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Abstract 

The Lamina-associated polypeptide two (LAP2) proteins comprising three human isofonns, 

LAP2a, LAP2P and LAP2y have been shown to provide a structural framework in the nucleus 

and to facilitate nuclear assembly and disassembly during the cell cycle. Expression profiling 

studies, using microarrays, identified elevated levels of LAP2a in cervical cancer patient 

material compared to normal. Altered expression of LAP2 may thus have significance in the 

development of certain cancers. The aim of this project was thus to independently confirm the 

up-regulation of LAP2a in cancer material and to determine the effect of inhibiting its 

expression on the biology of cancer and transformed cells. LAP2a mRNA and protein 

expression was shown to be elevated in cervical cancer tissue compared to normal cervical 

tissue by Real-time RT-PCR and immunohistochemical analysis respectively. Interestingly, 

LAP2 (both the LAP2a and LAP2P isoforms) was shown to be overexpressed in cervical cancer 

cell lines compared to a normal primary cervical epithelial cell line. Higher LAP2 expression 

appears to associate with cellular transformation as increased expression was observed in 

transformed human fibroblast cells compared to normal fibroblasts. LAP2 expression was also 

elevated in oesophageal cancer cell lines compared to normal suggesting that the overexpression 

of LAP2 associates with multiple cancer types. In order to determine the role of LAP2 in cancer 

cell biology, its expression was inhibited using specific siRNA molecules. Inhibition of LAP2 

did not have an effect on adherent cell proliferation; however under anchorage-independent 

growth conditions a significant decrease in cell proliferation and colony formation was observed 

in LAP2 knockdown cells. This was accompanied by a decrease in cyclin D l levels and an 

increase in p16 levels in LAP2 siRNA transfected cells. Our results did not conclusively show 
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that this decrease in proliferation was as a result of an alteration in the cell cycle profile or due to 

an increase in apoptosis. In addition, inhibition of LAP2 expression resulted in a decrease in Rb 

protein expression. It is proposed that LAP2 plays a role in stabilizing the Rb protein, as 

inhibition of LAP2 expression did not affect Rb mRNA levels but substantially reduced the 

protein half-life. In summary, increased LAP2 expression associates with transformed and 

cancer cells and suggests potential for use as a cancer biomarker. Its potential as an anti-cancer 

therapeutic, however requires further investigation. 
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Chapter 1: Introduction 

1.1 Cervical cancer as a model system 

1.1.1 Epidemiology of cervical cancer 

Cervical cancer is the second most common form of cancer in women worldwide 

(Kamangar et al., 2005), and within the South African population (Mqoqi et al., 2004). 

The incidence rate is approximately two-fold greater in developing countries, such as 

South Africa, compared to more developed countries (Kamangar et al., 2005). As such, 

cervical cancer has a 0.59 mortality to incidence rate (MR:IR) worldwide with a 

staggering 0.79 MR:IR in Africa compared to 0.30 in North America (Kamangar et al., 

2005). The high incidence of the disease in developing countries is highlighted in Fig. 

1.1. 

The age standardized incidence rate (ASR) of cervical cancer in South Africa, in 1999, 

was 38/100 000 (Mqoqi et al., 2004), where there was a considerable difference in the 

incidence rates between different groups within the population. Black South African 

females had an ASR of 34/100 000 of developing cervical cancer, compared to white 

females with an ASR of 12/100 000 (Mqoqi et al., 2004). Collectively, South African 

women have a 1 :31 lifetime risk of developing cervical cancer according to the most 

recent 1999 National Cancer Registry report. 
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Fig. J .I: Age-standardized incidence and mortality associated with cervical cancer 
"orldwide per 100 oon women. TI1c Sou them African region has the second highest 
u1cidcocc of the disease gJobaJly and a correspoodmgly high roo11ality rate. 
(Sankaranarayanan and Ferlay, 2006). 

Papanicolaou (Pap) smears are routinely used to assess C)10logical abnormalities from 

cervical swabs. and are the principle screening method used for preventing onset of this 

disease. However. there arc insufficient cervical screening progT3ms in devel(lping 

c(lunt:ries, and hence late diagnosis is thought to be the maJor contribuung factor as to 

why the m<mality rate 1s so l,jgh in less developed countries. 

This histological based Pat> tcsl while proven to be highly effective in rcdocing the 

incidence and mortalily of the disease. dc1cc1s morphological changes and thus ofien has 

a higo rate (If fals1: p(lsh-ive and false negative results due to inadequate specificity or 

sensitivity of the teSl (Nanda et al., 2000). Liao et 11/. ( 1994) have highlighted a oeed for 

the ideu1ification of diagnostic biom�rkers to supplement cytological tests 10 help address 

some or these problem&. 
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J. l.2 Molecular mechanisms involved in cen·ical caucer development

Betwcc_n 90 and I 00% of cervical cancer cases are caused by infection wilh the human 

papilloma virus (HPV) and 70% of these cases are as a result of infection wilh either tbe 

HPV 18 Or RPVl 6 1ypes (Bosch et al .• 2002). The RPV virus infects and replicates within 

I.be basal cpiihclial cells of the cervix. The infection is most often cleared by the host

resulting in HPV type specific immunity, if not, the infection can persist resu.hing in 

tntegrauon of the viral genome tmo lhc host DNA, which can ultimately lead 10

oJarcinogenesis (Fig. 1.2). The imponant discovery that linked HPV infection to the 

<le11clopmcn1 of cervical cancer was made by Harald zur Hau�(;Jl who shared the Nobel 

Prize for Physiology or Medicine in 2008. 
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Fig. 1.2 HPV infection and Che developmen1 of cen•ical cancer. (The Nobel 
Com.miuec for Physiology or Medicme 2008 / Illusu-auon by Annika Ri:ihl). 
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At the molecular level it is accepted that cancer develops in multiple stages through the 

alteration of expression, or activity, of multiple protein encoding genes (Farber, 1984). In 

the case of cervical cancer, this is triggered by high levels of viral encoded early 

oncoproteins, E6 and E7, which can bind to, and inactivate, the growth regulatory 

proteins, p53 and retinoblastoma (Rb) respectively (reviewed in Bosch et al., 2002). The 

presence of the HPV virus, which affects the activity of tumour suppressor proteins, and 

hence other cell cycle regulatory genes, as well as mutations in other important cell cycle 

genes, leads to cellular transformation which can ultimately result in the development of 

cervical cancer. However, in line with the multistep-multigene hypothesis, there are 

additional cofactors that are necessary for viral-induced carcinogenesis; including 

environmental factors such as smoking and diet, as well as host-related factors such as 

susceptibility to specific genetic mutations (Tjalma et al., 2005). 

Genetic mutations can thus result in the transformation of normal cells into cancer cells. 

These cancer cells are characterized by a number of properties described by Hanahan and 

Weinberg (2000). These include the ability to replicate indefinitely, the loss of response 

to tumour suppressor proteins, as well as the self-induction of pro-growth signals, which 

allows cancer cells to proliferate in an uncontrolled manner. This is facilitated by the fact 

that cancer cells are able to avoid programmed cell death (apoptosis), can metastasize 

from the primary tumour site to other regions of the body, and can generate their own 

blood supply (Hanahan and Weinberg, 2000). 
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These characteristics of individual cancer cells manifest themselves at a histological 

level, where cervical cancer can be observed to progress through several detectable 

stages. Cervical intraepithelial neoplasia stage I (CINI), or mild dysplasia, is defined by 

the presence of abnormal, enlarged nuclei in cells in the lower epithelial layer, while the 

middle and upper sections still contain 'normal' cells undergoing differentiation. CIN II 

is characterized by the presence of these abnormal cells in the lower and middle sections 

of the epithelium, while CIN III represents a state where there are few undifferentiated 

cells, and irregular cells are present throughout the epithelium, including the upper layer 

(Buckley et al., 1982). The final step in cancer development is the progression to invasive 

squamous cell carcinoma (zur Hausen, 2000). This sequence of pathological changes is 

associated with alterations in gene expression which are essential to the development of 

cancer. 

Two prophylactic vaccines preventing HPV infection, and thus the development of 

cervical cancer, have been developed, and are currently available on the market. The first, 

Gardasil®, developed by Merck protects against four HPV types (HPV6, 11, 16, 18) 

(Sharma and Sharma, 2007) while the GlaxoSmithKline developed, Cervarix® vaccine, 

is bivalent against HPV 16 and 18 (Kyrigou and Shafi, 2008). Consequently, neither of 

these vaccines protects against all HPV types and their effectiveness in protecting against 

the disease in the long term is still unknown. They are both expensive, at about $100 per 

course, and are thus not viable solutions for use in developing countries where prevention 

is needed most. In addition, the vaccines are only a preventative measure and have no 

benefit to people who have already contracted the disease. 
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1.1.3 Expression profiling in cervical cancer 

In order for the alterations in gene expression in the cancer state to be studied, expression 

profiling in matched normal and tumour tissue can be performed. A study in our 

laboratory aimed at identifying gene targets that associate with cervical cancer using 

cDNA microarray analysis, and a cohort of cervical cancer patient tissue samples, has 

quantitatively shown that there are a wide range of genes that are differentially expressed 

in cancer cells compared to normal cells (Table 1) (van der Watt et al., unpublished data). 

Many of the genes identified are known to be involved in important cellular processes 

often disrupted in cancer (such as cell cycle, cell division, signalling, metabolism and cell 

adhesion) and hence may serve as potential markers of the disease and pose as attractive 

therapeutic targets. In this study, the potential of Lamina-associated polypeptide 2 

(LAP2)/thymopoietin (TMPO) as a marker and therapeutic target, will be investigated in 

transformed and cancer cells. LAP2 was selected based on the following criteria: ( 1) a 

highly significant three-fold change in expression in cancer compared to normal tissue, 

which has been observed in two independent data sets [(van der Watt et al., 2009) and 

(Rosty et al., 2005)]. The observed overexpression of LAP2 in cervical cancer in studies 

performed in our laboratory is in agreement with the findings of a similar study 

conducted by Rosty et al. (2005). They identified a "cervical cancer proliferation cluster" 

of genes ( one of which was LAP2) the expression of which correlates with that of HPV 

E6/E7 mRNA (Rosty et al., 2005). (2) An additional criterion was based on the important 
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role that LAP2 plays in cell dynamics, nuclear structure and regulation of transcriptional 

activity as discussed below. 

Taljc I. R,prt,!emativc genes difi:rentially expressed in cavical cancer tissue cooiparcd to normal cavil< 

Gene Dl!lllcrlpdoo folddum&e p-Value 

KPNA2 Ka!)q)herinalpha 2 (RAG colm I, impatin alpha I) 4 7.8E-O'J 

cx::rs Oiapcronin containing TCP!, submit 5 (q,siloo) 4 2.2E-06 

MillFD2 Methylmetelrah)dm{oiate � 2 3 2.SE-04 

RAN RAN, mcmha- RAS OIICOfjelle fiunily 3 2.IE-06 
SNRPB Small nuclear nboouckq,rolein p<i;peptides Band Bl 3 5.SE-06 

HDGf Hepatoma-derivcd grOl\1h lilctor (high-mooility group protein 1-lilce) 3 S.SE-05 
1-61'60 heat shock 60kD protein I (chaperonin) 3 8.7E-05 
SLC25A5 Solute canier fiuuily 25 (mitochondrial carrier) 3 l.4B-04 

PCNA Prolimting cell nuclear antigen 3 8.4E-07 
STMNI Slathmin 1/0IICqll'OICin 18 3 7.SE-07 

TMPO ThymopcJlednlLA 3 2.9Fr04 

TPM3 T�3 3 2.4B-09 

lHBS2 ThrcmJxr;poodin 2 2 4.7£..05 
ITGBI InUlgrin, beta I 2 4.0E-04 
HSP90B1 Heat shock protein 901cDa beta (Grp94), mcmha- I 2 6.SE-05 

polOC8dherin alpha 9 2 3.7E-07 
Tnmscribed locus 2 4.SE-04 

PSMDII Pro!eesanc (pra;omc, macropain) 268 suwnit, noo-AlPasc, 11 2 2.4£..05 
XPOI F.xpcnin I (CRMI imdog, )'CBSI) 2 4.SE-04 
'IMSBIO Toymosin, beta I 0 2 3.9E-07 
KPNBI KaJ)q)herin (impmin) beta I 2 7.SE-05 
Gmm-lold�inCll10a',.,..,.,__..t.,_ �.0005 

Table 1: Genes differentially expressed in cervical cancer tissue compared to normal 
tissue (van der Watt et al., 2009 and unpublished data). 
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1.2 Tbymopoietin/Lamina-associated polypeptide 2 (LAP2) 

1.2.1 Characterisation of Thymopoietin/LAP2 

LAP2 was originally identified as a 49 amino acid protein called thymopoietin (Basch 

and Goldstein, 1974). Thymopoietin is in fact, a proteolytic cleavage product of the N­

terminus of the LAP2 protein which was generated during the isolation and 

characterisation of the protein from bovine thymic tissue (Harris et al., 1995) and shown 

to be involved in thymocyte differentiation (Basch and Goldstein, 1974). It was later 

determined that three different isofonns of human thymopoietin/LAP2 exist; namely: a, 

p, and r, which arise from alternative splicing of the mRNA transcript (Harris et al., 

1994). These isofonns were subsequently shown to be expressed in a variety of tissues, 

suggesting that they may have functions other than thymocyte differentiation (Harris et 

al., 1994). 

The human LAP2 isofonns (LAP2a, LAP2P, LAP2y) are encoded by a single LAP2 

gene and are alternatively spliced from eight exons to produce proteins of differing 

molecular weights; 75 kD, 51 kD and 39 kD for LAP2a, LAP2P and LAP2y respectively 

(Harris et al., 1994). The three isofonns share a common 187 amino acid N-terminal 

region, of which the first 49 amino acids correspond to the originally identified 

thymopoietin protein. The alpha isofonn contains a unique 506 amino acid C-terminal 

tail, while the beta and gamma isofonns differ only by a 109 amino acid beta specific 

domain (Harris et al., 1994). The alpha isofonn of LAP2 is non-membrane bound and is 

8 
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The alpha and beta isoforms have been well characterised and are described briefly 

below. However, not much is known about the gamma isoform other than the fact that it 

is structurally similar to the LAP2� isoform (Dechat et al., 2000b ). 

1.2.2 Functional significance of LAP2a 

cDNA microarray analysis revealed the LAP2a isoform to be up-regulated in cervical 

cancer tissue. LAP2a was initially reported to play a role in processes related to nuclear 

structure, and in nuclear re-assembly following mitosis (Dechat et al., 1998). 

The LAP2 proteins have been shown to interact with a variety of proteins, including the 

lamins, which are important in preserving nuclear structure, as they maintain an 

association between the nuclear membrane and chromatin via interactions with various 

proteins such as LAP2a (reviewed in Gruenbaum et al., 2000). LAP2a interacts with 

lamin A and lamin C which are different splice variants encoded by the lamin A gene 

(reviewed in Gruenbaum et al., 2000). The interaction between LAP2a and lamin A 

occurs via the unique C-terminus of the LAP2a isoform as shown by in vitro binding as 

well as in vivo co-localisation studies (Dechat et al., 2000a). 

In addition to binding to A- and C-type lamins, LAP2a's interaction with chromosomes 

has also been shown. Vlcek et al. (1999) revealed a ~350 amino acid region (nuclear 

targeting domain) in the C-terminal tail of the alpha isoform that is necessary for 

association with mitotic chromosomes. In addition to binding chromosomes directly, 
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LAP2a also interacts with the DNA-crosslinking protein, barrier-to-autointegration factor 

(BAF), which together have been shown to co-localise to chromatin core structures 

(Dechat et al., 2004). 

The breakdown and assembly of the nuclear lamina network is essential for cell cycle 

progression (reviewed in Gruenbaum et al., 2000). It has been shown that LAP2a plays a 

role in nuclear assembly following mitosis (Dechat et al., 1998). LAP2a's involvement in 

the cell cycle is demonstrated partly by the fact that LAP2a displays differential 

localisation (cytoplasmic or nucleoplasmic) during the process of mitosis and this 

corresponds to alterations in the phosphorylation status of the protein (Dechat et al., 

1998). Three cyclin-dependent kinase sites have been identified within the C-terminal 

region of LAP2a, which are phosphorylated upon entry into mitosis (Gajewski et al., 

2004). In addition, LAP2a has recently been shown to affect the targeting of A- and C­

type lamins to the nuclear interior, and it has been suggested that this may also affect cell 

cycle progression (Naetar and Foisner, 2009). Conversely, nuclear disassembly and 

chromatin re-organisation are also important events in the process of apoptosis. LAP2a 

has been shown to be cleaved within its chromosome binding domain by caspases during 

apoptosis, thereby preventing its association with chromatin, and allowing disruption of 

nuclear structure ( Gotzmann et al., 2000). 

It has also been proposed that LAP2a has an additional function in regulating 

transcriptional activity. The C-termini of LAP2a and lamin NC have been shown to 

interact with the B and C pockets of the retinoblastoma protein (Rb) (Markiewicz et al., 
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2002). Hypophosphorylated Rb is anchored in the nucleus and binds to the E2F 

transcription factor thereby preventing activation of S-phase specific genes (Mittnacht 

and Weinberg, 1991 ). Upon phosphorylation of Rb, it is released from the nucleus 

resulting in de-repression of E2F, allowing the transcription of E2F target genes. LAP2a 

has been shown to regulate E2F activity by sequestering hypophosphorylated Rb, 

resulting in maintenance of E2F inactivity (Domer et al., 2006). High levels of LAP2a 

have also been shown to be important in adipocyte differentiation and it has been 

proposed that the LAP2a-Rb complex helps to maintain a balance between the processes 

of differentiation and proliferation (Domer et al., 2006). LAP2a' s interaction with Rb is 

further supported by studies illustrating that LAP2a is essential for controlling the 

localisation and phosphorylation state of Rb and that mislocalisation of these proteins 

halts cell proliferation (Pekovic et al., 2007). 

1.2.3 Functional significance of LAP2P 

Unlike the LAP2 alpha isoform, the LAP2 beta isoform contains a transmembrane 

domain and is thus anchored in the inner nuclear membrane forming part of the nuclear 

envelope. A region within the C-terminal tail of LAP2P is important for targeting this 

isoform to the nuclear envelope (Furukawa et al., 1995). It is from this position that 

LAP2P interacts with B-type lamins present in the nuclear lamina (Foisner and Gerace, 

1993). Like LAP2a, LAP2P interacts with the BAF nuclear protein which mediates the 

association between LAP2P and chromosomes in the late stages of mitosis (Furukawa, 

12 



1999). A solution structure of LAP2� showed that the LEM and LEM-like domains 

within the N-terminus are important for binding DNA and BAF (Cai et al., 2001 ). 

The importance of the LAP2-lamin interaction in mediating nuclear assembly in a 

phosphorylation dependent manner was first indicated by Foisner and Gerace (1993).This 

has subsequently been validated by Gant et al. (1999) who showed LAP2� to mediate 

chromatin-nuclear membrane attachment and to play a role in lamina assembly. LAP2�, 

together with other inner nuclear membrane proteins, have recently been shown to be 

involved more specifically in the regulation of nuclear envelope formation following 

mitosis (Anderson et al., 2009). Yang et al. (1997) have also shown LAP2� to be 

involved in nuclear lamina growth in the G1 phase of the cell cycle, thereby implicating 

its involvement in cell cycle progression. 

In addition to its structural role described above, LAP2� has been proposed to perform 

other regulatory functions within cells. It has been shown to associate with the HA95 

chromatin associated protein, and this interaction has been shown to be important in the 

initiation of DNA replication (Martins et al., 2003). More recently, LAP2� has been 

implicated in regulating transcriptional activity. This has been shown to be as a result of 

interactions with the germ cell-less (GCL) protein, where together these proteins decrease 

the activity of the DP-E2F complex, resulting in greater transcriptional repression than 

that exerted by Rb (Nili et al., 2001). In addition, LAP2� has been shown to interact with 

histone deacetylase 3 (HDAC3) inducing the deacetylation of histone H4, and has been 
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shown to repress the transcriptional activity of the p53 and NF-KB transcription factors 

(Somech et al., 2005). 

1.2.4 Focus of current research on LAP2a and LAP2P 

It is evident that both LAP2a and LAP2P interact with a variety of nuclear proteins 

forming complexes that are important in maintaining the architecture of the nuclear 

lamina during the cell cycle and regulating transcriptional activity (Fig. 1 .4); however the 

precise mechanism of how this might occur is still largely unknown. 

The majority of research on LAP2 is focused on the role it plays, together with lamins, in 

laminopathic diseases. This is a group of heritable disorders which are as a result of 

mutations in A-type lamins and other nuclear proteins as reviewed in (Broers et al., 

2004). These include Emery-Dreifuss Muscular Dystrophy, dilated cardiomyopathy (in 

which the LAP2 gene has been shown to contain a mutation (Taylor et al., 2005)) and 

Hutchinson-Gilford progeria. There is however, very little known about LAP2's 

involvement in cancer. 
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Fig. 1.4. Scbcmalic representation of the mllJilmll.Uau 1mclcar lamina nt1d lrtner 
nuclear membrane proteins. LAP2o. is indicated by the lower arrow and is shown with 
its various imeraction partners. LAP2tt displays a nucleoplasmic localisation and can 
bind lO chromosomes via the barrier-10-autointcgration factor (BAF) via its LEM domain 
within its N-tcnninus as well as Lamin NC and the retinoblastoma protein (Rb) via its 
w1ique C-terminal trul. LAP2fj is indicated by the upper arrow where its association with 
the inner nuclear membrane :llld lamin B within lhc nuclear lamina is shown. lts 
association with DNA via BAF and HA95 and the gem1 cell-less (GCL) 1ranscriptional 
regulator is also highlighted. As this diagram is represenwtive of the mouse nudeus, the 
LAP2c and LAP2S homologucs arc also included (Foisner er al .. 2001 ). 

1.3 The involvement of LAP2 in cancer 

Expression profi.hng using microarrays, parformed in our laboratory has i11dica1ed that 

cervical cancer pa1ien1 material dil;plays elevated levels of 1he alpha isofonn of LAP2 

(van der Wan el al., unpublished data). LAP2 expression has also been shown lo be 

associated with caoccr in various other large-scale genome-wide analyses [Pomeroy c1 
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al., 2002), (Yokota et al., 2004), (Agrawal et al., 2002), (Welsch et al., 2002), (LaTulippe 

et al., 2002) and (Rosty et al., 2005)]. There are, however limited reports on the 

validation of this up-regulation in cancer. One recently published paper observed LAP2a 

mRNA overexpression in several primary tumours, namely stomach, breast, larynx, lung 

and colon, where its expression seemed to be regulated by the E2F transcription factor, 

the activity of which is often abrogated in cancer due to dysfunctional Rb (Parise et al., 

2006). Another study reported increased LAP2P expression in neuroblastoma compared 

to normal nerve tissue (Weber et al., 1999). Expression of the LAP2 proteins in other 

cancer types, as well as the potential role it plays in cancer development remains to be 

elucidated. 

1.4 Significance 

Cancer is a highly complex disease where multiple gene regulatory pathway alterations 

result in tumour cells that can far outgrow their normal counterparts. In cervical cancer as 

an example, HPV infection results in the altered regulation of numerous genes involved 

in important cellular processes, which ultimately leads to the development of the disease. 

An understanding of the changes in genes associated with the development of cancer may 

assist in early detection and treatment strategies. This project aims to characterise a 

possible link between LAP2 expression and cancer. In addition, the identification of 

genes that are functionally relevant to the biology of cancer cells could ultimately pose as 

potential therapeutic targets for the disease. 
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1.5 Aim 

Previous studies in our laboratory which used gene expression array technologies, have 

suggested that LAP2a levels are elevated in cervical cancer patient material compared to 

normal. In this study we aim to explore the differential expression patterns of LAP2 in 

normal and tumour patient tissue, as well as in cell lines grown in culture. The role of 

LAP2 in cancer cells will also be determined by inhibiting its expression in cells in 

culture. The potential for use of LAP2 as a biomarker as well as a potential therapeutic 

target will thus be investigated. 

1.6 Objectives 

1. To determine if LAP2 associates with cancer by,

(i) investigating expression of LAP2 in cervical cancer patient material

compared to normal tissue and,

(ii) determining the expression of LAP2 in normal cells and transformed and

cancer cells of different origins.

2. To determine the functional significance of LAP2 to cancer cell biology by inhibiting

its expression in cells in culture.

3. To investigate the association between LAP2 and Rb expression levels.
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Chapter 2: Materials and Methods 

2.1. Cervical cancer patient material 

All cervical patient material was previously collected from Groote Schuur Hospital, Cape 

Town, South Africa (Cancer Biology Group, Medical Biochemistry, UCT). Cancer tissue 

was collected from patients being treated for cervical dysplasia and carcinoma, while 

non-cancerous or 'normal' biopsy samples were collected from patients who were 

admitted for hysterectomies for reasons other than cervical abnormalities. A pathologist 

confirmed either normal or diseased status. All samples were obtained with patient 

consent and the study was approved by the Research Ethics Committee of the University 

of Cape Town (UCT) (REC REF: 153/2004). All cervical cancer samples were identified 

as being HPV positive with 70% of samples infected with the HPV16 type (van der Watt 

et al., 2009). 

2.2 Tissue cell culture 

2.2.1 Cell lines 

For the determination of LAP2 expression in normal, transformed and cancerous cervical 

cells grown in culture, the following cell lines were used: a normal primary cervical 

epithelial cell culture, HCX, as well as its E6/E7 transformed counterpart, HCX-E6/E7, 

both of which were obtained from Dr. C. Barker, NIH, USA. Cervical cancer cell lines 
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CaSki (HPV16 positive), HeLa (HPV18 positive), ME-180 (HPV68 positive), MS751 

(HPV18 & HPV45 positive), SiHa (HPV16 positive) and C33A (HPV negative, mutant 

p53) cell lines were obtained from the American Type Culture Collection (ATCC) 

(Rockville, MD, USA). 

Comparisons between LAP2' s expression in normal and transformed fibroblasts were 

performed using the normal lung fibroblast cell line, WI38, as well as its SV 40 

transformed SVWI38 and gamma-irradiated CT-I counterparts (Namba et al., 1980). 

These cell lines, as well as the CCD1068SK normal breast skin fibroblast, were obtained 

from the ATCC. The FGo normal skin fibroblast was obtained from the Department of 

Medicine, UCT. 

In order to determine the expression of LAP2 in an alternative cancer type, normal and 

cancerous oesophageal cell lines were also used. Normal hTERT-immortalized human 

oesophageal keratinocytes, EPC2-hTERT, were a gift from Prof. A. K. Rustgi (University 

of Pennsylvania, Philadelphia, USA) and were used to compare expression in the 

WHCOl and WHCO5 South African oesophageal cancer cells lines (Veale and Thomley, 

1989) and the Japanese-derived KYSE450 and KYSE520 oesophageal cancer cell lines 

(Shimada et al., 1992). 
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2.2.2. Tissue cell culture 

All non-primary cell lines were maintained at 60-80% confluency in Dulbecco's 

modified Eagle's medium (DMEM) supplemented with 10% heat-inactivated foetal calf 

serum (FCS) (Gibco, Paisley, Scotland) and 100 units/ml penicillin and 100 µg/ml 

streptomycin (P/S) at 37°C in a 5% CO2 incubator. Cells were sub-cultured with a 0.05% 

Trypsin-EDTA solution and neutralized with DMEM. 

The HCX, HCX-E6/E7 and EPC2 primary cells were maintained in Keratinocyte Serum 

Free Medium (KSFM) (Invitrogen, Carlsbad, CA, USA) supplemented with Bovine 

Pituitary Extract (50 µg/ml for EPC2, HCX and HCX-E6/E7) and human epidermal 

growth factor (1 ng/ml for EPC2 and 26 ng/ml for HCX and HCX-E6/E7) and 100 

units/ml PIS. The HCX-E6/E7 cell line was grown in the presence of 50 µg/ml of the 

selection antibiotic, G418. Cells were grown to 80% confluency, sub-cultured with 

Trypsin-EDTA and neutralized with soybean trypsin inhibitor. The cells were pelleted by 

centrifugation and re-suspended in supplemented KSFM medium before being re-seeded. 

After sub-culturing, excess cells were re-suspended in cell freezing medium and 

subjected to slow freezing, to prevent the formation of ice crystals. Cells were stored at 

-80°C for two weeks prior to long term storage in liquid nitrogen.
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2.2.3 Mycoplasma testing 

To ensure that cell lines were not contaminated with Mycoplasma, a microbial 

contaminant invisible to the naked eye, routine testing was performed 2-3 times a year. 

Cells were cultured in PIS-free DMEM for four days before being plated onto coverslips 

and incubated for a further 24 hours. Cells were fixed and stained with the Hoechst 

fluorescent DNA-binding stain before being mounted and visualised on the Zeiss 

Axiovert 200 Fluorescent microscope (Carl Zeiss, Jena, Germany). The absence of 

speckling in the cytoplasm between stained nuclei indicates Mycoplasma-free cell 

cultures. 

2.3 Real-time RT-PCR analysis 

2.3.1 RNA extraction 

RNA was harvested from cell cultures at 800/4 confluence with QIAzol (Qiagen, 

Valencia, CA, USA) according to the manufacturer's instructions. RNA was re­

suspended in diethylpyrocarbonate (DEPC)-treated dH2O. 

2.3.2 RNA quantification 

A 1 :250 dilution of the RNA was made and its absorbance at 260 run determined on a 

Beckman DU-650 UV spectrophotometer (Beckman Coulter Inc., Fullerton, CA, USA). 
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The ratio of the absorbance at 260 nm to the absorbance at 280 nm was determined as an 

indication of RNA purity. The RNA concentration was calculated using Beer Lambert's 

Law which states that the absorbance of nucleic acids at 260 nm (A) is equal to the 

product of the concentration (µg/µl) of nucleic acid (c), the length of the optical path (l) 

and the molar extinction coefficient (s). One A260 unit of single stranded RNA is equal to 

40 µg/ml H20 and the optical path length is equal to 1cm. 

2.3.3 RNA agarose gel electrophoresis 

One microgram of RNA was electrophoresed on a 1.5% formaldehyde-agarose gel, 

containing 0.5 µg/µl ethidium bromide, to determine the integrity of the extracted RNA. 

RNA was suspended in RNA loading buffer and allowed to separate on the gel for 

approximately 20 minutes at 65V. Only RNA of a high quality was used in subsequent 

experiments i.e. RNA with a 260 nm: 280 nm ratio of 1.8-2, a defined 2:1 ratio of 

28S:18S ribosomal RNA subunits and an absence of smearing, indicative of degradation. 

2.3.4 cDNA synthesis 

The protocol for reverse transcribing RNA into cDNA was based on that of van Gelder et

al. (1990). 500 ng of oligoT7-(dT)20 primer (Promega, Madison, WI, USA) was 

hybridised to 2 µg of RNA by incubation at 70°C for IO minutes. A mixture containing 

0.5 mM dNTPs, 5X first strand buffer, 1.5 mM MgCli, 1 µl of Im.Prom-II reverse 

transcriptase (Promega) and 40 units of RNasin RNase inhibitor (Promega) was added to 

22 



each mixture to yield a final volume of 20 µI. The mixture was incubated at 42°C for two 

hours. The reverse transcriptase was inactivated by incubating the mixture at 70°C for 10 

minutes. DEPC-treated water was added to yield a final concentration of 0.1 µg/µl cDNA 

in a 30 µl volume. Excess cDNA was aliquoted and stored at -80°C. 

2.3.5 Primers 

All primers were designed using Primer-Blast (NCBI) 

(http://www.ncbi.nlm.nih.gov/tools/primer-blast/) and their suitability tested using Primer 

Express Software (Applied Biosystems, Foster City, CA, USA). mRNA sequences were 

obtained from BLAST (http://www.ncbi.nlm.nih.gov/BLAST/) and aligned with primers 

using Multalin (Corpet, 1998). Where possible, primers were designed across adjacent 

exons in order to prevent the amplification of any contaminating genomic DNA. 

Cyclophilin (Cyc) and P-glucoronidase (GusB) were used as normaliser genes. Primer 

sequences and annealing temperatures are indicated in Table 2.1. The molarity of all 

primers was calculated using Beer Lambert's Law. Primers were stored as 20 µM stocks. 

Tar1et Forward primer Revene primer 

Cvc TGA GAC AGC AGA TAG AGC CAA GC TCC CTG CCA A IT TGA CAT CIT C 

GuslJ CTC AIT TGG AAT TIT GCC GAT T CCG AGT GAA GAT CCC CIT TITA 

LAP2a GCA GGC AGA CAT TAG TCA AGC CGA ccr ACA GTG GCA TIT cc 

Rb CAC GAA TGC AAA AGC AGA AA GCC ATA AAC AGA ACC TGG GA 

Table 2.1: Primer sequences and corresponding annealing temperatures (Ta) used 
in Real-time RT-PCR analysis. Primers are shown in a 5'-3' direction. 
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2.3.6 Real-time RT-PCR 

Real-time RT-PCR is a quantitative technique for measuring the mRNA levels of a gene 

of interest, relative to an internal control or housekeeping gene (Houghton and Cockerill, 

2006). Real-time RT-PCR was performed on triplicate samples with 2 µl of cDNA ( ~0.2 

µg), or d.H20 as a negative control, and 10 µM gene specific forward and reverse primers. 

A two-step PCR reaction was followed using the KAP A SYBR qPCR Master Mix 

(KAPA Biosystems, Cape Town, South Africa) using the StepOne Real-Time PCR 

machine (Applied Biosystems). The reaction conditions were an initial denaturation step 

at 95°C for 10 minutes followed by 40 cycles of denaturation at 95°C for 10 seconds with 

a single 40 second annealing/elongation step at the annealing temperature specific to the 

primer set. The SYBR Green I dye intercalates with dsDNA and emits fluorescence 

relative to the degree of intercalation. Amplification is monitored at each cycle in the 

PCR reaction where the cycle threshold (CT) represents a value at which the fluorescence 

is greater than a chosen threshold distinguishable from background fluorescence 

(Houghton and Cockerill, 2006). A melt curve for the PCR products was generated using 

temperatures from 60-95°C to ensure a single product was amplified. 

CT values were calculated in the linear range of the amplification curves generated using 

StepOne Version2.0 software (Applied Biosystems). The LiLiCT method was used to 

calculate the level of target mRNA expression relative to that of the average of two 

known housekeeping genes, cyclophilin and GusB (Livak and Schmitt gen, 2001 ). 
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2.3. 7 Agarose gel electrophoresis 

PCR products were separated via electrophoresis on a 2% agarose gel and visualised by 

ethidium bromide staining. This was to ensure that a single, specific PCR product was 

amplified and to ensure that there was no contamination or primer dimer formation. 

Samples were suspended in 6X loading dye (Fermentas Life Sciences, Burlington, 

Ontario, Canada) and electrophoresed alongside a 50 bp DNA ladder (50 bp GeneRuler, 

Fermentas) at 65V for approximately 1 hour. 

2.4 Western Blot analysis 

2.4.1 Antibodies 

All primary antibodies and incubation conditions used are shown in Table 2.2. Antibodies 

were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA), Cell Signaling 

(Beverly, MA, USA) or Abeam (Cambridge, UK). 
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Antibody Type Dilution Diluent Company Catalo2ue # 

IJ,-tubulin polyclonal 1:1000 TBST Santa Cruz sc-9104 

CDK4 polyclonal 1:2000 2.5%BSA Santa Cruz sc-601 

cyclin Dl monoclonal 1:1000 TBST Santa Cruz sc-246 

LAP2 polyclonal 1 :1000 5%milk Santa Cruz sc-28541 

LAP2a polyclonal 1:1000 5%milk Abeam ab5162 

p16 polyclonal 1:500 0.5%milk Santa Cruz sc-759 

p21 polyclonal 1:250 0.5%milk Santa Cruz sc-756 

p27 polyclonal 1:500 5% milk Santa Cruz sc-528 

PARP polyclonal 1:1000 7% milk Santa Cruz sc-7150 

Rb monoclonal 1:500 5%milk Cell Signaling 9309 

pRb (807/811) polyclonal 1:500 5%BSA Cell Si!!Ilaling 9308 

Table 2.2: Primary antibodies used in western blot analysis. (CDK4; cyclin dependent 
kinase 4, PARP; Poly (ADP-ribose) Polymerase, Rb; retinoblastoma protein, 
pRB(807/811); phosphorylated Rb on serine residues 807 and 811, TBST; Tris-buffered 
saline with Tween20, BSA; bovine serum albumin, milk; fat-free milk powder). 

Goat anti-rabbit lgG-HRP-conjugated secondary antibody (170-6515) (Bio-Rad, 

Richmond, CA, USA) was used at a 1 :5000 dilution in 5% milk and goat anti-mouse 

secondary antibody (170-6516) (Bio-Rad) was used at a 1:3000 dilution in TBST. 

2.4.2 Protein extraction 

2.4.2.1 Protein extraction from cells grown under adherent conditions 

Cells were grown to 80% confluency in 35 mm or 60 mm cell culture dishes and protein 

lysates harvested in radioimmunoprecipitation assay buffer (RIPA) with a lX complete 

protease inhibitor cocktail (Roche, Mannheim, Germany) and 1 mM Na3 V04 phosphatase 

26 



inhibitor. Cell lysates were sonicated for 30 seconds, centrifuged to remove cell debris, 

and the supernatant containing protein stored at -80°C before use. 

2.4.2.2 Protein extraction from cells grown under anchorage-independent conditions 

Cells were plated in 6-well plates coated with 1.5 ml poly-2-hydroxyethyl methacrylate 

(poly-HEMA) to prevent cell adhesion. For protein extraction, cells were pelleted from 

the growth medium by centrifugation at 1000 rpm for 5 minutes, re-suspended in protease 

inhibitor containing RIP A buffer, and processed as described above. 

2.4.3 Protein quantification 

Protein samples were quantitated using the Bicinchoninic Acid (BCA) assay (Pierce, 

Rockford, IL, USA) and the absorbance read at 595 nm on a BioTek EL800 (Bio-Tek 

Instruments, Winooski, Vermont, Canada) microplate reader using Gen5 software (Bio­

Tek). The assay is based on the principle that proteins react with copper II to produce 

copper I which reacts with the BCA reagents to form a purple colour at 595 nm (Smith, 

1985). A bovine serum albumin (BSA) dilution series was prepared to produce a standard 

curve which was used to determine protein concentrations of the unknown samples. 
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2.4.4 SDS polyacrylamide gel electrophoresis 

Protein samples at a concentration of 30 µg were suspended in 2X Laemmli buff er and 

denatured at 95°C for 2 minutes prior to loading to ensure that the proteins were in their 

native conformation. Proteins were electrophoresed on a 4% stacking gel and separated 

on either a 8% or 10% resolving sodium dodecyl-sulphate (SDS) polyacrylamide gel. The 

Precision Plus Protein Kaleidoscope Standard (Bio-Rad) was loaded to determine the 

sizes of the resolved proteins. A voltage of 200V was applied for 1 hour. 

2.4.5 Immunoblotting 

Proteins were transferred to a Hybond™-ECL
™ nitrocellulose membrane (Amersham 

Life Sciences, Amersham, UK) at 4°C at 1 00V for 70 minutes. 

The membrane was blocked in 5% fat-free milk powder in TBST for 1 hour at room 

temperature with rotation to prevent non-specific binding of the antibody to the 

membrane. The membrane was incubated with primary antibody, overnight with rotation 

at4°C. 

The membrane was washed three times with TBST for 10 minutes each to remove 

unbound antibody and incubated with secondary antibody for one hour at room 

temperature with rotation. The membrane was washed a further three times for 10 

minutes each with TBST. 
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2.4.6 Immunodetection 

The specific protein bands were detected by enhanced chemiluminescence. This involved 

the use of the LumiGLO/LumiGLO Reserve chemiluminescent substrate system (KPL 

Inc, Gaithersburg, ML, USA) according to the manufacturer's instructions. X-ray films 

(AGFA CU-BP Medical X-Ray film, Mortsel, Belgium) were exposed to the membrane, 

with the chemiluminescent substrate, for various amounts of time depending on the 

antibody used. X-ray films were developed until the bands could be clearly visualised, 

before being added to a fixative agent. 

2.4. 7 Re-probing blots 

Blots were stripped of primary antibody by incubation in 1 M glycine at pH 2.5 for 15 

minutes. The mix was neutralized with 1 M Tris-HCl at pH 8.0 after which the 

membranes were incubated in blocking solution for 30 minutes prior to incubation with 

primary antibody. Blots were subsequently processed as previously described. 

2.4.8 Coomassie staining 

After transfer, the polyacrylamide gels were stained with Coomassie Blue staining 

solution for one hour. A destaining solution was added until the protein bands became 

visible above the background. This technique was used as an additional indication of 

sample loading. 
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2.4.9 Densitometric analysis of western blots 

Following autoradiographic detection of western blots, the band intensity of proteins of 

interest (representative of protein expression) was detennined by densitometry using a 

Chem Genius Densitometer and GeneSnap and GeneTools software (Biolrnaging 

Systems, Syngene, Frederick, MD, USA). Protein expression was determined relative to 

that of P-tubulin. 

2.5 Immunofluorescence 

2.5.1 Immunohistochemistry on archival patient tissue sections 

Tissue sections of ~2-5 µm from paraffin-embedded sections of 16 cetvical carcinomas 

and 9 normal cervical biopsies were used in irnmunohistochemical analysis. The sections 

were heat-fixed for 10 minutes prior to being re-hydrated and de-waxed in decreasing 

concentrations of xylol and ethanol. Antigen Retrieval was performed by pressure­

cooking the slides in boiling EDTA pH 8.0 for 2 minutes. Slides were subsequently 

washed in phosphate-buffered saline with Tween20 (PBS-T) for 5 minutes and blocked in 

0.2% gelatin in PBS-T for 30 minutes before being washed again in PBS-T and dried. 

LAP2a specific antibody (5162) [Abeam, Cambridge, UK] was added at a 1:100 dilution 

in 0.2% gelatin and 100 µl of the mix was added to slides and allowed to incubate for 1 

hour in a humidified chamber at room temperature. Slides were washed in PBS-T and 

incubated in 0.3% Sudan Black for 10 minutes to prevent auto-fluorescence. Slides were 
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washed a further two times with PBS-T for 5 minutes and dried before 100 µl of 

secondary antibody mix was added to each slide. A 1 :300 dilution of Cy3-conjugated 

goat anti-rabbit secondary antibody (Jackson lmrnunoResearch, West Grove, PA, USA) 

was made in the 0.2% gelatin blocking solution, added to slides and allowed to incubate 

for 45 minutes in a humidified chamber at room temperature. Slides were washed in 

PBS-T and incubated with 500 µI of 100 ng/ml of the nuclear stain 4' ,6-diamidino-2-

phenylindole {DAPI) (Sigma) in PBS-T for 5 minutes. Slides were washed again in PBS­

T and dipped in dH2O before being mounted in Mowiol 4-88 {Calbiochem, CA, USA). 

Slides were visualised on a Zeiss Axiovert 200 Fluorescent microscope {Carl Zeiss, Jena, 

Germany) using a Zeiss Axiocam camera and images viewed on Axiovision 4.6 software 

(Axiovision, Gottingen, Germany). Fluorescent intensity was quantitated using the 

densitometric mean of pixel intensity on the Axiovision software. Three fields of view 

were captured per slide, and two regions within each view were selected for quantitation. 

2.5.2 Immunocytochemistry on cell lines 

One hundred thousand cells were plated on ethanol-flamed coverslips in 35 mm dishes 

and allowed to proliferate until 60-70% confluence. The cells were washed with PBS and 

fixed in 4% paraformaldehyde in PBS for 20 minutes at room temperature. Cells were 

subjected to three five-minute washes in PBS before being permeabilised with the 

addition of0.5% Triton X-100 in PBS for 5 minutes. The cells were washed again in PBS 

before being quenched with 50 mM NRtCl in PBS for 5 minutes. The cells were blocked 

in 0.2% gelatin in PBS for 30 minutes. Primary antibody was added at a 1: 100 dilution 
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for LAP2a (5162) [Abeam] or Rb (9309) [Cell Signaling Technology, Beverly, MA, 

USA] in blocking solution for 45 minutes at room temperature in a humidified chamber. 

Cells were washed 3 times for 5 minutes with PBS. Fluorescently-labelled secondary 

antibody, Cy3-conjugated goat anti-rabbit (Jackson ImmunoResearch) at a 1 :300 dilution, 

or Alexa488-conjugated goat anti-mouse (Invitrogen) at a 1: 150 dilution in 0.2% gelatin 

blocking solution, was added for 45 minutes at room temperature in the dark. Cells were 

washed for 5 minutes with PBS and then incubated with 500 µl 100 ng/ml DAPI in PBS 

for 5 minutes. After a 5 minute wash in PBS the cells were mounted onto slides in 

Mowiol 4-88 before being visualised. For each condition, the fluorescent signal of ten 

cells per field of view and ten fields of view per slide were quantitated. 

2.6 siRNA inhibition experiments 

2.6.1 Transient siRNA transfection 

The expression of LAP2 was inhibited using siRNA specifically targeted to the mRNA 

sequence of LAP2 in order for the effects on cell biology to be determined. Cells were 

transfected with 20 nM of either LAP2 siRNA (h) (SC-43386) or a scrambled siRNA 

sequence Control siRNA-A (SC-37007) to eliminate the possibility of non-specific 

effects. 
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2.6.2 Western blot analysis of siRNA transfection 

Approximately 100 000 cells were plated in 35 mm dishes and transfected with siRNA 24 

hours later using TransFectin Lipid Reagent (Bio-Rad). Cells at a confluency of 60% 

were transfected with a siRNA master mix containing a 1 :3 ratio of Transfectin:siRNA. 

Per reaction this translates to, the addition of 50 µ1 of serum-free PIS-free media to an 

eppendorf to which 0.625 µl of TransFectin was added and the mixture incubated for 5 

minutes at room temperature. 20 nM i.e. 2 µl of a 10 µM stock of siRNA, was 

subsequently added to the mix, suspended by gentle tapping and allowed to stand at room 

temperature for 15-20 minutes. The media in the culture dishes was changed to 1 ml PIS­

free 10% FCS DMEM and the 52 µ1 Transfection mix was added dropwise to the cells. 

Cells were incubated with the transfection mix for 5-6 hours after which the medium was 

changed to 10% FCS DMEM containing 100 units/ml PIS.

2. 7 Cell proliferation assays

2.7.1 Cell proliferation assay following siRNA transfection 

The 3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) (Sigma 

Aldridge, St Louis, MO, USA) colourimetric assay was used as a measure of cellular 

proliferation. The assay takes advantage of the fact that after incubation of cells with the 

MTT reagent, the yellow tetrazolium salt in the reagent is reduced to purple formazan 

crystals in the mitochondria of living cells. Briefly, 250 000 cells were plated in 60 mm 
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dishes and transfected with 20 nM control or LAP2 siRNA 24 hours following plating. 

Cells were subsequently trypsinised and 2500 cells were re-plated per well of a 96-well 

plate. 10 µI of MTT reagent (Sigma) was added to each well, including media-only 

containing wells, at the appropriate time points after transfection with siRNA. Four hours 

later 100 µ1 of solubilisation reagent was added to each well and incubated overnight to 

dissolve the formazan crystals. The absorbance, which is representative of the number of 

viable cells, was subsequently measured at 595 nm. 

For cell proliferation assays at different serum concentrations, cells were plated in 2, 4 or 

10% FCS in DMEM and the MTT assay performed as described above. For MTT 

analysis following serum starvation, cells were plated in DMEM containing no FCS for 

24 hours prior to being plated in 10% FCS DMEM for the duration of the assay. 

2.7.2 Colony forming assay following siRNA transfection 

For anchorage-independent cell proliferation assays, cells were suspended in DMEM 

containing 1 % methylcellulose which resulted in the formation of cell colonies which 

were quantitated as described by Fukazawa et al. (1995). Two hundred and fifty thousand 

cells were plated in 60 mm dishes and transfected with 20 nM control or LAP2 siRNA as 

described previously. Twenty thousand cells were subsequently re-suspended in 100 µl 

1 % methylcellulose (Sigma) in 10% FCS-containing DMEM and plated in quadruplicate 

per well of a 96-well plate. Each well had been coated with 100 µl of poly-(HEMA) 

(Sigma) 16 hours previously to prevent cell adhesion. Colonies were monitored for eight 
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days post transfection at which stage they were stained with 1 mg/ml p-iodo­

nitrotetrazolium violet (Sigma) overnight at 37°C. Colonies were photographed by 

brightfield microscopy at 400x magnification using the Moticam 2500 camera (Motic, 

British Columbia, Canada) on a Zeiss Telaval microscope. 

2.8 Drug sensitivity 

2.8.1 IC50 determination 

The IC5o for 5'Fluorouracil (5'FU) was determined in CaSki cells using a range of 

concentrations (0, 0.1, 1, 10, 25, 50, 100 and 200 µM). Ten thousand cells were plated in 

quadruplicate in 90 µl in 96-well plates and treated with 10 µl drug diluted in DMEM and 

dimethyl sulphoxide (DMSO) (Sigma) to give a final DMSO concentration of 0.2%. 

Cells were incubated for 48 hours, after which MTT and solubilisation solution was 

added to determine cell viability. Data was analysed in GraphPad Prism to determine the 

IC50 of the drug. The ICso of 5 'FU in CaSki was determined to be ~ 1 µM which was used 

in all further drug sensitivity experiments. 

For cisplatin (CP) in CaSki, the optimum concentration resulting in ~50% cell death was 

experimentally determined to be ~86 nM. 
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2.8.2 Drug treatment following siRNA transfection 

Two hundred and fifty thousand cells were plated in 60 mm dishes before being 

transfected with 20 nM control or LAP2 siRNA as described previously. Ten thousand 

cells were subsequently plated in quadruplicate in 96-well plates and treated with 1 µM 

5'FU or 86 nM CP. Cell proliferation was measured 48 and 96 hours post drug treatment 

using the MTT cell proliferation assay as previously described. 

2.9 Cell cycle profile analysis 

2.9.1 Anchorage-independent cell cycle analysis following siRNA transfection 

The cell cycle profile of cells was determined following staining with propidium iodide 

which allows DNA distribution histograms to be plotted on the basis of the DNA content 

of a cell where n = the number of chromosomes in a non-dividing cell and 2n = the 

number of chromosomes following DNA synthesis (Krishan, 1975). Three hundred 

thousand cells were plated in 60 mm dishes and transfected with 20 nM control or LAP2 

siRNA as previously described. Cells were re-plated on poly-HEMA-coated 6-well plates 

24 hours post siRNA transfection. Wells were coated with 1.5 ml poly-HEMA 16 hours 

prior to plating. Cells were harvested four and eight days post transfection. Cell­

containing medium, together with two PBS washes, was collected in 12 ml tubes. The 

cells were pelleted by centrifugation, re-suspended in DMEM and counted. The cells 

were fixed by the addition of 100% ice-cold ethanol and incubated at -20°C overnight. 
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Cells were removed from the ethanol by centrifugation at 1000 rpm for 5 minutes. The 

cell pellet was washed twice with PBS. 0.5 xl 06 cells in PBS were aliquoted into 

eppendorfs and centrifuged at 1000 rpm for 5 minutes. RNase A (Fermentas) diluted in 

PBS was added to yield a final concentration of 50 µglml in a volume of 200 µl. The cell 

mix was incubated with the RNase A solution at 37°C for 15 minutes. Twenty minutes 

prior to FACS analysis a 0.5 ml 0.01 M propidium iodide (Pl) staining solution was 

added to each cell sample. 50 000 events were analysed using a F ACSCalibur (Becton 

Dickinson BioSciences, San Jose, CA, USA) using CellQuest software to generate the 

cell cycle profile. The data was fitted to cell cycle profile models using ModFitLT 2.0 

(Verity House Software, Topsham, ME, USA) and FlowJo 6.0 software (Tree Star Inc., 

Ashford, OR, USA). The Dean-Jett-Fox model was used to determine the cell distribution 

[(Dean and Jett, 1974) and (Fox, 1980)]. 

2.10 Apoptosis cell death assays 

2.10.1 Caspase 3/7 activity assay 

Caspases are known mediators of the apoptotic pathway and thus the activity of these 

enzymes can be determined using a luminogenic substrate where the luminescence 

produced is proportional to caspase activity and thus apoptosis (reviewed in Nicholson 

and Thornberry, 1997). Two hundred and fifty thousand CaSki cells were plated in 60mm 

dishes and transfected with 20 nM control or LAP2 siRNA as previously described. Cells 

were incubated for 24 hours after which 20 000 of the transfected cells were plated in 
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quadruplicate per well of poly-HEMA-coated 96-well plates. Seven days post siRNA 

transfection, cells were harvested from the medium, pelleted following centrifugation and 

re-suspended in 80 µl cell culture medium. Twenty microlitres of this mix was 

centrifuged and re-suspended in RIP A, and a BCA quantitation performed to determine 

protein concentration. Sixty micro litres of the Caspase-Glo® 3/7 assay buffer (Promega) 

was added to the remaining 60 µl cell mix and incubated at room temperature for 1 hour. 

Samples were transferred to white plates and luminescence quantified on a GloMax 96 

Microplate Luminometer System (Promega). 

2.10.2 Poly (ADP-ribose) polymerase (PARP) cleavage assay 

PARP is a known in vivo caspase substrate (Nicholson et al., 1995), and thus cleavage of 

this protein into two detectable fragments is representative of cells undergoing apoptosis. 

Two hundred and fifty thousand CaSki cells were plated in 60 mm dishes and transfected 

with 20 nM control or LAP2 siRNA as previously described. Cells were incubated for 24 

hours after which the cells were trypsinised and plated on poly-HEMA-coated 6-well 

plates. Seven days post siRNA transfection cells were harvested from the medium, 

pelleted following centrifugation and re-suspended in 50 µl RIPA. Lysates were 

quantitated and subjected to western blot analysis as described previously. The presence 

of a smaller 85 k:D band, in addition to the 116 k:D full length P ARP band, is an 

indication of apoptosis. 
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2.11 Cycloheximide protein stability assay 

Cycloheximide (CHX) is a protein synthesis inhibitor and it can thus be used to measure 

protein degradation and protein half-life as a measure of protein stability. One hundred 

thousand CaSki cells were plated in 35 mm dishes and transfected with 20 nM control or 

LAP2 siRNA as described previously. Cells were incubated for 48 hours and then treated 

with 50 µg/ml CHX (Sigma). Protein was harvested at 0, 3, 6, and 12 hour time points 

following CHX treatment and Rb levels analysed by western blot analysis as previously 

described. Rb and P-tubulin expression was determined by densitometric analysis of the 

western blot band intensities using a Chem Genius Densitometer and GeneSnap and 

GeneTools software. Densitometric values for Rb and 13-tubulin were calculated relative 

to Day O and log values plotted against time. A linear trendline was fitted to the data 

points. The half-life of Rb was calculated using the following equation: t112 = log2/m 

where m = (y-c)/x on a linear graph. 

2.12 Statistical analysis 

All experiments were performed in triplicate and repeated at least two times. Results are 

presented as the mean value± standard deviation unless stated otherwise. The Student's 

t-test was applied to calculate statistically significant differences between samples. A

two-tailed distribution was used and, either equal variance was used for matched treated­

untreated samples, or unequal variance was used for unmatched samples. Statistical 

significance was defined using a type I error or p-value of 0.05 where the p-value is the 
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probability of rejecting the null hypothesis when it is assumed to be true. All calculations 

were performed in Microsoft Excel and GraphPad Prism (GraphPad Software, La Jolla, 

CA, USA). 
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known example of a cancer biomarker is the Prostate Specific Antigen (PSA) identified 

in 1980 (Papsidero et al., 1980). This protein has been shown to be released into 

circulation at high levels during early stages of prostate cancer development and to even 

greater, quantifiable levels in late stages of the disease, and has thus been used as a 

tumour biomarker for diagnosing prostate cancer. 

Alterations in gene expression are known to be fundamental events in cancer progression, 

and form one of the processes responsible for an accumulation of biomarkers in the 

cancer state (K.ulasingam and Diamandis, 2008). One of the main goals of our research is 

thus to determine whether proteins, which are shown to be overexpressed in cancer tissue 

compared to normal, can pose as potential biomarkers for identifying the disease 

condition. Expression profiling experiments, performed in our laboratory, identified a 

range of differentially expressed cDNA transcripts in cervical cancer tissue compared to 

normal tissue, one of which was recognised to encode the LAP2a protein (van der Watt 

et al., unpublished data). Similar genome-wide studies have also suggested an association 

between increased expression of the LAP2 gene and cancer. Expression profiling 

experiments have shown increased expression of the LAP2 gene in medullablastoma 

compared to normal cerebellum [(Pomeroy et al., 2002), and (Yokota et al., 2004], colon 

cancer tissue compared to normal mucosa (Agrawal et al., 2002), and the LAP2 gene has 

been shown to be regulated by the BRCAl oncogene in breast cancer (Welsch et al., 

2002). LAP2 has also been implicated in cancer progression, as its expression was found 

to be elevated three-fold in metastatic prostate carcinomas compared to primary prostate 

carcinomas (LaTulippe et al., 2002). LAP2P has been shown to be highly expressed in 

42 



neuroblastoma cell lines and has been postulated to be a potential tumour marker (Weber 

et al., 1999), while one study has shown overexpression of LAP2a in larynx, lung, 

stomach, breast and colon primary tumours by quantitative RT-PCR (Parise et al., 2006). 

While the LAP2 alpha and beta isoforms differ in their C-termini and localisation, both 

isoforms are important in: maintaining nuclear architecture through interactions with 

nuclear lamins (Gruenbaum et al., 2000), facilitating post-mitotic nuclear assembly, 

(Vlcek et al., 1999) as well as regulating transcriptional activity through interactions with 

Rb (LAP2a), HDAC (LAP2P) and GCL (LAP2P) [(Markiewicz et al., 2002), (Nili et al., 

2001) and (Somech et al., 2005)]. These proposed functions may be enhanced or 

abrogated in the cancer state as a result of LAP2 overexpression. 

To our knowledge, no other studies have validated LAP2 overexpression in cervical 

cancer. Two approaches have thus been used to determine LAP2 expression in 

transformed and cancer cells. Firstly, biopsy samples from cervical cancer patient tissue 

material were assayed for LAP2 expression levels by Real-time RT-PCR analysis and 

immunohistochemical techniques on archival patient tissue sections respectively. 

Secondly, LAP2 protein levels were determined by western blot analysis in cultured 

cancer and normal cell lines. 

In addition to investigating the expression of this gene in cervical cancer, its role in 

oesophageal cancer was also examined. Oesophageal cancer is the eighth most common 

cancer worldwide (Kamanagar et al., 2005) and is the second most common cancer in 
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black South African males (Mqoqi et al., 2004). Oesophageal cancer, like cervical 

cancer, is often only detected in the late stages of the disease and thus often results in a 

poor prognosis (reviewed in Tew et al., 2005). 

In order to determine whether LAP2 associates with cellular transformation, LAP2 

expression in transformed cells in culture was also determined. Transformed cells are 

similar to cancer cells in that they display altered gene expression patterns and exhibit 

malignant properties, however they are not derived from in vivo cancers but are generated 

in vitro through the use of transforming agents such as viral oncoproteins and ultraviolet 

radiation. LAP2 expression in normal cell lines, which undergo a limited number of cell 

divisions due to their inability to produce telomerase and their susceptibility to contact 

inhibition, was compared to transformed and cancer cells that replicate indefinitely as 

they do not undergo contact inhibition but form foci on cell culture plates. 
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3.2 Results 

3.2.1 LAP2a expression in cervical cancer patient material 

3.2.1.1 LAP2a mRNA expression in normal versus cervical cancer patient specimens 

Tissue biopsy samples were collected at Groote Schuur Hospital from patients with 

cervical cancer, as well as from patients who have had hysterectomies for reasons other 

than cervical dysplasia, hereafter referred to as 'normal patients' (Cancer Biology Group, 

Medical Biochemistry, UCT). RNA was extracted, complementary cDNA synthesized, 

and expression profiling using cDNA microarrays performed to determine the differential 

expression of genes in cancer compared to normal (van der Watt et al., 2009). One of the 

cDNA transcripts identified to have altered levels of expression in the cancer samples 

compared to the normal, encodes the LAP2a protein (Fig. 3.1.A). Increased LAP2a 

expression was confirmed by performing Real-time RT-PCR analysis on RNA biopsy 

samples using primers targeted to the unique C-terminal tail of the LAP2a isoform. 

Sixteen cancers and nine normals were analysed for LAP2a expression relative to the 

Cyclophilin and P-glucoronidase genes which are routinely used as internal controls in 

quantitative RT-PCR experiments [(Valente et al., 2009) and (Shih et al., 2002)]. The 

average expression of these two genes was used to normalise LAP2a expression, as the 

use of multiple genes as internal controls for Real-time RT-PCR has been shown to 
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Figure 3.1: Relative LAP2a mRNA levels in normal and cancer cervical tissue. 
(A.) LAP2a. mRNA expression determined by Microarray analysis (normal; n = 8, 
cancer; n = 16) (van der Watt et al., unpublished data). (B.) Relative LAP2a. mRNA 
expression was determined by Real-time RT-PCR analysis (normal; n = 9, cancer: n =
16). GusB and cyclophilin were used as normalisers of the data. Results shown represent 
the mean± SEM (*, p-value <0.05). 
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increase accuracy (Vandesompele et al., 2002). Results obtained confirmed the initial 

microarray studies indicating that there was approximately a 2.5-fold increase in LAP2a. 

mRNA expression levels in cervical cancer patient material compared to normal cervical 

epithelial tissue. This corresponded to a statistically significant difference in expression 

(Fig. 3.1.B). 

3.2.1.2 LAP2a protein expression in normal versus cervical cancer patient 

specimens 

Having established that cervical cancer tissue displayed elevated levels ofLAP2a. mRNA 

expression, the next step was to determine whether this up-regulation was evident at the 

protein level, as it is proteins that form the functional units within cells. Paraffin­

embedded cervical tissue sections (normal and cancer) were obtained from Groote 

Schuur Hospital and the Department of Anatomical Pathology, UCT, for 

immunohistochemical analysis. Sections were incubated with a LAP2a. specific primary 

antibody and a Cy3-fluorescently-labelled secondary antibody, as well as the DAPI 

nuclear stain. Images were captured using phase contrast microscopy to reveal tissue 

architecture, and the Cy3-fluorescence channel was used to determine the intensity of 

LAP2a. staining. 

Phase contrast images from sections derived from normal cervical tissue revealed typical 

stratified squamous epithelial tissue present in the cervix (Fig. 3.2.A). Basal epithelial 
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cells. which repl"l!Sent proliferating cells. reside on the b115emi:nt membrane which 

separates the epithelial layer from the stroma. As cell dh 1sion oc.:ur.. these cells begin to 

differcnnate causmg. them to Oancn before bcmg sloughed off into 1hc lumen of 1hc 

cer.'L't (Fig. 3.2.A panel a). C'om:sponding images from sectioni. derivo:d fram cancer 

patients showed abnonnal cells throughou1 1he epi1heliul la)'l!r us wc:11 os pockets of 

infiltrating cancer cells within the stroma (Fig. 3.2.A panel b). LAP2u 1lisplaycd high 

Cl\pcess1on in the epithelial-derived cancer cells, and its expression was visible compared 

10 that 1n lhe surrounding ,,,romal I.issue, which showed Ji11Je staining. In conlrasl. very 

luw levels of LAP2u staining were detected within nonnnl cervical tissue sections. A 

section incubated will: �econdnry antibody alone, as a negative control. confirmed 1hot 

Lhc nuorcsceni signul 11h10iJ1cd was specific to LAP2o staining (fig. 3.2.A panel cl. 

Qun111ilic111ion of the LAP2u fluorescent intensit) in sixteen cancer and rune nom,ol 

sec11ons re, coled an increu".: 111 LAP2u protein expression levels in the C3ncer specimens 

(Fig. 3.2.8). I his cnrr.:$J1nndcd 1n an oppmAimate two-fold increase in LAPla.e'"pression 

111 cancer compnred 10 normal. Ari area comprising roughly ten cd.ls per ,iew was used to 

measure the fluorei.cl-nt in1cnsity (densaometric int.:nsiiy/cni1) of LAP2o staining in the

differem sections. The lluorel>Cent mtcn>UY per slide wos calcul:1.ted on the basis of six 

fields of \iew using Axiovision software. 

These results further supponed 1he mic:ronrrey and Real-time RT•PCR data. and showed 

that LAP2a. displayed elevated levels or expression 01 the mRNA and protein levels in 

cervical cancer nssuc specimens compared u, nomial. We next investigated LAP2o 
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expression levels m cells in cultlm!, 10 dc1cnninc l.AP2u ci.�iun in c,mccr and 

n-ansfonn.:J cell lines of different IYJ><.'S.

3.2.2 LAP2 expression in cultured cells 

J.2.2.1 Western blot analysis of LAP2 expression

A panel ul cervical cancer cell tines (CaSki, HcLa, SiHa, MB-180, MS75 l and C331\) 

was used to compare cxpr�ion of LA P2u to that in u nonnal primary ccrvicul epithelial 

cell culture. HCX, and its transfonned count,:rpur1 llCX-E6/E7. which bas been 

1ram,fo1mcd by the H PV encoded E6 and E7 oncoproteins. 

LAP2u expression was dctennincd using proteins cx1r.ic1cd &om these cell Imes und an 

untilxldy that targets the unique C-tenninal tail of the ulpha isofonn Wt:Mcm blot 

unalyus revealed higher LAP2a e>.pression in the maJority or cancer cell lin� compared 

to the nonnal primary cen1cal epithelial cell culture (Fig, 3.3.AJ. Tlu: C33A. HPV 

ncgathe. cdl line displayed the smaJlt!!!,1 increase in LAl'2u exprt..-.;!,10n oompnn .. -d 10 

IICX. P•tubulin wns shown ai; a loading control to exclude that diO-erenci:s observed ma) 

hove been os o resuh of dilTerences tn the amoUJlt of protein analysed, Dens11omcinc 

unal�is or 1hc ,�c�tcm blut band imensity quantitatively showed 1h� increase in I .A P2u 

expression in cervical cancer cells {Fig,. 3.3.B). lnterestingly, an npproximate 1w11-lold 

1L1cn:r.u.e in I.A 1'2,t expres.�ion was observed in the HCX-E6/E7 transfom1ed human 
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cen,ical epithelial cells compared to the nonnal control cell:. (HC'X). suggesting that 

LA P2a may associate with cellular transformation. 

A pan-LAP2 ant1"body that recognises the common N-terminal region of all three human 

isoforms of LAP2 was also used to determine whether the same increase could be 

observed (Fig. 3.4.A). Th.: top band rcprest'lllS 1he 75 kD alpha isoform of LAP2, the 

middle band ihc 55 kD beta isoform. and the lower band I.be 39 k.D gamma isofonn. The 

alpha and beta isofonns seemed to be the prcdominanl LAP2 isoforms, while the gamma 

isQform was barely detectable in most cell Imes, and was virtually absent in the CaSki 

cclJ line. [here was increased LAP2o ci.pression in the majority of cancer cell Hoes used 

as previously shown with the alpha-specific antibody (Fig. 3.4.A and B). lmerestingly, on 

increase in tl1e expression of the LAP2P isoform was also observed. Both LAJ'2o and 

LAP2P (hereafter referred lo as LA P2J expression was also increased in the HPV E7-

lransformed cell llnc compared to the nonlllll primary cervical epithelial. HCX cells. 

To further inveiligate the possibility lhat LAP2 associates with ceJJular transfonnation, 

its expres.,ion i11 nonnal and transformed fibroblasts was determined. LAP2 expression in 

nonnal brcas1 skin fibroblasts, CCD I 068SK. nonnal skin fibroblasts, FG0, and 001111al 

lung fibroblasts, WL"lS. was compared to 1ha1 in the SVWl38 and CT-I transfonned lung 

fibroblasts. LAP2 was barely detectable in CCDI068SK. FGu and W138. The 

transrormed fibroblasts showed substantially higher LAP2 le\'elS compared to normal 

fibroblasts as illustrated by wcstcm blot analysis (Fig. 3.5.A) and densitometric 

quanll lic111ion of western blots ( Fig. 3.5.13 ). 
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Increased LAP2 expressmn lhus appear.! 1.0 associate w11h both cerv1c.il cancer cell lines 

and transformed fibroblasts. We were therefore interested in de1cm1ining whether this 

e�pn:ssion pauem is unique 10 cm ical cancer, or whether it occurs in olhcr cancer types. 

An investigation of LAP2 expression was thus also petfonned in a pMel of oes<.1phageul 

cnnc,•r cell line.i (WHCOI. WHC05, KYSE450 and KYSE520) and, compared 10 the 

corrcspollding normal oc:.ophageal epithelial cell line EPC2. As observed wilh normal 

cervical epithelial and nonnal fibrobla,;is, LAP2 expression was shown 10 be "Cl) low in 

the nomiul cp1theliol oesophageal cells, with higher expression levels observed in the 

cancer cdl lines (FiJ!. 16.A und fig 3 6.8 ). Tu ken logelher. these result� suggest lhc 

increase in LAP2 expression 11ssociu1cs with cdlul01· translonna11011, as "di as with 

cancer cells of different origins 

3.2.2.2 lmmunocytod1emical analysis of LAP2u cx.pression 

The increase in L/\P2n expression in rransfonned 1md e&icer l'ell lines was 

independently confirmed using immunocytocbem.istry Paraformaldehyde-fixed cells 

were incubated "ith a LAP2u specific antibody which is recognised by the Cyl-labclkd 

secondal) antibody. as well a� u DAPI nuclear stain. Th..- highest c\�'ion of LAP2« 

WIili observed in the CaSk1 cervical cancer cell line and the SVWl38 transformed 

fihrohlu)I .:,:II line. while 1hc normal Wl38 cell line displayed lower levels of LAP2u 

(Fig. 37.A). The mc1·gcd image 11,eoerotcd from the DAPI and Cy, (sho,,,ng LAP2a) 

channels indicated nuclear l11calisa1io11 uf LAP2u as e�pectcd from previous publibhcd 

rcpom on LAP2a localisation (Dcchat ,., al� 19Q8) l he nuorescent inumsit) or LAP2u 

stairiing was calcula1ecl 111 the different cctl ltncs whn-c ten cells per field ofv1ew and ten 
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Figure 3.6: LAP2 protein e�rc,;sion in oc1opbagcal cancer cell lines. 
(A.) Protein lysatcs from normal and cancer 0<.1SOphageal cell line.� \\er.: subjcc1cd to 

wcs1em blot analysis for LAP2 c.,cpression. LAP2 shows sigruficantly higher expression 
an OCS<lJlhn&eal cancer cell lines (WHCOI. WHCOS. KYSE450. KYSE520) c1>mpareJ 10 
the normal immonaliscd c;,crophageal cell line EPC2. (B.) Quan1ilation of LAP2o and 
LAP2P expression rolnthe to fl-tubulin in oesophageal cell lines Protein expression was 
deu:rnuncd by dcnsi1omcll) of western blot band intensity. Resuhs are repn.-seniativc of 
e:otpcnmen1s performed at feast lwc, independmt times. 
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Figure 3.7: LAP2a expression in 11 normal, 1ronsfonned ond cancer cell line. 
(A.) l.mmunotluoresceut arutlysi!> in the normal fibroblast, W[38, transformed fibroblast. 
SV\\1138, and CaSlti cerv1caJ cancer ceU lines. Images were cap1urcd using J OOOx 
magnification and the same exposure 1ime was used across all samples. 
lmmunonuorescencc show) 1he nuclear localisalion of LAP2u expression. (B.) 

Quantltation of LAna expressiC1n in Wl'.l8, SVW138 and CaSk.i cell lines. Fluoresccnl 
intensi1y was calculated using Axiovision software where IO cclJs pee field of view and 
10 fields of view were quantitatcd per slide. Quantification of LAP2a expression was 
thus obtained from a1 leasi I 00 cells per condition. Results a.re represeow1ivc of 
experiments perfonned al least two independent times.(•, p-valuc <0.05). 
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fields of view per slide were quantitated as described previously. A significant increase in 

LAP2a fluorescent intensity was observed in the transformed and cancer cell lines 

compared to normal fibroblasts (Fig. 3.7.B). These results support the western blot data 

suggesting that increased LAP2a expression associates with cellular transformation and 

cancer cells. 
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3.3 Discussion 

This study aimed to follow up on expression profiling data that identified genes that are 

differentially expressed in cervical cancer patient material compared to normal, as 

potential biomarkers and cancer therapeutic targets. Identification of cervical cancer 

biomarkers could potentially enable diagnosis, or predict prognosis and patient response 

to therapy, and hence potentially reduce mortality rates associated with the disease. 

The focus of this study are the LAP2 proteins, where the alpha isoform was found to 

display increased expression in cervical cancer patient material compared to normal 

tissue, by expression profiling experiments using cDNA microarray analysis. Microarray 

data should be independently validated using alternative techniques as there are often 

cases of false positive and false negative results. This present study confirmed an increase 

in LAP2a mRNA and protein levels in cancer tissue compared to normal tissue as 

suggested by•microarray analysis. A similar trend of increased LAP2a expression was 

also observed in cervical cancer cell lines compared to a primary normal cervical 

epithelial cell line. Interestingly, western blots also showed an increase in the LAP2P 

isoform, while LAP2y levels were largely undetected. Higher LAP2 (LAP2a and LAP2P) 

expression was also observed in transformed fibroblast cell lines and suggested that 

LAP2 expression is associated with cellular transformation. LAP2 was also shown to be 

overexpressed in oesophageal cancer cell lines compared to normal, suggesting that 

LAP2 expression associates with multiple cancer types. 
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A possible explanation for the observed up-regulation of LAP2 in cervical cancer, as an 

example, could be due to enhanced E2F activity in cervical cancer cells as a result of 

diminished Rb function. Rb is sequestered and targeted for degradation by the HPV E7 

oncoprotein resulting in the activation of the E2F transcription factor (Bosch et al., 2002). 

This allows for the increased transcription of E2F target genes. As LAP2 has been 

reported to be regulated by E2F (Parise et al., 2006), this may explain the increased levels 

in cervical cancer cells. The reason for the C33A, HPV negative cervical cancer cell line, 

displaying lower levels of LAP2 expression could thus be due to the absence of the E7 

oncoprotein; however it has been shown that the Rb protein is mutated in this cell line 

and thus should perhaps show a similar effect (Scheffner et al., 1991). Rb is similarly 

often mutated in oesophageal cancer (Huang et al., 1993) and may explain the 

overexpression observed in the oesophageal cancer cell lines. In the SVWI38 cell line, 

the simian virus large T antigen has been shown to bind and inactivate Rb (DeCaprio et 

al., 1988) and thus explains the increased LAP2 expression observed in this cell line. 

While our study is a first to identify and confirm increased LAP2 expression in cervical 

cancer patient material, a similar preliminary genome-wide expression profiling study 

identified LAP2 as one of the genes in a cervical cancer proliferation gene cluster the 

expression of which is positively correlated with that of E6 and E7 mRNA (Rosty et al., 

2005). LAP2a mRNA overexpression has also been reported in several primary tumours 

and its expression has been shown to be correlated with tumour proliferation rate (Parise 

et al., 2006); however expression has not been determined in cervical or oesophageal 

cancer cells and overexpression has not been confirmed at a protein level. Our 
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observation that LAP2P expression is elevated in cancer cell lines is in agreement with 

studies showing increased levels in neuroblastomas (Weber et al., 1999) and various 

haematological malignancies (Somech et al., 2007). 

While this study presents evidence of increased LAP2 expression in cancer cells, the use 

of LAP2 as a biomarker is preliminary. In order for the potential of LAP2 to be 

determined as a cancer biomarker, a larger patient cohort would be required to assess the 

clinical relevance of the up-regulation of LAP2. There is often considerable heterogeneity 

between patient samples and thus a more comprehensive study would need to be 

conducted to evaluate its suitability. Further laboratory-based studies are required to 

determine its suitability as a biomarker before the phases of assay development, 

screening and clinical trials can be considered. This would include the determination of 

whether its levels could be easily quantified. LAP2, previously known as thymopoietin, 

has been assayed from blood plasma at concentrations of <0.25 ng/ml and thus should be 

able to be assayed fairly easily (Twomey et al., 1977). 

The observation that LAP2 is overexpressed in cancer patient material compared to 

normal tissue, as well as in transformed and cancer cells in culture, suggests that this 

protein may play an important role in cancer cells. Further investigation into the 

functional significance of this up-regulation was thus performed. 
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Chapter 4: Effect of LAP2 inhibition on cancer cell biology 

4.1 Introduction 

In order to determine the biological relevance of increased LAP2 expression in cancer 

cells, two principle approaches can be followed. Either, the protein of interest can be 

overexpressed in a cell line which has low endogenous expression of the gene, via the 

introduction of cDNA plasmids encoding the gene of interest; alternatively, the 

expression of the gene can be inhibited in cell lines which highly express the gene. This 

can be achieved by transiently inhibiting expression using molecules such as short 

interfering RNA (siRNA}, or short, stably transfected hairpin (shRNA} molecules. 

Because LAP2 was shown to be overexpressed in cancer cells, this study used transiently 

transfected siRNA targeted to the LAP2 gene to inhibit its expression. This technique 

takes advantage of the fact that short (21·22 nucleotide} duplexes, when transfected into 

mammalian cells in culture, can mediate gene silencing {Elbashir et al., 2001}. Briefly, 

transfection with siRNA induces the RNA.induced silencing complex {RISC), which via 

its endonucleolytic activity, results in the targeting, cleavage and degradation of target 

mRNA, which ultimately leads to gene silencing evident at the protein level (Aigner, 

2006}. This process is illustrated in Diagram 4.1. 

62 



C'T 

rn ll1e c 
ti, RI �c- .R 

. "h:n ing f tile pre m
n: �. I ·ti wnl the prncess repea 
al. 2'11Nl. 

uk pl 

pl1a e. h n II 

m rh: fuuq1h , · o 

are lh G, PP J .1 phas , lll whi b lh ·i:I] 

ynthcsisoo. r th M 



lhc G. pho� and �= re-enter the cell cycle when conditions become fuvouroble. 

Progression through the various phases of I.be cell cycle is tightly regu1aced by cell cycle 

n:b'Ulntory proteins (reviewed in Murray, 2004) These include cyclins which brnd to, and 

ncuvatc cyclin dependent kinases (CDKs), resulting in cell cycle progression via a 

cascade of phosphorylmion modJJications. Conversely if ONA damage is dciected, or lhc 

cell is under stress conditions (Cf!. scrum deprivation). cyclin dependcm kinase inhibitors 

(CDKls}, olso kuown os tumour supp�ssors arc induced, and function to halt cell cycle 

progression. If the damage is not repaired, or tl1e stress alleviated, the cell will undergo 

prollramrned cell dcnth or opoptosis. 

lrnportaut cell cycle rcgulmory proteins include I.be cyclin� �uch as cyclin Di, CDK4, 

pl  6, p21 and p53 [reviewed in (Sherr <'I ul .. 1999) and (Murray, 2004)]. Cyclin DI  is 

expressed in response to mitogcmc �llmuh end its expression is necessary for the 

induction or subsc:qucni cyclim, within the cell eyclc. COK4 is the kinase responsible for 

phosphMylating anJ 1nuctivutang Rb when complexed to cyclin DI. p l6 inhibits the 

CDK4-cyclmO I com1>lcx required for Rb phosphorylation and release of celJs into S­

phasc. p27 and p2 I act 10 rcpn:.-ss cydinE-C'OKl :ict1\•11y Toes¢ CDKI are induced in 

respon� 10 contact inhibition, rcplico1ivc sc�ence BI1d TGF� signalling. In addition, 

p2 I i� posuivcl} regulated by p53 which IS llCII\IOted ID response to DNA damage. 

In this chapL<"r, the: cffo.::ts of inhibiting LAP:? expression, vio 1.he imroduc1inn of LAP2 

specific siRNA molecules, will be determined on cancer ccJJ biology, cell cycle 

regulJuory proteins and cell C}de prc:igre.�sion. 
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4 . .2 Results 

4.2.1 LAP2 inhibition in cancer and transformed cell lines using si.RNA 

molecules 

LAP2 protein expression was silenced by Lransiemly lr,m�fecting LAP2 siRNA molecules 

huo cancer cells grown in culture, in order to detennine Uie effects on the biology of 

cancer cells. The CuSk:i anc.l Hela ceivical cancer cell lines were chosen as model cell 

lines for furrhcr experiments as they both display high levels of citpression of LA1'2, and 

arc routinely used in our laboratory as cell lines r<.,'))resentativc of ccivical cancer. LAP2 

protein exvrcssion was inhibitetl using a pool of Lhn.>e. 1arge1-spedfic, 20-25 nucleotlde. 

cornmcrcially available siRNA molecules (San1a Crw Biotechnology}. The LAP2 siRNA 

"as expected to inhihit the expression of the alpha and beta isoforms as an alpha-specific 

siRNA is 001 available at prcscm. A random, non-targeting 20-25 n.ucleotidc, control 

siRNA sequence was used as a control for non-specific effects on gene <!xprcssio11, as 

well as tc, control for 11ny changes induced by the transfcclion rcag<.'Dt. 

Western hk>l analysis confirmed Llrnt there "as a significant reduction in LAP2 

expression (LAP2o and LAP2J3), following LAP2 siRNA tTansfecnon in CaSki cells, 

which was sustained over the number of days assayed (Fig. 4.1.A). Transfection with 

ct>ntrol siRNA bacl no effect on LAP2 protein levels and LAP2 cxpr<.-ssion was 

comparable 10 levels observed in unlransfccted cell lysatcs. A similar decrease in LAP2 

expression was obsenrcd in Hel.a cell lysmes following LAP2 siRNA trnnsfoction 
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(Fig. 4.LB). The apparent im:rease m LAP2 e:xpressic10 in the �0111rol. compared 10 

untran5fected I leLa lysates, was due to diDerenccs 1n protein loading. ns J►tubulin lcvcb 

were also increased 1n me control cells. 

Western blol anaJysi, thus revealed thal LAP2 ,iRNA 1mnsie:ri1 1rnnsf«1ions rtruhed in a 

substnn\Jal decrease in LAP2 protein levels. mnlong the siRJ\A swtnbk for detcmuning 

the role of LAP2 ID the b1olo1y of cancer cells. 

4.2.2 Effrcll- of LA1'2 inhibition on cancer cell biolog) 

4.2.2, 1 f'ffoch of LAl'2 lnhibilion on can err and 1ransfon11cd cell� J!rO\\ 11 under 

adhtr<'nt cell prolifera1l011 condillons 

llaving cs1ablished that tran�fcc1ion wi1h LAP2 siRNA signillcamly reduces the 

c�1m:s�io11 or LAP2. funcuonnl effects of 1his mbibiuon were detcmuned. The 

fundam•·nrnl pheno1ype w,!l()cin1ed with clll1Cc!f celb 1.s th!.! ability In proliferme rapidly 

nnd unconn·ollobly, and thus we wan1cd to de1c:rmine whe1her LAP2 p.lays a role in 

proli fcrn1io11 of cone er cell� when grown under adherent groW1h condnions in media 

co111oi11ing I 0% serum. 

CllSki cells were tmnsfcc1ed with 20 uM LAP2 or control siRNA and cell proliferation 

mMi1<1rcd by th.: M
T
T a,say (Fig. 4.2.A). This colourime1ric assay measure!\ cell

111c1nl�lic ac1ivi1y a� an in()icntlon of cell number. Our n.-sull$ showed ll(l i<ignificant 
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di!Terc11cc in adhorc11t cell proll rcralio11 in LAP2 siRNA tra11sfocted CaSlci cells 

compared to umransfected and control siRNA 1ransfected cells (Fig. 4.2.A). Similar 

re:.ull.s were obtained in Hela cells showini LAP2 inhibition i11 this cell line also did 001 

resuh in an alteration in cell prolif<m1tion (Fig. 4.2.B) This assay wa� repeated a number 

01· times at different coll densities (d111a not shown), with the results consistenlly 

suggesting that LAP2 do.:s not play a role in cervi .cal cancer cell proliferation under 

adhe1·ent growth conditions. 

Because LAP2 also showed. elevated expression in a transfonned fibroblast cell line. 

SV\Vl38, 1he effect ofLAP2 inhibition on SVWB8 cells, was also investigated. SVWl38 

cells were treated with control and LAP2 siRNA as described for the cervical cancer coll 

lines. Two 1ime points (lhree and six days pos1 transfcclion) were selected for the assay. 

Western blot analysis �hawed n reduction in LAP2 protein levels a1 bolh three and six 

days post u,msfeciion with LAP2 siRNA (Fig. 4.3.A). MIT assays for SVWl38 cell 

proliforation. when LAP2 expression was inhibited. revealed 1ha1 there was no difference 

ln proliferation be1ween untrnnsfected, conll'OJ and LAP2 siRNA transfected cells (Fig. 

4.3.B). 

Toge1her ll1e.�e data suggest lha1 LAP2 does 1101 appear to play a role in the cell 

proliferation of cervical c-0ncer cell lines and 1ransfonned fibnlblasts when grown under 

adherent growth conditions. 
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4.2.2.2 Effects of LAP2 inbjbitiou on cell prolifcnltion under v:1rious conditions or 
stress 

The benefits of treating cancer with combination Lherapics 10 sy11ergistically enhance the 

activities of Individual u:catmcnts arc becoming incrcas:ingly evident. As an example. the 

use of radiaLion therapy togctbcr with chcmotberapculic agents has been shown to 

improve survival associated with cervical cancer (Moore. 2003). While inhibiting LAP2 

alone did not appear lo have II significant effect on the prollfera1jon or cervical cancer 

cells, we next investigated whether inbibi1io11 of LAP2 may enhaucc the growth 

inhibitory effect observed when cancer cells are placed under stressful conditions: 

including (I) scrum stress, (2) stress induced by ch�mothcrapculic agents and (3) su-ess 

induced by anchorage-irulependen1 con di I ions. 

(i) LAP2 inhibition and serum stress

One of the recognised phenotypes of cancer cells is that they possess a self-sufficiency in 

growth signals (Hanahan and Weinberg, 2000) and can thus proliferate w1dcr low serum 

conditions. This is however. a stress on the cells and !hey proliferate substantially slower 

than cells grown in growth factor $Upplcmcn1cd medium. We wanted to determine 

whciher inhibiting ll1e e>.-:pr�ssiou or LAP2 would have an effect on cell proliferation 

under serum stress. 

CaSki cells were grown in 2. -l or I 0% foetal calf scrum containing medium, and cell 

prolilctatJon monitored over five days. Cells grown lo I 0% scrum proliferated the fas1esL 
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ns eltpec1ed, followed b) cell� grown in 4% serum. No proliferation was observed for 

cdls grown in 2% serum. Undi!T oll tliree conditions there was oo dlffereoce in the rate of 

prolifcrnuon bctv.ccn the untransfoctcd. control and LAP2 si.R.NA rransfocted cc118 (Fig. 

4.4.A). CaSkl cells were al�o ).:rum starved for 24 hours prior to plating in I 0% scrum 10 

dctennine whether this ahemauve fom1 of serum stress. and syochronizauoo of cells 

w11hin the Oo phru.c, would have an ctiect on cell pmlifcrn11on following LAP2 

Ulbib1lion. The rate:. of cell proliferation between untransfcc1cd and control nntl LAP2 

siRNA rransfected cells did not differ under these cond1L1ons. su!lllesuog that LAP2 

inhib111on docs not enhance the gmWlh inhib1tol')' effect ol serum depletion. We next 

dcterrnlncd whetller inhibiting LAP2 cxprcssion could enhance the growth inhibitory 

effect of' other stresses including; response 10 chcmothern�ullc drugs and nnchornge-

111dcpcndent growth conditio11s. 

(ii) Cell proliferation In rcs11011�c to L1\ P2 lnhlhltlon nnd rhcmothcrapeutk drug 

t1·eatment 

Tue eff.,-ct of two apoptos�induorng agents. S'lluorouracil (5'FU) and cLi­

diomincdichloroplatinum (CP). in combinnuon with LAP2 inb.ibiuon. was used 10 

determine y, hcther I AP2 inh1b1tion could t'flhancc lhc ceU dealb effect induced by 1.hese 

1lrugs 

�Tl I is II S•tlhns.:-dcpcrulcm, pyrimidine IIIllllogue. which inhibits 1he thym1dylnte 

syn1hctnse enzyme which is 1mponant in DNA symhesis [(Laogcobncb 1:1 al .. 19721 nnd 
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(I loughtOtl t'I al .. 1979)] and is a chemotberupeutic agent commonly used in the treatment 

o f  cervical cnnccr (Moore, 2003). CP. also widely used m the treatment of cervical cancer

(Tnucrsall. 2001 ). is known to bind DNA and fonn adduct,, which affects the 

confonnation of DNA-ossociated proteins. !hereby prcvcnJjng the repai, of damaged 

ONA (Zn:mble (.'/ u/., 1996). 

CaSki cells "ere transfec:tc<l with control or LAP:? siRNA und incubated fo1 48 hour� 

pnor to treatment with 5 · FU or CP for 96 hours. A conccmnuion of I µM 5' FU and 86 

111\I CP was found 10 inl.ubit Cask, cell growth by upproXJmutcly 40-50% (Pig. 4.5.A and 

B ). Our resul!S sho\\ t.hal lilhibitioi; LAP2 expression does not aher the cell death e!T.:ct 

of both 5"FU and CP alone (fig. 4.5.A and B1. 

(iii) Cell prolifcrntion in rc51,011sc to L \P? inhihitlo11 under condirions of

1111choragc-indcprndrnt rrll l!rO" th 

The .ibilily t1f cancer cells to proliferate in the absence of a substrate (i.e in an 

anchorage-lndcpcndcnt mnnnen 1s o phenotype observed in cancer cells and is an 

indication of tumourigenicity (Shin ('/ ul., 1975). Ir ,s nonetheless a suess condition m 

llssu;: i.:ul1ur.i syskmh, und the cells prolifi.:rntc far slower than lhcywould under adherent 

w-owih conditions. To grow cells under anchorage-independent cond1tions, cells are

pluted on puly-J IEMA-contcd dishes. which prevents cell adh�ion 1(1 the culnuc, cs,cl�. 
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To determine whether LAP2 is required for cancer ccU proliferation under anchorage­

independent growth conditions. cells were re-suspended in I% methylcellulosc and 

plated on poly-HEMA-coated 96-well plates and both cell proliferation and colony 

fonnation detcnnincd. As anchorage-independent cells proliferate at a slower ra1c than 

adherent cells. proliferation and colony fonnation was monitored at eight days. To ensure 

that 1AP2 pn1tein expression was sriU inhibited cigbt days post LAP2 siRNA 

transfectfon, western bloi analysis from control and LAP2 siRNA transfecicd cells was 

performed (Fig. 4.6.A). Anchorage-independent ccJJ proliferation. as measured by MIT

assay. revealed that inhibition. of LAP2 in b<)Lh CaSki and Hela cells resulted in a 

significaot decrease in cdl proliferai1un compared to control siRNA tronsfected cells 

(Fig. 4.6.13 and CJ. Although significant, LAP2 inhibition resulted in an approxunatc 30-

50% Inhibition in anchorage-independent cell proliferation, possibly due to the fact that 

100% i.n.h.ibition ofLAP2 with sffiNA was 1101 achieved in lransieot transfection. 

In addition to measuring anchorage-independent proliferation. by MIT assay. the colonies 

formed by coatrol and LAP2 slRNA treated cells were viewed by microscopy. Colomes 

from control and LAP2 siRNA transfected cells were stained with p-iodo­

nitrotetrnzolium and pholographed under brighttield microscopy (Pig. 4.7). The results 

show that colonies derivL'ti from control siRNA transfected cells apJ>ear larger than 

colonies derived from LAP2 siRNA IJ'allsfected cells (Fig, 4.7.1). The colonies from 

control cells also had a more defined, regular shape c-0mpared to lhe LAP2 knockdown 

colorues wluch were amorphous ond less defined (Fig. 4. 7.2), suggesting that some of 

th use cells were SI n!Ssed. resulting 1.0 the cell death obs.:ived. 
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Figure 4.7: Effect of LAP2 inhibition on colony formation. 
CaSki cells were transfecled with either 20 nM control or LAP2 siRNA, suspended in I% 
methylcellulose and plated on poly-HfMA-comed 96-well plates. Eight days post 
1ransfcc1ion colorucs were stained with I mg/ml p-iodo-ni1rotctr07.olium for 16 hours at 
37°C after which lhe colonies were pho1ographed under brighilield microsc-0py at 400.x 
magnification on a Moticam camera. Two fields of view were taken and are denoted I. 
and 2. Experiments were performed in Lnplicate and repeated m le�1 Lwo independent 
times. 
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4.l.2.3 EffecLs of LAP2 inhibition on cell cycle regulatory 1>roteiu cxpr·csslon

Since inhibiting the expression of LAP2 under ancborage-indepemlent growth conditions 

rcsuhed in a growth inhibitory effect. we nCltl detenruned Lhe expression of' several cell 

cyde regulatory proieins that may associate with the ohserved phenotype. Cell cydc 

progression is regulated by the complex of cyclins with, either cyclin dependent kinascs 

(CDK.s). or cyclin dependent kinase inlub11ors (CDKls), which m:tivatc cell cycle 

progression. and initiate cell cycle arrest respectively. 

Protein was harvested from conlrol and LAP2 siRNA transfcctctl cells grown under 

anchorage-independent condttions, and cell eye.le protein expression dclcrmmed by 

western blot analysis LAP2 protein e:itraression was confirmed 10 be decreased LO LAP2 

s.iRNA IJ'ansfected cells (Fig. 4 .8). We�tem bhlt onnlysis for the cell cycle proteins;

CDK4. cyclin DI. pl 6. p27. p21 and Rb was pcrfom1cd. Wlulc CDK-1 and p27 levels 

remained unchanged Ill �ponsc to LAP2 inhibition. p2 I, nnd Rb levels appcored 

partially Inhibited. Cychn DI levels dccrca.�d nnd p 16 levels 1ncrensed subs1an11ally 

(Fig. 4.8), The observed dccn:asc m Rb levels 1s funhcr Ill\ cst1gnted in Chapter 5. As 

cyclill DI levels were decreased, and p 16 levels mcrensed, 1h1s suggested 1h01 the cells 

may show changes ln thi, ccU cycle. 
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Figure 4.8: Effect of LAP2 inhlbitiou ou growth regulatory protein C.'<prc$sion. 
CaSki cells were imnsfected with either 20 nM control or Ll\.P2 siRNA aad re-plated on 
poly-HEMA-coated dishes to prevent ceU adhesion. Protein was harvested and subjected 
to western blot analysis. LAP2, CDK4, p27, p21, Rb, cyclin DI and p16 expression was 
dctennincd using specific nntibodies. 13-tubulin was included to control for protein 
loadil)g. Results shown are represenmive of experiments perfonned at least rwo 
lndepcnde111 times. 
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4.2.2..J Effects or LAP2 inltlbition on ceJJ cyck prngrcssion under anchorage­
independent growth conditions 

lnhibi1ion of LAP2 cxpn..-ssion under aachoragc--independent grQ\vtl1 conditions showed 

that 1herc was an approximate thirty lo fifty percent decrease in cell proliferation, and an 

alreration in expression of cell cycle regulatory genes (cyclin DI and pl 6), suggesting o 

possible alteration in lhe cell cycle pr11Jile of LAP2 knockdown cells. Cell cycle analysis 

was lhus performed using lluorescenl ac!l vatcd cell soning (F ACS). Propidium iodide 

sla.uling was used to measure tbe DNA contcm of cells in order for DNA histograms, 

representative of Lhe cell cycle, to be _gencroted (Krishan, 1975). The cell cycle profile 

wa;, analysed using FlowJo and ModFit software according to tbe Dean-Jett-Fox model 

I.( Dean et al., 1974) and (Fox., 1980)), which lits a smooth cwve 10 the S-phase. 

Background. cell aggregates and cell debris were gated om for analysis. 

Control or LAP� siRNA t:rnnsfected CaSk.i cells grown III an anchorage-independent 

manner, were analysed eight days post inmsfection, the time point at which the growth 

inhibitory dfec1 was observed. Surprisingly. analysis of U1c ccU cycle pmfile. when 

LA P2 expression was inhibited, reveal� e similar cell distribution within each phase of 

the cell cycle compared 10 controls (Fig. 4.9.A). Quamitativc analysis of the cell cycle 

data showed no significant difference In the percentage of cells wilhln each phase of the 

ceU cycle in control and LAP2 siRNA 1.r:msfected cells (Fi_g. 4.9.B). 

This data suggests lh.a1 LAP2 knockdown cells cycle normally, indicating that the 

decrease m cell proliferation observed, was nm as a result of cell cycle arrest However. 
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Figure 4.9: Effecl of LAP2.inhlbition on the cell cycle profile. 
(A.) llie cell cycle distribution of CaSki cells grown under anchorage-independent 
condi1ions was determined by llow cytomctry eight days following transfecrion with 20 
nM control or LAP2 siRNA. Cells were stained with propidiwn iodide and I.he cell cycle 
profile captured using Cellquest software on a BD Biosciences FacsCalibur and darn 
analysed wilh FlowJo and ModFit software. (8.) Qunntitation of the percentage of cells 
within each phase of the cell cycle {0 1; gap phase l, S; DNA synthesis, G�; gap phase 2, 
M; mitosis). Experiments were performed in criplicace and repeated at least two 
independent times. Results represent lhe mean;;!; SD. 
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only cycling cells were included in onnlyses. ond i1 is possible 1hat th-, dccrcm,e in 

prohfcralJon obser,,.ed. may have been a.� o result of coll dcalh. 

-4.2.2.S Effects of w\P2 lnblblrion on cell death through apoplosls in cells i:ro"n 

under nncboral(c-lndcpcndcnt growth conditions 

In ordCf to funhcr in\'estigntc whc1hcr 1hc inhihi1ion of anchornge-ind.epcndent 

prohferouon obscrvo!d 111 LAP2 knoc:kdown cells could be due to cell death 1111Juccd by 

apopto�is. a quan111a11, c apoplosis as.58y. measunng 1his particular mode of programmed 

cdl d<!lllh. wa, performed £ys1cinyl aspnnotc-sp...""Cilic protcinases. or caspa�. are a 

fruruly or pro1cnses lhat are essential for mcdinung the apoptouc phenotype through the 

1arge1ed cleavage of spec16c substrates (reviewed in Nicholson end Thornberry, 1997). A 

commc.m::1ally a�ailnblc casp:isc activil) assay wns thus u� to a:,:,.::,� the acti, II) of lht' 

clllt-pllSe-3 :md -7 enzymes using a luminogcnic tetmpeptide substrare characteril.tic of in

1-il-o cleavage 51tes. Luminescence released is proportional to substrate cleavage by the 

caspase enzymes and hence apoptotic activity. Caspase activil) is known to be an early 

and 1rnnsient e\enl in apoptos1s (reviewed m Elmore. 2007) and tbus caspa,,e oc11vh, was 

mca,un:d ,c, c:o days post LAP2 siRNA tron�fcction. �hgllll) earlier 1ban "hen the 

growth cffixt was observed. 

rhcre was no ,ignifi.:ant difference in ca,1>ase aeti\it) in control nnd LAr2 siRl\A 

trarufected CoSl..1 cells g_r('I,, n under onclwroge•independent condnion, for -.even da)ih 

post trnnsfcction ( Fig. 4.10.A ). Caspnse ac11v11y was also found to be equ1vnlcnt m 
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Figure 4.10: Effecl of LAP2 Inhibition on apopl'osis. 

(A.) Caspasc-3/7 activity reJative io protein concentration in control and LAP2 siRNA 
(20 nM} traosfcctcd CaSlci cells grown Llndcr anchorage-independent conditions for seven 
dnys posl transfoction- (B.) Western blot sh(lwing PARP cleavage in CaSki cells 
transtl.-ctcd with control or LAP2 siRNA and plated under anchomge-indepcrtden1 growth 
conditions seven days post transfeclioo. Results shown a1-e rcprcscmativc of at least two 
independent experiments. Re.'illhs shtiwn represent Lhe mean :i, SD. 
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con1rol ruid LAP2 knockdown cells eiglu days poSI uansfcction (da1n not shown). The 

levels of poly (ADP-ribose) polymerase (PARP). a known caspase substrate (Nicholst•n 

l!t al, 1995), were also independently de1e:rmined. Cl�\'llgc of the 116 kD PARP protein 

1010 a 85 kD fragment bas been shown 10 be on early e,em in apop!OSIS (Kauffman ,., 11!_ 

1993). The cleaved 85 kD fragment was t!'idem in both control l)J)d LAP2 siMA 

transfcc1ed cells and 110 significam ditTercoc:e was obscncd (Fig. 4.10.B). Our r¢SUIIS 

therefore cannot conclusively link the etTcct of I AP2 1nhib11inn on oncborage­

iudependeol proliferation to an increase in cell death vm apoptos1s 

h Is possible lhat the dcc1·easc in cell number in the LAl'2 siRNA transfect,'ti cells grown 

under anchorage-independent conditions was due to an alternocivc mode of cell death 

suc_h as accn;isis. N��Tosi6 typicully results in disrup1inn of 1hc cell membnu1e leading to 

inflrunma11on, whereas 10 the process of opoptosi� 1he cell membrane remains intact and 

an inflammatory rc�'J}<111�c is not induc�'() (reviewed in Elmore. 2007). A more recen1ly 

disco, ered mode 11f programmed cell d1.101h is outuphagy. whe,-e the cell degrades \:ell 

componcn1� w11hm its own lysosomes, and alternatively niay have been the process 

responsible for lhe cell death t1bserved. Due to limi1ed 1ime during 1he M.Sc. projec1, 

these possibihiics could nol be investiga1ed prior 10 subm.issioo of th.is M.Sc. thesis. 
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4.3 Discussion 

Having established Lbal LAP2 is overexpressed in cancer samples, and has the potential 

for use as a cancer biomacker, the functional significauce of this up-regulation in cancer 

celb was invesLigated. There are conflicting rl'}lorts in the litemture regarding the 

involvemeot of lhe LAP2 alpha isoform 1n cell proliferation. Pekovic et al. (2007) 

showed that inluoition ofLAP2o expression in human diploid fibroblasts {HDFs) resulted 

in a decrease in Ki67 staining, a cell prolifenuion marker, and induced delayed GzM 

progression and evemual cell cycle arresl in lhe GI phase. This is in conlras1 10 the work 

perfo1meJ by Domer et ul. (2006), which showed that inhibiting the expression of 

LAP2a in BcLa cells. resulted in an increase in cell proliferation, and in fact favoured 

cell cycle progression. These authors subsLan1ja1ed 1his finding by showing tha1 LA1'2a 

binds to the C-1enninus of Rh, and 1hat LAP2u expressiM afTect.s transcription of E2F 

target genes. where ovcrexpresscd LAP2o is shown to repress E2F 1arge1 gene 

expression. Vlcek et al. (2002) also repon that overexpressio11 of LAP2u results in 1he 

inhibi1i,111 of cell proliforauan and G i/S cell cycle arrest. Our s1udy on both LAP2 

isolonns e-0ntn1dic1S lhat of Domer el al. (2006) and Vlcek er al. (2002) and appears 10 be 

in line with lha1 of Pckovic er of. (2007) supporling a hypothesis that LAP2 levels 

associate wilh cell proliferation (aJbeit anchorage-independent). 

In our study. i1 was only under anchorage-independent growth conditions 1ha1 a growth 

phenotype change was observed when LA 1'2 express10n was inhibited. This cou.ld be due 

10 the fact 1ba1 differenl signalling pathways arc activated under anchorage-independent 
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growth conditions (Ultams,ngh el al., 2003). Alterations ln gene expression have also 

been r�ont.-d between adherent and non-adherently growing cells (K.inosluta er al.,

2003). 

While we have 001 conclusively identified tbc mechanism through which LAP2 

inhibition n:sults in ccill death, our data showing up-regulation of the rumour suppressor, 

p 16 und decreased cyclin DI cxp=ion. suggeS1 that lhis may ha�e been a cell cy.::le 

inhibitory response tbnt we moy lune missed.Man asynchronously growing population 

of c,ills wab analysed. ii may have been more appmpnate to �ynchroni,e the cells prior to 

cell cycle otwlysis, as tbc 8"1)1Hh dilTercncc ob�ened nta} ha1e be,:n ton marginal to 

register in nn asynchronous populauoo of cells. 

Bccaa.,;c only cycling cells 1were inclu1kd for analysis, we postulated thal perhap, there 

was an increase in cell death m lhc- LAP2 knockdo11 n cells, I\ lucb would not be evident 

on the cell cycle profile ll1> the ,;ub G t peak. reprct.,:ntotive of cdl duublets and debris, 

was eJ1cluded.. Two tndepcndcnt apoptosis assays, howev.ir revealed no slgnifican1 

difference in apopws,s between control and LAr2 siRNA transfoc1cd cells. The decrease 

in cell numher io LAP2 inhibit.:d cells ootdd poS!-ibly be 11!1 11 ri:bult of necrosi& or 

awopbagy: lhis fanning the basib of futun: "ork. 

While Lhere are corm.,xmding n::p<'n� on the runction� of LAr2�. lhcrc i, contrudictof} 

dam m the lileralurc around LAP2u's exaet role In 1hc cell n� ii seems 111 perform 

c-0nllicting funct.ions. Parise Pt al. (2006) idenuued an E2F inducible antisen�c 1ranscnp1
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expressed from the lirst intron of the Li\.P2 geae. They suggcs1 that given that LAP2a 

plays a role in diverse, often contradictory. cellular processes. ii is likely that its 

.:xpression is tightly regulated, and this could be due, in pan. lo Lbe antisense trnnscripl 

which can form double-strwided RNA hybrids, resulling in the formation of regula1ory 

siRNA molecules. 1l1c LAP2a isofonn is unique to mammals. and is 1101 evolu.tionarily 

conserved (Prufert el al., 2004), hinting a1 1he fact 1bat if its expression is iolubited. other 

pro1eins may compensate for loss of its expression. \IVhile l11c beta isoform is conserved 

across several species. a recent study bas shown redunda11cy between inner nuclear 

membrane proteins such as LAP2� and the lamin B receptor (LBR) (Anderson er al ..

2009). This may explain why inhibition of LAJ'2 expression did nol seem lo have a 

dramatic effect on lhe cells. 

In summar}. the current st11dy indicate.� that while LAP2 has the potential to  be a cancer 

biomarker. ,t may have 1Jm1ted use as a therapeutic target as inlll'bition of its expression 

only resulted in o mnrg:inal decrease in anchorage-independent cell proliferatiOll. 

Furore work l.bm is of interest would be 10 overexpress LAP2 in a nomial cell liae and 

deteaninc the effects on the biology of the cell, a.s it is eleva1ed levels 1hat are found in 

cancer cells. and it is possibly only when its e.>:pr�ssioo is increased. can effects be secn. 

The s1ruc1uraJ role of LAP2 in ouc!car dynamics aod post-mitotic nuclear assembly m 

canci:r cell� is also of interest 11 could be in these proccss.:s Ihm LAP2' s ovcrexpression 

in cancer hecomes relevant. 
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Chapter 5: Effect of LAP2 inb.ibition on Rb expression levels 

5.1 Introduction 

The: rclinobln�tvmu pn,tdn (Rhl b an importruu tumour suppre!.S01, wl11ch play� a 

critical role 1n regulating cell cycle progression (reviewed in Nevins, 2001 ). It 

functions 01 the G 1/S 1rn11s1tion point where, in its hypophosphorylated sto1e, 11 binds 

to, nnd inac11va1cs lite 1m11scriptio11 factor, E2F (Mittnachl and Weinberg. I 991 ). 

When cells in the 0 1 rhuse receive 1,,rnwth promoting signal�, cyclin DI binds m and 

actival.:s COK4. which in lum phosplmryla1cs Rb This causes the induction of 

cyclinE-CDl<2 compl<!xcs 3.11d results in hypcrphosphorylation of Rb, targeting it for 

degradation� resulting m the release of E2F. thereby stimulating the transcriprioo ofS­

pbase genes and progression mto S-phase (Diagram 5.1). loactivauon or targeted 

degradation of Rb in cancer b thus olien intl--gral to lhe uncontrolled proliferation 

characteristic of cancer cells. In cervic.il cancer, the HPV encoded E7 oncc,prolein 

tarJlels the Rb protein for degradntion (Boyer ct al., 1996), while io oesophageal 

cancer the Rb encoding gene is often mutated (Huung et al .. 1993). In addition to the 

role of Rb in regulating cell cycle progression, it ha� nl$o been �ho" n to be 1mponam 

in 1hc: processes of senescence (Shay et al., I 9911 and thffcnm11n11nn (renewed in 

KorcilJak <11 of .. 2005). 
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inhibiuon of LAP:? has no effec1 on Rb mRNA le,eb. ii dm:s n.,.,ull in u incm: rnJ)id 

d1:groda1ion ofth<' Rb protein 
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5.2 Result 

5.2.1 F.ffccb of LAP2 lnhihition on Rh protein expression 

As Rb ts n protein nss<>ciated with growth rcgulolory mechanisms (Nevins, 2001 ), we 

had previously (Chapter 4) morutorcd its t:Xpression in response to LAP2 inlubihon. 

lntere5tingly. our results indicated Lha1 inhibition of LAP2 cxpre..�1on resulted m an 

a.,sociatL-d decrea.�c in Rb levels. 171is obsc1vatio11 was therefore further explored by 

transiently t:ransfecting CaSki cells with <..'<>ntrol or LAP2 siRNA nnd Rb expression 

dc1ennined when L/\P2 was inhibited lmmuoocytochem1stry wns perfonncd on 

pamformaldehyde-fixed LAP2 siRNA tran:.fcctcd cells. where LAP2tt eApn.:ssion was 

visible in the Cy3 Ouorescen1 channd and Rb in th..: Alexn488 channel (Fig. S. I.A) 

Our results showed thru in cells in which LAP2 hud efrectively been inhibited J

corresponding decrease in the levels of Rb was observed. As thlS was a transient 

LAP2 sfRNA expenmem. not all ceJJs in the panel showed LAP2 inhibition. Thus 

shown in this panel are cells where LAP2 "as not inhibited. and II is notable I.hat 

lhcsc ceUs have corresponding!) higher levels ,)f Rb. Quanulication of the fluorescent 

11nages re\ caled a significant decrease in Rb levels when LAP2 was inhibited (Fig. 

S.1.8).

l11is finding W'b indepc!ndcmlly confinned by w�tcm blot nnalysis. where a 

timccoun.c fnllnwing trnnsfccuon with LAP2 stRNA ,Jiowcd a corresponding 

reducuon in Rb expression (Fig. S.2.A). 
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Rb can either be in :1 phosphorylatcd or unphosphorylated state. In order to de1cnnii1e 

whetfo:r LAP:! inh1b111on alters the phosphorylation status of Rb, un amibody 

wrgeting the 807 ,md 811 serine residues (RbS807/8 I I J, which are known Rb 

phosphorylation sitCJt, was used in western blot an:ilysis. CaSki celb were transfected 

\\Uh control or LAP2 stRNA, protein extraered, and Rb and phospho-Rb levels 

Jetc:nnined. Conoom11an1 witl1 tl1c decrease in 11,wl Rb levels. was a dccrc:\Sc in 

phospho (S807/811) Rb (Fig. 5.2.B). 

S.2.2 Effects of LAP2 inhibition on Rb mRNA expression

Hnvmg observed that Rb protein levels were reducod wh�'O LAP2 expression was 

IJliubited, we investigated whether LAP2 inh1lnt1on resulted an o tronscriptiolllll 

ch1111ge m Rb expression. In order to asce11oin tins. Rb mRNA levels were determined 

in LAP2 knockdown cells. RNA was extmctcd from control nnd LAP2 siRNA 

trnnsfectcd cells und RNA inlcgri1y C<mfinned on n f<irmn.ldchydc-ag.nrosc gel. where 

a 2:1 ratio of28S 10 18S rRNA and an absence of smearing indicated good quality 

RNA (fig. 5.3.A). RNA wns subsequently reverse rranscribed into cDNA and 

npress.,on of LAP2a nnd Rb dc1ermmed relntwc to I.he C)clophilio housekeeping 

gene by lhc 2 ''11 method (livul. and Schmittgai, 2000) by Real-time RT-PCR 

analy�is. Transfoction wnh I.AJ>2 �iRll:A resulted in a significam decrease in LAP2a 

in RNA levels (fig. 5 3.B). \\ hilc uo difference in Rb mRNA expression was observed 

under these conditions (fig. 5.3.C). These results indicate 1h01 LAP2 does not regulate 

Rb 01 u 1mnscrip1ion11I level. as U1ere was no change in mRNA expression. and 

�ngge.<,t o pos1-trnnscriptionol regulation of Rb cJtpression in LAP2 inhibilt-d cells 
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figun 5.3: Effect of LAP2 inhibition on Rb mRNA el.presslou. 
(A.) RNA was extracted from control nnd LAJ>2 siRNA tmnsfccted CaSki �lls in 
tnplicatc four days post transfecuon and RNA w1cgrit)' detcnruned on a 1.5¾ 
formaldchyde-agarose gel. 28S and 18S are rcpn,,>scnt111ive of ribosomal �ubuni1s. (B,)

cDNA wns synthcs,icd from RNA obtnincd from control and LAr2 �•RNA 
trnnsfoclcd Cl.!lls nnd LAP'.!o mRNA oxpn!ssion wo� qunnlit111ivel) dclo:nnined rclauve 
to 1he cyclophilin house-keeping gen.: by Real-time RT-l'CR Jn:i.lys1\ using the 2-6.A('T 
method. (C.) Qountit.11ion of Rb mRNA expression relallve lo cycklph.ilin as 
ucscrib1..-d in (B.), Expcrimems were perfonned in uiplicate nnd repeated at least two 
1ndcpcndc111 times. Rcsuhs shown ore the rncon x SD (•, p-vnluc <" 0.05). 
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5.2.3 Effects of LA P2 inhibition on Rb protein stabilil) 

There is evidence in the literature to suggest that Lamm A :1ffects the protein stability 

of Rb (Johnson et 11/., 2004), and since LAP2(l is knm\11 to in1eract pnncipally with 

Lrunin A (Dcchtu l't c1/ •• 2000u) und Rh (Marldt,'\\liC? 1•1 "'·• 2002). \\O:: next de1ennined 

\\bet.her LAP2 playl> a role In regulating Rb protein stability ,,hich could cxplai11 why 

pro1cm. and not mRNA levels. were reduoed when LAP2 was inhibited. In order to 

test tlus theory. cells were transfec1ed wilh either control or LAP2 Sl"RNA for 48 hours 

and treated with 50 µg/ml cycloheximide (CHX) ro in.bibu new protein synthesis. 

Protein w� harvesied al various time points following LAP2 mhibition Wld C'HX 

treatment and Rb and J3-rubulin protein levels dcrermincd by w1:stcm blot analysis 

(Fig. 5.4.A). After treatment with CHX for U1e indicated times. a decrease in Rb 

expression in both contmJ and LAP2 inhibited cells ,,as observed (fig. 5.4.A). This 

dC<.TCasc uppearcd to be 10 a b'Tl!ater extent in the LAP2 knockdown cells compared 10 

the comrol cells. Rb expression was quantillltcd rolntive to P-tubulio by densitometric 

(UUU)'&is of I.ho wesrem blnt b:lnd 1n1eos11y 1111d thi: volues ox:press¢<:I relo1jve to the 

vuluoR ot Day 0. 10 ensure that protem stability, and not expression, was being 

measured. Lng values were ploned on a scatter plot and a linear trendlinc fiued to the 

dato points (Fig. S.4.8). The results show that Rb wos less stable in LAP2 siRNA 

transfocted ccUs, as the gradient of the LAP2 SIRNA graph ls steeper thnn !hat of lhe 

control siRNA graph. and extrapolanon 10 a pomt where there 1s no Rb expression, 

would occur at an earlier time pomt A� log rnlucs were plolled, the following 

equaLioo was used to quuntitalfrcly determine the half-lifo lt 1 -:i) of the Rb protein 

under these condi1lons: ltr.? log2/m where m o·-c)(1 on a linear graph. The half-life 

of Rb 10 contml rrnn�fected cells ,,us calcuJatcd to be-13 hours while the half-life in 

LAP2 siRNA Lrnnsfoctcd cells was - 7 ho=. indicating that Rb wns less st.Ible, and 
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more rapidly degraded. when LAP2 was inhibited. This data suggests lhat LAP2 plays 

a potential role in Rb protein stability and degradalion. 

99 



5.3 Discussion 

Our obs�·rvahon 1hal LAP2 inhibition results in decreased Rb lc\'cl� is in agrccmcnl 

,1 i1h tlrnl mo.Jc by Pckovic er al. (2007). These autJ1ors also analysetl phosph1>-Rb 

(RbS780) expression when LAP2o was inhibited, and found an even greater tlecrcast: 

111 expression of thls pbosplio-forrn. Tills paper also shows that LAP2o. expression 

affccis lh<: loculisolion of any remaining Rb. whc..TC inhibition of LAP2u e,;prcss1on 

cuu�cs 1hc phospho-form, RbS795, levels 10 remain unchanged. but rather its 

distribulion is rc-locnlised from lhl' nuclear compartment 10 nuclear speckles. We 

similarly showed u dccn.:asc m Rb and phospho-Rb (RbS807/8 l l) le,·els in LAP2 

inhibncd cervical cancer cells. To date. no lurthcr studies on the mechanism behind 

1h1s observed decrease m Rb expression when LAP2 1s 1nh1bued have been reported. 

Ta deu.,mine whether LAP2 was in,olvc..'CI in rcgul:uing Rb ut ,, transcriptional level. 

Real-tum: RT-PCR nnnlys1s was pcrfonne,'CI to determine Rb mRNA levels in LAP2 

knockdown cells. Our results l'O\·calcd tha1 Rb mRNA transcnp1 levels were not 

altered. suggesting LAP2 rcgulu1es Rb c�pn..�1on at a pos1-1.mnscnp1tonal level. II has 

been shown tlun LAP2a binds Lamm A (Dcchot et t1/., 20000) and tl1a1 together tJ,cy 

can fonn a OOIDplc,; 1Hlll Rb (Markicwiw. et ul., 2002). Work by Jilhnson et al, (2004) 

showed !hat mh1b11mg L8111.tn A expression n:suhcd in o decrease lo Rb levels They 

found that this decrease m expression was ns II n;suh of proti:asomnl degradation of 

Rb, and that Lwnin A plays a rol.: in media11ng Rb s1obillty. Tills nssocimion was 

foond 10 be functionally relevant as 1hc Slabilisalion or Rh hy A-typ1: Jamin� wus 

shown 1.0 be necessary for p 16-induccd cell cycle arrest (Nina ,'/ ul .. 2006 ). 
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The W(lrk on Lamin A's involvement in Rb stability indicated that this protcasome­

dcpcndent degradation of Rb occurs independently of Gankyrin and MDM2, which 

arc known mediators of Rb de1,'Tadation (Nitta e1 al .. 2007). However. interestingly 

LAP2a has been shown 10 associaie with 1hc Band C pockets of Rb (.Markiewicz er

al., 2002), and as these authors noted, this is the same site to which MDM2 binds 

tXiao £'/ ul .. 1995). Together, Uicsc results suggest that LAP2a is iinportant for 

tethering Rb in the nucleus. and perhaps when LAP2u is inhibited. 1be MDM2 site is 

available for MDM2 to bind, and Rb is targe1ed for de!,,yadation resulting in a 

de<.Tease in Rh protein levels. The involvcmenL of MDM2 in Rb stability, when 

LAP2a is iahibiteu, could in future eltperiments. be detennined by overexpressing 

p l  4, a CDK inhibitor known to inhibit MDM2 function. 

In summary, there seems to be an association between LAP2 and Rb expression. II is 

proposed thnt LAP2 plays a role in stabilising the Rb protein, thereby preventing its 

degradation; however funhcr studies ,,re required to suppon this theory und to 

<lc1cm1ine the;: significance of this interaction. 
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Chapter 6: Conclusion 

6.1 Expression of LAP2 in cancer 

Expression profiling to determine differences in gene expression between normal and 

cancer patient samples with the aim of finding novel tumour markers, is an important 

area of cancer research. These tumour markers can be used as a diagnostic tool if the 

change in expression is shown to be an early event in cancer development, or if only 

found to be expressed later in cancer development, can be used to assist prognosis and 

patient management or predict responses to cancer therapy (Kulasingam and Diamandis, 

2008). 

Earlier work in our laboratory has shown that there are a range of genes differentially 

expressed in cervical cancer tissue compared to normal tissue using such expression 

profiling technology (van der Watt et al., 2009 and unpublished data). One of the cDNAs 

shown to be highly expressed in the cancer samples was one encoding the LAP2a 

protein. This finding is in accordance with a similar expression profiling study performed 

by Rosty et al. (2005). The LAP2 gene encodes alpha, beta and gamma protein isoforms 

which interact with nuclear lamins; thereby playing a role in nuclear architecture, as well 

as nuclear dynamics (Gruenbaum, 2000). 

The work in the present study validated the increase in LAP2a expression observed 

following analysis of the microarray data. Real-time RT-PCR analysis performed from 
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cervical biopsy tissue, confirmed an increase in LAP2a mRNA expression in the cancer 

tissue compared to normal tissue. Similarly, an increase in LAP2a protein expression was 

observed following immunohistochemical staining of archival patient tissue sections. 

These findings were extrapolated to cell lines, where increased expression of both the 

LAP2 alpha and beta isoforms was observed in both cervical and oesophageal cancer cell 

lines, as well as transformed fibroblasts, indicating an association between LAP2 and 

cellular transformation. 

This study is unique in validating the up-regulation of LAP2 expression in cervical 

cancer tissue. There have only been a few of reports correlating LAP2' s expression with 

cancer and this data is derived from large-scale genome-wide arrays [(Agrawal et al., 

2002), (LaTulippe et al., 2002), (Welcsh et al., 2002), (Pomeroy et al., 2002) and 

(Yokota et al., 2004)]. Our study revealed an association between LAP2 and transformed 

and cancer cells and suggests that LAP2 may be a useful tumour marker. These findings 

are, however preliminary and a larger sample size will have to be used in order to predict 

clinical relevance. 

6.2 LAP2 inhibition and cancer cell biology 

While there have been a few genome-wide analyses identifying the LAP2 gene to be 

associated with transformed cells, to our knowledge no functional studies have clearly 

described LAP2's role in cancer. There is, in fact, controversy surrounding the role that 

LAP2 plays in normal cells. There are some indications that overexpression of the LAP2 
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apoptosis in LAP2 siRNA transf ected cells, as shown by caspase and P ARP assays, and it 

is thus likely that the cell death observed was as a result of necrosis or autophagy. 

6.3 LAP2 inhibition and decreased Rb expression 

Interestingly, we found that LAP2 inhibition resulted in a decrease in Rb expression. This 

is in agreement with a study by Pekovic et al. (2007) that suggested that there may be an 

association between LAP2a and Rb. Work presented in this project showed a decrease in 

Rb protein expression in cells in which LAP2 was inhibited. It was also shown that LAP2 

played a role in maintaining the stability of the Rb protein, as mRNA levels were 

unaffected in LAP2 knockdown cells; whereas treatment with a protein synthesis 

inhibitor, reduced the half-life of Rb in LAP2 knockdown cells. It is likely that the LAP2 

alpha isoform was responsible for exerting these effects, as it has been shown to interact 

with Rb (Markiewicz et al., 2002). 

Inhibition of LAP2a's interaction partner, Lamin A, has also been shown to negatively 

affect Rb stability (Johnson et al., 2004), and together these data suggest that this LAP2a­

LaminA complex is at least partly responsible for protecting Rb from degradation. This 

decrease in Rb expression did not seem to have an effect on cell proliferation which 

would have been expected, as if Rb is targeted for degradation, E2F would be free to 

activate transcription of S-phase genes. The role of LAP2a in maintaining Rb stability, 

and the effects of this interaction on the cell cycle and in the cancer state, clearly requires 

further investigation. 
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The precise role of LAP2 in cancer cells is still debatable. The apparently contradictory 

data in the literature and found in our study suggests that LAP2' s role in both normal and 

cancer cells, is a complex , and probably multifaceted one. 

6.4 Concluding statement 

In summary, this study has validated the up-regulation of LAP2a in cervical cancer tissue 

compared to normal tissue as previously suggested by expression profile analysis. This 

up-regulation was shown at both the mRNA and protein levels in biopsy samples, as well 

as in various cancer and transformed cell lines. The data indicates an association between 

the expression of the LAP2 alpha and beta isoforms and cellular transformation, and 

suggests that LAP2 has potential for use as a cancer biomarker. The functional 

significance of this overexpression in cancer cells was not fully elucidated; however the 

study did suggest that there would be limited potential for the use of LAP2 as a 

therapeutic target, as inhibition of its expression only partially altered the proliferation 

rate of cancer cells used in this study. 
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Appendix A: Protein and DNA markers 
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A.J: Protein molecular weight mnrkci·: Precision Plus Protein Kaleidoscope 
Standards (Bio-Rad) used to determine the molecular weight of proteins subjected to 
polyacrylamide gel electrophoresis and western blot analysis . 
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A,2: DNA molecular weight marker: Geoeruler 50 hp ladder (Fcrmcn1as) used to 
determine the s.i;/;e �,fReal-lime RT-PCR products. 
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Appendix B: Solutions 

B.1 Tissue cell culture

lOX PBS (500ml) 

4 0  gNaCl 
1 gKCl 
5.75 g Na2HPO4.7H2O 
lg KH2PO4 
Up to 500 ml with dH2O 

Heat Inactivated Foetal Calf Serum (FCS) 

Heat FCS at 56°C for 30 minutes 
Store at -2 0°C until use 

Complete DMEM medium 

450 ml Dulbecco's modified Eagle's mediwn ( DMEM) 
50ml FCS 
5 ml Penicillin and streptomycin ( P/S) 

Complete KSFM medium 

500 ml Keratinocyte Serwn-Free Medium (KSFM) 
5 ml PIS

Bovine Pituitary Extract: 50 µg/ml for EPC2, HCX, HCX-E6/E7 
Epidermal growth factor: I ng/ml for EPC2, 26 ng/ml for HCX and HCX-E6/E7 

Trypsinisation solution 

0.5 g Trypsin 
8 gNaCl 
1.45 g Na2HPO4.2H2O 
0.2 gKCl 
0.2 g KH2HPO4 
l 0mM EDTA
Make up to I litre with PBS

Cell freezing medium (DMEM) 

5ml FCS 
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5 ml dimethyl sulphoxide (DMSO) 
40 ml complete DMEM medium 

Primary cell culture cell freezing medium 

9mlFC S 
1 mlDMSO 

Bank's balanced salt solution 

4.5 mMKCl 
0.3 mMNa2HPO4 
0.4 mM KH2PO4 
1.3 mM CaCli 
0.5mMMgC}i 
0.6mMMg SO4 
137mMNaCl 
5.6 mM D- glucose 

Hoechst stain (0.5 µg/ml) 

5 m g  Hoechst No. 33258 
100 ml Hank's Balanced Salt Solution 
Store at 4°C in foil 

Fixing solution 

1 :3 glacial acetic acid-methanol 

Mounting fluid 

22.2 ml 0.1 M citric acid 
27.8 ml 0.2 M Na2HPO4.2H2O 
50 ml glycerol 
pH 5.5 
Store at 2-8°C 

B.2 Real-time RT-PCR

100 µl DEPC in I litre dH2O 
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lOX MOPS buffer (I litre) 

41.86 g MOPS (0.2 M) 

16.6 ml 3M NaAcetate (0.005 M) 

20 ml 0.5 M EDTA (pH 8.0) (0.01 M) 

RNA loading buffer 

0. 72 ml formamide
0.16 ml lOX MOPS buffer
0.26 ml formaldehyde (37%)
0.18 mldH2O
0.1 ml 80% glycerol
0.08 ml bromophenol blue (0.025%)
Store at -80°C

1.5% formaldehyde-agarose gel (100 ml) 

1. 5 g agarose
10 ml lOX MOPS buffer
89 ml dH2O
5.4 ml 37% glycerol
5 µl (10 mg/ml) ethidium bromide

2% agarose gel (100 ml) 

2 g agarose 
10 ml 1 OX Tris borate EDTA (TBE) 
90 mldH2O 
5 µI (IO mg/ml) ethidium bromide 

B.3 Western blot

RIPA buffer 

3 ml NaCl (150 mM) 
1 ml Triton X-100 (1%) 
1 g Na deoxycholate 
1 ml 10% SDS (1 %) 
1 ml 1 M Tris pH 7.4 (10 mM Tris) 
lX protease inhibitor (200 mM Phenylmethylsulfonyl fluoride (PMSF), 100 mM EDTA, 
1 mg/ml leupeptin, aprotinin and pepstatin) ( added just before use) 
lX phosphatase inhibitor (1 mM Na3 VO4) (added just before use) 
Store at 4°C 
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30% acrylamide solution 

30 g acrylamide 
0.8 g bisacrylamide 
0.1 g sos

Make up to 100 ml with dH2O 
Store at 4°C covered in foil 

8% denaturing polyacrylamide separating gel (10ml) 

3.39 ml dH2O 
3. 75 ml I M Tris pH 8.8
100 µ110% sos

2. 7 ml 30% acrylamide
150 µI 10% Ammonium persulphate (APS)
15 µ1 N,N,N-tetramethyl-ethylene diamine (TEMEO)

4% denaturing polyacrylamide stacking gel (5ml) 

3.65 ml dH2O
0.625 ml IM Tris pH 6.8
0.650 ml 30% acrylamide
50 µ110% sos

60 µI 10%APS
6µ1 TEMEO

2X Laemmli buffer 

40ml 10% sos

2.5 ml P-mercaptoethanol 
5 ml glycerol 
1.25 ml I M  Tris pH 7.0 
Few grains of bromophenol blue 
1.25 ml dH2O 

10X running buffer (500ml) 

20 g glycine 
31.6 g Tris
50ml 10% sos

Make up to 500 ml with dH2O

10X tranfer buffer (500ml) 

72 g glycine 
19 gTris 
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Make up to 500 ml with dH2O 

lX transfer buffer (1 litre) 

100 ml 1 OX transfer buff er 
200 ml methanol 
700ml dH2O 

TBST (1 litre) 

50 ml 1 M Tris pH 7.5 (50 mM) 
30 ml NaCl (150 mM) 
500 µl Tween 20 (0.05%) 
920ml dH2O 

Rapid Coomassie stain 

10 ml acetic acid 
0.006 g Coomassie brilliant blue 
90mldH2O 

Destain solution (200ml) 

10 ml methanol 
14 ml acetic acid 
176 ml dH2O 

B.4 Immunofluorescence

4% paraformaldehyde 

Prepare 16% paraformaldehyde (PFA) 
16 g PFA to 80 ml dH2O 
Cover with foil and stir for 1 hour not letting temperature exceed 60°C 
Add few drops 10 M NaOH until solution becomes clear 
Filter through 0.45 µM filter 
Adjust to pH 7.0 with concentrated HCl 
Store in 2.5 ml aliquots at �20°C 
Add 7.5 ml lX PBS to make 4% PFA 

50 mMNRaCI 

0.265 g NitiCl 
100 ml IX PBS 
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0.2% gelatin 

100 mg gelatin in 10 ml lX PBS 

Sudan Black 

0.03 g in 10 ml 70% ethanol 

DAPI (4',6-diamidino.2-phenylindole dibydrocbloride) (0.5 mg/ml) 

10 mg DAPI in 20 ml lX PBS 

Mowiol4-88 

2 g Mowiol 4-88 
2 ml glycerol 
4 ml dH2O 
Leave at room temperature overnight 
8 ml 0.2 M Tris pH 8.5 
Incubate at 50°C for l hour with occasional stirring 
Store in 2 ml aliquots at -20°C 
Add 2.5 % anti-fading agent {N-propyl gallate) day before use 
Centrifuge at 1200 g for 5 minutes to remove insoluble particles before mounting 

B.5 Cell proliferation assays

MTT Reagent (3-(4,5-dimetbylthiazol-2-yJ]-2,5-diphenyltetrazolium bromide) 

5 mg/ml in PBS 
Weigh out 100 mg MTT in sterile 50 ml conical tube 
Add 20 ml sterile 1 X PBS 
Vortex the mixture and incubate at 37°C for 15 minutes 
Filter sterilize the solution through a 0.2 µM filter 
Store in the dark at 4°C 
Use within 1 month 

Solubilisation Reagent 

10% Sodium Laury} Sulphate (SLS) in 0.01 M HCl filter sterilized 
Dissolve 25 g of SLS in 250 ml dH2O 
Add 76.6 µI concentrated HCl 
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B.6 Colony forming assay

1 % methylcellulose 

Weigh 1 g ofmethylcelluose in 100 ml glass bottle 
Autoclave powder 
Warm 100 ml complete DMEM medium and add to powder 
Shake until clumps dissolve 
Shake overnight at 4 °C 

llmg/ml poly-(HEMA) 

Weigh 2.4 g poly (2-hydroxyethyl-methacrylate) 
Dissolve in 20 ml 96% ethanol by rotating at 65°C until melted (~1-2 hours) 
Dilute 1: 10 in 96% ethanol i.e. 20 ml in 200 ml 

B. 7 Cell cycle

RNase (50 µg/ml) 

300 µl 1 mg/ml RNase 
5.7ml lXPBS 

0.1 M PIPES pH 6.8 

3.02 g PIPES in 100 ml dH20 
pH to 6.8 to become clear 

Propidium Iodide Solution 

0.1 M Triton X• l 00 
0.002MMgCh 
0.1 MNaCl 
0.01 M PIPES pH 6.8 
0.01 M Propidium Iodide 
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