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ABSTRACT

Cancer is claimed to be the first killer for human beings nowadays. Tumours
have high capability to escape from host immune responses, thus currently there are still
no effective immunotherapeutic strategies that can be used to cure cancer. Today,
cytokines are highly involving in cancer immunotherapy. The interleukin-15 (IL-15)
possess several properties in cancer treatment including the regulation of natural killer
(NK) cells activities and the triggering and stimulation of B- and T-lymphocytes
proliferation. IL-15 appears to be a better option for treating cancer as it is less toxic
when compared to IL-2. In order to develop an effective vaccine against cancer, the
human IL-15 (hIL-15) gene was cloned as a cDNA and inserted into the pJET cloning
vector. The recombinant plasmid was transformed into chemically competent
Escherichia coli TOP10 cells and was analyzed by agarose gel electrophoresis. The
restriction enzyme used for digestion of this recombinant plasmid was the Nhel to
confirm the presence of hlL-15 gene in the pJET vector. The hIL-15 gene was proven to
be inserted into the pJET vector after digestion with Nhel restriction enzyme which
showed an insert size of 0.5 kb. The recombinant plasmid was sent for sequencing to
determine the nucleotide sequence of the inserted gene. BLAST was performed and the
result confirmed the 100% similarity of the sequence homology to the published hIL-15
gene. The recombinant plasmid could be used for further analysis for the development of
anti-cancer vaccine.



ABSTRAK

Kanser ialah pembunuh pertama untuk manusia pada masa Kkini. Tumor
mempunyai keupayaan tinggi untuk mengelakkan diri daripada sistem imun badan
manusia, dengan itu sekarang masih kekurangan strategi rawatan yang berkesan untuk
melawan kanser. Pada hari ini, sitokin memang memainkan peranan yang penting dalam
rawatan kanser. Interleukin-15 (IL-15) mempunyai ciri-ciri untuk merawat kanser
termasuk pengawalan aktiviti sel-sel pembunuh semulajadi (NK) dan sebagai pencetus
dalam pertumbuhan dan percambahan limfosit B dan T. IL-15 boleh menjadi pilihan
yang lebih baik untuk melawan kanser jika berbanding dengan IL-2 sebab kekurangan
tosiknya. Gen IL-15 manusia telah diklonkan sebagai cDNA dan dimasukkan ke dalam
vektor pJET dalam usaha untuk mencipta vaksin yang berkesan terhadap kanser.
Plasmid rekombinan telah ditransformasikan ke dalam sel kompeten kimia Escherichia
coli TOP10 dan dianalisis dengan elektroforesis gel agarosa. Enzim penyekat yang
digunakan untuk pemotongan plasmid rekombinan ini adalah Nhel untuk mengesahkan
kewujudan gen IL-15 manusia dalam vektor pJET itu. Gen IL-15 manusia telah
dipastikan berjaya diklonkan ke dalam vektor pJET selepas ditindak oleh enzim
penyekat Nhel, dengan menunjukkan saiz 0.5 kb. Plasmid rekombinan telah dihantar
untuk penjujukan bagi menentukan turutan nukleotida gen yang telah diklonkan. BLAST
telah dijalankan dan keputusannya telah memaparkan persamaan homologi sebanyak
100% dengan gen IL-15 manusia yang diterbitkan. Plasmid rekombinasi boleh
digunakan untuk analisasi selanjutnya bagi penciptaan vaksin anti-kanser.
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CHAPTER 1
INTRODUCTION

Cancer is claimed to be the main reason of mortality and morbidity over the
world today. According to Salminen et al. (2005), the worldwide incidence of cancer is
expected to grow, with 15 million new cases and 12 million mortality cases forecasted in
2020. Viruses had been introduced in 1920s to be used as oncolytic agents (Sinkovics
and Horvath, 1993). By performing oncolytic activity, Newcastle disease virus (NDV)
was claimed as a uniquely promising agent for cancer virotherapy (Schirrmacher and
Fournier, 2009). However, the effectiveness of NDV in killing the cancer cells is still

hampered by the host immune response.

Interleukin-15 (IL-15) has been discovered in 1994 (Burton et al., 1994). It is
sharing many biological activities with IL-2 (Bamford et al., 1994). Although
interleukin that is currently being tested to enhance the effectiveness of NDV is IL-2, but
IL-15 is said to be less toxic if compared to IL-2 due to the capability of IL-15 to trigger
the T lymphocytes and natural killer (NK) cells, to block the activation-induced cell
death (AICD) and also to prolong the CD8 memory T lymphocytes (Zhang et al., 2009).
According to Niu et al. (2014), IL-15 was proved to suppress the tumour recurrence and
metastasis by enhancing the cytotoxic T lymphocytes and NK cells activities where

these two cells are actively involving in the roles of fighting cancer.
1.1 HYPOTHESIS

Successful subcloning of hlL-15 gene together with appropriate restriction enzyme site
into a pJET cloning vector can be achieved by using T4 DNA Ligase and this will allow
the gene to further cloned into the M-F intergenic region towards the development of

Newecastle disease virus cancer vaccine.
1.2 OBJECTIVE

The main objective of this study was to clone the hiL-15 gene into the pJET cloning

vector which can be further developed as an anti-cancer vaccine.



REFERENCES

Abd-Elsalam, K.A. (2003). Bioinformatics tools and guideline for PCR primer design.
African Journal of Biotechnology. 2(5): 91-95.

Akdis, M., Burgler, S., Crameri, R., Eiwegger, T., Fujita, H., Gomez, E., Klunker, S.,
Meyer, N., O’Mahony, L., Palomares, O., Rhyner, C., Quaked, N., Schaffartzik,
A., Van De Veen, W., Zeller, S., Zimmermann, M. and Akdis, C.A. (2011).
Interleukins, from 1 to 37, and interferon-y: receptors, functions, and roles in
diseases. The Journal of Allergy and Clinical Immunology. 127(3): 701-721.

Alexander, D.J. (2000). Newcastle disease and other avian paramyxoviruses. Revue
Scientifique Et Technique. 19(2): 443-462.

Alexopoulou, L., Holt, A.C., Medzhitov, R. and Flavell, R.A. (2001). Recognition of
double-stranded RNA and activation of NF-kappaB by Toll-like receptor 3.
Nature. 413: 732-738.

Armitage, R.J., Macduff, B.M., Eisenman, J., Paxton, R. and Grabstein, K.H. (1995). IL-
15 has stimulatory activity for the induction of B cell proliferation and
differentiation. The Journal of Immunology. 154: 483-490.

Ascierto, P.A. and Marincola, F.M. (2014). What have we learned from cancer
immunotherapy in the last 3 years? Journal of Translational Medicine. 12: 141.

Balkwill, F. and Mantovani, A. (2001). Inflammation and cancer: back to Virchow?
Lancet. 357: 539-545.

Bamford, R.N., Grant, A.J., Burton, J.D., Peters, C., Kurys, G., Goldman, C.K., Brennan,
J., Roessler, E. and Waldmann, T.A. (1994). The interleukin (IL) 2 receptor
chain is shared by IL-2 and a cytokine, provisionally designated IL-T, that
stimulates T-cell proliferation and the induction of lymphokine-activated killer
cells. Proceedings of the National Academy of Sciences of the United States of
America. 91: 4940-4944.

Bergkessel, M. and Guthrie, C. (2013). Colony PCR. Methods in Enzymology. 529: 299-
309.

Bisswanger, H. (2014). Enzyme assays. Perspectives in Science. 1: 41-55.

Bremnes, R.M., Al-Shibli, K., Donnem, T., Sirera, R., Al-Saad, S., Andersen, S.,
Stenvold, H., Camps, C. and Busund, L.T. (2011). The role of tumor-infiltrating
immune cells and chronic inflammation at the tumor site on cancer development,
progression, and prognosis: emphasis on non-small cell lung cancer. Journal of
Thoracic Oncology: Official Publication of the International Association for the
Study of Lung Cancer. 6(4): 824-833.

36



Breslauer, K.J., Ronald, F., Blocker, H. and Marky, L.A. (1986). Predicting DNA duplex
stability from the base sequence. Proceedings of the National Academy of
Sciences. 83: 3746-3750.

Budagian, V., Bulanova, E., Orinska, Z., Ludwig, A., Rose-John, S., Saftig, P., Borden,
E.C. and Bulfone-Paus, S. (2004). Natural soluble interleukin-15Ralpha is
generated by cleavage that involves the tumor necrosis factor-alpha-converting
enzyme (TACE/ADAML17). The Journal of Biological Chemistry. 279: 40368-
40375.

Burton, J.D., Bamford, R.N., Peters, C., Grant, A.J., Kurys, G., Goldman, C.K., Brennan,
J., Roessler, E. and Waldmann, T.A. (1994). A lymphokine, provisionally
designated interleukin T and produced by a human adult T-cell leukemia line,
stimulates T-cell proliferation and the induction of lymphokine-activated killer
cells. Proceedings of the National Academy of Sciences of the United States of
America. 91(11): 4935-4939.

Carson, W.E., Giri, J.G., Lindemann, M.J., Linett, M.L., Ahdieh, M., Paxton, R.,
Anderson, D., Eisenman, J., Grabstein, K. and Caligiuri, M.A. (1994).
Interleukin (IL) 15 is a novel cytokine that activates human natural killer cells
via components of the IL-2 receptor. The Journal of Experimental Medicine.
180: 1395-1403.

Cassel, W.A. and Murray, D.R. (1992). A ten-year follow-up on stage Il malignant
melanoma patients treated postsurgically with Newcastle disease virus
oncolysate. Medical Oncology and Tumor Pharmacotherapy. 9: 169-171.

Chambers, P., Millar, N.S. and Emmerson, P.T. (1986a). Nucleotide sequence of the
gene encoding the fusion glycoprotein of Newcastle disease virus. Journal of
General Virology. 67: 2685-2694.

Chambers, P., Millar, N.S., Bingham, R.W. and Emmerson, P.T. (1986b). Molecular
cloning of complementary DNA to Newcastle disease virus, and nucleotide
sequence analysis of the junction between the genes encoding the
haemagglutinin-neuraminidase and the large protein. Journal of General
Virology. 67: 475-486.

Chan, J., Davis, C. and Jokic, I. (2006). Influences of growth temperature and
preparation of competent cells on efficiency of chemically-induced
transformation in Escherichia coli DH5a. Journal of Experimental Microbiology
and Immunology. 9: 92-96.

Chaudhuri, K. (2013). Recombinant DNA Technology. New Delhi: TERI.

Chauthaiwale, V.M., Therwath, A. and Deshpande, V.V. (1992). Bacteriophage lambda
as a cloning vector. Microbiological Reviews. 56(4): 577-591.

37



Chow, P. (2005). Cloning of A DNA fragments into pUC19 vector to study the ligation
efficiency of Ndel-digested pUC19 and Hindlll-digested pUC19 by T4 DNA
ligase. Journal of Experimental Microbiology and Immunology. 8: 8-13.

Clark, D.P. and Paznernik, N.J. (2013). Molecular Biology (2" ed.). Waltham:
Academic Press.

Cohen, S.N., Chang, A.C.Y. and Hsu, L. (1972). Nonchromosomal antibiotic resistance
in bacteria: genetic transformation of Escherichia coli by R-factor DNA.
Proceedings of the National Academy of Sciences of the United States of
America. 80: 278-282.

Cooper, M.A., Fehniger, T.A. and Caligiuri, M.A. (2001). The biology of human natural
killer-cell subsets. Trends in Immunology. 22(11): 633-640.

Dagert, M. and Ehrlich, S.D. (1979). Prolonged incubation in calcium chloride improves
the competence of Escherichia coli cells. Gene. 6(1): 23-28.

deLeeuw, O. and Peeters, B. (1999). Complete nucleotide sequence of Newcastle
disease virus: evidence for the existence of a new genus within the subfamily
Paramyxovirinae. Journal of General Virology. 80: 131-136.

Delidow, B.C., Lynch, J.P., Peluso, J.J. and White, B.A. (1993). Polymerase chain
reaction. Methods in Molecular Biology. 15: 1-29.

Dieffenbach, C.W., Lowe, T.M.J. and Dveksler, G.S. (1995). General concepts for PCR
primer design. In C.W. Dieffenbach and G.S. Dveksler. PCR Primer, a
Laboratory Manual (pp. 133-155). New York: Cold Spring Harbor Laboratory
Press.

Dinarello, C.A. and Mier, J.W. (1986). Interleukins. Annual Review of Medicine. 37:
173-178.

Efstratiadis, A., Kafatos, F., Maxam, A.M. and Maniatis, T. (1976). Enzymatic in vitro
synthesis of globin genes. Cell. 7: 279-288.

Elankumaran, S., Rockemann, D. and Samal, S.K. (2006). Newcastle disease virus
exerts oncolysis by both intrinsic and extrinsic caspase-dependent pathways of
cell death. Journal of Virology. 80: 7522-7534.

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

Emens, L.A. (2011). Chemotherapy and tumor immunity: an unexpected collaboration.
Frontiers in Bioscience. 13: 249-257.

38



Fehniger, T.A. and Caligiuri, M.A. (2001). Interleukin 15: biology and relevance to
human disease. Blood. 97: 14-32.

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. International Journal of Cancer. 119: 328-
338.

Flanagan, A.D., Love, R. and Tesar, W. (1955). Propagation of Newcastle disease virus
in Erhlich ascites cells in vitro and in vivo. Proceedings of the Society for
Experimental Biology and Medicine. 90: 82-86.

Fournier, P. and Schirrmacher, V. (2013). Oncolytic Newcastle disease virus as cutting
edge between tumor and host. Biology. 2: 936-975.

Gamero, A.M., Ussery, D., Reintgen, D.S., Puleo, C.A. and Djeu, J.Y. (1995).
Interleukin 15 induction of lymphokine-activated killer cell function against
autologous tumor cells in melanoma patient lymphocytes by a CD18-dependent,
perforin-related mechanism. Cancer Research. 55: 4988-4994.

Gelfand, D. (1989). Tag DNA polymerase. In H. Erlich. PCR Technology: Principles
and Applications of DNA Amplification (pp. 17-22). New York: Stockton Press.

Gilboa, E. (1999). The makings of a tumour rejection antigen. Immunity. 11(3): 263-270.
Gleeson, M. (2000). Interleukins and exercise. Journal of Physiology. 529: 1.

Gosselin, J., Tomolu, A., Gallo, R.C. and Flamand, L. (1999). Interleukin-15 as an
activator of natural killer cell-mediated antiviral response. Blood. 94(12): 4210-
4219.

Grabstein, K.H., Eisenman, J., Shanebeck, K., Rauch, C., Srinivasan, S., Fung, V., Beers,
C., Richardson, J., Schoenborn, M.A., Ahdieh, M., Johnson, L., Alderson, M.,
Watson, J.D., Anderson, D.M. and Giri, J.G. (1994). Cloning of a T cell growth
factor that interacts with the beta chain of the interleukin-2 receptor. Science.
264 965.

Green, M.R. and Sambrook, J. (2012). Molecular Cloning: A Laboratory Manual (4"
ed.). New York: Cold Spring Harbor Laboratory Press.

Griffith, F. (1928). The significance of pneumococcal types. The Journal of Hygiene. 27:
113-159.

Griffiths, A.J.F., Gelbart, W.M., Miller, J.H. and Lewontin, R.C. (1999). Modern
Genetic Analysis. New York: W.H. Freeman.

39



Hanahan, D. (1983). Studies on transformation of Escherichia coli with plasmids.
Journal of Molecular Biology. 166(4): 557-580.

Hanahan, D., Jessee, J. and Bloom, F.R. (1991). Plasmid transformation of Escherichia
coli and other bacteria. Methods in Enzymology. 204: 63-113.

Hanson, R.P. and Brandly, C.A. (1955). Identification of vaccine strains of Newcastle
disease virus. Science. 122: 156-157.

Hanson, R.P. (1988). Heterogeneity within strains of Newcastle disease virus: key to
survival. In D.J. Alexander. Newcastle Disease (pp. 113-130). Boston: Kluwer
Academic Publishers.

Hengen, P.N. (1994). Methods and reagents — Recovering DNA from agarose gels.
Trends in Biochemical Sciences. 19(9): 388-389.

Herberman, R.B. and Ortaldo, J.R. (1981). Natural Killer cells: their roles in defenses
against disease. Science. 214: 24,

Huang, Z.H., Krishnamurthy, S., Panda, A. and Samal, S.K. (2001). High-level
expression of a foreign gene from the most 3’-proximal locus of a recombinant
Newcastle disease virus. Journal of General Virology. 82: 1729-1736.

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. Journal of Virology. 77: 8676-8685.

Innis, M.A. and Gelfand, D.H. (1991). PCR protocols, a guide to methods and
applications. In M.A. Innis, D.H. Gelfand, J.J. Sninsky and T.J. White.
Optimization of PCRs (pp. 3-12). San Diego: Academic Press.

Inoue, H., Nojima, H. and Okayama, H. (1990). High efficiency transformation of
Escherichia coli with plasmids. Gene. 96(1): 23-28.

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

Kanavos, P. (2006). The rising burden of cancer in the developing world. Annals of
Oncology. 17(viii): 15-23.

Khattar, S.K., Nayak, B., Kim, S.H., Xiao, S., Samal, S., Paldurai, A., Buchholz, U.J.,
Collins, P.L. and Samal, S.K. (2013). Evaluation of the replication, pathogenicity,
and immunogenicity of avian paramyxovirus (APMV) serotypes 2, 3, 4, 5, 7, and
9 in rhesus macaque. PLoS ONE. 8(10): e75456.

40



Kishida, T., Asada, H., Itokawa, Y., Cui, F.D., Shin-Ya, M., Gojo, S., Yasutomi, K.,
Ueda, Y., Yamagishi, H., Imanishi, J. and Mazda, O. (2003). Interleukin (IL)-21
and IL-15 genetic transfer synergistically augments therapeutic antitumour
immunity and promotes regression of metastatic lymphoma. Molecular Therapy.
8: 552-558.

Kleindienst, P. and Brocker, T. (2003). Endogenous dendritic cells are required for
amplification of T cell responses induced by dendritic cell vaccines in vivo. The
Journal of Immunology. 170: 2817-2823.

Krishnamurthy, S. and Samal, S.K. (1998). Nucleotide sequences of the trailer,
nucleocapsid protein gene and intergenic regions of Newcastle disease virus
strain Beaudette C and completion of the entire genome sequence. Journal of
General Virology. 79: 2419-2424.

Kryndushkin, D.S., Alexandrov, I.M., Ter-Avanesyan, M.D. and Kushnirov, V.V.
(2003). Yeast [PSI'] prion aggregates are formed by small Sup35 polymers
fragmented by Hsp104. Journal of Biological Chemistry. 278(49): 49636.

Kumar, R., Tiwari, A.K., Chaturvedi, U., Kumar, G.R.,Sahoo, A.P., Rajmani, R.S.,
Saxena, L., Saxena, S., Tiwari, S. and Kumar, S. (2012). Velogenic Newcastle
disease virus as an oncolytic virotherapeutics: in vitro characterization. Applied
Biochemistry and Biotechnology. 167: 2005-2022.

Lasek, W., Golab, J., Maslinski, W., Switaj, T., Balkowiec, E.Z., Stoklosa, T., Giermasz,
A., Malejczyk, M. and Jakobisiak, M. (1999). Subtherapeutic doses of
interleukin-15 augment the antitumor effect of interleukin-12 in a B16F10
melanoma model in mice. European Cyokine Network. 10: 345-356.

Lee, S. and Margolin, K. (2011). Cytokines in cancer immunotherapy. Cancer. 3: 3856-
3893.

Li, J.K., Miyakawa, T. and Fox, C.F. (1980). Protein organization in Newcastle disease
virus as revealed by perturbant treatment. Journal of Virology. 34: 268-271.

Magdeldin, S. (2012). Gel Electrophoresis - Principles and Basics. Rijeka: InTech.

Mantovani, A., Allavena, P., Sica, A. and Balkwill, F. (2008). Cancer-related
inflammation. Nature. 454: 436-444.

McGinnes, L., Sergel, T. and Morrison, T. (1993). Mutations in the transmembrane
domain of the HN protein of Newcastle disease virus affect the structure and
activity of the protein. Virology. 196: 101-110.

Micklos, D.A. and Freyer, G.A. (2003). DNA Science: a First Course (2" ed.). New
York: Cold Spring Harbor Laboratory Press.

41



Monod, J. (1978). Selected Papers in Molecular Biology. New York: Academic Press.

Morrison, T., McQuain, C. and McGinnes, L. (1991). Complementation between
avirulent Newcastle disease virus and a fusion protein gene expressed from a
retrovirus vector: requirements for membrane fusion. Journal of Virology. 65:
813-822.

Nemunaitis, J. (2002). Live viruses in cancer treatment. Oncology. 16: 1483-1492.

Niu, Z., Bai, F., Sun, T., Tian, H., Yu, D., Yin, J,, Li, S., Cao, H., Yu, Q., Wu, Y., Ren,
G. and Li, D. (2014). Recombinant Newcastle disease virus expressing I1L15
demonstrates promising antitumour efficiency in melanoma model. Technology
in Cancer Research and Treatment. 72-78.

Pagliari, D., Frosali, S., Landolfi, R. and Cianci, R. (2013). The role of IL-15 in human
cancer: friend or foe? International Trends in Immunity. 1(2): 35-42.

Pantua, H.D., McGinnes, L.W., Peeples, M.E. and Morrison, T.G. (2006). Requirements
for the assembly and release of Newcastle disease virus-like particles. Journal of
Virology. 80: 11062-11073.

Rahman, M.T., Uddin, M.S., Sultana, R., Moue, A. and Setu, M. (2013). Polymerase
chain reaction (PCR): a short review. Anwer Khan Modern Medical College
Journal. 4(1): 30-36.

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. Journal of Surgical Research. 52: 448-453.

Rima, B.K., Alexander, D.J., Billeter, M.A., Collins, P.L., Kingsbury, D.W., Lipkind,
M.A., Nagai, Y., Oervell, C., Pringle, C.R. and ter Meulen, V. (1995). The
Paramyxoviridae. In F.A. Murphy, C.M. Fauquet, D.H.L. Bishop, S.A. Ghabrial,
AW. Jarvis, G.P. Martelli, M.A. Mayo and M.D. Summers. Virus
Taxonomy, Classification and Nomenclature of Viruses. Sixth Report of the
International Committee on Taxonomy of Viruses (pp. 268-274). New York:
Springer Verlag.

Russell, S.J. (2002). RNA viruses as virotherapy agents. Cancer Gene Therapy. 9: 961-
966.

Saiki, R.K., Scharf, S., Faloona, F., Mullis, K.B., Horn, G.T., Erlich, H.A. and Arnheim,
N. (1985). Enzymatic amplification of B-globin genomic sequences and
restriction site analysis for diagnosis of sickle-cell anemia. Science. 230: 1350-
1354.

42



Salminen, E., Izewska, J. and Andreo, P. (2005). IAEA’s role in the global management
of cancer: focus on upgrading radiotherapy services. Acta Oncologica. 44: 816-
824.

Samal, S.K. (2011). Newcastle disease and related avian paramyxoviruses. In S.K.
Samal. The Biology of Paramyxoviruses (pp. 69-114). Norfolk:
Caister Academic Press.

Sambrook, J. and Russel, D.W. (2001). Molecular Cloning: a Laboratory Manual (3"
ed.). New York: Cold Spring Harbor Laboratory Press.

Scherer, G., Telford, J., Baldari, C. and Pirrota, V. (1981). Isolation of cloned genes
differentially expressed at early and late stages of Drosophila embryonic
development. Developmental Biology. 86: 438-447.

Schirrmacher, V., Ahlert, T., Prébstle, T., Steiner, H.H., Herold-Mende, C., Gerhards, R.
and Hagmdler, E. (1998). Immunization with virus-modified tumor cells.
Seminars in Oncology. 25: 677-696.

Schirrmacher, V., Haas, C., Bonifer, R., Ahlert, T., Gerhards, R. and Ertel, C. (1999).
Human tumor cell modification by virus infection: an efficient and safe way to
produce cancer vaccine with pleiotropic immune stimulatory properties when
using Newcastle disease virus. Gene Therapy. 6: 63-73.

Schirrmacher, V. (2005). Clinical trials of antitumor vaccination with an autologous
tumor cell vaccine modified by virus infection: improvement of patient survival
based on improved antitumor immune memory. Cancer Immunology and
Immunotherapy. 54: 587-598.

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

Schochetman, G., Ou, C.Y. and Jones, W.K. (1988). Polymerase chain reaction. The
Journal of Infectious Diseases. 158(6): 1154-1157.

Seeburg, P.H., Shine, J., Martial, J.A., Baxter, J.D. and Goodman, H.M. (1977).
Nucleotide sequence and amplification in bacteria of structural gene for rat
growth hormone. Nature. 270: 486-484.

Sharp, P.A., Sugden, B. and Sambrook, J. (1973). Detection of two restriction
endonuclease activities in Haemophilus parainfluenzae using analytical agarose-
ethidium bromide electrophoresis. Biochemistry. 12: 3055-3063.

Sinkovics, J. and Horvath, J. (1993). New developments in the virus therapy of cancer: a
historical review. Intervirology. 36: 193-214.

43



Steel, J.C., Ramlogan, C.A., Yu, P., Sakai, Y., Forni, G., Waldmann, T.A. and Morris,
J.C. (2010). Interleukin-15 and its receptor augment dendritic cell vaccination
against the neu oncogene through the induction of antibodies partially
independent of CD4 help. Cancer Research. 70(3): 1072-1081.

Steinman, R.M. and Pope, M. (2002). Exploting dendritic cells to improve vaccine
efficacy. The Journal of Clinical Investigation. 109: 1519-1526.

Stephenson, K.B., Barra, N.G., Davies, E., Ashkar, A.A. and Lichty, B.D. (2012).
Expressing human interleukin-15 from oncolytic vesicular stomatitis virus
improves survival in a murine metastatic colon adenocarcinoma model through
the enhancement of anti-tumor immunity. Cancer Gene Therapy. 19: 238-246.

Steward, M., Vipond, 1.B., Millar, N.S. and Emmerson, P.T. (1993). RNA editing in
Newcastle disease virus. Journal of General Virology. 74: 2539-2547.

Swords, W.E. (2003). Chemical transformation of E. coli. Methods in Molecular Biology.
235: 49-53.

Tabor, S. (2001). Current Protocols in Molecular Biology. New York: John Wiley &
Sons.

Takimoto, T. and Portner, A. (2004). Molecular mechanism of paramyxovirus budding.
Virus Research. 106: 133-145.

Tu, M., He, G,, Li, K.X., Chen, M.J., Chang, J., Chen, L., Yao, Q., Liu, D.P., Ye, H., Shi,
J. and Wu, X. (2005). An improved system for competent cell preparation and
high efficiency plasmid transformation using different Escherichia coli strains.
Electronic Journal of Biotechnology. 8(1): 113-120.

Waldmann, T.A., Dubois, S. and Tagaya, Y. (2001). Contrasting roles of IL-2 and IL-15
in the life and death of lymphocytes: implications for immunotherapy. Immunity.
14(2): 105-110.

Watson, J.D., Myers, R.M., Caudy, A.A. and Witkowski, J.A. (2007). Recombinant
DNA: Genes and Genomes - A Short Course (3" ed.). San Francisco: W.H.
Freeman.

Watson, J.D., Baker, T.A., Bell, S.P., Gann, A., Levine, M. and Losick, R. (2014).
Techniques of molecular biology. In J.D. Watson, T.A. Baker, S.P. Bell, A. Gann,
M. Levine and R. Losick. Molecular Biology of the Gene (7" ed., pp. 147-191).
Boston: Pearson.

Winstanley, C. and Rapley, R. (2000). Extraction and purification of plasmid DNA. The
Nucleic Acid Protocols Handbook. 45: 327-331.

44



Wood, P. (2006). The immediate response to infection: innate immunity and the
inflammatory response. In P. Wood. Understanding Immunology (2" ed., pp. 18-
40). Essex: Pearson Education Limited.

Wu, D.Y.W., Ugozzoli, L., Pal, B.K., Qian, J. and Wallace, R.B. (1991). The effect of
temperature and oligonucleotide primer length on specificity and efficiency of
amplification by the polymerase chain reaction. DNA and Cell Biology. 10: 233-
238.

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

Zemp, F.J., Corredor, J.C., Lun, X., Muruve, D.A. and Forsyth, P.A. (2010). Oncolytic
viruses as experimental treatments for malignant gliomas: using a scourge to
treat a devil. Cytokine Growth Factor Reviews. 21: 103-117.

Zeng, J.Y., Fournier, P. and Schirrmacher, V. (2002). Induction of interferon-o and
tumor necrosis factor-related apoptosis-inducing ligand in human blood
mononuclear cells by hemagglutinin-neuraminidase but not F protein of
Newcastle disease virus. Virology. 297: 19-30.

Zhang, M., Yao, Z., Dubois, S., Ju, W., Muller, J.R. and Waldmann, T.A. (2009).
Interleukin-15 combined with an anti-CD40 antibody provides enhanced
therapeutic efficacy for murine models of colon cancer. Proceedings of the
National Academy of Sciences of the United States of America. 106: 7513-7518.

45





