUCTION

1.1. Cancer

Cancer is a hypernym used to describe a group of diseases characterised by the
uninhibited growth and spread of abnormal cells in the body '. If the growth of these
cells is not restricted, death is often the result >. Cancer is an in discriminatory
disease, however, diagnosis is directly proportional to age with the majority of cases

occurring in the middle aged and older adults .

Cancers are currently the global leading cause of mortality, accounting for
approximately 7.6 million deaths (13% of all deaths) in 2008 * while an estimated
12.7 million new cancer cases were reported in the same year *. One in every eight
worldwide deaths is attributed to cancer ' and in 2007 the disease caused more
fatalities than AIDS, tuberculosis and malaria combined '. The most commonly
diagnosed cancers globally are lung, breast and colorectal cancers while the most

. 4
common cause of cancer related deaths are lung, stomach and liver cancers ".

According to 2008 GLOBOCAN statistics, Southern Africa has the 7™ highest cancer
incidence rate, with breast cancer being the most common, followed by prostate,
oesophageal and cervix uteri cancers (11%, 10%, 9% and 8% of all cases,
respectively) (Figure 1.1). Among men (Figure 1.2a) in Southern Africa, prostate
cancer is the most frequent, followed by lung cancer and oesophageal cancer, while in
women (Figure 1.2b), breast cancer, cervix uteri cancer and oesophageal cancer are

4
the most common .

These statistics demonstrate the urgent requirement for the search and development of

novel anti-cancer therapeutic agents.
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1.1.1. Cancer cause and prevention

Numerous causes of cancer have to date been identified, both preventable and non-
preventable, all concerning malfunctioning genes and proteins involved in the control
of cellular growth and division *. The disease can be initiated by internal (inherited
mutations, hormones, immune conditions and mutations occurring from metabolic
processes) and external (tobacco, infectious organisms, chemicals and radiation)

2
factors “.

Successful prevention of this disease has been observed by decreasing an individual’s
exposure to certain external causative factors, such as cigarette smoking and
excessive alcohol intake (30% of all cancer related deaths in the United States in 2011
were expected to be caused by tobacco use) . Certain lifestyle choices are also of
interest, as it 1s estimated that 33% of all cancer deaths in the United States in 2011
were expected to be related to obesity, poor nutrition and physical inactivity, therefore
also preventable >. Additionally, approximately 2 million of the annually diagnosed
cases of skin cancer could be prevented through adequate protection from the sun’s

. . . 2
rays as well as the avoidance of indoor tanning “.

Certain cancers are caused by infectious agents such as viruses e.g. hepatitis B virus
(HBV) **°, human papillomavirus (HPV) " *, human immunodeficiency virus (HIV) °

10; 11
:11 These cancers can be

as well as bacteria such as Helicobacter pylori (H. pylori)
prevented by vaccination '?, behavioural changes (for sexually transmitted diseases)

or by antibiotics *.

1.1.2. Mechanisms of cancer progression

Cells must attain a number of features in order to make the transition from being
normal to becoming cancerous. These features, which are necessary in controlled
measures for normal cellular development, homeostasis and survival, become
exploited by cancerous cells, allowing them to propagate themselves with little
impediment. Some of these features include the ability of cancer cells to grow in the

absence of growth signals, their unresponsiveness to antigrowth signals, infinite



replicative potential, maintained angiogenesis, invasion and metastasis, and the

evasion of apoptosis " (Figure 1.3).

1.1.2.1.  Cancer cells self-sufficiency in growth signals

Mitogenic growth signals (GS) are required by normal cells for their progression from
a quiescent to an actively proliferative state . The growth signals are transduced into
the cell via specific transmembrane receptors, which bind ligands on the extracellular
cell surface and subsequently relay the proliferative message along a signal pathway
into the cell. It is not possible for normal cells to propagate in the absence of these
growth signals; however cells that have become tumorigenic possess this ability .
Tumour cells can also possess the ability to produce their own growth stimuli

allowing them to proliferate without restriction .

1.1.2.2.  Cancer cells unresponsiveness to antigrowth signals

Antigrowth signals, received by transmembrane receptors and subsequently integrated
to intracellular signalling pathways, are present in normal cells, and are responsible
for the prevention of cellular propagation as well as the maintenance of cellular

1
3. In some cases, when forced out of the

quiescence and tissue homeostasis
proliferative phase of the cell cycle by the action of antigrowth signals, cells maintain
the ability to emerge from this state and proliferate in the presence of growth signals
B In contrast, antigrowth signals can also permanently prevent further cellular
proliferation in certain cells e.g. cells which are fully differentiated . Normal cells
are responsive to these signals due to cell cycle regulation; specifically the
mechanism that assist in the passage of the cell through G; (section 1.3 — the cell
cycle). In normal cells, the decision to proliferate is governed by the retinoblastoma
protein (pRb) — when hypophosphorylated, pRb blocks proliferation by requisitioning
and altering E2F transcription factors, essential proteins involved in the transcription
of genes which are required for the cells to progress through G; "°. It is essential for
cancerous cells to become unresponsive to antigrowth signals if they are to flourish,
therefore tumorigenic cells block the pRb pathway, liberating the E2F transcription
factors, thus allowing for cellular proliferation . This disruption renders the cells

insensitive to these antigrowth factors, therefore promoting tumour formation **.



1.1.2.3.  Cancer cells infinite replicative potential

In 1997, Hayflick demonstrated that normal cells have a limited replicative potential,
showing that the proliferation of cells in culture is finite '* and once these cellular
populations have attained their set number of proliferative steps, they become
senescent (their propagation is discontinued) . It was shown that senescence could
be avoided by disrupting the tumour suppressor proteins pRb and p53, enabling the
cells to continue their multiplication, a step known as immortalisation '>. The
replicative potential of normal cells is governed by telomeres (the ends of
chromosomal DNA which become 50-100 bp shorter with every replicative cycle due
to the inability of DNA polymerases to fully replicate their 3> ends) '°. In almost all
types of cancerous cells, telomere maintenance is observed ', where the cells have an
upregulated expression of telomerase (functions in the addition of hexonucleotide
repeats onto the ends of telomeric DNA), thus allowing the telomeres to counteract
their erosion '*. Evidence for tumour cells possessing an infinite replicative potential
is gained from the observation that most cancer types propagated in culture appear to

be immortalised .

1.1.2.4.  Cancer cells maintain angiogenesis

Cellular functionality and survival is dependent on the adequate receipt of oxygen and
nutrients, factors that are transported in the body by the vascular system. The
importance of this process is further demonstrated by the observation that all cells and

tissue are found to reside within 100 um of a capillary blood vessels '°.

Angiogenesis, a term used to describe the production of new blood vessels in the
body, holds high importance in early organ development, however, once tissue
formation has been completed, this process is both transitory and tightly regulated .
Since cancerous cells have increased cellular proliferation, they require higher
concentrations of oxygen and nutrients; this is achieved through the initiation of

tumour angiogenesis by the cells, a step necessary for their maintained growth .
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Figure 1.3 — The six main hallmarks of cancer. The six main mechanisms

by which cells become cancerous (adopted from ).



1.1.2.5. Cancer cells invasion and metastasis

In the developmental process of most human cancers, cells are able to secede from the
primary tumour site and invade adjacent tissues where it is possible for them to
establish new colonies ', a progression termed metastasis. This process allows cancer
cells to inhabit new areas of the body where initially there is little spatial constraint
and nutritional restriction . Metastasis has been found to be the cause of 90% of all

human cancer deaths *°, as it is often difficult to inhibit the spread of these cells.

The molecular mechanisms of invasion and metastasis have been investigated and a
number of influential proteins have been identified, with several involved in the
tethering of cells to their surrounding environment. These proteins become altered in
tumours exhibiting invasive or metastatic tendencies '>. Some such proteins include

21; 22

the cell-cell adhesion molecules (CAMs)", extracellular proteases and the

cadherin * and integrin ** * families.

1.1.2.6.  Cancer cells evasion of apoptosis

Tumour cells expand by increased proliferation and maintain this by a decreased level
of cell death. Apoptosis is a form of programmed cell death that is essential for
homeostasis, the elimination of cells during development and the eradication of cells
possessing harmful mutations *°. The acquired resistance of cancerous cells to this
process was first observed in 1972 by Kerr et al. — subsequent to hormone elimination
from hormone-dependent tumours, substantial cell death was observed *’. Apoptosis
is a tightly regulated process, with a number of triggers and pathways; a detailed
description of this form of cell death will be outlined in the section to follow. It is
increasingly being observed that the evasion of apoptosis is a hallmark noticed in
most if not all cancer types ', therefore targeting this process could be a possible
therapeutic for the treatment of this disease. However, it must be noted that the
evasion of apoptosis can be effectuated through the mutation or dysregulation of a

31

number of proteins and/or genes, e.g. bcl-2 2% %° p53 % myc *', adding to the

complexity of targeting this process.



1.2. Apoptosis

Apoptosis or programmed cell death is a physiological form of cell death which
involves a cell actively committing suicide **. Apoptosis is a fundamental element for
many cellular processes including normal cell turnover, which is important for
homeostasis, proper development and the functioning of the immune system,
hormone-dependent atrophy, embryonic development and chemical-induced cell
death *°. Tissue damage occurs in cases where cells undergo too much apoptosis and
this event is observed in medical conditions such as strokes and neurodegenerative
disorders such as Alzheimer’s, Huntington’s and Parkinson’s diseases . In cases
where cells evade apoptosis, medical conditions such as cancers may evolve *°. Due
to the consequences of the activation of this process, it is both stringently controlled
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and well regulated in the cell *°, with a large number of regulatory and effector

proteins involved in the initiation and execution of the apoptotic pathways.

1.2.1. Apoptotic pathways

The process of apoptosis involves a number of proteins all implicated in intricate and
cross-linked pathways. These proteins function in activation cascades, which increase
the regulation of this form of cell death. The process of apoptosis takes place in the
cell via two major pathways namely the death receptor (extrinsic) pathway and the
mitochondrial-dependent (intrinsic) pathway (Figure 1.4). These two apoptosis-
inducing pathways can be triggered by a number of signals arising either extra- or

intracellulary **.

1.2.1.1.  Death receptor (extrinsic) pathway

The death receptor pathway (Figure 1.4) is mediated by the activation of cell surface
receptors known as death receptors. Death receptors belong to the tumour necrosis
factor receptor (TNFR) gene super family, including TNFR-1, Fas/CD95, and the
TRAIL receptors DR-4 and DR-5 *°. These receptors span the membrane, and once an
appropriate ligand has bound to them, transmit the apoptotic signals from the

extracellular space into the cytoplasm of the cell *°. The binding of the ligand to the



cell surface receptor/death receptor results in the exposure of a conserved amino acid
sequence, known as the death domain (DD), on the receptor to the cytosolic side of
the plasma membrane *°. This results in the recruitment of adaptor molecules such as
the Fas-associated protein with death domain (FADD) via DD-DD interactions.
Furthermore, FADD also consists of a death effector domain (DED) which is
involved in the recruitment and binding of procaspase-8 via DED-DED interactions
3% The binding of the FADD to the receptor death domains forms the death inducing
signalling complex (DISC), and when concentrated at the DISC, procaspase-8 possess
the ability to undergo autocatalytic cleavage and activation, resulting in the
production of active caspase-8 *°. Active caspase-8 is then able to cleave inactive
procaspase-3 forming active caspase-3, which then cleaves specific substrates,

ultimately resulting in the death of the cell.

Where the apoptotic signals generated by the activation of the death receptor is not
sufficient to activate caspase-8 which in turn will activate caspase-3 via the death
receptor pathway, the activated caspase-8 cleaves Bid (a member of the Bcl-2 family
of proteins) to truncated Bid (tBid). tBid then activates the mitochondrial-dependent

(intrinsic) apoptotic pathway as described below **.

1.2.1.2.  Mitochondrial-dependent (intrinsic) pathway

The mitochondrial-dependent apoptotic pathway (Figure 1.4) can be initiated by
apoptotic signals from the death receptor pathway (described above) as well as death
signals that originate inside the cell >’. The death signals originating inside the cell
include damage to the DNA, oxidative stress, lack of nutrients, as well as
chemotherapeutic drugs *°. The aforementioned intracellular death signals cause a
shift in the ratio of pro-apoptotic and anti-apoptotic proteins, which subsequently
leads to an increase in the permeability of the outer mitochondrial membrane **. The
increase of the membrane permeability allows for the release of many pro-apoptotic
proteins such as cytochrome ¢ from the mitochondria to the cytosol *°. Once in the
cytosol, cytochrome c¢ binds to a monomeric molecule called Apaf-1, which then
undergoes an ATP-dependent conformational change and oligomerisation, leading to

recruitment of procaspase-9 and the formation of the apoptosome. In the apoptosome,

10



procaspase-9 is cleaved to active caspase-9, which in turn cleaves procaspase-3 to
active caspase-3. Active caspase-3 is involved in the initiation of downstream events,
e.g. DNA degradation, which ultimately results in the death of the cell *°.

The degradation of DNA is accomplished through the action of the Caspase-Activated
DNase (CAD), however, this endonuclease is found complexed to an inhibitor,
Inhibitor of Caspase-Activated DNase (ICAD) and is therefore inactive *°. In
apoptotic cells, active caspase-3 cleaves ICAD, releasing CAD, which then degrades

DNA, causing cell death .
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Figure 1.4 — The two main apoptotic pathways in mammalian cells. The death
receptor (extrinsic) pathway receives a signal from the exterior of the cell e.g. binding
of a ligand to the CD95SL receptor, which activates the apoptotic pathway. The
binding of a ligand to this death receptor recruits adaptor molecules and procaspase-S8.
Procaspase-8 is cleaved to form active caspase-8, which in turn cleaves procaspase-3
activating it to caspase-3. The mitochondrial-dependent apoptotic (intrinsic) pathway
is activated by intracellular signals e.g. damaged DNA, stress, lack of nutrients,
chemotherapeutic drugs etc. These signals cause a change in the permeability of the
mitochondrial membrane causing the release of cytochrome ¢ from the mitochondrion
into the cytosol. In the cytosol, cytochrome c interacts with Apaf-1 to form the
apoptosome. The apoptosome is able to activate procaspase-9 to caspase-9, which in
turn activates caspase-3. The intrinsic and extrinsic apoptotic pathways both converge
at the activation of caspase-3 which then mediates the downstream pathways
responsible for the biochemical and morphological changes observed in apoptotic

cells (adopted from *°).
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1.2.2. Cellular alterations resulting from apoptosis

Once cellular initiation of programmed cell death pathways has occurred,

morphological and biochemical changes in the cell become apparent.

1.2.2.1.  Morphological features of apoptosis

At the onset of apoptosis, cellular and nuclear shrinkage is observed. Additionally, the
chromatin undergoes condensation, forming sharply defined masses on the periphery
of the nuclear membrane *. The nucleus then becomes increasingly condensed in a
process known as karyorrhexis and the cell detaches both from the surrounding tissue
and the outer membrane, becoming convoluted and forming extensions *’. These
extensions, called membrane blebs, then detach and form separate membranes
surrounding cellular material, and are termed apoptotic bodies *’. The apoptotic
bodies become phagocytosed into the surrounding cells and are ultimately degraded

(Figure 1.5).

The abovementioned process occurs exclusive of inflammation, which would be

resultant from the release of intracellular contents into surrounding tissues *.
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Figure 1.5 — The morphological features associated with apoptosis in the cell.
Once apoptosis has been initiated, the cell shrinks and the chromatin becomes
condensed. The nucleus then constricts and collapses, following which the outer
membrane of the cell looses its rigidity, becoming convoluted and forming
extensions. The extensions, known as apoptotic bodies, surround cellular material and

detach from the cell (adopted from http://cancerbattlefield.com/research/apoptosis/).
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1.2.2.2.  Biochemical features of apoptosis

In addition to the abovementioned cellular morphological changes associated with

apoptosis, certain biochemical alterations are also observed in apoptotic cells.

The degradation of DNA is an imperative biochemical alteration occurring when cells
undergo apoptosis. This process is mediated by the activity of endogenous DNases
(e.g. Caspase-Activated DNase), which restrict double-stranded DNA
internucleosomally, resulting in 180-200 bp fragments *' which contain both blunt

42 . 4
ends ** as well as single base 3’ overhangs .

1.2.3. Caspases and apoptosis

Cysteine-dependent aspartate-specific proteases, commonly referred to as caspases,
are a family of proteins that have little association with nonspecific degradative
processes, rather, they are involved in specific signalling cascades **. They are
enzymatically active and show specificity toward protein substrates containing

aspartate, using their cysteine side chain to catalyse the cleavage of the peptide bond
45; 46

The physiological functions of the caspases have predominantly been determined by
genetic mouse knockout studies which indicate that these proteins have numerous
functions in the cell, including involvement in the regulation of cellular proliferation
47 differentiation *’, migration *’ and the bodies innate immunity **. While caspases
are associated with the aforementioned processes, they are fundamental in the

regulation of apoptosis.

Caspases are identified and grouped according to function; those associated with
innate immunity (group I) and those involved in the regulation of apoptosis (group II)
*_Group Il/apoptosis associated caspases are further divided into two groups, namely
initiator/apical (caspase-2, -8, -9 and -10) and effector/executioner (caspase-3, -6 and
-7) caspases **. Initiator caspases are produced as ineffective zymogens and require
the formation of multicomponent complexes, which trigger their dimerisation, to

. 4 . .
become active *. Effector caspases are also produced as ineffective zymogens, and
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become functional through activated initiator caspase-mediated proteolytic processing
48

In multicellular organisms, it is imperative for an appropriate balance between
cellular proliferation and death to be maintained *’. Because of the fundamental role
of apoptosis in the elimination of damaged cells, aberrant expression of the caspases
(either in excess or inhibited) holds implications in a number of pathological
conditions, ranging from autoimmune diseases, sepsis, immunodeficiency,

. . 4
neurodegenerative disorders and cancer *'.

The evasion of apoptosis is a well known hallmark of cancer " (discussed in section
1.1.2.6), and an overwhelming amount of experimental evidence has suggested that
active group II caspases play a fundamental role in bringing about the morphological
and biochemical alterations associated with this form of cell death (discussed in
sections 1.2.2.1 and 1.2.2.2, respectively) *. The process is not fully elucidated,
however, it is known that the effector caspase-mediated cleavage of a number of
target proteins (Table 1.1) involved in the maintenance of cellular structure *° is partly

responsible.
Since caspases are so essential in the execution of apoptosis, the study of their

activation for the determination of the presence of apoptotic cells could therefore be

advantageous for the establishment of the efficacy of potential cancer therapies.
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Table 1.1 — Apoptotic morphology associated proteins cleaved by caspases

Protein Function/Localisation
Microfilament forming protein with various localisations and
Actin functions, i.e. regulation of cell shape in the cortical cytoskeleton "
52; 53
Spectrin / fodrin Actin cross-linking protein in cortical cytoskeleton > >

Beta-catenin

Gelsolin
Gas2
PAK2

MEKK-1
FAK
Keratins 18 & 19
Rabaptin 5
Lamin A and B

NuMa

Intracellular attachment protein in cell-to-cell junction sites >’

Microfilament protein **
Microfilament organising protein

Protein kinase involved in cytoskeleton regulation *
Regulation of cell survival at the cell-matrix and cell-cell contacts '
Regulation of cell adhesion at cell-matrix and cell-cell contacts
Intermediate filament protein in keratinocytes *
Membrane protein that regulates intracellular vesicle traffic *
65; 66

Intermediate filament that forms the nuclear lamina

Mediator of nuclear chromatin-matrix protein interactions ¢’
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1.3. The cell cycle

The cell cycle is a term referring to the highly regulated process by which a cell
grows °*, undergoes duplication ® and accurately replicates, transferring its genetic
% This progression is divided into 5 major phases

(Figure 1.6), namely gap 0 (Gy), gap 1 (G1), gap 2 (Gz), mitosis (M phase) and DNA

information to daughter cells

synthesis (S phase), each tightly regulated through the action of a number of proteins
69

A cell is referred to as quiescent or senescent in Gy when it is either temporarily or
permanently excluded from the cell cycle, respectively. Cells temporarily in Gy enter
G in response to extracellular signals such as growth factors and mitogens, and after
entering this stage, proceed to S phase where DNA replication occurs in preparation
for mitosis ®. G, phase involves the rapid growth of the cell and protein synthesis in
preparation for M phase, the final step in the cell cycle. M phase is an intricate and
multi-step process involving the generation of mitotic spindles, sister chromatid
segregation and cell division ®, which ultimately results in the formation of two

identical daughter cells.

The progress of the cell through the cell cycle must be stringently controlled to ensure
that the initiation of each of the aforementioned phases occurs only once the
preceding phase has adequately reached its completion, consequently, a number of
cell cycle checkpoints exist . This refers to the monitoring of critical cell cycle
events e.g. DNA replication, and in response to possible errors in these processes, the
progression of the cell through the cell cycle is halted while the error is fixed, if this

error is irreparable, the death of the cell is induced .
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Figure 1.6 — The cell cycle. The cell cycle is divided into 5 phases; Gy — where cells
are temporarily or permanently excluded from the cell cycle, G; — cells enter this
phase from Gy in response to growth signals, S — the replication of DNA, G, — a phase
of rapid growth and protein synthesis in preparation for M phase, M — the generation
of mitotic spindles, sister chromatid segregation and cell division. (Image adopted

from http://www.ch.ic.ac.uk/local/projects/s_liu/Html/Introduction.html).
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In some cases, excessive expression of growth factors and mitogens, which propel the
cell out of Gy (as discussed above), leads to the unnecessary progression of the cell
through the cell cycle, generating a mass of non-functional cells. Damaged or mutated
cells allowed to bypass cell cycle checkpoints pose a serious problem, as these
mutations often permit aberrant cellular proliferation and insensitivity to death signals
7 These enlightenments reveal the importance of the correct regulation of the cell

cycle in disease progression, especially with respect to cancer.

1.4. The 37-kDa/67-kDa laminin receptor precursor/laminin receptor

Laminins belong to a large family of extracellular matrix proteins that are involved in
a number of biologically significant processes, including cellular differentiation,
migration, adhesion, growth and signalling "'. The effects of these proteins are often
mediated through their interaction with integrin and non-integrin laminin-binding
proteins, which function as receptors in the linkage of laminin in the extracellular

matrix to intracellular signalling cascades "".

A major laminin binding partner is the multifunctional protein, designated in this
study, as the 37-kDa/67-kDa laminin receptor precursor/laminin receptor (LRP/LR).
This receptor has been variously labelled as the 37/67-kDa high affinity laminin
receptor protein 2, the 37-kDa laminin-binding protein (37LBP) ", the laminin
receptor precursor (LRP) 7, the 67-kDa laminin receptor (67LR) 7, laminin receptor
(LAMR) ", laminin-binding protein precursor p40 (LBP-p40) "> and the ribosomal
protein SA (RPSA) .

1.4.1. Structure of LRP/LR

The gene encoding LRP/LR consists of seven exons, six of which correspond to the
coding sequence //, however, it contains no signal sequences directing the protein to
its various cellular locations, e.g. the nucleus or the cell membrane " ”°. The crystal
structure of this protein was solved at 2.15 A resolution *°, and was found to consist
of 295 amino acid residues, with a theoretical molecular mass of 32854 Da " In

immunoblots of cellular extracts, however, LRP and LR appear at molecular weights
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of 37 and 67 kDa, respectively, showing dissimilarity to the theoretical molecular

weight .

The 67 kDa laminin receptor may be formed from the 37 kDa laminin receptor
precursor °"*®, with the exact mechanism of this conversion currently still elusive.
However, some studies have suggested that the unglycosylated 37 kDa form becomes
acylated at Ser2 through the action of fatty acids; and this acylation is a critical step in

the conversion of the 37 kDa form to the 67 kDa form 5% %,

LRP/LR is divided into two main domains, namely the N-terminal (aa 1-209) and C-

terminal (aa 210-295) domains .

It belongs to a family of type II membrane
proteins, which span the plasma membrane once (between amino acids 86-101), with
its N-terminus found on the cytoplasmic side of the cell membrane and its C-terminus
exposed to the extracellular space *°. It has also been found to possess binding sites
for laminin (aa 161-180 and aa 205-229), however these sites are not exclusive to

laminin binding; the 161-180 amino acid laminin binding sequence is also able to

bind Heparin, while PrP binds to the 205-229 sequence in addition to laminin ** ¥’
(Figure 1.7).
Extracellular space
1 295
N\
N-terminus 161-180 205-229 272-280 C-terminus

Laminin/PrP Heparin/laminin scFv/IgG1 antibody
binding domain binding domain binding domain

Figure 1.7 — Structure of LRP/LR. LRP/LR is a 295 aa transmembrane protein. It
has a cytoplasmic N-terminus and an extracellular C-terminus. It contains binding

sites for laminin, PrP and Heparin.
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1.4.2. Cellular locations and physiological roles

LRP/LR has been discovered in numerous cellular locations; it is found localised in

875 88, in the cell membrane on the cell surface 89, in the perinuclear

90; 91

the cytoplasm

75;90; 91

compartment and in the nucleus

In the cytoplasm, LRP/LR (in the form LBP-p40) has been found to be involved in

88

protein synthesis ** and the maturation of the 40S ribosomal subunit **. It also

interacts with the 18S rRNA and the ribosomal protein S21, playing a role in the
maturation and assembly of the ribosome "% ¥ %2939 On the cell surface, it acts as a

membrane receptor for ECM components such as laminin-1, carbohydrates and

95

elastin ** as well as certain growth factors e.g. Midkine ** °” ** **_ This protein is

reported to interact with prion proteins in the perinuclear compartment '*’ and in the

nucleus, it is associated with DNA and some histones *°, functioning as a constituent

: 4; 98; 101
of the nuclear machinery ** % 1!,

In addition to the abovementioned physiological roles of LRP/LR, this receptor is also

imperative in a variety of cellular processes required for normal functionality and

102 103

homeostasis, namely cellular proliferation/growth *¢, migration '?, invasion ',

104 105 106

angiogenesis , extracellular remodelling and differentiation , further

demonstrating its importance.

1.4.3. Pathological implications of LRP/LR

While LRP/LR is imperatively functional in a number of physiological and
homeostasis related processes, it has also been implicated in many diseases. LRP/LR
serves as a cell surface receptor for numerous viruses (Dengue virus stereotypes 1, 2

and 3 ', Sindbis virus '* ', Venezuelan Equine Encephalitis Virus ''° and Adeno-

111

Associated Virus serotype 2, 3, 8 and 9 ''"), infectious prion proteins ''?, as well as

the respiratory tract pathogens Streptococcus pneumoniae, Neisseria meningitidis, and

Haemophilus influenzae, the causative agents of meningitis ''>. LRP/LR has also been

found to have some involvement in zoonotic diseases

8

and those involving

neurodegeneration, such as Alzheimer’s disease *°. Additionally, this receptor is

1

suggested to regulate microgliosis ''* and function in the binding of inflammatory
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”5, both of which can contribute to

macrophages to the basement membrane
pathological conditions. Furthermore, a number of studies have implicated this

protein in cancer progression.

1.4.3.1. LRP/LR and its role in cancer and metastasis

The pathological implications of LRP/LR are further observed in cancer, where the
overexpression of this protein is detected in several cancerous tissues (Table 1.2). An
increased level of this protein on the cell surface has been shown to correlate with the

. 4 . 116; 11
aggressiveness of the cancer '* as well as malignancy ''®'"7.

Table 1.2 — Cancer types overexpressing LRP/LR

Human tumours overexpressing LRR/LR Reference

Colon cancer 18

Cervical preneoplastic & neoplastic 1o

squamous epithelial lesions

Breast carcinoma 120; 121

: . 122
Uterine adenocarcinoma

Colorectal carcinoma 123

. . 124
Gastric adenocarcinoma

Prostate cancer 125

. 12
Laryngeal squamous carcinoma ¢

Small cell lung cancer 127

Acute myeloid leukaemia 128

Ovarian carcinoma 116
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A possible role of LRP/LR in cancer was first reported by Rao ef al. in 1983 where
the 67 kDa laminin receptor was purified from BL6 murine melanoma cells *°. It was
suggested in this study that the laminin receptor may play a role in the interaction of
metastasising tumour cells with the basement membrane °°. An imperative step in
cancer metastasis is the erosion of the basal lamina by primary tumour cells, allowing
them to enter and travel through the bloodstream, and form secondary tumours
elsewhere in the body (Figure 1.8). LRP/LR plays an important role in this process,
owing to its interaction with the cell adhesion molecule laminin-1 . This interaction
induces laminin-1 mediated basement membrane attachment in conjunction with the
local degradation of the basal lamina, permitting cell movement *°. It has been
demonstrated that blocking cell surface LRP/LR with anti-LRP/LR specific antibodies
significantly deceases the invasive potential of cancerous cells > '2% 130 131 132

providing further evidence for the role of this receptor in cancer metastasis.
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Figure 1.8 — The process of tumour metastasis. Tumour metastasis involves the

erosion of cancerous cells through the basal lamina and their subsequent entrance into

the blood stream. The cells travel through the blood stream, adhere to and penetrate

the wall of the capillary and finally establish secondary tumours (adopted from

http://www.utm.utoronto.ca/~w3bio315/picts/lectures/lecture20/).
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1.43.2. LRP/LR and its role in cancer angiogenesis

The angiogenic process (the formation of blood vessels) is imperative for the growth
of cancerous tumours, and LRP/LR is further implicated in this process through its
interaction with the extracellular molecule laminin-1 . An imperative step in the
angiogenic process 1s the formation of tubular structures; this requires the action of
certain cell surface receptors, which recognise extracellular matrix proteins and
mediate cell adhesion '*°, since LRP/LR is involved in mediating these processes, its
role in angiogenesis is likely. It was observed that the interaction between the 67 kDa
LR and the P-chain of laminin is implicated in the formation of tubes in the
angiogenic process ** as well as being functional in later aspects of this process .
Additionally, a study undertaken in our lab discovered that blocking cell surface
LRP/LR with the anti-LRP specific antibody, W3, completely destroyed angiogenic
tube formation in HUVECs (Human umbilical vein endothelial cells) '*°. These

findings implicate LRP/LR in the angiogenic process.

1.43.3.  LRP/LR and cellular viability

The human laminin receptor gene sequence has homologues in a number of
organisms " and the protein sequence shares structural homology with Archaea ™.
This conservation of LRP/LR gene and protein homology indicates that it is an
essential molecule, involved in basic cellular functionality ”°. Yeast homologues of
LRP/LR have been found to be essential for cellular viability '*°, where it functions in
the processing of the 20S-18S rRNA as well as ribosome assembly '*’. Additionally,
LRP/LR has been found to be associated with the ribosome in mouse ** and plant '**
models, indicating a role of the receptor in cellular viability in these organisms. In
humans, the laminin receptor’s importance in cellular viability is found in its
localisation to the nucleus where it has been implicated in pathways involving cell
signalling ', In addition to nuclear localisation, certain extraribosomal functions
associated with the C-terminus of the human laminin receptor is also suggested to

alternatively regulate cellular viability ”°.
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Since LRP/LR holds much importance in the maintenance of cellular viability, the
dysregulation of this protein may cause aberrant cell survival, and therefore, targeting

this protein could be beneficial for disease treatment.

1.4.3.4. LRP/LR and the evasion of apoptosis

LRP/LR has been implicated in the blockage of the apoptotic process . siRNA-
mediated downregulation of LRP/LR stimulated the induction of apoptosis in Hep3B
(transformed liver) cells, detected by Annexin V/propidium iodide staining as well as
by double staining with Annexin V and an antibody directed against the 37/67 kDa
laminin receptor ">. Furthermore, the reduction of LRP/LR expression in HeLa cells
also resulted in apoptosis '*°. These results suggest that the 37/67 kDa LRP/LR plays
a fundamental role in preventing the apoptotic form of cell death in these cells, and
therefore could be a potential target for the treatment of cancers displaying increased

expressions of this receptor.

1.4.3.5. LRP/LR and cellular proliferation

Recent evidence has implicated this protein in the progress of the cell through the cell
cycle, where the reduction of LRP/LR expression in HT1080, HeLa and HepG2 cells
resulted in G;-phase cell cycle arrest through the alteration of the expression of cell

cycle regulatory proteins '*.

Taking into account that the progression of the cell through the cell cycle allows for
cellular proliferation (an important hallmark of cancer), and that LRP/LR can be
implicated in the dysregulation of this process, targeting this receptor could be

advantageous for the treatment of this disease.
1.5. RNA silencing
RNA silencing refers to a regulatory mechanism which functions in either suppressing

transcription (known as transcriptional gene silencing [ TGS]), or activating sequence-

specific RNA degradative processes (known as posttranscriptional gene silencing
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[PTGS] or RNA interference [RNAi]) '*'. This mechanism was initially reported in
plants, however, following this discovery, PTGS/RNAI1 has been reported in almost

143 145

144 .
, Insects ,

all eukaryotic organisms including protozoa '**, flies '*, nematodes
parasites '*® as well as mouse '*" and human '** cell lines. The main components in
PTGS/RNAL are the double-stranded RNA (dsRNA) molecules which act as inducers
and activators of these processes through their cleavage of inducer molecules, which

cause the destruction of cellular or viral mRNA molecules .
1.5.1. Components of gene silencing

Dicer and the RNA-Induced Signalling Complex (RISC) are enzyme complexes that
play integral roles in PTGS/RNAI. Dicer is involved in PTGS/RNAL initiation, while

RISC functions in targeting and degrading the mRNA '*.

1.5.1.1. Dicer

Dicer is a member of the RNase III family of proteins which are nucleases that
demonstrate specificity for dsSRNA °. It contains four distinct domains: an amino
terminal helicase domain, dual RNase III motifs, a dSRNA binding domain and a PAZ

. 151; 152
domain P51

. Dicer possesses the ability to digest dsRNA, forming uniform small
sized RNA molecules called small interfering RNA (siRNA) of approximately 22 bp
41 Complete digestion of the dsRNA using RNase III nucleases results in fragments
ranging from 12-15 bp '**. This is due to the RNase III enzyme acting as a dimer,
therefore digesting the dsSRNA with the aid of two catalytic centres '*'. A model for
the digestion of dsRNA to siRNA by Dicer suggests that this enzyme folds on the
dsRNA substrate producing four sites for catalysis '>*. This results in the two terminal
sites, which have maximum homology with the RNase III catalytic sequence,
remaining active while the other two sites which contain partial homology lose their
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functional significance ~". The dsRNA processed by Dicer is therefore double in size

when compared to the fragments produced by the other RNase III enzymes '**.
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1.5.1.2.  RNA-Induced Silencing Complex

A study by Hammond er al. '* demonstrated that targeting exogenous genes of
Drosophila S2 cells in a sequence specific manner could be accomplished by the
transfection of these cells with dsRNA. In this study, the inability of nuclease treated
cellular extracts to degrade the associated mRNA, and the lack of this outcome with
DNase I treatment established that RNA was an indispensable constituent of the

. . 14
nuclease activity '*

. The sequence-specific nuclease activity observed in these
cellular extracts responsible for the degradation of target mRNA was termed the
RNA-induced silencing complex (RISC) '*. The RISC enzymatic complex consists
of Argonaute (Ago), fragile X-related (FXR) and Tudor-Staphylococcus nuclease

(Tudor SN) domain proteins '*.

1.5.2. Mechanism of RNA interference

Many aspects of this pathway remain elusive, however, various in vivo and in vitro
experimental results have been combined to propose a mechanism for the
PTGS/RNAI pathway '*'. This pathway has been simplified into three basic steps:
Step 1 is referred to as the initiation step and involves the binding of the RNA III
nuclease Dicer to dsRNA, cleaving it into 21-25 nucleotide RNA fragments called
siRNA ! (Figure 1.9a).

Step 2 is known as the effector step. The siRNAs are joined to a multinuclease
complex known as RISC '*' (Figure 1.9b). The organization of siRNA (double-
stranded duplexes with two-nucleotide 3’ overhangs and 5’-phosphate termini) is
essential for the incorporation of these molecules into the RISC complexes '>> ' by
the dsRNA-binding protein R2D2 '*’. RISC zymogens become enzymatically active
upon the addition of ATP and the unwinding of the double stranded siRNA, resulting
in only the most stable strand of siRNA remaining attached to RISC '**.

Step 3 involves the silencing of the gene '*' (Figure 1.9¢). The activated RISC is then
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able to cleave the target mRNA ", identified by Watson-Crick base-pairing, with the

single siRNA strand bound to the complex '**. The degradation of the target mRNA

¥ and occurs at the central point of the

has been suggested to be endonucleolytic
region complementary to the siRNA, ten nucleotides upstream of the nucleotide

paired with the 5’ end of the guide siRNA ', The cleavage process is not ATP-
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dependent '®', however, several repetitions of mMRNA cleavage requiring the release of

cleaved products are more efficient in the presence of ATP '+

a)

!
!

) @
b)

l Activation

by ATP

AAAAAAA

\

Target mRNA
substrate

Figure 1.9 — The mechanism of RNA interference. a) The pathway is initiated by
Dicer processing dsRNA into ~22 nucleotide small interfering RNAs (siRNA). b) The
siRNAs are integrated into a multicomponent nuclease called RISC, activating it. ¢)

RISC then uses the siRNA as a guide to the target mRNA for degradation '>*.

30



1.5.3. Regulation of RNA interference

RNA interference controls downstream gene expression but is itself also regulated.
dsRNA acts as the substrate from which siRNA is produced by the catalytic action of
Dicer ', however, the dSRNA also competes with an RNA editing process, catalysed
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by dsRNA-specific adenosine deaminases ~, which catalyse the conversion of

12 This RNA editing reaction causes both the elimination of

adenosine to inosine
complementarities between the dsSRNA and the target RNA, and the destabilisation of

edited RNA, making them poor substrates for Dicer '**.
1.5.4. Applications of RNA interference

RNA1 is of much interest as a research tool in determining gene function, and
therefore can also be implemented as a therapeutic agent. Much research has been
focussed on RNA interference as a therapeutic approach for the treatment of various
diseases '®>. It is possible that many if not all human diseases, including cancer,
autoimmune diseases, dominant genetic disorders and viral infections, caused by the
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activity of one or more genes can be corrected by RNAi based therapeutics
RNA interference is therefore a very attractive and motivating field of research. While
the introduction of synthetic siRNA into a system is reasonably simple and usually
results in effective gene silencing, the results are ephemeral, however, DNA-based
methods have the potential of being permanently established '®2. Furthermore, it must
be stressed that modes of targeting the siRNA solely to the intended diseased/affected

cells is essential for effective therapeutic functionality.

The treatment of age-related macular degeneration (AMD) was the first clinical
application of RNAi 7. RNAi based therapies are also currently being developed
for the treatment of viral infections such as human immunodeficiency virus (HIV)
hepatitis B and C viruses (HBV and HCV) and respiratory syncytial virus (RSV) '**.
RNAI approaches for the treatment of neurodegenerative diseases and cancers have

been performed '®.
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1.6. Rationale, research question, aims and objectives

1.6.1. Rationale

LRP/LR has been shown to play a significant role in cancer metastasis °°,

3% 135 and cellular proliferation °, all major hallmarks of cancer .

angiogenesis
Additionally, the downregulation of LRP/LR expression has been found to reduce the
viability of cells ”°, a desirable phenomenon with respect to cancer. The role of this
receptor in cancer progression cannot be denied, and therefore the mechanism
resulting in the reduction of cellular viability in cancerous cells due to decreased

expression of LRP/LR was a topic of great interest.

1.6.2. Research question

Will the shRNA/siRNA-mediated downregulation of LRP/LR reduce the viability of
A549 (human lung carcinoma) and HeLa (human cervix carcinoma) cells, and if so,

what are the possible mechanisms for this decrease.
1.6.3. Aim

The aim of this study was to determine the effects of the shRNA/siRNA-mediated
downregulation of LRP/LR on the viability of A549 (human lung carcinoma) and
HeLa (human cervix carcinoma) cells, and to define possible mechanisms for the

observed changes.

1.6.4. Objectives

* Determination of cell surface levels of LRP/LR and total levels of LRP on the
aforementioned cell lines using flow cytometry and western blotting, respectively.
* Successful downregulation of LRP expression in A549 and HeLa cells by
transfection of cells with shRNA/siRNA (quantification by densitometric analysis

of western blot signals).
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Determination of the effect of the shRNA/siRNA-mediated downregulation of
LRP on cellular viability using MTT assays.

Identification of the possible induction of apoptosis as a result of the
shRNA/siRNA-mediated downregulation of LRP in A549 and HeLa cells.

o Immunofluorescence microscopy — visualisation of nuclear morphological
changes associated with the cell undergoing programmed cell death.

o Caspase-3 activation assay — to determine if the activity of the apoptosis-
associated protein, caspase-3, becomes upregulated in response to
decreased LRP expression.

Identification of the possible decrease in cellular proliferation as a result of the

shRNA/siRNA-mediated downregulation of LRP using a BrdU assay.
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2. CHAPTER 2 - MATERIALS AND METHODS

2.1. Cell lines and cell culture maintenance

2.1.1. Cell lines

The following cell lines were utilised within this study:

* Human lung carcinoma cells (A549) — An adherent human alveolar basal
epithelial cell line, derived from the explanted tumour of a 58-year old Caucasian
male.

*  Human cervix carcinoma cells (HeLa) — An adherent human epithelial cell line

from cervical carcinoma, derived from Mrs Henrietta Lacks in 1951.

2.1.2. Cell culture maintenance

The above mentioned cell lines were obtained from the American Type Culture
Collection (ATCC) and were maintained and grown in cell culture plates (Corning) at
37 °C with 95% air and 5% CO, in DMEM (Celtic Molecular Diagnostics) media
supplemented with 10% (v/v) heat inactivated FCS (BIOCOM biotech) and 1% (v/v)

antibiotic penicillin and streptomycin (Gibco®).
2.2. Plasmids and plasmid amplification
2.2.1. Plasmids
The following plasmids were utilised within this study:
pClI-neo-GFP (appendix 1.1 — Figure Al)
pti-H1 (appendix 1.2 — Figure A2)

pTZ57R/T shRNA-1, 4 and 7 (appendix 1.3 — Figure A3)
pTZ57R/T shRNA-1.1 (appendix 1.3 — Figure A3)
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2.2.2. Plasmid amplification

Plasmid amplification allows for the rapid production of large amounts of plasmid
DNA to be utilised for experimentation. The abovementioned plasmids (section 2.2.1)

were amplified in the following way.

2.2.2.1.  Production of chemically competent E. coli XL1-Blue

The production of chemically competent E. coli XL1-Blue ensures that these bacteria
are susceptible to the uptake up plasmid DNA. Chemically competent E. coli XL1-

Blue were produced as follows:

A single E. coli XL1-Blue colony was picked from a freshly streaked LB plate
(appendix 1.4.4), inoculated into 2 mL of LB liquid medium (appendix 1.5) and
incubated at 37 °C overnight with shaking. 1 mL of this culture was then inoculated
into 100 mL of liquid LB medium and incubated at 37 °C with shaking until the
ODgoo had reached approximately 0.25 - 0.3. The culture was chilled on ice for 15
min and subsequently centrifuged (4 000 x rpm, 4 °C, 10 min). The supernatant was
then discarded and the pellet resuspended in 30 mL ice cold 0.1 M CaCl, (appendix
1.6). This solution was incubated on ice for 30 min, centrifuged as above, the
supernatant discarded and the pellet resuspended in 6 mL of ice cold 0.1 M CaCl,
containing 15% glycerol (appendix 1.7). 200 uL aliquots of this solution were then
stored at -80 °C.

2.2.2.2.  Transformation of plasmids into E. coli XL1-Blue
Transformation refers to a procedure resulting in uptake of plasmid DNA by
chemically competent bacteria. The transformation of plasmid DNA into E. coli XL1-

Blue was completed as follows:

100 ng of plasmid DNA (either pCI-neo-GFP, pti-H1 or pTZ57R/T shRNA-1.1) was
added to 50 uL of chemically competent E. coli XL1-Blue that had been thawed on

ice. This solution was incubated on ice for 30 min, heat shocked at 42 °C for 45 s and
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subsequently incubated on ice for 2 min. The transformed bacteria were then spread
on LB plates containing 100 wg/mL ampicillin (appendix 1.4.1) and incubated at 37

°C overnight. The plates were stored at 4 °C.

2.2.2.3. Plasmid isolation

Plasmid isolation is a procedure utilised to extract plasmid DNA from bacteria. The
Plasmid DNA Purification technique was employed for the isolation of pCI-neo-GFP
and pti-H1 plasmid DNA as well was the isolation of pTZ57R/T shRNA-1, 4 and 7
plasmids to be utilised for DNA sequencing. The Endotoxin-free plasmid DNA
purification technique was used for the isolation of pTZ57R/T shRNA-1.1 plasmid
DNA to be utilised for transfections.

2.2.23.1. Plasmid DNA Purification (mini-prep)

The pCl-neo-GFP, pti-H1 and pTZ57R/T shRNA-1, 4 and 7 plasmid DNA was
isolated using the Plasmid DNA Purification kit (Macherey-Nagel) according to the

following protocol:

A single E. coli XL1-Blue colony containing the plasmid of interest (either pCI-neo-
GFP and pti-H1 or pTZ57R/T shRNA-1, 4 and 7) was picked from a freshly streaked
LB plate (containing 100 ug/mL ampicillin) or LB plate (containing 50 ug/mL
ampicillin, Xgal and IPTGQG), respectively, inoculated in 5 mL liquid LB medium
containing 100 ug/mL ampicillin and incubated at 37 °C overnight with shaking. The
solution was then centrifuged (11 000 x g, 30 s, RT), the supernatant discarded and
the pellet resuspended completely in 250 uL of buffer Al. 250 uL of buffer A2 was
added, the solution gently mixed by inversion and incubated at RT for no longer than
5 min until the lysate appeared clear. 300 uL of buffer A3 was added and the solution
gently mixed by inversion, following which, it was centrifuged (11 000 x g, 5 min,
RT). The supernatant was then decanted into the NucleoSpin® Plasmid/Plasmid
(NoLid) Column in a collection tube, this was centrifuged (11 000 x g, 1 min, RT)
and the flow through discarded. 600 uL of buffer A4 was then added to the
NucleoSpin ® Plasmid/Plasmid (NoLid) Column, centrifuged (11 000 x g, 1 min, RT)
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and the flow through discarded. The NucleoSpin ® Plasmid/Plasmid (NoLid) Column
was then recentrifuged (11 000 x g, 2 min, RT) to dry the silica membrane and the
collection tube was discarded. 50 uL of buffer AE was added to the NucleoSpin ®
Plasmid/Plasmid (NoLid) Column, which had been placed in a clean collection tube,
incubated at RT for 1 min and subsequently centrifuged (11 000 x g, 1 min, RT). The
NucleoSpin ® Plasmid/Plasmid (NoLid) Column was discarded and the isolated
plasmid DNA stored at -20 °C.

2.2.2.3.2. Endotoxin-free plasmid DNA purification (maxi-prep)

The pTZS57R/T shRNA-1.1 plasmid DNA was isolated using the Endotoxin-free
plasmid DNA purification kit supplied by Macherey-Nagel according to the following

protocol:

A single E. coli XL1-Blue colony containing the pTZ57R/T shRNA-1.1 plasmid was
picked from a freshly streaked LB-Amp plate, inoculated in 5 mL liquid LB medium
containing 100 ng/mL ampicillin and incubated for approximately 8 h at 37 °C with
shaking. This culture was diluted (1:1 000) in 300 mL liquid LB medium and
incubated at 37 °C with shaking for 12-16 h, until the ODgyy = 8. This solution was
centrifuged (6 000 x g, 10 min, 4 °C), the supernatant discarded completely and the
pellet resuspended in 12 mL of Buffer RES-EF. 12 mL of Buffer LYS-EF was added,
mixed gently by inversion and the solution incubated for 5 min at RT. 12 mL of
Neutralization Buffer NEU-EF was added to the suspension, the solution inverted 10-
15 times and the lysate incubated on ice for 5 min. 35 mL of Equilibration Buffer
EQU-EF was applied to a column filter inserted into a NucleoBond® Xtra Column
and was allowed to empty by gravity flow. The cell lysate solution was inverted
several times to ensure homogeneity, loaded into the column and allowed to clear by
gravity flow. 10 mL of Buffer FIL-EF was then added, the column allowed to empty
by gravity flow and the flow through discarded. 90 mL of Buffer ENDO-EF was
added to the NucleoBond® Xtra Column and was allowed to empty by gravity flow,
following which 45 mL of Buffer WASH-EF was added and also allowed to empty by
gravity flow (the flow through was discarded between each step). 15 mL of
prewarmed (to 50 °C) Elution Buffer ELU-EF was then added to the NucleoBond®
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Xtra Column and the flow through collected in a clean 50 mL Falcon tube. 0.7
volumes of RT isopropanol was added to the eluent, the solution vortexed and
allowed to incubate at RT for 2 min. The plunger from a 30 mL syringe was removed
and a NucleoBond® Finalizer attached to the outlet. The eluent-isopropanol solution
was then added to the syringe, the plunger inserted, the solution gently pushed
through the NucleoBond® Finalizer and the flow through discarded. The
NucleoBond® Finalizer was removed from the syringe, the plunger removed and the
NucleoBond® Finalizer was reattached to the syringe. 5 mL of endotoxin-free 70%
ethanol was filled into the syringe, the plunger inserted, the solution pressed gently
through the NucleoBond® Finalizer and the flow through discarded. The
NucleoBond® Finalizer filter membrane was then dried by strongly passing air
through the syringe and collecting and residual moisture on a tissue (the
NucleoBond® Finalizer was removed from the syringe, the plunger removed and the
NucleoBond® Finalizer was reattached to the syringe each time air was pressed
through). Finally, 500 uL of Buffer TE-EF was added to a 1 mL syringe attached to
the NucleoBond® Finalizer, the plasmid DNA eluted drop by drop by slowly

inserting the plunger, and stored at -20 °C.

2.3. Determination of cell surface LRP/LR levels

The amount of LRP/LR on the surface of A549 and HeLa cells was a determined

using flow cytometry according to the following protocol:

A549 and HeLa cells were detached using trypsin/EDTA (Separations), centrifuged
(4 000 x rpm, 5 min, RT) and fixed for 10 min in 4% paraformaldehyde (appendix
3.1) at 4 °C. After fixing, cells were pelleted by centrifugation (4 000 x rpm, 10 min,
4 °C), the supernatant discarded and the pellet resuspended in 1 mL Epics™ Sheath
Fluid (Beckman Coulter). 500 pL of the cell suspension was then transferred into a
second eppendorf tube (to be used as a control), the two cell suspensions centrifuged
(4 000 x rpm, 10 min, 4 °C) and the supernatant discarded. The control pellet was
resuspended in 100 pL Epics™ Sheath Fluid and the experimental pellet in 100 pL of
a 30 pg/ml solution of the anti-LRP specific primary antibody IgG1-iS18 in Epics™
Sheath Fluid; these were incubated at RT for 1 h. The cells were subsequently washed
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in 200 pL Epics™ Sheath Fluid, centrifuged (5 000 x rpm, 1 min, RT) and the
supernatant discarded (this step was repeated thrice). The control and experimental
pellets were resuspended in 100 pL of a 30 pg/ml solution of the Goat Anti-Human
IgG-FITC secondary antibody (Beckman Coulter) in Epics™ Sheath Fluid and
incubated for 1 h at RT in the dark. Following incubation, cells were washed with 200
puL Epics™ Sheath Fluid, centrifuged (5 000 x rpm, 1 min, RT) and the supernatant
discarded (this step was repeated thrice). The pellets were then resuspended in 500 pL
Epics™ Sheath Fluid and 10 000 cells from each solution were analysed using a

fluorescence activated cell scanner (Beckman Coulter).

2.4. Determination of total LRP levels

2.4.1. Cell lysis

Cell lysis is a process in which the cell membrane is disrupted chemically,
mechanically or physically, resulting in the release of cellular contents such as
proteins, DNA and RNA. A549 and HeLa cells were lysed according to the following

protocol:

The medium from confluent A549 and Hel.a cells was discarded, the cells washed
with DPBS (Gibco®) and 500 pL of lysis buffer (appendix 2.1) added. The cells were
detached using cell scrapers (BD Biosciences), the cell suspension transferred to
eppendorf tubes and incubated on ice for 15 min. Following incubation, the cell
lysates were centrifuged (14 000 x rpm, 2 min, RT) and the supernatant stored at -20
°C.

2.4.2. BCA assay

The Bicinchoninic acid (BCA) assay is a biochemical assay utilised to determine the
amount of protein in a particular sample. This assay is based on the reduction of Cu**
to Cu’ by proteins, resulting in the formation of a purple coloured product, which can
be measured spectrophotometrically at 562 nm. Known amounts of bovine serum

albumin (BSA) are used as standards to create a calibration curve from which the
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amount of protein contained in the samples can be determined. The BCA assay

(Sigma-Aldrich) was completed according to the following protocol:

Various amounts (0, 0.2, 0.4, 0.6, 0.8 and 1 mg/mL) of BSA were prepared and 25
pL of each standard in addition to the prepared cell lysates (diluted 1:5 in dH,0) were
loaded in triplicate in the wells of a 96 well plate. The two BCA reagents (copper (1)
sulfate and bicinchoninic acid) were mixed in a 1:50 ratio and 200 pL of this solution
added to each well (containing the standards and cell lysates). The plate was then
incubated at 37 °C for 30 min and the absorbance of each well measured using a
microtiter plate reader at 562 nm. The amount of protein contained in the cell lysates

was determined using the constructed calibration curve.

2.4.3. Preparation of protein samples for SDS-PAGE

Protein samples were diluted with dH,0 to Img/mL mixed in a 1:5 ratio with 5 X

sample loading dye (appendix 2.2) and stored at 4 °C.

2.4.4. SDS-PAGE

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) is a
technique used to separate proteins according to their molecular weight. SDS is an
anionic detergent that results in the denaturation of secondary and tertiary protein
structures. Additionally, SDS binds to unfolded proteins and confers a net negative
charge along the length of the polypeptide. The proteins from the cell lysates were
subjected to SDS-PAGE according to the following protocol:

Aliquots each containing 5 pg of total cellular proteins in sample loading dye were
heated at 95 °C for 5 min before being stacked and resolved (230 V, 230 mA) on a
5% stacking (appendix 2.3.7.2) and 12% separating (appendix 2.3.7.1) sodium
dodecyl sulphate-polyacrylamide gel, respectively.
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2.4.5. Transfer of proteins from the gel to PVDF membrane (western

blotting)

The resolved sodium dodecyl sulphate-polyacrylamide gel was placed above a 0.45
um PVDF membrane (Separations), which had been activated in ethanol,
subsequently soaked in transfer buffer (appendix 2.3.8) and sandwiched between 6
filter papers wetted in transfer buffer. The proteins resolved on gels were electro-

transferred (350 mA) for 45 min onto the PVDF membrane.

2.4.6. Immunodetection of LRP and f-actin expression levels

Immunodetection is a technique making use of antibodies to detect the presence of a
specific antigen, and can be wused for the analysis of protein expression.
Immunodetection of LRP and B-actin expression levels was completed according to

the following protocol:

Following transfer, the PVDF membrane was blocked with 3% BSA in PBS-Tween
(appendix 2.6) for 1 h at RT with gentle shaking and subsequently incubated in a 1:10
000 dilution of either the LRP specific primary antibody IgG1-1S18 (Affimed
Therapeutics) or the $-actin detection antibody Anti--Actin—Peroxidase (Sigma-

Aldrich) in 3% BSA in PBS-Tween for 1h.

In the case of LRP detection, the membrane was then washed three times for 10 min
each in PBS-Tween (appendix 2.5) with shaking and subsequently incubated in a 1:10
000 dilution of a peroxidase-conjugated secondary antibody anti-human IgG-POD
(Santa Cruz Biotechnology) in 3% BSA in PBS-Tween for 1 h in the dark with
shaking.

The membranes (both for LRP and p-actin detection) were then finally washed three

times for 10 min each in PBS-Tween with shaking.
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The expression of the protein of interest was detected using supersignal the west pico
chemiluminescent substrates (Separations) mixed in a 1:1 ratio. The protein bands
were visualised by exposure to X-ray film (Separations), which was subsequently
developed and fixed using developer (Sigma-Aldrich) and fixer (Sigma-Aldrich)

solutions, respectively.

2.4.7. Densitometric analysis

To quantitatively determine the relative LRP expression levels, densitometric analysis
was completed. Subsequent to immunodetection, an image of the X-ray film was
obtained using the GS-800 Calibrated Densitometer and densitometric analysis
completed using the Quantity One — 4.5.2 software. The band intensities were
calculated and background noise subtracted, producing a calibration curve. The area
under the curve indicates IOD (Integrated Optical Density) and this parameter was

used to compare the levels of LRP expression in A549 and HeLa cells.

2.5. Determination of A549 and HeLa transfectability

A549 and HeLa cells were transfected with a pCIl-neo-GFP plasmid encoding the
green fluorescent protein (GFP) using 7TransIT®-LT1 Transfection Reagent
(Invitrogen); the visualisation of green fluorescence using an immunofluorescence

microscope would indicate that the aforementioned cells were transfectable.

2.5.1. Transfection of A549 and HeLa cells with pCI-neo-GFP

Transfection refers to the process by which foreign nucleic acids are introduced into
mammalian cells. A549 and HeLa cells were transfected with pCI-neo-GFP according

to the following protocol:

4 x 10° A549 and 3.5 x 10° HeLa cells were plated in 6 cm plates (Corning)
containing sterile microscope coverslips. 24 h later, 7.5 uL of prewarmed (to RT) and
vortexed TransIT®-LT1 reagent was diluted in 250 uL DMEM in a sterile eppendorf
tube, and this gently mixed. 2.5 ug of the pCl-neo-GFP plasmid was then added to the
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diluted TransIT®-LT1 reagent, gently mixed and this solution allowed to incubate at
RT for 15 min. Following this incubation, the 7ransIT®-LT1 reagent — DNA
complex was added drop wise to the previously plated A549 and HeLa cells, which
were then further incubated for 24 h in a humidified incubator at 37 °C with 95% air
and 5% COa.

2.5.2. Immunofluorescence microscopy

The microscope coverslips were removed from the cell culture plates, fixed in 2%
paraformaldehyde (appendix 4.1) for 15 min, rinsed in several changes of PBS and
blocked in 0.25% Triton X-100 containing 0.5% BSA in PBS (appendix 4.2) for 10
min. The coverslips were then incubated for 5 min in a 1:100 dilution of a 2 mg/mL
stock solution of the nuclear stain Hoechst 33342 (Sigma-Aldrich) and subsequently
rinsed in several PBS changes. 50 uL of Gel Mount™ (Sigma-Aldrich) was placed on
a clean microscope slide, the coverslips mounted cell side down and allowed to dry
for approximately 3 h. These slides were stored in the dark at 4 °C until viewed on an

immunofluorescence microscope at 100 X magnification.

2.6. Production of shRNA

shRNA directed against human LRP mRNA target sequences were produced to
potentially downregulate the expression of this protein in A549 and HeLa cells. Prof.
Marco Weinberg kindly designed the shRNAs, and these were produced together with

fellow M. Sc. student Miss Danielle Gonsalves.
2.6.1. Design of oligonucleotides
shRNAs-1, 4 and 7 were designed (shRNA-4 and -7 homologous to sequences

previously used in murine studies '*’, and the shRNA-1 sequence was identified using

The RNAi Consortium - http://www.broadinstitute.org/rnai/trc) to be expressed from

the H1 RNA Pol III promoter. Each shRNA “guide strand” sequence was designed to
be 21 nucleotides in length. The shRNA expression constructs were designed with the

guide strand on the 3 arm, a poly T termination signal, and includes a full HI
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promoter sequence to constitute a complete expression cassette (appendix 5.1). To
prepare the shRNA cassettes, the HI RNA Pol III promoter was used as a template in
a nested PCR, whereby the sequences corresponding to the shRNAs were
incorporated into two reverse primers (one for the primary PCR and one for the
secondary PCR). The same forward primer, which is complementary to the start of the
H1 promoter, was used in both the primary and secondary PCRs. The PCR products
therefore contained the full H1 promoter sequence that precedes the sequences coding
for the shRNAs. The PCR products coding for the shRNA expression constructs
contained a single terminal 3"~ A-overhang resulting from 7aq polymerase activity and

a final extension step and were therefore suitable for TA cloning.

2.6.2. Nested PCR amplification of oligonucleotides

The oligonucleotides were amplified in two rounds (nested PCR reaction) according

to the following protocol.

2.6.2.1.  Primary PCR

*  Template DNA — pTZ57R/T shRNA-1, 4 and 7
pti-H1 plasmid

* Forward Primer — pTZ57R/T shRNA-1, 4 and 7
5" GATCTCTAGAGCGAACGCTGACGTCATCAA

* Reverse Primer — pTZ57R/T shRNA-1
5 CCATTTGGGTCAGGAATGGCAACAATTGCACGAGCGGGTCCGAGTG
GTCTCATAC

* Reverse Primer — pTZ57R/T shRNA-4

5’ CTTCCTGGGTCAGGAGAAGGCTGCCTGGATCTGGCGGGTCCGAGTG
GTCTCATAC
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* Reverse Primer — pTZ57R/T shRNA-7
5> GAATTTGGGTCAGGAATTCCTCCTTGGTCACTGCCGGGTCCGAGTG
GTCTCATAC

50 pg pti-H1 plasmid, 0.05 umol forward primer, 0.05 wmol respective reverse
primer, 200 uM of each dNTP (A, T, G and C) (Fermentas), 2.5 mM MgCl,
(Fermentas), 1.25 units of Taq polymerase (Fermentas), 10 uL of 1 X Tag polymerase
buffer (Fermentas) and nuclease free water (Fermentas) to make the reaction up to 50
uL was combined on ice in a sterile nuclease-free 200 uLL PCR tube, and subsequently
placed in a thermocycler. The solutions were initially denatured for 3 min at 95 °C, 30
cycles of denaturation for 30 s at 95 °C, annealing for 30 s at 60 °C and extension for
30 s at 72 °C was completed before a final extension step for 15 min at 75 °C. The
reaction 1 PCR product was visualised by electrophoresis on a 1% agarose gel

(appendix 5.5) and stored at -20 °C.

2.6.2.2.  Secondary PCR

* Template DNA — pTZ57R/T shRNA-1, 4 and 7

Respective PCR product from reaction 1

* Forward Primer — pTZ57R/T shRNA-1, 4 and 7
5" GATCTCTAGAGCGAACGCTGACGTCATCAA

* Reverse Primer — pTZ57R/T shRNA-1
5> AAAAAAGCTCGTGCAATTGTTGCCATTTGGGTCAGGAATG

* Reverse Primer — pTZ57R/T shRNA-4
5" AAAAAAGCCAGATCCAGGCAGCCTTCCTGGGTCAGGAGAA

* Reverse Primer — pTZ57R/T shRNA-7
5> AAAAAAGGCAGTGACCAAGGAGGAATTTGGGTCAGGAATT
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Reaction 2 constituents and cycling parameters as described above (section 2.6.2.1).
The reaction 2 PCR product was visualised by electrophoresis on a 1% agarose gel

and stored at -20 °C.

2.6.3. PCR clean-up

A single band of DNA needed to be isolated from the gel since multiple bands were
visualised when the PCR products were electrophoretically resolved. For this, the
Wizard® SV Gel and PCR Clean-Up System (Promega) was utilised according to the

following protocol:

Following electrophoresis, the band of interest was excised from the gel, placed in a
1.5 mL microcentrifuge tube, and dissolved in 10 uL Membrane Binding Solution per
10 mg gel by vortexing and incubation at 65 °C. The dissolved gel was then
transferred into a SV Minicolumn inserted in a Collection Tube, incubated at RT for 1
min, centrifuged (16 000 x g, 1 min, RT) and the flow through discarded. 700 uL of
Membrane Wash Solution was then added, centrifuged as before and the flow through
discarded. 500 uL of Membrane Wash Solution was added, centrifuged as before and
the flow through discarded. The assembly was then recentrifuged (as before) with the
microcentrifuge lid open to allow for the evaporation of residual ethanol. 50 uL of
Nuclease-Free Water was added to the SV Minicolumn, which had been transferred to
a clean 1.5 mL microcentrifuge tube, incubated at RT for 1 min, centrifuged as above
and the SV Minicolumn discarded. The cleaned-up PCR products were visualised by
electrophoresis on a 1% agarose gel (appendix 5.2 — Figure AS5) and stored at -20 °C.

2.6.4. Ligation reaction
A ligation reaction refers to the insertion of a DNA sequence of interest into a vector
(plasmid), yielding circular double stranded DNA. The cleaned up PCR product was

ligated into a TA cloning vector using the InsTAclone™ PCR Cloning Kit

(Fermentas) according to the following protocol:
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0.17 pmol of the pTZ57R/T vector, 6 uL of 5 X Ligation Buffer, 0.52 pmol of PCR
product, 5 Weiss units of T4 DNA Ligase and nuclease-free water to make the
reaction volume up to 30 uL. was combined in a nuclease-free 200 uL. microcentrifuge
tube on ice and vortexed briefly. This ligation mixture was incubated at RT for 1 h

and stored at -20 °C.

2.6.5. Transformation reaction

The transformation of the plasmids (pTZ57R/T shRNA-1, 4 and 7) obtained from the
ligation reaction (section 2.6.4) into E. coli XL1-Blue was completed using the

InsTAclone™ PCR Cloning Kit (Fermentas) according to the following protocol:

The day before transformation, a single colony of E. coli XL1-Blue from a freshly
streaked LB plate was inoculated into 2 mL of C-medium and incubated at 37 °C
overnight with shaking. 1.5 mL of pre-warmed (to 37 °C) C-medium was added to
150 uL of the overnight bacterial culture and this was incubated at 37 °C for 20 min
with shaking. The bacterial cells were pelleted by centrifugation (16 000 x g, 1 min,
RT) and the supernatant discarded. The pellet was resuspended in 300 uL of T-
solution (T-solutions A and B mixed in a 1:1 ratio), incubated on ice for 5 min,
centrifuged as before and the supernatant discarded. The pellet was resuspended in
120 uL of T-solution and incubated on ice for 5 min. 50 uL of this solution was then
transferred to clean microcentrifuge tubes containing 2.5 uL of the respective ligation
mixture, which had been chilled on ice for 2 min, the solution mixed and
subsequently incubated on ice for 5 min. The cells containing the DNA were then
immediately plated onto pre-warmed (to 37 °C) LB plates containing 50 ug/mL
ampicillin, Xgal and IPTG to allow for blue/white selection (appendix 5.3 — Figure
A6)

2.6.6. Plasmid isolation

Isolation of pTZ57R/T shRNA-1, 4 and 7 plasmids from 10 white colonies each from
E. coli XL1-Blue which had been plated on LB plates containing 50 ug/mL
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ampicillin, Xgal and IPTG was completed according to the protocol described in

section 2.2.2.3.1.

2.6.7. Plasmid DNA sequencing

The 10 samples each of isolated pTZ57R/T shRNA-1, 4 and 7 plasmid DNA was
sequenced by Ingaba Biotec and the resulting chromatograms viewed using Chromas
Lite 2.01. The plasmid DNA insert sequences were then compared to their
complementary target sequences. One isolation of the pTZ57R/T shRNA-1 plasmid
(labelled as pTZ57R/T shRNA-1.1) was identical to its target sequence and was

therefore utilised in the following experiments.

2.6.8. Retransformation of pTZ57R/T shRNA-1.1

The pTZ57R/T shRNA-1.1 plasmid was then retransformed into E. coli XL1-Blue

according to the protocol outlined in section 2.2.2.2.

2.6.9. Isolation of pTZ57R/T shRNA-1.1

pTZ57R/T shRNA-1.1 plasmid DNA was isolated from a single colony of E. coli
XL1-Blue according to the protocol outlined in section 2.2.2.3.2.

2.7. Transfection of cells with pTZ57R/T shRNA-1.1 and determination of LRP

downregulation

2.7.1. Transfection

AS549 and HelLa cells were transfected with pTZ57R/T shRNA-1.1 according to the

following protocol:

24 h before transfection, 4 x 10> A549 and 3.5 x 10°> HeLa cells were plated in the
wells of a 6 well plate. 7.5 uL of prewarmed (to RT) and vortexed TransIT®-LTI
reagent was added to 250 uL. of DMEM in a sterile eppendorf tube, and this solution
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gently mixed. 2.5 ug of the pTZ57R/T shRNA-1.1 plasmid was then added to the
diluted TransIT®-LT1 reagent, gently mixed and allowed to incubate at RT for 15
min. Following this incubation, the 7ransIT®-LT1 reagent-DNA complex was added

drop wise to the previously plated A549 and HeLa cells, which were then allowed to
incubate for 72 h in a humidified incubator at 37 °C with 95% air and 5% CO..

2.7.2. Determination of LRP downregulation

72 h post-transfection, A549 and HeLa cells were lysed, their protein content
quantified, electrophoresis samples prepared, proteins stacked and resolved on a 5%
stacking and 12% separating sodium dodecyl sulfate polyacrylamide gel, respectively,
resolved proteins transferred from the gel to a 0.45 um PVDF membrane, pTZ57R/T
shRNA-1.1 transfected and non-transfected LRP expression levels determined by
immunodetection and pTZ57R/T shRNA-1.1 transfected LRP expression levels
compared to non-transfected controls using densitometry as described above in

sections 2.4.1,2.4.2,2.4.3,2.44,2.4.5,2.4.6, and 2.4.7, respectively.

2.8. Purchase of siRNA directed against LRP mRNA, transfections and

determination of LRP expression levels

Since transfecting A549 and HeLa cells with the pTZ57R/T shRNA-1.1 plasmid did
not result in a significant downregulation of LRP expression in A549 and HeLa cells,
siRNA targeting the open reading frame of the human LRP gene (ON-
TARGETplus® siRNA — Human LAMRI1) was purchased from Thermo Scientific
Dharmacon® and utilised in all subsequent experiments. Additionally, non-targeting
siRNA (ON-TARGETplus® control siRNA — Non-Targeting siRNA 1) to be used as
a positive control as well as the recommended transfection reagent (DharmaFECT® 1

transfection reagent) was purchased from this company.

Although both shRNA and siRNA can be used to bring about similar outcomes
(reduction in mRNA and protein expression), they are intrinsically different
molecules '". siRNA are chemically synthesised 21 nt molecules, while sShRNA are

vector based and make use of the cellular machinery for their expression.
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2.8.1. Transfection of A549 and HeLa cells with siRNA-LAMR1

4 X 10° A549 and 3.5 X 10° HeLa cells were seeded in the wells of a 6 well plate. 24
h later, 150 umol (for A549 cells) or 200 umol (for HeLa cells) of siRNA-LAMRI1
and 6 uL of DharmaFECT® 1 transfection reagent were each concurrently diluted in
DMEM, each to a final volume of 200 uL, the contents of each tube was gently mixed
and allowed to incubate for 5 min at RT. The diluted siRNA-LAMRI1 solution was
then added to the diluted DharmaFECT® 1 transfection reagent, mixed gently and
incubated for 20 min at RT. The culture medium was removed from the plated A549
and HeLa cells and 1600 uL of DMEM containing 10% (v/v) FCS added to the
siRNA-reagent solution, which the cells were then grown in for 72 h in a humidified

incubator at 37 °C with 95% air and 5% CO..

2.8.2. Determination of LRP expression levels

72 h post-transfection, A549 and HeLa cells were lysed, their protein content
quantified, electrophoresis samples prepared, proteins resolved on a 12% sodium
dodecyl sulfate polyacrylamide gel, resolved proteins transferred from the gel to a
0.45 um PVDF membrane, siRNA-LAMRI1 transfected and non-transfected LRP
expression levels determined by immunodetection and siRNA-LAMRI transfected
LRP expression levels compared to non-transfected controls using densitometry as
described above in sections 2.4.1, 2.4.2, 243, 244, 245, 24.6, and 2.4.7,

respectively.

2.9. Examination of cellular viability
An MTT assay was utilised to assess cellular viability. MTT is converted to formazan
crystals by the enzyme mitochondrial succinate dehydrogenase, present only in viable

cells. The absorbance of the formazan crystals is therefore directly proportional to

cellular viability.
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2.9.1. Transfection of A549 and HeLa cells with siRNA-scr and siRNA-
LAMRI

AS549 and HelLa cells were seeded in the wells of a 96 well plate and transfected with
siRNA-LAMRI1 (appendix 6.1). Additionally cells were transfected with 50 umol of
the ON-TARGETplus® control siRNA — Non-Targeting siRNA 1 (here designated
siRNA-scr) and incubated in 8 mM PCA (Sigma-Aldrich) (appendix 6.2) for negative
and positive control purposes, respectively. 72 h post-transfect/incubation, 10 ug of
MTT (Separations) (appendix 6.3) was added to each well and the cells allowed to
incubate (as before) for 2 h. The culture medium was subsequently removed, the
formazan crystals in each well dissolved in 200 uL DMSO (Monitoring and Control
Laboratories) and the absorbance of this solution measured using a microtiter plate

reader at 570 nm.

2.9.2. Incubation of A549 and HeLa cells with siRNA-scr and
DharmaFECT® 1 transfection reagent

0.6 X 10* A549 and 3 X 10° HeLa cells were seeded in the wells of a 96 well plate. 24
h later, cells were incubated with 50 wmol siRNA-scr, 0.2 uL. of DharmaFECT® 1
transfection reagent or both (all in DMEM containing 10% (v/v) FCS) to a final
volume of 100 uL in a humidified incubator at 37 °C with 95% air and 5% CO,. 72 h
later, 10 ug of MTT was added to each well and the cells allowed to incubate (as
before) for 2 h. The culture medium was subsequently removed, the formazan crystals
in each well dissolved in 200 uL. DMSO and the absorbance of this solution measured

using a microtiter plate reader at 570 nm.

2.10. Examination of apoptotic nuclear morphology

A549 and HeL a cells were seeded in the wells of a 6 well plate containing microscope
coverslips and transfected with siRNA-LAMRI1 as indicated above in section 2.8.1.
Additionally cells were transfected with siRNA-scr and incubated in 8 mM PCA for
negative and positive control purposes, respectively. 72 h post-transfection, the

microscope coverslips were removed, the cells stained with Hoechst 33342 for
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visualisation of nuclear morphology and subsequently prepared for

immunofluorescence microscopy according to the protocol outlined in section 2.5.2.

2.11. Examination of caspase-3 activity

A549 and HeLa cells were seeded in the wells of a 6 well plate and transfected with
siRNA-LAMRI1 as indicated above in section 2.8.1. Additionally cells were
transfected with siRNA-scr and incubated in 8§ mM PCA for negative and positive
control purposes, respectively. 72 h post-transfection, cell lysates were analysed for
caspase-3 activity using a colorimetric Caspase-3 Assay Kit (Sigma-Aldrich)

according to the following protocol.

AS549 and HelLa cells were detached using trypsin/EDTA and resuspended in DMEM
containing 1% (v/v) penicillin/streptomycin and 10% (v/v) FCS. 107 cells from each
sample was centrifuged (600 x g, 10 min, 4 °C), the supernatant discarded, the pellet
washed in 1 X PBS, centrifuged as above and the supernatant discarded. Each pellet
was then resuspended in 1 X Lysis buffer, incubated on ice for 20 min and
centrifuged (20 000 x g, 10 min, 4 °C). 5 uL of each lysate was then added to the
wells of a flat bottom 96 well plate containing 2 mM of the caspase-3 substrate Ac-
DEVD-pNA and 1 X Assay Buffer was added to a total volume of 100 uL. The plate
was incubated in a humidified incubator at 37 °C with 95% air and 5% CO, for 24 h
and the absorbance of each well subsequently measured using a microtiter plate

reader at 405 nm.
2.12. Assessment of cellular proliferation

AS549 and HelLa cells were seeded in the wells of a 96 well plate and transfected with
siRNA-LAMRI1 (appendix 6.1). Additionally cells were transfected with siRNA-scr
and incubated in 100 ug/mL Doxycycline (Sigma-Aldrich) (appendix 7.1) for
negative and positive control purposes, respectively. 72 h post-transfection, the
percentage of proliferative A549 and HeLa cells in each sample was determined using

a BrdU Cell Proliferation Assay (Calbiochem®) according to the following protocol:
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72 h post-transfection, 20 uL. of the BrdU Label solution (diluted 1:2 000 in DMEM
containing 1% (v/v) penicillin/streptomycin and 10% (v/v) FCS) was added to each
well and the plate allowed to incubate overnight (~14 h) in a humidified incubator at
37 °C with 95% air and 5% CO,. The contents of the plate was then removed, 200 uL
of Fixative/Denaturing solution added to each well and the plate incubated for 30 min
at RT. The contents of the plate was removed, 100 uL of diluted (1:100 in Dilution
Buffer) 100 X Anti-BrdU antibody added to each well and the plate incubated for 1 h
at RT. The plate was washed thrice with 1 X Wash Buffer and the subsequently
blotted dry on paper towels. 100 uL of diluted (1:1 000 in Conjugate Diluent)
Peroxidase Goat Anti-Mouse IgG HRP Conjugate antibody was added to each well,
incubated for 30 min at RT and subsequently washed thrice (as before). The entire
plate was then flooded with dH,O, the contents of the wells removed and the plate
dried by tapping gently on paper towels. 100 uL of the substrate solution was added
to each well, and incubated in the dark at RT for 15 min. 100 uL of Stop Solution was
then added to each well (in the same order as the Substrate Solution) and the
absorbance of each well immediately measured using a microtiter plate reader at 540

nm.

2.13. Statistical analysis

Data was statistically analysed with a Dunnett’s test using GraphPad InStat. Results

were considered statistically significant when the p-value was less than 0.05.
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3. CHAPTER 3 - RESULTS

3.1. Determination of cell surface LRP/LR and total LRP levels on A549 and
HelLa cells

3.1.1. Determination of cell surface LRP/LR levels

The amount of LRP/LR on the surface of A549 and HeLa cells was determined by
flow cytometry; the aforementioned cells were incubated with the anti-LRP specific
primary antibody IgG1-iS18 and subsequently with the Goat anti-human IgG-FITC
secondary antibody (section 2.3).

The resulting histograms (Figure 3.1) demonstrate that 83% of A549 cells and 80% of
HelLa cells display LRP/LR on their surface.

3.1.2. Determination of total LRP levels

Since this protein has numerous cellular locations (namely the cell surface, the
cytoplasm, the perinuclear compartment and the nucleus) the total level of LRP in
A549 and HeLa cells was assessed using western blotting and quantitatively

determined using densitometric analysis (section 2.4).

Western blot analysis revealed a band at a molecular weight of 37 kDa, representative
of the 37 kDa laminin receptor precursor (LRP) (Figure 3.2), confirming its
expression in the aforementioned cell lines (B-actin was used as a loading control).
Additionally, densitometric analysis of the western blot signals revealed a non-
significant (p > 0.05) difference between the LRP expression levels of A549 and
HeLa cells (Figure 3.2). The 67 kDa form of the receptor was not detected in the

western blots (data not shown).
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Figure 3.1 — Flow cytometric analysis of surface LRP/LR levels on A549 and HeLa cells. Red and blue peaks are representative of non-
labelled and cells incubated with the anti-LRP IgG1-iS18 antibody and subsequently with the goat anti-rabbit IgG human ads-FITC secondary
antibody, respectively. 83% and 80% of a) A549 and b) HeLa cells, respectively, displayed LRP on their surface.
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Figure 3.2 — Determination of total cellular LRP levels in A549 and HeLa cells. Proteins were extracted, separated on a 12% SDS-PAGE
and western blotting performed using primary antibodies directed against LRP or B-actin (used as a loading control). Densitometric analyses of

western blot signals reveal that A549 (lanes 1-3) and HeLa (lanes 4-6) cells express similar levels of LRP (p > 0.05).
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3.2. Determination of A549 and HelLa cell transfectability

The introduction of plasmid DNA and siRNA into A549 and HeLa cells, to
potentially decrease their expression of LRP, was imperative for the completion of
this study; hence, the transfectability of the aforementioned cells was determined.
A549 and HeLa cells were transiently transfected with a plasmid encoding for the
green fluorescent protein (pCl-neo-GFP), stained with the fluorescent nuclear dye
Hoechst 33342 and subsequently viewed using immunofluorescence microscopy

(section 2.5).

The resulting images (Figure 3.3) reveal both blue and green fluorescence; the
presence of green fluorescence indicates produced green fluorescent protein, therefore

signifying that the A549 and HeLa cells are transfectable.

3.3. Determination of LRP downregulation in A549 and HeLa cells post-
transfection with pTZ57R/T shRNA-1.1

The level of LRP expression in A549 and Hela cells post-transfection with the
produced pTZ57R/T shRNA-1.1 plasmid was determined using western blotting and

densitometric analysis (section 2.7).

Densitometric analysis of the obtained western blot signals (Figure 3.4) revealed that
pTZ57R/T shRNA-1.1 transfected A549 and HelLa cells exhibited non-significant (p
> 0.05) differences in their expression of LRP, compared to non-transfected cells

(which had been set to 100%) (B-actin was used as a loading control).
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Figure 3.3 — Determination of A549 and HeLa cell transfectability. 24 h post-transfection of A549 and HeLa cells with a plasmid
encoding for the green fluorescent protein (pCI-neo-GFP), cells were stained with the fluorescent nuclear dye Hoechst 33342 and viewed on
an immunofluorescence microscope. The resultant images show both blue and green fluorescence, indicating that these cell lines are

transfectable.
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Figure 3.4 — LRP expression in A549 and HeLa cells post-transfection with shRNA-1.1. The expression levels of LRP in A549 and HeLa
cells was investigated 72 h post-transfection with shRNA-1.1. Densitometric analysis of western blot signals revealed non-significant (p > 0.05)

differences in LRP expression in a) A549 and b) HelLa cells, respectively, compared to non-transfected cells.
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3.4. Determination of LRP downregulation in A549 and HeLa cells post-
transfection with siRNA-LAMRI1

The level of LRP expression in A549 and Hela cells post-transfection with the
purchased siRNA-LAMRI1 was determined using western blotting and densitometric

analysis (section 2.8).

Densitometric analysis of the western blot signals (Figure 3.5) revealed that siRNA-
LAMRI transfected A549 and HeLa cells displayed a significant (** p < 0.01) 83%
and 60% reduction in LRP expression, respectively, compared to non-transfected cells

(which had been set to 100%) (B-actin was used as a loading control).

3.5. Determination of the effect of the siRNA-mediated downregulation of LRP

expression on cellular viability

The effect of the siRNA-mediated downregulation of LRP expression on cellular
viability in the aforementioned cell lines was determined using an MTT assay. Cells
were incubated with 8§ mM PCA (a compound known to decrease cellular viability

through the induction of apoptosis '

) as a positive control and transfected with a
non-targeting siRNA (siRNA-scr) as a negative control (section 2.9.1). Non-
transfected, 8 mM PCA and siRNA-LAMRI1 values were compared to siRNA-scr

values, which had been set to 100%.
siRNA-LAMRI treated A549 and HeLa cells revealed a significant (* p < 0.05, ** p

< 0.01) 13% and 18% reduction in cellular viability, respectively, compared to

siRNA-scr treated cells (Figure 3.6).
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Figure 3.5 - siRNA-mediated downregulation of LRP expression in A549 and HeLa cells. The expression level of LRP in A549 and HeLa
cells was investigated 72 h post-transfection with siRNA-LAMRI1. Densitometric analysis of western blot signals revealed a significant (** p <

0.01) 83% and 60% reduction in LRP expression in a) A549 and b) HeLa cells, respectively, compared to non-transfected controls.
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Figure 3.6 — The effect of the siRNA-mediated downregulation of LRP expression on cellular viability in A549 and HeLa cells. The
viability of A549 and HeLa cells was analysed 72 h post-transfection using an MTT assay. siRNA-LAMRI treated a) A549 and b) HelLa

cells reveal a significant (* p < 0.05, ** p < 0.01) 13% and 18% reduction in cellular viability, respectively, compared to siRNA-scr treated
cells (set to 100%) (8 mM PCA used as positive control).
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Additionally, siRNA-scr treated cells exhibited a non-significant 14% decrease in
cellular viability, compared to non-transfected HeLa cells (Figure 3.6b). Incubating
HeLa cells with siRNA-scr, DharmaFECT® 1 transfection reagent or both was used
to determine the causative agent of the observed reduction in cellular viability. An
MTT assay was completed and the values obtained for the abovementioned samples
were compared to control cells (containing no additions), which had been set to 100%

(as indicated in section 2.9.2).

This assay indicates that the DharmaFECT® 1 transfection reagent was responsible

for causing the observed non-significant reduction in cellular viability (Figure 3.7).
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Figure 3.7 - The effect of siRNA-scr and DharmaFECT® 1 reagent on cellular
viability. HeLa cells were incubated with siRNA-scr, DharmaFECT® 1 reagent or
both; 72 h later, their viability was assessed using an MTT assay. siRNA-scr treated
cells display similar viability to control cells (incubated for 72 h in DMEM containing
10% (v/v) FCS), while the DharmaFECT® 1 and siRNA-scr + DharmaFECT® 1
treated cells display an 8% and 9% decrease in cellular viability, respectively,

compared to control cells (p > 0.05).
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3.6. Assessment of the effect of the siRNA-mediated downregulation of LRP

expression on nuclear morphology

The nuclear morphology of A549 and HeLa cells was assessed 72 h post-transfection
with siRNA-LAMRI1. Additionally, the aforementioned cell lines were incubated with
8 mM PCA (an apoptosis inducer '"") and transfected with siRNA-scr for positive and
negative control purposes, respectively. The cells were then stained with the
fluorescent nuclear dye Hoechst 33324 and viewed by immunofluorescence

microscopy (section 2.10).

siRNA-LAMRI treated A549 and HeLa cells reveal constricted nuclei, which appear
to have lost their integrity, indicating a loss their nuclear morphology, compared to
siRNA-scr treated cells (Figure 3.8 — white arrows). The nuclei of cells incubated
with 8 mM PCA appear constricted; this was expected, as this compound is a known

1 Before transfection/incubation, the cell number was consistent;

apoptosis inducer
we therefore suggest that the toxicity of PCA was responsible for cell death, resulting

in decreased cell numbers observed in the corresponding micrographs.

3.7. Examination of the effect of the siRNA-mediated downregulation of LRP

expression on caspase-3 activity

The activity of the apoptosis-associated effector protein, caspase-3, in response to the
siRNA-mediated downregulation of LRP expression in A549 and HelLa cells was
assessed using a Caspase-3 activation assay (section 2.11). Additionally, the
aforementioned cell lines were incubated with 8 mM PCA (an apoptosis inducer

171

known to increase caspase-3 activity ') and transfected with siRNA-scr for positive

and negative control purposes, respectively.

siRNA-LAMRI treated A549 and HeLa cells reveal a significant (** p <0.01, *** p
<0.001) 9% and 83% upregulation in the activity of caspase-3, respectively,
compared to siRNA-scr treated cells (set to 100%) (Figure 3.9). The increased activity
of caspase-3 in A549 and HeLa cells incubated with 8 mM PCA was expected since
this compound is an inducer of apoptosis known to increase the activity of the

aforementioned protein '’
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Figure 3.8 — The effect of the siRNA-mediated downregulation of LRP expression on nuclear morphology. 72 h post-transfection, A549

K

A549
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and HeLa cells were stained with Hoechst 33342 and viewed by immunofluorescence microscopy. siRNA-LAMRI treated A549 and HeLa cells
exhibit constricted nuclei and decreased nuclear integrity (indicated by the white arrows), compared to siRNA-scr treated cells (8 mM PCA used

as positive control).
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Figure 3.9 — The effect of the siRNA-mediated downregulation of LRP expression on caspase-3 activity. The activity of the apoptosis-
associated protein, caspase-3, in A549 and HeLa cells was analysed 72 h post-transfection. siRNA-LAMRI treated a) A549 and b) HeLa cells
reveal a significant (* p < 0.01, *** p <0.001) 9% and 83% upregulation in caspase-3 activity, respectively, compared to the siRNA-scr treated
cells (set to 100%) (8 mM PCA used as a positive control).

66



3.8. Examination of the effect of the siRNA-mediated downregulation of LRP

expression on cellular proliferation

The proliferation of A549 and HeLa cells in response to the siRNA-mediated
downregulation of LRP expression was assessed using a BrdU Cell Proliferation
Assay (section 2.12). Additionally, the aforementioned cells were incubated with 100

172

ug/mL Doxycycline (a known inhibitor of cellular proliferation '“) and transfected

with siRNA-scr for positive and negative control purposes, respectively.

siRNA-LAMRI treated A549 and HeLa cells revealed a non-significant (p > 0.05)
11% and 13% reduction in cellular proliferation, respectively, compared to siRNA-scr
treated cells (set to 100%) (Figure 3.10). The decreased level of cellular proliferation
observed in A549 and HeLa cells incubated with 100 ug/mL Doxycycline was

expected as this compound is a known inhibitor of the aforementioned process '*.
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Figure 3.10 - The effect of the siRNA-mediated downregulation of LRP expression on cellular proliferation. The percentage of actively
proliferative A549 and HeLa cells was analysed 72 h post-transfection. siRNA-LAMRI treated a) A549 and b) HeLa cells reveal a non-
significant (p > 0.05) 11% and 13% reduction in cellular proliferation, respectively, compared to siRNA-scr treated cells (set to 100%) (100

ug/mL Doxycycline used as a positive control).
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4. Chapter 4 — Discussion

The role of the laminin receptor in cancer progression has been a topic of great
interest for many years and has therefore been extensively investigated. Numerous
studies have implicated cell surface LRP/LR in the progression of cancer — this
receptor is overexpressed on the surface of a number of cancerous cell lines, giving
them the ability to metastasise and invade surrounding tissues """ 1%, Given that
LRP/LR is involved in a number of cellular processes and is found in numerous

8;75; 88

cellular locations (the cell surface ®, the cytoplasm , the perinuclear

75;90; 91 90; 91

compartment and the nucleus ), additional roles of this receptor in cancer

progression have been suggested.

4.1. Cell surface LRP/LR and total LRP levels

To confirm the expression of LRP/LR in A549 and HeLa cells, cell surface LRP/LR
(Figure 3.1) and total LRP (Figure 3.2) levels was investigated using flow cytometry
and western blotting, respectively. Flow cytometry measured the number of A549 and
HeLa cells in the population that expressed LRP/LR on their surface, and was not
indicative of the level of LRP/LR on the surface of these cells. A high percentage of
A549 and Hela cells were shown to display cell surface LRP/LR, as expected from

previous studies

. In addition, total LRP expression was confirmed in both A549
and HeLa cells, and densitometric analyses of the western blot signals revealed that

these cells express similar total levels of LRP.

The 67 kDa laminin receptor is formed from the 37 kDa laminin receptor precursor *"
82 with the exact mechanism of this conversion currently still elusive. However, some
studies have suggested that unglycosylated 37 kDa LRP becomes acylated at Ser2
through the action of fatty acids; and this acylation is a critical step in the conversion
of 37 kDa LRP to 67 kDa LR **. We detect LRP/LR on the cell surface because it
was discovered that both 37 kDa LRP and 67 kDa LR are present in cellular plasma
membrane fractions, albeit 67 kDa LR in lower concentrations than its 37 kDa

isoform *°. Furthermore, the low concentration of 67 kDa LR in cellular cytoplasmic
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extractions renders it undetectable by western blot analysis *’; we therefore detect

only 37 kDa LRP from these extractions.

4.2. LRP silencing

To determine the role played by LRP/LR in the tumorigenic lung and cervical cancer
cells, it was essential for LRP expression to be decreased. This necessitated the
introduction of foreign nucleic acids (in a process known as transfection) into these
cells. The foreign nucleic acids would integrate into the RNAi system, causing the
degradation of LRP mRNA, consequently decreasing LRP expression. Since each cell
line possesses a different level of transfectability, the transfection efficiency of the
A549 and HelLa cells was determined. To accomplish this, these cells were
transfected with a plasmid encoding for the green fluorescent protein (pCIl-neo-GFP),
stained with the nuclear stain Hoechst 33342 and subsequently viewed by
immunofluorescence microscopy. The observance of both blue and green
fluorescence (Figure 3.3) indicated that A549 and HeLa cells are both transfectable.
Since green fluorescence was observed surrounding each nuclei for both the A549
and HeLa cells, we concluded that their transfection efficiency was 100%. This

finding allowed for further experimentation.

A549 and HeLa cells were transfected with the pTZ57R/T shRNA-1.1 plasmid
produced within this study, which encodes for shRNA directed against LRP mRNA,
to possibly downregulate LRP expression. However, subsequent densitometric
analyses of the obtained western blot signals revealed non-significant differences in
the expression levels of LRP in the aforementioned cell lines (Figure 3.4). The same
transfection protocol and reagent was used to introduce both the pCI-neo-GFP and the
pTZ57R/T shRNA-1.1 plasmid DNA into the A549 and HeLa cells, and since the
introduction of the pCl-neo-GFP plasmid was successful, the efficacy of the
transfection method and reagent was not questioned. The ability of shRNA to
successfully downregulate the expression of a particular protein is not only dependent
on its ability to enter the cells, but also on its overall design, specificity and target
sequence. The LRP target sequence for shRNA-1.1 was generated using The RNAi
Consortium, and was chosen because of the high probability it boasted to bring about

knockdown effects. Prof. Marco Weinberg designed the oligonucleotides with
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emphasis placed on the efficacy of the resultant sShRNA. Additionally, the sequence
specificity of the shRNA was also investigated, and since the obtained sequence was
identical to the target sequence, it was assumed that strong complementary binding
between the shRNA and LRP mRNA would occur, resulting in mRNA degradation
and hence protein downregulation. Taking all this information into account, the
reason/s for the unsuccessful downregulation of LRP expression upon transfection of

A549 and HeLa cells with the pTZ57R/T shRNA-1.1 plasmid remains elusive.

Following the unsuccessful downregulation of LRP expression using the produced
pTZ57R/T shRNA-1.1 plasmid, siRNA directed against LRP mRNA was purchased
and utilised further. siRNA-LAMRI1 was chosen because it targeted the open reading
frame of the human LRP gene. LRP expression was found to be significantly
decreased in A549 and HeLa cells 72 h post-transfection with siRNA-LAMRI,
confirmed by densitometric analysis of the western blot signals (Figure 3.5). The level
of LRP expression in A549 and HelLa cells was significantly (** p < 0.01) reduced
(80% and 60%, respectively), demonstrating the efficacy of the siRNA.

The reduction in the expression of 37 kDa LRP was possible since both the shRNA
and siRNA sequences targeted 37 kDa LRP mRNA. It is not possible to use RNAI1 to
reduce the expression of 67 kDa LR as it is not a direct product of transcription and
translation, rather it is thought to be produced by the post-transcriptional modification
of 37 kDa LRP * %, However, since it is understood that the 37 kDa form is a

84

precursor for the 67 kDa form ™, it could be assumed that a reduction in the

expression of LRP would consequently reduce the expression of LR.

4.3. Cellular viability

The effect of the downregulation of LRP expression on the viability of cancerous cells
(an important characteristic of the disease) was then investigated. LRP
downregulation was found to correlate with a significant (* p < 0.05, ** p < 0.01)
reduction in the viability of A549 and HeLa cells (Figure 3.6), indicating a crucial
role for LRP this process. Since the maintenance of cellular viability is imperative for
the survival and propagation of cancerous cells, the suggestion that LRP is involved

in this process further implicates this protein in the disease. A non-significant
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reduction in cellular viability was however also observed in siRNA-scr treated HeLa
cells compared to non-transfected cells (Figure 3.6b) and the DharmaFECT® 1
transfection reagent was shown to be the causative agent in this decrease (Figure 3.7).
This finding correlates to previous research completed by Thermo Scientific into this
topic, where it is understood that a 20% reduction in cellular viability is a successful

non-toxic transfection (Literature Code: 00078-06-E-02-U).

4.4. Apoptosis

Further experiments were performed to determine if apoptosis (a form of programmed
cell death) was induced in A549 and HeLa cells as a result of LRP downregulation,
and hence was responsible for the observed decrease in cellular viability in these
cells. The presence of apoptotic A549 and HeLa cells post-transfection were firstly
identified by visible disruptions in their nuclear morphology (Figure 3.8) and
secondly by the significant increase in the activity of the apoptosis-associated protein

caspase-3 (Figure 3.9).

Since the laminin receptor is physiologically functional in the perinuclear

75; 90; 91 90; 91

compartment and the nucleus , 1t was not surprising that the
downregulation of this receptor had an effect on nuclear integrity. Since LRP is
present in the nucleus, and involved in the maintenance of nuclear structures %, it
could be suggested that the downregulation of LRP causes nuclear instability which

may result in the induction of apoptosis.

To further demonstrate apoptosis in the aforementioned cells, the activity of caspase-3
was investigated. Caspase-3 is an effector protein functional at the end stage of
apoptosis, where its activation is responsible for bringing about the observable
changes in the cell related to this form of cell death. The identification of increased
caspase-3 activity was therefore used as a marker for apoptosis. The activity of
caspase-3 was higher in siRNA-LAMRI treated HelLa cells compared to siRNA-
LAMRI treated A549 cells, indicating that the downregulation of LPR expression
was more effective in inducing apoptosis in HeLa cells than in A549 cells. It is

unclear whether the increased activity of caspase-3 is as a consequence of upstream
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events, which would initiate apoptosis in the cell, or through an inhibitory interaction

directly with LRP. Further experiments must be performed to elucidate this.

Both the loss of nuclear morphology and the increased activity of apoptosis-
associated protein, caspase-3, are indicative of apoptosis, and the results of this study
therefore are suggestive of a critical role played by the laminin receptor in the

blockage of this form of cell death.

4.5. Cellular proliferation

The proliferative state of A549 and HeLa cells post-transfection were investigated to
determine if the observed significant decrease in cellular viability could also be
attributed to a reduction in cell division. siRNA-LAMRI1 treated cells revealed a non-
significant (p > 0.05) reduction in cellular proliferation in A549 and HeLa cells (11%
and 13%, respectively) compared to siRNA-scr treated cells (Figure 3.10). The results
were not significant, however, if this experiment was repeated, the standard
deviations could be reduced and significant results possibly obtained. Since LRP is
physiologically involved in cellular proliferation, the reduction of its expression
would cause a disruption in this process. However, from these results, it can also be
suggested that this receptor may play a role in allowing the aberrant proliferation of

cancerous cells.

The role of LRP in the maintenance of cellular viability and the stimulation of cellular
proliferation has been reported in previous studies "°, additionally, the induction of
apoptosis in cancerous cells in response to LRP downregulation has also been
demonstrated 2. This study has confirmed the role of LRP in the maintenance of
cellular viability and the induction of apoptosis in A549 and HeLa cells. Furthermore,
this study has revealed that the induction of apoptosis is mediated by both a loss in

nuclear integrity and significantly increased activity of caspase-3 in these cells.

4.6. Targeting LRP/LR for cancer treatment

The implications of the expression of LRP in cancer progression are vast — increased

131; 132 131; 132

invasion , metastasis and cellular proliferation > as well as decreased
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cellular viability ° and apoptosis '* are processes mediated by this protein. Targeting
LRP can therefore be developed as a potential alternative therapeutic for the treatment
of the abovementioned processes implicated in cancer progression. Additionally,
targeting LRP for the possible treatment of the abovementioned processes have been
achieved in a number of cancerous cell lines. This therefore suggests that an LRP
related therapy could potentially be utilised for the treatment of numerous distinct
cancer types. It must however be stressed that this receptor is involved in many
physiological processes in normal cells, including cell growth, differentiation,
movement and attachment *°, and the downregulation of LRP in these cells would
result in undesirable homeostatic disruptions. The targeting of LRP solely to

cancerous cells is therefore imperative for its use as a therapeutic alternative.
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5. Chapter 5 — Conclusion and Future Work

5.1. Conclusion

This study has shown that the downregulation of LRP expression in A549 and HeLa
cells resulted in a significant decrease in cellular viability. Additionally, it was
demonstrated that this decrease in cellular viability was mediated by the induction of
apoptosis (identified by visualisation of the loss in their nuclear integrity as well as
the significantly increased activity of the apoptosis-associated protein caspase-3) and

possibly through the inhibition of cellular proliferation. This finding is illustrated in

Figure 5.1.

siRNA-mediated
downregulation
of LRP/LR

<
4

Loy

Induction of
apoptosis Reduction in

cellular viability
Decreased cell

proliferation

Figure 5.1 — Conclusion of the study. The siRNA-mediated downregulation of LRP
expression caused a decrease in cellular viability, resultant from the induction of

apoptosis and possibly the inhibition of cellular proliferation.

The findings of this study indicate that targeting LRP mRNA could possibly be used

as an alternative therapeutic strategy for the treatment of cancer.
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5.2. Future Work

The following experiments can be suggested from the findings of this study.

Research from a number of reports has been accumulated to suggest crucial roles for
LRP/LR in the maintenance of the viability of cancerous cells, the promotion of
metastasis, the blockage of apoptosis and the stimulation of cellular proliferation. It
would be interesting to determine if targeting LRP/LR with a single specific tool
(shRNA, siRNA, antibodies etc.) could cause all the aforementioned cancer related

processes to become disrupted.

Even though it is possible that LRP/LR targeted therapies for cancer can be beneficial
for the treatment of this disease, it also has the potential to be extremely problematic
in non-cancerous tissues. Therefore, it would be necessary to determine the effects of
LRP downregulation on normal tissues. Additionally, research into therapies involved
in targeting LRP/LR exclusively on cancerous tissues is necessary — the use of viral

delivery vectors could be successful in this endeavour.
Moreover, targeting LRP/LR could be investigated in animal models using nude mice

and if successful, the effectiveness of these therapies in humans could be further

assessed in clinical trials.

76



References

A

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

(2007). Cancer facts and figures, Vol. 2011. American Cancer Society.
Society, A. C. (2011). Cancer Facts and Figures 2011.

Organization, W. H. (2012). Cancer.

Organisation, W. H. GLOBOCAN, Vol. 2011.

Beasley, R. P. (1988). Hepatitis B virus. The major etiology of hepatocellular
carcinoma. Cancer 61, 1942-56.

Alward, W. L., McMahon, B. J., Hall, D. B., Heyward, W. L., Francis, D. P.
& Bender, T. R. (1985). The long-term serological course of asymptomatic
hepatitis B virus carriers and the development of primary hepatocellular
carcinoma. The Journal of infectious diseases 151, 604-9.

Ramos, M. C., Pizarro De Lorenzo, B. H., Michelin, M. A. & Murta, E. F.
(2008). High-grade cervical intraepithelial neoplasia, human papillomavirus
and factors connected with recurrence following surgical treatment. Clinical
and experimental obstetrics & gynecology 35, 242-7.

Thomison, J., 3rd, Thomas, L. K. & Shroyer, K. R. (2008). Human
papillomavirus: molecular and cytologic/histologic aspects related to cervical
intraepithelial neoplasia and carcinoma. Human pathology 39, 154-66.

Sigel, K., Dubrow, R., Silverberg, M., Crothers, K., Braithwaite, S. & Justice,
A. (2011). Cancer screening in patients infected with HIV. Current HIV/AIDS
reports 8, 142-52.

Cover, T. L. & Blaser, M. J. (2009). Helicobacter pylori in health and disease.
Gastroenterology 136, 1863-73.

Kandulski, A., Selgrad, M. & Malfertheiner, P. (2008). Helicobacter pylori
infection: a clinical overview. Digestive and liver disease : official journal of
the Italian Society of Gastroenterology and the Italian Association for the
Study of the Liver 40, 619-26.

Dunne, E. F., Datta, S. D. & L, E. M. (2008). A review of prophylactic human
papillomavirus vaccines: recommendations and monitoring in the US. Cancer
113, 2995-3003.

Hanahan, D. & Weinberg, R. A. (2000). The hallmarks of cancer. Cell 100,
57-70.

Hayflick, L. (1997). Mortality and immortality at the cellular level. A review.
Biochemistry (Mosc) 62, 1180-90.

Wright, W. E., Pereira-Smith, O. M. & Shay, J. W. (1989). Reversible cellular
senescence: implications for immortalization of normal human diploid
fibroblasts. Mol Cell Biol 9, 3088-92.

Counter, C. M., Avilion, A. A., LeFeuvre, C. E., Stewart, N. G., Greider, C.
W., Harley, C. B. & Bacchetti, S. (1992). Telomere shortening associated with
chromosome instability is arrested in immortal cells which express telomerase
activity. Embo J 11, 1921-9.

Shay, J. W. & Bacchetti, S. (1997). A survey of telomerase activity in human
cancer. FEur J Cancer 33, 787-91.

Bryan, T. M. & Cech, T. R. (1999). Telomerase and the maintenance of
chromosome ends. Curr Opin Cell Biol 11, 318-24.

Folkman, J. (1997). Addressing tumor blood vessels. Nat Biotechnol 15, 510.
Sporn, M. B. (1996). The war on cancer. Lancet 347, 1377-81.

77



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

Coussens, L. M. & Werb, Z. (1996). Matrix metalloproteinases and the
development of cancer. Chemistry & biology 3, 895-904.

Chambers, A. F. & Matrisian, L. M. (1997). Changing views of the role of
matrix metalloproteinases in metastasis. Journal of the National Cancer
Institute 89, 1260-70.

Christofori, G. & Semb, H. (1999). The role of the cell-adhesion molecule E-
cadherin as a tumour-suppressor gene. Trends in biochemical sciences 24, 73-
6.

Varner, J. A. & Cheresh, D. A. (1996). Integrins and cancer. Current opinion
in cell biology 8, 724-30.

Lukashev, M. E. & Werb, Z. (1998). ECM signalling: orchestrating cell
behaviour and misbehaviour. Trends in cell biology 8, 437-41.

Elmore, S. (2007). Apoptosis: a review of programmed cell death. Toxicol
Pathol 35, 495-516.

Kerr, J. F., Wyllie, A. H. & Currie, A. R. (1972). Apoptosis: a basic biological
phenomenon with wide-ranging implications in tissue kinetics. Br J Cancer
26, 239-57.

Korsmeyer, S. J. (1992). Chromosomal translocations in lymphoid
malignancies reveal novel proto-oncogenes. Annual review of immunology 10,
785-807.

Vaux, D. L., Cory, S. & Adams, J. M. (1988). Bcl-2 gene promotes
haemopoietic cell survival and cooperates with c-myc to immortalize pre-B
cells. Nature 335, 440-2.

Harris, C. C. (1996). p53 tumor suppressor gene: from the basic research
laboratory to the clinic--an abridged historical perspective. Carcinogenesis 17,
1187-98.

Strasser, A., Harris, A. W., Bath, M. L. & Cory, S. (1990). Novel primitive
lymphoid tumours induced in transgenic mice by cooperation between myc
and bcl-2. Nature 348, 331-3.

White, E. (1993). Death-defying acts: a meeting review on apoptosis. Genes
Dev 7,2277-84.

Ferreira, C. G., Epping, M., Kruyt, F. A. & Giaccone, G. (2002). Apoptosis:
target of cancer therapy. Clin Cancer Res 8, 2024-34.

Slee, E. A., Adrain, C. & Martin, S. J. (2001). Executioner caspase-3, -6, and -
7 perform distinct, non-redundant roles during the demolition phase of
apoptosis. J Biol Chem 276, 7320-6.

Ashkenazi, A. (2002). Targeting death and decoy receptors of the tumour-
necrosis factor superfamily. Nat Rev Cancer 2, 420-30.

Hengartner, M. O. (2000). The biochemistry of apoptosis. Nature 407, 770-6.
Kaufmann, S. H. & Earnshaw, W. C. (2000). Induction of apoptosis by cancer
chemotherapy. Exp Cell Res 256, 42-9.

Bernardi, P., Scorrano, L., Colonna, R., Petronilli, V. & D1 Lisa, F. (1999).
Mitochondria and cell death. Mechanistic aspects and methodological issues.
European journal of biochemistry / FEBS 264, 687-701.

Loeffler, M. & Kroemer, G. (2000). The mitochondrion in cell death control:
certainties and incognita. Exp Cell Res 256, 19-26.

Saraste, A. & Pulkki, K. (2000). Morphologic and biochemical hallmarks of
apoptosis. Cardiovascular research 45, 528-37.

Wyllie, A. H. (1980). Glucocorticoid-induced thymocyte apoptosis is
associated with endogenous endonuclease activation. Nature 284, 555-6.

78



42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

38.

Alnemri, E. S. & Litwack, G. (1990). Activation of internucleosomal DNA
cleavage in human CEM lymphocytes by glucocorticoid and novobiocin.
Evidence for a non-Ca2(+)-requiring mechanism(s). The Journal of biological
chemistry 265, 17323-33.

Didenko, V. V. & Hornsby, P. J. (1996). Presence of double-strand breaks
with single-base 3' overhangs in cells undergoing apoptosis but not necrosis.
The Journal of cell biology 135, 1369-76.

Pop, C. & Salvesen, G. S. (2009). Human caspases: activation, specificity, and
regulation. The Journal of biological chemistry 284, 21777-81.

Fuentes-Prior, P. & Salvesen, G. S. (2004). The protein structures that shape
caspase activity, specificity, activation and inhibition. The Biochemical
journal 384, 201-32.

Alnemri, E. S., Livingston, D. J., Nicholson, D. W., Salvesen, G., Thornberry,
N. A., Wong, W. W. & Yuan, J. (1996). Human ICE/CED-3 protease
nomenclature. Cell 87, 171.

Li, J. & Yuan, J. (2008). Caspases in apoptosis and beyond. Oncogene 27,
6194-206.

Olsson, M. & Zhivotovsky, B. (2011). Caspases and cancer. Cell death and
differentiation 18, 1441-9.

Boatright, K. M., Renatus, M., Scott, F. L., Sperandio, S., Shin, H., Pedersen,
I. M., Ricci, J. E., Edris, W. A., Sutherlin, D. P., Green, D. R. & Salvesen, G.
S. (2003). A unified model for apical caspase activation. Molecular cell 11,
529-41.

Martin, S. J. & Green, D. R. (1995). Protease activation during apoptosis:
death by a thousand cuts? Cell 82, 349-52.

Brown, S. B., Bailey, K. & Savill, J. (1997). Actin is cleaved during
constitutive apoptosis. The Biochemical journal 323 (Pt 1), 233-7.

Kayalar, C., Ord, T., Testa, M. P., Zhong, L. T. & Bredesen, D. E. (1996).
Cleavage of actin by interleukin 1 beta-converting enzyme to reverse DNase [
inhibition. Proceedings of the National Academy of Sciences of the United
States of America 93, 2234-8.

Mashima, T., Naito, M., Noguchi, K., Miller, D. K., Nicholson, D. W. &
Tsuruo, T. (1997). Actin cleavage by CPP-32/apopain during the development
of apoptosis. Oncogene 14, 1007-12.

Wang, K. K., Posmantur, R., Nath, R., McGinnis, K., Whitton, M., Talanian,
R. V., Glantz, S. B. & Morrow, J. S. (1998). Simultaneous degradation of
alphall- and betall-spectrin by caspase 3 (CPP32) in apoptotic cells. The
Journal of biological chemistry 273, 22490-7.

Vanags, D. M., Porn-Ares, M. ., Coppola, S., Burgess, D. H. & Orrenius, S.
(1996). Protease involvement in fodrin cleavage and phosphatidylserine
exposure in apoptosis. The Journal of biological chemistry 271, 31075-85.
Martin, S. J., O'Brien, G. A., Nishioka, W. K., McGahon, A. J., Mahboubi, A.,
Saido, T. C. & Green, D. R. (1995). Proteolysis of fodrin (non-erythroid
spectrin) during apoptosis. The Journal of biological chemistry 270, 6425-8.
Brunet, C. L., Gunby, R. H., Benson, R. S., Hickman, J. A., Watson, A. J. &
Brady, G. (1998). Commitment to cell death measured by loss of
clonogenicity is separable from the appearance of apoptotic markers. Cell
death and differentiation S, 107-15.

Kothakota, S., Azuma, T., Reinhard, C., Klippel, A., Tang, J., Chu, K.,
McGarry, T. J., Kirschner, M. W., Koths, K., Kwiatkowski, D. J. & Williams,

79



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

L. T. (1997). Caspase-3-generated fragment of gelsolin: effector of
morphological change in apoptosis. Science 278, 294-8.

Brancolini, C., Benedetti, M. & Schneider, C. (1995). Microfilament
reorganization during apoptosis: the role of Gas2, a possible substrate for ICE-
like proteases. The EMBO journal 14, 5179-90.

Rudel, T. & Bokoch, G. M. (1997). Membrane and morphological changes in
apoptotic cells regulated by caspase-mediated activation of PAK2. Science
276, 1571-4.

Cardone, M. H., Salvesen, G. S., Widmann, C., Johnson, G. & Frisch, S. M.
(1997). The regulation of anoikis: MEKK-1 activation requires cleavage by
caspases. Cell 90, 315-23.

Wen, L. P., Fahmi, J. A., Troie, S., Guan, J. L., Orth, K. & Rosen, G. D.
(1997). Cleavage of focal adhesion kinase by caspases during apoptosis. The
Journal of biological chemistry 272, 26056-61.

Caulin, C., Salvesen, G. S. & Oshima, R. G. (1997). Caspase cleavage of
keratin 18 and reorganization of intermediate filaments during epithelial cell
apoptosis. The Journal of cell biology 138, 1379-94.

Cosulich, S. C., Horiuchi, H., Zerial, M., Clarke, P. R. & Woodman, P. G.
(1997). Cleavage of rabaptin-5 blocks endosome fusion during apoptosis. The
EMBO journal 16, 6182-91.

Orth, K., Chinnaiyan, A. M., Garg, M., Froelich, C. J. & Dixit, V. M. (1996).
The CED-3/ICE-like protease Mch2 is activated during apoptosis and cleaves
the death substrate lamin A. The Journal of biological chemistry 271, 16443-
6.

Takahashi, A., Alnemri, E. S., Lazebnik, Y. A., Fernandes-Alnemri, T.,
Litwack, G., Moir, R. D., Goldman, R. D., Poirier, G. G., Kaufmann, S. H. &
Earnshaw, W. C. (1996). Cleavage of lamin A by Mch2 alpha but not CPP32:
multiple interleukin 1 beta-converting enzyme-related proteases with distinct
substrate recognition properties are active in apoptosis. Proc Natl Acad Sci U
S 493, 8395-400.

Casiano, C. A., Martin, S. J., Green, D. R. & Tan, E. M. (1996). Selective
cleavage of nuclear autoantigens during CD95 (Fas/APO-1)-mediated T cell
apoptosis. The Journal of experimental medicine 184, 765-70.

Hunt, T., Nasmyth, K. & Novak, B. (2011). The cell cycle. Philosophical
transactions of the Royal Society of London. Series B, Biological sciences 366,
3494-7.

Israels, E. D. & Israels, L. G. (2000). The cell cycle. The oncologist S, 510-3.
Murray, A. (1994). Cell cycle checkpoints. Current opinion in cell biology 6,
872-6.

Mercurio, A. M. (1995). Laminin receptors: achieving specificity through
cooperation. Trends in cell biology 5, 419-23.

Susantad, T. & Smith, D. R. (2008). siRNA-mediated silencing of the 37/67-
kDa high affinity laminin receptor in Hep3B cells induces apoptosis. Cellular
& molecular biology letters 13, 452-64.

Tanaka, M., Narumi, K., Isemura, M., Abe, M., Sato, Y., Abe, T., Saijo, Y.,
Nukiwa, T. & Satoh, K. (2000). Expression of the 37-kDa laminin binding
protein in murine lung tumor cell correlates with tumor angiogenesis. Cancer
letters 153, 161-8.

Song, T., Choi, C. H., Cho, Y. J., Sung, C. O., Song, S. Y., Kim, T. J., Bae, D.
S., Lee, J. W. & Kim, B. G. (2012). Expression of 67-kDa laminin receptor

80



75.

76.

77.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

was associated with tumor progression and poor prognosis in epithelial
ovarian cancer. Gynecologic oncology 125, 427-32.

Scheiman, J., Jamieson, K. V., Ziello, J., Tseng, J. C. & Meruelo, D. (2010).
Extraribosomal functions associated with the C terminus of the 37/67 kDa
laminin receptor are required for maintaining cell viability. Cell death &
disease 1, e42.

Malygin, A. A., Babaylova, E. S., Loktev, V. B. & Karpova, G. G. (2011). A
region in the C-terminal domain of ribosomal protein SA required for binding
of SA to the human 40S ribosomal subunit. Biochimie 93, 612-7.

Ould-Abeih, M. B., Petit-Topin, 1., Zidane, N., Baron, B. & Bedouelle, H.
(2012). Multiple folding states and disorder of ribosomal protein SA, a
membrane receptor for laminin, anticarcinogens, and pathogens. Biochemistry
51, 4807-21.

Rao, C. N., Castronovo, V., Schmitt, M. C., Wewer, U. M., Claysmith, A. P.,
Liotta, L. A. & Sobel, M. E. (1989). Evidence for a precursor of the high-
affinity metastasis-associated murine laminin receptor. Biochemistry 28, 7476-
86.

Jackers, P., Minoletti, F., Belotti, D., Clausse, N., Sozzi, G., Sobel, M. E. &
Castronovo, V. (1996). Isolation from a multigene family of the active human
gene of the metastasis-associated multifunctional protein 37LRP/p40 at
chromosome 3p21.3. Oncogene 13, 495-503.

Jamieson, K. V., Wu, J., Hubbard, S. R. & Meruelo, D. (2008). Crystal
structure of the human laminin receptor precursor. The Journal of biological
chemistry 283, 3002-5.

Liotta, L. A., Horan Hand, P., Rao, C. N., Bryant, G., Barsky, S. H. & Schlom,
J. (1985). Monoclonal antibodies to the human laminin receptor recognize
structurally distinct sites. Experimental cell research 156, 117-26.

Castronovo, V., Claysmith, A. P., Barker, K. T., Cioce, V., Krutzsch, H. C. &
Sobel, M. E. (1991). Biosynthesis of the 67 kDa high affinity laminin receptor.
Biochemical and biophysical research communications 177, 177-83.
Landowski, T. H., Dratz, E. A. & Starkey, J. R. (1995). Studies of the
structure of the metastasis-associated 67 kDa laminin binding protein: fatty
acid acylation and evidence supporting dimerization of the 32 kDa gene
product to form the mature protein. Biochemistry 34, 11276-87.

Buto, S., Tagliabue, E., Ardini, E., Magnifico, A., Ghirelli, C., van den Brule,
F., Castronovo, V., Colnaghi, M. 1., Sobel, M. E. & Menard, S. (1998).
Formation of the 67-kDa laminin receptor by acylation of the precursor.
Journal of cellular biochemistry 69, 244-51.

Vana, K., Zuber, C., Pflanz, H., Kolodziejczak, D., Zemora, G., Bergmann, A.
K. & Weiss, S. (2009). LRP/LR as an alternative promising target in therapy
of prion diseases, Alzheimer's disease and cancer. Infect Disord Drug Targets
9, 69-80.

Mbazima, V., Da Costa Dias, B., Omar, A., Jovanovic, K. & Weiss, S. F.
(2010). Interactions between PrP(c) and other ligands with the 37-kDa/67-kDa
laminin receptor. Frontiers in bioscience : a journal and virtual library 185,
1150-63.

Hundt, C., Peyrin, J. M., Haik, S., Gauczynski, S., Leucht, C., Rieger, R.,
Riley, M. L., Deslys, J. P., Dormont, D., Lasmezas, C. I. & Weiss, S. (2001).
Identification of interaction domains of the prion protein with its 37-kDa/67-
kDa laminin receptor. The EMBO journal 20, 5876-86.

81



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Auth, D. & Brawerman, G. (1992). A 33-kDa polypeptide with homology to
the laminin receptor: component of translation machinery. Proceedings of the
National Academy of Sciences of the United States of America 89, 4368-72.
Gauczynski, S., Peyrin, J. M., Haik, S., Leucht, C., Hundt, C., Rieger, R.,
Krasemann, S., Deslys, J. P., Dormont, D., Lasmezas, C. 1. & Weiss, S.
(2001). The 37-kDa/67-kDa laminin receptor acts as the cell-surface receptor
for the cellular prion protein. 7The EMBO journal 20, 5863-75.

Sato, M., Kinoshita, K., Kaneda, Y., Saeki, Y., Iwamatsu, A. & Tanaka, K.
(1996). Analysis of nuclear localization of laminin binding protein precursor
p40 (LBP/p40). Biochemical and biophysical research communications 229,
896-901.

Nikles, D., Vana, K., Gauczynski, S., Knetsch, H., Ludewigs, H. & Weiss, S.
(2008). Subcellular localization of prion proteins and the 37 kDa/67 kDa
laminin receptor fused to fluorescent proteins. Biochimica et biophysica acta
1782, 335-40.

Tohgo, A., Takasawa, S., Munakata, H., Yonekura, H., Hayashi, N. &
Okamoto, H. (1994). Structural determination and characterization of a 40
kDa protein isolated from rat 40 S ribosomal subunit. FEBS letters 340, 133-8.
Vladimirov, S. N., Ivanov, A. V., Karpova, G. G., Musolyamov, A. K.,
Egorov, T. A., Thiede, B., Wittmann-Liebold, B. & Otto, A. (1996).
Characterization of the human small-ribosomal-subunit proteins by N-terminal
and internal sequencing, and mass spectrometry. European journal of
biochemistry / FEBS 239, 144-9.

Sato, M., Saeki, Y., Tanaka, K. & Kaneda, Y. (1999). Ribosome-associated
protein LBP/p40 binds to S21 protein of 40S ribosome: analysis using a yeast
two-hybrid system. Biochemical and biophysical research communications
256, 385-90.

Mecham, R. P., Hinek, A., Griffin, G. L., Senior, R. M. & Liotta, L. A. (1989).
The elastin receptor shows structural and functional similarities to the 67-kDa
tumor cell laminin receptor. The Journal of biological chemistry 264, 16652-7.
Rao, N. C., Barsky, S. H., Terranova, V. P. & Liotta, L. A. (1983). Isolation of
a tumor cell laminin receptor. Biochem Biophys Res Commun 111, 804-8.
Lesot, H., Kuhl, U. & Mark, K. (1983). Isolation of a laminin-binding protein
from muscle cell membranes. The EMBO journal 2, 861-5.

Salama, R. H., Muramatsu, H., Zou, K., Inui, T., Kimura, T. & Muramatsu, T.
(2001). Midkine binds to 37-kDa laminin binding protein precursor, leading to
nuclear transport of the complex. Experimental cell research 270, 13-20.
Terranova, V. P., Rao, C. N., Kalebic, T., Margulies, I. M. & Liotta, L. A.
(1983). Laminin receptor on human breast carcinoma cells. Proceedings of the
National Academy of Sciences of the United States of America 80, 444-8.
Rieger, R., Edenhofer, F., Lasmezas, C. 1. & Weiss, S. (1997). The human 37-
kDa laminin receptor precursor interacts with the prion protein in eukaryotic
cells. Nature medicine 3, 1383-8.

Kinoshita, K., Kaneda, Y., Sato, M., Saeki, Y., Wataya-Kaneda, M. &
Hoffmann, A. (1998). LBP-p40 binds DNA tightly through associations with
histones H2A, H2B, and H4. Biochemical and biophysical research
communications 253, 277-82.

Wewer, U. M., Taraboletti, G., Sobel, M. E., Albrechtsen, R. & Liotta, L. A.
(1987). Role of laminin receptor in tumor cell migration. Cancer research 47,
5691-8.

82



103.

104.

105.

106.

107.

108.

109.

110.

I11.

112.

113.

114.

115.

116.

Mafune, K. & Ravikumar, T. S. (1992). Anti-sense RNA of 32-kDa laminin-
binding protein inhibits attachment and invasion of a human colon carcinoma
cell line. The Journal of surgical research 52, 340-6.

Bernard, A., Gao-Li, J., Franco, C. A., Bouceba, T., Huet, A. & Li, Z. (2009).
Laminin receptor involvement in the anti-angiogenic activity of pigment
epithelium-derived factor. The Journal of biological chemistry 284, 10480-90.
Ardini, E., Sporchia, B., Pollegioni, L., Modugno, M., Ghirelli, C.,
Castiglioni, F., Tagliabue, E. & Menard, S. (2002). Identification of a novel
function for 67-kDa laminin receptor: increase in laminin degradation rate and
release of motility fragments. Cancer research 62, 1321-5.

Patarroyo, M., Tryggvason, K. & Virtanen, 1. (2002). Laminin isoforms in
tumor invasion, angiogenesis and metastasis. Seminars in cancer biology 12,
197-207.

Tio, P. H., Jong, W. W. & Cardosa, M. J. (2005). Two dimensional VOPBA
reveals laminin receptor (LAMR1) interaction with dengue virus serotypes 1,
2 and 3. Virology journal 2, 25.

Wang, K. S., Kuhn, R. J., Strauss, E. G., Ou, S. & Strauss, J. H. (1992). High-
affinity laminin receptor is a receptor for Sindbis virus in mammalian cells.
Journal of virology 66, 4992-5001.

Strauss, J. H., Wang, K. S., Schmaljohn, A. L., Kuhn, R. J. & Strauss, E. G.
(1994). Host-cell receptors for Sindbis virus. Archives of virology.
Supplementum 9, 473-84.

Ludwig, G. V., Kondig, J. P. & Smith, J. F. (1996). A putative receptor for
Venezuelan equine encephalitis virus from mosquito cells. Journal of virology
70, 5592-9.

Akache, B., Grimm, D., Pandey, K., Yant, S. R., Xu, H. & Kay, M. A. (2006).
The 37/67-kilodalton laminin receptor is a receptor for adeno-associated virus
serotypes 8, 2, 3, and 9. Journal of virology 80, 9831-6.

Gauczynski, S., Nikles, D., El-Gogo, S., Papy-Garcia, D., Rey, C., Alban, S.,
Barritault, D., Lasmezas, C. I. & Weiss, S. (2006). The 37-kDa/67-kDa
laminin receptor acts as a receptor for infectious prions and is inhibited by
polysulfated glycanes. The Journal of infectious diseases 194, 702-9.

Orihuela, C. J., Mahdavi, J., Thornton, J., Mann, B., Wooldridge, K. G.,
Abouseada, N., Oldfield, N. J., Self, T., Ala'Aldeen, D. A. & Tuomanen, E. 1.
(2009). Laminin receptor initiates bacterial contact with the blood brain barrier
in experimental meningitis models. The Journal of clinical investigation 119,
1638-46.

Wang, T., Zhang, W., Pei, Z., Block, M., Wilson, B., Reece, J. M., Miller, D.
S. & Hong, J. S. (2006). Reactive microgliosis participates in MPP+-induced
dopaminergic neurodegeneration: role of 67 kDa laminin receptor. FASEB
journal : official publication of the Federation of American Societies for
Experimental Biology 20, 906-15.

Huard, T. K., Malinoff, H. L. & Wicha, M. S. (1986). Macrophages express a
plasma membrane receptor for basement membrane laminin. The American
journal of pathology 123, 365-70.

van den Brule, F. A., Berchuck, A., Bast, R. C., Liu, F. T., Gillet, C., Sobel,
M. E. & Castronovo, V. (1994). Differential expression of the 67-kD laminin
receptor and 31-kD human laminin-binding protein in human ovarian
carcinomas. European journal of cancer 30A, 1096-9.

83



117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Givant-Horwitz, V., Davidson, B., van de Putte, G., Dong, H. P., Goldberg, I.,
Amir, S., Kristensen, G. B. & Reich, R. (2003). Expression of the 67 kDa
laminin receptor and the alpha6 integrin subunit in serous ovarian carcinoma.
Clinical & experimental metastasis 20, 599-609.

Campo, E., Monteagudo, C., Castronovo, V., Claysmith, A. P., Fernandez, P.
L. & Sobel, M. E. (1992). Detection of laminin receptor mRNA in human
cancer cell lines and colorectal tissues by in situ hybridization. The American
journal of pathology 141, 1073-83.

al-Saleh, W., Delvenne, P., van den Brule, F. A., Menard, S., Boniver, J. &
Castronovo, V. (1997). Expression of the 67 KD laminin receptor in human
cervical preneoplastic and neoplastic squamous epithelial lesions: an
immunohistochemical study. The Journal of pathology 181, 287-93.

Nadji, M., Nassiri, M., Fresno, M., Terzian, E. & Morales, A. R. (1999).
Laminin receptor in lymph node negative breast carcinoma. Cancer 85, 432-6.
Martignone, S., Menard, S., Bufalino, R., Cascinelli, N., Pellegrini, R.,
Tagliabue, E., Andreola, S., Rilke, F. & Colnaghi, M. 1. (1993). Prognostic
significance of the 67-kilodalton laminin receptor expression in human breast
carcinomas. Journal of the National Cancer Institute 85, 398-402.

van den Brule, F. A., Buicu, C., Berchuck, A., Bast, R. C., Deprez, M., Liu, F.
T., Cooper, D. N., Pieters, C., Sobel, M. E. & Castronovo, V. (1996).
Expression of the 67-kD laminin receptor, galectin-1, and galectin-3 in
advanced human uterine adenocarcinoma. Human pathology 27, 1185-91.
Sanjuan, X., Fernandez, P. L., Miquel, R., Munoz, J., Castronovo, V., Menard,
S., Palacin, A., Cardesa, A. & Campo, E. (1996). Overexpression of the 67-kD
laminin receptor correlates with tumour progression in human colorectal
carcinoma. The Journal of pathology 179, 376-80.

Lee, W. A., Kim, W. H., Kim, Y. ., Yang, H. K., Kim, J. P. & Kleinman, H.
K. (1996). Overexpression of the 67 kD laminin receptor correlates with the
progression of gastric carcinoma. Pathology, research and practice 192, 1195-
201.

Waltregny, D., de Leval, L., Menard, S., de Leval, J. & Castronovo, V. (1997).
Independent prognostic value of the 67-kd laminin receptor in human prostate
cancer. Journal of the National Cancer Institute 89, 1224-7.

Zhou, L., Xie, M., Zhou, J. Q. & Tao, L. (2006). 67-kDa laminin receptor in
human laryngeal squamous cell carcinoma. The Laryngoscope 116, 28-32.
Satoh, K., Narumi, K., Isemura, M., Sakai, T., Abe, T., Matsushima, K.,
Okuda, K. & Motomiya, M. (1992). Increased expression of the 67kDa-
laminin receptor gene in human small cell lung cancer. Biochemical and
biophysical research communications 182, 746-52.

Montuori, N., Selleri, C., Risitano, A. M., Raiola, A. M., Ragno, P., Del
Vecchio, L., Rotoli, B. & Rossi, G. (1999). Expression of the 67-kDa laminin
receptor in acute myeloid leukemia cells mediates adhesion to laminin and is
frequently associated with monocytic differentiation. Clinical cancer research
. an official journal of the American Association for Cancer Research 5, 1465-
72.

Gasparini, G., Barbareschi, M., Boracchi, P., Bevilacqua, P., Verderio, P.,
Dalla Palma, P. & Menard, S. (1995). 67-kDa laminin-receptor expression
adds prognostic information to intra-tumoral microvessel density in node-
negative breast cancer. Int J Cancer 60, 604-10.

84



130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Narumi, K., Inoue, A., Tanaka, M., Isemura, M., Shimo-Oka, T., Abe, T.,
Nukiwa, T. & Satoh, K. (1999). Inhibition of experimental metastasis of
human fibrosarcoma cells by anti-recombinant 37-kDa laminin binding
protein antibody. Jpn J Cancer Res 90, 425-31.

Zuber, C., Knackmuss, S., Zemora, G., Reusch, U., Vlasova, E., Diehl, D.,
Mick, V., Hoffmann, K., Nikles, D., Frohlich, T., Arnold, G. J., Brenig, B.,
Wolf, E., Lahm, H., Little, M. & Weiss, S. (2008). Invasion of tumorigenic
HT1080 cells is impeded by blocking or downregulating the 37-kDa/67-kDa
laminin receptor. Journal of molecular biology 378, 530-9.

Omar, A., Reusch, U., Knackmuss, S., Little, M. & Weiss, S. F. (2012). Anti-
LRP/LR-specific antibody IgG1-iS18 significantly reduces adhesion and
invasion of metastatic lung, cervix, colon and prostate cancer cells. Journal of
molecular biology 419, 102-9.

Bauer, J., Margolis, M., Schreiner, C., Edgell, C. J., Azizkhan, J., Lazarowski,
E. & Juliano, R. L. (1992). In vitro model of angiogenesis using a human
endothelium-derived permanent cell line: contributions of induced gene
expression, G-proteins, and integrins. Journal of cellular physiology 153, 437-
49.

Basson, C. T., Knowles, W. J., Bell, L., Albelda, S. M., Castronovo, V.,
Liotta, L. A. & Madri, J. A. (1990). Spatiotemporal segregation of endothelial
cell integrin and nonintegrin extracellular matrix-binding proteins during
adhesion events. The Journal of cell biology 110, 789-801.

Khusal, R., Dias, B. D. C., Moodley, K., Penny, C., Reusch, U., Knackmuss,
S., Little, M., Weiss, S. F. T. (2011). In vitro Inhibition of Angiogenesis by
antibodies directed against the 37kDa/67kDa Laminin Receptor. PloS one
submitted.

Demianova, M., Formosa, T. G. & Ellis, S. R. (1996). Yeast proteins related to
the p40/laminin receptor precursor are essential components of the 40 S
ribosomal subunit. The Journal of biological chemistry 271, 11383-91.

Ford, C. L., Randal-Whitis, L. & Ellis, S. R. (1999). Yeast proteins related to
the p40/laminin receptor precursor are required for 20S ribosomal RNA
processing and the maturation of 40S ribosomal subunits. Cancer research 59,
704-10.

Garcia-Hernandez, M., Davies, E. & Staswick, P. E. (1994). Arabidopsis p40
homologue. A novel acidic protein associated with the 40 S subunit of
ribosomes. The Journal of biological chemistry 269, 20744-9.

Kaneda, Y., Kinoshita, K., Sato, M., Saeki, Y., Yamada, R., Wataya-Kaneda,
M. & Tanaka, K. (1998). The induction of apoptosis in HeLa cells by the loss
of LBP-p40. Cell death and differentiation 5, 20-8.

Scheiman, J., Tseng, J. C., Zheng, Y. & Meruelo, D. (2010). Multiple
functions of the 37/67-kd laminin receptor make it a suitable target for novel
cancer gene therapy. Molecular therapy : the journal of the American Society
of Gene Therapy 18, 63-74.

Agrawal, N., Dasaradhi, P. V., Mohmmed, A., Malhotra, P., Bhatnagar, R. K.
& Mukherjee, S. K. (2003). RNA interference: biology, mechanism, and
applications. Microbiol Mol Biol Rev 67, 657-85.

Cottrell, T. R. & Doering, T. L. (2003). Silence of the strands: RNA
interference in eukaryotic pathogens. Trends Microbiol 11, 37-43.

85



143.

144.

145.

146.

147.

148.

149.

150.

I51.

152.

153.

154.
155.

156.

157.

158.

159.

160.

161.

162.

Hammond, S. M., Bernstein, E., Beach, D. & Hannon, G. J. (2000). An RNA-
directed nuclease mediates post-transcriptional gene silencing in Drosophila
cells. Nature 404, 293-6.

Brooks, D. R. & Isaac, R. E. (2002). Functional genomics of parasitic worms:
the dawn of a new era. Parasitol Int 51, 319-25.

Brown, S. J., Mahaffey, J. P., Lorenzen, M. D., Denell, R. E. & Mahaffey, J.
W. (1999). Using RNAI to investigate orthologous homeotic gene function
during development of distantly related insects. Evol Dev 1, 11-5.

Cogoni, C. & Macino, G. (2000). Post-transcriptional gene silencing across
kingdoms. Curr Opin Genet Dev 10, 638-43.

Caplen, N. J., Parrish, S., Imani, F., Fire, A. & Morgan, R. A. (2001). Specific
inhibition of gene expression by small double-stranded RNAs in invertebrate
and vertebrate systems. Proc Natl Acad Sci U S A 98, 9742-7.

Chiu, Y. L. & Rana, T. M. (2002). RNAI in human cells: basic structural and
functional features of small interfering RNA. Mol Cell 10, 549-61.

Lehner, B., Fraser, A. G. & Sanderson, C. M. (2004). Technique review: how
to use RNA interference. Brief Funct Genomic Proteomic 3, 68-83.

Nicholson, A. W. (1999). Function, mechanism and regulation of bacterial
ribonucleases. FEMS Microbiol Rev 23, 371-90.

Catalanotto, C., Azzalin, G., Macino, G. & Cogoni, C. (2000). Gene silencing
in worms and fungi. Nature 404, 245.

Tabara, H., Sarkissian, M., Kelly, W. G., Fleenor, J., Grishok, A., Timmons,
L., Fire, A. & Mello, C. C. (1999). The rde-1 gene, RNA interference, and
transposon silencing in C. elegans. Cel/ 99, 123-32.

Yang, D., Buchholz, F., Huang, Z., Goga, A., Chen, C. Y., Brodsky, F. M. &
Bishop, J. M. (2002). Short RNA duplexes produced by hydrolysis with
Escherichia coli RNase III mediate effective RNA interference in mammalian
cells. Proc Natl Acad Sci US 499, 9942-7.

Hannon, G. J. (2002). RNA interference. Nature 418, 244-51.

Elbashir, S. M., Martinez, J., Patkaniowska, A., Lendeckel, W. & Tuschl, T.
(2001). Functional anatomy of siRNAs for mediating efficient RNAi1 in
Drosophila melanogaster embryo lysate. Embo J 20, 6877-88.

Filippov, V., Solovyev, V., Filippova, M. & Gill, S. S. (2000). A novel type of
RNase III family proteins in eukaryotes. Gene 245, 213-21.

Dorsett, Y. & Tuschl, T. (2004). siRNAs: applications in functional genomics
and potential as therapeutics. Nat Rev Drug Discov 3, 318-29.

Nykanen, A., Haley, B. & Zamore, P. D. (2001). ATP requirements and small
interfering RNA structure in the RNA interference pathway. Cell 107, 309-21.

Zamore, P. D., Tuschl, T., Sharp, P. A. & Bartel, D. P. (2000). RNAi: double-
stranded RNA directs the ATP-dependent cleavage of mRNA at 21 to 23
nucleotide intervals. Cell 101, 25-33.

Dernburg, A. F., Zalevsky, J., Colaiacovo, M. P. & Villeneuve, A. M. (2000).
Transgene-mediated cosuppression in the C. elegans germ line. Genes Dev 14,
1578-83.

de Carvalho, F., Gheysen, G., Kushnir, S., Van Montagu, M., Inze, D. &
Castresana, C. (1992). Suppression of beta-1,3-glucanase transgene expression
in homozygous plants. Embo J 11, 2595-602.

Meister, G. & Tuschl, T. (2004). Mechanisms of gene silencing by double-
stranded RNA. Nature 431, 343-9.

86



163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

Knight, S. W. & Bass, B. L. (2002). The role of RNA editing by ADARs in
RNAIi. Mol Cell 10, 809-17.

Tonkin, L. A. & Bass, B. L. (2003). Mutations in RNAi rescue aberrant
chemotaxis of ADAR mutants. Science 302, 1725.

Kim, D. & Rossi, J. (2008). RNAi mechanisms and applications.
Biotechniques 44, 613-6.

Fattal, E. & Bochot, A. (2006). Ocular delivery of nucleic acids: antisense
oligonucleotides, aptamers and siRNA. Adv Drug Deliv Rev 58, 1203-23.
Tolentino, M. (2006). Interference RNA technology in the treatment of CNV.
Ophthalmol Clin North Am 19, 393-9, vi-vii.

Leonard, J. N. & Schaffer, D. V. (2006). Antiviral RNA1 therapy: emerging
approaches for hitting a moving target. Gene Ther 13, 532-40.

Leucht, C., Vana, K., Renner-Muller, 1., Dormont, D., Lasmezas, C. 1., Wolf,
E. & Weiss, S. (2004). Knock-down of the 37-kDa/67-kDa laminin receptor in
mouse brain by transgenic expression of specific antisense LRP RNA.
Transgenic research 13, 81-5.

Rao, D. D., Vorhies, J. S., Senzer, N. & Nemunaitis, J. (2009). siRNA vs.
shRNA: similarities and differences. Advanced drug delivery reviews 61, 746-
59.

Yin, M. C,, Lin, C. C., Wu, H. C., Tsao, S. M. & Hsu, C. K. (2009). Apoptotic
effects of protocatechuic acid in human breast, lung, liver, cervix, and prostate
cancer cells: potential mechanisms of action. Journal of agricultural and food
chemistry 57, 6468-73.

Onoda, T., Ono, T., Dhar, D. K., Yamanoi, A., Fujii, T. & Nagasue, N. (2004).
Doxycycline inhibits cell proliferation and invasive potential: combination
therapy with cyclooxygenase-2 inhibitor in human colorectal cancer cells. The
Journal of laboratory and clinical medicine 143, 207-16.

87



Appendix

1. Plasmids
1.1. pCI-neo
Bglll
ori \ Sqfl
CMV |E. :
Enhancer/Promoter -Ppo)
Intron
Amp' pCl-neo SV40 Late
Vector poly(A)
(5472bp)
f1 ori 1
Synthelic  gyv40 Enhancer/
poly(A) Early Promoter
BamHI oo

Figure A1 — pCI-neo plasmid map.
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0914VAO1_SA
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1.2. pti-H1

Figure A2 — pti-H1 plasmid map.

1.3. pTZ57R/T

Pdmi 2564
Hinll 2505
Begl 2485

Scal, Tad 2447

pTZSTR

Gsd 2054
Eco31l 2036
Eaml1051 1964

rep (pMB1)

Call 1487
Figure A3 - pTZ57R/T plasmid map.
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296 457
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AP BspL U111 107
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1.4. LB, LB-Amp and LB-Amp/Xgal/IPTG plates

1.4.1. 20 mg/mL Ampicillin

Dissolve 0.02% (w/v) ampicillin dH»0 and store in 1mL aliquots at -20 °C.

1.4.2. 40 mg/mL Xgal

Dissolve 0.4% (w/v) Xgal in DMSO and store in 1 mL aliquots in foil wrapped
eppendorf tubes at -20 °C.

1.43. 100 mM IPTG

Dissolve 238 mg IPTG in 10 mL dH,0 and store in 1 mL aliquots at -20 °C

1.4.4. LB-plates

Dissolve the following in dH,0

10% (w/v) Tryptone
5% (w/v) Yeast extract
0.086 M NaCl

15% (w/v) Agar

Autoclave to sterilize, cool to ~55 °C and pour ~10 mL into a petri dish. Allow agar
to set (~20 min at RT) and incubate upside down at 37 °C overnight. Store plates at 4
°C.

1.4.5. LB-Amp plates

Dissolve the following in dH,0

10% (w/v) Tryptone
5% (w/v) Yeast extract
0.086 M NaCl

15% (w/v) Agar
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Autoclave to sterilise, cool to ~55 °C. Add either 2.5 uL or 5 uL of a 20 mg/mL stock
solution of ampicillin to make the final ratio 50 ug/mL or 100 ug/mL, respectively.
Pour ~10 mL into a petri dish. Allow agar to set (~20 min at RT) and incubate upside

down at 37 °C overnight. Store plates at 4 °C.

1.4.6. LB-Amp/Xgal/IPTG plates

Spread 40 uL of 40 mg/mL Xgal and 40 uL of 100 mM IPTG on pre-warmed (to RT)
LB-Amp (50 ug/mL) plates and incubate at 37 °C for 1 h before use.

1.5. LB liquid medium

Combine the following in dH,0

10% (w/v) Tryptone
5% (w/v) Yeast Extract
0.1 M NaCl

Autoclaved to sterilise and store at 4 °C

1.6. 0.1 M Calcium Chloride (CaCl,)

Dissolve 1.1 g CaCl, in 100 mL dH,0 and store at 4 °C

1.7. 0.1 M CacCl, containing 15% glycerol

Combine
l.lg CaCl,
15 mL Glycerol

Make up volume to 100 mL with dH,0 and store at 4 °C
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2. Determination of total LRP levels

2.1. Lysis buffer

Combine the following in dH,0:

10 mM Tris-HCI
100 mM NaCl
10 mM EDTA

0.5% (v/v)  Nonident-P40
0.05% (w/v) Deoxycholate

Store solution at 4 °C

2.2. 5 X Sample loading dye

Combine the following in dH,0:
10% (w/v) ~ SDS

10 mM [-mercapto-ethanol

20% (v/v) Glycerol

02M Tris-HCI (pH 6.8) (appendix 2.3.4)
0.05% Bromophenolblue

Store at 4 °C (-20 °C long term)

2.3. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)

2.3.1. 1 X SDS running buffer

Combine the following in dH,0:

02M Tris
0.19M Glycine
3 mM SDS
Store at RT
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2.3.2. 40% Acrylamide:Bis-Acrylamide

Combine Acrylamide and Bis-Acylamide (19:1) in dH,0.

Heat to dissolve, filter and store in dark bottles at 4 °C
2.3.3. Separation buffer

Combine the following in dH,0:

1.5M Tris

pH to 8.8 with HCI

Store at 4 °C
2.3.4. Stacking buffer

Combine the following in dH,0:

500 mM Tris

pH to 6.8 with HCI

Store at 4 °C
2.3.5. 10% SDS

Dissolve 10% (w/v) SDS in dH,0 and store at RT

2.3.6. 1% APS

Dissolve 1% (w/v) APS in dH,0 and store at 4 °C
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2.3.7. 12% Separating and 5% Stacking gel

2.3.7.1.  12% Separating gel

Combine the following in dH,0:

29.9% (v/v)  40% Acrylamide:Bis-Acrylamide
25% (v/v) Separation buffer

1% (v/v) 10% SDS

1% (v/v) 1% APS

0.4% (v/v)  TEMED

2.3.7.2. 5% Stacking gel
Combine following in dH,0:
12.5% (v/v)  40% Acrylamide:Bis-Acrylamide
12.5% (v/v)  Stacking buffer
1% (v/v) 10% SDS
1% (v/v) 1% APS
0.1% (v/v)  TEMED

2.3.7.3.  Pouring gels

Pour the 12% separation gel, overlay with ethanol until polymerised. Remove the

ethanol, pour the 5% stacking gel and insert the comb.

2.3.8. Transfer Buffer

Combine the following in dH,0:

20 mM Tris
150 mM Glycine
20% Methanol

Store at 4 °C
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24. 1 XPBS

Combine the following in dH,0:
137 mM NaCl

12 mM Phosphate
2.7 mM KCl

pH 7.4

Store at RT

2.5. PBS-Tween

Add 0.001% Tween to 1 X PBS
Store at 4 °C

2.6. 3% BSA in PBS-Tween

Dissolve 3% BSA in PBS-Tween
Store at 4 °C

3. Determination of cell surface LRP/LR levels

3.1. 4% paraformaldehyde

Dissolve 4% paraformaldehyde in 0.1 M PBS.

Heat solution at 65 °C while stirring and add 1N NaOH drop wise until the solution

clears. Cool, filter and store solution at 4 °C
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4. Transfection of A549 and HeLa cells with pCI-neo-GFP

4.1. 2% paraformaldehyde

Dissolve 2% paraformaldehyde in 0.1 M PBS.

Heat at 65 °C while stirring and add 1N NaOH drop wise until the solution clears.

Cool, filter and store solution at 4 °C

4.2. 0.25% Triton X-100 containing 0.5% BSA in PBS
Dissolve the following in 1 X PBS
0.25% Triton X-100

0.5% BSA
Store at 4 °C
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5. Production of shRNA

5.1. shRNA design

LRP shRNA-1 TARGET LRP shRNA-1 STRUCTURE

SENSE
STk 1 _CcUg
5' GCTCGTGCAATTGTTGCCATT 37 GCUCGUGCAAUUGUUGCCAUUC A Loor
GUCGAGCACGUUAACARCGGUAAAC ¢ C
3’ ; ANTISENSE b
LRP shRNA-1: 5'-3":
H1 PROMOTER PRIMING SENSE LOOP ANTISENSE TERM
5' GTATGAGACCACTCGGACCCGCTCGTGCAATTGTTGCCATTCCTGACCCAAATGGCAACAATTGCACGAGCTTTTTT 37
3’ CATACTCTGGTGAGCCTGGGCGAGCACGTTAACAACGGTAAGGACTGGGTTTACCGTTGTTAACGTGCTCGAAAAAA 57
3’ CATACTCTGGTGAGCCTGGGCGAGCACGTTAACAACGGTAAGGACTGGGTTTACC 57
3’ GTAAGGACTGGGTTTACCGTTGTTAACGTGCTCGAAAAAA 5°'
LRP shRNA-1: 5-3": (OLIGOS TO ORDER)
LRP-shRNA-1 R1 5' CCATTTGGGTCAGGAATGGCAACAATTGCACGAGCGGGTCCGAGTGGTCTCATAC 37
LRP-shRNA-1 R2 5' AAAAAAGCTCGTGCAATTGTTGCCATTTGGGTCAGGAATG 37
LRP shRNA-4 TARGET LRP shRNA-4 STRUCTURE
. SENSE
5' CCAGATCCAGGCAGCCTTCC 37 St 1 cUGg
GCCAGAUCCAGGCAGCCUUCUC A Loor
LUCGGUCUAGGUCCGUCGGAAGG A - C
3’ ) ANTISENSE N
LRP shRNA-4: 5'-3":
N H1 PROMOTER PRIMING e SENSE . LOOP " ANTISENSE N TERM
F 1F 1k 1k 1} 1
5' GTATGAGACCACTCGGACCCGCCAGATCCAGGCAGCCTTCTCCTGACCCAGGAAGGCTGCCTGGATCTGGCTTTTTT 37
5.

CATACTCTGGTGAGCCTGGGCGGTCTAGGTCCGTCGGAAGAGGACTGGGTCCTTCCGACGGACCTAGACCGAAAAAN

37
37 CATACTCTGGTGAGCCTGGGCGGTCTAGGTCCGTCGGAAGAGGACTGGGTCCTTC 57
3’7 AAGAGGACTGGGTCCTTCCGACGGACCTAGACCGAAAAAA

LRP shRNA-4: 5-3": (OLIGOS TO ORDER)
LRP-shRNA-4 R1 5' CTTCCTGGGTCAGGAGAAGGCTGCCTGGATCTGGCGGGTCCGAGTGGTCTCATAC 37

LRP-shRNA-4 R2 50

AAAAAAGCCAGATCCAGGCAGCCTTCCTGGGTCAGGAGAA 37

LRP shRNA-7 STRUCTURE

LRP shRNA-7 TARGET
=7 SENSE
=k 1 _cug
GGCAGUGACCAAGGAGGAAUUC A Loor
UCCGUCACUGGUUCCUCCUUAA AL - C

5°" GGCAGTGACCAAGGAGGAATT

,
3 ANTISENSE

LRP shRNA-7: 5'-3":
LooP ANTISENSE TERM

SENSE
crTTTTTT 37

H1 PROMOTER PRIMING
5" GTATGAGACCACTCGGACCCGGCAGTGACCAAGGAGGAATTCCTGACCCAAATTCCTCCTTGGTCACTGC

CATACTCTGGTGAGCCTGGGCCGTCACTGGTTCCTCCTTAAGGACTGGGTTTAAGGAGGAACCAGTGACGGAAARAAA 57

37
37 CATACTCTGGTGAGCCTGGGCCGTCACTGGTTCCTCCTTAAGGACTGGGTTTAAG 57
37 TTAAGGACTGGGTTTAAGGAGGAACCAGTGACGGAAAAAA 57

LRP shRNA-7: 5'-3": (OLIGOS TO ORDER)
LRP-shRNA-7 R1 5' GAATTTGGGTCAGGAATTCCTCCTTGGTCACTGCCGGGTCCGAGTGGTCTCATAC 37

LRP-shRNA-7 R2 50

AAAAAAGGCAGTGACCAAGGAGGAATTTGGGTCAGGAATT 37

Figure A4 — Design of shRNA-1, 4 and 7 oligonucleotides. The design and target

sequences of shRNA-1, 4 and 7.
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5.2. PCR amplification of oligonucleotides

a) Primary PCR b) Secondary PCR

shRNA-1 shRNA-4 shRNA-7 shRNA-1 shRNA-4 shRNA-7

350 bp

Figure A5 — Nested PCR amplification of oligonucleotides. a) Primary and b)
secondary PCR products resolved on 1% agarose gels displaying 300 and 350 bp

fragments, respectively.

5.3. Transformation of pTZ57R/T shRNA-1, 4 and 7 plasmids and blue/white

selection

Figure A6 — Transformation of pTZ57R/T shRNA-1, 4 and 7 into E. coli XL.1-
Blue. a) shRNA-1, b) shRNA-4 and c) shRNA-7 transformed into E. coli XL-Blue
and plated on LB-amp, Xgal, and IPTG plates, allowing for blue/white selection.
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54.1 X TBE

Combine the following in dH,0:
0.09 M Tris

0.09 M Boric Acid

0.003 M EDTA

Store at RT

5.5. 1% Agarose gel

Dissolve 0.5 g agarose in 50 mL 1 X TBE buffer.
Heat until the agarose has completely dissolved.
Add GelStar™ (Lonza) in a 1:10 000 ratio, pour into gel mould, insert comb and

allow to solidify.

6. Examination of cellular viability

6.1. Transfection per well (96 well plate format)

0.6 X 10* A549 and 3 X 10° HeLa cells were seeded in the wells of a 96 well plate. 24
h later, 150 umol (for A549 cells) or 200 umol (for HeLa cells) of siRNA-LAMRI1
and 0.2 uL of DharmaFECT® 1 transfection reagent were each concurrently diluted
in DMEM to a final volume of 10 uL, the contents of each tube was gently mixed and
allowed to incubate for 5 min at RT. The diluted siRNA-LAMRI solution was then
added to the diluted DharmaFECT® 1 transfection reagent, mixed gently and
incubated for 20 min at RT. The culture medium was removed from the plated cells
(either A549 or HelLa) and 80 uL. DMEM containing 10% (v/v) FCS added to the
siRNA-reagent solution which the cells were then grown in for 72 h in a humidified

incubator at 37 °C with 95% air and 5% CO..
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6.2. 8 mM PCA

Dissolve 8 mM PCA in DMEM containing 10% (v/v) FCS and store at 4 °C

6.3. 1 mg/mL MTT

Dissolve 1 mg of MTT in 1 mL PBS and store in a dark bottle at 4 °C.

7. Assessment of cellular proliferation

7.1. 100 ng/mL Doxycycline

Dissolve 100 ug of Doxycycline in 1 mL DMEM containing 10% (v/v) FCS and store
at4 °C
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