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1.1 Genetherapy

Gene therapy has been widely associated for the treatment of a wide rangearfayealy
associated diseassuch as cancer, autoimmune diseases and neurodegenerative fli$eases
Gene theaipy is based onntroducing the genetic cargo into the target tissues and thus
inhibiting or altering the expression of endogenous genes in order to preventahef the
diseaseThe progression in the field of cancer gene thehagsyrevealed abundant potential

for various forms of treatment. Various in vivo and in vifnerapetic strategies have shown
remarkable results such as in case of lung cancer, gene therapy application to create cancer
vaccines, introducing viruses into tumors in order to cause figisved bycell death or
instigating genes into cancer cells causing either cell death or restoration of normal cellular

functions and phenotygdé].

The initial hype and enthusiasm for this revolutionary field of gene therapy is however taken
a turn towards more cautious therapeutic approaches after realisati@nasisociated risks

and setbacksuch as death of a patient taking part in a dose escalation gene therapy trial in
1999(3]. Although this incident was not related to cancer treatment but a metabolic disorder
(ornithine transcarbamylaskeficiency), this led to revaluation of all gene therapy trials for
sakty. A lot of new practices were incorporataud thousands of patients took part in clinical
trials of cancer gene therapnd showe@minently fewer adverse effects as comparetido t

side effects observed with traditional chemotheif@py

Gene delivery vehicles play a major part to initiate a potential adverse effect and most of these
adverse effects are observed because of viral vectors such as immunogenitityhand
cytotoxicity. The first reported gene therapy clinical trial fatality was related to inflammatory
reaction because of Adenovirus which was used as a viral vector for gene délivéhus
nonviral vectors are deemed more sébeuse although there are challenges for efficient
transfection because of intellularand extracellular barrierBlowever, lesser pathogenicity,

ease of production and ceeffictiveness are the characteristics which make-uiwal vectors

better candidates for gene delivery than viral vedt@rdNon-viral vectors for gene therapy
include raked plasmids, chemical based and particle based. Theaspgutts which need to

be thoroughly investigated befoselection ofa nonviral vector for gene therapy are: the

effectiveness of vector transport and offloading of nucleic cargo into target teglacity,



immune response, activity, regulative concerns, ethical considerations and commercialization
[7,8].

1.2 Nanocarriers for gene therapy

Nanoparticles are believed to be the most promising gene delivery vehicles because of their
shape, tunable size, surface characteristics and biological bef#jvidanocarriers possess
cationic surfaces which provide facilitation to encapsulate anionic nucleic acids cargo for
intracellular delivery{10]. These cationic nanocarriers include catidiposomes, micelles,
polymers, hydrospheres and hydrogetswhich have been investigated extensively for their
potential as gene delivery systems. However, most of clinical trials until present involve
cationic liposomesas gene delivery vehiclésr their efficacy and safety for plasmids as well

as small interfering RNA11]. Among recent studies on nanocarriers, lipopolyplex ha
emerged as a vemromising norviral vector for gene therapy because of its exceptional
colloidal sustainability, marginal cytotoxicity and exceediransfection efficiency12].
Lipopolyplex is designed as a second generationumaih nucleic acid vector comprised of

liposome and polyplex following tHest generation liposom®NA complex[12, 13].

Lipopolyplexis composed of twonajor entities, liposomes and polyplexes.

pCMV-tee

o

PIONA (or) siRNA

Condcnsation
+

Polyplex

H
N
\f[/\/ \}\n/ Liposome Lipopolyplex

Lincar PE1

Figure 1. A graphical abstract of lipopolyplex formatigt4]



In previous studies, polyethylenimine (PEI) has been found an efficient nucleic acid vehicle
bothin vitro as well asn vivo [15] because of its high nucleicids compaction ability and
innate endosomolytic capacify6]. Polyplexes are the complexes or composite aggregates
of nucleic acids with cationic polymers, which in our studies are plasmid DNA or siRNA and
IPEI [14]. The IPEI is deacylated PEI which is an improved version of linear PEI because
after deacylation, its transgtion efficiency is remarkably increased and cytotoxicity is
significantly decreased because of lack of primary amines which are frequently present in
branched PEI causing high charge density leading to compromised cell wall integrity causing
cellular necosis[17]. These polyplexes, containing nucleic acid and IPEI, often induce
immune responses because of their overall cationic Nai8jrero address this problem, these

polyplexes were wrapped with liposomes composed of DPPC, DOPE and cholesterol.

DPPC: Dipalmitoylphosphatidylcholine contains a fatty acid polar phosphate head group
along with a nonpolar chain of fatty acid. DPPC molecules can arrange according to polar and
nonpolar interactions with a phospholipid bilayer forming spherical vegitds

DOPE: Dioleoylphosphoethanolamine is @onbilayer synthetic, unsaturatedgonical
phospholipid. DOPEarranges intohexagonalinverted phase because ofits negative
spontaneous curvatur0]. Cholesterol: Cholesterol isa single polar hydroxyl group
lipophilic molecule. Cholesterol stabiliségposomes andbio-membranes byproviding
mechanicaktompactnesand elasticity. Moreover it enhancephosphatidylcholine vesicle

resistance andetersvesicle aggregatiof21].

1.3 siRNA mediatedgenetherapy for cancertreatment

The phenomenon of RNA interference in animals was first reported in 1998 when Fire et al
found that a compinentary double stranded RNA can act as a gene silenCaeimorhabditis
elegang22]. Initial observation of gene silencing plantswas r eport edndi n ear
expressed the same pattern of gene silencing dysdriptdependent endonucleolytic
breakdown of MRNAZ23]. RNA silencing is defined as pesanscriptional inhibition of gene

expression by silencing mRNAR&4]. RNA interference is believed to be a promising substitue

for convetional cancer therapies being less cytotoxic than traditionally used chemotherapy.

siRNAs have been investigated for the cure of various human pathologies such as ocular



diseases, genetic afrmalities, cardiovascular conditions, viral infections as well as cancers.
The potentiality to target any gene is the most appealing characteristic of SIRNA treatment

approach when other therapeutic approaches are not suitable for ff2&japy

= T SIRNA-27
B Duplex
k (Dicer)
@' 21 mer siRNA
Duplex
Dissociate
ST
Dicer)
—
5'Cap Target mRNA
ALAADA
— —
— mRNA Degradation
—

Figure 2: Graphical representation of SIRNA induced mRNA inhibition

Gene silencing bgiRNA knockdown has revolutionizadolecular and cell biologstudies
The basic mechanism of action SIRNA mediatedgene silencing involves instigatiaf
impairment in complimentary strand of mMRNA by neutralizing it thus renderingsédsasa
translation templatg26, 27]. This is achieved by exogenous introduction of sinédirfering
RNAs into the cell where these are dealt with RISC (RNA inducing silencing complex) which



helps a template fiRNA to locate and target the coreientary mRNA resulting in the
cleavage of mRNA by a ribonuclease. Thus mRNA becomes unattafoathe translation
process antherebycauses inhibition of proteiexpressior§28-31]. sSiRNA has the potential

to treat not only cancers but also infectious diseases and disorders that originate from genetic
disorders o mutations.siRNA mediatedgene knockdown tsbecome a standard tool for

molecular targeting therag®7, 32].

14 Transfection of sSIRNA into cells

siRNA can be introduced inteukaryotic cells either byviral or nonviral delivery vehicle

Viral transfection also known as transductiohas been widely used in clinical research
because of high transfection efficiency and persistent transgene exprg¢88jondlost
common viruses used for this purpose are Lentivirus, Adenovirus, Retrovirus and- Adeno
associated virustc. However thedrawbackssuch asmutagenesis, cytopathic changes and

high costs of using viral transfection limit their §34].

Nonviral techniques of transfection includather chemical methodsusually invioving
nanoparticles, lipofection, polymeric carriers of genetic matep@yplexesetc. [35 or
physical methodssuch as direct micro injectiorglectroporation,magnetofection, cell
squeezingetc. Transfecton of genetic material into cellcan be achieved with the goal of

transient or stable transfectif86-38].

Stable transfection results the integration of transfected genetic material into the host
genome and also inhaaitce of this genetic material by the daughter cells, thus causing that
cell line to express altered characteristicewdbducedgenetic meerial permanently.

Transient Transfection, on the other hand, results in temporary introduction of foreign genetic
material into a cell, where it does not become part of the host genonsedilnted outafter

cell divisionover timeresultingin theloss of expression dhetransfected geni@9].
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15 Head and neck squamous cell carcinoma

Head and neck squamous cell carcinghlidSCC)affects more thaB00,000 patients every

year, representing th&" most common cancer worlgide [40, 41]. Standard treatment
strategies for HNSCC involve surgery, iettbn, chemotherapy or a combination of all these

but these options are still incapable of decreasing the mortality rate signifipéjtlyro
improve rather scant outcome of therapies which are in practice for HNSCC, malecular
targeting approacheshave given a new direction to further therapeutic optiptd.
Molecular therapies against cancers focus on targeting specific molecules responsible for
cancer developmentadvancement and metasta§sl] instead of assaulting all cells

indistinctively (as in conventional chemotlagy).

All of neoplastic diseases emerge from five mutual tfd&$which are
Impeccable continuation of proliferative signalling

Eluding growth suppressors

Combating cell death

Facilitating replicative immortality

Commencing angiogenesis, boostinminvasion and metastasis

Targeted molecular therapy techniques against cancers specifically prey one or more of the
regulatory factors controlling above mentioned mechanisms which are responsible for
various stages of a tumour formation. Kovivotesting of antviral therapiegor treatment

of HPV induced carcinomasuch as HNSCC the only available models are
immunocompromised mice and human tissue xenogrls The basic drawback of this

modelsystem is the lack of natural host system during development of papjHdina

16 Parallel pattern of HPV and CRPV inducedcarcinomas

As this study is based on the comparison of parallel efficacies of HP\ANEEE7
oncoproteins with CRPV E&ndE7 oncoproteins, so it is important to understand the role of
former mentioned genes to grasp the maofdection of the CRPV oncogenes.

Two major types of oncoproteins are encoded by HPV,aBf E7, which are directly

accountable for HPV carcinome progresdid8, 49]. These HPV oncogenes work side by
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side to target various cellular pathways responsible for cell cycle regulation, apoptosis and

controlling mechanisms of cell polarifg0-52].
1.7 Role of HPV E6 and E7oncogenes

Human Papilloma Virus has five speci@g alpha, b) beta, §) gamma, mandnu papilloma
viruses[53]. Among theselJ andb are found the most intensively infectious types. Alpha
HPV types are divided intmw risk, LR, and high risk, HR typg&4, 55]. Low risk Utype
HPV-6 and 11 usually cause benign lesions whehigtsrisk Utype HP\ 16 and 18 are
responsible for malignant cancers in ayemital and headndneck area$56]. In case of
HPV associated heaahdneck carcinomas, which assault oropharynx, HF®Ms the most

frequent cause worldwid®7, 58].

| IphaHPV species infect the mucosal epithelial layer by infiltrating through Alicsses

or mild lesions. As virus cannot reproduce by itself, so it exploits cellular epithelial
differentiation processes to replicate and in this process HPV E6 and E7\ptalrale.
These viral genes sabotage cell cycle regulation and apoptositsiof thebasal layers that
results in very high viral copy number and tumor formatibf, 60]. In case of some
persistentnfections, viral DNA somehow integrates into host genome, causing loss of viral
proliferation ability and most of viral genes except E6 and E7 oncogenes which are
uncontrollably expressed and cause immortalization of cells resiritthg development of

malignancieg61, 62].

HPV E6 and E7 oncogenes, when expressed in combination, cause immortalization of cell
lines derived frontumors as E6 compromises cellular survival pathways while E7 promotes
cells proliferation63]. However, when these genes are expressed individually, they do not
result in dramatic effects on immortalization of cells and fail to induce neoplasm or
carcinoma inspite of the fact that E6 causes elevated copies of centrosomes and abolishes
traceable level®f p53 protein whereas E7 results in higher number of centrosomes and
elevated proliferatiorf64]. In case of HNSCC, E7 oncoprotein is found to be the main
transforming factor while E@s considerd to play a vital role in latestages of tumor

developmenf65].
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1.8 Role of CRPV E6 and E7 oncogenes

CRPV EG6 and E7, without any otherfaxtors, are found to immortalize rabbit keratinocytes

in vitro and this ability to proliferate cells uncontrollably is also a characteristic of HPV E6
and E7 oncogenes which iglieged to be a prerequisite in the formation of all HPV cancers
[66]. Cottontail rabbit papilloma virus animal model is used extensively for therapeutic
investigations of HPV associated carcinomas because both of these models have parallel

efficacy and resemblance in papilloma viinduced cancers progressif@y].

Various reports have been published about downregulation of HPV E6 and E7 ocnogenes
either directly, lp SIRNA silencing or indirectly, by inhibition of various cancer markers and
their consequent effect on tumor growth and cell proliferation ma&8+80]. These studies

have well established the role of HPV E6 and E7 genes to pi3etnd Rb tumor suppressor
pathways respectivelynterestingly, naurrentinformation is available osiRNA silencing

of CRPV E6 and E7 oncogen&RPV generates three proteins, CRPV LE6, SE6 and CRPV

E7 which are responsible for anchor independent proliferation in immortalized ce]lrlihes

CRPV EB6 proteins, unlike HPV E6ave been found to be unablelimd with and thus
inhibit p53 in mouse embryonic carcinoma c§ig] which indicates that in spite of having
almost similar charactersitics as HPV E6, CRPV EG6 proteins also show some contrasting
traitsas it is important to take into consideration both similar as well as opposite factors while
comparing two prallel treatment strategieslowever, CRPV E7 protein has analogous
characteristics as HPV16 E7 such as binding to pRb, inhibition of complex formation
between pRb anithe E2Ftranscription factortransactivation of adenovirus E2 promotor and
facilitating the cellular transformation in rodent fibroblasts as determined by growth in soft

agar[73].

CRPV E7 is also shawto immortalize rabbit keratinocygen the absence of mitogenic
stimuli by decreasing rabbit A which inhibits ubiquitin ligase activity resiing in an
increase irthep53 protein haHife. However, this accomplice for p53 does not ffect on cells
proliferation. CRPV E6 does not bind to p53 unlike high risk HPV E6 pre&eid even after
proteasomal inhibition, p53 remains active on transcriptional level and inducgsgh21

How CRPV and low risk cutaneous and genital HPV carcinomas, inspitkenfinability
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of E6 proteins to bind to p53, still manage to escapenp&@iated growth arrest, is not
answered y€to6].

Several groups have discussed the importance of CRPV E1, E2, E6 and E7 proteins to induce
papilloma formation in rabbits. So it is well established that all of these CRPV early genes
provide possible targetdor molecular targetingstrategiesto treat CRPV associated

carcinomag74, 75).

1.9 In-vitro system for therapeutic evaluationof Papilloma
virus inducedcancers

The parallel efficacy aherapeutic strategies to tréa@RPVinduced carcinomas rottontail
rabbitversus treatments used fdPV associatedancershas been previously established in
different clinical setting$76, 77]. The CRPV rabbit model system provides a remarkable
foundation to investigate a wide range of antiviral therapies/o.

The analogous pattern of growth of CRiRMuced carcinomaandHPYV associated cancers
makes the cottontail rabbit modepromisingcandidate to explore variousvivotreatments

[78, 79]. However, the majdimitation of this model is the variability in immunocompetent
rabbits to respond to CRPV infection and treatments thus increasing the cost of investigating
therapeutic compounds quite significarfifg]. Hence arin vitro system is essential to study
different therapeutic approachies the treatment of papilloma virus dependearicinoma.
Variouspublications reporting thestablishment of CRV" VX2 carcinoma cell lines have
appeared previously over tgears[80-83], however, none ahese cell linesvasavailable
commercially for investigative purposes, so in a different study, we have developed a CRPV
carcinoma derived VX2 cell line which has been characterized extensively and here we use
this VX2 cell line to apply gene therapy techniques to treat CRPV carcinoma.

Transient Transfection, on the other hand, results in temporary introduction of foreign genetic
material into a cell, where it does not become part of the host genornssddated outafter
cell divisionover timeresultingin theloss of expression dhetransfected gen89]. In this

study, we used transient iisdection as a source to introduce genetic materigiRiMA into
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cells. Herelipopolyplexes were used d@ransfecting reagents.

1.10 Effect of stressinducing factors ononcogenic expressions

1.10.1 Serum starvation

Previous studies have shown cancer cells exhgpitesistance to serum starvation or
nutrients depletion. For example, in case of breast canceraBldgctivator othehedgehog
(Hh) signalling pathway andbeing involvedin cell survival and cancer growth, is-up

regulated in serum starved cancer céll§.

In severaktudies, serum starved Lo\olon cancecells showed alterations in ADMA level
and also significant transcriptional fluctuations of geme/olved inapoptosis, cell cycle,
p53 signalling pathway and nucleic acids atelism[85] .

Chinese Hamstdung fibroblasts, V9, areadherentellsand grow in monolayer in serum
enriched mediumbut when exposed to serum starvation, start rounding upcande
upregulation of p53 and PKQproteins. An extended period of serum starvafdd Bnmay
lead to cell detachment and death in v79 ¢&i&.

In human colorectatancer cell lines such as HCT 116 and breast camdis cultured in
scarcenutrient situations express higher levels of p21, independent of any relation to p53,

which causep21to save cells from serum depletion induced apoptosis and cell[@&hth
1.10.2 Effect of cisplatin treatment on cancer cells

Serum starvatiorof non-cancerouscells causes growth arrest and indifferent response
towards cisplatin toxicity wéreas in case of cancer celisi/d effect on proliferation rate
and significant susceptibility for cisplatin toxicibecause of activation &TM/Chk2/p53
signalling pathwsi is observed under serum deprivation conditif88. Cisplatin exposure
alone can cause significant alterations in transcriptit@vels of different genes such as
GJA1 and TWISTinvolved in early development of cells and cell &l communication. P53
levels are also found to laenplified after exposure to higher doses of cisplatin in both drug
sensitive and drug resistant cancer d&8.

11
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In ovarian cancer cell lines, Cisplatin treatment has shown to causerdgwation of
MCTP1land upregulation ofS100A3 and C4orfl8 genes which offer major resistance to
cancer cells against cisplati@isplatin induced variations in expression of various genes can
lead to therapeutic solutions involving targeting these differently expressed genes and

reversing drugesistance in cancer ce[30].

1.10.3 Effect of radiation on cancer cells

Oncogenes exhibit a change in usual pattern of transcriptional levelsaalitgronin both

normal tissues and cancer cdld, 92]. When wildtype C57BL/6 mice was exposed to
high-photon based and charged particles radiation, magnified expression of 78 oncogenes
was observed in liver tissues whereas 88 oncogenes were expressed differently in mouse
spleen lungs, brain, kidneys, liver as well as in small and large intestines post®RZE

particle radiatiorf93].

Other studies have demonstrated fluctuation of gene expression profileaditidon some
of which depend upon type of cell line while few special genes are found to be associated

with high resistance status of cancer c 95].
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Aims and Objectives

The primary purpose of this work was to determine the versatility of lipopolyplexes-as non

viral vectors for gene therapy and establishing-canventional techniques to evaluate their

transfection potential in different cell lines. Anotlgeral of this study was to fill thepace

between parallel therapeutic optiargardingHPV and CRPV induced oaers as both of

these carcinomas originateim closely related set of oncogenes. For this purpose, CRPV

E6 and E7 oncogenes were targeted by siRNAdamehregulation ofheir geneexpression

was monitored by different scientific assays.

The key elements of this study include

a kr w0

Preparation of e-designed lipopolyplexes and affirmation of their physicochemical
characteristics
Determination of transfection efficiency of lipopolyplexes in VX2 and €QOlls
Evaluationof cytotoxicity of lipopolyplexes in VX2 and COS3 cells
Detection of CRPV E6 and E7 transcripts in VX2 cells
Knockdown of CRPV E6 and E7 oncogenes in VX2 daylausingsiRNA loaded
lipopolyplexes
Designing a parallel system for evaluation of siRNA efficiency to downhate
CRPV E6 and E7 oncogenes in the absence of a VX2 cell line
-Transfection of GFP tagged CRPV E6 anddacayenes in COS cells followed
by siRNA mediated knockdown
-siRNA-mediated dwnregulation of CRPV E6 and Eshcaenes in VX2 tumor
suspension
A detailed account of limiting factors affecting gene therapy of CRPV carcinoma
-Oncogenic expression shift of CRPV E6 and E7 under diffémentro conditions
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2.1

Instruments and Materials

0.2 pumol/L PESSyringeFilters
0.2umol/L nonPyrogenicFilters
12-well plates; Nunclon Delta

96-well Microtiter Plates; CytoOne®
AdhesivePlate Seals

Amphotericin B

Ampicillin

Ampicillin
AutoradiographyCassette

Bath Sonicator; Transonic Digital S
BD FACSCaliburFlow Cytometer
BradfordSpectrophotometer

Cell CultureHood (work bench)
Cell CultureLysisReagent
Centrifuge 5430R

Centrifuge 5920R

Chloroform

Cholesterol

Cisplatin

ConfocalLaserSanningMicroscope;
LSM 510/Axiovert 100M
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Materials and instruments

Sources

Whatman plc, Buckinghamshire, UK
SchleicheandSchuell, Dassel, Germany
Nunc GmbHandCo. KG., Wiesbaden, German
Starlab hternational GmbH, Hamburg, Germail

Boehringer Mannheim GmbH, Mannheim,
Germany

Biochrom, Berlin, Germany
Sigma Aldrich, St. Louis, MO, USA

Sigma Aldrich Chemie GmbH, Taufkirchen,
Germany

Agfa, Koln, Germany

Elma Schmidbauer GmbH, Singen, Germany
Becton Dickinson, Heidelberg

Hamburg, Germany

Heraeus, Hanau

Promega GmbH, Mannheim, Germany
Naumburg, Germany

Naumburg, Germany

Roth,Kalsruhe Germany

Sigma Aldrich Chemie GmbH;aufkirchen,
Germany

Sigma Aldrich Chemie GmbH, Taufkirchen,
Germany

Carl Zeiss Microscopy GmbH, Jena, Germany
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CultureTubes; Pyrex Corning Inc., Corning, USA

DAP] Sigma AldrichChemie GmbH, Taufkirchen,
Germany

DMEM PAA Laboratories, Paschingustria

DMEM Lonza GmbH, Walkerville, MD, USA

DMEM: F-12 Capricorn,Ebsdorfergrund, Germany

DMEM-LG Biochrom GmbH, Berlin, Germany

DMSO (O 99 %) Acros Organics B.V.B.A., GedBelgium

DNA Ladder; Gen®uler 1 kb Fermentas Life Sciences, Vilnius, Lithuania

DOPE Lipoid GmbH, Ludwigshafen, Germany

DPPC Lipoid GmbH, Ludwigshafen, Germany

Dul becc o 6 SBufferad&adine h

PBS BiochromAG, Berlin, Germany

EDTA Roth,Karlsruhe, Germany

Epithelial VoltOhmmeter foTEER WPI, Sarasota, FL, USA

E-Plate for xCELLigenc&ystem Roche, Mannheim, Germany
Eppendorf BiocPhotometer EppendorfNethelerHinz, Hamburg, Germany
Ethanol Roth,Karsruhe, Germany

CarlRoth GmbH + Co. KG., Karlsruhe,

Ethanol Germany

Ethidium Bromide Sigma Aldrich Chemie GmbH, Taufkirchen,

Germany
EthidiumBromide 1% Roth,Karlsruhe, Germany
Extruder; Avanti Mini Avanti Polar Lipids Inc., Alabaster, USA

Sigma AldrichChemie GmbH, Taufkirchen,

Fetal Bovine Serum
Germany

Fluorescent Mounting Medium Dako Cytomation , Carpinteria, CAISA

FoetalBovine Serum PAA Laboratories GmbH, Colbe, Germany



Freezel(-30°C)

Freezel(-86°C)
Gel Doc2000

Gentamycin
Glycerol

Hot Block for Tubes
HydrochlorideAcid
Ice Machine
IncubatorShaker

Isopropanol

Laminar Flow Hood; Labgard Class Il

LaserScanningMicroscope
Leica Microsystems
Lipofectamine™ 2000
Liquid Blocker

Magnetic Stirrer; MCS 66
Medical X-ray film
Methanol

Micro ReagenfTubes

Microscope (Olympusx70)
Microscopy Slides

MilliQ® Water
Mini ElectrophoresiSystem

Mini Protean IIDual Slab Cell
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PORRKA, Hollola, Finland
Sanyo, Bad Neudorf

Bio-Rad Laboratories GmbH, Miinchen,
Germany

Biochrom, Berlin, Germany
Roth,Karlsruhe, Germany

HCL HBT 130, Kobe, Japan
Merck, Darmstadt, Germany
Ziegra, Isernhagen

New Brunswick Scientific, USA
Acros Organics, NJ, USA

NuAire Inc., Plymouth, USA
Olympus, Hamburg

Wetzler, Germany

Thermofischer Scientific, UK
Daido, Sangyo, Japan

CAT Scientific, Paso Robles, USA
Agfa-Gevaert, MortselBelgium
SigmaAldrich, St.Louis, MO,USA
Sarstedt AGndCo., Numbrecht, Germany
Olympus, Hamburg

Gerhard Menzel B.VandCo. KG.,
Braunschweig, Germany

Millipore Corporation, Billerica, USA
Bio-Rad, Hercules, CA, USA

Bio-Rad, Hercules, CA, USA

MountingMe d i u m; F | u o r Calbiochem Corporation, San Diego, USA



MTT (Thiazolyl Blue Tetrazolium
Bromide

NitrocelluloseMembrane

Nonidet P40 Substitute NP40
Olaparib

Optimax Xray Film Processor
Penicillin/ Streptomycin

PEI MAX; Linear PEI 22 kDa

Petri Dishes; Tissue Culture grade ar
Suspension type

Pipetman

PipettingAid
Polycarbonat&lembranes
Polymin®; Branched PEI 25 kDa
PowerUp SYBR Green Master Mix

Precision Plus Protein All Blue
Standards

Quantstudio 5 RT qPCR instrument

Ribonuclease A

RNAse free water

Rotary Evaporator; Laborota 4000

Rotiphorese Gel 30

Shaking Incubator; IKA KS4000 IC
siRNA Dilution Buffer

Skim milk powder
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Sigma Aldrich Chemie GmbHTaufkirchen,
Germany

SchleichetSchuell Biosci., Dassel
SigmaAldrich, St.Louis, MO,USA
Thermofischer Scientific, UK
Oberstenfeld, Germany
Capricorn,Ebsdorfergrund, Germany

Polysciences Europe GmbH, Hirschherg
Germany

Sarstedt AGandCo., Numbrecht, Germany

Gilson, Middleton, WI, USA
Hirschmann, Eberstadgermany
Whatman plc, Buckinghamshire, UK
BASF AG, Ludwigshafen, Germany

Applied Biosystems, Fisher ScientifidK
Bio-Rad Laboratories, Minchen

Applied Biosystems, USA
SigmaAldrich, St.Louis, MO,USA

GE Healthcare Europe GmbH, Freiburg,
Germany

Heidolph Instruments GmbendCo. KG.,
Schwabach, Germany

Roth,Karlsruhe, Germany
IKA Werke andCo. KG., Staufeniermany

GE Healthcare Europe GmbH, Freiburg
Germany

Merck, Darmstadt, Germany



SodiumChloride

SodiumHydroxide

Sodium Dodecylsulfate
Tetramethylethylenediamine, TEMEL
Thermal Printer DP414
Thermocycler

Thin-Certs(0.4pumol/L)

Tris-HCL
Trit ol& X

TrypsinEDTA
Ultraviolet Transilluminator
XCELLigence

X-ray film

2.11 siRNAsequences
(Dharmacon Inc, USA)

SiRNA ID

CRPV_E6siRNAL
CRPV_EGsiRNA2
CRPV_EGsiRNA3

CRPV_ET7siRNAL

CRPV_ET7siRNA2

CRPV_ET7siRNA3
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Merck, Darmstadt, Germany

Fisher Scientific, LeicestershirgK

Serva Electrophoresibleidelberg, Germany
Roth,Karlsruhe, Germany

Eppendorf, NY, USA

Biometra, Gottingen, Germany

Greiner BieOne, Frickenhausen
Roth,Karlsruhe, Germany

Sigma Aldrich Chemie GmbH, Taufkirchen,
Germany

PAA, Laboratories, Paschingustria
UVP, Upland, CA, USA
Roche, Mannheim

Agfa, Motsel, Belgium

SsiRNA Sequence

56 CGGAACAGGTGATACAGAT
56CGTTGTACAGTTTGCGG#HA
56 CGTTGTACAGTTTGCGGHRA

56 TGTAAGCGCTGTAGGCAAADT

56 GCGACGAAGCATTAGAGAARIT

56 GGAGGATCATCAAGATAGASRT

20
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2.12 Oligo primers

(Invitrogen, Thermofischer Scientific, Germany)

Primer ID Primer sequence
Forward 5 -®AAGGTCATCCACGACCACT B
GAPDH1 Reverse 56GTCTTCTGGGTGGCAGTGATS
Forward 5 €TGCACCACCAACTGCTTFA®
GAPDH? Reverse 5-GTCTTCTGGGTGGCAGTGATO
Forward 56GAAGCTGCTGCCTCATATECD
rRPLPO 1 , .
- Reverse 56GGCCAGTAGCATATCCCTE®
Forward 56CGACGTGCAGCTGATAAAGA
rRPLPO 2
Reverse 56GAGAAGGGCGAGATGTTGAG
Forward 56CGGAAACCCAGAGGTATTRA
RPL3Z1 Reverse 56GCATGTGCTTGGTCTTCTTFG
Forward 50 AAGCGTAACTGGCGGAABE
rRPL32 2
Reverse 56GCATGTGCTTGGTCTTCTTR®
Forward 56GGACTTGCCGTTTGGTTGBA
CRPV_E6L Reverse 56ATAGCCCCGTGCATTTGA
Forward S56GCTAGAGAAGCTGCAGCAZA
CRPV_E62 Reverse 5 TAGCCCCGTGCATTTGA
Forward 56CATTGCGACGAAGCATTAGA
CRPV_F_1 Reverse 56CTTACATGGCACGGACAGI6G
Forward S5€CAGTGTCCGTGCCATGTABRG
CRPV_E 2

Reverse 5ATGCGGATAGCAGTCGATSE
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2.1.3 Celllines

1. African Green Monkey SV4@ansformed kidney fibroblaset line (COS7)

2. VX2 tumor derived cell line

2.1.4 Kits

1. First strand cDNASynthesis Kit (Roche Diagnostiddannheim)

2. QlAgen RNeasy Mini Kit (QiagerHlilden)

2.1.5 Antibodies

2.1.5.1 Primary antibodies

=

Anti-GFP(Santa CruBiotechnology, Santa Cruz, CASA)

no

Anti-PCNA (Santa Cruz Biotechnology, Santa Cruz, OSA)

w

Anti- Tubulin (Santa Cruz Biotechnology, Santa Cruz, G8A)

»

Anti-Actin (Santa Cruz Biotechnology, Santa Cruz, OSA)

2.1.5.2 Secondaryantibodies

1. Anti-mouselgG, HRRIlinked antibody (Santa Cruz Biotechnology, Santa Cruz,
CA, USA)

2. Anti-goatlgG, HRP-linked antibody (Santa Cruz Biotechnology, Santa Cruz, CA,
USA

22
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Experiments

Secti on 1

Liposomes, Polyplexes andlipopolyplexes
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As most of the physicochemical, complex stability as well as surface, morptedlagd
structural characteristics of these liposomes, polyplexes and lipopolyplexes have been
previously establishefl4], the main focus of this study is to elucidate the cellular uptake
and cytotoxicty traits of lipopolyplexes in VX2 and 6@ cells in which they have not been

used as transfecting reagents previously.

2.2.1 Preparation of liposomes

Liposomes, polyplexes and lipopolyplexes were prepared by a prevestiahtishedanethod

[73]. Briefly, Lipids including DOPE (,2-Dioleoyl-sn-glycerc3-phosphoethanolamipe
DPPC (1,2-Dipalmitoyl-snglycerae3-phosphocholineand cholesterol, in a progan of
(70:15:15) respectively, wedissolved in 2nl of 2:1 (v/v)chloroform methanol solution

in a 5ml round bottom flask. Once dissolved, they were evaporated at 40°C on a
rotaryevaporatofLaborota 4000) supplied withxeacuum pumpto obtain a thin film. 10

mM HEPESbuffer (pH 7.4) was used to hydrate the lipid film by sonication in a bath
sonicator to obtain homogeneous suspension of liposomes. For further size reduction, these
liposomes were extruded 21 times from Avanti Mini Extruder by using
polycarbonatenembranes (Whatman) of 46@hand 200hm pore sizeespectively Finally,

the liposones were filtered through 0€2 nsyringefilters.

2.2.2 Preparation of polyplexes

Polyplexes were prepared with N/P ratio (ratio of PEI nitrogen atoms to nucleic acid
phosphate atoms) &f5. IPEI was diluted in 160M HEPES buffer and pipetted into Ir8
Eppendorf tubes containing equal volume of DNA (diluted in Optima séregnmedum)

or siRNA (diluted in 1xsiRNA dilution buffer) and incubated at room temperature for 20

25min undemlaminar airflow hood
2.2.3 Preparation of lipopolyplexes
For preparation of lipopolyplexes, liposome to PEI mass ratio (0.39:1) was used and

accordinglycalculated amounts of liposomes and polyplexes were vigorously mixed in an

Eppendorf tube by pipettinG.omplexes weracubated at room temperature fan tinder a


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/chloroform
https://www.sciencedirect.com/topics/chemistry/evaporator
https://www.sciencedirect.com/topics/chemistry/vacuum-pump
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/hepes
https://www.sciencedirect.com/topics/chemistry/polycarbonate
https://www.sciencedirect.com/topics/physics-and-astronomy/syringes
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laminar airflow hoodandresulting lipopolyplexes wengsed for transfection by mixing with

cell culturemedium on the cells

2.2.4 Physicochemical characteristics

2.2.4.1 Dynamic light scattering

The size of liposomes, polyplexes and lipopolyplexes was determined using a Zetasizer Nano
ZS (Malven Instruments) instrument by dynamic light scattering. Clear disposable capillary
cells (DTS1060; Malvern Instruments) were used for this purpose. For size analysis,
liposomes, polyplexes and lipopolyplexes were diluted with 10 mM HEPES (pH 7.4) in a
ratioof 1:100, 1:20 and 1:20 respectively. Measurements were carried out at a detection angle
173 backscatter and a wavelength of 633 nm. Laser attenuation as well as measurement
position were adjusted by the instrument automatically according to the sampiement

worked with 15 size runs each lasting 10 s for each measurement. For data analysis, refractive
index and viscosity of water at room temperature were considered as 1.33 and 0.88 mPa.s
respectively. Three independent formulations were analyseareankrage of their diameter

was calculted.

2.25 Maintenance of cell culture

VX2 cells were cultivated &7°C and 3% CGO, in humidconditions inDMEM/ HAM'S F-
12 mediumsupplemented with 1% foetalcalf serum andLO0 U/ml Penicillin, 200mg/ml
Streptomycin, 5&g/ml gentamicin, and 108g/ml Amphotericin COS7 cells [96] were
cultivated aB37°C and 36 CC2 in humidconditions inDMEM mediumsupplemented with
10% foetal bovine serumang with 100U/ml Penicillin, 100mg/ml Streptomycin, 56g/ml
gentamicin and 10@g/ml Amphotericin Both cell lines wereggrown in 100 mm tissue

culture dishes anpassagedfter reaching to 8% confluency

2.26 Cellular uptake of lipopolyplexes

For plasmid transfectigreells were grown on-@vell plates(1x10* cells per well)for 24 h

until reacling to 60% confluency. Prior to transfection, the medium on the cells was changed
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to 900l of serum freeDMEM/ HAM'S F-12 and serum free DMEM for VX2 cells and
COS7 cells respectively. VX2 andCOS7 cells were transfected withpopolyplexes

containing2 eg plasmid DNA (E7_GFP) in a volume of 100ul Optimum setfnee media.

Cells were left mcubatingfor 4 h before adding 1ml additional mediaith serum and

antibiotics). One well from each plate was transfected with LipofectadM28€0using 2cg

controlplasmid DNA( E7 _GFP) accor di

apositive control for transfection experiments.

Table 1.Concentrations ofipofectamin™ 200Q dilution medium and plasmid for

transfection into various types of cell culture plates

Shared Reagents

ng t o magsewifigasct ur er

DNA Transfection

Type of Surface Area  Vol.of Plating  Vol. of Dilution
Culture per Well Medium
Plate (cm?) (ml)
12 well 4 1
6 well 10 2
60 mm 20 5

Medium
(el
2X100

2X250
2X500

DNA Lipofectamin™

(eg 2000
1.6 4

4.0 10
8.0 20

(el)

Untreated cells were used as negative control. The transfectederlscubatefor 48 h.

Afterwards, cells were trypsinized and resultant cell pellets wesasgended in inl PBS

(pH 7.4). 50Qul of thecell suspension was again centrifuged to obtain a cell pellet for RNA

extraction(qPCR andtheremaining 50Qul cell suspension wasaved for flow cytometrin

FACS tubes. One ml of ieeold ethanol was added dropwise to each FA@®® containing

cell suspension, while being vortexed and stored at 4°C until FACS analysis

2.2.7 RNA extraction and quantification

Total RNA was extracted from VX2 ar@OS7 cells using the RNeasy Mini kit (Qiagen,

Germanyjaccordingtothenanuf act ur er 6s

protocol

Tot al

on NanoDrop ND1000 (peqgLab Biotechnologie GmbH) at an extinctiange of260 nm.
Also, the OD260/230 and the OR60/280 rab demonstrating RNA purity were assessed.

All measurements were takentaglicates.

R
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2.28 Reversetranscription

cDNA was prepared by using 50@g of total RNA for each sampldeploying the
Transcriptor First strand cDNA synthesis kit (RocM@nnheim, Germany) according to
manufacturer 6 s mgabtotal BNAIwas diitediith RNage free svatdr to
12 pl followed by adding 1 pof Oligo (dT) primer(500 mg/m) in 0.5 ml RNasefree
Eppendorf tubes whiclere themplaced inside thermocycle(TProfessional Thermocycler
Biometra, Gottingen, Germany). The RT mix was heated to 65°C forii,Ocooled on ice
followed by addition o master mixX4 pl of first-strand buffer 5X, & ul Protector RNase
Inhibitor, 2 ul Deoxynucleotide mixand 05 pl Transcriptor Reverse Transcriptasa final
volume of 2Qul of RT mix was incubated at 50°C for 60 min followed by 85°C for 5min and
4°C hold. After cDNA preparation, all samples were dilutédl@ with RNase free water to

a final volume of 4Qul and stored a2°C until further use.

2.29 Primer design

For analysis of gene expressionRY gPCR, primer pairs were designed by ugiefgrence
sequences of respective genes taken from GereBank

(http://www.ncbi.nlm.nih.gov/entrez/query.f¢giThe kength of primers was set between 17
and 27 bp with an optimum length of 2p. The melting temperature was established
between 57C to 63°C. N®I BLAST algorithm was used to check alignment of all primers

sequences againsie corresponding reference sequen@s.

Table 2. Reference sequenoé€RPV oncogenassed for primer desigritaken from
NCBI database for RT gPCR

Gene Reference Sequence (NCBI ref. #)

SE6 [Kappapapillomavirus 2 NP_077106.1

LEG6 [Kappapapillomavirus 2] NP_077104.1

E7 [Kappapapillomavirus 2] -0/ 7107.1

27


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi

Part II: Experimental

2.210 Quantitative polymerase chain reaction (QPCRpssay

Real timegquantitativePCR analysis was performed by usimwerUgM Sybr Green Master

Mi x (Applied Biosystems, Dar mst Brigfly,bothddNc or di
and 3N primers were diluted wpnmoliL arRiCRofgr ade
each primer was added &l PCR mixfollowed by addition o pl of cDNA. 10 ul of this

mix was put in each well of 96-well optical plateand wells were seale with ABI
MicroAmpE Optical Adhesive Film and centrifuged briefly to collect the contents and ensure
that no bubbles inhibit the signal detection. All samples were prepared in triplicates with 5%
excess for pipetting losQuantStudidé“ 5 system (Thermoigher Scientific) was used for
guantitative PCRThe following thermal profile was applied: 1 cycle at 50°C for 2 min, at

95°C for 2 min, 40 cycles at 95°C fors3and 60°C for 3@ followed by 4°C hold. Gene
expression was evaluated in term of fold inductrespective to the untreated cellular
population (control) by ®®method[98].

Where

ct = Number of amplification cycles required to reach a fixed signal threshold

g c tNormalized expression values for each condition (untreated or treated)

g c Direction and the size of the changaganeexpression between two conditions.

The deltadeltact value is the logarithm of the ratio of concentrations, also kown as "log
fold-change".

Assessment of results was carried out as follows: genes were considered differently
expressed when their change was greater than + 2.5 folds with respect to the transcript levels

of the untreated samp|&6]. All experiments were conductedtiiplicates.
2.211 In vitro cytotoxicity assay

To estimate the extent of cellular cytotoxicity as a result of using lipopolyplexes, VX2 and
COS7 cells were seeded in 9ell plates at a density of 2x3@nd 4x18 cells per well
respectively and transfected with 0.3%y of plasmid DNA (E7_GFP) by using
lipopolyplexes and Lipofectamif$2000usingthe same protocol as describ@eviously

48 h after transfection, plates were washedidsvwith PBS containing Ca and Mg™
followed by addition o200l (2 mg/ml) MTT dyeper well and plates were incubated for 4

h to allow formazanformation 1 % Triton™X-100 wasdeployed asa positive control.
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Untreated cells were used as negative control and wells containing atilynmeere taken
as background control. Once formazan crystals were fodapdnding on the presence of
viable cellsand MTT interaction, medium wasmovedfrom the wells and replaced with
200 pl of DMSO. Plates weréncubatedon a shakr (KS4000IC, IKA Weke, Staufen,
Germany) for 30 min at 120 rpm. The absorbance of samples was measuredrati&7d
FLUOStar™ Optima plate readg@9].

2.212 FACS analysis in E7 GFP expressing cells

VX2 andCOS7 cells were transfected with E7_GFP plasmid DNA using lipopolyplexes as
transfecting reagents and also by Lipofectatf2800 used as positive control for
comparisonAfter 48 h, cells were trypsinizetixed in70% ethanol and stored &t@ Prior

to FACS analysis, cells were centrifuged at 30for 10 min, ethanol was removed ahe

cell pellet washed twicen PBS.Thepellet was dissolved in 50d PBS in a FACS tube by
gently vortexingfollowed by flow cytometryanalyss on (BD LSR Il Becton Dickinsao,
Franklin Lakes, New Jersey). Dead cétlsbrig were excludedrom analysis bydeploying
forward (FSC) and side scatte(SSC) parameters. GFP expression wdstectedby
measurement of the fluoresceneegpn laser at 530/30m fluorescence with &andpass
filter at FL1 channgl

2.2.13 Fluorescence microscopy

COS7 cells were seeded with a density of 5%@6lis/well and 1x16cells/well respectively,

onto sterilized cover slips (2dm diameter) in @vell plates and incubated for P4prior to
transfection. Cells were transfecteith E7_GFP plasmid DNA as described earlier. After

48 h, media was removed and cells were washed with cold PBS containfrepn@ag™

(pH 7.4) and fixed wh 100% methanol for 10 min aR0°C followed by washinghe cells

in PBS. Lastly, coverslips were mounted on the cells and sealed with transparent nail polish.
Confocallaserscanningmicroscopy (Zeiss Axiovert 100 M, Carl Zeiss Microscopy GmbH,
Jena, @rmany) wasleployedo examine the cells with band pass filters of i"=E)nm for

GFP detection
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siRNA-mediated knockdown in VX2 cells
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2.3.1 Detection of CRPV E6and CRPV E7 in VX2 cells

VX2 cells were grown iDMEM/ Ham's F12 mediumsupplemented with 10 % foetzalf
serum and antibiotics. After 48 cells became 890 % confluent and harvested to obtain a
cell pellet for RNA extraction. RNA was prepared by following the protocol mentioned
section (2.2.7)RNA concentration wasneasured with th&ano Drop ND-1000 system
(peqgLab Biotechnologie GmbH) andpy RNA was used to make cDNA following the
protocol mentionedbove (2.2.8)gPCR was done by usimgpecially designed primers for
rabbit GAPDH, CRPV E6 and CRPV EGDNA prepared fronRNA derived from abbit

skin was used as a negative control.

2.3.2 Titration of siRNA concentrations for theknockdown of E6and E7

To determine appropriate concentratiorsdNA for the knockdowrof CRPV E6andE7
oncogenes in VX2nd COS7 cells a range o$iRNA concentrations (12-350 nmol/L) was

assessednd following concentrations of siRNA were selected for further studies:

Table 3. siRNA concentrations used for knockdown of CRPV E67andX2 and COS
7 cell lines using lipopolyplexes as transfecting reagent

SiRNA Cell Line Concentration of siRNA Incubation Transfection
Specificity used for gene knockdown Time Reagent

NT (Non target) VX2 50 nmol/L 48 hours  lipopolyplexes
E6 VX2 50 nmol/L 48 hours  lipopolyplexes
E7 VX2 50 nmol/L 48 hours  lipopolyplexes
E6+E7 VX2 25 nmol/L+25 nmol/L 48 hours  lipopolyplexes
NT (Nontarget)| COS7 150 nmol/L 48 hours  lipopolyplexes
E6 COSs7 150 nmol/L 48 hours  lipopolyplexes
E7 COSs7 100 nmol/L 48 hours  lipopolyplexes
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2.3.3 Transfection of sSIRNA loaded lipopolyplexesn VX2 cells

VX2 cells were directly transfected wiiRNA containing lipopolyplexess VX2 cells
endogenously expre§$ and E7oncogenes. siRNA®r knockdown of CRPV E6 and E7
oncogenes ereusedas described in Table Bfter 48 h incubationcells were trypsinized
and pellets were saved for gPCR and Western &iatysisat -80°C. Forflow cytometry
VX2 cells were fixed irv0 % ethanokhsdescribedabovein (2.2.6).

2.3.3.1 RTgPCR analysis

After siRNA knockdown, cells weranalysé by RT qPCR methods describedabovein
(2.2.10).

2.3.3.2 Westernblot analysis

Western blot analysis was performaagtording to the protocdescribed irf2.4.1.2.2) except
for using adifferent primary antibogl (mouse monoclonal arRRCNA se56, clone PC10,

1:50,Santa Cruz Biotechnology

2.3.3.3 MTT assay

VX2 cells wereseeded in 96 well plagat a density of 2xI0cells per well. After 24 hthe
medium was removed and replaced withl@®f serum free medium along with 10 of
SiRNA loaded lipopolyplexes8 wells were treated with Neharget siRNA loaded
lipopolyplexes 8 wells with CRPV_EGIRNA loaded lipopolyplexes and 8 wells with
CRPV_E7siRNA loaded lipopolyplexes. All of the abowveentionedsiRNAs were useet
aconcentration of 5amol/L. After 48 htheMTT assay was performed as describbdve.

2.3.3.4 Phenotypespecificity analysis

As observed during initial studie¥X2 cells exhibit two phenotypes in cell culture which
grow side by side. One phenotype was called large VX2 peltsilationand the other

Phenotype was callesmall VX2 cells population. In order to see if the knockdown of
CRPV_EG6 or CRPV_E7 or both genes simultanequsfgcts the phenotype of these cells,

32



Part II: Experimental

VX2 cells were seeded on awgll plate at a density of 2xi@ells per well. After 24
incubation, whermellsreached 6€70% canfluency, medium was removed and replaced with
800pl of serum freed ME M/ H A-LMPan8diufm. One of 6 wells was treated with 200
of NonTargetsmall RNA (50 nmol/L) loaded lipopolyplexesone well with CRPV_EG6
siRNA (50 nmol/L) loaded lipopolyplexesne with CRPV_E&IRNA (50 nmol/L) loaded
lipopolyplexes and one well with both CRPV_EBRNA and CRPV_E7siRNA (25
nmol/L+25nmol/L) loaded lipopolyplexes. After B incubation, Inl DMEM/ HAM'S F-
12 medium with serum and #hiotics was addetb each well. After 4& incubation, VX2
cells treated withsiRNA loaded lipopolylexes were observed untlee microscope and
images were taken of each well. The phenotypes in eachweel quantified with the
WIMasis image analysis #ware (Onimagin Technologies SCA, Cordoba, Spaim)}the
basis of branching point count evaluat[da0Q.

2.3.3.5 Cell cycleanalysis by FACS

Cell cycle phase distributiowasanalyseé after Propidium lodide (PI) stainingsing flow
cytometry. 48h post transfection and knockdown of CRPV E6 and E7 genes, cells were
harvested followed by washirglls incold PBSwith subsequent fixatio0 % ethanal For
flow cytometryassay, cells werwashel twice in PBS, resuspended in PBS containing 50
png/ml RNase A (Sigma Aldrich) and incubated for 30 min at 37°C. Afterwardg) 50
Propidium lodide stock solution (1 mg/ml) was added into cells suspensiffimal
concentration: 2pg/ul) to stainthe genomicDNA and samples were passed througb (
FACS Calibur Flow Cytometer (Becton Dickinson, Heidelberg, Germakigximum
excitation range of florescence used for detection of Pl bound to D& adjustedo 536
nm, and emission was set to 617 whereagt88 nm was optimal for excitation of Hlhree
independent experiments were carried out for cell cycle analysis of VXZaoallgsing the
effect of E6 and E7SIRNA knockdown Cell cycle stages were calculated by using the

ModFit LT software for Ma systems.

2.3.3.6 Realtime cellular analysis

Cell adhesion to adjacent cells and to basal extracellular matrix (ECM) is the primary
requirement for the existence and integrity of all multicellular organisms. -fmansbrane

heterodimeric family ofeceptors called integrins are responsible for ECM adhesion of cells
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by controlling numerous cytoskeletal proteins attached to integrin tails, a vast array of
signaling and scaffolding. Together, these adhesion components recruit a highly complex and
dynamc system which regulates various cellular mechanisms and functions including cell
proliferation, survival, differentiation and migration. Disruption in integnediated cell
adhesion may be the result of various pathological conditions including caclitea
diseases, bleeding disorders and captei-104]. xCELLigence RTCA system monitors

changes in celECM adhesion quantitatively.

Impedance measurement depends on the extent otoefluency and igxpressed as Cell
Index (Cl).Thecell layergrowingon and betweeigold micrceelectrodes causes disturbance
in the current flowthus enhancing electrode impedarfeesistance to alternating flow of
current) The magnitude of Cell Index depends upon the memof cells, their size and the
degree of firmness of cell adhesion to the substrate coating the[fRes

Cell Index =R Rb/Rb

Rn = electrode/cells Impedance in a well

Rb = background Impedance in a well with medium alone.

Migration, proliferationand ceBECM adhesion in untreated and siRNA treated VX2 cells
were measuredwith the xCELLigence system (Roche, Mannheim, Germanypldie
(specifically designed for Impedance measurement of cells, Roche, Mannheim, Germany)
was prepared by adding 130 of DMEM/ H a m &-42 medium containing serum and
antibiotics into the wells. Equilibration waachievedby placing the plate intothe
XCELLigence station and batiee electrical resistance was gauged to make certain that all
connections to the wells wewnaorking in appropriate limits. {plate was taken out and H0

of VX2 cells suspension was added to each well with a cell density of 4.&iiOper well

and then placed back in xCELLigence station at 37°C for 24 h.
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Cell index
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Figure 3. xCELLIigence system (AJhe system consists of: rdahe cell analysis (RTCA) Analyser,
RTCA SP Station, RTCA Control Unit and single ustddte 96.(B) Cell Index values, derived from
the measured impedances, are continuously displayed with the Sofi@eCells attaching on the
top of the electrode increase the impedance. (Modified frovavw.rochapplied

science.com/sis/xcelligence/index)

Cell Index was monitored and onc&¥ cells started to adhere to the bdse)ate was taken
out again anaell culturemedum was removed and replaced by Jd5resh medim and

25 pl of siRNA (E6 150 nmol/L, E7 150nmol/L and E6+E6 75+75 nmol/L) loaded
lipopolyplex solution The E-plate was placed again ithe incubation chamber of

XCELLigence instrument fazontinuous real time monitoring oéll proliferation(every 15

min for 72 hourk
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2.3.3.7 Wound healing assay

VX2 cells were seeded at a density of 1%ddélls per vell in a 6well plate in DMEM/Ha mé s
F-12 medium containing serum and antibiotics. Afteth2the medium wageplaced with
900ul of serum freedD ME M/  H A-MRamsdiumfollowed by addition ofL00 ul sSiRNA
loaded lipopolyplexesolutionin each well Non-TargetsiRNA 50 nmol/L, E6 siRNA 50
nmol/L, E7siRNA 50 nmol/L, and E6SIRNA+E7siIRNA 25+25nmol/L).

After4h,1mID ME M/ H A-lRom8diuf was added 24 h pesRNA transfectionthe
layer of cells was scratched by usafOOul sterilepipettetip. Cells were washed with PBS
to remove dislodged cejlsnedium was added agaamdcells were left in incubataunder
standard conditiondAfter 24 h at three different positign®icrographs were taketo be
analysd with theWIMasis image analysis fware (Onimagin Technologies SCA, Cordoba,
Spain)and Fiji ImageJ softwarélhe rate of migration wadefinedasthe percentage of

wound closure argd 0q).

2.3.4 Knockdown of CRPV EG6 and E7 in VX2tumor suspensioncells

In this experiment VX2 tumor tissweastaken out from tumor bearing cottontail ratdomid
triturated to a cell suspension. Out of this raw tumor suspensiqn vidés taken and put in
a 50ml sterilized tube containing 3Gl DMEM: F12 medium with 186 FCS serum and
antibiotics. This diluted VX2 tumor suspension was passed throOdimam mesh2 ml of
this cell suspensiowas added teach well of three-@vell plates. This cell suspension was
directly subjected to transfection by different concentratiorsRINA targeting CRPV E6

and E7 usindipopolyplexes as transfecting reagesssdescribd above.
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Exogenous knockdown of CRPV E6 and E7 by siRNA loaded
lipopolyplexes
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2.4.1 Validation of siRNA localization on the target transcripts transfected

into a non-CRPV cell line

Target site accessibility is crucial for successfRINA knockdown. To confirm thadiRNAs
against CRPV E@nd E7 oncogenes have no dffrget effects andre suitable forthe
knockdown of these genes, a series of experiments was contriwéth a norRCRPV cell

line, COS7 was used.

24.1.1 Transient tr ansfection ofcloned plasmids inCOS-7 cell line

COS7 cells were seeded onvéell plates at a density of 1xi@ells per well in DMEM
medium with 10% FCS and antibiotics. After 244 COS7 cells became 6@0 % confluent
and were transfected with.@ of CRPV_E6_GFRNdCRPV_E7_GFRxpressinglasmids,
separatelyusing lipopolyplexes as transfecting reageftser 24h incubationfluorescence
microscopy was performed to evaluate transfection efficiemopnfdcal laser scanning
microscopeband pass filters of 50530 nm Zeiss Axiovert 100 M, Carl Zeiss Microscopy
GmbH, Jena, Germany)

2.4.1.2 siRNA kockdown of CRPV E6 and CRPV E7in COS-7 cells

After validation of E6 and E7_GFP gene expressionflogrescege microscoy after
transfection,COS7 cells were transfectedith CRPV_E6 or CRPV_EBpecific siRNA
using siRNA loadedlipopolyplexesas describedearlier. Non-targetsiRNA was used aa
controlto account for unspecific effects of sSiRNA transfectibhe moderate concentration

of siRNA for the knockdown of CRPV_E6 and CRPV_E7 was achieved after titration
through multiple experiments, astlexpression of CRPV_E6 and CRPV_E7 in transiently
transfectedCOS7 cells is much higher than in VX2 cells in which these genes are a part of
the genome. So, the concentrationsd®NA used for the knockdown of CRPV_Ehd
CRPV_E7 in VX2 cells, was not ogparable or relative to the concentratiorsi®NA, used

for the knockdown of theamegenes in transiently transfect€®S 7 cells.In COS7 cells,

150 nmol/L siRNA conc was used for CRPV Eg&hd 100 nmol/L siRNA for CRPV E7
SiRNA knockdownNon-TargetsiRNA was used as a control ihe sameoncentratioras
used for E6/E7 specific knockdowisubsequentlycells were trypsinized and pellets were

saved for RT gPCR and Western Blot assagpectivelyFor flow cytometry analysi§0OS

38



Part II: Experimental

7 cells were fixed in @ % ethanolsdescribedreviously.

2.4.1.2.1 gPCR analysis

RT-gPCR analysis wgserformedusingthe same protocol as descri@dviously. GAPDH

waschoseras houséeeping gene for normalization.

2.4.1.2.2 Western blot analysis

24 h after siRNA transfection, cell pellets were exposed to lysis buffer contaidinuvi
EDTA, 1% NP40, 137mM NaCl, 20mM TRIS/HCI (pH 8.0), 10% glycerol dong with
protease and phosphatase inhibitors (Sigrtdhigh). Lysates were mixegisingan orbital
shaker forl hat 4 °C and then centrifuged at 122§ for 20 min at 4°C. Supernatant
containing the whole cellulg@rotein was transferred tackeantube and protein concentration
was measuredvith the Bradford methodusing a spectrophotometer (BiRad Labs,
Munchen, Germany). A 12 % sodium dodecyl sulfate acrylamidé&sipEsPAGE) was used
for protein separation according to their siZzach lane was loaded with 8§ whole cells

l ysat e. For Ssize compari son, -0378)dramBslad n
(Hercules, CA, USA) was used as control. FolltpSDSPAGE, proteins were transferred
to nitrocellulose membranes which were blocked witho 3nilk/PBSfor 1 h at room
temperature and incubated witte primary antibody(mouse monoclonanti-GFP,Santa
Cruz, CA, USA)overnight at 4°C. Next day, membranes were wastlibdce in 3 %
milk/PBS for 15 minand incubated with an HR&upled secondary antibody (motg&k

BP-HRP, 1:2000,Santa CruzCA, USA) at room temperature for 1 h. Membranes were

waded thrice againto remove excessive antibody and bands were visualizgth the

Pl

enhanced chemiluminescence (ECL) method (Amersham Biosciences, Buckinghamshire,

UK) on X-ray film (Agfa, Cologne, Germany).

2.4.1.2.3 Flow cytometry analysis

SsiRNA knockdownof CPRV E6 and E7 in CQO3 cellsshouldalsocause a decline in the
fluorescencexpression of GFRhich was taggedlong with the respective gene. To confirm
this, GFP expression i€0OS7 cells transfected with CRPV_E&nd CRPV_E7siRNA

loaded lipopolypkxes of was analysed fgpw cytometry
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COS7 cells were fixed in 780 ethanol as describearlier. kxed cells were then centrifuged

at 300g for 10 min, ethanol was removedtepellet was washed twida PBSand esulting

pellet was dissolved in 500 PBSfollowed by flow cytometry analysi880 LSR Il, Becton
Dickinson, Franklin Lakes, New Jersey). Dead celise excluded fromanalysis using

forward and side scatter parameters. GFP expression signal was detected by exciting an argon

laser at fluoresence intensity 530/3@m.

2.4.1.2.4 Fluorescence microscopy

Change ofGFP expression i€@OS7 cells aftersiRNA knockdownwith CRPV E6 and E7
siRNA wasevaluated byConfocallaserscanningmicroscope Zeiss Axiovert 100 M, Carl

Zeiss Microscopy GmbHgeha, Germany)
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Limiting factors affecting gene therapy of CRPV carcinoma
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2.5.1 Courseof CRPV E6and E7 oncogeneexpressionaunder cellular stress

Cancer cells exposed to serum starvagarnvivopartially mimic metabolically distressed

cells trying to adapt to a changed environmentvivo by inducing exaggerated gene
expression and signal transduction so that the tumor can grow continuously sind lea
perturbed. One study shows that the altered protein and phosphoprotein levels caused by
serum starvation can reflect the adapted tumor phenotype which can provide some targets for
cancer therapj107]. Oncogenes maghangetheir gene expressidavelsin case ofstress
induction. This study is aimed to assess changes in transcript levels of CRPV E6 and E7
oncogenes in VX2 cells in the presence of different stress induction scenarios. This may give
us an insight about the portance of E6 and E7 oncogenes for the survival of cancer cells in
harsh environments and how targeting these oncogenes can contribute to CRPV cancer

therapy.

25.1.1 Serum Starvation

For serum starvation experimenx2 cells were grown ibDMEM/ HAM'S 12 medium,
without addition of serum or antibiotics. Differegtperimental desigrnsf serum starvation
were applied to witness the change in expression of CRRW&b7 in VX2 cells as enlisted

below:

1) VX2 cells were grown in serum fré&@MEM/ HAM'S F-12 medium. Afterthreedays,
cells werdrypsinizedand passaged again in serum fdd&¢EM/ HAM'S F-12 medium.
Following threedays of incubation, cells were harvested and cell pellet was obtained
for RNA extraction, cDNA preparation and RT gPCR analysis.

2) VX2 cells were cultured in serum fre@eMEM/ HAM'S F-12 medium for 24h.
Afterwards, cells were harvested, passaged again in serumNtE&I/ HAM'S F-12
medium and left to grow for 24 followed by passagg again in serum fre® MEM/

HA M6 S12 medium. This cycle was repeated feevendays. Each day, after
trypsinization of VX2 cells, half ofhe cell suspension was centrifuged and resultant
cell pellet was stored for RGPCR analysis, while half dhe cell suspension was
passaged again to serum fiedME M/  H A-Wdn@edium and incubated for 24
VX2 cells in normal medium containing serum andilaatics were passaged in the

same way for seven days.
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3) VX2 cells were cultured in serum freMEM/ HAM'S F-12 medium infour (10 mm)
petri dishes and incubated for 24 Following scenarios of serum starvation were
applied in this case:

a) VX2 cells were larvested from disimumberl after 24h andthe cell pellet was
stored forRNA extraction and subsequéRT gPCR analysis.

b) VX2 cells were harvested from tiisiumber twaafter 48h andthe cell pellet was
stored forRNA extraction and subsequdRT qPCR anafsis.

c) VX2 cells were harvested from diskmber threafter 1week without any medium
change, anthecell pellet was stored f&NA extraction and subsequdiit gPCR
analysis.

d) VX2 cells were harvested from distumber fourafter two weeks without any
medum change, anthe cell pellet was stored fdRNA extraction and subsequent
RT gPCR analysis

4) VX2 cells were cultured in serum fré&MEM/ HAM'S F-12 medium and incubated
for one week without trypsinization. Medium was changed during this period. After
seven days incubation ifreshserum free mediurdaily, cells were harvested for RNA

extraction, cDNA preparation and RT gPCR analysis.

In all of the above conditions applied, after every trypsinization, 4¥»® cells were
seeded to pass to the next level of serum starvation. No media with serum was used in
between any of the aboweentionedserumstarved conditions. At the end of every
experiment of serum starvation, VX2 cells pellet was collected, RNA wieescted cDNA

was prepared and RT qPCR analysis peormed.
2.5.1.2 Exposure todifferent concentrations ofCisplatin

VX2 cells were seeded IDMEM/ HAM'S F-12 media with 10% FCS and antibiotics, in
the usual fashiomentioned previoushyAfter 24 h, when cells reached-60 % confluency,
cells were exposed tdifferent concentrations of cisplati{®.01, 0.1, 1, 10, 50 and 100
pmol/L). After 24 h cisplatin exposureVX2 cells were trypsinized and cell pellets were
collected for RNA extraction, cDNA preparation and RT gPCR analysis by following the
protocols describedreviously Expression of CRPV oncogenes (either CRPV E6 or CRPV
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E7 or both) was analysed

cDNA prepared from normal VX2 cells grownMEM/ HAM'S F-12 medium with serum

and antibiotics was used as a positive control in all RT gPCR experiments against cisplatin
treated VX2 cells.

2.5.1.3 Effect of 4 Gy radiation and 40pumol/L Olaparib on VX2 Cells

Olaparib is a PARP, poly (ADRbose) polymerasenhibitor which limits DNA repair as a
result of oxidative stress and is used to sensitize cancer cells to padiation[10§.
Previous sidies have shown that Olaparib causes papilloma virus positive HNSCC cell lines
to become more sensitive for radiation thus increasing vulnerability of these cell lines for
radiotherapy{109-111]. VX2 cellswere exposed to Olapar{d0 umol/L), which wasnon
cytotoxicandincreased sensitivity of VX2 cells towards radiation, followed by radiation (4

Gy) to observehechange in expressiaf CRPV E6

For this study, VX2 cells were grown DMEM/ HAM'S F-12 medium with serum and
antibiotics for 2zh. When cells reached 8D % confluency, Olaparib (dissolved in DMSO,

final conc. € pmolL) was added to the medium above cells and incubated for further 24
Cells were exposed to ionized radiation®¥) usingGammacell 1000 Elite irradiator
(Theratronics, Ottawa, Canada}fwa'®’Cs source. Afterwards, VX2 cells were trypsinized,

cell pellet was obtained for RNA extraction, cDNA preparation suttsequenRT qPCR
analysis to check the expression of CRPV E6 oncogene in irradiated VX2 cells compared to
untreatedv/X2 cells.

Statistical Analysis

All experiments were carried oin triplicates and resultwereshown as mean * standard
deviation. Statistical significance differences were analysed bsttad | ed $student 6
Results were considered significanthvé probability p < 0.05. Statistical differences were
indicated as ™" p < 0.05, "**" p < 0.01, "™**" p < 0.001. Graphical representation of results

was provided by usinGraphPad Prism version 5 for Windows, GraphPad Software (La Jolla
California, USA)
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Section 1

Liposomes, Polyplexes and Lipopolyplexes

3.1 Physicochemical properties

The basic prerequisite for efficient genetic material delivery into the cells is-sir=d,
marginally cationic and physiologically intact complexes. Hydrodynamic diameter of these
complexes is primarily their size which is measured in a hydratedspm@nical state by

using dynamic light scattering. The measurements for size determination by laser Doppler
velocimetry was carried out at a neutral pH (7.4) by using 150 mM NacCl in 20 mM HEPES

buffer as dilution medium in order to mimic physiologicalivo conditions[117.
3.1.1 Hydrodynamic diameter

Liposomes and complexes were evaluated for hydrodynamic diameter measurement by using
size by intensity function of dynamic light scattering. In affirmation with former research
studies, polyplexes exhibited larger hydrodynamic diameter if their N/Pwatancreased

for both linear and branched PEI because at higher N/P ratio, polyplexes tend to form
aggregates shortly after complexat[@d 3. For N/P ratio of 3 to 20, bPEI complex size was
decreased frord95.9 £ 6.3 nm t089.5 + 6.1 nm respectively. In case of IPEI, for N/P ratio

of 2.5, the size of complex was 208.5 + 5.5 nm whereas for N/P ratio 22, it was 125.7 + 8.5
nm. These size differences however, showed no prominant changes in the diameter of pDNA

or siRNA containng polyplexes which was in accordance with previous stiitiie$.

In this study, formulation contaimy DOPE, DPPC and cholesterol was analysed. Liposomal
formulation was extruded through a mini extruder in order to achieve homogenous
unilamellar consistency with reduced sj245. In order to correlate the size of liposomes

with the size range of polyplexes (3580 nm), the liposomal formulation was passed
through 400 and 200 nm polycarbonate membranes through extrusion process. Hence, a
monodispersdormulation of liposomes with an average size range of18 D nm was

obtained having PDI (polydispersity index) of 0.1.
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As higher concentration of DOPE in the formulation makes liposomes more vulnerable to
aggregate under physiological conditions aegagonal structure of DOPE is restored after
some time, a cautious amount of 70 % of DOPE was used which kept its fusogenic properties
stable[116]. A detailed account of N/P ratios of polyplexes and mass ratios of polyplexes to
liposomes gave a conclusive idea for requiremétiteodesired size range of lipopolyplexes.

As previous studies indicate that for efficient endocytosis and cellular uptake, complexes
should be of 200 nm or less in s{del7], so liposomes were prepared with a size range of
170210 nm.

3.1.2 Zeta Potential

Zeta potential is deeribedas the electr&inetic potential in clhoidal dispersions. It depends

upon the electrostatic potential surrounding the double layer of a nanoparticle. The ability of
nanoparticles such as liposomes to permeate biological layers mainly depend upon zeta
potential. Therefore, zeta potential ieaty important factor which affects cellular interaction

and uptake of complexes. Two of the most essential factors affecting on zeta potential are pH
and ionic strength. The gene delivery vehicles need to have a weak positive charge for an
efficient trangection of genetic material into the c€llkl8 119). Because of the presence of
DOPE, liposomal formiation showed either neutral or negative zeta potential.

For polyplexes preparation, if N/P ratios of both linear and branched PEI were increased,
zeta potential was also found to be increased, however, in case of branched PEI, zeta potential
elevated drastically whereas for linear variant of PEI, zeta potemtralased only slightly.

As high cationic charge of PEI is considered responsible for higher cytotoxicity, only N/P

ratios with a cationic charge less than +30 mV were [(2d.

Various factors effect on the complexation of liposomes with nucleic acids, nanopatrticles or
complexes such as physical intdrags, electrostatic combinations, structural
rearrangements either individually or in combinatj@81]. Liposomes play a vital part in
physicahemical characteristics of a formulation along with polypld4€s]. Liposomes
showed a highly negative zeta potential which helped a great deal in neutralizing the high

cationic charge of PEI thus making lipopolyplexes less cytatoxic
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Table 4: Physicochemical properties of liposomes, polyplexespomblyplexesSize and
zeta potential are expressed as a mean + standard deviation of three independent

measurements (n=3)

Formulation Size (nm) £ SD Zeta Potential (mV) + SD PDI

Liposomes (mol %)

DOPE:DPPC:Cholesterol 1747+3.3 |-309+20 0.09
(70:15:15)
Polyplexes
Branched PEI (N/P 15) 180.5+11.6 |+27.3+44 0.35
Linear PEI (N/P 9.5) 166.2 £ 8.7 +19.1+£27 0.24

Lipopolyplexes with IPEI polyplexes

DOPE:DPPC:Cholesterol | 201.1+5.9 |+3.7+2.1 0.19
(70:15:15)

Lipopolyplexes with bPEI polyplexes

DOPE:DPPC:Cholesterol 1940+17.3 |+95+3.7 0.38
(70:15:15)

Size and zeta potential are expressed as a mean * standard deviation infldpeedent
measurements (n=3As linear PEI polyplexes with N/P ratio 9.5 showed better trasfection
abilities and found more stable than branched PEI polyplexes with N/P rdtld]15near

PEI containing lipopolyplexes were selected for further studies.
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3.2 Evaluation of transfection efficiency of lipopolyplexes

3.2.1 Flow cytometry analysis

Transfection of nucleic acsduch as plasmid DNA or RNA is achieved by various methods
involving physical, chemical or biological methods or a combination of {i@8g Various
factors influence transfecticfficiency, cellular toxicity andhe extent of gene expression.

To measureghe impact of these factors on the efficiency of a transfection method or reagent,
a reliable detection system lisquired[124]. An emerging trend among sensitivitgsed
assays is the use of reporter proteins for exagmaen fluorescent protein ER) or firefly
Renilla luciferasg¢125. Although Luciferase asssyprewidely used for its sensitivity and
suitability to determine relative transfection efficiezgec of different samples major
limitation of this methods the need to lyse the celisereforeno quantification of cellular
toxicity is possible GFP reporter assayequire the cellular uptake to be visualizeg

fluorescence microscgpvhich is laborious and subjectiy&26].

However flow cytometry presenta suitablealternativeto analyseGFP transfection
efficiency allowng for quantification of GFP expressiam single cels [127]. To measure
GFP expression by flow cytometr@FP aloneor GFRfused proteins or ctransfection of
GFP with candidate gene expressiptasmid is doneAll these techniques have their

drawback such as competitiveness in expredsatween two plasmid4.2§.

In this study plasmitvastagged with GFP and its expressiwasdirectly analyse by flow
cytomety after transfectionExpression of CRPV E7_GFP plasmid was measured in two
cell lines,VX2 andCOS 7, by using lipopolyplexes as transfecting reagédiEs? expression

in both cell lines was compared with ntransfected cells (negative control) aoells

transfected withLipofectamine 2000" (positive control)
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Specimen_001_VX2 nt.fcs Specimen_001_Vx2+ fcs Specimen_001_VX2 nt.fcs Specimen_001_VX2T.fcs
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FITC-A oo
A) VX2 (Non-transfected) B) VX2 (+ Control) D) VX2 (Non-transfected) E) VX2 (LPP)
FITC-A FITC-A
C) Overlaid Histogram of A and B F) Overlaid Histogram of D and E

Figure 4.Flow cytometry analysis of VX2 cells transfected with E7_GFP pladmidorrtransfected

B) Transfected with Lipofectamine 200/GC) Overlaid histogram D) Nontransfected) transfected

with lipopolyplexes, FOverlaid histogram

Specimen_001_Cos 7 nt.fcs Specimen_001_Cos 7+ fcs

Specimen_001_Cos 7 nt.fcs Specimen_001_Cos 7 T.fecs
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A) COS-7 (Non-transfected)
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B) COS-7 (+ Control)
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FITC-A o

D) COS-7 (Non-transfected)

~
©
-

FITC-A

E) COS-7 (LPP)

FITC-A

C) Overlaid Histogram of A and B

FITC-A

F) Overlaid Histogram of D and E
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transfected B) Transfected with Lipofectamine 28@) Overlaid histogram, D) Netransfected E)

g u.rFew cgtometry analysis of COBcells transfected with E7_GFP plasmid Aon

transfected with lipopolyplexes, F) Overlaid histogram
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Figure 6. Quantitative analysis of GFP expression in GD&nd VX2 cells

Fluorescnece intensity of GFP was calculated as geometric mean by the formula given below

G-mean=16 P%n

whereX(i) = channel or linear value for th#éh event anch = number of eventgl29.

These resultslemonstratedhat transfection efficiency of lipopolyplexes in VX2 saind
the resuling GFP protein expression was moderahereasin case ofCOS7 cells
significant GFP expression was observed afftsw cytometry analysisexhibiting hgh

transfection efficiency of lipopolyplexes.

Commercially available transfection reagent, Lipofectamine ?088sused as a positive
control. In case of VX2 cells, although positive control showed slightly higher transfection
efficiency than lipopolymxes but the difference was not significant elucidating the low
sensitivity of VX2 cells towards transfectability. CGScells on the other hand, showed
significant transfection sensitivity for lipopolyplexes as well as for positive control.
Lipopolyplexes showed even better transfection efficiency in CDScells than

Lipofectamine 2000 (figure 6).
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Although Lipofectamine 2000 showed better transfection in VX2 cells, it was found more
cytotoxic (figure 8) and also a higtost product. On contrary, lipopolyplexes exhibited less
cytotoxicity (figure 8). In addition, lipopolyplexes preparation is cost effective for the
intended usé a wide scheme of experimentation with numerous transfection trials making

them the ideal transfection reagents foed@pth assessment of gene therapy approaches.

3.2.2 RT gPCR analysis

RT gPCRassayis widely usedfor the quantificatiorof transfection efficienes[130. The
relative quantification assessed d¢aiculatingthe fold change between two sampkdbows

for accurate insight into thefficiency of a transfection systefd31].

In order to quantify thetransfection efficiency of lipopolyplexesnRNA expression of
E7_GFPplasmid in VX2 andCOS?7 cells wasanalyse by RT gPCR. Untransfected VX2
andCOS7 cellsservedasa negativeontrol In case of both cell lines, cells transfected with
Lipofectamine 2000" were used as positive contrab it has been widely used as a

transfecting reagent for all cell lines as@viral nucleic acid delivery vehicle.

E7 gene is endogenously expressed in VX2 cells, however,-iramsfected VX2 cells,
expression of E7 gene is 1 (figure 7), this is because of the fact that untreated VX2 cells are
taken as a control and in gP®@d change calculation of a gene expression, control is always
taken as a constant value i.e.1. So, in transfected VX2 cells, fold change above 1 was taken
as the transfection efficiency by using lipopolyplexes or Lipofectamine "¥0@sitive

control) & transfecting reagents.

In case of COY cells, E7 gene does not exist endogenously. So untreated CEIS are
taken as control which is always a constant value for qPCR fold change calculations of a
gene expression i.e. 1. Any expression of E7 giwve this constant value of control is

taken as the efficiency of transfection.
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Figure 7. Quantification of E7_GFP gene expression in VX2 and CGlls after
transfection with EFGFP plasmids using Lipofectamine 200QLF) and lipopolyplexes
(LPP)

RT gPCR analysisevealedconsiderable transfection efficiency of lipopolyplexes in VX2
andCOS7 which are comparable with thransfection efficiency odommercially available
Lipofectamine 2000'. This result is in agreeemt with the results ®tained afterflow
cytometry analysis for the assessment of lipopolyptexsfection efficiencyE7_GFP
expression wasalculatedoy the delta delta Ct methodith GAPDH servingasa house

keeping gene to normalizke expressiornlevelsof transfected gerse

3.2.3 Cytotoxicity assay

The MTT assaywas deployedio quantify cell viability and proliferation The major
limitation to use most of the commercially availabteansfecting reagents is their higher
cytotoxicity whereas lipopolyplexes show less cellular toxicity and thus considered safer
[132 thancommercially available transfecting reagestich ad.ipofectamine 2000'. To

evaluate safety of lipopolyplexes as transfecting reagent, MTT dye was added to the cells
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