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ABSTRACT

Colorectal cancer was reported to be the second cause of death among cancer patients for over
500,000 mortalities annually (World Health Organization,2018). This may be owed to the lack of a
treatment that specifically targets a molecule that comprehensively dysregulate cancer cell growth,
survival and metastasis. A multitasking protein namely Y-box-binding protein 1 (YB1) was found to
be upregulated and directly contributed in nine of the Hanahan and Weinberg ‘Hallmark of cancer’.
Silencing this YB1 protein by any means including the use of short-hairpin RNA (shRNA) could
prompt positive therapeutic consequences towards colorectal cancer patients. Despite the discovery
of the YB1 multifunctional effect two years ago, research evaluating the effects of using nanoparticle
delivery with shRNA YB1 encapsulated towards colorectal cancer cells, are limited. Therefore, this
in-vitro study was conducted to explore the anti-proliferative effects of shRNA YB1 towards
colorectal cancer cell lines (HT29) by using double emulsion solvent evaporation technique to
fabricate PLGA nanoparticle as the shRNA carrier agent. In this study, the amplification of the
shRNA YB1 was done in JM109 E.coli before it was extracted and encapsulated into PLGA
nanoparticle. The validation of the anti-YB1 plasmid presence was validated through 1% agarose gel
electrophoresis. The nanoparticle embedded with shRNA YB1 plasmid was fabricated through
double emulsion solvent evaporation method. The resulted size, charge and morphology were
observed and recorded. The effect of the YB1 gene silencing towards HT-29 cell proliferation was
analyzed using MTT assay. Results revealed the presence of the shRNA YB1 plasmid of
approximately 2900 base pair of the shRNA. The size of the shRNA YB1 encapsulated nanoparticle
was 345 nm with -26.1 mV charge. As for the HT29 treatment, it was indicated that the usage of
shRNA YB1 loaded nanoparticle for 48 hours could reduce the cell viability (p<0.05) of the HT29.
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INTRODUCTION

Colorectal cancer is defined by the overgrowth of abnormal cells in the upper level of the
gastrointestinal body. With 500 000 deaths reported annually, colorectal cancer is described as the
second leading cancer death and third most common cancer type in the world (WHO, 2018).
Currently, the most sophisticated treatment available for colorectal cancer is chemotherapy which
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would induce painful and invasive treatments with visible consequences towards patients,
physically and mentally (Valderrama-Trevifio et al., 2017). The side effects of this current treatment
are also harsh for the patients due to its non-specificity targeting and systemic therapy of the
chemotherapeutic agents.

Y-box-binding protein 1 (YB1) is proven to have a major contribution towards all nine
Hanahan and Weinberg ‘Hallmarks of cancer’ including its role in abnormal cell proliferation and
metastasis (Maurya et al., 2017). YB1 is overexpressed in many cancer cells, including colorectal
cancer and this upregulation is highly correlated with tumor progression, invasion, angiogenesis
and metastasis (Zhang et al., 2019). Recent evidence shows that making use of a delivery method
that utilizes the function of a short-hairpin RNA (shRNA) that targets to silence a YB1 ‘bone fide’
oncoprotein would be a great help in achieving the purpose of a comprehensive and economical
treatment. The silencing therapy should be precise and non-toxic towards the surrounding of the
colorectal cancer location. Therefore, as an effort of providing the best least systemic toxic effect of
the treatment, a biodegradable polymer named Poly (lactic-co-glycolic acid) (PLGA) is one of the
best choices.

PLGA was endorsed by the United States” Food Drugs Administration (U.S FDA) and
European Medicines Agency (EMA) for human use (Sharma, Parmar, Kori, & Sandhir, 2016). It
gradually degrades into the biocompatible products of lactic and glycolic acid through hydrolysis
and is able to release the encapsulated agents slowly over a long period of time. PLGA is a
biocompatible, biodegradable and low systemic toxicity polymer that is commonly used in dual
emulsion techniques (Colzani et al., 2018). With the said matter in hand, silencing the YB1
oncoprotein using shRNA with the help of PLGA nanoparticle delivery could provide
comprehensive positive consequences. The use of nanoparticles would aid in localizing treatment
and the usage of FDA approved PLGA would reduce the toxicity of the treatment. Therefore, the
aim of this study is to investigate the anti-proliferative effects of the shRNA YB1 using PLGA
nanoparticle fabricated by double emulsion solvent evaporation technique towards colorectal cancer
(HT29) cell lines.

MATERIALS AND METHODS

Extraction of shRNA YB1 plasmid

ShRNA YB1 transformed Escherichia coli was cultured on nutrient agar supplemented with kanamycin
for 24 hours to yield a single colony. Then the bacteria were further cultured in lysogeny broth
supplemented with kanamycin. After 8 and 12 hours of bacteria preparation, shRNA YB1 plasmid
was extracted by using PureYield™ Plasmid Maxiprep System. The experiment protocol was
adapted from Promega Corporation (2009).

Evaluation on pDNA purity and integrity
The extracted shRNA YB1 plasmid was evaluated in terms of purity and pDNA integrity by using
Nanodrop 1000 Spectrophotometer and Agarose Gel Electrophoresis respectively.

Fabrication of PLGA nanoparticles

PLGA nanoparticles was fabricated by using double emulsion water-oil-water (WOW) solvent
evaporation method adapted from Ismail et al., (2016). 0.1 g of PLGA solid crystal was weighed and
dissolved in 2 ml of ethyl acetate to form the oil phase. Then, the first aqueous phase containing 200
ul of distilled water and 6 pl of p53 plasmid DNA was added into the oil phase. The mixture was
then homogenized for 2 minutes (30 seconds on, 15 seconds off) and sonicated for 30 seconds (5
seconds on, 3 seconds off) to create the first emulsion. Next, the primary emulsion was added to the
second aqueous phase containing 5.5 ml of 4% Polyvinyl Alcohol and 16.5 ml of distilled water. The
mixture was homogenized, sonicated with the same parameter as before and stirred for 13 hours to
produce a stable structure of nanoparticle.
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Next, the nanoparticle solution was centrifuged with parameter of 13000 rpm at 20°C for 15
minutes. The pellet was washed for 2 times with distilled water and finally resuspended with 5 ml
of distilled water. Water bath sonicator was used to aid the resuspension process. The same
procedure was repeated for the blank nanoparticle formulation without the addition of the p53
plasmid in the first aqueous phase.

Characterization of nanoparticles

The fabricated nanoparticle was characterized in terms of size, zeta potential and morphological
surface by using Zeta Sizer, Zeta Potential and Scanning Electron Microscope (SEM) respectively.
Prior to SEM observation and examination, the sample was freeze dried and proceeded with sputter
coating (gold).

Culture and maintenance of A375 cell lines
HT29 Colorectal Carcinoma Cell lines was cultured and maintained in 10% Complete Growth
Medium. The cells were seeded into a 96 well-plate after the cells reached 80% confluency.

Cells treatment

After 24-hours incubation, the seeding cells were divided into four group: (i) treated with shRNA
YB1 loaded PLGA nanoparticles, (ii) treated with shRNA YBI1 plasmid extracts (positive control),
(iii) treated with blank nanoparticles (negative control), and (iv) untreated cells. For the treatment
group, five concentrations were setup consisting of 0.2, 0.4, 0.6, 0.8 and 1.0 mg/ml. The treatment
was added according to the designed concentrations. The plates were then incubated for 24 and 48
hours at 37 °C, supplemented with 5% COs..

Cell viability assay

After 24 and 48 hours of treatment, MTT assay was performed by incubating the treated cells with
0.5 mg/ml of MTT reagent for 4 hours at 37 °C incubator supplemented with 5% CO,. Formazan
crystal in purple colour was produced by the viable cells once the MTT reagent had absorbed into
the mitochondria of the cells. After the incubation period, 100pL of DMSO was added into each well
and incubated for 1 hour to dissolve the crystal. Then, the absorbance was measured by a microplate
reader set at 570 nm of optical density.

Data analysis

All of data collected from the experiment were conducted in triplicate. The mean as well as the
standard deviations were calculated and recorded. The collected data were analysed by using IBM
SPSS Statistics 25 with One Way ANOVA test. p values <0.05 was considered as statistically
significant.
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RESULTS

pDNA purity

The purity of the plasmid has been confirmed through two measurements of 260/280 and 260/230
ratio which are 1.83 and 2.12 respectively. While the stock concentration of extracted shRNA YB1
plasmid recorded from the Nanodrop spectrophotometer reading was 445.9 ng/ ul.

Nanoparticles characterization
Size and zeta potential
The fabricated nanoparticle using double emulsion solvent evaporation method was analyzed in

terms of its charge and Z-average size using Zeta Sizer Analyzer and Zeta Potential as per tabulated
in Table 1.

Table 1 Characterization of shARNA YB1 loaded nanoparticles in terms of size and zeta potential.

Properties Reading
1 2 3 Average (Mean+SD)
Z-average Size (nm) 456 306 273 345+ 97
Charge potential (mV) 273 243 -26.0 -26.1+1.5
Morphological surface

In order to validate the characterization of nanoparticles, the nanoparticles were observed by
scanning electron microscopy (SEM). It was observed from these micrographs that the nanoparticles
of PLGA with shRNA YB1 loaded were uniformly spherical in shape with no formation of pores and
perforated outer shell of the fabricated nanoparticles as in Figure 1.
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Figure 1 The morphology of shRNA YB1 loaded nanoparticles under magnification of
2.00Kx of Scanning Electron Microscope.
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Cell Viability assay

Two sets of data have been set up (i) to compare the mean between concentration of sShARNA YB1
loaded nanoparticles and cell viability of HT29 cell lines and (ii) to compare the mean between
duration of nanoparticles exposure to the cells and cell viability.

Concentration of nanoparticles vs cell viability

The cell viability was expected to reduce as the concentration of shRNA YB1 loaded nanoparticles
increased. The data was found to be not statistically significant with a p value of 0.200 and the trend
also was inconsistent.

Duration of nanoparticles exposure vs cell viability

Through One Way Anova test analysis, it was found that there was statistically significant
relationship between the duration of exposure and cell viability with p value of <0.001. Figure 2
shows the trend of the graph which indicated that the longer the duration of exposure the lower the
cell viability.

Cell viability of HT29 cell lines over 24 hours and 48 hours treatment of Anti-YB1

embedded nanoparticle
m 24 hours
W48 hours

Blank nanoparticie  Anti-ybl plasmid
(Negative control)  [Positvecontrol

1

Treatment concentration ( mg/ml)

o
=

Cell viability (%)
o

IS

Figure SEQ Figure \* ARABIC 2.0 illustrated the range of concentration of
shRNA YBL1 loaded nanoparticles and their effects on cell viability of HT29 cell
lines in 24 and 48 hours. (The asterisk * is to indicate the statistically significant

with the p value 0f<0.005)
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DISCUSSIONS

pDNA purity

The A260/280 ratio is to determine the contamination of the nucleic acid sample. Pure RNA should have
A260/280 ratio somewhere around 1.8 and 2.1 respectively for it to be validated as pure. Referring to the
results in Table 1, the ratio showed the plasmid A260/280 ratio was 1.83. This indicated that the plasmid
extracted was pure and could exert maximum possible effect of the silencing YB1 protein towards the
intended target, colorectal cancer.

The A260/230 ratio shown on the Nanodrop spectrophotometer value is an indicator of the
presence of the inorganic contaminants. Samples with A260/230 ratio below than 1.8 were considered to
have a significant amount of organic contaminants (Desjardins & Conklin, 2010). Pure samples without any
contaminants should show A260/230 ratio with a value near to 2.0. Results of the plasmid extracted,
showed 2.13 suggesting that the plasmid extracted was pure and not contaminated, thus the function of
the silencing YB1 could be carried out effectively.

Nanoparticles formulation and stability

This fabrication (Double emulsion solvent evaporation) method could yield the size of nanoparticles
ranging from 500nm and below (Desjardins & Conklin, 2010). In this current study, nanoparticles in the
average size of 345 nm * 97 was achieved. Approximately 350 nm and below sized nanoparticles was
found to be effectively targeting and entering HT29 cell lines and other related gastrointestinal carcinoma
cell lines (Kennedy, 2018).

The recommended nanoparticle size that would facilitate the transportation and the delivery of the
nanoparticle shRNA /drug delivery towards colorectal cancer was recorded as 20-400nm (Cisterna et al.,
2016). Therefore, the synthesizing of nanoparticle within the range of 20-400nm would highly contribute
towards the development of the targeted therapeutic treatment.

Surface characteristics, surface charge play a key role in protein adsorption, which in turn impacts
the pharmacokinetics and biodistribution of nanoparticles. Neutral nanoparticles, on the other hand, as
well as those with a slight adverse charge, demonstrate considerably extended half-lives in circulation
(Blanco, Shen, & Ferrari, 2015). The surface charge of any nanoparticle intended to deliver any therapeutic
action is often recommended to exist as positive charge/cation. This is due to the purpose of delivering the
therapeutic action into the negative plasma membrane and to increase the cell permeability using the
energy and charge dependent fashion (Lin & Alexander-Katz, 2013).

However, the attractive interaction between the cationic nanoparticle and the negatively charge
cell membrane are often observed as toxic due to its rapid internalization (Contini, Schneemilch, Gaisford,
& Quirke, 2018) and cationic nanoparticle was found to induce nanoscale disruption/hole through the cell
membrane (Chen et al., 2009). Highly cationic nanoparticles also are quickly removed from circulation
(Blanco et al., 2015). Therefore, Contini, et.al, (2018) suggested that anionic nanoparticle could produce less
toxic effects and could retain the effect therapeutically longer in blood vessels in-vivo.

Cell Proliferation

In terms of duration nanoparticle treatment, all concentrations showed significant findings and reduced
trend of cell proliferation when comparing between 24 hours and 48 hours treatment. However, subsequent
to 48 hours of the treatments towards the colorectal cancer cell lines, no significant trend of reduced cell
proliferation among the range treatment concentration was found. The result showed inconsistent trend of
the cell proliferation across the concentration of the treatment used. At the concentration of 0.4 and 0.8
mg/mL nanoparticle treatment, the cell proliferation increasing in trend ironically to what it was supposed
to be. An effective treatment is expected to show a consistent trend of reduced cell proliferation as the
concentration of the nanoparticles treatment used increase. Therefore, few factors could possibly justify
the inconsistent trend of the nanoparticles treatment effect.

First, the size of the nanoparticles fabricated by the double solvent emulsion evaporation
technique, showed 345nm with a negative charge -26.1 mV. In terms of size, consistent and effective
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nanoparticle treatment is expected from nanoparticles sized 10-100nm (Sukhanova et al., 2018). This range
of size would allow the nanoparticles to enter the cell and overcome the cell barriers easily. According to
Sukhanova et al.,, (2018), nanoparticles sized smaller than the 5nm would overcome the cell barriers
specifically by translocation. For larger nanoparticles especially those larger than 100nm, the
transmembrane penetration would possibly be aided by the interaction force, given the charge must be
negative and larger than -25mV. However this process would harm the membrane since the membrane
pores must be large enough for the entry of the particle. Meanwhile, for the particles of 100 nm size were
efficiently adsorbed on the surface of the erythrocyte without causing cell death or morphological shifts in
the cells, while particles of 600 nm deformed the membrane and entered the cells, leading to erythrocyte
death (hemolysis).

Secondly, the inconsistent trend showed by the treatment might be contributed by the aggregation
of the nanoparticles as shown by the Scanning Electron Microscopy images (Figure 1). The inconsistent
aggregation of the nanoparticle might contribute towards the inconsistent reading of the cell viability as
the treatment is not uniformly distributed even though the volume of the treatment was aligned to be
increasing uniformly. Aggregation made the treatment of the nanoparticle unpredictable due to its failure
to deliver the plasmid into the cancer cells (Hotze et al., 2010). Some of the factors that may have influenced
the aggregation behavior include the poor storage of the nanoparticles, small nanoparticle size
polydispersity (10-400nm) and surface charge of nanoparticles not exceeding +30 mv (Mohanraj & Chen,
2006). All of these factors were parallel with the finding of the SEM image thus contributing towards the
inconsistent trend of the nanoparticles.

Third, the trend also might be influenced by the bacterial endotoxin contamination of the
nanoparticles (Li & Boraschi, 2016). Contamination of the endotoxin could also effect the cell proliferation
through lipopolysaccharide toxic effects towards the cell (Li et al, 2017). Along the synthesis and
fabrication of the nanoparticles, the nanoparticles produced may have been contaminated by the endotoxin
through the equipment used to synthesize the nanoparticle. This factor however could be eliminated
through high-temperature sterilization process which was overlooked during the project.

CONCLUSION

The current literature reveals double emulsion solvent evaporation method as a promising method to
fabricate effective nanoparticles. However, many researchers have underestimated the potential of the
anionic nanoparticle in delivering therapeutic actions into the intended carcinoma cell lines. The gradual
shift of research perspectives allows the research to see more aspects of delivering the therapeutic action
not merely from the charge attraction. Therefore, support from emerging studies of anionic nanoparticle in
targeted therapeutics scope has become wider, acceptable and developing.

As a conclusion, shRNA that targets to silence the YB-1 protein, could be facilitated effectively into
the targeted colon carcinoma cell lines using PLGA nanoparticles double emulsion solvent evaporation
fabrication method. This promising method was carried out successfully to treat and deliver the therapeutic
action despite an average particle size of 300 nm and anionic charge nanoparticle.

The findings from this research aim to provide evidence of the potential effectiveness of double
emulsion solvent evaporation method and that the negative charge is capable of delivering the nanoparticle
therapeutic action providing few parameters and amendments to be integrated in facilitating the delivery.
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