il
UNIVERSITI PUTRA MALAYSIA

MECHANISMS OF ONCOLYTIC ACTIVITY OF NEWCASTLE DISEASE
VIRUS STRAIN AF2240 IN HUMAN RENAL CARCINOMA CELL LINE

CH’NG WEI CHOONG

FBSB 2014 17




U|PIM

UNIVERSITI PUTRA MALAYSIA
BERILMU BERBAKT!

MECHANISMS OF ONCOLYTIC ACTIVITY OF NEWCASTLE DISEASE
VIRUS STRAIN AF2240 IN HUMAN RENAL CARCINOMA CELL LINE

By

CH’NG WEI CHOONG

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia,
in Fulfilment of the Requirements for the Degree of Doctor of Philosophy

May 2014



All material contained within the thesis, including without limitation text, logos,
icons, photographs and all other artwork, is copyright material of Universiti Putra
Malaysia unless otherwise stated. Use may be made of any material contained within
the thesis for non-commercial purposes from the copyright holder. Commercial use
of material may only be made with the express, prior, written permission of
Universiti Putra Malaysia.

Copyright © Universiti Putra Malaysia



Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment
of the requirement for the degree of Doctor of Philosophy

MECHANISMS OF ONCOLYTIC ACTIVITY OF NEWCASTLE DISEASE
VIRUS STRAIN AF2240 IN HUMAN RENAL CARCINOMA CELL LINE

By
CH’NG WEI CHOONG
May 2014
Chair: Assoc. Prof. Norazizah Shafee, PhD
Faculty: Biotechnology and Biomolecular Sciences

Newcastle disease virus (NDV) is an oncolytic virus that is known to selectively
replicate in cancer cells compared to normal cells. It has been proposed that this
preference is due to a defect in the cancer cells' interferon (IFN) responses. The exact
mechanism underlying this process, however, remains unknown. In the present
study, the antiviral response towards NDV infection by clear cell renal cell
carcinoma (RCC) cells was examined. The most common first line treatment of RCC
is using IFN. Unfortunately, most RCC cases are diagnosed at a late stage and often
are resistant to IFN therapies. Alternative treatment approaches, including
virotherapy, using oncolytic viruses, are currently being investigated. The present
study used proteomic, molecular, immunological and biochemical techniques to
investigate the mechanistic pathways that are involved in the response of RCC cells
with defective or reconstituted wild type (wt) von Hippel-Lindau (VHL) gene
activity to an oncolytic NDV infection.

It was observed that NDV induced activation of NF-kB in RCC cells by inducing
phosphorylation of IkBa and its subsequent degradation. IkBow was phosphorylated
as early as 1 hour post-infection and resulted in rapid NF-xB nuclear translocation
and activation. Importantly, p38 MAPK phosphorylation occurred upstream of the
NF-kB activation. These data provide evidence for the involvement of the p38
MAPK/NF-xB/IkBa. pathway in NDV infection and eventual apoptosis of RCC
cells. Since the results indicated that there was a possible correlation between the
pathway and IFN-B signaling, additional experiments were performed to further
understand the IFN-f signalling, specifically STAT pathway, in NDV-infected RCC
cells under various microenvironmental factors.

The complexity of solid tumor microenvironments includes regions of hypoxia. In
these regions, the transcription factor, hypoxia inducible factor (HIF), is active and



regulates expression of many genes that contribute to aggressive malignancy, radio-
and chemo-resistance. To investigate the oncolytic efficacy of a highly virulent
(velogenic) Newcastle disease virus (NDV) in the presence or absence of HIF-2aq,
renal cell carcinoma (RCC) cell lines with defective or reconstituted wild type (wt)
von Hippel-Lindau (VHL) gene activity were used. The data showed that these RCC
cells responded to NDV by producing only IFN-, but not IFN-a and are associated
with increased STAT1 phosphorylation. Restoration of wt VHL expression enhanced
NDV-induced IFN-B production, leading to prolonged STAT1 phosphorylation and
increased cell death. Hypoxia augmented NDV oncolytic activity regardless of the
cells' HIF-2a levels.

In summary, this study demonstrates IFN-f may play important role in NDV
oncolysis through activation of p38 MAPK/NF-kB/IkBa. and STAT pathways in
renal cell carcinoma. Altogether, these findings provide a better mechanistic
understanding of NDV-mediated cell death and also highlight the potential of
oncolytic local strain of NDV AF2240 as a potent therapeutic agent against
normoxic and hypoxic cancer cells, especially renal cell carcinoma.
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Virus penyakit sampar ayam adalah sejenis virus onkolitik di mana ia mempunyai
kecenderungan yang lebih tinggi untuk mengganda dalam sel-sel kanser jika
berbanding dengan sel-sel normal. Laporan terdahulu mencadangkan bahawa ciri-
ciri ini adalah disebabkan sel-sel kanser tidak mempunyai respon interferon (IFN)
yang normal. Mekanisme yang terlibat dalam proses ini masih belum diketahui.
Dalam kajian ini, respon antivirus dari sel-sel karsinoma ginjal sel jernih (RCC)
terhadap infeksi virus telah dikaji. Penggunaan interferon merupakan rawatan
barisan hadapan yang paling umum untuk merawat RCC. Malangnya, kebanyakan
kes-kes RCC hanya dapat dikesan pada peringkat serius dan biasanya mempunyai
daya rintang terhadap terapi interferon. Penggunaan virus onkolitik yang juga
dikenali sebagai virotherapy merupakan salah satu perawatan alternatif yang sedang
dikaji buat masa ini. Kajian ini menggunakan pendekatan proteomik, molekul,
imunologi dan biokimia untuk mengkaji laluan mekanisma yang terlibat dalam
tindak balas sel-sel RCC terhadap infeksi NDV. Sel-sel tersebut mempunyai aktiviti
gen von Hippel-Lindau (VHL) yang berbeza.

Hasil yang diperoleh dalam kajian ini menunjukkan bahawa NDV merangsangkan
pengaktifan NF-xB dengan meningkatkan pemfosforilan dan pendegradan IkBao
dalam sel-sel RCC. Pemfosforilan IxBa berlaku seawal satu jam selepas infeksi. Ini
menyebabkan translokasi NF-xB ke nukleus berlaku dan mengaktifkannya. Di
samping itu, pemfosforilan p38 MAPK juga dikesan sebelum pengaktifan NF-kB.
Data-data ini telah membuktikan bahawa laluan p38 MAPK/NF-kB/IxBa terlibat
dalam aktiviti onkolitik NDV seperti pengaruhan apoptosis. Demikian juga, hasil
kajian tersebut menunjukkan bahawa laluan ini mungkin mempunyai korelasi
dengan pengisyaratan IFN-B. Kajian selanjutnya telah dijalankan bagi mengkaji
penglibatan pengisyaratan IFN-B, terutamanya laluan STAT, dalam sel-sel RCC
yang dirawati dengan NDV dan juga di bawah faktor persekitaran yang berlainan.
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Kawasan hipoksia selalunya dijumpai dalam tumor pepejal. Faktor induksi hipoksia
(HIF) adalah sejenis faktor transkripsi yang aktif di kawasan tersebut. la mengawal
ekspresi gen-gen yang menyumbang kepada keagresifan maglinan yang rintang
terhadap rawatan. Kajian selanjutnya dilakukan untuk mengkaji pula keberkesanan
onkolitik virulen NDV di dalam jujukan sel RCC yang mempunyai tahap ekspresi
HIF-2a yang berbeza, iaitu jujukan sel RCC yang memiliki jenis liar von Hippel-
Lindau (VHL) dan satu lagi tidak memilikinya. Keputusan daripada kajian ini
menunjukkan bahawa penghasilan IFN-B dan peningkatan pemfosforilan STATI
berlaku apabila sel-sel tersebut bertindak balas dengan NDV. Walau bagaimanapun,
penghasilan IFN-a tidak dapat dikesan selepas infeksi NDV. Pemulihan jenis liar
von Hippel-Lindau (VHL) meningkatkan penghasilan IFN-B, sekali gus
menyebabkan pemfosforilan STAT1 yang berpanjangan dan peningkatan kematian
sel. Hipoksia juga meningkatkan aktiviti onkolitik tanpa mengira tahap HIF-2a
dalam sel-sel tersebut.

Secara keseluruhannya, kajian ini menunjukkan bahawa IFN-p memainkan peranan
yang penting dalam onkolisis NDV melalui pengaktifan laluan p38 MAPK/NF-
kB/IkxBoa dan laluan STAT bagi sel karsinoma ginjal. Hasil daripada kajian ini
memberi pemahaman yang mendalam tentang mekanisma yang terlibat dalam
aktiviti onkolitik dan ia juga menunjukkan bahawa NDV AF2240 onkolitik strain
tempatan mempunyai potensi yang tinggi sebagai agen terapeutik untuk membunuh
sel-sel kanser terutamanya sel karsinoma ginjal dalam keadaan normoksia dan
hipoksia.
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CHAPTER 1

INTRODUCTION

Newcastle disease virus (NDV) is a type of avian virus belonging to the
Paramyxoviridae family (Yusoff and Tan, 2001). It is of interest to cancer
researchers due to its oncolytic properties. In cancer cells with naturally occurring
defective antiviral defense systems, the virus can replicate up to 10,000 times better
compared to normal cells (Reichard et al., 1992). In recent years, many scientific
reports and phase I/11/111 clinical trials revealed that NDV can act as a potent and
promising therapeutic agent against cancers (Lam et al., 2011; N.C.1., 2013). Despite
various studies, NDV has not been approved by the U.S. Food and Drug
Administration for cancer treatment. This is because, in some clinical trials, positive
outcomes were not significantly observed (N.C.I., 2013). NDV-modified tumor cells
vaccine has been shown to improve both recurrence-free and overall survival of
patients with colon carcinoma in a phase Il trial (Schlag et al., 1992). Some
advanced renal cell carcinoma patients displayed partial responses including partial
remission (15%) and stable disease (30%) after the treatment (Pomer et al., 1995).
Such vaccine, however, did not show remarkable clinical efficacy in melanoma
patients (Voit et al., 2003). The main obstacle in reducing the unfavourable outcome
is the lack of sufficient understanding of the mechanisms of NDV infection in cancer
cells. The complexity and heterogeneity of the various types of cancers also are
major factors.

Renal cancer is a common adult malignancy worldwide (Globocan, 2012). Majority
of patients are asymptomatic over a long period of time until the disease become
locally advanced. Clear cell renal cell carcinoma (RCC) is the most lethal and
dominant subtype of adult renal cancer (Eble et al., 2004; Thomas and Tawfik, 2008;
Zhou and He, 2013). This subtype is less susceptible to conventional oncologic
treatments including radiotherapy and chemotherapy. To date, several molecular-
targeted agents are approved by the U.S. Food and Drug Administration for RCC
treatment (Fisher et al., 2013). Unfortunately, complete responses are very rare, with
undesirable side effects.

Currently, the first line treatment option available for RCC is using interferon (IFN)
therapy. Even though it is the first line option, therapeutic response of patients with
metastasis is low, around 15-20% (Unnithan and Rini, 2007). IFN secreted by cells
in response to virus infections has been shown to be beneficial, with oncolytic
viruses. The specificity of NDV-mediated Killing of cancer cells has been proposed
to be due to defects in the type I interferon (IFN-a/B) response of the cells (Stojdl et
al., 2000; Fiola et al., 2006). Cancer cells responded to NDV infection by producing
only IFN-B production (Elankumaran et al., 2010). The efficacy and safety of
vesicular stomatitis virus (VSV) as an oncolytic agent has been shown to be
enhanced by IFN-B, through immune-mediated mechanisms, in mesothelioma
(Willmon et al., 2009). This observation leads to the possibility of manipulating the
exclusive IFN-B induction by NDV as a potential strategy to boost the efficacy and
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safety of NDV as an oncolytic agent in clinical settings. This option could be closely
examined if the detailed mechanism of cellular responses to NDV infection is known.

In the present study, the oncolytic activities of a local isolate of NDV (designated as
AF2240) in RCC cell lines was investigated. It is hypothesized that NDV oncolytic
properties can be enhanced in renal carcinoma cells through the manipulation of
interferon-related pathways. To test this hypothesis, the study was designed with the
main objective to investigate the molecular mechanisms underlying NDV oncolysis
in human clear cell renal cell carcinoma (RCC) cell lines. The specific aims of the
study were:

1. To examine the oncolytic activity of NDV in renal carcinoma cells.

2. To study the response of the p38MAPK/NF-kB/IxBo pathway in NDV-
infected renal carcinoma cells.

3. To investigate the involvement of interferons in the oncolytic activity of
NDV in renal carcinoma cells.



REFERENCES

Aaronson, D.S. and Horvath, C.M. (2002). A road map for those who don't know
JAK-STAT. Science 296: 1653-1655.

Ahmad, A., Ahmad, S., Glover, L., Miller, S.M., Shannon, J.M., Guo, X., Franklin,
W.A., Bridges, J.P., Schaack, J.B., Colgan, S.P. and White, C.W. (2009).
Adenosine A2A receptor is a unique angiogenic target of HIF-2alpha in
pulmonary endothelial cells. Proc Natl Acad Sci U S A 106: 10684-10689.

Alabsi, A.M., Bakar, S.A., Ali, R., Omar, A.R., Bejo, M.H., Ideris, A. and Ali, A.M.
(2011). Effects of newcastle disease virus strains AF2240 and V4-UPM on
cytolysis and apoptosis of leukemia cell lines. Int J Mol Sci 12: 8645-8660.

Alexander, D.J. (1988) Newcastle disease virus - An avian paramyxovirus. IN
Alexander, D.J. (Ed.) Newcastle Disease. Boston, Kluwer Academic: 11-22.

Alexander, D.J. and Allan, W.H. (1974). Newcastle disease virus pathotypes. Avian
Pathol 3: 269-278.

Ali, R., Alabsi, A.M., Ali, A.M., Ideris, A., Omar, A.R., Yusoff, K. and Saif-Ali, R.
(2011). Cytolytic effects and apoptosis induction of Newcastle disease virus
strain AF2240 on anaplastic astrocytoma brain tumor cell line. Neurochem
Res 36: 2051-2062.

Anton, P., Kirchner, H., Jonas, U. and Atzpodien, J. (1996). Cytokines and tumor
vaccination. Cancer Biother Radiopharm 11: 315-318.

Apostolidis, L., Schirrmacher, V. and Fournier, P. (2007). Host mediated anti-tumor
effect of oncolytic Newcastle disease virus after locoregional application. Int
J Oncol 31: 1009-1019.

Bahamon, B. and Signoretti, S. (2012) Tissue Biomarkers in Renal Cell Carcinoma:
Intermediate Endpoints in the Selection of Targeted Agents for RCC. IN
Figlin, R.A., Rathmell, W.K. and Rini, B.l. (Eds.) Renal Cell Carcinoma.
New York, Springer US: pp 69-89.

Balachandran, S. and Beg, A.A. (2011). Defining Emerging Roles for NF-kB in
Antivirus Responses: Revisiting the Interferon-g Enhanceosome Paradigm.
PLoS Pathog 7: €1002165.

Beard, C.W. and Hanson, R.P. (1981) Newcastle disease. IN Hofstad, M.S., Barnes,
H.J., Calnek, B.W., Reid, W.M. and Yoder, H.W. (Eds.) Diseases of Poultry.
Ames, lowa State University Press: 452-470.

Bian, J., Wang, K., Kong, X., Liu, H., Chen, F., Hu, M., Zhang, X., Jiao, X., Ge, B.,
Wu, Y. and Meng, S. (2011). Caspase- and p38-MAPK-dependent induction
of apoptosis in A549 lung cancer cells by Newcastle disease virus. Arch Virol
156: 1335-1344.

90



Bossart, K.N., Fusco, D.L. and Broder, C.C. (2013) Paramyxovirus Entry. IN
Péhlmann, S. and Simmons, G. (Eds.) Viral Entry into Host Cells. New York,
Springer New York: pp 95-127.

Brennan, K. and Bowie, A.G. (2010). Activation of host pattern recognition
receptors by viruses. Curr Opin Microbiol 13: 503-507.

Bukowski, R.M., Figlin, R.A. and Motzer, R.J. (2009) Targeted Therapy for
Metastatic Renal Cell Carcinoma: Overview. IN Bukowski, R.M., Figlin,
R.A. and Motzer, R.J. (Eds.) Renal Cell Carcinoma. New York, Humana
Press: pp 1-12.

Calain, P. and Roux, L. (1993). The rule of six, a basic feature for efficient
replication of Sendai virus defective interfering RNA. J Virol 67: 4822-4830.

Cantin, C., Holguera, J., Ferreira, L., Villar, E. and Munoz-Barroso, 1. (2007).
Newcastle disease virus may enter cells by caveolae-mediated endocytosis. J
Gen Virol 88: 559-5609.

Cassel, W.A. and Garrett, R.E. (1965). Newcastle disease virus as an antineoplastic
agent. Cancer 18: 863-868.

Cattoli, G., Susta, L., Terregino, C. and Brown, C. (2011). Newcastle disease: a
review of field recognition and current methods of laboratory detection. J Vet
Diagn Invest 23: 637-656.

Chawla-Sarkar, M., Leaman, D.W. and Borden, E.C. (2001). Preferential induction
of apoptosis by interferon (IFN)-beta compared with IFN-alpha2: correlation
with TRAIL/Apo2L induction in melanoma cell lines. Clin Cancer Res 7:
1821-1831.

Chen, P., Migita, S., Kanehira, K., Sonezaki, S. and Taniguchi, A. (2011).
Development of sensor cells using NF-kappaB pathway activation for
detection of nanoparticle-induced inflammation. Sensors (Basel) 11: 7219-
7230.

Chia, S.L., Tan, W.S., Yusoff, K. and Shafee, N. (2012). Plaque formation by a
velogenic Newcastle disease virus in human colorectal cancer cell lines. Acta
Virol 56: 345-347.

Chiong, E., Tay, M.H., Tan, M.H., Kumar, S., Sim, H.G., Teh, B.T., Umbas, R. and
Chau, N.M. (2012). Management of kidney cancer in Asia: resource-
stratified guidelines from the Asian Oncology Summit 2012. Lancet Oncol
13: e482-491.

Collins, M.S., Bashiruddin, J.B. and Alexander, D.J. (1993). Deduced amino acid

sequences at the fusion protein cleavage site of Newcastle disease viruses
showing variation in antigenicity and pathogenicity. Arch Virol 128: 363-370.

91



Colonne, P.M., Eremeeva, M.E. and Sahni, S.K. (2011). Beta interferon-mediated
activation of signal transducer and activator of transcription protein 1
interferes with Rickettsia conorii replication in human endothelial cells.
Infect Immun 79: 3733-3743.

Connor, J.H., Naczki, C., Koumenis, C. and Lyles, D.S. (2004). Replication and
cytopathic effect of oncolytic vesicular stomatitis virus in hypoxic tumor
cells in vitro and in vivo. J Virol 78: 8960-8970.

Covert, M.W., Leung, T.H., Gaston, J.E. and Baltimore, D. (2005). Achieving
Stability of Lipopolysaccharide-Induced NF-kB Activation. Science 309:
1854-1857.

Cowey, C.L. and Hutson, T.E. (2010). Molecularly targeted agents for renal cell
carcinoma: the next generation. Clin Adv Hematol Oncol 8: 357-364.

De Leeuw, O.S., Hartog, L., Koch, G. and Peeters, B.P. (2003). Effect of fusion
protein cleavage site mutations on virulence of Newcastle disease virus: non-
virulent cleavage site mutants revert to virulence after one passage in chicken
brain. J Gen Virol 84: 475-484.

De Oliveira, D.E., Ballon, G. and Cesarman, E. (2010). NF-kB signaling modulation
by EBV and KSHV. Trends Microbiol 18: 248-257.

Donninger, H., Vos, M.D. and Clark, G.J. (2007). The RASSF1A tumor suppressor.
J Cell Sci 120: 3163-3172.

Dortmans, J.C., Koch, G., Rottier, P.J. and Peeters, B.P. (2011). Virulence of
newcastle disease virus: what is known so far? Vet Res 42: 122.

Dranoff, G. (2004). Cytokines in cancer pathogenesis and cancer therapy. Nat Rev
Cancer 4: 11-22.

Eble, J.N., Sauter, G., Epstein, J.l. and Sesterhenn, I.A. (Eds.) (2004) World Health
Organization classification of tumours. Pathology and genetics tumours of
the urinary system and male genital organs. , Lyon, France, IARC Press:
p.10.

Elankumaran, S., Chavan, V., Qiao, D., Shobana, R., Moorkanat, G., Biswas, M. and
Samal, S.K. (2010). Type | interferon-sensitive recombinant newcastle
disease virus for oncolytic virotherapy. J Virol 84: 3835-3844.

Errington, W. and Emmerson, P.T. (1997). Assembly of recombinant Newcastle

disease virus nucleocapsid protein into nucleocapsid-like structures is
inhibited by the phosphoprotein. J Gen Virol 78 ( Pt 9): 2335-2339.

92



Escudier, B., Bellmunt, J., Negrier, S., Bajetta, E., Melichar, B., Bracarda, S.,
Ravaud, A., Golding, S., Jethwa, S. and Sneller, V. (2010). Phase Il trial of
bevacizumab plus interferon alfa-2a in patients with metastatic renal cell
carcinoma (AVOREN): final analysis of overall survival. J Clin Oncol 28:
2144-2150.

Escudier, B., Eisen, T., Stadler, W.M., Szczylik, C., Oudard, S., Siebels, M., Negrier,
S., Chevreau, C., Solska, E., Desai, A.A., Rolland, F., Demkow, T., Hutson,
T.E., Gore, M., Freeman, S., Schwartz, B., Shan, M., Simantov, R. and
Bukowski, R.M. (2007a). Sorafenib in advanced clear-cell renal-cell
carcinoma. N Engl J Med 356: 125-134.

Escudier, B., Eisen, T., Stadler, W.M., Szczylik, C., Oudard, S., Staehler, M.,
Negrier, S., Chevreau, C., Desai, A.A., Rolland, F., Demkow, T., Hutson,
T.E., Gore, M., Anderson, S., Hofilena, G., Shan, M., Pena, C., Lathia, C.
and Bukowski, R.M. (2009). Sorafenib for treatment of renal cell carcinoma:
Final efficacy and safety results of the phase 111 treatment approaches in renal
cancer global evaluation trial. J Clin Oncol 27: 3312-3318.

Escudier, B., Pluzanska, A., Koralewski, P., Ravaud, A., Bracarda, S., Szczylik, C.,
Chevreau, C., Filipek, M., Melichar, B., Bajetta, E., Gorbunova, V., Bay, J.O.,
Bodrogi, 1., Jagiello-Gruszfeld, A. and Moore, N. (2007b). Bevacizumab plus
interferon alfa-2a for treatment of metastatic renal cell carcinoma: a
randomised, double-blind phase 111 trial. Lancet 370: 2103-2111.

Fedele, A.O., Whitelaw, M.L. and Peet, D.J. (2002). Regulation of gene expression
by the hypoxia-inducible factors. Mol Interv 2: 229-243.

Ferrara, N., Hillan, K.J., Gerber, H.P. and Novotny, W. (2004). Discovery and
development of bevacizumab, an anti-VEGF antibody for treating cancer.
Nat Rev Drug Discov 3: 391-400.

Fiola, C., Peeters, B., Fournier, P., Arnold, A., Bucur, M. and Schirrmacher, V.
(2006). Tumor selective replication of Newcastle disease virus: association
with defects of tumor cells in antiviral defence. Int J Cancer 119: 328-338.

Fisher, R., Gore, M. and Larkin, J. (2013). Current and future systemic treatments
for renal cell carcinoma. Semin Cancer Biol 23: 38-45.

Fitzpatrick, S.F., Tambuwala, M.M., Bruning, U., Schaible, B., Scholz, C.C., Byrne,
A., O'connor, A., Gallagher, W.M., Lenihan, C.R., Garvey, J.F., Howell, K.,
Fallon, P.G., Cummins, E.P. and Taylor, C.T. (2011). An intact canonical
NF-kB pathway is required for inflammatory gene expression in response to
hypoxia. J Immunol 186: 1091-1096.

Flint, S.J., Enquist, L.W., Racaniello, V.R. and Skalka, A.M. (2008) Principles of
Virology, Washington, DC., ASM Press.

93



Fournier, P., Bian, H., Szeberenyi, J. and Schirrmacher, V. (2012). Analysis of three
properties of Newcastle disease virus for fighting cancer: tumor-selective
replication, antitumor cytotoxicity, and immunostimulation. Methods Mol
Biol 797: 177-204.

Fournier, P. and Schirrmacher, V. (2013). Oncolytic Newcastle Disease Virus as
Cutting Edge between Tumor and Host. Biology 2: 936-975.

Friedman, R.M. (2008). Clinical uses of interferons. British Journal of Clinical
Pharmacology 65: 158-162.

Garber, K. (2006). China approves world's first oncolytic virus therapy for cancer
treatment. J Natl Cancer Inst 98: 298-300.

Ghrici, M., ElI Zowalaty, M., Omar, A.R. and lderis, A. (2013). Induction of
apoptosis in MCF-7 cells by the hemagglutinin-neuraminidase glycoprotein
of Newcastle disease virus Malaysian strain AF2240. Oncol Rep 30: 1035-

1044.

Globocan (2012). Estimated Cancer Incidence, Mortality and Prevalence Worldwide
in 2012. World Health Organization:
http://globocan.iarc.fr/Pages/fact_sheets_population.aspx (Accessed on 27
May 2014)

Goebeler, M., Gillitzer, R., Kilian, K., Utzel, K., Brocker, E.B., Rapp, U.R. and
Ludwig, S. (2001). Multiple signaling pathways regulate NF-kB-dependent
transcription of the monocyte chemoattractant protein-1 gene in primary
endothelial cells. Blood 97: 46-55.

Goey, S.H., Verwelij, J. and Stoter, G. (1996). Immunotherapy of metastatic renal
cell cancer. Annals of Oncology 7: 887-900.

Gonzalez-Navajas, J.M., Lee, J., David, M. and Raz, E. (2012). Immunomodulatory
functions of type | interferons. Nat Rev Immunol 12: 125-135.

Hanson, R.P. (1974). The reemergence of Newcastle disease. Adv Vet Sci Comp Med
18: 213-229.

Harding, M.W. (2003). Immunophilins, mTOR, and pharmacodynamic strategies for
a targeted cancer therapy. Clin Cancer Res 9: 2882-2886.

Hayden, M.S. and Ghosh, S. (2004). Signaling to NF-kappaB. Genes Dev 18: 2195-
2224,

Herceg, Z. and Wang, Z.Q. (2001). Functions of poly(ADP-ribose) polymerase

(PARP) in DNA repair, genomic integrity and cell death. Mutat Res 477: 97-
110.

94


http://globocan.iarc.fr/Pages/fact_sheets_population.aspx

Hirasawa, K., Kim, A., Han, H.S., Han, J., Jun, H.S. and Yoon, J.W. (2003). Effect
of p38 mitogen-activated protein kinase on the replication of
encephalomyocarditis virus. J Virol 77: 5649-5656.

Hiscott, J., Kwon, H. and Genin, P. (2001). Hostile takeovers: viral appropriation of
the NF-kB pathway. J Clin Invest 107: 143-151.

Honda, K., Yanai, H., Negishi, H., Asagiri, M., Sato, M., Mizutani, T., Shimada, N.,
Ohba, Y., Takaoka, A., Yoshida, N. and Taniguchi, T. (2005). IRF-7 is the
master regulator of type-l interferon-dependent immune responses. Nature
434: 772-777.

Huang, T.T., Kudo, N., Yoshida, M. and Miyamoto, S. (2000). A nuclear export
signal in the N-terminal regulatory domain of IkappaBalpha controls
cytoplasmic localization of inactive NF-kappaB/lkappaBalpha complexes.
Proc Natl Acad Sci U S A 97: 1014-10109.

Huang, Z., Krishnamurthy, S., Panda, A. and Samal, S.K. (2003). Newcastle disease
virus V protein is associated with viral pathogenesis and functions as an
alpha interferon antagonist. J Virol 77: 8676-8685.

Hudes, G., Carducci, M., Tomczak, P., Dutcher, J., Figlin, R., Kapoor, A,
Staroslawska, E., Sosman, J., Mcdermott, D., Bodrogi, I., Kovacevic, Z.,
Lesovoy, V., Schmidt-Wolf, 1.G., Barbarash, O., Gokmen, E., O'toole, T.,
Lustgarten, S., Moore, L. and Motzer, R.J. (2007). Temsirolimus, interferon
alfa, or both for advanced renal-cell carcinoma. N Engl J Med 356: 2271-
2281.

Hutson, T.E. (2011). Targeted therapies for the treatment of metastatic renal cell
carcinoma: clinical evidence. Oncologist 16 Suppl 2: 14-22.

Hwang, I.I.L., Watson, I.R., Der, S.D. and Ohh, M. (2006). Loss of VHL confers
hypoxia-inducible factor (HIF)-dependent resistance to vesicular stomatitis
virus: role of HIF in antiviral response. J Virol 80: 10712-10723.

Ihle, J.N., Witthuhn, B.A., Quelle, F.W., Yamamoto, K., Thierfelder, W.E., Kreider,
B. and Silvennoinen, O. (1994). Signaling by the cytokine receptor
superfamily: JAKs and STATSs. Trends Biochem Sci 19: 222-227.

Imtiyaz, H.Z. and Simon, M.C. (2010). Hypoxia-inducible factors as essential
regulators of inflammation. Curr Top Microbiol Immunol 345: 105-120.

Inman, B.A., Harrison, M.R. and George, D.J. (2013). Novel Immunotherapeutic
Strategies in Development for Renal Cell Carcinoma. European Urology 63:
881-889.

lorio, R.M., Glickman, R.L. and Sheehan, J.P. (1992). Inhibition of fusion by

neutralizing monoclonal antibodies to the haemagglutinin-neuraminidase
glycoprotein of Newcastle disease virus. J Gen Virol 73 (Pt 5): 1167-1176.

95



Itsumi, M. and Tatsugami, K. (2010). Immunotherapy for renal cell carcinoma. Clin
Dev Immunol 2010: 284581.

Ivanov, S.V., Salnikow, K., Ivanova, A.V., Bai, L. and Lerman, M.l. (2007).
Hypoxic repression of STAT1 and its downstream genes by a pVHL/HIF-1
target DEC1/STRAL3. Oncogene 26: 802-812.

Jamal, M.H., Ch'ng, W.C., Yusoff, K. and Shafee, N. (2012). Reduced Newcastle
disease virus-induced oncolysis in a subpopulation of cisplatin-resistant
MCF7 cells is associated with survivin stabilization. Cancer Cell Int 12: 35.

Johnson, R.A., Huong, S.M. and Huang, E.S. (2000). Activation of the mitogen-
activated protein kinase p38 by human cytomegalovirus infection through
two distinct pathways: a novel mechanism for activation of p38. J Virol 74:
1158-1167.

Kaelin, W.G., Jr. (2008). The von Hippel-Lindau tumour suppressor protein: O,
sensing and cancer. Nat Rev Cancer 8: 865-873.

Kaleta, E.F. and Baldauf, C. (1988) Newcastle disease in free-living and pet birds.
IN Alexander, D.J. (Ed.) Newcastle Disease. Boston, Kluwer Academic
Publishers: 197-246.

Kalliolias, G.D. and lvashkiv, L.B. (2010). Overview of the biology of type I
interferons. Arthritis Res Ther 12 Suppl 1: S1.

Kanneganti, T.D., Lamkanfi, M. and Nunez, G. (2007). Intracellular NOD-like
receptors in host defense and disease. Immunity 27: 549-559.

Kato, H., Takeuchi, O., Sato, S., Yoneyama, M., Yamamoto, M., Matsui, K.,
Uematsu, S., Jung, A., Kawai, T., Ishii, K.J., Yamaguchi, O., Otsu, K.,
Tsujimura, T., Koh, C.S., Reis E Sousa, C., Matsuura, Y., Fujita, T. and
Akira, S. (2006). Differential roles of MDAS5 and RIG-I helicases in the
recognition of RNA viruses. Nature 441: 101-105.

Kaufmann, S.H., Desnoyers, S., Ottaviano, Y., Davidson, N.E. and Poirier, G.G.
(1993). Specific proteolytic cleavage of poly(ADP-ribose) polymerase: an
early marker of chemotherapy-induced apoptosis. Cancer Res 53: 3976-3985.

Keith, B., Johnson, R.S. and Simon, M.C. (2012). HIFlalpha and HIF2alpha: sibling
rivalry in hypoxic tumour growth and progression. Nat Rev Cancer 12: 9-22.

Kho, C.L., Tan, W.S., Tey, B.T. and Yusoff, K. (2003). Newcastle disease virus
nucleocapsid protein: self-assembly and length-determination domains. J Gen
Virol 84: 2163-2168.

Kim, S.P. and Leibovich, B.C. (2013) Familial Renal Cell Carcinoma. IN Campbell,

S.C. and Rini, B.l. (Eds.) Renal Cell Carcinoma. New York, Humana Press:
pp 43-52.

96



Kirchhoff, S., Wilhelm, D., Angel, P. and Hauser, H. (1999). NFKB activation is
required for interferon regulatory factor-1-mediated interferon B induction.
Eur J Biochem 261: 546-554.

Kobayashi, H., Sendo, F., Shirai, T., Kaji, H. and Kodama, T. (1969). Modification
in growth of transplantable rat tumors exposed to Friend virus. J Natl Cancer
Inst 42: 413-419.

Koul, H., Huh, J.S., Rove, K.O., Crompton, L., Koul, S., Meacham, R.B. and Kim,
F.J. (2011). Molecular aspects of renal cell carcinoma: a review. Am J
Cancer Res 1: 240-254.

Koyama, S., Ishii, K.J., Coban, C. and Akira, S. (2008). Innate immune response to
viral infection. Cytokine 43: 336-341.

Krishnamurthy, S., Takimoto, T., Scroggs, R.A. and Portner, A. (2006).
Differentially regulated interferon response determines the outcome of
Newecastle disease virus infection in normal and tumor cell lines. J Virol 80:
5145-5155.

Lai, M.C. and Ibrahim, A.L. (1987) Velogenic Viscerotropic Newcastle Disease
Virus IN Copland, J.W. (Ed.) Newcastle Disease in Poultry: A New Food
Pellet Vaccine. Canberra, ACIAR: pp 33-34.

Lam, H.Y., Yeap, S.K., Rasoli, M., Omar, A.R., Yusoff, K., Suraini, A.A. and
Alitheen, N.B. (2011). Safety and clinical usage of Newcastle disease virus in
cancer therapy. J Biomed Biotechnol 2011: 718710.

Lamb, R.A. and Parks, G.D. (2007) Paramyxoviridae: the viruses and their
replication. IN Knipe, D.M., Howley, P.M., Griffin, D.E., Lamb, R.A,,
Martin, M.A., Roizman, B. and Straus, S.E. (Eds.) Fields Virology.
Philadelphia, Lippincott Williams & Wilkins: 1449-1496.

Lamb, R.A., Paterson, R.G. and Jardetzky, T.S. (2006). Paramyxovirus membrane
fusion: lessons from the F and HN atomic structures. Virology 344: 30-37.

Ljungberg, B., Campbell, S.C., Choi, H.Y., Jacgmin, D., Lee, J.E., Weikert, S. and
Kiemeney, L.A. (2011). The epidemiology of renal cell carcinoma. Eur Urol
60: 615-621.

Lofstedt, T., Fredlund, E., Holmquist-Mengelbier, L., Pietras, A., Ovenberger, M.,
Poellinger, L. and Pahlman, S. (2007). Hypoxia inducible factor-2alpha in
cancer. Cell Cycle 6: 919-926.

Lopez-Beltran, A., Carrasco, J.C., Cheng, L., Scarpelli, M., Kirkali, Z. and

Montironi, R. (2009). 2009 update on the classification of renal epithelial
tumors in adults. Int J Urol 16: 432-443.

97



Lorence, R.M., Pecora, A.L., Major, P.P., Hotte, S.J., Laurie, S.A., Roberts, M.S.,
Groene, W.S. and Bamat, M.K. (2003). Overview of phase | studies of
intravenous administration of PV701, an oncolytic virus. Curr Opin Mol
Ther 5: 618-624.

Lu, X. and Kang, Y. (2010). Hypoxia and hypoxia-inducible factors: master
regulators of metastasis. Clin Cancer Res 16: 5928-5935.

Maclachlan, N.J. and Edward, J.D. (2011) Chapter 17 - Paramyxoviridae. Fenner's
Veterinary Virology. 4th ed. San Diego, Academic Press: 299-325.

Mansour, M., Palese, P. and Zamarin, D. (2011). Oncolytic specificity of Newcastle
disease virus is mediated by selectivity for apoptosis-resistant cells. J Virol
85: 6015-6023.

Maxwell, P.H., Wiesener, M.S., Chang, G.W., Clifford, S.C., Vaux, E.C., Cockman,
M.E., Wykoff, C.C., Pugh, C.W., Maher, E.R. and Ratcliffe, P.J. (1999). The
tumour suppressor protein VHL targets hypoxia-inducible factors for
oxygen-dependent proteolysis. Nature 399: 271-275.

Mayer, B.A., Rehberg, M., Erhardt, A., Wolf, A., Reichel, C.A., Kracht, M.,
Krombach, F., Tiegs, G., Zahler, S., Vollmar, A.M. and Furst, R. (2011).
Inhibitor of apoptosis proteins as novel targets in inflammatory processes.
Arterioscler Thromb Vasc Biol 31: 2240-2250.

Mendel, D.B., Laird, A.D., Xin, X., Louie, S.G., Christensen, J.G., Li, G., Schreck,
R.E., Abrams, T.J., Ngai, T.J., Lee, L.B., Murray, L.J., Carver, J., Chan, E.,
Moss, K.G., Haznedar, J.O., Sukbuntherng, J., Blake, R.A., Sun, L., Tang, C.,
Miller, T., Shirazian, S., Mcmahon, G. and Cherrington, J.M. (2003). In vivo
antitumor activity of SU11248, a novel tyrosine kinase inhibitor targeting
vascular endothelial growth factor and platelet-derived growth factor
receptors: determination of a pharmacokinetic/pharmacodynamic relationship.
Clin Cancer Res 9: 327-337.

Mizutani, Y. (2009). Recent advances in molecular targeted therapy for metastatic
renal cell carcinoma. Int J Urol 16: 444-448.

Molouki, A., Hsu, Y.T., Jahanshiri, F., Abdullah, S., Rosli, R. and Yusoff, K. (2011).
The matrix (M) protein of Newcastle disease virus binds to human bax
through its BH3 domain. Virol J 8: 385.

Motzer, R.J., Escudier, B., Oudard, S., Hutson, T.E., Porta, C., Bracarda, S.,
Grunwald, V., Thompson, J.A., Figlin, R.A., Hollaender, N., Urbanowitz, G.,
Berg, W.J., Kay, A., Lebwohl, D. and Ravaud, A. (2008). Efficacy of
everolimus in advanced renal cell carcinoma: a double-blind, randomised,
placebo-controlled phase 111 trial. Lancet 372: 449-456.

98



Motzer, R.J., Hutson, T.E., Tomczak, P., Michaelson, M.D., Bukowski, R.M., Rixe,
0., Oudard, S., Negrier, S., Szczylik, C., Kim, S.T., Chen, I., Bycott, P.W.,
Baum, C.M. and Figlin, R.A. (2007). Sunitinib versus interferon alfa in
metastatic renal-cell carcinoma. N Engl J Med 356: 115-124.

Mulders, P. (2009). Vascular endothelial growth factor and mTOR pathways in renal
cell carcinoma: differences and synergies of two targeted mechanisms. BJU
Int 104: 1585-1589.

N.C.I.  (2013). Newcastle disease virus. National Cancer Institute:
http://www.cancer.gov/cancertopics/pdg/cam/NDV/patient/page2 (Accessed
on May 2013)

Nagai, Y., Hamaguchi, M. and Toyoda, T. (1989). Molecular biology of Newcastle
disease virus. Prog Vet Microbiol Immunol 5: 16-64.

Ng, S.S., Li, A., Pavlakis, G.N., Ozato, K. and Kino, T. (2013). Viral infection
increases glucocorticoid-induced interleukin-10 production through ERK-
mediated phosphorylation of the glucocorticoid receptor in dendritic cells:
potential clinical implications. PLoS One 8: 63587.

Nickerson, M.L., Jaeger, E., Shi, Y., Durocher, J.A., Mahurkar, S., Zaridze, D.,
Matveev, V., Janout, V., Kollarova, H., Bencko, V., Navratilova, M.,
Szeszenia-Dabrowska, N., Mates, D., Mukeria, A., Holcatova, I., Schmidt,
L.S., Toro, J.R., Karami, S., Hung, R., Gerard, G.F., Linehan, W.M., Merino,
M., Zbar, B., Boffetta, P., Brennan, P., Rothman, N., Chow, W.H., Waldman,
F.M. and Moore, L.E. (2008). Improved identification of von Hippel-Lindau
gene alterations in clear cell renal tumors. Clin Cancer Res 14: 4726-4734.

Oeckinghaus, A. and Ghosh, S. (2009). The NF-kB family of transcription factors
and its regulation. Cold Spring Harb Perspect Biol 1: a000034.

Oudard, S., George, D., Medioni, J. and Motzer, R. (2007). Treatment options in
renal cell carcinoma: past, present and future. Ann Oncol 18 Suppl 10: x25-
31.

Papa, S., Zazzeroni, F., Pham, C.G., Bubici, C. and Franzoso, G. (2004). Linking
JNK signaling to NF-kB: a key to survival. J Cell Sci 117: 5197-5208.

Park, M.S., Garcia-Sastre, A., Cros, J.F., Basler, C.F. and Palese, P. (2003a).
Newcastle disease virus V protein is a determinant of host range restriction. J
Virol 77: 9522-9532.

Park, M.S., Shaw, M.L., Munoz-Jordan, J., Cros, J.F., Nakaya, T., Bouvier, N.,
Palese, P., Garcia-Sastre, A. and Basler, C.F. (2003b). Newcastle disease
virus (NDV)-based assay demonstrates interferon-antagonist activity for the
NDV V protein and the Nipah virus V, W, and C proteins. J Virol 77: 1501-
1511.

99


http://www.cancer.gov/cancertopics/pdq/cam/NDV/patient/page2

Parrondo, R., De Las Pozas, A., Reiner, T., Rai, P. and Perez-Stable, C. (2010). NF-
kB activation enhances cell death by antimitotic drugs in human prostate
cancer cells. Mol Cancer 9: 182.

Peeples, M.E., Wang, C., Gupta, K.C. and Coleman, N. (1992). Nuclear entry and
nucleolar localization of the Newcastle disease virus (NDV) matrix protein
occur early in infection and do not require other NDV proteins. J Virol 66:
3263-3269.

Pensa, S., Regis, G., Boselli, D., Novelli, F. and Poli, V. (2009) STAT1 and STAT3
in Tumorigenesis. IN Stephanou, A. (Ed.) JAK-STAT Pathway in Disease.
Texas, Landes Bioscience Books: 100-121.

Petrilli, V., Dostert, C., Muruve, D.A. and Tschopp, J. (2007). The inflammasome: a
danger sensing complex triggering innate immunity. Curr Opin Immunol 19:
615-622.

Pichlmair, A., Schulz, O., Tan, C.P., Naslund, T.I., Liljestrom, P., Weber, F. and
Reis E Sousa, C. (2006). RIG-I-mediated antiviral responses to single-
stranded RNA bearing 5'-phosphates. Science 314: 997-1001.

Pomer, S., Schirrmacher, V., Thiele, R., Lohrke, H., Brkovic, D. and Staehler, G.
(1995). Tumor response and 4 year survival-data of patients with advanced
renal-cell carcinoma treated with autologous tumor vaccine and subcutaneous
R-1L-2 and IFN-alpha(2b). Int J Oncol 6: 947-954.

Protzel, C., Maruschke, M. and Hakenberg, O.W. (2012). Epidemiology, Aetiology,
and Pathogenesis of Renal Cell Carcinoma. European Urology Supplements
11: 52-59.

Pyrhonen, S.0O. (2004). Systemic therapy in metastatic renal cell carcinoma. Scand J
Surg 93: 156-161.

Ramsauer, K., Sadzak, I., Porras, A., Pilz, A., Nebreda, A.R., Decker, T. and
Kovarik, P. (2002). p38 MAPK enhances STAT1-dependent transcription
independently of Ser-727 phosphorylation. Proc Natl Acad Sci U S A 99:
12859-12864.

Randall, R.E. and Goodbourn, S. (2008). Interferons and viruses: an interplay
between induction, signalling, antiviral responses and virus countermeasures.
J Gen Virol 89: 1-47.

Ravindra, P.V., Tiwari, A.K., Sharma, B. and Chauhan, R.S. (2009). Newcastle
disease virus as an oncolytic agent. Indian J Med Res 130: 507-513.

Rawlings, J.S., Rosler, K.M. and Harrison, D.A. (2004). The JAK/STAT signaling
pathway. J Cell Sci 117: 1281-1283.

100



Regan, A.D., Cohen, R.D. and Whittaker, G.R. (2009). Activation of p38 MAPK by
feline infectious peritonitis virus regulates pro-inflammatory cytokine
production in primary blood-derived feline mononuclear cells. Virology 384:
135-143.

Reichard, K.W., Lorence, R.M., Cascino, C.J., Peeples, M.E., Walter, R.J., Fernando,
M.B., Reyes, H.M. and Greager, J.A. (1992). Newcastle disease virus
selectively kills human tumor cells. J Surg Res 52: 448-453.

Reu, F.J., Bae, S.I., Cherkassky, L., Leaman, D.W., Lindner, D., Beaulieu, N.,
Macleod, A.R. and Borden, E.C. (2006). Overcoming resistance to
interferon-induced apoptosis of renal carcinoma and melanoma cells by DNA
demethylation. J Clin Oncol 24: 3771-3779.

Rini, B.l. and Flaherty, K. (2008). Clinical effect and future considerations for
molecularly-targeted therapy in renal cell carcinoma. Urol Oncol 26: 543-549.

Rini, B.1., Halabi, S., Rosenberg, J.E., Stadler, W.M., Vaena, D.A., Ou, S.S., Archer,
L., Atkins, J.N., Picus, J., Czaykowski, P., Dutcher, J. and Small, E.J. (2008).
Bevacizumab plus interferon alfa compared with interferon alfa monotherapy
in patients with metastatic renal cell carcinoma: CALGB 90206. J Clin Oncol
26: 5422-5428.

Romer-Oberdorfer, A., Werner, O., Veits, J., Mebatsion, T. and Mettenleiter, T.C.
(2003). Contribution of the length of the HN protein and the sequence of the
F protein cleavage site to Newcastle disease virus pathogenicity. J Gen Virol
84: 3121-3129.

Roos, F.C., Roberts, A.M., Hwang, li, Moriyama, E.H., Evans, A.J., Sybingco, S.,
Watson, I.R., Carneiro, L.A., Gedye, C., Girardin, S.E., Ailles, L.E., Jewett,
M.A., Milosevic, M., Wilson, B.C., Bell, J.C., Der, S.D. and Ohh, M. (2010a).
Oncolytic targeting of renal cell carcinoma via encephalomyocarditis virus.
EMBO Mol Med 2: 275-288.

Roos, F.C., Roberts, A.M., Hwang, I.1.L., Moriyama, E.H., Evans, A.J., Sybingco, S.,
Watson, I.R., Carneiro, L.A., Gedye, C., Girardin, S.E., Ailles, L.E., Jewett,
M.A., Milosevic, M., Wilson, B.C., Bell, J.C., Der, S.D. and Ohh, M.
(2010b).  Oncolytic  targeting of renal cell carcinoma via
encephalomyocarditis virus. EMBO Mol Med 2: 275-288.

Roux, P.P. and Blenis, J. (2004). ERK and p38 MAPK-activated protein kinases: a
family of protein kinases with diverse biological functions. Microbiol Mol
Biol Rev 68: 320-344.

Russell, W.C., Newman, C. and Williamson, D.H. (1975). A simple cytochemical

technique for demonstration of DNA in cells infected with mycoplasmas and
viruses. Nature 253: 461-462.

101



Sakai, N., Wada, T., Furuichi, K., lwata, Y., Yoshimoto, K., Kitagawa, K., Kokubo,
S., Kobayashi, M., Takeda, S., Kida, H., Kobayashi, K., Mukaida, N.,
Matsushima, K. and Yokoyama, H. (2002). p38 MAPK phosphorylation and
NF-kB activation in human crescentic glomerulonephritis. Nephrol Dial
Transplant 17: 998-1004.

Sanceau, J., Hiscott, J., Delattre, O. and Wietzerbin, J. (2000). IFN-beta induces
serine phosphorylation of Stat-1 in Ewing's sarcoma cells and mediates
apoptosis via induction of IRF-1 and activation of caspase-7. Oncogene 19:
3372-3383.

Santoro, M.G., Rossi, A. and Amici, C. (2003). NF-kB and virus infection: who
controls whom. EMBO J 22: 2552-2560.

Schirrmacher, V., Feuerer, M., Beckhove, P., Ahlert, T. and Umansky, V. (2002). T
cell memory, anergy and immunotherapy in breast cancer. J Mammary Gland
Biol Neoplasia 7: 201-208.

Schirrmacher, V. and Fournier, P. (2009). Newcastle disease virus: a promising
vector for viral therapy, immune therapy, and gene therapy of cancer.
Methods Mol Biol 542: 565-605.

Schlag, P., Manasterski, M., Gerneth, T., Hohenberger, P., Dueck, M., Herfarth, C.,
Liebrich, W. and Schirrmacher, V. (1992). Active specific immunotherapy
with Newcastle-disease-virus-modified autologous tumor cells following
resection of liver metastases in colorectal cancer. First evaluation of clinical
response of a phase Il-trial. Cancer Immunol Immunother 35: 325-330.

Schulz, W.A. (2005) Renal Cell Carcinoma. Molecular Biology of Human Cancers.
Dordrecht, Springer Netherlands: pp 307-326.

Semenza, G.L. (2012). Hypoxia-inducible factors in physiology and medicine. Cell
148: 399-408.

Shinojima, T., Oya, M., Takayanagi, A., Mizuno, R., Shimizu, N. and Murai, M.
(2007). Renal cancer cells lacking hypoxia inducible factor (HIF)-1a
expression maintain vascular endothelial growth factor expression through
HIF-2a. Carcinogenesis 28: 529-536.

Sinkovics, J.G. and Horvath, J.C. (2000). Newcastle disease virus (NDV): brief
history of its oncolytic strains. J Clin Virol 16: 1-15.

Song, M.M. and Shuai, K. (1998). The suppressor of cytokine signaling (SOCS) 1
and SOCS3 but not SOCS2 proteins inhibit interferon-mediated antiviral and
antiproliferative activities. J Biol Chem 273: 35056-35062.

Sonpavde, G. and Hutson, T.E. (2007). Pazopanib: a novel multitargeted tyrosine
kinase inhibitor. Curr Oncol Rep 9: 115-119.

102



Stanbridge, E. (1971). Mycoplasmas and cell cultures. Bacteriol Rev 35: 206-227.

Stebbins, C.E., Kaelin, W.G., Jr. and Pavletich, N.P. (1999). Structure of the VHL-
ElonginC-ElonginB complex: implications for VHL tumor suppressor
function. Science 284: 455-461.

Sternberg, C.N., Davis, 1.D., Mardiak, J., Szczylik, C., Lee, E., Wagstaff, J., Barrios,
C.H., Salman, P., Gladkov, O.A., Kavina, A., Zarba, J.J., Chen, M., Mccann,
L., Pandite, L., Roychowdhury, D.F. and Hawkins, R.E. (2010). Pazopanib in
locally advanced or metastatic renal cell carcinoma: results of a randomized
phase 111 trial. J Clin Oncol 28: 1061-1068.

Stojdl, D.F., Lichty, B., Knowles, S., Marius, R., Atkins, H., Sonenberg, N. and Bell,
J.C. (2000). Exploiting tumor-specific defects in the interferon pathway with
a previously unknown oncolytic virus. Nat Med 6: 821-825.

Suarez, C. and Rini, B.l. (2012) Targeting the VEGF Pathway in Renal Cell
Carcinoma. IN Figlin, R.A., Rathmell, W.K. and Rini, B.I. (Eds.) Renal Cell
Carcinoma. New York, Springer US: pp 115-133.

Takahashi, K., Kawai, T., Kumar, H., Sato, S., Yonehara, S. and Akira, S. (2006).
Roles of caspase-8 and caspase-10 in innate immune responses to double-
stranded RNA. J Immunol 176: 4520-4524.

Takahasi, K., Yoneyama, M., Nishihori, T., Hirai, R., Kumeta, H., Narita, R., Gale,
M., Jr., Inagaki, F. and Fujita, T. (2008). Nonself RNA-sensing mechanism
of RIG-I helicase and activation of antiviral immune responses. Mol Cell 29:
428-440.

Takeuchi, O. and Akira, S. (2009). Innate immunity to virus infection. Immunol Rev
227: 75-86.

Thomas, J.0. and Tawfik, O.W. (2008). Recent advances in the diagnosis of renal
cell carcinoma. Diagnostic Histopathology 14: 157-163.

Toledo, G., Sola, J.J., Lozano, M.D., Soria, E. and Pardo, J. (2004). Loss of FHIT
protein expression is related to high proliferation, low apoptosis and worse
prognosis in non-small-cell lung cancer. Mod Pathol 17: 440-448.

Toth, C.A. and Thomas, P. (1992). Type | interferon resistance in a colorectal cancer
cell line is associated with a more aggressive phenotype in vivo. Br J Cancer
65: 365-368.

Trinchieri, G. (2010). Type I interferon: friend or foe? J Exp Med 207: 2053-2063.

Unnithan, J. and Rini, B.l. (2007). The role of targeted therapy in metastatic renal
cell carcinoma. ScientificWorldJournal 7: 800-807.

103



Unterholzner, L. and Bowie, A.G. (2008). The interplay between viruses and innate
immune signaling: recent insights and therapeutic opportunities. Biochem
Pharmacol 75: 589-602.

Voit, C., Kron, M., Schwurzer-Voit, M. and Sterry, W. (2003). Intradermal injection
of Newcastle disease virus-modified autologous melanoma cell lysate and
interleukin-2 for adjuvant treatment of melanoma patients with resectable
stage 111 disease. J Dtsch Dermatol Ges 1: 120-125.

Wang, J., Basagoudanavar, S.H., Wang, X., Hopewell, E., Albrecht, R., Garcia-
Sastre, A., Balachandran, S. and Beg, A.A. (2010). NF-kappa B RelA subunit
is crucial for early IFN-beta expression and resistance to RNA virus
replication. J Immunol 185: 1720-1729.

Wiesener, M.S., Turley, H., Allen, W.E., Willam, C., Eckardt, K.U., Talks, K.L.,
Wood, S.M., Gatter, K.C., Harris, A.L., Pugh, C.W., Ratcliffe, P.J. and
Maxwell, P.H. (1998). Induction of endothelial PAS domain protein-1 by
hypoxia: characterization and comparison with hypoxia-inducible factor-
lalpha. Blood 92: 2260-2268.

Wilden, H., Fournier, P., Zawatzky, R. and Schirrmacher, V. (2009). Expression of
RIG-I, IRF3, IFN-beta and IRF7 determines resistance or susceptibility of
cells to infection by Newcastle Disease Virus. Int J Oncol 34: 971-982.

Wilhelm, S.M., Carter, C., Tang, L., Wilkie, D., Mcnabola, A., Rong, H., Chen, C.,
Zhang, X., Vincent, P., Mchugh, M., Cao, Y., Shujath, J., Gawlak, S.,
Eveleigh, D., Rowley, B., Liu, L., Adnane, L., Lynch, M., Auclair, D., Taylor,
I., Gedrich, R., Voznesensky, A., Riedl, B., Post, L.E., Bollag, G. and Trail,
P.A. (2004). BAY 43-9006 exhibits broad spectrum oral antitumor activity
and targets the RAF/MEK/ERK pathway and receptor tyrosine kinases
involved in tumor progression and angiogenesis. Cancer Res 64: 7099-7109.

Willmon, C.L., Saloura, V., Fridlender, Z.G., Wongthida, P., Diaz, R.M., Thompson,
J., Kottke, T., Federspiel, M., Barber, G., Albelda, S.M. and Vile, R.G.
(2009). Expression of IFN-f3 Enhances Both Efficacy and Safety of Oncolytic
Vesicular Stomatitis Virus for Therapy of Mesothelioma. Cancer Research
69: 7713-7720.

Wong, H.H., Lemoine, N.R. and Wang, Y. (2010). Oncolytic viruses for cancer
therapy: overcoming the obstacles. Viruses 2: 78-106.

Yuan, P., Paterson, R.G., Leser, G.P., Lamb, R.A. and Jardetzky, T.S. (2012).
Structure of the ulster strain newcastle disease virus hemagglutinin-
neuraminidase reveals auto-inhibitory interactions associated with low
virulence. PLoS Pathog 8: €1002855.

Yusoff, K. and Tan, W.S. (2001). Newcastle disease virus: macromolecules and
opportunities. Avian Pathol 30: 439-455.

104



Yusoff, K., Tan, W.S., Lau, C.H., Ng, B.K. and Ibrahim, A.L. (1996). Sequence of
the haemagglutinin-neuraminidase gene of the Newcastle disease virus oral
vaccine strain V4(UPM). Avian Pathol 25: 837-844.

Zarember, K.A. and Malech, H.L. (2005). HIF-1alpha: a master regulator of innate
host defenses? J Clin Invest 115: 1702-1704.

Zhou, M. (2008) Pathology of Renal Cell Carcinomas. IN Bukowski, R.M. and
Novick, A.C. (Eds.) Clinical Management of Renal Tumors. New York,
Humana Press: pp 55-71.

Zhou, M. and He, H. (2013) Pathology of Renal Cell Carcinoma. IN Campbell, S.C.
and Rini, B.l. (Eds.) Renal Cell Carcinoma. New York, Humana Press: pp
23-41.

Zitzmann, K., Brand, S., De Toni, E.N., Baehs, S., Goke, B., Meinecke, J., Spottl, G.,
Meyer, H.H. and Auernhammer, C.J. (2007). SOCSL1 silencing enhances
antitumor activity of type | IFNs by regulating apoptosis in neuroendocrine
tumor cells. Cancer Res 67: 5025-5032.

Zorn, U., Dallmann, 1., Grosse, J., Kirchner, H., Poliwoda, H. and Atzpodien, J.

(1994). Induction of cytokines and cytotoxicity against tumor cells by
Newcastle disease virus. Cancer Biother 9: 225-235.

105



	MECHANISMS OF ONCOLYTIC ACTIVITY OF NEWCASTLE DISEASE VIRUS STRAIN AF2240 IN HUMAN RENAL CARCINOMA CELL LINE
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



