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Lactic acid bacteria (LAB) such as Lactococcus lactis is a well-known food-
grade bacterium which is identified as an excellent candidate for delivering
DNA vaccine towards colorectal carcinoma cells. Safety usage of L. lactis was
confirmed by its generally recognised as safe (GRAS) status and the long
tradition of use in the food industries. Exploitation of LAB as probiotics also
provided an interesting and broad field of possibilities in overcoming
boundaries towards biomedicine markets. This is because the production cost
is affordable even in large scale production. Implementation of gene therapy
for cancer recovery such as immunotherapy has become an attractive and an
alternative approach towards classical treatments. Most of the
immunotherapeutic studies have been using delivery vectors such as viruses,
attenuated pathogens and parasites as they efficiently deliver plasmids or
DNA towards various types of cancer cells. However, researcher questioned
on the possibility of these vectors to revert back its pathogenicity has become
one of the hurdles for this research to be putinto practice. Therefore, LAB with
its GRAS status has shown to be a better alternative vector for gene delivery.
In this study, a local dairy isolate, L. lactis M4 was investigated for its ability to
be developed as a live delivery vector of plasmid DNA harboring the
fluorescent genes towards the human colon cancer cell line, SW620. The
interaction mechanisms involved between this LAB strain and SW620 during
the interaction assays was analysed. This human colorectal cell was used in
this study since it is an epithelial cell which is suitable to be used as an
expression host that would allow for the demonstration of the plasmid delivery
into the mammalian cells. In addition, the SW620 cells have also been widely
used for the application in cancer research involving LAB. It was shown,
through the trypan blue exclusion method performed along with the interaction



assays that L. lactis M4 has no cytotoxicity effect towards SW620 cells at the
multiplicity of infection (MOI) of 250:1 and below. L. lactis M4 strain was found
to adhere and to internalise into the SW620 cells optimally at two hours post-
infection at the MOI 250:1, bacteria per cancer cell and managed to survive
intracellularly for 7 hours. When SW620 cells were pre-incubated with
Cytochalasin D and Vinblastine drugs (the microfilaments and microtubules
destabilisers) before the invasion assays, uptake of the L. lactis M4 was
blocked indicating that the mode of delivery into the cell was via endocytosis
which are dependent on the rearrangement of both microfilament and
microtubule. Bactofection mechanism of the SW620 cells by L. lactis M4 was
demonstrated through the 3D image modeling of the expression of fluorescent
reporter proteins from a dual-expression plasmid, pHSR constructed in this
study. Viable L. lactis M4 was found to express red fluorescent protein (RFP)
in the intracellular compartment of the SW620 cells at three hours post-
infection. Concurrently, SW620 cells were also observed to express green
fluorescent protein (GFP) at the same time. Hence, the success of gene
delivery demonstrated based on the expression of RFP and GFP from pHSR
have proven that L. lactis M4 can be considered as a promising candidate of
a live delivery vector of plasmid DNA into the mammalian cells.
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Bakteria Asid Laktik (LAB) seperti Lactococcus lactis M4 amat terkenal
sebagai bakteria gred-makanan yang merupakan calon terbaik untuk
menghantar vaksin DNA kepada sel kanser kolon. Keselamatan penggunaan
L. lactis telah berstatus umumnya diiktiraf sebagai selamat (GRAS) dan ianya
mempunyai tradisi berpanjangan dalam kegunaan industri pemakanan.
Eksploitasi LAB sebagai probiotik juga telah memberi kemungkinan yang luas
dan menarik terhadap pemasaran bioperubatan. Hal ini berkaitan dengan kos
pengeluaran yang mampu ditanggung walaupun dalam pengeluaran berskala
besar. Pelaksanaan terapi gen seperti imunoterapi telah menjadi tarikan dan
merupakan pendekatan alternatif terhadap rawatan klasik. Kebanyakan kajian
imunoterapi telah menggunakan vektor-vektor penghantar seperti virus,
patogen teratenuat dan parasit kerana kecekapan vektor tersebut menghantar
plasmid dan DNA kepada pelbagai jenis titisan sel kanser. Namun, pengkaiji
mempersoalkan akan keselamatan penggunaan vektor tersebut yang boleh
berbalik kepada keadaan virulen yang menjadi salah satu daripada beban
terhadap kajian ini untuk diamalkan. Oleh itu, LAB dengan status GRAS, telah
diperlihatkan sebagai vektor penghantar gen alternatif. Dalam kajian ini, satu
stren tenusu terasing, L. lactis M4 telah dikaji bagi kebolehan terorak sebagai
penghantar vektor hidup bagi plasmid DNA pembawaan gen berpendaflour
terhadap titisan sel kanser kolon manusia, SW620. Mekanisme interaksi yang
terlibat antara stren ini dan SW620 ketika asai interaksi telah dianalisa. Sel
kolon manusia ini telah digunakan dalam kajian ini kerana ia merupakan sel
epitelium yang sesuai untuk digunakan sebagai hos ekspresi yang
membenarkan demonstrasi penghantaran plasmid ke dalam sel
mamalia.Tambahan pula, sel SW620 juga telah digunakan secara meluas
untuk aplikasi dalam kajian kanser. Kaedah penyisihan tripan biru yang



dilakukan disamping asai interaksi telah membuktikan bahawa L. lactis M4
tidak bersifat sitotoksik terhadap sel SW620 pada kegandaan jangkitan (MOI)
250:1 dan ke bawah. Stren L. lactis M4 telah ditemui melekap pada dan
memasuki sel SW620 secara optimum selepas dua jam pemberian pada MOI
250:1, bakteria per sel kanser dan dapat bertahan untuk hidup 7 jam intrasel.
Ketika pra-inkubasi sel SW620 dengan dadah Cytochalasin D dan Vinblastine
(penjejas  kestabilan  mikrofilamen dan mikrotubul) sebelum asai
pencerobohan, pengambilan L. lactis M4 telah disekat, menunjukkan bahawa
mod penghantaran ke dalam sel SW620 adalah melalui endositosis yang
bersandarkan kepada penyusunan semula kedua-dua mikrofilamen dan
mikrotubul. Mekanisme baktofeksi terhadap sel SW620 oleh L. lactis M4 telah
ditunjukkan melalui pemodelan gambar 3D melalui ekspresi protein pelapor
berpendafluor daripada plasmid dwi-ekspresi, pHSR yang dikonstruk dalam
kajian ini. L. lactis M4 yang berdaya hidup telah ditemui mengekspresi protein
berpendaflour merah (RFP) di dalam ruang intrasel sel SW620 tiga jam
selepas infeksi. Seiringan itu, sel SW620 juga telah dicerapi mengekspresi
protein berpendafluor hijau (GFP) pada waktu itu. Oleh yang demikian,
kejayaan dalam penghataran gen yang ditunjukkan berdasarkan ekspresi
RFP dan GFP daripada pHSR telah membuktikan yang L. lactis M4 boleh
dianggap sebagai calon harapan penghantar vektor hidup untuk plasmid DNA
ke dalam sel mamalia.
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CHAPTER 1

INTRODUCTION

Since the past decades, lactic acid bacteria (LAB) has received attention from
scientist as a tool for drug delivery and targeting agents (Kochut & Dersch,
2013). The LAB family includes the genera Lactobacillus, Lactococcus,
Streptococcus and many more (Stiles & Holzapfel, 1997). Generally, LAB is
an organism of choice because it is a Gram-positive microorganism that lacks
of lipopolysaccharide (LPS), an endotoxin that is present in Gram-negative
bacteria. In addition, LAB could survive the strong acidic stomach when it is
delivered orally. They undergo fermentation and produce lactic acid as its end-
product (Sharma & Devi, 2014). These bacteria have been studied in detalil
and are well-known for their applications in the food industry. For instance,
Lactococcus strains are mainly being used in the production of dairy product
like cheese (Konings, 2000). Since its certification of GRAS (Generally
Recognised as Safe) organism by the US Food and Drug Administration
(FDA), the potential of LAB in several applications have been greatly
enhanced. LAB have been reported to be utilised as cell factories for
expression of membrane proteins (Douillard, O’Connell-Motherway,
Cambillau, & van Sinderen, 2011), suppressing spoilage and growth of
pathogenic bacteria (Jalilsood, Baradaran, Song, Foo, Mustafa, Saad, Yusoff,
& Rahim, 2015), production of biocatalyst (Hugenholtz, Kleerebezem,
Starrenburg, Delcour, de Vos, & Hols, 2000), and delivery of therapeutic
substances (Braat, Rottiers, Hommes, Huyghebaert, Remaut, Remon, Van
Deventer, Neirynck, Peppelenbosch & Steidler, 2006; Rottiers, De Smedt &
Steidler, 2009). The GRAS certification of LAB also opens a new era in
immunotherapy. Replacing an attenuated pathogenic bacteria with LAB as a
delivery vector for therapeutic vaccine portrays a much safer alternatives for
cancer treatments (Garcia-Fruités, 2012). It is crucial to avoid the risk
associated with using the attenuated pathogen as live vaccine as there is
possible reversion of the attenuated strains into its virulent phenotype (Tao,
Pavlova, Ji, Jin, & Spear, 2011).

A food grade bacterium such as LAB could be utilised as a delivery vector for
the DNA vaccine as it can be safely consumed. It also protects the naked DNA
from degradation by nucleases and hence improves the efficacy of the delivery
system (Bermudez-Humaran, Kharrat, Chatel & Langella, 2011; Kawabata,
Takakura, & Hashida, 1995; Lechardeur, Sohn, Haardt, Joshi, Monck,
Graham, Beatty, Squire, O'Brodovich & Lukacs, 1999). In previous review,
commercially available L. lactis strains have been commonly listed as one of
the potential candidates for the delivery vehicle of therapeutic DNA vaccine
into the mammalian cells. It was shown in the study that incubation of the cell
line with purified plasmid DNA resulted in no protein expression. However,
protein expression of the transgene was detected in the cells when the plasmid



is incorporated within the bacterium suggesting that the plasmid being
successfully delivered (Guimaraes, Innocentin, Lefévre, Azevedo, Wal,
Langella & Chatel, 2006). Some of these studies also incorporated invasive
genes isolated from the pathogenic bacterial strains into the LAB strains to
make it more invasive (Innocentin, Guimaraes, Miyoshi, Azevedo, Langella,
Chatel & Lefevre, 2009) whereas some study has used enzymatic treatments
to enhance the delivery of plasmid into the mammalian cancer cells (Tao et
al., 2011). Previously in the laboratory, a naturally derived local cow’s milk
isolate of L. lactis M4 was assessed for its ability to maintain low molecular
weight plasmid and express heterologous protein. It was shown that L. lactis
M4 with a small genome size can be developed as a suitable expression host
and able to retain transformed plasmid stably for more than 100 generation
time. Hence in this study, we would like to further investigate the capacity of
this strain to interact with the colorectal cancer cell line, SW620 and to deliver
dual-expression plasmid via bactofection (bacteria mediated DNA delivery).

Cancer is one of the leading causes of death in the world accounting for almost
8.2 million of cancer-related deaths. Colorectal cancer alone has resulted in
694,000 deaths (American Cancer Society, 2015b). According to
Pourhoseingholi (2014), the number of colorectal cancer cases worldwide was
estimated to increase from 1.2 to 2.2 million in 20 years time. In the Asian
community, less number of people supported and was aware on the
importance of screening on colorectal cancer at the early stages
(Pourhoseingholi, 2014). This problem is closely associated with the low
income communities as well as due to lack of facilities and educational
program being provided for colorectal cancer screening (Pourhoseingholi,
2014). Based on the report by National Cancer Institute (NCI), there are a total
of five standard treatments available for cancer patients which are surgery,
radiofrequency ablation, cryosurgery, chemotherapy, and radiation therapy.
However, these treatments comes with detrimental side-effects (American
Cancer Society, 2013). Therefore, an alternative treatment such as gene
therapy is anticipated. Recently, the first certified therapeutic cancer vaccine
known as Sipuleucel- T (Provenge®) was used to treat prostate cancer by
eliciting an immune response against the antigens found on the cancer cells.
This cancer vaccine consists of dendritic cells from the patient’s blood that was
fused to the prostate antigen and granulocyte macrophage colony-stimulating
factor (Schlom, 2012) before administered to the patient via intravenously
(Kantoff, Higano, Shore, Berger, Small, Penson, Redfern, Ferrari, Dreicer,
Sims, Xu, Frohlich & Schellhammer, 2010). This progression has opened up
a whole new horizon for scientist to develop new therapeutic DNA vaccine for
treatment of colorectal cancer.



The main aim for this study is to determine whether L. lactis M4 can deliver
plasmid DNA into cancer cell. In order to track the delivery, the plasmid will
have two different expression systems that enable fluorescent protein
expression in prokaryotic and eukaryotic cells. Hence, the specific objectives
of this study are;

1. To investigate the interaction properties on adhesion, invasion,
intracellular survival and invasion inhibition between L. lactis M4 and
SW620 cells.

2. To construct a dual-expression plasmid, pHSR harbouring prokaryotic
and eukaryotic expression cassettes.

3. To develop a model for bactofection mechanism of SW620 cells using
L. lactis M4.
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