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CLATHRIN- AND CAVEOLAE- INDEPENDENT ENDOCYTOSIS OF 

NEWCASTLE DISEASE VIRUS STRAIN AF2240 INTO HELA CANCER CELL 

LINE 

By 

NURHAZWANI BINTI SUKRAM 

June 2014 

Chairman : Associate Professor Norazizah Binti Shafee, PhD 

Faculty : Biotechnology and Biomolecular Sciences 

Newcastle disease virus (NDV), a Paramyxoviridae, is an enveloped virus with a single 

stranded, non-segmented negative sense RNA genome. Studies on oncolytic activity of 

certain strain of NDV have yielded encouraging results and increased the interest of 

researcher to develop it as cancer therapy. Despite the interest, the exact mechanism of how 
the virus induces oncolysis is not known and the process of its entry into cells is also not 

fully understood. To understand the entry process, the present study was designed with the 

main objective to determine the endocytic pathway, mainly receptor mediated, of a velogenic 
local strain of NDV strain AF2240 into HeLa cancer cells. The objectives were divided into 

three parts, which are, to evaluate the cytotoxicity effects of chlorpromazine (CPZ) and 

genistein on HeLa cell viability; to determine the effect of chlorpromazine (CPZ) and 
genistein on NDV nucleocapsid protein (NP) expression; and to study the involvement of 

caveolin-1 protein in NDV AF2240 entry into HeLa cells. It was hypothesized that the NDV 

enter the cells via caveolae-mediated endocytosis, and caveolin-1 protein will be involved in 

the process. Data from the study showed that the IC50 of CPZ is 5.829 (± 0.075) μM and as 
for genistein, the IC50 is above 500 μM. It was found that in dose- and time- dependent 

manner, CPZ does not cause any effect to the NDV NP expression, whereas genistein 

inhibits the NP expression at the concentration of 250 μM and at 3 h p.i with the same 
concentration. However, the data obtained from confocal analysis showed that the 

internalization of NDV into HeLa cells might not be mediated by caveosomes (a caveolin-

coated endocytic vesicle) since there is not caveolin-1 found when NDV internalized into the 

cells. This data suggested NDV AF2240 might deploy an alternative method of entry, which 
is clathrin-independent, cholesterol-dependent endocytosis that is not dependent on the 

presence of caveolin-1. Information regarding these steps in viral entry would shed light into 

understanding the virus mechanism towards cancer cell killing mechanism. These might help 
in the rational design for NDV oncolytic studies. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

 

ENDOSITOSIS BEBAS CLATHRIN DAN CAVEOLAE OLEH VIRUS 

NEWCASTLE DISEASE DARI STRAIN AF2240 KE ATAS SEL KANSER 

HELA 

Oleh 

NURHAZWANI BINTI SUKRAM 

Jun 2014 

Pengerusi : Profesor Madya Norazizah Binti Shafee, PhD 

Fakulti : Bioteknologi dan Sains Biomolekul 

Virus Newcastle Disease (NDV), sejenis Paramyxoviridae, ialah virus bersampul yang 

mempunyai genom RNA beruntai tunggal dengan rantaian negative tanpa segmen. Kajian ke 

atas aktiviti onkolitik pada beberapa strain NDV telah membuahkan hasil yang 

menggalakkan dan telah menarik minat ramai penyelidik untuk menjadikan NDV sebagai 
terapi kanser. Namun begitu, mekanisme sebenar tentang bagaimana virus ini menyebabkan 

oncolysis berlaku masih tidak diketahui dan proses kemasukan virus ini ke dalam sel juga 

masih tidak difahami sepenuhnya. Oleh itu, kajian ini telah dijalankan dengan objektif utama 
untuk menentukan laluan secara endositosis oleh NDV dari stain AF2240 ke dalam sel 

HeLa. Objektif kajian ini dibahagikan kepada tiga iaitu; menentukan kadar cytotoxicity oleh 

chlorpromazine (CPZ) dan genistein ke atas sel HeLa; menentukan efek chlorpromazine 
(CPZ) dan genistein terhadap ekspresi protein nucleocapsid (NP) NDV; dan melihat 

penglibatan protein caveolin-1 dalam kemasukan NDV AF2240 ke dalam sel HeLa. 

Hipotesis menyatakan bahawa NDV memasuki sel melalui jalan lintasan caveolae, di mana 

protein caveolin-1 terlibat di dalam proses tersebut. Data yang diperolehi menunjukkan IC50 

bagi CPZ ialah 5.829 (± 0.075) μM, manakala IC50 bagi genistein melebihi 500 μM. CPZ 

didapati tidak memberi kesan pada penghasilan protein NP, akan tetapi, genistein memberi 

efek pengurangan dalam penghasilan protein NP apabila genistein digunakan pada 250 μM 
dan juga selepas  3 jam infeksi terhadap NDV. Namun begitu, penglibatan caveolin-1 di 

dalam proses kemasukan NDV didapati negatif, dan membawa kepada ketiadaan 

caveosomes dalam membantu kemasukan NDV ke dalam sel HeLa. Kesimpulan yang 

diperolehi dari kajian ini membawa kepada kaedah lain yang mungkin digunakan oleh NDV 
dalam proses kemasukan ke dalam sel, yang tidak melibatkan clathrin, tetapi melibatkan 

kolestrol dan tidak bergantung kepada caveolin-1. Maklumat mengenai langkah-langkah 

yang terlibat dalam proses kemasukan virus ini ke dalam sel kanser berpotensi dari segi 
pemahaman mengenai mekanisme virus terhadap pembunuhan sel kanser. Ini secara tidak 

langsung dapat membantu bagi membentuk satu kajian untuk bidang oncolytic menggunakan 

NDV. 
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CHAPTER 1 

 

INTRODUCTION 

 

Newcastle disease (ND) is a contagious viral infection causing respiratory and 

nervous disorders in several avian species including chickens, quail and turkeys. This 

disease usually leads to acute and sudden death to many birds in the infected flock. 

In Malaysia, this disease is known as ‘penyakit sampar ayam’. The virus causing this 

disease is known as Newcastle disease virus (NDV) and it also causes mild 

conjunctivitis and laryngitis in humans. It belongs to the genus Avulavirus, in family 

Paramyxoviridae (Mayo, 2002). Therefore, it is an enveloped virus with a single 

stranded, non-segmented negative sense RNA genome of approximately 15,000 

nucleotides in length (Kolakofsky et al., 1974).    

 

As obligate intracellular parasites (Sieczkarski & Whittaker, 2005), viruses need to 

exploit the host cell machinery for their replication and propagation (Beer et al., 

2005). Virus entry is initiated through the recognition by receptors present on the 

surface of the host cells. These receptors will act as mediators for viral tropism, and 

the receptor interactions occur in a programmed series of events utilizing multiple 

receptors (Chazal & Gerlier, 2003; Sieczkarski & Whittaker, 2005). The virus then 

must deliver its genome into the cytoplasm directly at the cell surface, by penetrating 

the plasma membrane, or after endocytosis by penetrating membranes of intracellular 

organelles such as the endosome for the infection to proceed (DeTulleo & 

Kirchhausen, 1998; Sieczkarski & Whittaker, 2005). However for enveloped viruses 

like NDV, they have been identified to use both direct fusion and endocytic pathway 

to penetrate the cells (San Roman et al., 1999; Beer et al., 2005; Cantin et al., 2007).   

 

The endocytic pathways used by animal viruses to enter host cells include 

macropinocytosis, phagocytosis, clathrin- and caveolae-pathways and also non-

clathrin, non-caveolae-dependent pathways (Swanson & Watts, 1995; Bishop, 1997; 

Aderem & Underhill, 1999; Marsh & McMohan, 1999; Sieczkarski & Whittaker, 

2002; Damm et al., 2005; Cantin et al., 2007; Ghigo et al., 2008; Ivanov, 2008). 

Although it is already suggested previously that the paramyxoviruses, like NDV, fuse 

directly with the plasma membrane, it has also been suggested that NDV might also 

penetrate the cell by caveolae-mediated endocytosis (Alexander, 1999; San Roman et 

al., 1999; Cantin et al., 2007). However, mechanisms of NDV to invade targeted 

cells are still a matter of controversy. 

 

In the past, a standard method for determining the route of viral entry is by direct 

electron microscopy at the early points after infection. However, this method requires 

a very high multiplicity of infection (MOI) of virus to ensure the particles can be 

located under the microscope, which leads to the tendency of visualizing viruses 

bound to non-productive sites as well as to their specific cellular target location 

(DeTulleo & Kirchhausen, 1998). 

 

Studies on oncolytic activity of certain NDV strains have yielded encouraging results 

increasing the interest of using NDV vaccine for cancer therapy (Cassell & Garret, 

1965; Reichard et al., 1992; Galili & Ben-Nathan, 1998; Schirrmacher et al., 2000; 

Fabian et al., 2001; Yusoff & Tan, 2001; Elankumaran et al., 2006). However, the 

methods of its entry are still questionable. Thus, it is inevitable to conduct a study on 
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NDV entry into cancer cells. A complete understanding of its intracellular trafficking 

may provide a rational design for cancer therapy.  

 

In this study, attempts were made to study the endocytic entry of Newcastle Disease 

Virus (NDV) into cancer cell line. Cantin and team (2007) has provided an important 

clue to this study, where they have eliminated the clathrin endocytosis from the list 

of possible endocytic pathway for NDV. It is hypothesized that, if the NDV enter the 

cells via caveolae mediated endocytosis, and then caveolin-1 protein will be involved 

in the process. However, if there is no involvement of caveolin-1 in NDV entry, 

caveolae is not the route used by NDV to enter the cells. Hence, a local strain of 

NDV, AF2240 was used in this study to determine the endocytic pathway of NDV 

into the cancer cell. Although NDV was found to be infective against a few cancer 

cell lines, HeLa cells were chosen because, according to Cassel and Garrett, NDV 

was found to be active against this cell (Cassel & Garrett, 1965).   

 

The main objective of this study is to investigate the endocytic mechanism of 

Newcastle disease virus (NDV) strain AF2240 against cancer cell lines. This study 

was undertaken with the following specific objectives: 

1. To evaluate the cytotoxicity effects of specific pathway inhibitors, 

chlorpromazine (CPZ) and genistein, on HeLa cell viability. 

2. To determine the effect of chlorpromazine (CPZ) and genistein on NDV 

nucleocapsid protein (NP) expression. 

3. To study the involvement of caveolin-1 protein in NDV AF2240 entry into HeLa 

cells. 
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