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Small cell lung cancer (SCLC) is an aggressive form of lung cancer that
frequently develops multidrug resistance (MDR) during chemotherapy. Vault RNA1
(VRNAL), a non-structural component of the MDR-associated vault organelle, is
believed to act as a microRNA (miRNA) and may contribute to MDR by regulating
the expression of genes involved in apoptosis, inflammation, and/or drug metabolism.
Since vaults function to aid cells in survival, we hypothesized that vVRNA1 might be
free in the cytoplasm and able to inhibit expression of pro-survival mMRNAs when
vaults are open in drug-sensitive GLC4/S cells but not in the MDR GLC4/ADR cells
where vaults might be closed with the miRNA sequestered within. In order to
establish the role of VRNAL1 as a regulator of survival in SCLC cells, siRNA-mediated

down-regulation of vRNA1 was employed in GLC4/S and GLC4/ADR SCLC cells.



Fluorescence microscopy using a green fluorescent 3’ AlexaFluor-488 negative
siRNA control was used to estimate transfection efficiency, yielding 56% for GLC4/S
and 89% for GLC4/ADR. However, these values and the level of apoptosis before and
after transfection, as judged by trypan blue hemacytometer cell counts, were not
entirely reliable due to cell clumping. The latter counts indicated a 2-fold decrease in
viability in GLC4/S cell following transfection but no decrease in GLC4/ADR cells
(p< 0.05). RT-PCR revealed that transfection significantly (p<0.05) decreased VRNA1
expression in GLC4/S cells but not in GLC4/ADR cells, confirming our hypothesis
concerning the availability of VRNAL in the two cell types. Caspase activity
measurements showed VRNAL down-regulation in the GLC4/ADR cells significantly
(p<0.05) increased survival via a 6.1-fold reduction in caspase 3/7 activity, further
supporting our hypothesis. However, GLC4/S cells showed a similar loss of
apoptosis when transfected with either sivRNAL or the negative control sSiRNA.
VRNAL down-regulation did not significantly (p<0.05) affect the expression of major
pro-survival (Bcl-2, Bcl-xL), pro-apoptotic (Bad), or pro-inflammatory (IL-6, NFxB
p65) factors in either GLC4/S or GLC4/ADR cells. However, the drug metabolism
protein CYP3A (previously shown by Persson et al., 2009 to be regulated by vVRNAL)
was significantly (p<0.05) lowered (~16%) following VRNA1 down-regulation in the
GLC4/S cells. In conclusion, we were successful in down-regulating VRNAL which
enhanced cell survival as hypothesized, but we were not able to identify new proteins

regulated by VRNA1.
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INTRODUCTION

Cancer is a leading cause of death in the United States (Heron et al., 2009) and
lung cancer is the second most commonly reported form of cancer among adult male
and female populations (Jemal et al., 2007). More people are reported to die from
lung cancer-related causes than any of the other types of cancer. The most recent data
indicate that 106,374 men and 90,080 women have been diagnosed with lung cancer
while 89,243 men and 69,356 women died from the disease with about 32,000 new
cases being reported annually (American Cancer Society, 2010). If untreated, small
cell lung cancer (SCLC), a more aggressive form of lung cancer, quickly progresses
and leads to death. This is because chemotherapeutic drugs are often not able to
stimulate apoptosis in the SCLC cells, resulting in an increased and unregulated
proliferation of the cancer cells (Simon and Wagner, 2003).

Most of the details pertaining to the mechanisms involved in multidrug
resistance (MDR) in SCLC are still yet to be established. Researchers in our lab have
demonstrated using RNA interference (RNAI) technology that the down-regulation of
COX-1 may abolish MDR in SCLC cells and increase sensitivity to chemotherapeutic
drugs (Pratik, 2007; Kamal 2010). In this research we postulated that the unique open
and closed structure of vaults in addition to their localization in the cell cytoplasm and

potential role in the export of chemotherapeutic drugs indicate that vaults may have



important roles related to MDR in SCLC cells. With the development of MDR, and an
increase in the number of vaults, the vault-associated VRNA1 may become
sequestered in closed vaults. As a result, the vVRNA1s are not free to be processed
into svRNAb which normally act to inhibit expression of survival mRNAs, unlike
when the VRNALs are free from sequestration with open vaults. Without vVRNA1
processing to svVRNAD and the subsequent inhibition of anti-apoptotic messenger
RNAs (mRNAs) via the svRNADb binding to 3 untranslated region (3’UTR) of pro-
survival MRNAs, MDR SCLC cells may not succumb to apoptosis. Thus, these
mRNAs that become highly expressed with MDR development may encode pro-
survival proteins that inhibit apoptosis with exposure of the cancer cells to
chemotherapeutic drugs.

The reversible open and closed nature of the vaults and their role in
transporting lethal drugs out of the cell support the idea that these organelles serve a
protective role. However, the question of whether any difference exists in the
proportions of open or closed vaults between drug-sensitive and MDR cells is yet to
be decisively addressed (personal communication, Leonard Rome, 05/28/2011).

Also, the factors that influence the opening and closing of the vaults and when or how
the VRNAs are released are unknown.

This research sought to better understand the relationships between
upregulation of vaults and vVRNAL which may be processed to ‘miRNA-like” svRNAb
and the specific proteins or pathways impacted in MDR. To address this issue, RNA
interference (RNAI) technology was employed in an attempt to knockdown the
expression of the human VRNAL or hvg-1 in drug-sensitive and MDR SCLC cells.
The effects of vVRNAL down-regulation on apoptosis were measured using the

combined activities of effector caspases -3 and -7 and by ELISA to examine the
2



expression of proteins (Bcl-2, Bcl-xL, Bad, IL-6, NFkB p65 and CYP3A4) that have
been associated either directly or indirectly with cell survival, inflammation,
apoptosis or MDR.

It was envisaged that the findings of this research would provide important
insights into the mechanisms involved in MDR in SCLC cells, demonstrate the
specific roles of VRNAL in regulating MDR and/or apoptosis, and could have

potential implications for the treatment of SCLC patients via RNAI technology.



CHAPTER 2
LITERATURE REVIEW

21  SMALL CELL LUNG CANCER (SCLC)

There are two forms of lung cancer which possess distinct histology and
determine the direction of therapy. These are: SCLC and non-small cell lung cancer
(NSCLC). However, SCLC has attracted more attention over the years because of its
propensity to re-emerge after chemotherapy and its ability to easily metastasize to
other parts of the body such as the brain (Ihde et al., 1994). Approximately 25% of all
reported lung cancer cases are diagnosed as SCLC which is very aggressive and
spreads rapidly (Carney et al., 1983). Certain risk factors have been associated with
the development of SCLC, which include active or passive cigarette smoke which
accounts for about 90% of cases and exposure to asbestos or radon (Otterson et al.,
1992). Also, individuals that have had exposure to carcinogens such as asbestos,
arsenic, chromium and nickel are likely to develop SCLC (Hinson and Perry, 1993).
Figure 1 shows an X-ray radiograph of this form of lung cancer. SCLC may be
treated by combination chemotherapy and/or thoracic radiotherapy (Turrisi et al.,
1999).

Chemotherapy and/or radiotherapy are the preferred treatment options yet the

cancer has the tendency to re-emerge after chemotherapy and metastasize to other



Figure 1. Chest X-ray radiograph showing white shadow of tumor indicated by the
black arrow in the left lung of a small cell lung cancer patient.
http://www.webmd.com/lung-cancer/small-cell-lung-cancer?page=7. Accessed

05/24/2011 3:36PM.


http://www.webmd.com/lung-cancer/small-cell-lung-cancer?page=7

parts of the body, like the brain which has been observed in about 90% of all reported
SCLC cases (Ihde et al., 1994; Sartorius and Krammer, 2002). Three sub-types of
small cell lung cancer with distinct histopathologies have been characterized (Hirsch
etal., 1988). They are: small cell carcinoma (oat cell cancer), mixed small cell / large
cell cancer, and combined small cell carcinoma. Small cell carcinoma accounts for
about 90% of all reported cases of SCLC. Each of these types of SCLC grows and
spreads in different ways and can be microscopically distinguished.

The overexpression of genes such as N-myc has been associated with the
development and propagation of SCLC (Falco et al., 1990). As evident in many other
kinds of tumors, angiogenesis plays a vital role in the survival, development and
spread of SCLC and is mediated by the type | membrane glycoprotein CD105 in
SCLC cells (Takase et al., 2010).

The survival of SCLC cells also has been associated with single nucleotide
polymorphisms (SNPs) in genes involved in glutathione synthesis and DNA repair
among which were the genes encoding glutathione synthetase (GSS) and XRCCI
known to interact with DNA ligase (Sun et al., 2010). The aforementioned genes are
likely candidates for molecular targeted therapies for the treatment of SCLC.

Although the standard treatment for the aggressive, lethal, and rapidly-
growing SCLC is chemotherapy and or radiotherapy, clinical trials are currently
ongoing to find other more effective ways to treat the cancer. Homeopathy and other
forms of alternative medicine in conjunction with conventional treatments have been
attempted in the past. For instance, treatment with a combination of extracts of
mistletoe, homeopathic treatment, and radiotherapy improved the survival of a SCLC

patient (Bradley and Clover, 1989).



2.2  MULTIDRUG RESISTANCE (MDR)

Although the problem of MDR has been least understood, it is the most
predictable factor affecting the failure of chemotherapy. In MDR, a decreased
sensitivity of tumor cells occurs, not only to the drug employed in chemotherapy, but
the cells also develop cross-resistance to a broad spectrum of chemotherapeutic drugs
(Mirski et al., 1987). This phenomenon may involve multiple and sometimes
unrelated factors that work in tandem (Gottesman and Pastan, 1993). MDR has been
attributed to the enhanced expression of membrane transporters and drug efflux
pumps such as P-gp (Kickhoefer et al., 1998; Reeve et al., 1989), immunological
alterations resulting in inflammation (Fisk et al., 1994), overexpression of genes such
as the multidrug resistance-associated protein gene (MRP1) (Wang et al., 1998), 15-
fold upregulation in the numbers of vaults particles that may transport drugs to the
pumps (Kickhoefer et al., 1998), and other non-mutational mechanisms such as
miRNA regulation of gene expression, and epigenetic regulation (Sharma et al.,
2010).

MDR is likely to develop when SCLC cells are continually exposed to a
particular chemotherapeutic drug such as doxorubicin over a long period of time as in
the case of chemotherapy. For instance, SCLC cells were made multidrug-resistant
by treating the cells with increasing doses of doxorubicin up to 0.8 nM over a period
of 14 months (Mirski et al., 1987). After this treatment, the SCLC cells were not only
resistant to doxorubicin, but also showed cross-resistance to daunomycin, epirubicin,
menogaril, and mitoxantrone as well as to acivicin, etoposide, gramicidin D,

colchicine, vincristine and vinblastine.



Some SCLC cell populations become reversibly tolerant to chemotherapeutic
drugs by maintaining a distinct phenotype from the other cancer cells within the
population which succumb to the lethal drug exposures (Scheffer et al., 1995).

Interestingly, in primary cultures of human tumor cells, MDR cells may be
present within the cancer cell population even before chemotherapeutic drugs are
administered (Shoemaker et al., 1983). Membrane transporters are known to be
responsible for effluxing chemo-therapeutic drugs out of the multidrug-resistant cells.
The drug efflux reduces the intracellular concentrations of the administered drug
allowing the cancer cells to escape the cytotoxicity of the chemotherapeutic drugs
(Larsen et al., 2000). Also, the survival of MDR SCLC cells exposed to
chemotherapy has been linked to the interaction of the cancer cells with basement
membrane proteins such as laminin which influence cell differentiation and
proliferation (Fridman et al., 1990).

Paclitaxel, doxorubicin, methotrexate, vincristine, cyclophosphamide,
etoposide, cisplastin, carboplatin, decetaxel, topotecan, and irinotecan are among the
chemotherapeutic drugs used in the treatment of SCLC. However, these drugs are not
very effective when individually administered during chemotherapy. For this reason,
combination chemotherapy has been recommended and appears to yield better results
during chemotherapy. A combination of etoposide and cisplastin has been shown to
be very effective with minimal toxic effects in the treatment of SCLC (Adjei et al.,
1999).

The possibility of MDR modulation has been demonstrated in cultured SCLC
cells that were treated with increasing doses of adriamycin (ADM) to make them
develop MDR. Subsequent treatment of these MDR cells with ADM and increasing

doses of the anti-arrhythmic drug verapamil (VRP)( which blocks calcium transport)
8



yielded a dose-dependent sensitivity to ADM (Twentyman et al., 1986). In a similar
experiment, cyclosporine A (CsA) was used to reduce resistance to ADM in SCLC
cells. Unfortunately, CsA is an immunosuppressant, thus making its use
impracticable for treating MDR in SCLC patients (Morgan et al., 1989a; Twentyman
etal., 1987). The down-regulation in cox-1 expression using RNAI has been used to
reverse MDR in SCLC cells by increasing apoptosis in the presence of the
chemotherapeutic drug doxorubicin (Aryal, 2007; Prajapati, 2010).

The laboratory diagnosis of MDR in SCLC can be very difficult. However,
flow cytometric analyses of cells stained with the fluorescent dye Hoechst 3342,
which supravitally stains DNA in the nucleus of viable cells, has been successfully
used to differentiate MDR cells from other cancer cells within a cell population. The
uptake of the dye by the MDR cells was reduced as compared to the sensitive cells
and those cells in which MDR had been partially reversed following exposure to a
chemotherapeutic agent (Morgan et al., 1989). This could be attributed to the fact
that the degree to which a chemotherapeutic agent such as doxorubicin causes DNA
cleavage is markedly higher in cancer cells that are sensitive to the chemotherapeutic
drug than in the MDR cells (Pratesi et al., 1990). Doxorubicin intercalates into DNA
and inhibits the progression of topoisomerase Il which unwinds DNA supercoils for
DNA replication and repair. DNA cleavage occurs since doxorubicin stabilizes the
topoisomerase Il complex after it has broken the DNA chain for replication and
prevents the DNA from being resealed thus, inhibiting DNA replication (Mazerski et
al., 1998). In MDR cells a reduced uptake of the chemotherapeutic drugs as
demonstrated by the reduced uptake of the chemotherapeutic drug mitoxantrone in

MDR SCLC cells (Smith, 1990). This allows transcription and DNA replication to



continue unabated and the cancer cells to thrive. Thus, it is logical that in order to

combat SCLC, an efficient mechanism to abolish MDR must be discovered.

2.3 microRNAs (miRNAs)

miRNAs were discovered by Victor Ambros and his colleagues when they
realized that a couple of small lin-4 transcripts in Caenorhabditis elegans contained
complimentary sequences to the 3’UTR region of lin14 mRNA. The result of the
binding of the lin-4 transcripts to the lin14 mRNA was a temporal decrease in the
levels of the encoded protein LIN-14 (Lee et al., 1993). miRNAs are a highly
conserved family of 20-22 nt short non-coding RNAs which are processed in a
pathway involving members of the Argonaute family, RNA polymerase I1-dependent
transcription, Drosha and Dicer (Lee et al., 2004). Currently, there are more than
5000 distinct mature miRNA sequences that have been reported on miRBase, a
central online repository for miRNA nomenclature, sequence data and target
prediction (Griffiths-Jones, 2010).

The genes that encode most miRNAs are located in the non-coding intergenic
regions between coding DNA sequences. However, at least 40% of these genes
encoding miRNAs may also be located in the introns and exons of both coding and
non-coding genes (Lau et al., 2001; Rodriguez et al., 2004). miRNAs are able to bind
fully or partially to complementary sequences in either the 3° (primarily in
animals/mammals) or 5° (usually in plants) untranslated region (UTR) of target
mMRNA gene transcripts and repress their translation leading to gene silencing and

more often than not a corresponding reduction protein expression (Bartel, 2009).
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Despite the fact that miRNAs play a regulatory role in tumor suppression, they
may become deregulated into oncogenes leading to the development of cancer (Calin
and Croce, 2006). The deregulation of miRNAs such as miR-183/96/182, miR-223,
miR-126, miR-374 and miR-210 have been implicated in SCLC progression using
microarray analysis and RT-PCR to compare the miRNA profiles of a normal lung
and primary small cell lung cancer tumors (Miko et al., 2009). Also, miR-17-5p and
miR-20 negatively regulate the expression of the cell cycle regulator and tumor
suppressor E2F1 (O'Donnell et al., 2005). For these reasons miRNAs are being
explored in the design of cancer therapy as a form of epigenetic therapy and as tumor
markers in laboratory diagnostics. Also, therapies are being designed to target of
deregulated miRNAs (Li et al., 2009).

2.3.1 miRNA PROCESSING

miRNAs are transcribed in the nucleus by the binding of RNA polymerase 11
to the promoter region adjacent to the DNA sequence encoding the miRNA (Lee et
al., 2004a). Similar to mRNA processing, the transcript is capped at the 5’ end by a
guanidine nucleotide which is methylated by a methyltransferase (Cai et al., 2004).
The transcript is polyadenylated at the 3 end to form the poly-A tail. This transcript
referred to as the primary miRNA (pri-miRNA), may be more that 100 bases in length
and may have some stem loops which contain about 70 nucleotide bases forming a
hairpin structure. The pri-miRNA is processed into pre-miRNA by a Drosha-
DGCR8 complex (Landthaler et al., 2004). Drosha has RNase Il1 activity and cleaves
the hairpin structure from the pri-miRNA (Figure 2).

In an alternate pathway, pre-miRNAs may be processed from precursor

MRNA (pre-mRNAS) during the splicing out of introns in mRNA processing
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(Berezikov et al., 2007). The pre-miRNA hairpins are exported to the cytoplasm by
exportin-5 using Ran-bound GTP. In the cytoplasm, the pre-miRNA hairpin is
cleaved by Dicer into the miRNA duplex (Lund and Dahlberg, 2006; Murchison and
Hannon, 2004). One of the miRNAs of this duplex becomes associated with the
RNA-induced silencing complex (RISC) where miRNA and the target mMRNA
interact. To preserve the processed miRNA from decay in the cytoplasm by the
action of nucleases, miRNAs can be modified by the addition of a 2°O-methyl group
which will hinder the action of uridyl transferase which adds uracil to the miRNA and
triggers its degradation (Ameres et al., 2011). Gene silencing occurs by the
interaction of the miRNA with the target mRNA transcript and may either cause the
degradation of the mRNA by the action of Argonaut protein (specifically Ago2 in
humans) or prevent its translation (Gregory et al., 2005). miRNAs require a perfect
or almost perfect complementarity at the 3> UTR of the gene transcript for it to silence
or degrade the target MRNA (Lai, 2002). The first 2-8 nucleotides of miRNAs,
referred to as seed regions are very significant in the recognition and binding of the
miRNA to the target sequence (Lambert et al., 2011). Conformational changes in the
miRNA seed region induced by the interaction of the seed region with Argonaut
proteins enhance binding of the miRNA to the mRNA target sequence (Lambert et al.,

2011).

24  VAULTS

Vaults are 13 MDa ribonucleoprotein structures in the cytoplasm of many
eukaryotic organisms, though small proportions have been found to be associated with

the nucleus (Kedersha and Rome, 1986). They were first identified as contaminants
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in clathrin-coated vesicles in eukaryotic cells and named ‘vaults’ due to their
resemblance to the multiple arches which form cathedral vaults. The vault particle
has an 8-fold rotational symmetry around its longitudinal axis which makes it
resemble a flower with eight petals (Figure 3). The human vault complex consists of
three proteins and three functional but non-coding vault RNAs (VRNAs 1, 2 and 3).
The three proteins of vaults are: major vault protein (MVP) which forms about 75%
of the vault particle, vault (Poly-ADP) ribosy! polymerase (vVPARP), and TEP1
(telomerase protein component 1) which is associated with the small non-coding
VRNAs (Kedersha and Rome, 1986). These components are arranged into a hollow
barrel-like vault structure which is about 35 x 65 nm (Kedersha et al., 1990). Vaults
may exist in two conformations, open in two halves or closed into a single octagonal
structure (about the size of three ribosomes) with a 39-fold symmetry (Kickhoefer et
al., 1998). The open or closed conformations of the vaults may correspond to changes
in pH and/or temperature (Esfandiary et al., 2009). This structural dynamics of the
vaults may permit them to allow certain vault-associated proteins to enter as well as to
restrict access to other proteins during specific cellular conditions such as MDR

(Poderycki et al., 2006).

Vaults have been associated with MDR and are thought to act as
nucleocytoplasmic transporters of chemotherapeutic drugs to drug efflux pumps
(Kedersha et al., 1990; Mikyas et al., 2004). In rat fibroblasts, vaults were localized
in proximity with the nuclear pore complex of the nuclear membrane (Chugani et al.,

1993).

However, the exact mode(s) by which vaults contribute to MDR is still yet to

be completely unraveled after over two decades of research. Vaults are up-regulated
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with the development of MDR and may protect the cell from xenobiotics such as
chemotherapeutic agents (Kickhoefer et al., 1998). However, an up-regulation in the
number of vaults in multidrug-resistant cells is not the only factor involved in MDR

(Scheffer et al., 2000; Siva et al., 2001).

The unique nature of the vault and its localization in the cell indicate it may
have some roles that are not presently obvious. Also, the nanoparticle size and hollow
interior structure of vaults could be potentially used as a vehicle for the localized
transport of drugs (Figure 3). Recently, the use of vaults as a hydrophobic drug
delivery nanoparticle system has been made possible and further investigations are in
progress to determine how feasible this system would be in the clinical setting
(Buehler et al., 2011). Vaults were used to deliver a toxic hydrophobic compound,
all-trans retinoic acid (ATRA) using a vault-binding lipoprotein complex that forms a
lipid bilayer nanodisk. Alternatively, vaults could be used to target specific cell

receptors to regulate certain cell growth signals.

The recombinant form of the vault particle was used to specifically target
epidermal growth factor receptors on epithelial cancer cells via a monoclonal
antibody-mediated procedure (Kickhoefer et al., 2009). This may have very positive
implications for cell or cell receptor-specific drug-delivery as opposed to the role that
vaults have been thought to play in MDR.

2.4.1 VAULT RNA (VRNA)

Vault RNAs (VRNAS) are functional but non-structural components of the
vault particle and constitute less that 5% of the entire vault structure (Kickhoefer et
al., 2003). In fact, the degradation of vVRNAs does not affect the structure of the vault

particle (Kong et al., 2000).
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Figure 3. A modified artistic impression of the open, petal-like and closed barrel or

grenade-shaped conformations that may be assumed by the vault particle (van Zon et

al., 2001).
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There are four homologs of human VRNA: vVRNAL is 98 nucleotides long;
VRNAZ2 and VRNAS3 are each 88 nucleotides and all are transcribed from exons by the
action of RNA polymerase Il1, and a fourth vVRNA is thought to be a pseudogene in
humans (van Zon et al., 2001). VRNAs 1, 2 and 3 share about 84% identities with
each other (Kickhoefer et al., 2003). The VRNAs are stabilized by their association
with TEP1 at the caps of the vault (Kickhoefer et al., 2001). The proportion of
VRNAS that are free in the cytoplasm is significantly increased in the MDR state but
this is titrated out by vault proteins in the midst of about a 15-fold increase in the
number of vault particles (Kickhoefer et al., 1998; Siva et al., 2001).

In many human cancer cell lines, VRNAs have been found to be in close
association with vault particles with varying affinities for binding to TEP1 (Mossink
et al., 2003). However, this does not reflect in the level of expression of the VRNAS
in the cells but may suggest the role that these small non-coding RNAs may play in
MDR (van Zon et al., 2001). About 50% of the vVRNA population is composed of
VRNAZin most parental cell lines including GLC4 small cell lung cancer cells (van
Zonetal., 2001). In GLC4 cells, vRNAL is the most abundant form (80%)
associated with the vault particle, followed by smaller amounts of vVRNA2 and
VRNAZ3. Also, VRNA isolated from immunoprecipitated vaults indicated a higher
vault association in GLC4/ADR cells as compared to the GLC4 parental cell line (van
Zon et al., 2001). In multidrug-resistant cell lines, vVRNA3 was consistently shown to
be more associated with the vaults as compared to the corresponding drug-sensitive
parent cells (van Zon et al., 2001).

VRNAS are processed into several regulatory small vault RNAs (sSVRNAS)
which appear to regulate gene expression (Persson et al., 2009). The vVRNAs are

processed into regulatory svRNAs via a Drosha-independent, Dicer-dependent
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mechanism. One of these sSVRNAs, called svRNAD, is processed from the human
VRNAL1 and was shown, based on deep sequencing analyses, to have putative targets
in the 3> UTR of more than 3000 genes. svRNAb processing from vRNAL is shown
in Figure 4 below. The expression svRNADb is higher in lung tissue as compared to
liver, thymus and brain tissues (Persson et al., 2009). Microarray analyses revealed
CYP3A4 that encodes cytochrome P450 3A4 (a very important protein in drug
metabolism) as being among 103 of the most strongly upregulated genes following
the down-regulation of sSvRNAb via RNA interference (RNAI) (Persson et al., 2009).
This demonstrated that CYP3A4 was potentially under the regulation of the sYvRNAb
and for that matter, vVRNAL.

In an experiment to examine the expression of small RNAs in breast cancer
cells, Persson et al. (2009) sequenced a group of approximately 23 nucleotide long
small RNAs which were identical to parts of some VRNASs (Persson et al., 2009). In
theory, vault RNAs are capable of forming secondary structures like the precursors of
miRNAs (Kickhoefer et al., 2003). Thus, they may have a regulatory function just
like miRNAs. Moreover, the 5” arm of the stem-loop structure of VRNA1 is known to
encode two, overlapping, approximately 23-nucleotide, small vault RNAs (svRNAS),
sVRNAa and svRNAb, which are among six small RNAs whose sequences match
partial sequences of VRNAL.

Due to the similarities between VRNAs and miRNAs in terms of their ability
to from secondary structures, processing, and their role in gene regulation, some
VRNAS in certain species have been mistakenly catalogued as miRNAs (Stadler et al.,
2010). Interestingly, vVRNAL and vVRNAZ2, can directly interact with

chemotherapeutic drugs such as mitoxantrone under cellular conditions by

18



svRNAa
i A
— N ~___saw o
U-U-E /—\ pre-svRNAb sk | U’”;» o=d),
3y o/ A UeUs, * \f A

gt /0 N\ Ax, AN | i \

u =G=G=C=U=G=G G=C=U=C" G=C=G=G C=U=U=C=G=A=C=A=G=U=U=C

:\U '—g—a—(.;—:—(.:—g aEna i innn 5_: nn L I 'C 1

g & \U‘ 'G/ L Noe” | \‘J JC AG = -26.6 kcal mol’

H Cay=C H s SCay=a”

N/ SVRNAD® o

\"_&’j_&/ svRNAa"

Figure 4. Modified image of the predicted secondary stem-loop structure of the

VRNAL and the positions of the “microRNA-like” svRNAs that are processed from
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recognizing the chemical structure of the drug (Gopinath et al., 2005).
A similar interaction has been observed in which the vRNAs bound to

doxorubicin with high affinity (Mashima et al., 1995).

25  APOPTOSIS

In simple terms, apoptosis is programmed cell death. It is a natural process
that specifically targets and Kills aberrant or superfluous cells. Cell death via
apoptosis may be marked by cell membrane blebbing and shrinkage, nuclear
fragmentation and chromatin condensation (Elmore, 2007). The deregulation of this
natural process during chemotherapy has been associated with the development of
MDR (Pommier et al., 2004). Also, many chemotherapeutic agents depend on the
activation of apoptosis in the execution of cytotoxicity in cancer cells (Hannun, 1997).

Intricate networks of mechanisms and multiple signaling pathways are
involved in the induction of apoptosis (Figure 5). These pathways are divided into
intrinsic and extrinsic pathways depending on the factors that trigger the process.

Some of the extracellular factors that may trigger apoptosis include
chemotherapeutic drugs, hormones or growth factors and cytokines.

The intracellular mechanisms of triggering apoptosis include stress signals
such as oxygen stress, radiation and heat, low cell nourishment, DNA damaging-drugs
like doxorubicin, infections that are mostly viral in nature and also upset osmotic
balance due to high intracellular calcium levels (Mattson and Chan, 2003).

Regulatory mechanisms are in place to ensure that apoptosis is triggered and turned
off appropriately. An example occurs in the mitochondria which is the central

regulator in the intrinsic pathway. In the event of an apoptotic signal, second
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mitochondria-derived activator of caspases (SMACs) binds to and deactivates
inhibitors of apoptosis (IAPS), thus enabling apoptosis to proceed. These IAPs
primarily inhibit caspase-3 and thus halt the progression of apoptosis. Caspases are
cysteine-dependent aspartate-directed proteases and form the principal effectors of the
apoptotic signaling cascade (Fesik and Shi, 2001; Wang et al., 2004).

The release of cytochrome C from the outer mitochondrial membrane via
mitochondrial apoptosis-induced channels (MACs) is known to present another
component of the intrinsic pathway for apoptosis. When cytochrome C binds to the
apoptotic protease activating factorl (Apafl), in the presence of ATP, caspase-9 is
cleaved from the inactive zymogen pro-caspase-9. This complex is called an
apoptosome and facilitates the activation of pro-caspase-9 (Li et al., 1997). The
activation of pro-caspase-9 eventually leads to the activation of the downstream
effector caspase, caspase-3 ultimately driving the demise of the cell (Slee et al.,
2001). As a form of stringent control, caspases are normally in their inactive forms or
zymogens called pro-caspases and are made active by the proteolytic cleavage of their
N-terminal pro-domain in order to activate caspases leading to the termination of the
cell (Nicholson, 1999).

There are groups of Bcl-2 family members which act as apoptotic switches.
About 25 genes have been identified within the Bcl-2 family. These include the pro-
apoptotic Bax, Bak, Bid and Bad and the anti-apoptotic Bcl-2, Bcl-xL, Mcl-1, Bcl-w,
Al, and Bcl-B which directly counteract each other to either induce or abort
apoptosis, respectively (Roset et al., 2007). Any disruption of this balance either
leading to the overexpression of the anti-apoptotic members or the down-regulation of
the pro-apoptotic members of the Bcl-2 family could promote carcinogenesis and lead

to resistance to drug therapy (Adams and Cory, 2007).
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Apoptosis may proceed via death receptor signaling. In these pathways,
extracellular death receptors bind to their respective cytokine ligand such as tumor
necrosis factor (TNF), Fas ligand (FasL), or the TNF-related apoptosis-inducing
ligand (TRAIL) (Khosravi-Far and Esposti, 2004). When these receptors bind their
respective ligand and oligomerize, they lead to the aggregation of intracellular death
domains (DD). The tumor necrosis factor receptor (TNFR), specifically TNFR1,
binds to its corresponding ligand which is a cytokine called tumor necrosis factor
(TNF). As aresult, signal transduction leads to the activation of downstream adapter
proteins such as TNF receptor-associated death domain (TRADD) which, in turn,
ultimately results in the activation of the downstream effector caspase caspase-3
(Chen and Goeddel, 2002). Also, the Fas receptor can bind to FasL and undergo a
conformational change resulting in the aggregation of FADD. FADD recruits and
activates pro-caspase-8 to form caspase-8 which in turn activates caspase-3. The
activated caspase-3 cleaves the inhibitor of the caspase activated deoxyribonuclease
(CAD) called iCAD. This allows CAD to be released to enter the nucleus and execute
DNA cleavage ultimately executing the cell (Boatright and Salvesen, 2003; Degterev
et al., 2003). Death receptor activation such as the binding of FasL to Fas can also
lead to the proteolytic cleavage of Bid by caspase-8 into a fragment called tBid, which
when associated with the mitochondria, induces the release of cytochrome c, thus
progressing into the caspase signaling cascade and resulting in apoptosis via the
mitochondrial pathway (Khosravi-Far and Esposti, 2004). The role of vVRNAL in the
activation of apoptosis in multidrug resistance has not been investigated. Thus, in
this experiment, RNAI technology was used to knock down the expression of vVRNA1
in order to examine any changes in the activation of apoptosis in drug-sensitive and

multidrug-resistant SCLC cells.
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26  PROTEINS OF INTEREST

In this experiment, we examined the expression of certain proteins following
the RNAi-mediated down-regulation of VRNAZL. These proteins were selected based
on their association with apoptosis, inflammation, and/or MDR. These proteins
included Bcl-2, Bel-xL, Bad, IL-6, NFxB p65 and CYP3A.

26.1 BCL-2

Anti-apoptotic proteins such as Bcl-2 and Bel-xL act as apoptotic switches by
directly counteracting pro-apoptotic factors to inhibit apoptosis and promote cell
survival (Roset et al., 2007). The disruption of the balance between pro-survival
factors like Bcl-xL of the Bcl-2 family and apoptotic factors like the pro-apoptotic
Bad may promote carcinogenesis and lead to resistance to drug therapy (Schott et al.,
1995). Thus, Bcl-2 is a very important factor in determining the progress and
metastasis of a cancer. Bcl-2 acts an anti-apoptotic protein by inhibiting the activity
of the pro-apoptotic members of the Bcl-2 family. Bcl-2 executes this function by
binding to pro-apoptotic factors and, as a result, inhibits the permeability of the
mitochondria to release cytochrome C from the mitochondria (Hinds and Day, 2005).
Bcl-2 is able to block the mitochondrial pathway of apoptosis by inhibiting Bax/Bak
and tBid and thus inhibit the release of cytochrome C from the mitochondria which is
required for initiating the caspase cascade via activation of caspase 9 and Apaf-1 (Yi
et al., 2003). The upregulation of the mitochondria-associated Bcl-2 has been linked
to MDR in SCLC cell lines and may be an important target in therapeutic approaches
to counteract chemotherapeutic resistance (Ji et al., 2006). The strong expression the
anti-apoptotic Bcl-2 has been demonstrated in five different SCLC cell lines including

the multidrug resistant GLC4/ADR cells (Ikegaki et al., 1994). However, no positive
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correlation has been established between Bcl-2 expression and MDR in non-small cell
lung cancer (NSCLC) (Ma et al., 2009).

RNAi-mediated down-regulation of Bcl-2 and MRP1 induced chemo-
therapeutic drug sensitivity in drug-resistant leukemia cells allowing the cancer cells
to succumb to apoptosis (Song et al., 2008). Bcl-2 may indirectly contribute to MDR
by being upregulated by the action of a chemotherapeutic resistance factor like
cytokine-induced apoptosis inhibitor 1 (CIAPIN1) which is capable of suppressing
adriamycin-induced apoptosis (Li et al., 2007). On the other hand, siRNA down-
regulation of Bcl-2 has been shown to restore sensitivity in MDR leukemia cells (Piao
et al., 2005). This was taken a step further by simultaneously inhibiting the P-gp and
bcl-2 mRNA in order to suppress MDR in doxorubicin-treated human ovarian cell
carcinoma cells and breast cancer cells using anti-sense oligonucleotides. The
simultaneous down-regulation of P-gp and Bcl-2 enhanced doxorubicin-induced
cytotoxicity and apoptosis (Pakunlu et al., 2003).

2.6.2 Bcl-xL

The disruption of the balance between pro-survival factors such as Bcl-xL and
apoptotic factors such as the tumor suppressor, p53 may promote carcinogenesis and
lead to resistance to drug therapy (Schott et al., 1995). Bcl-xL can protect tumor cells
at different points in the cell cycle against the induction of apoptosis by chemo-
therapeutic agents such as doxorubicin, vincristine, etoposide, bleomycin and
cisplastin (Minn et al., 1995). This results in resistance to the chemotherapeutic drugs
that are administered. Cellular viability of mesothelioma cells is significantly reduced
following the down-regulation of Bcl-xL with anti-bcl-xL antisense oligonucleotides
in the presence of the chemotherapeutic drug cisplastin (Ozvaran et al., 2004). In

drug-resistant human colon cancer cells that overexpress Bcl-xL, the siRNA-mediated
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down-regulation of Bcl-xL inhibited the proliferation of the cancer cells in the
presence of 5-fluorouracil (Zhu et al., 2005). Bcl-xL has been implicated in
resistance of breast carcinoma cells to chemotherapeutic drug administration (i.e.
methotrexate and 5-fluorouracil) in affected mice. Bcl-xL protects the cancer cells
from chemotherapy-induced chemotherapy (Liu et al., 1999). In chemotherapeutic-
resistant leukemia cells, Bcl-xL was elevated and contributed to the inhibition of
apoptosis in the Pg-p and MRP-negative resistant cancer cells (Nuessler et al., 1999).
The introduction of anti-sense oligonucleotides against bcl-xL reduced cell viability in
small cell lung cancer cells by down-regulating the expression of Bcl-xL (Leech et al.,
2000). Despite the fact that the mitochondria-resident Bak is required for the
inhibition apoptosis by Bcl-xL, the level of Bak remains unchanged even after Bcl-xL
down-regulation (Luo et al., 1999). Thus, the sensitivity of the cells to chemotherapy
and the induction of apoptosis may occur independently of Bak following antisense
oligonucleotides-mediated down-regulation of Bcl-xL. Bcl-xL does not only protect
cancer cells from chemotherapeutic drug-induced apoptosis but also during radiation
therapy (Simonian et al., 1997). There is the likelihood of reciprocal regulation
between Bcl-xL and Bcl-2 such that an overexpression of either of these proteins may
down-regulate the expression of the other (Elmore, 2007). In this experiment, we
examined changes in the levels of Bcl-xL following VRNA1 down-regulation in order
to determine whether or not vVRNALlwas associated with an anti-apoptotic regulatory
function.
2.6.3 BAD

In the intrinsic apoptotic pathway, the death agonist, Bad inhibits the activity
of the anti-apoptotic proteins Bcl-2 and Bcl-xL. When Bad is unphosphorylated, it

dissociates from a multi-functional phosphoserine binding and scaffolding protein
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molecule called 14-3-3 (Pommier et al., 2004). This allows the translocation of Bad
to the mitochondria in order to heterodimerize with and inactivate either of the pro-
apoptotic proteins, Bcl-2 and Bcl-xL to release cytochrome C from the mitochondria
(Zha et al., 1996). The dissociation of Bad from 14-3-3 contributes to the progression
of apoptosis via the intrinsic pathway of apoptosis in the cell as was demonstrated in
sinusoidal endothelial cells (Ohi et al., 2006). In the phosphorylated state Bad
becomes incapable of inhibiting the activity of Bcl-2 and Bcl-xL. Protein kinase B or
Akt has been implicated in the phosphorylation and inactivation of Bad (Rintoul and
Sethi, 2002). Also, the association of Bad with lipid rafts instead of mitochondrial

association may negatively affect the activation of apoptosis (Ayllon et al., 2002).

Certain chemotherapeutic agents may induce apoptosis in MDR cells without
a necessary upregulation in Bad. For instance, MDR small cell lung cancer cells did
not show any changes in the expression of Bad following treatment with extracts of
the red mushroom, Ganoderma lucidum and the chemotherapeutic agent, etoposide

(Sadava et al., 2009).

2.6.4 NFkB p65

NFxB (nuclear factor kappa-light-chain-enhancer of activated B cells) is a
transcriptional regulation protein complex that been associated with immune and
inflammatory responses (Beg et al., 1993). The NFxB protein complex is composed
of a p50 and p65 (Rel A) subunits and is retained in the cytoplasm by its association
with the cytoplasmic inhibitor IxB (Baeuerle and Baltimore, 1988). However, upon
release from the IkB inhibitor, NFkB can translocate into the nucleus to execute its
function as a transcription factor by binding to the cognate sequences of the promoter

regions of several genes. The release of NFkB from IkB may be induced by cytokines
27



such as TNFa and IL-10 (Beg et al., 1993). NFkB p65 is a 65 KDa subunit of the
NFkB transcription factor protein complex. NFxB p65 down-regulation of via p65
antisense oligonucleotides leads to the specific inhibition of growth and proliferation
in tumor cells as well as loss of cellular adhesion to the extracellular matrix (Higgins
etal., 1993). The suppression of NFkB p65 via IKBa inhibited the activation of
NFkB and consequently reduces angiogenesis and the metastasis in human prostate
cancer cells (Huang et al., 2001). The inhibition of angiogenesis was marked by a
reduction in the activity of vascular endothelial growth factor (VEGF). This
inhibition of angiogenesis and metastasis may apply to other kinds of tumors. Thus,
the inhibition of NFkB p65 may contribute to the inhibition of tumor progression or

cell proliferation.

265 IL-6

IL-6 is a multifunctional, pro-inflammatory cytokine and is known to be
expressed in small cell lung cancer cells at both the mMRNA and protein levels. The
expression of IL-6 correlates with the proliferation of cancer cells in mice (Yamaji et
al., 2004). Furthermore, IL-6 signaling occurs via the gp130 signaling receptor that is
ubiquitously expressed in most cells. The binding of IL-6 to the gp130 receptor
induces the dimerization of the receptor resulting in the activation of the Janus kinase
(JAK)- Signal Transducer and Activator of Transcription (STAT) signaling pathway
(Heinrich et al., 2003). Thus, IL-6 may be used act as a marker for the involvement
of pro-inflammatory cytokines in the progression of tumorigenesis. There is a
correlation between the levels of IL-6 and the anti-apoptotic Mcl-1 in human cervical
cancer cells such that Mcl-1 is upregulated with increasing concentrations of IL-6

which was thought to act as an autocrine regulatory factor (Wei et al., 2001). Thus,
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an overexpression of IL-6 may result in resistance to apoptosis in cancer cells. For
instance in prostate cancer IL-6 may increase tumor progression via the
transactivation of androgen responsive promoters and induces an increase in the
expression of androgen-responsive elements such as the prostate specific antigen
(PSA) which is used as a marker in diagnosis of prostate cancer (Lin et al., 2001). In
dysplastic epithelial cells, IL-6 transactivation may be modulated by TGF-b signaling
in tumor-infiltrating T-cells and bridges the link between inflammation and
carcinogenesis (Becker et al., 2005). Serum IL-6 levels have been noted to increase
in patients with extensive small cell lung cancer (Dowilati et al., 1999) and has been
implicated in multidrug resistance in breast cancer cells. Thus, IL-6 is currently
being pursued as a target in the treatment of many forms of cancer via monoclonal
antibody therapy (Trikha et al., 2003).
2.6.6 COX-1

Cyclooxygenases (COX) are the central enzymes involved in the metabolism
of arachidonic acid into prostaglandins and other eicosanoids. COX-1is a
constitutively active cyclooxygenase also called prostaglandin G/H synthase 1
(PTGS-1). High levels of COX-1 have been reported in certain tumors such as
ovarian and cervical cancers (Lee et al., 1992). For this reason COX-1 has being
considered for use in monitoring these tumors. On the other hand, a drastic reduction
of about 50% in the serum levels of COX-1 was achieved after the surgical excision
of ovarian tumors (Lee and Ng, 1995). Overexpression of COX-1 has been
implicated in the early stages of the development of endometrial carcinoma
(Sugimoto et al., 2007). COX-1 is inhibited by non-steroidal anti-inflammatory drugs
(NSAIDS) such as aspirin and consequently affects the pro-inflammatory activity of

prostaglandins. In another experiment, elevated levels of COX-1were found in
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isolated bronchiolar alveolar cells from lung tumors from mice (Bauer et al., 2000).
The elevated levels of COX-1 contributed to the maintenance of the neoplastic state
of the cancer cells. Also, the metastasis of mammary tumor cells was reduced by the
indomethacin-mediated inhibition of COX-1 (Kundu and Fulton, 2002).

We had previously demonstrated the overexpression of COX-1 and associated
this overexpression with the development of MDR in GLC4 SCLC cells. In that
research, RNAI was used to knock down cox-1 in GLC4/ADR SCLC cells and
resulted in a significant increase in apoptosis with exposure to doxorubicin,
essentially abolishing MDR (Aryal, 2007; Prajapati 2010). In the current research
project, we hoped to examine changes in the levels of COX-1 after the down-
regulation of VRNA1 in multidrug-resistant SCLC cells that may suggest vVRNA1
regulation of COX-1.

2.6.7 CYTOCHROME P450 3A (CYP3A)

CYP3A4 encodes the most abundant cytochrome P450 isoform, CYP3A4, that
plays a vital role in oxidative metabolism and clearance of a wide variety of
chemotherapeutic drugs such as paclitaxel (Taxol) and tamoxifen in the humans
(Kivisto et al., 1995). There are however certain drugs that inhibit CYP3A4 activity
such as erythromycin and should not be administered with a chemotherapeutic drug
such as paclitaxel in combination chemotherapy (Kivisto et al., 1995).

CYP3A4 was identified by Persson et al. (2009) to be regulated by svRNADb,
processed from VRNAL. The high expression CYP3A4 has been implicated in MDR
in cells which showed very low cytotoxicity and survived treatment with the
microtubule-disrupting chemotherapeutic drug, vinblastine (Yao et al., 2000). Also,
the enzyme can mediate the inactivation of the chemotherapeutic agent paclitaxel in

human colorectal cancer tissue (Garcia-Martin et al., 2006). Cytochrome p450 was
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implicated in the resistance of prostate cancer cells to vinblastine and paclitaxel after
pre-treatment with a selective agonist that regulates both drug metabolism and efflux
(Chen et al., 2007).

CYP3A4 mRNA levels have been shown to be elevated during inflammation
and are thought to be linked to enhanced P-gp activity with a corresponding increase
in MDR1 mRNA (the gene that encodes P-gp). The P-gp membrane pump
counteracts the effects of chemotherapeutic drugs by effluxing the drugs from the
drug-resistant cancer cells (Bertilsson et al., 2001). An increase in the expression of
CYP3A4 results in a corresponding increase in the expression of P-gp in colon
carcinoma cells and may contribute to resistance to cytotoxicity resulting from
chemotherapeutic drug treatment (Cummins et al., 2001; Pfrunder et al., 2003). Also,
the combined activities of P-gp and CYP3A4 may reduce chemotherapeutic
cytotoxicity and entry of chemotherapeutic drugs into drug-resistant cancer cells
(Tran et al., 2002). Thus, CYP3A4 may be one of the significant factors that dictate

chemotherapeutic resistance in cancer cells.

2.7  RNA INTERFERENCE (RNAI)

The first indication of the existence of RNA interference was the result of an
unexpected inability of flowers of the Petunia plant to express purple-colored petals
despite the overexpression of a chimeric gene encoding the pigmentation protein
chalcone synthase (Napoli et al., 1990). Instead, the flowers were either white or
showed patches of the purple color due to the suppression of the expression of both

the endogenous gene and the transgene.
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It was later discovered that this phenomenon was the result of an
evolutionarily conserved mechanism of gene silencing involving double-stranded
RNAs. The double-stranded RNAs were later found to be processed into short
interfering RNA (siRNAS) in an experiment in which double-stranded RNA was
injected into the nematode Caenorhabditis elegans (Fire et al., 1998). The results
indicated that the double-stranded RNAs that were injected yielded a significant
decrease in the expression of the targeted endogenous gene. These double-stranded
siRNA are duplexes of approximately 20 or 21 nucleotides in length with two
overhanging nucleotides at the 3” ends (Elbashir et al., 2001).

The protein responsible for the cleavage of the double-stranded RNA has been
identified as a multi-functional enzyme called Dicer which possesses both double-
stranded RNA binding ability via an RNA binding domain (RBD) and RNase IlI
activity which are involved in the ATP-mediated unwinding and cleavage of double-
stranded RNA (Nykanen et al., 2001). Once these siRNAs have been formed, they
associate with RISC. The sense strand of the sSiRNA is degraded once it becomes
associated with RISC but the anti-sense strand remains associated with Argonaut
protein (Ago 2) in the RISC and hybridizes with the complementary target mMRNA
transcript sequence. The endonucleases activity of the RISC cleaves the mRNA
strand in the cytoplasm resulting in the silencing of the mRNA gene transcript and
ultimately inhibiting the translation of the protein product from the mRNA transcript

(Hammond et al., 2001).
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CHAPTER 3
MATERIALS AND METHODS

3.1 CELL CULTURE AND MAINTENANCE OF GLC4 SCLC CELLS

The drug-sensitive parental cell line, GLCA4/S, and the MDR, GLC4/ADR,
human small cell lung cancer sub-lines were obtained from Dr. Hetty Timmer-Boscha
of the University of Amsterdam, Netherlands with the assistance of Ms. Brandy
Snider of Indiana University/Purdue University Indianapolis, IN.

The GLC4/S cells were originally isolated and cultured from pleural effusions
from a SCLC patient (Zijlstra et al., 1987). GLC4 cells were cultured in RPMI-1640
with 10% fetal calf serum (FCS) at 37°C and 5% CO; in a humidified incubator.
GLC4 cells grow in culture as partly adherent/ partly suspension cells. GLC4 cells
after 100 passages were cloned in suspension and grown in 0.3% agarose in
DME/F12, 40% conditioned RPMI 1640, and 20% F CS for 21 days. Individual
colonies from the clones were isolated and cultured in RPMI 1640 with 10% FCS at
37°C 5% CO,.

The doxorubicin-resistant, GLC4/ADR, is a sub-line of the parent GLC4/S
cells. The GLC4/ADR cells were selectively cloned by stepwise treatment through
increasing doses of the chemotherapeutic agent doxorubicin (adriamycin) and, as a

result, acquired the MDR phenotype. Doxorubicin is intercalating agent and prevents



DNA replication, thus hindering the proliferation of cancer cells. The MDR
GLC4/ADR sub-line was established by selecting surviving colonies after growing
the GLC4 cells in the presence of 18 nM adriamycin (ADR) for 3 passages. The drug
treatment of the cells was repeated every 3 passages with increasing concentrations of
ADR until the concentration reached 1152 nM. No cell death was reported after 20
passages with the 1152 nM doxorubicin treatment. The established GLC4/ADR cells
were subjected twice a week to treatment with 1152 nM doxorubicin to maintain their
MDR phenotype (Zijlstra et al., 1987).

The GLC4/ADR cells are known to increase expression (a 79-fold increase) of
the MDR-associated protein gene (MRP1) encoding membrane pumps which are
involved in drug efflux (Wang et al., 1998). Additionally, GLC4/ADR cells are
190.6+16.2-fold more resistant to doxorubicin than drug-sensitive parental GLC4 cell
line (de Groot et al., 2007). GLC4/ADR cells exhibit a 15-fold increase compared to
sensitive parental GLC4/S cells in the numbers of vault particles that may transport
the chemotherapeutic drug(s) such as doxorubicin from the nucleus to membrane
pumps (Kickhoefer et al., 1998). If GLC4/ADR cells are maintained without ADR,
they are referred to as GLC4/REV (revertant GLC4 cells). They exhibit intermediate
characteristics in the number of membrane MRP1 membrane pumps and vaults and, if
doxorubicin is added, they quickly become ADR cells.

In this experiment, seed stocks of GLC4/S and GLC4/ADR cells were
cryogenically stored in liquid nitrogen. One million cells/ml were stored in a
freezing medium composed of 7 parts RPMI 1640 (Invitrogen, #22400-105, Carlsbad,
CA), 2 parts bovine growth serum (BGS) (HyClone, #SH30541.03, Logan, UT) and 1
part dimethyl sulfoxide (Sigma-Aldrich, #D8418, St. Louis, MO). Working stocks of

the cells were cultured in RPMI 1640 medium supplemented with 2 mM L-glutamine
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(Invitrogen, #22400), 25 mM HEPES (Invitrogen, #22400-105,), 10% BGS
(HyClone, #SH30541.03) and 1% antibiotic/antimycotic (Santa Cruz Biotechnology,
#SC3690, Santa Cruz, CA) in sterile T25 tissue culture flasks with non-wettable 0.2
pum hydrophobic filter membrane caps for reproducible gaseous exchange (Sarstedt
Inc., Newton, NC). The cell cultures were incubated at 37°C, 5% CO, in a CO, water
jacketed incubator (Forma Scientific, Barrington, IL). The GLC4/ADR cells were
treated with 350 nM doxorubicin (Sigma-Aldrich, #44583, St. Louis, MO) every two
days over a ten-day period to select those SCLC cells that had acquired the MDR
phenotype. Cells were seeded at low concentrations and splitting of the cell cultures
was done when cell concentrations began to exceed 2x10° cells/ml because of how
rapidly the cells multiplied in culture and to minimize clumping. Only cells from
exponentially growing cultures were used for all experiments. Cell counts were
conducted manually with a hemacytometer by the trypan blue exclusion method with

0.4% trypan blue (Sigma-Aldrich, # 93595).

3.2  TRANSFECTION

To determine the effect of vVRNAL knockdown on doxorubicin-induced MDR
in SCLC, GLC4/ADR and GLC4/S cells were transfected with siRNA against vVRNA1
(Gene accession number NR_026703.1) in triplicate in 6-well culture plates (BD
Biosciences, Franklin Lakes, NJ). The day prior to the transfection, the cells were
split 1:2 to ensure that they were growing exponentially and in good condition on the
day of transfection. The cells were about 50-70% confluent on the day of the

transfection.
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Triplicate cultures of the cells at 8 x 10° cells/ml were independently
transfected in 6-well culture plates. The polyvalent, cationic lipid-based,
GenePORTER® 2 transfection reagent (Genlantis, #T201007) was used to transfect
the cells with 5 pg/ml (8.0 pg) of validated VRNA1 siRNA (Qiagen, #5105141738,
Germantown, MD) in a total transfection volume of 2.0 ml. This transfection kit has
been proven to be effective for the transfection of the GLC4 cells used in our research
lab (Aryal, 2007; Prajapati, 2010).

The sense sequence for the VRNAL siRNA was 5’-GGCUUUAGCUCAG-
CGGUUATT-3, the anti-sense sequence was 5’-UAACCGCUGAGCUAAAG-
CCAG-3’ and the target sequence in VRNAL was 5’-CTGGCTTTAGCTCAG-
CGGTTA-3’. BLASTn analyses were conducted to confirm the VRNAL target. The
transfection was internally controlled by transfecting 8x10° cells/ml of the GLC4/S or
GLC4/ADR cells in triplicate with 5 pg/ml (8.0 pg) 3’-AlexaFluor488 tagged
negative control siRNA (Qiagen, #1027284). This sense sequence was 5'-GGG-
UAUCGACGAUUACAAAUU-3", the anti-sense sequence was 5’-UUUGUAAU-
CGUCGAUACCCUG-3’ and the target sequence was 5’-CAGGGTATCGAC-
GACGATTACAAA-3’. BLASTnN analyses were conducted as confirmation that the
negative control siRNA did not target any human gene transcripts, especially vVRNAL.
A diagram of the transfection schematic is shown in Figure 6.

Following the transfections, GLC4 cells, including the controls, were
incubated at 37 °C5% CO,, for 48 hours. Forty eight hours post-transfection, the cells
were harvested and washed with 1X PBS (Invitrogen, #14190-250). Since the GLC4
cells are partly adherent, trypsin-EDTA (Invitrogen, # R001100) was used to detach
any attached cells while ensuring that the cells were not treated with the trypsin-

EDTA for longer than 5 minutes as to prevent cell damage. After centrifugation at
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Figure 6. Schematic description of the treatment of GLC4/S and GLC4/ADR cells
with siRNA, negative siRNA, or no transfection controls. The GLC4/REV cells
treated with 1.6 M, 3.2 uM or 6.4 UM staurosporine were used as positive cell death

control for caspase assay. S= staurosporine treatment; U= no transfection.
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1000 rpm for 5 minutes the cells were washed with 1X PBS and re-suspended in
fresh, pre-warmed (37°C) RPMI 1640 medium to a total volume of 2 ml. Then the
cells from each well were apportioned for the subsequent experiments as shown
below:

a) Caspase 3/7 activity assay: 10 pl from each well

b) Hemacytometer cell counts: 10 pl from each well

c) Confocal microscopy: 330 pl each from wells transfected with 3’ AlexaFluor-

488 negative control sSiRNA
d) Total RNA isolation: 250 ul from each well

e) Total protein extraction: 1 ml from each well

3.3 HEMACYTOMETER CELL COUNTS

Cell counts were conducted on a hemacytometer with the trypan blue
exclusion method using 5 pl of cell suspension, 5 pl 1X PBS and 5 pl trypan blue.
Cell counts were conducted to determine post-transfection cell viability. The
percentage of cells that survived post-transfection was calculated by dividing the
hemacytometer cell counts of live cells by the total number of cells counted and

multiplying the result by 100%.

34  FLUORESCENCE MICROSCOPY

Fluorescence microscopy was used to estimate transfection efficiency by
examining cell uptake of the green-fluorescent 3’ AlexaFluor488-tagged negative

SiRNA. The transfected cell suspension were examined under an inverted Zeiss
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LSM5 Pascal laser scanning confocal fluorescence microscope (Jena, Germany) with
a 40X, 0.8 N.A (numerical aperture) dipping cone objective. Three hundred and
thirty microliters each of the triplicate samples of cells transfected with the

3’ AlexaFluor tagged-negative sSiRNA were pooled into a single well of a 6-well
culture plate. This was done in order to provide enough cell suspension volume for
the microscopic examination using a dipping cone objective. Thus, 900 ul of the
GLC4/S and GLC4/ADR cell suspensions were directly examined in 6-well culture
plates. The samples were excited with 488 nm (4%) and 543 nm (80%) lasers. The
emitted band was filtered with 505-530 nm (green) and 560 nm (red) filters. The cells
were examined for the presence of green fluorescent spots that appeared to be within

the cells.

The number of fluorescent cells was counted out of a total of 400 cells in four
different randomly selected fields of view. However, fields containing heavily
clumped cells were excluded from the cells counts. A hand counter was used to aid in
counting the cells. Transfection efficiency was calculated by dividing the number of
green-fluorescent cells by the total number of cells counted in the 4 fields of view and
then multiplying the result by 100%. A differential interference contrast (DIC) image
was digitally captured in a single x-y scan using the Pascal LSM software to obtain an

image of the transfected cells for demonstration (LSM5 Pascal, Zeiss).

3.5 RNA ISOLATION

Not all RNA isolation methods retain the small RNA fraction. Thus, it was

necessary to use an RNA isolation method that was specifically adapted for retaining
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small RNA species in total RNA. In this experiment, total RNA was isolated from
250 ul of cells and purified under sterile RNase-free conditions using a phenol-free
total RNA purification kit according to the manufacturer’s instructions (Amresco,
#N788-KIT, Solon, OH) which also was capable of isolating miRNAs. The total
RNA was DNase I-treated using an RNase-free DNase | (New England Biolabs,
#MO303S, Ipswich, MA). Genomic DNA digestion was necessary to avoid
interference in the subsequent RT-PCR experiment as a result of genomic DNA carry-
over. The proportionally modified recipe used for the DNase | treatment is shown in

Table 1.

Table 1. Table of reaction components used for DNase | treatment of total RNA

isolates from GLC4/S and GLC4/ADR cells.

COMPONENT VOLUME (uL)
Total RNA isolate 45

2X DNA reaction buffer 45

RNase-free DNase | 6

RNase-free H20 4

TOTAL 100

The reaction was incubated at 37°C for 15 mins. Following the incubation of
the reaction mixture at 37°C, 5 mM EDTA (Invitrogen, # AM9260G) was added. The
DNase | was heat-inactivated at 75°C for 15 minutes in a heat block. One hundred
microliters of RNase-free water was added to the DNase I-inactivated mixture. The
RNA isolates were quantified at by UV spectrophotometry at an extinction coefficient

0f 0.027 (ug/ml)-1 cm-1 using the Beckman Coulter DU530 Life Science UV/Vis
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spectrophotometer with a quartz cuvette (refer to Appendix 1 for the readings
obtained). The spectrophotometer was warmed up with the UV light on for at least
10 mins before use. The instrument was blanked with RNase-free water because the
RNA had been re-suspended in RNAase-free water. The absorbance was read at 260
nm and 280 nm, and an A260:A280 ratio was determined to access the purity of the

RNA isolates. The A260:A280 should be within ~1.8-2.0 for good purity.

A “no-reverse transcriptase” (no-RT) control was included in the reverse
transcription reaction in order to exclude false positives resulting from genomic DNA
carry-over. The reverse transcription reaction was run on the MyCycler™ thermal
cycler system (Bio-Rad Laboratories, Hercules, CA) in 40 cycles using the thermal

cycler conditions recommended by the manufacturer as shown in Table 3.

Table 2. Reaction components and volumes per reaction used for reverse
transcription step of RT-PCR experiment. The no-RT control contained all the

components except MultiScribe™ reverse transcriptase.

COMPONENT VOLUME PER REACTION (uL)
10X RT buffer 2.0

25X dNTP Mix 0.8

10X RT random primers 2.0

MultiScribe™ reverse transcriptase 1.0

RNase inhibitor 1.0

RNA template (5 ng/ul) 10.0

Nuclease-free water 32

TOTAL 20.0
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Table 3. Cycling conditions for reverse transcriptase step in real time RT-PCR

experiment.

Step 1 Step 2 Step 3 Step 4
Temperature (°C) 25 37 85 4
Time (minutes) 10 120 5 o0

The resulting cDNAs were evaluated on the Beckman Coulter DU 530 Life Science
UV/Vis spectrophotometer (refer to Appendix 2 for the readings).

For the subsequent PCR experiment, the TagMan® non-coding RNA assay for
human vault RNAL (Applied Biosystems, assay# Hs03676993_s1) was used with 20
ng of the cDNA products (4.0 ng/ul). This system was used because it specifically
quantified the levels of expression of long non-coding RNA targets including human
VRNAL (Ref seq. NR_026703.1). The samples were run in triplicate in order to

obtain a highly reproducible PCR experiment and to derive enough statistical power.

Table 4. Recipe used in RT-PCR reaction using cDNA reverse transcribed from total
RNA isolated from each of the triplicate treatment samples for the GLC4/S and

GLCA4/ADR cells.

PCR REACTION MIX COMPONENT VOLUME PER REACTION (L)
20X Taq Man® gene expression assay 1.0

2X TagMan® gene expression master mix 10.0

cDNA template (20 ng) 4.0

RNase-free water 5.0

TOTAL REACTION VOLUME 20.0
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A “no-template” control (NTC) was included in the run to exclude false positives
resulting from contamination and primer dimers. The no-template control was set up
with all the reaction components without the cDNA product. The no-RT controls were
included in the run to exclude genomic DNA carry-over. The reaction mix for the
PCR step was prepared as shown in Table 4.

The PCR was run for 40 cycles on the SmartCycler® System (Cepheid,
Sunnyvale, CA) according to the thermal cycling conditions recommended by the

manufacturer (Table 5).

Table 5. Cycle conditions used to program the Cepheid Smart Cycler

STAGE TEMPERATURE (°C) TIME
Hold 50 2 mins
Hold 95 10 mins
95 15 secs
Cycle (40 cycles)
60 1 min

The Ct (cycle threshold) values obtained from the real time RT-PCR
experiment for each of the cell types to assess the level of expression of vVRNAL in the
various samples that were run. VRNAL expression was considered as strongly
positive if the Ct was < 29. Ct values of 30-35 were interpreted as moderate amounts
of VRNAL. Ctvalues >35 were interpreted as a negative reaction. The Ct values were
statistically analyzed in a 2-way ANOVA followed by Tukey’s post-hoc tests with the

\GraphPadf@ Prism 5 software. Differences were considered significant when p< 0.05.

( comment [VCN1]:
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3.6 CASPASE 3/7 ACTIVITY ASSAY

A caspase 3/7 activity assay was conducted to examine whether VRNAL
down-regulation affected the execution of apoptosis in drug-sensitive or MDR GLC4
SCLC cells.

A luminescent caspase activity assay system that measures combined caspase-
3 and -7 activities, the Caspase-Glo®-3/7 assays (Promega, #G8091, Madison, W)
was used according to the manufacturer’s instructions. The assay involved cell lysis
and caspase-mediated cleavage of a proluminescent caspase-3/7 substrate. The
substrate contained a tetrapeptide sequence, DEVD to release aminoluciferin which
generated a “glow-type” luminescent signal that is proportional to the activity of
caspase-3 and -7. The luminescent signal was measured using the MLX Microtitre®
Plate Luminometer (DYNEX Technologies, Chantilly, VA). Ten microliters of cell
suspension was used in each reaction in an opaque Costar® polystyrene 96-well assay
plate (Corning Inc., Lowell, MA). An opaque white-walled multi-well luminometer
plate was used in order to avoid the loss of luminescent signal.

The Caspase-Glo®-3/7 reagent was prepared by equilibrating the Caspase-
Glo® 3/7 Buffer and the lyophilized Caspase-Glo® 3/7 substrate to room
temperature. The buffer was afterwards transferred into an amber bottle containing the
lyophilized substrate and mixed until the substrate was completely dissolved.

Blank reactions were set up using the Caspase-Glo®-3/7 reagent and cell
culture medium without the cells. The blank reactions were used to exclude
background luminescence associated with the cell culture and the reagent. Negative
controls were set up with the Caspase-Glo® -3/7 reagent and 10 ul untransfected cells

in RPMI 1640 medium. This was used to determine the basal caspase activity of the



cell culture system. A positive control was set up with ~8x10° cells of GLC4/REV
cells treated with 1.6 UM staurosporine (Sigma-Aldrich, #55921) for 24 hours to
induce caspase activity. The assay was performed with 10 pl cell suspensions
containing ~2x10° cells. The reactions were set up using a proportionally modified
recipe as shown in Table 6 below. The assays were incubated in the dark at room
temperature. The readings were recorded at 1-hour intervals for 3 hours to determine
the optimum time for retrieving the data and to determine the consistency of the

readings (refer to Appendix 4 for the readings).

Table 6. Modified recipe used for conducting caspase 3/7 activity assay in GLC4
cells. The reagent and the cells were combined in a 1:1 ratio in accordance to the

manufacturer’s instructions.

COMPONENT VOLUME (uL)
Caspase-Glo®-3/7 reagent 10
Cell suspension 10
TOTAL 20

The relative luminescence (RLU) values reported were analyzed in a two-way
ANOVA followed by Tukey’s post-hoc tests to determine if any differences in
caspase -3 and -7 activities existed between the transfected, negative SiRNA-
transfected, or the untransfected cells. The GraphPad Prism 5 software was used for

the data analyses.

3.7 PROTEIN EXTRACTION

To examine the post-translational effect of VRNAL knock-down on the

concentration of proteins of interest in drug-sensitive and MDR small cell lung cancer
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cells, total protein was extracted from the cells for indirect enzyme-linked
immunosorbent assays (ELISA). Halt ™ protease inhibitor cocktail (100X) (Thermo
Scientific, #78425, Rockford, IL) was added to cold RIPA Buffer (Pierce
Biotechnology, #89900, Rockford, IL) in a 1:1000 dilution immediately prior to use.
The entire procedure was conducted on ice in order to reduce protease activity.
Protein was extracted from 1x10° cells/ml of both the transfected and
untransfected GLC4 cells according to the manufacturer’s instructions. The protein
extracts at 1:100 dilutions were quantified in triplicate by the Bradford assay using a
1:5 dilution of the Bio-Rad protein assay dye reagent concentrate (Bio-Rad, #500-
0006). To prepare a standard curve, five 2-fold serial dilutions of a 100 pg/ml BSA
standard (Sigma-Aldrich, #P7656) were prepared in triplicate. Blanks were prepared
with molecular grade water and the Bradford protein assay reagent. Before each
absorbance reading the standards or samples were incubated at room temperature for
at least 5 minutes after the Bradford assay reagent was added. Absorbance was read
at 595 nm on the BIO-RAD™ Smart Spec Plus® Spectrophotometer (Bio-Rad
Laboratories). A standard curve was constructed, with the mean absorbance readings
on the y-axis and the concentration of the standard dilutions on the x-axis. This
standard curve was then programmed into the spectrophotometer and used to
determine the concentration of the protein extracts (to see protein concentrations refer

to Appendix 3).

3.8 ELISA

A modified indirect ELISA protocol for the measurement of protein
expression was designed to use absorbance readings as a preliminary assessment of

the changes in protein expression.
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Coating and blocking of the wells

The protein extracts were diluted to a final concentration of 20 ug/ml with 100
mM bicarbonate/carbonate coating buffer prepared using 3.03 g Na,CO3 and 6.0 g
NaHCOj3 in 1000 ml molecular grade water with the pH adjusted to 9.6. Two hundred
pl of the diluted extracts were used to coat the wells of high affinity protein binding
96-well Nunc-immuno plates (Thermo Scientific) which were incubated at 4°C for 24
hours. The ELISA for each of the assayed proteins on separate plates was set up as
described in Figure 7. Each of the individual triplicate samples was assayed in
duplicate as a way to ensure reproducibility within the assay. All the assays were
performed simultaneously to minimize variability.
Following the 24-hour incubation, the wells of the plates were blocked with 100 pl
1% BSA (Invitrogen, #A6003) and washed with 100 pl 1X PBS with 0.05 % (v/v)
Tween-20.
Primary and secondary antibody treatments

One hundred microliters of the respective mouse monoclonal primary
antibodies [Santa Cruz Biotechnologies, p-NFkB p65: #sc-166748, Bcl-XL (7B2.5):
#sc-56021 and Bcl-2 (7): #sc-130308, Bad (C-7): #sc-8044, IL-6 (SF-9): sc-80111,
CYP3A (K-18): #sc-30613) and positive control GAPDH (D-6): sc-166545] were
individually diluted to 1:200 in 1% BSA (to reduce non-specific binding) according to
the manufacturer’s recommendations and used for primary antibody treatments for the
respective protein assays. After 24-hours incubation at 4°C and subsequent wash
steps, 100 ul of horseradish peroxidase-conjugated goat anti-mouse 1gG2b secondary
antibody (1:1000) (Santa Cruz Biotechnologies, #sc-2062) was added to each of the

respective sample wells. The plates were incubated at room temperature for 4 hours.
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1 2 3 4 5 6 7 8 9 10 | 11 | 12
A ADR ADR ADR ADR ADR ADR ADR ADR ADR ADR ADR ADR
SiRNAL | sIRNAl | siRNA2 | siRNA2 | sIRNA3 | sIRNA3 NEG1 NEG1 NEG2 NEG2 NEG3 NEG3
S] S] 5 S] S] S] 5 5 5] 5] 5] 5]
B
siRNAL | siRNA1l | siRNA2 | siRNA2 | siRNA3 | siRNA3 NEG1 NEG1 NEG2 NEG2 NEG3 NEG3
C ADR ADR ADR ADR ADR ADR S S S S S S
Untrl Untrl Untr2 Untr2 Untr3 Untr3 Untrl Untrl Untr2 Untr2 Untr3 Untr3
D Blank Blank Blank
E Blank Blank Blank
F
H

Figure 7. Representative layout of samples that were coated in the 96-well nunc
immuno plates for each protein assayed. All treatments and absorbance readings in
the experiment for each protein assayed and GAPDH controls were conducted

simultaneously to minimize variability.

I = ASSAY FOR GAPDH = ASSAY FOR SPECIFIC PROTEIN

ADR siRNA= vRNAL siRNA-transfected GLC4/ADR samples; S siRNA= VRNA1,;
siRNA-transfected GLC4/S samples; ADR NEG= negative siRNA-transfected
GLC4/ADR samples; S NEG= negative siRNA-transfected GLC4/ S samples;
ADR Untr= Untransfected GLC4/ADR samples; S Untr= Untransfected GLC4/S

samples.
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Detection

Five mg of TMB (3, 3°, 5, 5’-Tetramethylbenzidinesubstrate) (Santa Cruz
Biotechnologies, #sc-208442A), 45 ml 0.05 M phosphate-citrate buffer (pH 5.0), 10
pl 30% H202 and 5 ml DMSO were used to prepare a 50 ml TMB substrate solution.
On each of the 96-well plates, blank wells were set up to contain only TMB substrate
solution.

After sufficient color (blue) development in 5 minutes, stop reagent for TMB
substrate (Sigma-Aldrich, #55814) was added to the each of the wells yielding a final
yellow color. Absorbance was read at 450 nm on the BIO-RAD™ Model 680
microplate reader (Bio-Rad Laboratories).

The mean absorbance readings of the replicates of the samples from the anti-
VRNAL transfected, negative siRNA-transfected, and untransfected cells were
statistically analyzed by two-way ANOVA followed by Tukey’s post tests using the

GaphPad Prism 5 software.

3.9 STATISTICAL ANALYSES

A two-way ANOVA (2x3 design) was used for the data analyses not only to
examine the overall effects of transfection and to see differences in responses based
on cell type (i.e. GLC4/S and GLC4/ADR) but also to permit us to observe
interactions between transfection and cell type. Thus, for each analysis three p-values
were generated, one for each parameter independently and one measuring the
interaction between the two parameters. P-values < 0.05 were considered to be
statistically significant. The interaction test told us whether the effects that were

observed in the cell types depended on the transfection or vice versa. In cases where
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there were significant main effects but no interactions post-hoc contrasts were

performed to determine which means were significantly different.
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CHAPTER 4
RESULTS AND DISCUSSION

41 TRANSFECTION EFFICIENCY

Transfections of the GLC4/S cells and GLC4/ADR cells were successfully
executed for the 48-hour post-transfection incubation period. Manual cell counts of
the cultured GLCA4 cells that took up the 3’ AlexaFluor488-tagged negative siRNA
were made under a laser scanning confocal microscope with a 40X, 0.8NA dipping
cone objective (images are shown in Figure 8). The transfection efficiency was
deduced from the results of the cell counts of the cells that internalized the green-
fluorescent 3’ AlexaFluor488 negative control SiRNA. The results of the cell counts
revealed that, the transfection efficiency for the GLC4/ADR cells was higher (~89%)
than in GLC4/S cells (~56%). The data are shown in Table 7.

It was difficult to count single cells because the cells were mostly clumped
together. As a result, fields of view containing more single cells were selected for
counting instead of fields of view in which populations of cells were clumped
together. However, the cells that were clumped together constituted the majority of
cell population per view field.

Counting only less clumped fields introduced some degree of bias into the cell

counts as most of the cells that were clumped together appeared to contain the green-



Figure 8. Differential interference contrast (DIC) image of GLC4/S and GLC4/ADR

cells transfected with green fluorescent 3’ AlexaFluor-488 negative sSiRNA. The
LSM 5 Pascal laser scanning confocal microscope was used to obtain the DIC images
under a 40X, 0.8 NA dipping cone objectives. Green fluorescence was obtained by
excitation at 488 nm. The number of green fluorescent cells was counted among a
total of >200 cells in four different view fields. A) Mean transfection efficiency for
the GLC4/S cells was ~56%. B) Mean transfection efficiency of GLC4/ADR cells

was ~89%.
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fluorescent negative siRNA. Also, the bias introduced into the method may have

contributed to the variation in the transfection efficiencies between the two cell lines

Table 7. Manual cell counts conducted under the LSM5 Pascal laser scanning
microscope in four fields of view (i.e. 1, 2, 3, and 4). Numerators represent the cells
that included the green fluorescent 3’ AlexaFluor-488 negative siRNA and the

denominators represent the total cell counts in each field.

1 2 3 4 TOTAL | Transfection efficiency

GLC4/ADR | 82/100 | 82/100 | 93/100 | 100/100 | 354/400 | ~ 89%

GLC4/S 34/100 | 54/100 | 56/100 | 78/100 | 222/400 | ~56%

We generally observed a wide variance in counts when we attempt to count single
cells in these cell lines.

Our main conclusion from these data is that we appear to have achieved a
relatively high transfection rate which may have been higher in GLC4/ADR cells.
However, it is not known if the difference observed is due to counting error or
actually differed between the cell types.

The presence of calcium salts such as calcium nitrate in the RPMI 1640
medium that we used in culturing the cells may have partly contributed to the
extensive clumping of the cells. In the future we may instead use a customized
calcium-free RPMI-1640 medium and treat the cells with 0.1 g/L dextran sulfate to
suppress clumping. However, it is not certain if this treatment would lower cell
viability in the cultured GLC4 cells as has been observed with cultured human
embryonic kidney cells (HEK293) (Tsao et al., 2001). Alternatively, we may use a

commercial solution such as FACSmax™ cell dissociation solution (Genlantis) which
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has been reported to be gentle and effective in creating single cell suspensions from
clumped cell cultures for applications such as cell counting, flow cytometry, cell

sorting and transfection assays.

4.2 POST-TRANSFECTION CELL VIABILITY

As an additional measure of cell viability for all the manipulations, cell counts
were conducted by the trypan blue exclusion method. The percentage (%) cell
viabilities calculated from the specific cell counts obtained are shown in Table 8

below.

Table 8. Percentage survival of GLC4 cells post-transfection as determined by
hemacytometer cell counts via trypan blue exclusion. The positive control was 24-hr

1.6 uM staurosporine-treated GLC4/REV cells.

GLC4/S GLC4/ADR

POSITIVE *NEG | VRNAl *NEG VRNA1
*Untr *Untr

SiRNA | siRNA siRNA | siRNA
1 0.00% 77.06% | 33.33% | °26.53% | 77.36% | 81.42% | 92.40%
2 16.36% 88.67% | 20.00% | 57.14% 78.09% | 86.07% | 79.52%
3 12.86% 82.27% | 22.73% | 64.65% 74.00% | 82.43% | 82.84%
Mean% | 9.74% 82.67% | 25.35% | 49.44% 76.48% | 83.31% | 84.92%

* NEG siRNA = 3’ AlexaFluor-488 negative siRNA control; Untr= no transfection
§ contributed to low mean percentage survival.
Generally, a fair amount of death was observed in both the untransfected

GLC4/S (17.33%) and the GLC4/ADR cells (23.52%). Part of the cell death was due

to general toxicity of the transfection system. In addition, some of the death may be
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attributed to the hour or two of time the cells were out of the incubator before the
counts and other experiments were made. The viability of the NEG siRNA-transfected
GLCA4/S cells was comparatively the lowest (i.e. negative control sSiRNA 25.35% and
VRNAL siRNA 49.44%). The low mean % survival that was reported in the vRNA1
siRNA transfected GLC4/S cells was the result of a very low % survival in one of the
independent replicates (refer to Table 8 above). Figure 9 shows a graphic description
of the data.

The mean response to transfection was completely different between the
GLC4/S and the GLC4/ADR cells (see Figure 9). Inthe GLCA4/S cells, transfection
significantly (p<0.01) decreased cell viability (mean cell viability of vRNAL siRNA
was 49.44%) i.e. about a 2-fold reduction in viability compared to the untransfected
GLCA4/S cells (mean cell viability was 84.67%). On the other hand, transfection
increased cell viability though not significantly (p<0.05) in the GLC4/ADR cells
(mean cell viability of vRNA1 siRNA was 84.92%) compared to the untransfected
GLC4/ADR cells (mean cell viability 76.48%). This significant interaction
(p=0.0002) between cell types and transfection made it difficult to interpret the
significant effects of either the cell type (p< 0.0001) or the transfection (p=0.0018) on
the survival or viability of the cells. The two-way ANOVA table is shown in
Appendix 5.

The reduction in GLCA4/S cell viability post-transfection could have been the
result of enhanced transfection toxicity and may have contributed to the relatively
lower transfection efficiency (~56%) (Refer to Table 7). The harsh effect of
transfection on the GLCA4/S cells may require further optimization may to minimize
the toxic effects of the transfection and eliminate any non-specific effects in

subsequent experiments resulting from transfection toxicity.
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Figure 9. Transfection with VRNA1 siRNA significantly (*p<0.05) increased cell
viability in GLC4/S cells but not in GLC4/ADR cells. The positive control was a 24-
hr treatment of GLC4/REV cells with 1.6uM staurosporine to induce cell death.

Two-way ANOVA followed by Bonferroni posttests; n=3 for all columns.
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The resistance of the GLC4/ADR cells to the toxic effects of the transfection
procedure may have been as a result of the more “robust” nature of the MDR cells in
resisting cell death. However, posttests (Bonferroni) revealed a significant (p<0.05)
increase in GLC4/S cell viability post-transfection with VRNA1 siRNA (mean
49.44%) as compared to the negative control siRNA-transfected GLC4/S cells (mean
25.35%). GLC4/ADR cell viability was not significantly (p<0.05) affected post-
transfection with VRNAL siRNA (mean 84.92%) compared to the negative control
siRNA-transfected GLC4/ADR cells (83.31%).

According to our initial hypothesis, VRNA1 down-regulation in the GLC4/S
cells may have induced an upregulation in survival factors which may have triggered
a significant increase in the viability of the GLC4/S cells. On the other hand, cell
survival may not have been significantly (p<0.05) impacted due to lower vVRNA1
availability as a result of VRNAL sequestration in closed vaults in the GLC4/ADR

cells.

43 VvRNAL EXPRESSION AND DOWN-REGULATION

Real-time RT-PCR was conducted to confirm vVRNAL down-regulation post-
transfection with VRNAZLSIRNA. The real-time RT-PCR experiment also was used to
examine differences in the expression of VRNA1 between the GLC4/S and the MDR
GLC4/ADR cells when untransfected and following transfection. In real-time PCR, an
accumulation of fluorescent signals with each progressing PCR cycle occurs. The Ct
value is the cycle at which the fluorescence accumulated exceeds the background

fluorescence by crossing an established threshold.
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In this experiment, the threshold was manually set at the standard threshold
fluorescence of 30.0 to exclude background fluorescence. The Ct value is inversely
proportional to the amount of the target in the sample. In this experiment, Ct values
were used as a measure of VRNAL expression. The Ct values for the RT-PCR

experiment are shown in Table 9 and the amplification image in Figure 10.

Table 9. Ct values obtained in real time RT-PCR experiment to determine the levels

of expression of VRNAL in transfected or untransfected GLC4/S and GLC4/ADR

cells.
GLC4/S GLC4/ADR
NEG VRNA1 NEG VRNA1
Untr Untr
SiIRNA SiIRNA SiRNA SiRNA
20.75 | 29.04 30.72 22.05 | 29.03 22.30
21.15| 28.49 22.93 22.63 | 28.08 22.17
21.13 | 28.68 23.20 25.28 | 27.46 23.46
Mean Ct | 21.01 | 28.74 25.61 23.32 | 28.19 22.64

The fluorescence log plot of the real-time RT-PCR data indicated a strong
amplification (Ct value <29) of vVRNAL in all the samples and a representative graph
is shown in Figure 10. Both untransfected sub-lines had low mean Ct values (21.01
and 23.32 for GLC4/S and GLC4/ADR, respectively, which correspond to relatively
high VRNAL expression as might be expected. Both the GLC4/S and the GLC4/ADR
cells transfected with negative siRNA had higher Ct values (lower expression of

VRNAZ1) than those transfected with vVRNA1 siRNA.
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Fluorescence (log scale)

Figure 10. Representative fluorescence log plot demonstrating VRNAL amplification
in real-time RT-PCR experiments to detect VRNAL expression in GLC4/S and
GLC4/ADR cells. No amplification is seen in the no-template controls (NTC) and no-
reverse transcriptase (no-RT) controls thus excluding contamination and genomic

DNA carryover respectively.
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It is not known why VRNAL levels decrease so much in both negatively
transfected cells. However, the possibility of the negative control having an effect on
VRNAL expression was excluded by the BLASTn analyses that were conducted and
did not indicate VRNAL as a target for the negative siRNA or any such gene sequence

for that matter.

The RT-PCR results are depicted as a horizontal bar graph in Figure 11.
Interestingly, the Ct values of the negative siRNA groups did not significantly
(p<0.05) differ between the GLC4/S (mean Ct value 28.74) and the GLC4/ADR cells

(mean Ct value 28.19), indicating that this effect was not random.

There was no interaction between cell type and transfection (p = 0.1116).
Two-way ANOVA analyses indicated that there was no significant difference
between responses by cell type (p = 0.6749) but that overall transfection had a
significant (p=0.004) effect on vVRNAL expression regardless of cell type. A
significant (p<0.05) difference between the VRNAT1 siRNA-transfection (mean Ct
24.13) and the negative siRNA-transfection (mean Ct 28.46) was detected by Tukey’s
post-hoc means contrast analysis. The two-way ANOVA table is shown in Appendix
6. These results support our hypothesis in that there was more VRNA1 available in
the GLC4/S to be down-regulated by siRNA than in the GLC4/ADR cells due to more
closed vault forms in the latter cells that might sequester the VRNA1. Thus, it is
likely that vault conformation may be linked to VRNAL availability in GLC4/ADR
cells. However, no significant (p<0.05) difference in vVRNA1 expression was detected

in VRNAL siRNA transfected GLC4/S and GLC4/ADR cells.

Overall, genomic DNA carry-over was not encountered in the RT-PCR
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Figure 11. vRNAL down-regulation (*p<0.05) was achieved 48 hours post-
transfection with VRNAL siRNA in GLC4/S cells but not in GLC4/ADR cells. Two-

way ANOVA followed by Tukey’s means contrast analysis; n=3 for all columns.
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experiment which was indicated by no detection of amplification in the triplicate no-
reverse transcriptase (no-RT) controls. Additionally, no amplification was detected in
the no-template control (NTC) (see Figure 10). No amplification in the NTC was
indicative of the absence of contamination in the RT-PCR experiment. Also, VRNAL
expression determined from the Ct values showed minimum variation across the

triplicates for the various treatment groups (Table 9; Figure 11).

The results of the RT-PCR experiment were fairly consistent and detected the
expression of VRNAL. However, our results with the negative siRNA samples made
it difficult to be confident of our findings. The low levels of VRNA1 exhibited by the
negative controls may be the result of separate runs required by the low through-put
of the Cepheid SmartCycler that was used. Moreover, it is challenging to optimize an
assay for the amplification of short amplicons such as VRNAL (i.e. 64-base amplicon)

and RNA isolations of such small molecules may be inconsistent.

In the future, a modified approach involving an RNase protection assay
followed by stem loop RT-PCR could be used to amplify the vRNAL target following
siRNA transfection (Persson et al., 2009). In this approach, a radioactively-labeled
probe was constructed via in vitro transcription using radioactive [a32P] UTP
nucleotides by the action of an RNA polymerase on a T7 promoter annealed to a
primer specific for the 98 bp VRNAL sequence. The total RNA extracted from the
various treatment groups was mixed with the in vitro transcribed complimentary anti-
sense RNA probes for the vVRNA1 sequence. The VRNAL in the total RNA extracted
from the cells was hybridized with anti-sense RNA probes to form double-stranded
RNA. The mixture was exposed to a ribonuclease cocktail to specifically cleave only

single-stranded RNA. The surviving RNA fragments were precipitated from the
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mixture. A size marker, the precipitated RNA fragments, a digestion without the
target RNA control, and an undigested probe were run on a 5% acrylamide, 8 M urea
denaturing polyacrylamide gel. The 98 bp VRNA1 band was cut out of the gel, eluted
by passive diffusion, and ligated to a 5* adapter. Real-time RT-PCR was then
performed using universal primers against the 5° adapter and the stem loop region of

the VRNAL. No-RT and NTC controls were included in the RT-PCR run.

44  CASPASE 3/7 ACTIVITY

Caspase 3/7 activity assay was conducted by Ms. Huicong Xie to determine
the activation of apoptosis post- transfection with vVRNAL siRNA in GLC4/S and
GLC4/ADR cells. The mean relative luminescence (RLU) readings of triplicate runs
of the transfected or untransfected GLC4/S or GLC4/ADR cells were used as
measures of the combined activities of the effector caspases -3 and -7. The results of
the assay are shown in Table 10.

Two-way ANOVA demonstrated a significant (p<0.0001) interaction between
the effects of the cells types and the transfection. The effects of the transfection
(p<0.0001) and the cell type (p<0.0001) were significant. Overall, a significant (p<
0.05) difference between untransfected groups (mean RLU 17.61) and the
vRNAT1siRNA transfection (mean RLU 1.857) were detected by Tukey’s post-hoc
tests. Thus, transfection dramatically decreased apoptosis in both cell types but the
negative control had the same impact (p<0.05) in the GCL4/S cells. These data
support our hypothesis in that transfection should aid in prosurvival, but the similar

impact on negative siRNA on the sensitive cells cannot be explained.

63



Table 10. Results of relative luminescence unit (RLU) readings from triplicate
samples for the determination of caspase 3/7 activity in transfected or untransfected

GLC4/S and GLC4/ADR cells. (-) = negative control; (+) = positive control

GLC4S GLC4ADR
) (+)
NEG VvRNA1 NEG VRNA1
Untr Untr control | control
siRNA | siRNA siRNA | siRNA
1 1543 |1.13 0.98 20.86 | 16.67 2.70 0.01 40.04
2 1411 |1.10 0.94 20.93 | 16.73 2.80 0.00 41.04
3 13.99 |1.19 0.96 20.33 | 16.52 2.76 0.00 38.63
Mean |1451 |1.14 0.96 20.71 | 16.64 2.75 0.00 39.90

Caspase 3/7 activity was significantly higher in the GLC4/ADR than in the
GLC4/S cells (Figure 12). Some of the results that were obtained for the caspase 3/7
activity reflected the effects that were observed in the cell survival experiment
conducted using trypan blue exclusion cell counts while other results did not (refer to
Figure 9). ldeally, high cell survival corresponds to low caspase 3/7 activity and vice
versa. The positive control results were consistent between the two experiments (i.e.
mean RLU 39.90 as compared to cell survival of 9.74%) as well as the results
obtained for the untransfected GLC4/S (i.e. mean RLU 14.51 as compared to cell
survival of 82.67%) and GLC4/ADR cells (i.e. mean RLU 39.90 as compared to %
cell survival of 9.74%). The VRNAL siRNA-transfected GLC4/ADR vyielded
consistent results (i.e. mean RLU 2.75 as compared to cell survival of 84.92 %).
Unfortunately, disparities in the results between the caspase 3/7 activities and cell

survival for the negative siRNA-transfected GLC4/ADR cells (i.e. mean RLU 16.64

64




50n
@D Staurosporine (1.6puM)
&= GLC4/S
@ GLC4/ADR
404 -
=)
_|
o
§2}
c
5
@ 303
c
[<5)
(&1
1%]
(<5}
£ .
S
>
- |
g 209
=
©
o)
@
c —
<
(<5
=
109
0
POSITIVE UNTR NEG siRNA " VRNALSIRNA

Figure 12. Caspase 3/7 activity is significantly (*p<0.05) reduced in GLC4/ADR
cells post-transfection with vVRNAL siRNA. Positive control was a 24-hr treatment of
GLC4/REV cells with 1.6 uM staurosporine. Two-way ANOVA followed by
Tukey’s post-hoc means contrast analysis were used in the analyses; n=3 for each

column.
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as compared to cell survival of 83.31%) or the GLCA4/S cells (i.e. mean RLU 1.14 as
compared to cell survival of 25.35%) were observed. Moreover, the caspase 3/7
results obtained for the VRNAL siRNA-transfected GLC4/S cells did not reflect the
results of the cell survival experiment (i.e. mean RLU 0.96 as compared to cell
survival of 49.44 %). The cells counts may not have accurately measured cell
survival in the cells due to variability in the method and may have contributed to the

differences seen between the results obtained for the two experiments.

45  PRO-SURVIVAL, PRO-APOTOTIC, OR INFLAMMATORY

REGULATION

An indirect ELISA experiment was designed and optimized to determine the
role of vVRNAL as a regulator of survival in SCLC cells. The ELISA was used to
examine whether the levels of the pro-survival factors, Bcl-2 and Bcl-xL as well as
pro-apoptotic factor, Bad, were affected following vVRNAL down-regulation in drug-
sensitive GLC4/S cells or MDR GLC4/ADR cells. Inflammatory factors such as
NFkB p65 and IL-6 as well as the drug metabolism protein CYP3A were also assayed
in order to determine if any changes occurred in the levels of these proteins post-
transfection with VRNAL siRNA.

451 APOPTOTIC REGULATION

In order to investigate how the levels of apoptotic factors in the intrinsic
pathway are affected following VRNAL down-regulation we assayed for the
expression of Bcl-2, Bel-xL, and Bad in chemotherapeutic drug-sensitive GLCA4/S or
MDR GLC4/ADR cells post-transfection with VRNA1 siRNA. The results of the

ELISA for detecting Bcl-2 expression are shown in Table 11 below.
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Table 11. Results of absorbance readings at 450 nm as a measure of Bcl-2 expression

in transfected or untransfected GLC4/S and GLC4/ADR cells.

GLC4/S GLC4/ADR
NEG VRNA1 NEG VRNA1
untr untr
siRNA SiRNA SiRNA siRNA
0.389 | 0.299 0.305 0.406 | 0.315 0.296
0.372 | 0.328 0.324 0.355 | 0.296 0.312
0.392 | 0.319 0.292 0.341 | 0.324 0.282
Mean | 0.384 | 0.315 0.307 0.367 | 0.312 0.297

The two-way ANOVA analysis detected no overall interaction (p=0.8357)
between cell type and transfection but transfection alone significantly (p<0.0001)
affected Bcl-2 expression (Appendix 8). A post-hoc Tukey’s means contrast analysis
showed that Bcl-2 expression was significantly reduced with transfection (p<0.001)
when comparing either vVRNAL siRNA or negative control transfected cells (mean
0.302) with untransfected cells (mean 0.376) but not when comparing siRNA
transfected cells with negative siRNA control cells (mean 0.314) (p<0.05). Thus,
VRNAL down-regulation did not induce a significant (p<0.05) decrease in the Bcl-2
expression in either the GLCA4/S cells or the GLC4/ADR cells (see Figure 13). Also,
there was no significant (p<0.05) between the untransfected GLC4/S and GLC4/ADR
cells or between the negative siRNA-transfected GLC4/S and GLC4/ADR cells. No
significant (p<0.05) difference was detected between VRNAL siRNA-transfected
GLC4/S and GLC4/ADR cells.

The results the ELISA for the expression of the anti-apoptotic Bcl-xL are
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Figure 13. vRNA1 down-regulation in GLC4/S cells did not significantly (p<0.05)
impact Bcl-2 expression. Two-way ANOVA followed by a post-hoc Tukey’s means

contrast analysis; n=3 for all columns.
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shown in Table 12 below.

Table 12. Results of absorbance readings at 450 nm as a measure of Bcl-xL

expression in transfected or untransfected GLC4/S and GLC4/ADR cells.

GLC4/S GLC4/ADR
NEG VRNA1 NEG VRNA1
Untr Untr
siRNA SiRNA SiRNA SsiRNA
0.368 | 0.249 0.264 0.365 | 0.277 0.278
0.305 | 0.254 0.117 0.546 | 0.268 0.296
0.290 | 0.287 0.223 0.416 | 0.279 0.237
Mean | 0.321 | 0.263 0.201 0.442 | 0.275 0.270

Cell type significantly (p=0.0217) affected the expression of Bcl-xL such that
overall the expression of Bcl-xL was significantly (p=0.0217) higher in the
GLC4/ADR (mean 0.329) than in the GLC4/S cells (mean 0.262) (Figure 14,
Appendix 9).

This observation implied a differential expression of Bcl-xL between the two
cell lines unlike with Bcl-2 expression (refer to Figure 13). Also, transfection
significantly (p=0.0014) affected Bcl-xL expression. Generally, there was a reduction
(~1.4 fold) in the expression of Bcl-xL post-transfection with either VRNA1 siRNA
(mean 0.236) or negative control sSiRNA (mean 0.269) compared to the untransfected
cells (mean 0.382) for both cell types.

The two-way ANOVA analyses detected no overall interaction (p=0.2514)
between transfection and cell type such that the same effects were observed at all

levels of the mean absorbance values representing Bcl-xL expression (See Figure 14;

69




Appendix 8). However, Tukey’s post-hoc means contrast analysis revealed that there
was no significant (p<0.05) difference in expression of Bcl-xL post-transfection with

VRNAL siRNA in either the GLC4/S cells or the GLC4/ADR cells.

Per our hypothesis, we would have expected the expression of anti-apoptotic
factors such as Bcl-xL and Bcl-2 to increase with VRNAL down-regulation in order to
implicate VRNAL in the regulation of these pro-survival proteins. We followed-up
the indirect ELISA for Bcl-2 and Bcl-xL with an ELISA experiment to determine if
any changes occurred in the expression of the pro-apoptotic factor, Bad. The results
of the ELISA experiment are shown in Table 13. Neither transfection (p=0.1537) nor

cell type (p=0.4703) affected the expression of Bad expression (see Figure 15).

Table 13. Results of absorbance readings at 450 nm as a measure of the expression of

Bad in transfected or untransfected GLC4/S and GLC4/ADR cells

GLC4/S GLC4/ADR
NEG VRNA1 NEG VRNA1
untr untr
SiRNA SiRNA SiRNA siRNA
0.424 | 0.437 0.442 0.418 | 0.465 0.418
0.390 | 0.475 0.442 0.392 | 0.426 0.465
0.396 | 0.420 0.465 0.366 | 0.819 0.410
Mean | 0.403 | 0.444 0.450 0.392 | 0.570 0.431
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Figure 14. Bcl-xL expression was not significantly (p<0.05) affected by vRNA1
down-regulation in either the drug-sensitive parental GLC4/S cells or the GLC4/ADR
cells. Two-way ANOVA followed by Tukey’s post-hoc means contrast analysis were

used in the data analyses; n=3 for each column.
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Additionally, the two-way ANOVA detected no significant interaction

(p=0.3345) between cell type and transfection at all levels of the expression of Bad.

Overall, no significant (p<0.05) changes in the expression of the apoptotic
proteins examined (Bcl-2, Bcl-xL, and Bad) were detected post-transfection with
VRNAL siRNA in either the GLCA4/S cells or the GLC4/ADR cells.

According to our hypothesis, Bad was expected to be down-regulated with a
corresponding upregulation in Bcl-2 and Bcl-xL post-transfection with vRNAL down-
regulation per our hypothesis to implicate VRNAL in the regulation of apoptosis. We
acknowledge the fact that other apoptotic mediators may be involved in the reduction
in caspase activity and as a result apoptotic activity. We speculate that apoptosis may
be occurring but may not be occurring via the intrinsic pathway due to fact that Bcl-2,
Bcl-xL and Bad which are some of the main factors involved in the intrinsic pathway
leading to apoptosis. For the interim, it may be concluded from the results that the
introduction of the vVRNA1 siRNA or vVRNA1 down-regulation did not significantly
affect the expression of Bcl-2, Bcl-xL, or Bad in either drug-sensitive GLC4/S or

MDR GLC4/ADR cells.

452 INFLAMMATORY REGULATION

Indirect ELISA was employed to determine whether inflammatory factors
such as NFkB p65 and 1L-6 that have been implicated in many types of cancer were
affected by the transfection of GLC4/S and GLC4/ADR SCLC cells with vRNA1
siRNA. According to our hypothesis, if VRNA1 regulated the expression of NFkB
p65 and IL-6, the proteins were expected to significantly increase with vVRNAL down-

regulation.
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Figure 15. Bad expression was not significantly (p<0.05) affected post-transfection
with VRNAL siRNA in either GLC4/S or GLC4/ADR cells. Neither transfection
(p=0.1537) nor cell type (p=0.4703) impacted Bad expression. Data was analyzed

using Two-way ANOVA followed by Tukey’s post hoc tests; n=3 for each column.
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Table 14. Results of absorbance readings at 450 nm as a measure of NFkB p65

expression in transfected or untransfected GLC4/S and GLC4/ADR cells.

GLC4/S GLC4/ADR
NEG VRNA1 NEG VRNA1
Untr Untr
siRNA SiRNA SiRNA SiRNA
0.406 | 0.320 0.356 0.407 | 0.336 0.327
0.350 | 0.332 0.310 0.384 | 0.315 0.233
0.344 | 0.330 0.319 0.332 | 0.342 0.305
Mean | 0.367 | 0.327 0.328 0.374 | 0.331 0.288

Cell type did not significantly (p=0.5302) affect the expression of NFkB p65.
It is not known if NFKB p65 expression differs significantly between drug-sensitive
and multidrug-resistant cancer cells. However, transfection significantly (p=0.0148)
affected the expression of NFkB p65. Two-way ANOVA analyses detected no
significant interaction (p=0.3747) between cell type and transfection at all levels of
NFkB p65 expression such that the same effects were seen at all levels of NFKB p65
expression. The post-hoc tests detected no significant (p<0.05) difference in NFkB
p65 expression post-transfection with vVRNAL siRNA (mean 0.308) to the negative
control siRNA-transfected cells (mean 0.329) (Figure 16). No significant (p<0.05)
difference was detected between the VRNAL siRNA-transfected GLC4/S and the
GLC4/ADR cells. No significant differences were detected between the untransfected
cells or the negative control siRNA-transfected GLC4/ S and the GLC4/ADR cells. It
could be deduced from the results that VRNA1 may not regulate the expression of

NFkB p65 in either the GLC4/S or the GLC4/ADR cells.
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Figure 16. vVRNA1 down-regulation did not significantly (p<0.05) affect NFkB p65
expression. Two-way ANOVA followed by Tukey’s post hoc tests; n=3 for each

column.
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The results of the ELISA for the expression of the IL-6 in GLC4/S and

GLC4/ADR cells are shown in Table 15 below.

Table 15. Absorbance readings at 450 nm for the expression of IL-6 in an indirect

ELISA experiment. NEG siRNA= 3’AlexaFluor-488 negative sSiRNA

GLC4/s GLC4/ADR
NEG VRNA1 NEG VRNA1
Untr Untr
siRNA siRNA siRNA siRNA
0.734 0.428 0.463 | 0.713 0.630 0.599
0.728 0.548 0.417 | 0.692 0.722 0.680
0.679 0.532 0.369 | 0.694 0.735 0.684
Mean | 0.714 0.503 0.416 | 0.700 0.696 0.654

From the two-way ANOVA analysis, cell type had a significant (p<0.0001)

effect on the expression of IL-6 (Figure 17). Overall a higher expression of IL-6 in the

GLC4/ADR cells (mean 0.683) than in the GLC4/S cells (mean 0.544) was observed.

Transfection had an overall significant (p=0.0001) effect on the expression of IL-6.

IL-6 expression was generally lower post-transfection with vVRNAL siRNA (0.535) or

negative control siRNA (mean 0.599) as compared to the untransfected cells (mean

0.707). However, the expression of IL-6 was expected to increase with vVRNA1

down-regulation according to our initial hypothesis.

Two-way ANOVA detected a significant interaction (p=0.0012) between cell

type and transfection. However, post-hoc tests detected no significant (p<0.05)

difference post-transfection with vVRNA1 siRNA (mean 0.416) as compared to the

negative control sSiRNA (mean 0.503) in the GLC4/S cells.
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Figure 17. vRNAL siRNA or VRNAL down-regulation did not significantly (p<0.05)
affect the expression of IL-6 or post-transfection with VRNAL siRNA in the
GLC4/ADR cells but did decrease expression in GLC4/S cells. Two-way ANOVA

followed by Tukey’s post-hoc tests was used for the analyses; n=3 for each column.
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No significant (p<0.05) difference was detected post-transfection with vVRNA1
SiRNA (mean 0.654) as compared to the negative control sSiRNA (mean 0.696).

From the results we have gathered thus far, vVRNA1 availability may not be
directly involved in the regulation of inflammatory factors such as NFkB p65 and IL-
6 in either MDR GLC4/ADR or drug-sensitive GLC4/S SCLC cells. Nonetheless, the
fact that IL-6 is secreted immediately after production could have contributed to the
non-significant effects that were observed for IL-6 expression post-transfection with
VRNAL siRNA in the GLC4/S or the GLC4/ADR cells. The design of the assay for
IL-6 could be modified such that supernatant containing the secreted IL-6 from the
cell suspension could be used instead of total protein extracted from the cells. This
may provide a better measure of the expression of IL-6 by the cells.

However, there may be other inflammatory factors such as I1L-10 that may
become upregulated in breast cancer cells following the down-regulation of the
processed product of VRNAL, svRNADb (Persson et al., 2009). Further investigations
into the expression of other inflammatory mediators such as I1L-10 following vVRNA1
down-regulation could be conducted in order to determine the role of vVRNAL in the

regulation of inflammation in SCLC.

45.3 DRUG METABOLISM
With reference to the findings of Persson et al. (2009) that CYP3A4 encoding a
CYP3A isoenzyme, was among the genes that were strongly upregulated following
the down-regulation of svRNAb (processed from vVRNAL), we expected vVRNA1
down-regulation to significantly affect CYP3A expression. The results of the ELISA

to detect the expression of CYP3A are shown in Table 16.
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Two-way ANOVA analyses revealed that transfection had an overall
significant (p=0.0006) effect on the expression of CYP3A. Generally, transfection
with either VRNAL siRNA (mean 0.242) or negative siRNA (mean 0.262) lowered
CYP3A expression as compared untransfected samples (mean 0.298). However, the
cell types had no significant (0.0995) effect on the expression of CYP3A.
Additionally, no significant interaction (p=0.1162) was observed between cell type
and transfection such that the transfection had the same effect in both cell types at all

levels of CYP3A expression (ANOVA table in Appendix 13).

Table 16. ELISA data of normalized absorbance readings at 450 nm for the detection

of CYP3A expression in GLC4/S and GLC4/ADR cells

GLC4/s GLC4/ADR
Untr | NEG siRNA | vVRNAL siRNA | Untr | NEG siRNA | VRNALsiRNA
0.313 | 0.256 0.243 0.329 | 0.271 0.248
0.275 | 0.276 0.225 0.307 | 0.243 0.282
0.271 | 0.273 0.207 0.291 | 0.257 0.247
Mean | 0.286 | 0.268 0.225 0.309 | 0.257 0.259

Tukey’s post hoc tests revealed that no significant (p<0.05) difference in the
expression of the drug-metabolism protein CYP3A post-transfection with vVRNA1
SiRNA (mean 0.259) occurred in the GLC4/ADR cells as compared to the negative
control siRNA (mean 0.257) (Figure 18). Transfection with vVRNAL siRNA (mean
0.225) significantly (p<0.05) lowered CYP3A expression as compared to the negative

control siRNA (mean 0.268).
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Figure 18. vRNA1 down-regulation in GLCA4/S cells significantly (*p<0.05) lowered
CYP3A expression. Two-way ANOVA, Tukey’s post hoc tests were used in the

analysis of the data; n=3 for each column.
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The data indicated that in drug-sensitive GLC4/S cells there was a down-
regulation in the expression of the drug-metabolism protein CYP3A in the presence of
VRNAL down-regulation. Thus, vRNA1 may directly or indirectly have a protective
role in the regulation of CYP3A. These results were expected based on previous

findings by Persson et al. (2009).

As earlier indicated, on the same plate for the assay of the test proteins
GAPDH was also assayed in separate wells as a positive control and was run
simultaneously for each of the sample groups (refer to Figure 7). The results of the

ELISA for one of such GAPDH controls are shown below in Table 17.

Table 17. Absorbance readings at 450 nm for ELISA to detect the expression of

GAPDH as a positive control for the experiment

GLC4/S GLC4/ADR
Untr |NEG siRNA [VRNALSiRNA |Untr | NEG siRNA |[VRNAL siRNA
0.833 |0.837 0.803 0.77410.830 0.617
0.755 |0.845 0.820 0.783 |0.746 0.780
0.777 10.767 0.800 0.800 |0.740 0.813
Mean |0.788 |0.816 0.808 0.786 |0.772 0.737

Two-way ANOVA analysis revealed that neither transfection (p=0.7737) nor

cell type (p=0.1461) significantly impacted the expression of GAPDH. Moreover, no

significant interaction (p=0.5557) was observed between the cell type and

transfection. The data from one of the GAPDH controls is presented graphically in

Figure 19.
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Figure 19. Positive control assay for GAPDH in ELISA experiment shows no
significant difference between untransfected, negative siRNA or vVRNAL siRNA
transfected GLC4/S and GLC4/ADR cells. The data was analyzed by two-way

ANOVA followed by Tukey’s post hoc tests; n=3 for all columns.

82



CHAPTER 5
CONCLUSIONS

In this research project, RNAIi was employed using an siRNA directed
against VRNAL in cultured SCLC cells in order to investigate the involvememt of
VRNAL in the regulation of apoptosis, and as a result, MDR. The transfection of the
GLC4/S and GLC4/ADR cells with vRNA1 siRNA was successful following 48-hour
incubation with an estimated efficiency varying between 59% and 89% for the two
cell types, respectively. However, manual cell counts using fluorescent-tagged
negative siRNA as an assessment of transfection efficiency may not have truly
represented the actual efficiency with which vRNA1 siRNA was transfected into the
cells due to cell clumping normally observed with these cell lines. The cell clumping
also contributed to errors in counts using a hemacytometer. In the future, we might
use flow cytometry for the determination of transfection efficiency after using newly
described methods for creating single suspensions.

VRNA1 down-regulation was detected in GLCA4/S cells but not in the
GLC4/ADR cells using real time RT-PCR despite rigorous optimization steps to
improve the sensitivity and specificity of the RT-PCR system for the detection of
VRNAL. This observation supports our hypothesis in that the vVRNAL may have been
sequestered in closed vaults in GLC4/ADR cells but available in the cytoplasm in
GLC4/S cells. Siva et al. (2001) had previously reported a significant increase in
cytosolic VRNAs in drug-resistant cells. Also, in an earlier study, Kickheofer et al.

(1998) reported a 15-fold up-regulation in vault synthesis in MDR cells. Itis



assumed that more VRNA1 might also be synthesised with MDR, but we believe it
must be held in closed vaults since we clearly did not see a significant decrease in

VRNAL expression with RT-PCR.

It would be interesting to be able to purify vaults for microscopic analysis in
order to determine if there are differences betweeen drug-sensitive and drug-resistant
cells in the amount of open or closed vault forms and ultimately the proportions of
VRNAL1 assoiciated with closed vaults. As earlier indicated, Dr. Leonard Rome
disclosed in a personal correspondence that his lab had attempted to do so but have
not as yet detected any differences due to the difficulty of purifying the vaults for

such a study.

The caspase 3/7 activity assay indicated that transfection with either sSiRNA or
the negative control dramatically decreased apoptosis in GLC4/S cells. The non-
specific effect of the negative control in GLC4/s cells is difficult to explain but was
consistent in the three replicates. The caspase assay did suggest that knock-down of
VRNAL in either cell type negatively impacted apoptosis. This also supports our

hypothesis that VRNAL may regulate expression of pro-survival genes.

Our ELISAs for the proteins examined indicated that vVRNA1 down-
regulation did not significantly affect apoptosis or apototic regulation in the drug-
senstive GLC4/S but may have increased survival in MDR GLC4/ADR by decreasing
apoptosis via caspase 3/7 effector caspases without the involvement of Bcl-2, Bel-xL
or Bad. It is still not known which other apoptotic mediators may be involved but we
may consider examining other apoptotic pathways particularly, the extrinsic pathways
with such prtoeins as TRADD and FADD to confirm vVRNAL involvement in the
regulation of the translation of some of these proteins.
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Pro-inflammatory mediators such as NFkB p65 and IL-6 were not
significantly (p<0.05) impacted by vRNA1 down-regulation. However, the
expression of the drug metabolism mediator CYP3A in the drug-sensitive GLC4/S
cells was significantly (p< 0.05) reduced following VRNAL downregulation. Perssson
et al. (2009) had examined the mRNA expression of one of the isoenzymes of CYP3A
called CYP3A4 and seen an up-regulation following the down-regulation of a
processed product of vVRNAI called svRNAb. Although, no upregulation in the
translated product of CYP3A4 was observed because we did not look at the specific
isoenzyme CYP3A4, we were able to demonstrate that overall CYP3A was
significanly affected by VRNAL.

Overall, the expression of GAPDH was consistent across the various replicates
in the treatment groups indicating that for this assay, there were generally no non-
specific effects induced by the treatments even between the transfected and
untransfected samples.

In conclusion, our hypothesis was partially supported. We were able to
show a difference in availability of vVRNAL to knock-down between the two cell types
such that less VRNAL appeared to be available for regulation gene expression in
GLCA4/ADR cells. In addition, both cell lines showed loss of apoptosis with
transfection, suggesting VRNAL plays a role in regulating pro-survival gene
expression. We also found support for the regulation of CYP3A4 by VRNAL.
However, we were not able to definitively identify other pro-survival genes regulated.
Thus, we speculate that VRNA1 may have a regulatory role in the regulation of
apoptosis and it’s regulatory role may influence MDR.

In the future, we might try using Western analyses to better examine

alterations in protein expression or examine other proteins. Also, an MTT assay
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instead of the manual trypan blue counts might be used to better assess cell viablity
post-transfection. Once we are able to prove unequivocally the invlovement of
VRNAL in the regulation of apoptosis in MDR cells, we could proceed to animal
studies to confirm how this might work in vivo. If we could identity some gene
products regulated with the development of MDR we may better understand
molecular processes or pathways involved in the development of MDR and how it
might be prevented or abolished. The findings of this research may serve as a
springboard for further studies into the function of vVRNAL and the scientific mystery
shrouding its association with vaults. Also, since VRNAL is believed to regulate the
expession of numerous genes, the use of RNAI to knock down VRNAL expression
may permit the altering of the expression of several factors simultaneously rather than
using more common approaches which target only a single gene product. An
understanding of the role of vVRNAL in MDR and the pathways affected by vRNA1
down-regulation may revolutionize the way chemotherapeutic agents are designed

and administered.
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CHAPTER 6 APPENDIX

Appendix 1. Table of results of total RNA quantification after DNase | treatment

SAMPLES GLC4/S GLC4/ADR

Untr NEGsIiRNA | VRNALsiRNA | Untr NEGsIiRNA | VRNALsiRNA
1 33.941 14.700 10.848 33.158 18.204 37.359
concentration
(Mg/ml)
A260 0.027 0.011 0.008 0.026 0.014 0.029
A260/A280 1.836 1.612 1.643 1.883 1.655 1.753
2 33.277 13.840 10.350 28.900 29.500 28.922
concentration
(Mg/ml)
A260 0.026 0.011 0.008 0.023 0.023 0.023
A260/A280 1.846 1.599 1.767 1.991 1.765 1.779
3 18.939 5.230 6.196 31.357 40.262 40.648
concentration
(ng/ml)
A260 0.015 0.004 0.005 0.024 0.031 0.032
A260/A280 1.771 3.468 1.867 2.088 1.949 1.745




Appendix 2. cDNA evaluation following reverse transcription of DNase I-treated

total RNA

GLC4/S GLC4/ADR
SAMPLES

Untr NEGsiRNA | VRNALsiRNA | Untr NEGsiRNA | VRNALsiRNA
1
concentration | 7.737 429.94* 5.253 8.654 931.17* 8.959
(ng/ml)
A260 0.234 - 0.159 0.262 - 0.217
A260/A280 1.650 - 1.549 1.630 - 1.617
2
concentration | 8.145 398.59* 9.004 8.382 306.97* 9.633
(ng/ml)
A260 0.247 - 0.273 0.254 - 0.292
A260/A280 1.624 - 1.591 1.620 - 1.600
3
concentration | 6.735 483.59* 9.871 9.198 359.97* 9.138
(ng/ml)
A260 0.204 - 0.299 0.262 - 0.277
A260/A280 1.598 - 1.606 1.630 - 1.593

* Overestimation of cDNA vyields in negative siRNA transfected samples due to
spectrophotometer reading error
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Appendix 3. Quantification of protein extracts (ug/ml) from independent replicates

(1, 2 and 3) of cultured GLC4/cells (5x10° cells).

GLC4/S GLC4/ADR
SAMPLES
Untr NEGsSiRNA | vVRNALSiRNA | Untr NEGSiRNA | VRNA1SiIRNA
1 2750.595 | 3487.670 | 3735.443 2051.857 | 4994.380 | 2986.494
2 2041.788 | 3441.930 | 3525.348 2411.013 | 3995.621 | 5774.1222
3 3210.183 | 2343.807 | 4935.186 3476.935 | 3537.982 | 4801.912

Appendix 4. Determination of optimal time for measuring caspase 3/7 activity by
measuring relative luminescence (RLU) values at 1 hour intervals over 3 hours. Mean
RLU values are shown in the table below. Positive control was a 24-hr treatment of

GLC4/REV cells with 1.6 uM staurosporine.

GLC4/ADR GLC4/S
VRNA1 . VRNA1 .
SIRNA NEGsiRNA Untr SIRNA NEGSsiRNA Untr NEG POS
1lhr 2.70 16.67 20.86 0.98 1.13 15.43 0.01 40.04
2hr 2.80 16.73 20.93 0.94 1.10 14.11 0.00 41.04
3hr 2.76 16.52 20.33 0.96 1.19 13.99 0.00 38.63
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Appendix 5. Two-way ANOVA table for % post-transfection cell viability

Source of Variation % of total variation  |P value

Interaction 33.24 0.0002

Transfection 20.25 0.0018

Cell type 35.61 < 0.0001

Source of Variation P value summary Significant?

Interaction el Yes

Transfection il Yes

Cell type el Yes

Source of Variation Df Sum-of-squares |Mean square |F

Interaction 2 3393 1696 18.30
Transfection 2 2067 1033 11.15

Cell type 1 3634 3634 39.20

Residual 12 1112 92.70

Number of missing values 0

Bonferroni posttests

Untransfected vs NEG siRNA

Cell type Untransfected NEG siRNA Difference  |95% CI of diff.
GLC4/S 84.67 25.35 -59.31 -84.10 to -34.53
GLC4/ADR 76.48 83.31 6.823 -17.96 to 31.61
Cell type Difference t P value Summary
GLC4/S -59.31 7.545 P<0.001 el
GLC4/ADR 6.823 0.8679 P >0.05 ns
Untransfected vs VRNAL siRNA

Cell type Untransfected VRNAL siRNA |Difference  |95% CI of diff.
GLC4/S 84.67 49.44 -35.23 -60.01 to -10.44
GLC4/ADR 76.48 84.92 8.437 -16.35 to 33.22
Cell type Difference t P value Summary
GLC4/S -35.23 4.481 P<0.01 **
GLC4/ADR 8.437 1.073 P >0.05 ns

NEG siRNA vs VRNAL siRNA

Cell type NEG siRNA VRNAL siRNA |Difference  |95% CI of diff.
GLC4/S 25.35 49.44 24.09 -0.6981 to 48.87
GLC4/ADR 83.31 84.92 1.613 -23.17 t0 26.40
Cell type Difference t P value Summary
GLC4/S 24.09 3.064 P <0.05 *

GLC4/ADR 1.613 0.2052 P >0.05 ns
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Appendix 6. Two-way ANOVA table for VRNAL expression by RT-PCR

% of total
Source of Variation variation P value
Interaction 10.82 0.1116
Transfection 64.27 0.0004
Cell type 0.38 0.6749

P valug|

Source of Variation summary| Significant?
Interaction ns No
Transfection il Yes
Cell type ns No
Source of Variation Df| Sum-of-squares| Mean square Fi
Interaction 2 20.98 10.49 2.647
Transfection 2 124.6) 62.31 15.72
Cell type 1 0.7321 0.7321] 0.1847|
Residual 12| 47.55 3.963
Number of missing values 0
Bonferroni posttests
Untransfected vs NEG siRNA
Cell type Untransfected NEG siRNA| Difference 95% CI of diff.
GLC4/S 21.01 28.74 7.727 2.603 to 12.85
GIC4/ADR 23.32] 28.19 4.870] -0.2541 t0 9.994
Cell type Difference ] P value Summary|
GLC4/S 7.727 4.754 P<0.001 ookl
GIC4/ADR 4.870] 2.996 P <0.05 *|
Untransfected vs VRNAL siRNA
Cell type Untransfected] VRNAL siRNA Difference 95% ClI of diff.
GLC4/S 21.01] 25.62 4.607| -0.517510 9.731]
GIC4/ADR 23.32 22.64 -0.6767 -5.801 to 4.447
Cell type Difference ] P value Summary|
GLC4/S 4.607| 2.834] P <0.05 *
GIC4/ADR -0.6767 0.4163 P >0.05 ns
NEG siRNA vs VRNAL siRNA
Cell type NEG siRNA| VRNAL siRNA Difference 95% CI of diff.
GLC4/S 28.74 25.62 -3.120 -8.244 t0 2.004
GIC4/ADR 28.19 22.64 -5.547 -10.67 to -0.4225
Cell type Difference t P value Summary|
GLC4/S -3.120 1.920 P >0.05 ns
GIC4/ADR -5.547 3.413 P <0.05 *|
Tukey's Multiple Comparison Mean Diff. q Significant? P <| Summar| 95% CI of diff
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Test 0.05? y

-9.521to -
UNTR vs NEG siRNA -6.298]  7.179 Yes falalel 3.075]
UNTR vs VRNA1 siRNA -1.965 2.240 No| ns|-5.188 to 1.258]
NEG siRNA vs VRNA1 siRNA 4.333 4.940 Yes ** 1.110 to 7.556

Appendix 7. Two-way ANOVA table for caspase 3/7 activity assay

Source of Variation % of total variation P value
Interaction 10.82 0.1116
Transfection 64.27 0.0004]
Cell type 0.38] 0.6749
Source of Variation P value summary| Significant?
Interaction ns No
Transfection falelel Yes
Cell type ns No

Mean
Source of Variation Df] Sum-of-squares square Fi
Interaction 2) 20.98 10.49 2.647,
Transfection 2 124.6) 62.31 15.72
Cell type 1 0.7321 0.7321 0.1847
Residual 12 47.55 3.963
Number of missing values 0
Bonferroni posttests
Untransfected vs NEG siRNA
Cell type Untransfected NEG siRNA| Difference] 95% ClI of diff.
GLC4/S 21.01 28.74] 7.727| 2.603 to 12.85|
GIC4/ADR 23.32 28.19 4.870-0.2541 to0 9.994
Cell type Difference t P value Summary|
GLC4/S 7.727 4754  P<0.001 ookl
GIC4/ADR 4.870 2.996] P <0.05 *
Untransfected vs VRNAL siRNA
Cell type Untransfected VRNAL siRNA| Difference| 95% CI of diff.
GLC4/S 21.01 25.62 4.607|-0.5175 t0 9.731
GIC4/ADR 23.32 22.64 -0.6767| -5.801 to 4.447
Cell type Difference t P valug Summary|
GLC4/S 4.607| 2.834 P <0.05 *|
GIC4/ADR -0.6767| 0.4163] P >0.05 ns
NEG siRNA vs VRNAL siRNA
Cell type NEG siRNA VRNAL siRNA| Difference| 95% ClI of diff.
GLC4/S 28.74] 25.62 -3.120] -8.244 to 2.004
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-10.67 to
GIC4/ADR 28.19 22.64 -5.547 0.4225
Cell type Difference t P valug Summary|
GLC4/S -3.120 1.920, P >0.05 ns|
GIC4/ADR -5.547 3.413 P <0.05 *|
Tukey's Multiple Comparison Mean Significant? P <
Test Diff. q 0.05?] Summary| 95% CI of diff]
UNTR vs NEG siRNA 8.718] 4.015 Yes| *|0.7408 to 16.70
UNTR vs VRNAL siRNA 15.75| 7.254 Yes *** 7.774 10 23.73
-0.9442 to
NEG siRNA vs VRNAL siRNA 7.033] 3.239 No ns 15.01

Appendix 8 Two-way ANOVA table for Bcl-2 expression determined by ELISA

Source of Variation % of total variation P value
Interaction 0.56 0.8357
Transfection 79.15 < 0.0001
Cell type 2.00 0.2742
Source of Variation P value summary Significant?
Interaction ns No
Transfection ool Yes
Cell type ns| No|
Mean
Source of Variation Df] Sum-of-squares square Fi
Interaction 2 0.0001333| 6.667e-005 0.1822
Transfection 2 0.01900[ 0.009498 25.95
Cell type 1 0.0004805| 0.0004805 1.313
Residual 12 0.004391] 0.0003659
Number of missing values 0
Bonferroni posttests
Untransfected vs NEG siRNA
Cell type Untransfected NEG siRNA| Difference 95% CI of diff.
-0.1182 1o -
GLC4/S 0.3843 0.3153| -0.06900| 0.01976
-0.1049 to -
GLC4/ADR 0.3673 0.3117| -0.05567 0.006424
Cell type Difference i P value Summary|
GLC4/S -0.06900 4.418] P<0.01 *X
GLC4/ADR -0.05567| 3.564] P<0.01 *H
Untransfected vs VRNA1 siRNA
Cell type Untransfected VRNAL siRNA| Difference) 95% CI of diff.
GLC4/S 0.3843 0.3070] -0.07733 -0.1266 to -
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0.02809
-0.1199 to -
GLC4/ADR 0.3673 0.2967| -0.07067 0.02142
Cell type Difference i P value Summary|
GLC4/S -0.07733 4951  P<0.001] ekl
GLC4/ADR -0.07067 4.524] P<0.01 **
NEG siRNA vs vVRNAL siRNA
Cell type NEG siRNA VRNAL siRNA| Difference) 95% CI of diff.
-0.05758 to
GLC4/S 0.3153 0.3070] -0.008333 0.04091
-0.06424 to
GLC4/ADR 0.3117, 0.2967| -0.01500] 0.03424
Cell type Difference i P value Summary|
GLC4/S -0.008333 0.5335 P>0.05 ns
GLC4/ADR -0.01500 0.9603] P>0.05 ns
Tukey's Multiple Comparison Mean Significant? P <
Test Diff. q 0.05?| Summary| 95% CI of diff]
0.03561 to|
UNTR vs NEG siRNA 0.06383] 8.311 Yes falelel 0.09205
UNTR vs VRNAL siRNA 0.07550] 9.830| Yes ***0.04728 to 0.1037
-0.01655 to
NEG siRNA vs VRNA1 siRNA | 0.01167] 1.519 No ns 0.03989

Appendix 9 Two-way ANOVA for Bcl-xL expression determined by ELISA

Source of Variation % of total variation P value
Interaction 6.75) 0.2514
Transfection 52.08 0.0014
Cell type 15.10 0.0217
Source of Variation P value summary| Significant?
Interaction ns No
Transfection ** Yes|
Cell type * Yes|
Mean
Source of Variation Df] Sum-of-squares square, Fi
Interaction 2 0.009082| 0.004541 1.552,
Transfection 2 0.07012 0.03506 11.98
Cell type 1 0.02033|  0.02033] 6.951]
Residual 12 0.03511] 0.002925]
Number of missing values 0

Bonferroni posttests

Untransfected vs NEG siRNA
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Cell type Untransfected NEG siRNA| Difference] 95% CI of diff.
GLC4/S 0.3210 0.2633| -0.05767|-0.1969 to 0.08156
-0.3069 to -|
GLC4/ADR 0.4423 0.2747 -0.1677| 0.02844
Cell type Difference { P value Summary|
GLC4/S -0.05767 1.306] P>0.05 ns
GLC4/ADR -0.1677| 3.797| P<0.01 *H
Untransfected vs VRNAL siRNA
Cell type Untransfected VRNA1 siRNA| Difference]  95% CI of diff.
GLC4/S 0.3210 0.2013 -0.1197|-0.2589 to 0.01956)
-0.3112 to -
GLC4/ADR 0.4423 0.2703 -0.1720] 0.03277
Cell type Difference { P value Summary|
GLC4/S -0.1197| 2,710 P<0.05 *|
GLC4/ADR -0.1720 3.895] P<0.01 *H
NEG siRNA vs VRNAL siRNA
Cell type NEG siRNA VRNAL siRNA| Difference|  95% CI of diff.
GLC4/S 0.2633 0.2013| -0.06200[-0.2012 to 0.07723
GLC4/ADR 0.2747 0.2703| -0.004333| -0.1436 to 0.1349
Cell type Difference f P value Summary|
GLC4/S -0.06200 1404 P>0.05 ns
GLC4/ADR -0.004333 0.09812] P >0.05 ns
Tukey's Multiple Comparison Mean Significant? P <
Test Diff. q 0.05?] Summary| 95% ClI of diff]
0.01429 to
UNTR vs NEG siRNA 0.1127| 4.208, Yes * 0.2110
0.04746 to
UNTR vs VRNA1 siRNA 0.1458| 5.447| Yes ** 0.2442
-0.06521 to
NEG siRNA vs VRNA1 siRNA | 0.03317] 1.239 No ns 0.1315

Appendix 10. Two-way ANOVA table for Bad expression determined by ELISA

Source of Variation % of total variation P valug
Interaction 12.42 0.3345
Transfection 22.71 0.1537
Cell Type 2.87 0.4703
Source of Variation P value summary Significant?
Interaction ns No
Transfection ns No
Cell Type ns No
Source of Variation Df| Sum-of-squares|Mean square Fi
Interaction 2 0.01992  0.009961 1.202
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Transfection 2 0.03644 0.01822 2.198
Cell Type 1 0.004608/  0.004608 0.5559
Residual 12 0.09948]  0.008290

Number of missing values 0

Bonferroni posttests

Untransfected vs NEG siRNA

Cell Type Untransfected NEG siRNA| Difference 95% CI of diff.
GLC4/S 0.4033] 0.4440 0.04067| -0.1937 to 0.2750
GLC4/ADR 0.3920 0.5700 0.1780] -0.05637 to 0.4124
Cell Type Difference { P value Summary|
GLC4/S 0.04067 0.5470 P>0.05 ns
GLC4/ADR 0.1780] 2.394 P>0.05 ns
Untransfected vs VRNA1 siRNA

Cell Type Untransfected) VRNAL siRNA| Difference 95% ClI of diff.
GLC4/S 0.4033] 0.4497 0.04633]  -0.1880 to 0.2807
GLC4/ADR 0.3920 0.4310 0.0390] -0.1954 to 0.2734]
Cell Type Difference { P value Summary|
GLC4/S 0.04633 0.6233 P>0.05 ns
GLC4/ADR 0.0390 0.5246 P >0.05 ns
NEG siRNA vs VRNAL siRNA

Cell Type NEG siRNA| VRNAL siRNA| Difference 95% CI of diff.
GLC4/S 0.4440 0.4497|  0.005667| -0.2287 to 0.2400
GLC4/ADR 0.5700 0.4310 -0.1390] -0.3734 to 0.09537|
Cell Type Difference i P value Summary|
GLC4/S 0.005667 0.07623 P >0.05 ns
GLC4/ADR -0.1390 1.870 P>0.05 ns

Appendix 11. Two-way ANOVA table for NFKkB p65 determined by ELISA

Source of Variation % of total variation P valug|
Interaction 7.97 0.3747|
Transfection 45.64 0.0148
Cell type 1.56 0.5302
Source of Variation P value summary|  Significant?|
Interaction ns No|
Transfection * Yes|
Cell type ns No|
Source of Variation Df|Sum-of-squares|Mean square F
Interaction 2 0.002097|  0.001049 1.067|
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Transfection 2) 0.01201] 0.006007 6.109
Cell type 1 0.0004109] 0.0004109 0.4179
Residual 12 0.01180] 0.0009833

Number of missing values 0

Bonferroni posttests

Untransfected vs NEG siRNA

Cell type Untransfected| NEG siRNA| Difference| 95% CI of diff.
GLC4/S 0.3667 0.3273]  -0.03933]  -0.1201 to 0.04139
GLC4/ADR 0.3743 0.3310]  -0.04333]  -0.1241 to 0.03739
Cell type Difference { P value Summary|
GLC4/S -0.03933 1.536 P >0.05 ns
GLC4/ADR -0.04333 1.693 P >0.05 ns
Untransfected vs VRNAL siRNA|

Cell type Untransfected| VRNAL siRNA| Difference 95% CI of diff.
GLC4/S 0.3667 0.3283] -0.03833]  -0.1191 to 0.04239
GLC4/ADR 0.3743 0.2883]  -0.08600| -0.1667 to -0.005282
Cell type Difference { P value Summary|
GLC4/S -0.03833 1.497 P >0.05 ns
GLC4/ADR -0.08600 3.359 P <0.05 *
NEG siRNA vs VRNAL siRNA

Cell type NEG siRNA|vRNA1L siRNA| Difference 95% CI of diff.
GLC4/S 0.3273 0.3283]  0.001000] -0.07972 to 0.08172
GLC4/ADR 0.3310 0.2883] -0.04267| -0.1234 to 0.03805
Cell type Difference { P value Summary|
GLC4/S 0.001000 0.03906 P >0.05 Ns
GLC4/ADR -0.04267, 1.666 P >0.05 ns

Appendix 12. Two-way ANOVA table for IL-6 expression determined by ELISA

Source of Variation % of total variation P valug|
Interaction 21.06) 0.0012
Transfection 34.97 0.0001]
Cell type 33.80 < 0.0001]
Source of Variation P value summary| Significant?
Interaction X Yes|
Transfection il Yes|
Cell type faleiel Yes

Source of Variation

Df]

Sum-of-squares

Mean square
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Interaction 2 0.05419 0.02709 12.43
Transfection 2 0.08997 0.04499 20.64
Cell type 1 0.08694 0.08694 39.89
Residual 12 0.02615]  0.002179

Number of missing values 0

Bonferroni posttests

Untrasfected vs NEG siRNA

Cell type Untrasfected]  NEG siRNA| Difference 95% ClI of diff.
GLC4/S 0.7137 0.5027 -0.2110] -0.3312 to -0.09083
GLC4/ADR 0.6997 0.6957| -0.004000 -0.1242 10 0.1162
Cell type Difference i P valug Summary|
GLC4/S -0.2110 5.536) P<0.001 il
GLC4/ADR -0.004000 0.1049 P >0.05 ns
Untrasfected vs VRNAL siRNA

Cell type Untrasfected| VRNAL siRNA| Difference| 95% CI of diff.
GLC4/S 0.7137 0.4163 -0.2973] -0.417510-0.1772
GLC4/ADR 0.6997 0.6543]  -0.04533]  -0.1655 to 0.07484
Cell type Difference i P valug Summary|
GLC4/S -0.2973 7.801] P<0.001 il
GLC4/ADR -0.04533 1.189 P >0.05 ns
NEG siRNA vs VRNAL siRNA

Cell type NEG siRNA| VRNA1 siRNA| Difference 95% CI of diff.
GLC4/S 0.5027 0.4163]  -0.08633]  -0.2065 to 0.03384
GLC4/ADR 0.6957 0.6543]  -0.04133] -0.1615 to 0.07884
Cell type Difference i P valug Summary|
GLC4/S -0.08633 2.265] P >0.05 ns
GLC4/ADR -0.04133 1.084 P >0.05 ns

Appendix 13. Two-way ANOVA table for CYP34A expression determined by

ELISA

Source of Variation % of total variation P value
Interaction 10.39 0.1162
Transfection 59.13 0.0006
Cell type 6.39 0.0995]
Source of Variation P value summary|  Significant?,
Interaction ns No|
Transfection il Yes|
Cell type ns No
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Source of Variation Df{Sum-of-squares|Mean square Fi
Interaction 2 0.001670] 0.0008349 2.589
Transfection 2 0.009502]  0.004751] 14.73
Cell type 1 0.001028/  0.001028 3.187
Residual 12 0.003869| 0.0003224|

Number of missing values 0

Bonferroni posttests

Untransfected vs NEG siRNA

Cell type Untransfected] NEG siRNA| Difference 95% ClI of diff.
GLC4/S 0.2863 0.2683]  -0.01800] -0.06422 to 0.02822
GLC4/ADR 0.3090] 0.2570|  -0.05200] -0.09822 to -0.005777
Cell type Difference i P valug Summary|
GLC4/S -0.01800] 1.228 P>0.05 ns
GLC4/ADR -0.05200 3.547 P<0.01 **
Untransfected vs VRNAL siRNA|

Cell type Untransfected| VRNAL siRNA| Difference 95% ClI of diff.
GLC4/S 0.2863 0.2250,  -0.06133  -0.1076 to -0.01511
GLC4/ADR 0.3090] 0.2590|  -0.05000] -0.09622 to -0.003777
Cell type Difference ] P valug Summary|
GLC4/S -0.06133 4.183 P<0.01 okl
GLC4/ADR -0.05000 3.410] P <0.05 *
NEG siRNA vs vVRNAL siRNA

Cell type NEG siRNA|VRNAL siRNA| Difference 95% CI of diff.
GLC4/S 0.2683 0.2250]  -0.04333 -0.08956 to 0.002890
GLC4/ADR 0.2570 0.2590]  0.002000] -0.04422 to 0.04822
Cell type Difference i P valug Summary|
GLC4/S -0.04333 2.956 P <0.05 *
GLC4/ADR 0.002000 0.1364 P>0.05 ns

Appendix 14. Two-way ANOVA table for GAPDH expression determined by

ELISA

Source of Variation % of total variation P valug|
Interaction 7.63 0.5557|
Transfection 3.24 0.7737|
Cell type 14.93 0.1461

Source of Variation

P value summar

Y| Significant?

Interaction ns| No|
Transfection ns| No|
Cell type ns No

Source of Variation

Df|

Sum-of-squares

Mean square
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Interaction 2 0.003558|  0.001779 0.6173
Transfection 2 0.001511] 0.0007554 0.2621
Cell type 1 0.006962|  0.006962 2.415]
Residual 12 0.03459  0.002882,

Number of missing values 0

Bonferroni posttests

Untransfected vs NEG siRNA

Cell type Untransfected]  NEG siRNA| Difference 95% CI of diff.
GLC4/S 0.7883 0.8163 0.0280] -0.1102 to0 0.1662)
GLC4/ADR 0.7857 0.7720]  -0.01367| -0.1519 to0 0.1245)
Cell type Difference { P value Summary|
GLC4/S 0.0280 0.6388 P >0.05 ns
GLC4/ADR -0.01367| 0.3118, P >0.05 ns
Untransfected vs VRNAL siRNA

Cell type Untransfected| VRNAL siRNA| Difference 95% CI of diff.
GLC4/S 0.7883 0.8077 0.01933] -0.1189t0 0.1575
GLC4/ADR 0.7857 0.7367|  -0.04900] -0.1872 to 0.08920
Cell type Difference { P value Summary|
GLC4/S 0.01933] 0.4410 P >0.05 ng
GLC4/ADR -0.04900 1.118 P >0.05 ns
NEG siRNA vs VRNAL siRNA

Cell type NEG siRNA| vVRNAL siRNA| Difference 95% CI of diff.
GLC4/S 0.8163 0.8077| -0.008667| -0.1469 to 0.1295)
GLC4/ADR 0.7720 0.7367]  -0.03533]  -0.1735t0 0.1029
Cell type Difference { P value Summary|
GLC4/S -0.008667 0.1977 P >0.05 ng
GLC4/ADR -0.03533 0.8061 P >0.05 ns
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