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L. SUMMARY

RNase L was originally identified as a non-specific endoribonuclease. which
degraded viral and cellular single-siranded RNAs after being activated by 2-35A
cofactor(s) in response to viral-infection and interfcron (IFN) treatment of mammalian
cells. RNA degradation by RNase [. led to apoptosis of virus-infected cells thus
producing antiviral effects. [.ater, RNase L. was identified as a tumor suppressor as well
as a human prostate cancer (HPC-1) susceptibility locus. It was argucd that a
homozygous mutation (R462(3) in the RNase L. gene (RNASEL) increased the risk for
prostate cancer in human patients. A human gammaretrovirus, Xenotropic murine
leukemia virus-related virus (XMRV). that was dctected at high frequency in patients
homozygous for the RNase-L mutation but was found at significantly reduced rates in
heterozygous or wild type individuals. Like other retroviruses, XMRV probably
promotes tumorigenests by integrating adjacent to cellular genes and changing their
expression; in fact, mapping of XMRYV integration sites in prostate cancer revealed a
preference for cancer-associated genes and regions {(Kim et al., 2010). Stable
knockdown of RNasc-1. increased tumor size and number as compared to the control
cells in the nude mouse xenografts of human cervical cancer cells and ectopic expression
of RNase L reduced tumorigenesis in a murine xenograft model (Liu et al.. 2007). While
most studies described a tumor suppressor role for RNase L. it was reported to be
upregulated in  premalignant tamilial adenomatous polyposis  polyps and
adenocarcinomas as compared to the colon epithelium (Wang et al., 1995). Androgens
play an importent role in the development of prostate. Androgen ablation therapy is
recommended in many prostate cancer cases. RNase L interacted with androgen receptor
(AR) in a ligand-dependent manner. In transient transfection experiments,
overexpression of wild-type or R462()-mutated RNase 1. differentially affected the
ability of IFN to antagonize Sa-dihydrotestosterone (DHT) mediated transactivation.
Furthermore, it was also shown that IFN-insensitive cells could become sensitive to [FN

upon down-regulation of AR-expression by siRNA (Bettoun et al., 2005).

In the meantime. earlier studies in our laboratory reported that the human RNase
L when expressed as a recombinant protein in E. Coli caused degradation of the RNAs
and inhibited cell growth without cxogenous 2-5A cofactor (Pandey and Rath, 2004).
This human RNase L protein was degraded in E. Coli cells, later this was stabilized and

purified by expressing a GST-hRNase L fusion protein, which was biochemically active
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against cellular rRNAs 7 vigro in a 2-5A dependent manner (Gupta and Rath, 2012). But
a RNase-domain deletcd / dominant negative form of the mouse RNase L. (homologous
1o the human RNase L) not only did not degrade the RNAs but also it stimulated the .
Coli cell growth. Earlier. this dominant negative mouse RNase [. (DN-mRNase [)
¢DNA was reported to inhibit RNA dcgradation and apoptosis caused by the human
RNase L cDNA in the mammalian cells. and this was explained as. since the DN-
mRNase L protein bound and sequestered the 2-5A cofactors, the hRNase L. protein was
less active (Naik et al, 1998). Later, it was found out in our laboratory that the DN-
mRNase L protein was highly degraded when expressed in E. Cofi and it stimulated
expression of some E. ('oli proteins. which might have stimulated the E. Coli cell growth
{(Gupta and Rath, 2009. unpublished), this informed about a role of RNase L similar to
the opposite eflect ol a tumor-suppressor in terms of cell growth, proliferation of
mammalian cells. A study in our laboratory. for the first time showed that the RNase-
domain deleted RNase L. may have other cellular functions/ cffects; this is analogous to
the gain-of-function mutation effect(s) of a tumour-suppressor. Yet another study from
our laboratory showed that cellular RNase L protein expression was induced by a
number of stressors like the anticancer drugs, dsRNA, H,0,, CaCl, and inflammatory
cytokine (TNF-a) in the human cervical carcinoma (HeLa) cells. this correlated with
RNA-degradation, DNA-fragmentation and apoptosis in the cells (Pandey et al., 2004).
suggesting for the first time that RNase L is a stress-responsive gene tactor and it may be

involved in normal ceilular functions other than its well-established antiviral role.

In another study from our laboratory, a number of cellular proteins were
identified from the mouse spleen which interacted with RNase L (Gupta, 2009). It was
also found that the RNase L mRNA was constitutively expressed in the mouse tissues
with higher levels in the spleen and thymus, the two immunological tissues (Gupta,
2009). This stimulated us to explore the link between RNase L expression and prostate

cancer, if any.
With this background the present study was designed to address the following questions

A. What is the status of RNase L exprcssion in mouse tissues under normal
conditions?
B. What is the effect(s) of endogenous and exogenous androgen(s) on the expression

of RNase L in the prostate tissue oi mouse under in vive conditions?
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C. What is the status of RNase [ expression in an androgen-responsive and
androgen-unresponsive human prostate cancer cell fines?

D. What is the effect(s) of androgen on RNase L expression in the above two human
prostate cancer cell [ines?

E. What is the effect(s) ot oxidative stress (H.0-) on RNase L expression in above

two human prostate cancer cell lines?

In our study it was found that. RNase L. mRNA is constitutively expressed in the
mouse tissues under normal physiological conditions. with 3X fold higher level in the
spleen and 2X fold higher level in thymus. when compared to other tissues, i.e. prostate,
suggesting housekeeping function(s) of RNase L in the tissues as well as its
immunological role(s) in the spleen and thymus. This is a new information, as RNase L
has been long known as mainly an antiviral RNA-degrading enzyme induced by viruses.

intetferons and dsRNA in mammalian cells.

RNase . mRNA may not be primarily regulated by endogenous androgen in normal
mouse prostate tissue, exogenous androgen also did not show any major significant
effect on RNase L mRNA level, at the best, it may negatively regulate RNase L
expression to some extent, possibly, through a cryptic androgen response element (ARE)

in the RNase L promoter at -51 to -63 nucleotide, which needs to be established.

Human prostate cancer cell lines, c.g. the androgen-unresponsive DUI45 and the
androgen-responsive 22Rvl cells showed differential effects of androgen in regulating
the levels of RNase L mRNA and protein. In 22Rv1 cells, androgen caused cell
proliferation of nearly 1.5X fold at 48 hr, and down-regulation of the level of RNase L
mRNA (0.46X fold) as well as protein, while in DU145 eells no effect of testosterone
was observed either on cell proliferation or on expression of RNase L mRNA and
protein. Here, negative regulation of RNase L positively correfated with cell proliferation

in response to androgen.

Oxidative stress by H,O, caused cytotoxic/apoptotic effect on both DUI145 and
22Rv1 cells and up regulated the RNase L mRNA and protein level in both the
androgen-responsive and unresponsive ccll lines, 22Rv1 and DUI45 cell lines.
respectively. There was an increase of 5.75X fold for DU145 and 1.51X fold for 22Rvl
in the RNase L. mRNA expression in response to H,O,. Here, again positive regulation of

RNase L negatively correlated with cell proliferation.
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RNase L expression in the human prostate cancer cells may be exploited to cause
inhibition of cell growth/proliferation and oxidative stress-inducing agents like H>O» may
be exploited to induce RNase L expression in order to cause cytotoxicity/apoptosis in
both androgen-responsive and androgen-unresponsive human prostate cancer cells.
Further investigation is necessary to dissect the molecular details of these cellular effects

of androgen and H,0; in the context of RNase L. gene expression.

Although our study have revealed the regulation RNase I. mRNA and protein in
androgen-responsive and androgen-unresponsive human prostate cancer cells DUI45
and 22Rv1, respectively. by androgen and oxidative stress inducing agent H,O.., further

investigation is necessary to establish the molecular details of these cellular effects.
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II. INTRODUCTION

The mammalian innate immune system is the first line of defense against
pathogens such as viruses. bacteria, fungi and parasites that encounter passive physical
barriers like the skin and mucosal tissues. 1f the pathogen crosses this barrier. the innate
immune systems will recognize the agent and generate active anti-viral and antimicrobial
responses at the cellular level by producing pro-inflammatory cytokines and interferons
(IFNs) (Stark ¢t al., 1998). Interference to viral growth was first reported by Issacs and
Lindenman (1957) in the chick choricallantoic egg membranes pre-exposed to heat
inactivated influenza virus. The secreted factor from the chorioallantoic membranes
responsible for interference with virus (inhibition) was named as “interferon™ (IFN).
Atanasiu and Chany (Atanasiu and Chany, 1960) demonstrated that pre-treatment of
hamsters with [FN preparations prior to inoculation of Polyoma Virus delayed
appearance of the tumors. Paucker (Paucker et al., 1962) argued that murine IFN
inhibited cell growth and the activity was independent of its antiviral action; Gresser
(Gresser et al., 1969) demonstrated that treatment of IFN could inhibit tumor growth in
animals. These properties of IFNs were later proved by recombinant IFNs in 1980s and

later,

IFNs are a family of cytokines that have anti-viral, anti-proliferative and
immunomodulatory effects on many cell types. The classification of the [FN family of
proteins is based mainly on their sequence, chromosomal location and receptor
sbeciﬁcity (Chelbi-Alix and Wietzerbin, 2007). There are mainly three types of
interferons, Type I, Il and II1. The type T [FNs consist of [FN-a, -p. -, -g, -, -3, -t and -
{ (limitin) (Pestka et al.. 2004). Some of these like IFN-6, -7 and -( are only detected in
pigs/cattle, ruminants and mice respectively. All these members are induced in virally
infected cells to induce an antiviral state in the uninfected cells. Most of the studies on
interferons have focused mainly on IFN-o/B. IFN-a/p also shows a variety of important
immunomodulatory roles in the innate immune response and also in the adaptive
immune response. Additionally, a direct or indirect tumor suppression is one of the major
therapeutic activities of IFN-a/B. All of the members transmit signals through a receptor
complex composed of two subunits, IFNAR-I and IFNAR-2 (Takaoka and Yanai, 2006).
Type 1 IFN comprises of IFN-y. This cytokine is strongly produced by activated
macrophages, T cells and NK celis. [FN-y signaling is essential for the activation of

macrophages to constitute the effective form of innate immunity to intracellular
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microorganisms. and it also contributes to the development of CD4+ Thl cells and
cytotoxic CD8+ T cells (lkeda et al., 2002). [FN-v signals through a pair of receptor
subunits, [FNGR-1 and IFNGR-2. The type Hll IFN consists of [FN-As or 1L-28/29. In
humans, this group includes three homologous proteins, [FN-A1-3 (IL-28A, IL-28B and
IL-29). Similar to type | [FNs. they are induced upon viral infection for their antiviral
activity by inducing IFN-stimulated genes e.g.. OAS (2".5-Oligoadenylate synthetase),
PKR (Protein Kinase R. double stranded RNA-dependent) and MxA, through activation
of Jak kinase(s), Stgnal Transduction and Activator of Transcription (S§TAT) factors and
subsequent formation of the IFN-stimulated (ISGF) complex (Vilcek, 2003). However.
the major differences are that they are structurally distinct from type I IFNs and they
utilize their specific receptor subunit, IFN-AR| or [L-28Ra. together with TL-10R2 is
known to be a shared receptor subunit ameng IL-10, IL-22 and 1L-26. In this regard, they
might be separated into the third group (type I1I IFNs).

IFNs act in the cell through the Janus-Kinase Signal Transduction and Activation
of Transeription (JAK-STAT) pathway by induction of a subset of genes, called TFN
stimulated genes (ISGs). The ISGs are known to cause anti-viral, cell cycle inhibitory,
anti-angiogenic, and pro-apoptotic effects (Chawla-Sarkar et al., 2003). Genes induced
by IFNs include the 2°. 5'-oligoadenylate synthetases (OAS), located on chromosome
12q24.2, which encodes 8-10 latent isoforms of OAS by alternative splicing (Rebouillat
and Hovanessian, 1999). In human., three OAS genes (OASI-3) and a related

- enzymatically inactive gene OASL are known (Justesen et al., 2000). Double stranded
RNA activates OAS proteins to catalyze the 2’-specific adenosine nucleotidyl transfer
reactions using ATP as a substrate. OASI| and OAS2 proteins produce mainly 2-5A
trimer or longer oligomers, all of which stimulate RNase L. However, OAS3 proteins
produce predominantly 2-5A dimer, which does not stimulate RNase L. (Rebouiltat et al.,

1999).

IFN inhibits virus replication in higher vertebrates. this is effected by causing
cells to transcribe genes encoding anti-viral proteins, including the 2'-5" oligoadenylate
synthetases (OAS) (Kerr and Brown, 1978; Mashimo et al., 2003). The viral double-
stranded RNA (dsRNA) produced by viral infections, which acts as pathogen associated
molecular pattern (PAMP), activates OAS to produce 5'-phosphorylated, 2, 5'-linked
oligoadenylates (2-5A) from ATP. The known function of 2-5A is to activatc latent and

ubiquitous RNase L, which is a ubiquitous 83 kDa protein that dimerizes into its
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catalytically active form upon 2-5A binding (Dong and Silverman, 1995; Zhou et al.,
1993). The 2-5A cofactor must have at least one (in human) or two (in mice) 5°-
phosphoryl groups and a minimum of three adenylyl residues in 2°. 57 linkage (Cayley et
al., 1984). Upon activation, RNase L degrades both viral and cellular single-stranded
RNA, which leads to suppression of virus replication. Anti-viral role of the 2-5A system
was understood by in vivo studies with RNase L knock-out mice, which have increased
susceptibility to virus compared to wild type mice (Flodstrom-Tullberg et al., 2005;
Samuel et al., 2006; Zhou ct al., 1997). The 2-5A/RNase L pathway is implicated in
mediating apoptosis in response to viral infect ions. Thus, sustained activation of RNase
L triggers a mitochondrial pathway of apopsosis by activating the stress-activated protein
kinases, c-jun NH2-terminal kinases (JNKs) to eliminate virus-infected cells (Castelli et
al., 1997; Li et al,, 2004; Malathi et al., 2004; Zhou et al,, 1997). RNase [-mediated
apoptosis is accompanicd by cytochrome c release from the mitochondria and requires
caspase-3 activity (Rusch et al.. 2000). The caspase-dependent signaling cascade recruits
Fas-associated death domain (FADD) and caspase-8 to activate the effectors caspase-3
and caspase-7. These caspases cleave their substrates such as poly(ADP-ribose)
polymerase (PARP), Rb, p-GDI, and lamins. ultimately leading to cell death (Almasan
and Ashkenazi, 2003).

Prostate cancer ts a major cause of cancer related deaths in the human males in
the western world and it is increasing in India. One of the first evidences of association
of RNase L to prostate cancer came from identification of RNASEL {gene encoding
RNase L) as a candidate gene for human prostate cancer | (HPC1) (Carpten et al., 2002;
Silverman, 2003). Several germline mutations or variants in the HPCI/RNASEL gene
have been observed among hereditary prostate cancer cases. A controlled sib-pair study
implicated the RNase L. R462Q variant in up to 13% of unselected prostate cancer cases
(Casey et al., 2002). One and two copies of the mutated gene increased the risk of
prostate cancer by about 150% and 200%, respectively. The RNase L **Q" variant at
residue 462 in the kinase-like region had a 3X fold decrease in the catalvtic activity
compared to the wild-type enzyme, due to an impairment in dimerization (Xiang ct al..
2003). However, while several case-controlled genetic and epidemiologic studies support
the involvement of RNASEL (and notably the R462Q variant) in prostate cancer etiology
others do not (Silverman, 2003) suggesting that population differences and

environmental factors, such as viral infection, may modulate the impact ot RNASEL on
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prostatic carcinogenests. Therefore, there is a possibility that the linkage of RNase L

alterations to HP( might reflect enhanced susceptibility to a viral agent.

The direct evidence that RNase 1. is able to inhibit tumour growth in vive was
provided by Liu and coworkers (Liu et al., 2007). To directly mcasure the cffcet of
RNase L on tumour growth in the absence of other IFN-induced proteins, human RNase
L. cDNA was stably expressed in P-57 cells, an aggressive mousc fibrosarcoma cell line.
Three clonal cell lines were isolated in which the overexpression of RNase L was 15-20-
fold higher than the cndogenous level. Groups of five nude mice were subcutaneously
injected with either the human RNasc L overexpressing clones or the control cells
transfected with an empty vector. Tumour growth by the two types of cell lines was
monitored by measuring the tumour volumes. In the human RNase 1. overexpressing
group, tumour formation was significantly delayed and the tumours grew much slower

compared to the control group.

Correlation of RNase L to prostate cancer encouraged researchers to look for its
role in other cancers. As prostate cancer occurs in some familial cases of pancreatic
cancer, Bartsch and co-workers evaluated the role of two variants of RNASEL gene:
E265X and R462Q) in the etiology of pancreatic cancer {Bartsch et al., 2005). The study
showed that the RNASEL R462Q variant might be associated with an increased risk for
sporadic pancreatic cancer and with more aggressive tumors in familial pancreatic
cancer. The R462Q variant of RNase L. correlated with earlier age of onset of the
hereditary non-polyposis colorectal cancer (Kruger et al., 20035). Elevated levels of
RNase L in the colorectal cancer were observed compared to the corresponding normal
mucosa (Wang et al., 1995). Interestingly, it was found that, in the lung cancer, the
expression of RNase L was 3- and 9- fold higher in its mRNA and protein levels. but
there was a significant decrease of its enzymatic activity when compared to that in
corresponding normal lung cells. Further it was also found that the 2-5A-induced
dimerization of the RNase L protein, a necessary prerequisite for the activation of RNase
L, was inhibited, as a result of that RLI, a specific inhibitor of RNase L, was remarkably
up-regulated in the cancer cells (Yin et al., 2012).

Thus, considering the available literature the RNase L is an unique molecule
having broad range of functions, including its role in cancer in general. Its role in
prostate cancer is an active area of research in the last few years. The scientific evidence

for its role in prostate cancer have been growing, but many areas, particularly androgen,
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its corelation with androgen status, its regulation by androgen with respect to prostate
cancer and normal prostate cells remains less-investigated. A careful and detailed
analysis is required to understand the relationship between prostate cancer, RNase L and

androgen.
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III. REVIEW OF LITERATURE

IL.1. Interferons

The interferons are well known cytokines with antiviral, antiproliferative and
immunomodulatory molecules. Virus infection or interferon treatment of mammalian
cells induces the expression of the protein kinase (PKR), 2°-5° Oligoadenylate
synthetases (OAS), adenosine deaminase acting on RNA (ADAR1), Mx, apolipoprotein
B mRNA-editing enzyme catalytic polypeptide like editing complex (APOBEC), Fv, and
tripartite motif (TRIM) proteins (Samuel et al., 2006). Among the IFN-induced proteins
believed to affect virus multiplication are PKR, which inhibits transiation initiation
through phosphorylation of the protein synthesis initiation factor elF-2a; the OAS
synthetase family and RNasc L. which mediates RNA degradation; the family of Mx
protein GTPases, which appear to target viral nucleocapsids and inhibit RN A synthesis;

and ADAR, which edits double-stranded RNA by deamination of adenosine 1o inosine,
IIL.2. Antiviral pathways

Release of interferon after recognition of viral signal to cell, induces the
expression of a set of interferon stimulated genes (ISGs). ISGs activate antiviral
pathways including amplification of interferon signaling, production of cytokines that
activation of adaptive immunity, and many factors that directly inhibit viruses. ISGs with
direct antiviral functions are an active area of research, largely becausc they are virus-
specific and can have multiple mechanisms. The major known Antiviral pathways

induced by interferons are described below.
ITL2.1. The protein kinase R (PKR) pathway

The Protein kinase R (PKR) was discovered by its property of inhibition of
protein synthesis in cell free lysates on treatment with dsRNA, interferon or viruses
(Ehrenfeld and Hunt, 1971; Kerr et al., 1974; Meurs et al., 1990). PKR is also known by
several other names in the literature like DAI, dsl, Pl kinase or TIK (for the mouse
enzyme). Besides PKR, the other protein kinases that phosphorylate elF2a and regulate
the protein synthesis are the hemin controlled repressor (HCR/EIF2aK 1), PERK
(EIF2aK3) and GCN2 kinase (EIF2aK4) (Williams, 1999).
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The PKR molecule contains an N-terminal dsRNA binding domain (consisting of’
two tandem copies of a conserved dsRNA binding motif, dsRBM | ‘;md dsRBM2) and a
C-terminal kinase domain (Nanduri et al.. [998). PKR is generally expressed
constitutively at very low basal levels in almost all the tissues however. its expression is
enhanced by type | and type Il interferons (Ank ct al., 2006). PKR is activated by viral
dsRNA, polyanionic molecules like heparin (George et al.. 1996), ceramide (Ruvolo et
al., 2001) and protein activators (Patel and Sen. 1998) by relieving the inhibition of its C-
terminal kinase domain by N-terminal RNA binding domain. Binding of the dsRNA
activates the PKR by conformational switching leading to its homdimerization and
autophosphorylation at several residues (Dar et al., 2003). The active PKR molecule then
phosphorylates the elF2a at serine residue 51. resulting in its sequesteration by eIF2p

(Roberts et al.. 1976).

PKR interacts with mainly three proteins viz; the TRAF family of adaptor
molecules that are associated with the TLR signaling (Gil et al.. 2004); the protein
activator of PKR called as PACT (also known as PRKRA) (Patel and Sen, 1998) and the
cleavage of its N-terminal RNA binding domain by caspases {caspase 3, caspase 7 and
caspase 8) generating a constitutively active, truncated kinase domain {Gil and Esteban,
2000; Saelens et al., 2001). Gene targeting studies in mice have demonstrated PKR to
have antiviral actions against several RNA viruses like HCV_ hepatitis D virus, WNV.
HIV-1, sindbis virus. EMCV and foot and mouth virus and also some DNA viruses like
HSV-1 (Sadler and Williams, 2008). The constitutive expression of PKR at low levels
also indicates that it functions as a double-stranded RNA specific PRR in addition to its

role as an antiviral effector molecule.
I11.2.2. The Mx GTPase pathway

The Mx family of GTPases, highly induced in response to type I IFNs, upon
induction is assembled into constitutively active oligomers. They are responsible for the
antiviral state against influenza virus infection in mice (Pavlovic et al., 1992). This class
of protein consists of four families of proteins viz; the p47 guanylate-binding proteins
(GBPs), the p65 GBPs, the very large inducible GTPases and the Mx proteins, among

which only Mx proteins are known to antiviral functions (Haller et al.. 1980).

The Mx family of GTPases, comprise of MxA and MxB present on chromosome

21 in humans and are localized in the cytoplasm of the cell (Aebi et al., 1989). Similarly,
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the mouse Mx1 and Mx2 genes are present on chromosome 16; the Mx| resides in the
nucleus while the Mx2 is present in the cytoplasm. Sensitivity of mouse strains to
orthomyxovirus was solely due to mutations in the Mx gene locus which was could be

restored by Mx | expression (Ambheiter et al., 1990; Lindenmann, 1962).

The tamily of viruses that are susceptible to Mx proteins are orthomyxoviruses.
paramyxoviruses, rhabdoviruses, togaviruses and bunyaviruses (Andersson et al., 2004).
The Mx proteins consist of a large N-terminal GTPase domain. a central interacting
domain (CTD) and the C-terminal leucine zipper (1.Z) domain. They are present near the
smooth endoplasmic reticufum and bind viral structures like the nucleocapsid domain
through the CID and LZ domains (Kochs and Haller, 1999). They mediate vesicle
trafficking to trap essential viral components at early part of the infection and they also
bind to influenza virus polymerase (PB2) subunits to block viral gene transcription

{Accola et al., 2002; Turan et al.. 2004).
II1.2.3. RNase L pathway

The 2-5A pathway is constituted by 2-5A synthetases, (2-50AS), 2-5A cofactor
and the RNase L. The 2-5A cofactor activates RNase L to degrade RNAs. The 2-50A8
synthesizes the 2-5A from ATP. Virus, dsRNA, interferons induce and activate 2-50AS,
2-5A and RNase L for the antiviral detence. Discovery of 2-5A {(Kerr and Brown, 1978)
as low molecular weight inhibitor of protein synthesis, on incubation of the cytoplasmic
extracts from interferon-treated cells with dsRNA and ATP, led to the curiosity about the
role of this small unusual oligonucleotides. The 2-5A was later shown to induce a
nuclease activity (Hovanessian et al., 1979). The specificity of the 2-5A dependent
endoribonuclease to UA and UU sequences was shown later (Wreschner et al., 1981).
Two years later, it was shown that Interferon treatment of mouse JLS-VOR cells resulted
in a 10- to 20-fold increase in the levels of the 2-5A (ppp(A2'p)nA)-dependent RNase.
The nuclease was monitored in cell extracts by covalent and non-covalent binding of **P-
labeled 2-5A derivatives to the nuclease and by the appearance of 2-5A-mediated
ribosomal RNA cleavage products. The 2-5A dependent RNase was purified (Silverman
etal., 1988) by affinity labeling of the proteins with a **P-labeled 2-5A derivative. which

revealed that, the mouse 2-5A dependent RNase is a 80kDa protein.

The viral pathogen associated molecular pattern (PAMP), double-stranded RNA
(dsRNA) produced by viral infections, activates OAS to produce 5'-phosphorylated, 2/,
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§-linked oligoadenvlates (2-5A) |px5'A(2'p5'A)n; x = 1-3; n=2] from ATP. Examples of
viral dsRNA include replicative intermediates of many singlé-stranded RNA viruses.
such as picomativuses (Gribaudo et al., 1991). In addition, many DNA viruses, such as
poxvirus, vaccinia virus. produce dsRNA by annealing of complementary RNAs
transcribed from viral DNA strands (Colby and Duesberg, 1969). The known function of
2-5A is to stimulate pre-existing, latent and ubiquitous RNase L, a ubiquitous 83 kDa
protein that dimerizes into its catalytically active form upon 2-5A binding (Pong and
Silverman, 1995; Zhou et al., 1993). RNase L. activation degrades both viral and cellular
single-stranded RNA leads to suppression of virus replication. 1In vivo evidence for the
anti-viral role of the 2-5A system was provided by studies with RNase L. -/- mice. which
have increased susceptibility to the picornaviruses, encephalomyocardit is virus, and
Coxsackievirus, or the flavivirus West Nile virus compared to wild type mice

(Flodstrom-Tullberg et al.. 2005: Samuel et al., 2006; Zhou et al., 1997).
MI.2.3.1. 2-50AS8

The 2°, 5°-Oligoadenylate synthetases (2-50AS) are the only known enzyme,
which can catalyzc the synthesis of 2° to 5 linked phosphodiester bond rather than the
usual 37 to 57 phosphodiester bond formation as catalyzed by conventional nucleotide
polymerases. These family proteins were discovered by their property to synthesize
small molecule inhibitors of protein synthesis in cell free lysates on treatment with
dsRNA, interferon or viruses along with PKR (Ehrenfeld and Hunt, 1971; Kerr et al.,
1974; Meurs et al.. 1990). Aiso activated in presence of the dsRNA on viral infection or
IFN treatment and then they utilize ATP as substrate to synthesize unique and labile
oligomers of adenosine, collectively referred to as 2-5A with the general formula
PPPA(2'pS’A),, n = 1. SOAS proteins are constitutively expressed at Jow basal levels in
healthy individuals, therefore it is believed that they can function as PRRs for the
presence of viral dsRNA in the cytoplasm as well as also involved in some other
physiological functions of the normal cell (Kerr et al., 1977). Apart from 2-5A synthesis.
partially purified 2-50AS preparations can also catalyze in vitro transfer of a nucleotide
monophosphate moiety to the 2’-OH end of a preformed 2-5A molecule or to a
nucleotide with the structure RpA like NAD'. tRNA, and 5°.5"-linked Ap4A or Ap3A
(Cayley and Kerr, 1982; Turpaev et al., 1997). In addition to humans and mice, the 2-
S0AS is also found in various species such as rat, pig, chicken (Truve et al., 1994), and

even in the lowest multicetlular organisms like the marine sponges (Schroder et al.,
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2008) where the activity of the enzyme is not dependent on dsRNA (Lopp et al., 2002).
On LPS treatment in sponges, the 2-50A8 mRNA and aétivity are increased, thus
suggesting that the 2-50AS is involved the mechanism of defense against
microorganisms (Schroder et al., 2008). In humans, the 2-50AS is expressed in
peripheral blood mononuclear cells (PBMCs) where it is used as marker to monitor the

immediate response of patients to IFN-treatment (Witt et al., 1990).

OAS genes are four types in humans referred as - OASI1 (small), OAS2
(medium), OAS3 (large) and OASL (OAS-like), which are clustered on chromosome
12g24.2. in humans and chromosome 5 in mice (Hovanessian and Justesen, 2007; Sadler
and Williams, 2008). Sequence comparison of human 2-50AS with OAS from other
species revealed the presence of a conserved domain of 346 a.a. called the OAS unit.
OAS1, OAS2 and OAS3 proteins encode for one, two and three OAS domains,
respectively. OAS/ (small) has two alternatively spliced forms in humans (eight in mice)
that produce two proteins of 40 and 46 kDa (coded by 1.6 and 1.8 kb mRNA) that differ
at their C termini by 18 and 54 amino acids, respectively. Similarly, 0452 (medium)
produces four alternatively spliced transcripts (4.5, 3.9. 3.3 and 2.8 kb) that encode two
proteins of 69 and 71 KDa while 0453 (large) encodes a single transcript of 7 kb that
produces a 100 KDa protein. OASL is the most distinct form of the OAS proteins
(Benech et al., 1985; Marie and Hovanessian, 1992; Rebouillat et al.. 1999). (JA4SL has
two transcripts (2 and 1.8 kb) expressed, which produce two proteins of 30 and 59 KDa.
The 30 KDa protein is present in the ¢ytoplasm while the higher molecular weight (59
. KDa) OASL protein contains a putative nuclear-localization signal (RKVKEKIRRTR) at
its C terminus, thus localizing to both cytoplasm and the nucleus. The OASL protein also
has an OAS domain which is inactive due to mutations at key residues that disable its
catalytic function. In addition, the OASL protein also contains a tandem repeat of 160
a.a. ubiquitin-like domains at its C-terminal end which helps in its ISGylation to other
cellular proteins following type 1 interferon treatment (Hartmann et al.. 1998; Rebouillat

etal, 1998).

A tripeptide motif (CFK) present within the OAS domain helps in the
oligomerization of the proteins; hence the OAS1 and OAS2 are tetramers and dimers
respectively. Mutations within the tripeptide motifs of OAS3 and OASL do not allow
them to oligomerize hence, they function as monomers (Ghosh et al.. 1997). OAS3

specifically synthesizes dimeric molecules of 2°, 5’-linked oligomers of adenine whereas
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OASI and OAS2 can synthesize trimeric and tetrameric oligomers of adenine (Hartmann
et al.. 2003; Sarkar et al., 2002). The dimeric forms of 2-S.A have a lower affinity than
the oligomeric molecules to bind and activate the RNAse L (Dong et al., 1994). Thus. if
the dimeric forms of 2-5A are functional, they must act via another mode of action and it
has been demonstrated that analogues of dimeric forms of 2-5A exert a negative impact
on the transcription profile in breast carcinoma cells (Latham et al.. 1996), which is in
agreement with previous reports showing that low concentrations of 2-5A can regulate
gene expression and DNA replication by direct inhibition of DNA topoisomerase |
(Castora et al., 1991). Thus. the preferential 2-5A dimer production and OAS3 induction
in response to IFN raises the possibility for the implication of OAS3 in alternative
mechanisms other than the antiviral action of interferon. GTP can also be an alternative
substrate for 2-50AS as donor as well as acceptor molecule. However. GTP has a higher
affinity for donor site of OAS in presence of ATP and it can be transferred 1o a 2-5A
matrix in presence of ATP (Marie et al., 1997). This suggests a potential role for OAS3
in pre-mRNA splicing (Sperling et al., 1991) by producing 2°, 5 phosphodiester bond in
the intermediate lariat structure, where the 57 terminal guanosine residue of the intron is

covalently joined to a conserved adenosine at the 3° end of the intron.
II1.2.3.2. RNase L.: Historical perspective

Discovery of 2-5A (Kerr and Brown, 1978) as low molecular weight inhibitor of
protein synthesis, on incubation of the cytoplasmic extracts from interferon-treated cells
with dsRNA and ATP, led to the curiosity about the role of this small unusual
oligonucleotides. The 2-5A was later shown to induce a nuclease activity (Hovanessian
et al.,, 1979). The specificity of the 2-5A dependent endoribonuclease to UA and UU
sequences was shown later (Wreschner et al., 1981). Two vears later, it was shown that
Interferon treatment of mouse JLS-V9R cells resulted in a 10- to 20-fold increase in the
Jevels of the 2-5A (ppp(A2'p)nA)-dependent RNase. The nuclease was monitored in cell
extracts by covalent and non-covalent binding of **P-labeled 2-3A derivatives to the
nuclease and by the appearance of 2-5A-mediated ribosomal RNA cleavage products.
The 2-5A dependent RNase was purified (Silverman et al., 1988) by affinity labeling of
the proteins with a 32p_labeled 2-5A derivative, which revealed that, the mouse 2-5A

dependent RNase is a 80kDa protein.
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Expression ot RNase L had been established in different tissues much before it
was cloned or antibodies were raised against it. This was‘ possible by radiolabeling of 2-
5A. Presence of RNase L in rabbit liver. kidney. spleen and rcticulocyte (Krause and
Silverman, 1993; Nilsen et al.. 1981) mouse liver, kidney. lungs. intestine, spleen, brain,
testis. thymus, intestine and heart (Floyd-Smith and Denton, 1988; Nilsen et al., 1981
Silverman et al., 1988) was shown in absence of TFN. RNase L. peaks soon during
postnatal development in many organs and gradually decrcases as thc animal ages
(Floyd-Smith and Denton, 1988). Determination of RNasc L using monoclonal antibody
showed the presence of RNase L. in normal colonic mucosa with elevated levels in the
colorectal tumors and polyps (Wang et ai., 1995). In 2005 Zhou and co-workers mapped
the promoter of RNase L and also determined and compared RNase L levels in different
human and rodent cancers and normal cell types using a radiolabeled 2-5A derivative. In
addition. levels of RNase L were established in various normal human tissues and cell

types by immunoblotting and immunohistochemistry (Zhou et ai., 20035).
I11.2.3.3. Cloning of RNase L

Zhou et al in 1993 cloned RNase L ¢cDNA where they used murine L929 cells
and enhanced the mRNA level by treating with cycloheximidc and interferon. The cDNA
library was screened by bromine substituted 3p_labeled 2-5A analogue (2-5A probe). A
single plaque ZB1 was selected from 3 X 10° plaques and the protein was expressed
from the clone by ir vitro translation. The plague showed the reactivity to both 2-5A and
highly purified polyclonal antibody. Migration of the translational product in wheat germ
extract showed an apparent molecular weight of 74kDa as opposed to 80kDa purified
previously. Further analysis showed that ZB1 was a partial cDNA clone encoding 74kDa
polypeptide made up of 656 amino acid residues (Zhou et al., 1993).

The ZB1 was then used to screen various human libraries containing genomic
DNA as well as ¢cDNA clones. to obtain a composite human RNase L ¢cDNA clone. The
screening resulted in the partial cDNA HZB! from human kidney ¢DNA library in
Agtll, which was used to pick an overlapping clone HZB22. The HZB22 was then used
as a probe to screen a human placenta cosmid library in the vector pWZC35 to pick the 5°-
region of the coding sequence in a Sac 1-fragment. Fusion of the Sacl-fragment
upstream of the Nco 1 site in ZC] produced the clone ZC3. The coding sequences along

with some flanking sequences was then subcloned into pBluescript KSII(+), resulting in
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the clone pZC35, whose predicted amino acid sequence resulted in an ORF encoding a

polypeptide of 741 residues (83,539 Daltons) representing the human RNase [..
111.2.3.4. Biochemical propertics of RNase L
RNase L is an [FN-inducible endoribonuclease for single stranded RNA.

Its general biochemical properties are:

8. No. | Property Comments

1 Size 83.5kDa. 74 laa (human)

80kDa, 735aa (mouse)

2 Functional | single stranded RNA binding endoribonuclease

definition activated by 2-5A

3 Specificity | cleaves 3’- of UU, UA sequences, shows substrate

specificity for ISG43 and 1SG15 mRNA

4 Divalent ion | Mg'" and Mn"" ions enhance 2-5A binding and
effect ribonuclease activity
5 ATP effect | ATP moderately enhances RNase L, activity

I11.2.3.5. Structure of RNase L

RNase L has a bipartite structure with a N-terminal regulatory domain and a C-
terminal functional domain {Dong and Silverman, 1995). The structural motifs are as

follows-
I11.2.3.5.1. Ankyrin repeats

The ankyrin repeat was first identified in the yeast cell cycle regulator,
Swi6/Cdc10 and the Drosophila signaling protein, Notch (Breeden and Nasmyth, 1987),
and was eventually named for the cytoskeletal protein ankyrin, which contains 24 copies
of this repeat (Lux et al.. 1990). Ankyrin repeat containg proteins are present in all three

superkingdoms including bacteria, archaea, and eukarya, as well as in a number of viral
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genomes. However, a phylogenetic breakdown of the organisms that contain ankyrin
repeats indicates that the majority are found in eukaryotes. Modular protein domains.
such as the ankyrin repeat, that act as a scaffold for molecular interactions are likely to be
important for development of numerous signaling pathways necessary to evolve a more

complicated multieellular organism (Marcotte et al.. 1999).

The primary structure analysis of RNase [. suggested that RNase . had nine
ankyrin repeats, but the ninth ankyrin repeat is incomplete (Hassel et al. 1993). However,
this prediction for RNase L differs from the crystal structure of ANK (Tanaka et al.,
2004), which consists of eight ankyrin repeats (RI-R8). Residues 306-333.
corresponding to the incomplete ninth repeat (Hassel et al., 1993) are disordered. As in
other ankyrin repeat proteins (Sedgwick and Smerdon, 1999), each repeat is formed by
33 amino-acid residues and consists of pairs of antiparallel a-helices stacked side by side
and are connected by a series ot intervening (-hairpin motifs. In general. the structure is
shaped similar to a cupped hand (Jacobs and Harrtson, 1998). There is a noticeable
curvature across the ‘palm’, such that the surface created by the f-hairpins (fingers) and
the al “inner’ helices is concave, whereas that formed by the a2 “outer’ helices, that is,
the back of the cupped hand, is convex . The 2-5A molecule fits in the concavity and
directly interacts with ankyrin repeats 2 and 4, The N-terminal ankyrin repeats serve as
the regulatory domain of RNase L, since 2-5A binds to the ankyrin repeats 2 and 4 and

activates RNase L.
1.2.3.5.2, 2-5 A binding

Tanaka et al, (2004) crystallized 1--333 amino acids of the N-terminal ankyrin
repeat  domain  of human RNase L with 5°-O-monophosphoryladenylyl(2°-
5)adenylyl(2°-57)adenosine (p5°(A2°pS™»HA), a 2-5A trimer with 5"-monophosphate.
The crystal structure showed that the first AMP moiety of the 2-5A directly interacts
with the fourth repeat of ANK. The 5°-phosphate group of the first AMP (phosphatel)
forms bifurcated salt bridge with the side chain of Argl55. The side chain of Argl55 is
fixed by bifurcated salt bridge with the side chain of Aspl74. The adenine ring of the
first AMP (adeninel) is stacked between the side chain of Phel26 and the adenine ring
of the second AMP (adenine2), and is fixed by biturcated hydrogen bonds with the side
chain of Glul3l, that is, OEI(Glul31)}»—N6(Adeninel) and OE2(Glul31)—
NI(Adeninel). The side chain of Phel26 also stacks with the guanidine group of the side
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chain of Argl55, forming a quadruplex (Argl55-Phel26-Adeninel—Adenine2) of

stacking interactions (Tanaka et al.. 2004).

The second AMP moiety of 2-5A interacts only slightly with ANK. The 5°-
phosphate group of the second AMP (phosphate2) is exposed to solvent, and no direct
interactions are found between phosphate2 and the surface of ANK. The adenine ring of
the second AMP (adenine2) is stacked with adeninel as described above. and is fixed by
a single hydrogen bond with the side chain of Tyrl35. that is, OH{Tyr135)—
Nl(adenine2). The 3°-OH group of the second AMP is involved in a hydrogen bond
network and is fixed on the protein surface via water molecules. The second AMP
appears to be rather weakly fixed on the ANK surface relative to the two ends of the 2-

5A molecule.

The third AMP moiety of 2-5A directly interacts with the second repeat (R2) of
ANK. The 5’-phosphate group of the third AMP (phosphate3) forms a salt bridge with
the side chain of Lys89. The adenine ring of the third AMP (adenine3) is stacked with
the side chain of Trp60, and is fixed by a hydrogen bond network involving the side
chains of GIn68 [OEI(GIn68)—N6(Adenine3) and NE2(GIn68)»—NI(Adenine3)} and
Asn65 [ODI1{Asn65)—N6(Adenine3)]. as well as a water molecule [O(Water)y—
N7(Adenine3)] and [O(Water)— ND2(Asn65)]. The side chain of Trp60 also stacks with
the CD-CE-NZ bonds of the side chain of Lys89, forming a triplex (Lys89-Trp60—

Adenine3) of stacking interactions.

Interestingly, the 2-5A binding residues in the R4 and R2 of ANK are located at
the structurally equivalent positions of the ankyrin repeats and these residues play a
functionally equivalent role. The side chains of Argl55 in R4 and Lys89 in R2 form salt
bridges with phosphate! and phosphate3, respectively. The side chains of Phel26 in R4
and Trp60 in R2 stack with Adeninel and Adenine3, respectively. Furthermore, a
quadruplex (Argl55—Phel26— Adeninel—Adenine2) and a triplex (Lys89-Trp60—
Adenine3) of stacking interactions are observed at R4 and R2, respectively. The side
chains of Glul31 in R4 and Asn65 in R2 form hydrogen bonds with Adeninel and

Adenine3, respectively.

Based on the structure given by Tanaka et al.. (2004), Nakanishi et al., (2005)
used structure-based site-directed mutagenesis to identify the residues of human RNase L

crucial for the recognition and binding of 2-3A. Substitution for cither Trp60 or Phel26
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significantly hampered the 2-5A binding ability of RNase [., as well as inactivating 2—
5A-dependent RNase activity. indicating that the n-m stacking interactions of Trp60-
Adenine3 and Phel26-Adeninel are critical for 2-5A binding. Mutations of the residues
Lys89 and Argl55 also led to inactivation of RNase (. indicating the importance of
electrostatic  interactions between Lys89-Phos3 and  Argl55-Phosl  for 2-5A
binding{Nakanishi et al., 2005; Tanaka et al., 2004).

i11.2.3.5.3. Protein kinase homology domain

RNase L bears significant homology to protein kinase domain VI and VII and
some additional protein kinases in its C-terminal region. One of the opinions about the
ribonuclease is that the ribonuclease evolved in part from a protein kinase which
somehow lost its kinase function during evolution (Dong and Silverman, 1999). The
proposed kinase domains of RNase L are either incomplete or they differ substantially
from the domains of protein kinases. Domain | bears little similarity to the canonical
protcin kinase domain 1 sequence (WGXGXXGXVh, Where h is any hydrophobic
residue) and in motif VII, an aspartate residue is replaced by a conserved glycine residue,
in motif VIII. a glutamine replaces an invariant glutmate, in motif IX and a conserved

arginine is present in human RNase L but not in murine RNase L.

In protein kinases. a conserved lysine residue in the domain 1l serves to bind the
a- and B-phosphoryl groups of ATP, whereas the conserved aspartate residue in domain
VIT serves to chelate Mg' complexed with ATP. In RNase L, both of these residues are
present. In fact in presence of ATP, there is enhanced RNase L activity (Krause et al.,
1986; Wreschner et al., 1982). Despite the homology, however. no protein Kinase activity
has been detected during activation and RNA-cleavage reactions with human RNase L
(Dong and Silverman, 1999). Similarly, the kinase plus ribonuclease domain of RNase L
produces no detectable protein kinase activity in contrast to the phosphorylation obtained
with homologous domain of the related kinase and endoribonuclease, ie., the yeast
Irelp. In addition, neither ATP nor pA(2'p5'A)3 is hydrolyzed by RNase L. To further
investigate the function of the kinase homology in RNase L, the conserved lysine residue
at 392 in the protein kinase-like domain II was replaced with an arginine residue, the
resulting mutant, RNase L K392R. showed >100-fold decrease in 2-5A-dependent

ribonuclease activity without reducing 2-5A- or RNA-binding activities (Dong and
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Sitverman, 1999). The greatly reduced activity of RNase LK392R was correlated to a

defect in the ability of RNase L to dimerize.

Within the protein kinase region of RNasec L is present a high cysteine content
region (Zhou et al., 1993}, The spacing of these cysteine residues (CX,CX;CX,7CX;C.
residues 401-436 in human RNase L) bears resemblance to some Zinc fingers,
protein/nucleic acid binding domains (Dong et al.. 1994). Interestingly, an argnine to
glutamine mutation at 462 position in the protein kinase homology domain has been
shown to be associated with prostate cancer risk or aggressiveness (Cascy ct al., 2002).
To determine the effect of this mutations on the enzyme activity, the wild-type and
mutant RNase L. were compared after expression in mouse JIMO03 cells, isolated from a
spontaneous rhabdomyosarcoma from RNase L™, p53™ double gene-knockout mice. The
R462Q variant showed approximately one-third of the wild-type RNase L activity
(Xiang et al., 2003). The deficiency in RNase L. R462Q activity was correlated with a
reduction in its ability to dimerize into a catalytically active form. Furthermore, RNase L
R462Q was deficient in causing apoptosis in response to 2-5A which was consistent

with its possible role in the prostate cancer development.

111.2.3.5.4. RNase domain

With the cloning of partial murine clone pZB1, which lacked 89 amino acids
from the C-terminal as well as RNase activity, it was clear that the RNase activity resides
in the C-terminus of the molecule (Zhou et al., 1993). In 1997, Silverman and coworkers
(Dong and Silverman, 1997) constructed a series of truncated RNase L. proteins and
found that the C-terminal 31 residues of RNase L are critical for the catalytic function of
the enzyme. RNase L CA31, lacking residues 711741, showed neither ribonuclease nor
substrate binding activities. In contrast, RNase [. CA21 (1-720) had full activity in
presence of 2-5A. These findings clearly showed that the residues 711-720,
EYRKHFPQTH. are essential for the RNA binding and ribonuclease activity of the
enzyme. Later in 2001, the same group (Dong et al., 2001) mutated the amino acid
residues found conserved in RNase L and fre/ superfamily. They found that the RNase L
mutants W632A, D661 A, R667A and H672A lacked ribonuclease activity. To dissect the
function of the residues 711-720, EYRKHFPQTH., Nakanishi and coworkers preformed
scanning mutagenesis over the 10 residues of glutathione S-transferase (GST)-fusion

RNase [ (Nakanishi ct al., 2004). Among the single amino acid mutants examined,

2]

TH23976



Review of literature

Y712A and F716A resulted in a significant decrease of RNase activity with a reduced
RNA binding acitivity. The loss of the RNase activity was not restored by its
conservative mutation. whereas the RNA binding activity was enhanced in case of
Y712F. These results indicated that both Tyr712 and Phe716 provide the enzyme with a

RNA binding activity and catalytic environment.
IIL3. RNase L and prostate cancer

Prostate cancer is believed to be caused by Aging, hormonal, environmental, and
genetic factors acting independentaly or in combination. Sporadic prostate cancer
displays an age-related increasc in incidence, whercas familial prostate cancer often
displays carlier-onset disease. Importence of RNase L in hereditary prostate cancer
(HPC) has emerged from several genetic studies. The criteria for HPC are a family with
three generations affected, three first-degree relatives affected, or two relatives affected
before age 55. HPC accounts for approximately 43% of early onset cases (<55 years
old) and 9% of all cases (Carter et al., 1993). In 1996, Smith et al. identified a region on
chromosome 1, 1q24-25, as a susceptibility locus in familial prostate cancer (Smith et al,
1996). Since then, this gene has been widely studied. The main mutations in the RNase L
gene related to prostate cancer are 3 missense mutations: D541E, R462Q, and 197L
(Chen et al., 2003; Larson et al., 2008; Xiang et al., 2003). R462Q and D541E are non-
synonymous variants showing a reduction in the enzymatic activity of RNase L. (Beuten
etal., 2010). I97L is a missense mutation located in the third and seventh repetition site
of the ankyrin domain (Madsen et al.. 2008). The R462Q or Arg462Gln variant is
associated with an increased risk in prostate cancer in familial cases in the Finnish
population (Rokman et al., 2002), among American Caucasians (Dagan et ai., 2006), and
among fapanese men (Dong, 2006). In the population in the south of Spain, the genotype
A/A is associated with a worse prognosis (Alvarez-Cubero et al., 2012). Other variants
within the RNase L gene which have been described, especially in exons 1 and 3 are,
The most common mutations are E265X, 471delAAAG, MII, G59F, S1138, 1221V,
E262X, S406F and Y330C. Some of these mutations have been identified in several
studtes as related to hereditary or sporadic prostate cancer, although some of the studies
presented inconclusive results (Dagan et al, 2006; Larson et al, 2008). The
471delAAAG is a null mutation associated with an increased risk of prostate cancer in
Ashkenazi lew males (Rennert et al., 2002). However, this finding remains controversial

because studies by Dagan et al. reported low rates of the 471delAAAG mutation in the
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Ashkenazi population that rejected the consideration as a major factor of cancer
susceptibility in this population (Dagan et al.. 2006). Several other studies, including a
population-based study conducted in Swedish population (Wiklund et al.. 2004} and in
the German population (Dong. 2006), have found no association between the Argd62Gin
polymorphism and sporadic prostate cancer. In vitro studies have indicated that the Gln
variant results in the decreased enzyme activity of RNase L. which allow tumor cells to
escape the apoptotic pathway. mainly. because RNase L acts as a truc tumor suppressor
(Kruger et al., 2005). D541E or Asp541Glu increase the risk of prostate cancer in some
Japanese men (Nakazato et al.. 2003). However, in other analyses. such as the ones
performed in European populations, no correlation is described between DS41E and
prostate cancer (Casey et al., 2002; Rokman ct al., 2002). With respect to 197L or
Ile97Leu, although denoted as a major mutation in prostate cancer, most of the studies do
not shown a clear correlation between this mutation and the risk of prostate cancer
(Xiang et al., 2003). However, some reports of other mutations in prostate cancer, such
as E263X. a truncation protein motif, or M1, a missense mutation in the start codon are
also described in individuals of African-American ancestry (Robbins et al., 2008; Shook

et al., 2007).
HL3.1. RNase L, prostate cancer and virus

The antiviral and prostate cancer suppressor functions of RNase-L encouraged
the Silverman and colleagues to search for viruses that may be associated with the
R462Q RNase-L. mutation in prostate cancer. Their work identified the first authentic
human gammaretrovirus, xenotropic murine leukemia virus-related virus (XMRYV), that
was detected at high frequency in patients homozygous for the RNase-L mutation but
was found at significantly reduced rates in heterozygous or wild type individuals. Like
other retroviruses, XMRYV probably promotes tumorigenesis by integrating adjacent to
cellular genes and changing their expression; in fact, mapping of XMRYV integration sites
in prostate cancer revealed a preference for cancer-associated genes and regions (Kim et
al., 2010). However, conflicting reports preclude a consensus on the role of XMRYV in
the ettology of prostate cancer and its association with RNase-L (Rusmevichientong and
Chow, 2010: Silverman et al., 2010). These studies highlight the need for further
investigations into the relationships between these parameters as risk factors and as

potential therapeutic targets.
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II1.3.2. RNase L as tumor supressor

RNase-[. functions as established tumor suppressor mechanisms that may
mediate antituntor activity against a broader profile of malignancies. The compromised
induction of apoptosis or senesccnee observed in RNase-L-deficient cells in culture is
predicted to confer a survival advantage on tumor cells with inactivating mutations in
RNase-L. In accordance with this idca, stablc knockdown of RNase-L increascs tumor
size and number as compared to control cells in nude mouse xenografts of human
cervical cancer cells and ectopic expression of RNase-L reduced tumorigenesis in a
murine xenograft model (Liu et al., 2007). RNase-L. can also influence the response of
cancer cells to chemotherapeutic agents. as stable knockdown of RNase-L. in prostate
cancer cells conferred resistance to apoptosis induced by a combination of camptothecin
and TRAIL (Malathi et al., 2004). Two recently identified targets of RNase-L regulation
that may play important roles in its antitumor activity are the RNA binding proteins HuR
and TTP. These proteins bind AU-rich elements in the 3'UTR of labile mRNAs
including those encoding oncogenes, cytokines and growth factors. HuR stabilizes its
targets resulting in increased expression and is elevated in human cancers (Lopez de
Silanes et al., 2003). The antitumor activity of RNase-L. thus appears to involve
significant reprogramming of the gene expression profile with distinct mRNA subsets

targeted in cancers of different origin or stage of progression.

While most studies describe a tumor suppressor role for RNase-L, it was reported
to be upregulated in premalignant familial adenomatous polyposis polyps and
adenocarcinomas as compared to colon epithelium (Wang et al, 1995). This
observations suggested that RNase-L may play an oncogenic role in certain contexts.
Indeed, opposing activities in tumor suppression and oncogenesis are observed for innate
immune effectors in which a regulated inflammatory response mediates tumor
suppression by recruiting and activating innate immune cells to kill tumor cells. In
contrast, a dysregulated inflammatory response can result in tissue damage, chronic
proliferative repair and increased tumor invasion to promote tumorigenesis (Grivennikov
et al., 2010). Consistent with an inflammatory mechanism in RNase-L-associated
prostate cancer, a mutation downstream of RNASEL was correlated with an increase in
both prostate cancer risk and levels of inflammatory biomarkers (Meyer et al., 2010).

The potential for pathologic effects in conditions of dysregulated RNase-L activity
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suggests that pharmacologic RNase-L. inhibitors may be effective as anti-inflammatory

agents in certain contexts.
N1.4. Functions of RNase L
111.4.1. RNA metabolism

The initial studies carried out to find the sequence preferences of RNase L using
poly(rC), poly(rU). poly(rA), and poly(rGG) as the substrates, showed that it preferentially
cleaves only poly(U) (Floyd-Smith et al., 1981; Wreschner et al.. 1981). The same group
showed that the activatcd RNase L cleaved single stranded RNA after atleast three
dinucleotides (UU, UA and UG) out of 16 possible combinations. In 1994, Dong and
coworkers (Dong et al., 1994) expressed RNase L in insect cells and purified the protein
through fast protein chromatography. Studies with purified protein revealed sequence
specificity for poly (rU) on addition of 2-5A. In contrast, poly(rA). poly(rC), poly(rG).
ssDNA, dsDNA were not cleaved by RNase L..

The mechanism of RNase L-mediated antiviral activity was investigated (Li et al.,
1998) following encephalomyocarditis virus (EMCV) infection of cell lines in which
expression of transfected RNase [. was induced or endogenous RNase L activity was
inhibited. RNase L induction markedly enhanced the anti-EMCV activity of IFN via a
reduction in EMCV RNA. Inhibition of endogenous RNase I. activity inhibited this
reduction in viral RNA. RNase L induction reduced the rate of EMCV RNA synthesis.
suggesting that RNase L. may target viral RNAs involved in replication early in the virus
life cycle. The RNase L-mediated reduction in viral RNA occurred in the absence of
detectable effects on specific cellular mRNAs and without any global alteration in the
cellular RNA profile. Extensive rRNA cleavage, indicative of high levels of 2-5A, was
not observed in RNase L-induced, EMCV-infected cells; however, transfection of 2-5A
into celis resulted in widespread degradation of cellular RNAs. These findings provide
the first demonstration of the selective capacity of RNase L in intact cells and link this

selective activity to cellular levels of 2-5A.

Differential display PCR analysis was used to identify mRNAs that were
differentially expressed in N1E-vector and N1E-RNasc-L cell lines and identified 1SG43,
ISGI5 mRNA as negatively regulated by RNase L (Li et al., 2000). During the 1FN-
antiviral response in RNase L-null cells. PKR mRNA stability was enhanced, PKR
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induction was increased and the phosphorylated form of elF2a appeared with extended
kinetics compared to similarly treated wild type cells. An enhanced [FN-response in
RNase L-null cells was also demonstrated by monitoring inhibition of viral protein
synthesis (Khabar et al., 2003). MyoDD mRNA levels were decreased in C2 cells
transfected with an inducible RNase L construct. The effect of RNase L activity on
MyoD mRNA levels was relatively specific because expression of several other mRNAs
was not altered in C2 transfectants (Bisbal et al., 2000). Le Roy and coworkers down-
regutated RNase [ activity in human H9 cells by stably transfecting (i) RNase L
antisense-cDNA or (ii) RL] sense-cDNA constructs. In contrast to control cells, no post-
transcriptional down-regulation of mitochondrial mRNAs and no cell growth inhibition
were observed after IFN-a treatment in these transfectants. These results demonstratd
that IFN-a exerts its antiproliferative effect on H9 cells at least in part via the degradation
of mitochondrial mRNAs by RNase¢ L (Le Roy ¢t al., 2001). Similarily Chandrashekaran
and coworkers showed RNase-L-dependent decrease in mtDNA-encoded mRNA
transcript  levels in  monensin-treated mouse embryonic fibroblasts (MEFs)

(Chandrasekaran et al., 2004).
II1.4.2. Antiviral immunity

Induction of RNA decay by RNase L is one of the host cell responses to viral
infection. The most important line of evidence that link the 2-5A system to specific
antiviral effects were obtained by measuring: (1) 2-5A accumulation and RNase L
activation in virus-infected cells (Hearl and Johnston, 1987); (2) antiviral effects in cells
expressing 2-3A synthetase cDNA (Schroder et al., 1992); and (3) enhanced virus
production and reduction of the antiviral effects of IFN, caused by inhibiting RNase L
activity in cells. For instance. it was shown that expression of the 40kDa form ot human
2-5A synthetase from a cDNA in chinese hamster ovary (CHO) cells provided resistance
to the picornavirus, mengo virus (Chebath et al., 1987). Similarly. expression of the
40kDa human 2-3A synthetase cDNA in a human glioblastoma cell line, T98G, and
expression of murine 43kDa 2-5A synthetase from a ¢cDNA in mouse NIH 3T3 cells
resulted in resistance to EMCV replication (Rysiecki et al., 1989). Another strategy to
study the involvement of 2-3A/RNase L system in the antiviral activity of [FN was to use
the 2-5A analog, CH;Sp(A2'p)2A2 pp3"OCH;. which binds to, but does not activate
RNase L (Defilippi et al., 1986). Transfection of the analog into [FN-treated, EMCV-

infected murine [.929 cells inhibited rRNA cleavage and increased virus production by
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upto 10 fold. Hassel and coworkers (Hassel et al., 1993) showed that expression of a
dominant negative truncated RNase L in murine SVT2 cells blocked the rRNA cleavage
and reduced the anti-EMCV effects of IFN about 250-fold compared with the 1FN-
treated. vector control cells. The RNase L knockout mice succumbed to EMCV and
HSV-1{McKrae strain) infections more rapidly than the infected wild type mice (Zhou et
al., 1997). RNase L knockout mice treated with TFN prior to EMCV infection also died
several days earlier than the wild type mice with the same treatment. However, IFN
treatment extended survival against EMCYV infection of both the RNase L-wild-type and

knockout mice, indicating multiple and overlapping antiviral pathways of IFN.

So far, RNase L has been shown to have antiviral effects against many viruses
such as EMCYV, vaccinia virus, reovirus, herpes simplex virus (HSV) and SV40 (Diaz-
Guerra et al., 1997; Rivas et al., 1998). Austin and coworkers (2005) evaluated resistance
to HSV-] in RNase L-detficient mice, treated with IFN-a6 and IFN- transgenes. In the
absence of RNase L., the antiviral effectiveness of the [FN-transgene was lost (Austin et
al.,, 2005). When RNase L activity was down-regulated in West Nile Virus (WNV)
resistant cells via stable expression of a dominant negative RNase L mutant, 5- to 10-
times higher yields of WNV were produced (Scherbik et al., 2006). PKR and RNase L
act as important effector molecules against WNV infection. Mice lacking PKR and
RNase [ were significantly more susceptible to WNV infection and showed increased
viremia and viral burden in peripheral tissues, early entry into the brain, and higher viral
loads in the CNS than the wild-type mice (Samuel et al., 2006). However, viral evasion
of the 2- 5A/RNase L. system was also reported. Vaccinia virus E3L proteins sequestered
the dsSRNA from 2-5A synthetase (Rivas et al., 1998), whereas reovirus 54 gene encodes

a dsRNA-binding protein 63 with the same function (Beattie et al., 1995).
I1.4.3. Apoptosis

At the cellular level, the antiviral effects of TFN may be partly due to apoptosis.
Indeed. activation of PKR and 2-5A synthetase by dsRNA have been shown to induce
apoptosis. Several lines of studies link RNase L to apoptosis in cells in response to viral
infection. RNase L-null mice showed enlarged thymuses and reduced levels of
spontaneous apoptosis in both the thymus and spleen. In addition, thymocytes and
lymphocytes from spleen of RNase L-null mice were resistant to apoptosis induced by

staurosporine and irradiation (Rusch et al., 2000: Zhou et al., 1997). Furthermore, over
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expression of dominant negative RNase L (mouse RNase L lacking the C-terminal 89
a.a.) in cells reduced apoptosis whereas over expression of wild type RNase L enhanced
apoptosis in response to viral infection (Hassel et al., 1993). Malathi and coworkers
showed that RNase L-deficient prostate cancer cells are remarkably resistant to apoptosis
induced by Topoisomerase | inhibitors and tumor necrosis factor-related apoptosis-
inducing ligand. TRAIL (Malathi et al., 2004). The apoptosis induced by RNase L
involves cytochrome ¢ release. it is caspase dependent. and inhibited by overexpression
of Bel-2 (Castelli et al.. 1997; Rusch et al., 2000; Silverman, 2003). A study revealed
that RNase L mediates virus-induced apoptosis through activating ¢-Jun NH-terminal
kinase (JNK) (Li et al., 2004). Naito ¢t al found that down regulation of RNase L
inhibited apoptosis induced by [-(3-C-ethynyl-B3-D-ribo-pentofuranosyl) cvtosine
(ECyd), which inhibits RNA synthesis through competitive inhibition of RNA
polymerase | (Naito et al., 2007).

II1.4.4. Antiproliferative effect

Introduction of 2-5A into cells results in an inhibition of the growth rate,
suggesting a role of RNase L. in antiproliferation (Hovanessian and Wood, 1980).
Furthermore, RNase L and 2-5A synthetase levels were reported to be elevated in
growth-arrested or differentiated cells and reduced in rapidly dividing cells, indicating
that RNase L. may be involved in fundamental control of cell proliferation and
differentiation (Jacobsen et al., 1983; Krause et al., 1985). Cells expressing a dominant
negative form of RNase L (mouse RNase L. lacking the C-terminal 89 a.a.) are resistant

to the antiproliferative activity of IFN-a (Zhou et al., 1997).

I1.4.5. Stress response

As early as 1991, the role of stress in RNase [. expression was indicated by
Krause and coworkers, they observed increased level of RNase L. in murine L929 cells
after exposure to 2.45-GHz continuous-wave microwaves (SAR = 130 mW/g) (Krause et
al., 1991). In our Laboratory, different stressors were used to study the expression of
RNase [. and apoptosis in human cervical carcinoma (HeLa) cells (Pandey et al., 2004).
Chemotherapeutic agents like cisplatin, doxorubicin, vinblastin and vincristine showed
RNase [-induction. RNA degradation and apoptosis. RNase . was also shown as
oxidative stress-inducible, H,0; and doxorubicin, a potent inducer ot H,0; in cells, also

induced RNase L. RNase L was also induced by CaCl, and TNF-a.
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111.4.6. Small RNA generation

Malathi and co-workers have showen that activation of the antiviral
endoribonuclease, RNase L, by 2°-5"-linked oligoadenylate (2-5A) produced small RNA
cleavage products from self~-RNA that initiated [FN production. Mice lacking RNase L
produced significantly less IFN-f§ during viral infection than the infected wild-type mice
(Malathi et al., 2007). This indicates RNase L is involved in RNA processing for the

stimulation of innate immune response.
II1.4.7. Interaction of RNasc L. with RNase L Inhibitor (RLI)

In 1995, Bisbal and coworkers cloned a novel protein from the human lymphoid
daudi cells, expression of this protein led to the inhibition of RNase L activity and hence
named RNase L inhibitor (RLI) {Bisbal et al., 1995). RLI is an exceptionally conserved
protein found in all eukaryotes and archaea sequenced so far (Gabaldon and Huynen,
2004). For example, Drosophila ortholog Pixie and yeast Rlilp share 66% and yeast
Rlilp and human RLI have 67% amino acid identities. RLI belongs to the ABCE
subfamily of ABC proteins, which contain two nucieotide-binding domains and two N-
terminal iron sulfur clusters. In contrast to most ABC domain proteins, members of this
subfamily do not contain the membrane-spanning domains that would enable them to
function as transporters (Kerr, 2004). RNase L is found in vertebrates, so the function of
RNase L-inhibition by RLI does not account for conservation of RLI in invertebrates
{Kerr, 2004). Drosophila ortholog of RLI. Pixie is known to interact with the translation
initiation factor elF3 and ribosomal protein. It was further observed that depletion of
pixie resulted in impairment of translational initiation (Chen et al., 2006). RLT and its
homologues are also thought to play a role in ribosome biogenasis, nuclear export, or
both (Kispal et al., 2005). Tt has been found in the nuclei associated with the 408 and 60S
subunits, as well as Her/p, a protein required for rRNA processing. It has been shown
that the iron-sulfur (Fe/S) clusters are necessary for ribosome biogenesis and/or nuclear

export, although the exact mechanism is unknown.
111.4.8. Interaction of RNase L with eRF3/RNBP — link to translation

RNase L was shown to interact with RNA binding protein (RNABP) (L.e Roy et
al., 2000). RNABP was later identified as a translation termination release factor (eRF3)

(Le Roy et al., 2005). After activation by 2-5A, RNase L can interact with eRF3. This
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association can either help to localize RNase L to its mRNA target or can modulate its
function. but it is also a way to modulate eRF3 activity. Importantly, the regulation of
eRF3 activity depends on the 2-3A oligomer size activating RNase L. Binding of 2-5A3
or 2-5A, induces a conformational change in RNase L that promotes its interaction with
eRF3. In one conformational change. the eRF3- RNase L interaction brings RNase L into
close association with the mRNA. where it can act as an endoribonuclease. But binding
with 2-5A; can induce another conformational change leading to an RNase L-eRF3
complex that can modulate translation termination and promote ribosomal readthrough
of a termination codon. Moreover. RNase L regulates the +1 frame shifting of the
antizyme 1 mRNA in [FN-treated cells. This was the first report implicating a nuclease,
RNase L, in the translational regulation of a celtular mRNA independent of its nuclease

activity.
II1.4.9. Interaction with androgen receptor

Functional crosstalk between IFN-signalling and dihydrotestosteron (DHT) was
described by Bettoun and coworkers (Bettoun et al., 2005). They performed RNA
microarray analysis to reveal an IFN-DHT antagonism in subset of genes. This effect
was reproduced rn vifro as IFN could antagonize the induction of a reborter gene by
DHT in a cell type-specific manner. In an attempt to elucidate the mechanism underlying
this cross-talk, co-immuno-precipitation and GST pulldown experiments were performed
to show that RNase L interacted with androgen receptor (AR) in a ligand-dependent
manner. In transient transfection experiment, overexpression of wild type or R462Q
mutated RNase L differentially affected the ability of IFN to antagonize DHT-mediated
transactivation. Furthermore, it was also shown that IFN-insensitive cells could become
sensitive to IFN upon down-regulation of AR-expression by siRNA. This finding also
indicated how the AR and RNase L pathways may be involved in development of protate

cancer since both the molecules have been implicated in prostate cancer progression.
I11.4.10. Interaction with mitochondrial translation initiation factor (IF2mt)

IF2mt is a nuclear-encoded translation factor that delivers N-formyl methionyl-
tRNA to the P-site of the mitochondrial ribosome during initiation (Ma and Spremulli,
1996). IF2Zmt was isolated from a yeast two-hybrid screen using RNase-L as bait and the
interaction was confirmed using [F2mt translated from rabbit reticulocyte lysate. Using

human H9 T cell lymphoma cells in which [FNa induces RNase-L-dependent mt mRNA
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degradation, antiproliferative effects and cell death, it was demonstrated that translation
was necessary for a decrease in mt mRNA. When IF2mt was overexpressed to
outcompete RNase-L-IF2mt binding in the translation initiation complex, the
degradation of mt mRNA degradation was suppressed resulting in an increase in
proliferation and decrease in apoptotic signaling (Le Roy et al.. 2007). This observation
demonstrated the functional significance of the RNase-L-IF2mt interaction and
suggested that the mechanism of RNase-L-target recognition may involve mRNA

translation status and ribosome association mediated in part by [F2mt.
ML4.11. Interaction with IQGAPI

The most recent addition to the list of RNase-L. interactors is IQGAP1 (1Q motif-
containing Ras GTPase-activating-like protein 1). [QGAP!I was identified as an RNase-L
interactor through a screen searching for proteins that preferentially bound to RNase-L
during 1-(3-C-ethynyl-B-D-ribo-pentofuanosyl) cytosine (ECyd) induced cell death (Sato
et al., 2010). A previous report demonstrated that RNase-L is a key mediator of ECyd
induced apoptosis, possibly through the activation of ¢-jun N-terminal kinase (JNK) and
mitochondrial membrane damage (Naito et al.. 2009). IQGAP| immunoprecipitated with
RNase-L. and this binding was enhanced during ECvyd treatment. IQGAPI is a large,
ubiquitously expressed scaffold protein that functions in celi-cell adhesion, migration,

actin reorganization. cell polarization, proliferation, and differentiation.
I11.4.12. RNase L and chronic fatigue syndrome

Chronic fatigue syndrome (CFS) is an illness characterized by long-lasting
fatigue accompanied by non-specific symptoms. Several reports indicated the up-
regulation of components of the 2-5A/RNase L pathway in extracts of peripheral blood
mononmuclear cells (PBMCs) from CFS patients as well as the accumulation of a low
molecular weight 2-5A-binding protein of 37 kDa (Suhadolnik et al., 1997). This 37kDa
protein could be a biochemical marker for CFS. The polypeptide is an apparent
degradation product of the native RNase L due to an increased proteolytic activity in
CFS PBMC extracts. An equivalent degradation of RNase L could be observed when
recombinant RNase L was incubated with human leucocyte elastase in vitro (Demettre et
al., 2002). The 2-5A trimer and tetramer binding appeared to stabilize RNase L in PBMC

cell extracts from the CFS patients. These observations suggested that in CFS, there is

31



Review of literaturc

increased proteolytic activity in the PBMC’s causing accumulation of thc 37 kDa

polypeptide (Fremont et al., 2005).
111.4.13. Induction of interferon by small RNA generation

RNase L regulates differcnt types of viruses such as mostly RNA viruses by
diverse mechanisms, which were dependent on the specific RNA substrates and
ribonuclease activity (Silverman, 2007). Their sustained activities eliminate virus-
infected cells through apoptosis {Castelli ct al., 1997; Zhou et al., 1997). Even in case of
some cellular RNAs cleavage, such as rRNA in intact ribosomes, likely contributes to
their antiviral activity (Silverman et al., 1983; Wreschner et al., 1981). Some of the RNA
cleavage products resulting from RNase L activity, named as “‘suppressor of virus
RNA™, which are either viral or cellular in origin and contributed to production of type |
IFNs (Malathi et al., 2007; Malathi et al., 2010). Viral RNAs are specially recognized by
different PRRs.For example, toll-like receptor 3 is a sensor for dsRNA in the endosomal
compartment, whereas OAS for viral dsRNA in the cytoplasm. Similarly, Retinoic acid-
inducible gene-I (RIG-I, also known as DDX58) and melanoma differentiation-
associated gene-5 (MDIAS, also known as [FIH1) are activated by triphosphorylated,
double-stranded. or uridine and adenosine-rich viral RNAs also occurs in the cytoplasm
(Saito et al., 2008). Activation of the PRRs trigger signalling cascades which stimulate
transcription of type I IFN genes. Malathi and others observed that the role of RNase L
in [FN induction was apparent on studies with mouse embryonic fibroblasts (deficient in
RNase L), which showed reduced IFN-J production upon treatment with 2-3A, synthetic
dsRNA [poly(rl):poly(rC)] and Sendai virus infection (Malathi et al., 2007). In IFN
induction, the role of ribonuclease function of RNase [ was essential with contributions
from both R1G-I and MDAS. Total cellutar RNA digested with RNase L or just the small
cleaved RNA fragments, <200 nt, induced higher levels of IFN induction as compared to
uncleaved RNA. RNase L produces small RNA cleavage products with 3°-
monophosphate (3°-p) and 5’-hydroxyl (5’-OH) at the termini. The 3’-p of the cleaved
RNAs function in the recognition by RIG-I or MDAS, as calf alkaline phosphatise (CIP)
treatment compromised their ability to induce IFN. Cellular observations were validated
in mice where injection of 2-5A caused IFN-B induction in wild-type mice but not in
mice deficient in RNase L. Moreover. mice lacking RNase L had several-fold reduced
levels of TFN induction after infections with EMCV and Sendai virus. Therefore, effects

of the OAS/RNase L pathway extend beyond initially infected cells to support a
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prolonged antiviral state in the organism. In case of need, RNase L. converted self-RNA
into small RNA products that appeared to the host cell as nonself RNA. It is also a

critical component in I[FN induction by a DNA virus, HSV-2 (Rasmussen ¢t al., 2009).
I11.4.14. Protection against virns-mediated demyelination

In mitigation of viral-induced demyelination (central nervous system), a novel
protective role of RNase L has been demonstrated. It was showing that even when RNase
L does not able to inhibit global viral replication, can still manage to protect from virus-
mediated disease. A sub-lethal, demyelinating mouse hepatitis virus (the neutropic
coronavirus strain JHM} was lethal to a majority of RNase L-deficient mice by 12 days
postinfection (Ireland et al., 2009). In the absence, RNase L enhanced the morbidity rate
without affecting overall viral replication in the brain of mice. Further, RNase L
deficiency did not impair type | [FN production or interferon stimulated gene (ISG)
expression after viral infection and neither alters the inflammatory response in central
nervous system (CNS). Instead, there was early onset of severe demyelination with
axonal damage in the brain stem and spinal cord of infected animals that lacked RNase
L. Mice Jack in RNase L has shown foci of infected microglia, sustained brain stem
infection. and enhanced apoptosis. Therefore, RNase L prevents sbread of virus to the
microglia, leading to protection of the CNS from virus-induced demyelination. The
authors suggest that by contributing to viral tropism in the CNS, RNase L. affects the

balance between neuroprotective and neurotoxic effects of microglia in the mice.
1.4.15. Cross-regulation of HoR and RNaseL impacts mRNA turnover

The cellular levels of RNase L are controlled in part by regulated turnover of its
mRNA through sequences in its 3°-UTR and proteins, which are interacting to these
elements (L.i et al., 2007). The RNase L 3’-UTR contains 8 AU-rich elements (ARE),
which have shown both positive and negative regulatory effects on their deletion. The
RNase L. 3°-UTR acted in cis form to destabilize a heterologous mRNA for [-globin;
therefore, the overall effect of the RNase L 3’-UTR was to decrease the half life of the
RNA. However, AREs 7 and 8 exerted a positive or stabilizing effect on the RNase L
mRNA. In addition, the expression of ARE-binding protein, HuR, enhanced RNase L
mRNA and protein levels through 3-UTR sequences in between and including AREs 7
and 8. HuR binds RNase L mRNA during myoblast differentiation as determined in RNP
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immunoprecipitations. In case of, cellular stress induced by heat shock or UVC radiation

leads to increases in RNase L levels that were dependent on the 3°-UTR.

HuR expression increases levels of RNase L., whereas expression of RNase L.
negatively affects the level of HuR as in an apparent fcedback loop (Al-Ahmadi et al.,
2009). Cell growth rates and HuR levels were both elevated in RNase L-null mouse
embryonic fibroblasts. The increase in HuR protein levels was correlated positively to
enhancement in the stability of its mRNA, in absence of RNase L. The RNase L
inhibitory eftect on HUR mRNA levels was mapped to the HuR 3°-UTR, which contains
U-rich/ARE-like sequences. In summary, HuR stabilizes the RNase L mRNA through
AREs 7 and 8. whereas RNase L destabilizes the HUR mRNA through AREs in its 3°-
UTR. Posttranscriptional cross-regulation of these proteins determines cellular levels,
and consequently cellular effects, between both proteins. The role of RNase L activity on
HuR expression was found to be most prominent in confluent cells or cells arrested in G1

phase of cell cycle, during which time both proteins were in the cytoplasm.
I11.4.16. Anti-bacterial role of RNase L

Previously, it was thought that RNase L played major role in terms of antiviral
functions, but it provides also protection to mice against infections of Bacillus anthracis
and Escherichia coli (Li et al., 2008). Incomparision, the mice lacking in RNase L had
increased bacterial loads and higher mortality rates when infected with either type of
bacteria than the identically WT mice. After bacterial infections in the RNase [-deficient
mice reduced levels of pro-inflammatory cytokines, [L-1f and TNF-a, and TFN-p3 were
observed. Also, E. coli-infected RNase [./macrophages has shown two fold reduction in
IRF3 dimerization. Microarray analysis and subsequent experiments revealed a positive
role of RNase L in regulation of Cathepsin E (Cat E), an endolysosomal aspartyl
proteinase. Cat E mRNA was stabilized in macrophages lacking RNase L, which are
leading to increased levels in the protein. Elevated Cat E levels correlated with reduction
of lysosome-associated membrane proteins, LAMPI1 and LAMP2, which are required for
the terminal step in phagosome maturation. In this process late endosomes fuse with
lysosomes to eliminate phagocytosed microbial cargo. Decreased expression of
LAMPI/2 in macrophages from RNasel-/- mice was also correlated to accumulated
phagocytic vacuoles and ineffective clearance of bacteria. In addition, over-expression of

Cat E mimicked in the absence of RNase L, which are impairing in the induction of 1L-
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Ip after LPS treatment. These findings identify an essential role for RNase L in
antibacterial immunity in which RNase L. is required for the optimal induction of
proinflammatory ¢ytokines. In these processes RNase L. also regulating the Cat E, and
associated endolysosomal functions. which is required for the elimination of
phagocytosed bacteria. However, exactly how bacteria or LPS are signaling to RNase L.
or whether. if fact, the ribonuclease activity of RNase L is required for its anti-bacterial
role has not been reported. Curiously, while the [FN-inducible OAS/RNase L pathway is
antibacterial, the type 1 IFNs themselves, which have been described in some studies to

have probacterial effects (Rayamajhi et al., 2010).

A completely different line of investigation has indirectly linked the OAS/RNase
L pathway to an innate immunity in case of bacterial infections. The nucleotide-binding
and oligomerization domain-2 (NOD?2) is a Nod-like receptor member that is activated
by bacteria-derived muramyl dipeptide to trigger innate immunity by activating NF-kB
and MAP kinases (Ting et al., 2010). Interaction between QOAS2 p69 and NOD?2 leads to
enhanced RNase L activity in poly(rl):poly(rC)-treated human acute monocytic leukemia
cell line THP-1 (Dugan et al., 2009). In addition, NOD2 recognizes viral ssRNA

(fromrespiratory syncytial virus) and uses it to activate IRF3 (Sabbah et al.. 2009).

IIL.4.17. RNase L. and autophagy

Autophagy is a programmed homeostatic response to diverse types of cellular
stress that disposes of long-lived proteins, organelles, and invading microbes within
double-membraned structures called autophagosomes. Siddiqui and Malathi in 2012,
Showed that RNase L. coordinates the activation of ¢-Jun N-terminal kinase (JNK) and
double-stranded RNA-dependent protein kinase (PKR) to induce autophagy with
hallmarks such as accumulation of autophagic vacuoles, p62(SQSTM1) degradation and
conversion of Microtubule-associated Protein Light Chain 3-1 (LC3-1) to LC3-1I.
Accordingly. treatment of cells with pharmacological inhibitors of JNK or PKR and
mouse embryonic fibroblasts (MEFs) lacking JNKI1/2 or PKR showed reduced
autophagy levels. Furthermore, RNase L-induced JNK activity promoted Bcl-2
phosphorylation, disrupted the Beclinl-Bcl-2 complex and stimulated autophagy. Viral
infection with Encephalomyocarditis virus (EMCV) or Sendai virus led to higher levels
of autophagy in wild-type (WT) MEFs compared with RNase L knock out (KO) MEFs.
Inhibition of RNase L-induced autophagy using Bafilomycin Al or 3-methyladenine

35



Review of literature

suppressed viral growth in initial stages; in later stages autophagy promoted viral
replication dampening the antiviral effect. Induction of autophagy by activated RNase L
is independent of the paracrine effects of interferon (IFN) (Chakrabarti et al., 20i12;
Siddiqui and Malathi, 2012).

I11.4.18. Regulation of RNase L by micro RNA

RNase-L expression is controlled post-transcriptionally by its 3'-untranslated
region {3' UTR). which exerts a strong negative effect on RNase-L levels. MicroRNAs
(miRNAs) are a class of small noncoding RNAs that repress expression of target genes
by binding to regions of complementarity often in the 3' UTR. The miR-29 family acts as
a tumor suppressor in several cancers, including acute and chronic myelogenous
leukemia (CML), and has many oncogenic targets. Using a luciferase reporter, Lee et al
in 2013 showed that the miR-29 family represses RNase-1. protein expression across
several cell types and acts via 4 target sites within the RNASEL 3' UTR. Mutation of all
sites is required for abrogation of miR-29 repression. In light of the reported tumor
suppressive role of miR-29 in K562 CML cells and miR-29 repression of RNase-I. in
these cells. they generated K562 cells with stable RNase-L. knockdown and demonstrated
that loss of RNase-L. inhibits proliferation in vitro as well as tumor growth in a xenograft

model {Lee ¢t al., 2013).
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IV. STATEMENT OF THE PROBLEM

RNase L was originally identified as a non-specific endoribonuclease. which
degraded viral and cellular single stranded RNAs after being activated by 2-5A
cofactor(s) in response to viral infection and interferon treatment of mammalian cells.
RNA degradation by RNase L led to apoptosis of virus-infected cells thus producing
antiviral effects. Later, RNase L was identified as a tumor suppressor as well as a human
prostate cancer (HPC-1) susceptibility locus. It was argued that a homozygous mutation

(R462Q) in RNase . gene increased the risk for prostate cancer in human patients.

In the meantime, earlier studies in our laboratory reported that the human RNase
L when expressed as a recombinant protein in £. Coli caused degradation of the RNAs
and inhibited cell growth without exogenous 2-5A cofactor (Pandey et al., 2004). This
human RNase L. protein was degraded in £ Coli cells. later this was stabilized and
purified by expressing a GST-hRNase L fusion protein, which was biochemically active
against cellular rRNAs in vitro in a 2-5A dependent manner (Gupta and Rath, 2012). But
a RNase-domain deleted / dominant negative form of the mouse RNase L. (homologous
to the human RNase L) not only did not degrade the RNAs but also it stimulated the £
Coli celi growth. Earlier, this dominant negative mous'e RNase [. (DN-mRNase L)
cDNA was reported to inhibit RNA degradation and apoptosis caused by the human
RNase L. ¢cDNA in the mammalian cells, and this was explained as, since the DN-
mRNase L. protein bound and sequestered the 2-5A cofactors, the hRNase L protein was
less active (Naik et al, 1998). Later. it was found out in our laboratory that the DN-
mRNase L protein was highly degraded when expressed in E. Coli and it stimulated
expression of some E. Coli proteins, which might have stimulated the E. Coli cell growth
(Gupta and Rath, 2009, unpublished), this informed about a role of RNase L similar to
the opposite effect of a tumor suppressor in terms of cell growth, proliferation of
mammalian cells. A study in our laboratory, for the first time showed that the RNase-
domain deleted RNase L. may have other cellular functions/ effects; this is analogous to
the gain of function mutation effect(s) of a tumour suppressor. Yet another study from
our laboratory showed that cellular RNase L protein expression was induced by a
number of siressors like the anticancer drugs, dsRNA, H,0,, CaCl; and inflammatory
cytokine (TNF-a} in the human cervical carcinoma (Hela) cells, this correlated with

RNA-degradation, DNA-fragmentation and apoptosis in the celtls (Pandey et al., 2004),
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suggesting for the first time that RNase L is a stress-responsive gene factor ana it may be

involved in normal cellular functions other than its well established antiviral role.

In another study from our laboratory. a number of cellular proteins were
identified from the mouse spleen which interacted with RNase L (Gupta and Rath, 2009,
unpublished). Tt was also found that the RNase L. mRNA was constitutively expressed in
the mouse tissues with higher levels in spleen and thymus, the two immunological
tissues (Gupta and Rath. 2009. unpublished). This stimulated us to explore the link

between RNase L expression and prostate cancer, if any.
With this background the present study was designed to address the following questions

A. What is the status of RNase L expression in mouse tissues under normal
conditions?

B. What is the effect(s) of endogenous and exogenous androgen(s) on the expression
of RNase L in the prostate tissue of mouse under in vivo conditions?

C. What is the status of RNase L expression in an androgen-responsive dependent
and androgen-unresponsive human prostate cancer cell lines?

D. What is the effect(s) of androgen on RNase L. expression in the above two human
prostate cancer cell lines?

E. What is the effect(s) of oxidative stress (H,0;) on RNase L expression in above

two human prostate cancer cell lines?

It was expected that this study may inform us about the status of RNase L expression in
mouse tissues and its relationship with androgen and oxidative stress in prostate of
mouse as well as in the human prostate cancer cell lines as experimental model system to

correlate with RINase L. expression with prostate cancer.
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V. MATERIALS AND METHODS

V. 1 Materials
V.1.1 Reagents

Acrylamide (30%)

Agarose

Antibodies

Aprotinin (1 mg/ml)

APS (10%)

Benzamidine (250

mg/ml)

Bradford reagent (5X)

Dissolved 29.0 g Acrylamide (Sigma, A-9099) and 1.0 g Bis
N-N* Methylene-bis-acrylamide acrylamide (Sigma, M-
7256) in double distilled water to final volume made upto

100.0 ml. Stored at 4°C.

Routinely 1-2% agarose (Sigma, A-9539)/low melting
agarose (Type VII, Sigma, A-9414) gels were made in 1X
Tris-acetate-EDTA (TAE) or 0.5X Tris-borate-EDTA (TBE)
buffer with a final concentration of 0.5 pg/mt EtBr, added

later.

Primary:

1. Monoclonal mouse Ant_i hRNase L (Sigma, R-3529)

2. Monoclonal mouse anti-f} actin {Sigma. A-5316)
Secondary: Rabbit anti-Mouse IgG HRP {Sigma, A-9044)

1.0 mg aprotinin (Sigma) added in 1.0 ml double distilled

water. Stored at -20°C in aliquots.

Dissolved 100.0 mg Ammonium persulfate (APS) (Sigma,
A-9164) in 1.0 ml double distilled water. Stored at -20°C.

250 mg Benzamidine (Sigma, B-6506) dissolved in 1.0 ml

double distilled water. Stored at —20°C.

50 mg Coomassie Brilliant Blue G-250 (S. D. Fine
Chemicals, #54329) added to 25 ml 95% ethanol (Merck)
and dissolve property. Added 50 m! ortho-Phosphoric acid
(85%) and final volume made upto 100 ml by double

distilled water. Stored at 4°C.

39



Materials and methods

BSA (10 mg/ml) Dissolved 10 mg bovine serum albumin (BSA) (Fraction V,
Sigma, A-9647) in 1.0 ml double distilled water. Stored at —

20°C in aliquots,

Celi culture (A) Reagents:

!\)

Anibiotic-antimycotic solution. 100X concentration
(Sigma, A-5955) and 1X final concentration to be
used.

RPMI-1640 (Sigma, R-8758)

Dimethyl sulfoxide (DMSO) for cell freezing
(Sigma, D-2650).

Dimethy| sulfoxide (DMSO) for MTT assay (Sigma
D-8418).

Fetal bovine serum (FBS) (Sigma, F-4135, 500 ml or
100 ml).

Dextran-charcoal treated fetal bovine serum (FBS),
(ThermoScientific, HyClone, SH30068.02H1)

Trypan blue (Sigma, T-8154)

Trypsin-EDTA (Sigma, T-4049, 100 ml)
Trypsin-EDTA (HiMedia, TCL007-100 ml)

{B) Plastic wares:

10. 24-well plate (Corning, CLS-3526)

1. 6-well plate (Corning, CLS-3506)

12. 96-well plate (Corning, CLS-3628)

13. Freezing vials (Sigma, V8130-100EA)

14. Polypropylcne Falcon 15 ml tube (Coming, CLS-

430052)

15. Polypropylene Falcon 50 ml tube (Corning, CLS-

430291)

16. T-25 flask (Corning, CLS-430639)

Deionized water 10 g Mixed Bed Resin (Sigma, M8157-100G) added to

100.0 m] double distilled water and kept at RT for overnight.
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DEPC water

DNA loading dye (6X)

DNA marker

DTT, 1M

ECL reagent

EDTA. 0.5M pH 8.0

EGTA (0.5 M)

Enzymes and dNTP

Materials and methods

Aliquots the deionised water in eppendorf tube and

autoclaved. Stored at -20°C (used for PCR etc.) as required.

Diethyl pyrocarbonate (DEPC) (Sigma. D-3758) added into
doublc distilled water at final concentration of 0.1%, stored

at 37°C for overnight and autoclaved. Stored at -20°C or RT.

10 mM Tris-Cl (pH 7.5), 0.03% bromophenol blue (Alderich
Inc. # 62625.28.9), 60% glycerol and 60 mM EDTA mixed

well. Stored at 4°C.

O'GeneRuler™ 1 Kb DNA ladder (MBI Fermentas.
#SM1163), Stored at —20°C.

771.3 mg Dithiothreitol (DTT) (Sigma, D-9779) dissolved in
4.0 ml double distilled water, final volume made upto 5.0 ml
and aliquoted. Stored at -20°C. Repeated frecze-thaw

prevented.

SuperSignal® West Pico Chemluminescent Substrate

(Thermo, #37077). Stored at 4°C.

8.6 g Ethylenediaminetetraacetic acid (EDTA) (Sigma, E-
5134) dissolved in 80 ml double distilled water. pH 8.0 was
adjusted by 10 N NaOH and final volume made upto 100 mi

and autoclaved. Stored at RT.

Ethylene glycol bis-[B-amino ethyl ether]- N, N, N°, N’ tetra
acetic acid (Sigma, E4378). Suspended 1.902 gm of EGTA
in 30-40 m| of stertle HyO by warming on a magnetic stirrer.
pH was adjusted to 7.0 by adding 10 M NaOH drop-wise
while stirring. Made volume to 50 ml. Autoclaved and stored

at room temperature
1. dNTP set, 100 mM each (Fermantas, #R0181)

2. dNTPs individual set. each 100 mM (Promega, U-
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EtBr (10 mg/ml)

H,0, (30%)

Ketamine

Leupeptin (1 mg/ml)

Mercaptoethanol-p

MgCly. [ M

Milk, non-fat (5%)

NaCl, 5 M

Materials and methods

1330)

3. M-MLV Reverse Trnascriptase, 10,000U (Promega,
M-1701)

4., M-MuLV Reverse Transcriptase (NEB, M0253S)

5. Recombinant RNasin® Ribonuclease inhibitor,

2500U (Promega. N-2511)
6. RNase Inhibitor (NEB. M0307S)
7. Tag DNA Polymerase (NEB, M0273L)

Added 10 mg of ethidium bromide (EtBr) (Sigma, E-8751)

in 1.0 ml double distilled water. Stored at 4°C.

Hydrogen per oxide (H;0;) Merck  Germany,
#61754405001730. Stored at 4°C.

Anket®, 50mg/ml, Neon Laboratories Limited. Stored at
4°C, '

Made in double distilled water at a concentration of 1.0
mg/ml and stored in aliquots at -20°C.

-Mercaptoethanol, 14.4 M (Sigma, M-3149). Stored at 4°C.

Dissolved 20.33 g of Magnisium Chloride (MgCl;.6H,0)
(Qualigens-ExcelaR) in 80.0 m! of double distilled water and
final volume made upto 100 ml and autoclaved. Stored at

RT.

1.0 g skimed milk powder (CDH, #024363) added in 10.0 ml
1X PBS-T and heated at 60°C for 20 min. Cooled at RT to

use.

14.6 g sodium chloride (NaCl) (Merck) added into 50 ml

double distilled water and autoclaved. Stored at RT.
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NaF (0.5M)

Neosporin

Nitrocellulose membrane

PBS (10X), pH 7.4

PBS-T

PMSF, 100 mM

Ponceau S

SDS (10%)

SDS-PAGE

Running bufter (1X)

SDS-PAGE dye (2X)

Materials and methods

Sodium tluoride (Sigma, S1504). Made 0.5M stock solution

in autoclaved ddw. Stored at -20°C tn aliquots ot 50 pl.
Neosporin powder from Johnson & Johnson®

Trans-Blot Transfer Medium (BIO-RAD, #162-0113). Pure
Nitrocellulose Membrane 0.45 um, use for westernblot.

Stored at RT.

20 g NaCl (1.3 M) (Mcrek), 0.5 g KCI (20 mM)(Qualigen
ExcelaR, #19255), 3.6 g Na HP(,.2H,O (78 mM) (Sigma,
§5-7907). 0.6 g KHoPOs (14 mM) (Merck Germany,
MT5M552654) mixed in 200 ml double distitled water, pH
adjusted to 7.4 with 1 N naOH, final volume made upto 250

ml and autoclaved. Stored at RT.
1 x PBS, pH 7.4 with 0.1% Tween-20.

Dissolved 174.2 mg PMSF (phenylmethanesulfonylfluoride)
(Sigma, P-7626) in final volume of 10 ml

ethanol/isopropanol. Stored at -20°C up to six months.

100 mg Ponceau S (Hi-media, RM-977) dissolved in 49.0 ml

double distilled water and 1.0 ml acetic acid. Stored at RT.

Dissolve 2 g of sodium dodecyl| sulphate (SDS) (Sigma. &-
4390) to 18 ml 10 mM Tris.HCI (pH 8.0) and final volume
made upto 20 ml. To dissolve it properly, keep the solution

at 37°C for 3-4 hrs. Stored at RT.

Freshly prepared by 18.8 g Glycine GR (Merck, MC-
9IM583649), 3.0 g Trizma (Sigma, T-1503) and 1.0 g SDS
(Sigma, 5-4390) was added in 800 ml double distilled water
and mixed well. Final volume made upto | L by adding

double distilled water. Stored at RT.

125 mM Tris.Cl (pH 6.8), 4% SDS, 20% Glycerol, 0.02%
Bromophenol Blue (Aldrich Inc., 62625.28.9) and 200 mM
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Sodium acetate, 3 M

pH 3.2

Sodjum deoxycholate

(10% wiv)

Sodium orthovanadate

TAE (50X)

TBE (5X)

TEMED

Testosterone

Materials and methods

DTT or 10% p-Mercaptoethanol was added just prior to use.
Stored at RT.

204 g Sodium Acetate (Qualigen ExcelaR, #13905) added
to 30 ml double distilled water and pH adjusted to 5.2 by
glacial Acetic Acid. Final volume made upto 50 ml and

autoclaved. Stored at RT.

(Sigma D-6750. M-414.6 g/mol). Dissolved 10% (w/v) in
autoclaved double-distilled H-O. Stored at 4°C protected

from light.

(Sigma S-6508. M-183.91 g/mol). Prepared 200 mM stock
in autociaved double-distilled H,Q, adjusted the pH to 9.0
with IN HCIL, boil until colorless, cooled to RT. Repeat the
cycle untill solution remains at pH 9.0 after boiling and

cooling. Stored as 20 ul aliquots at —20°C.

Tirs-Acetate-EDTA (TAE) buffer made by adding 60.5 g
Trizma (Sigma, T-1503). 14.3 ml glacial Acetic Acid
(Merck) and 4.7 g EDTA (Sigma, E-5134) to double
distilled water, final volume made upto 250.0 ml and

autoclaved. Stored at RT.

Tris-Borate-EDTA (TBE) buffer made by adding 54.0 g
Trizma (Sigma, T-1503), 27.5 g Boric Acid (Sigma, B-6768)
and 3.72 ¢ EDTA (Sigma, E-5134) to double distilled water,
final volume made upto 1.0 L and autoclavd. Stored at RT

away from light.

N,N,N'N', Tetra methyl ethylene diamine. (Sigma, T-7024),

stored at 4°C in a dark bottle.

For Mice studies: Sustanone 250mg, Each ml contained 30
mg  testosterone  propionate, 60 mg testosterone

phynylpropionate and 100 mg testosterone decanoate, From
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Tris.HCI, (.5 M pH 6.8

Tris. HCI. 1 M pH 7.0

Tris. HCI. 1.5 M pH 8.8

Triton X- 100

Western blot transfer

buffer

X-ray flim

X-ray flim developer

X-ray {lim fixer

Xylaxin

Materials and methods

Organone (India) Limited. Stored at 40C.
For cell culture Studies: Testosterone. Himedia. RM-1848

6.1 g of Trizma (Sigma. T-1503) dissolved in 80 ml double
distilled water, pH adjusted to 6.8 with conc. HCI, final

volume made upto 100 ml and autoclaved. Stored at RT.

6.1 g of Tris Buffer GR (Merck, MC-8M3580254) dissolved
in 30 ml double distilled water and pH adjusted to 7.0 with
conc. HCI, fnal volume made upto 50 ml and autoclaved.

Stored at RT.

18.2 g of Trizma (Sigma, T-1503) dissolved in 80 ml double
distilled water, pH adjusted to 8.8 with conc. HCI, final

volume made upto 100 ml and autoclaved. Stored at RT.
(Sigma, T-8787), diluted to 10% in water and stored at R'T.

Freshly prepared by adding 2.9 g Glycine GR (Merck, MC-
9M583649), 5.8 g Trizma (Sigma, T-1503) and 0.4 g SDS
(Sigma, S-4390) to 850 ml double distilled water. 150 ml
methanol was added to make the final volume | L. Stored at

4°C.
XBT-5 (Kodak, #4909958). Stored at RT in dark place.

Dissolved 17.8 ml Part A liquid with 1.4 g Part B powder
(Kodak. #4908216) in 100 ml double distilled water and

made final volume upto 150 ml, prepared fresh just prior to

use. Stored at 4°C in dark bottle,

Dissolved 214 g of X-ray acid fixing salts (Kodak,
#4908232 or #9000720) in 80 ml double distilled water,
mxed well and final volume made upto 100 ml. Stored at

4°C in dark bottlc.

Xylaxin Hydrochloride (2% Solution)
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V.1.2 Primers

S.No. | Primer Sequence Annealing | Amplicon
{5— 3 temp (°C) | size (bp)
Oligo-
1. TTTITITTTTTTTTT 42 -
(dThs
) RNase L | CTGCAACCACAAAACATCTTAAT
l Fwd A
60 644
) RNase L AGATCTGGAAATGTCTTCTGAAA
' Rev ATA
Nkx3.1
4. GGAGACACCGACTGAACCC
Fwd
60 311
Nkx3.1
5. AGACTCCCAGGTCTTCCGAC
Rav
GAPDH
6. ACCACAGTCCATGCCATCAC
Fwd
60 452
GAPDH
7. R TCCACCACCCTGTTGCTGTA
ev :

VY.1.3 Experimental animals and cell lines

Male, B-10 week old Swiss Albino mice were obtained from the University
animal house facility. Mice were kept in a temperature-controtled room with a 12 hrs
light/dark cycle and provided with food and water. Care was taken to ensure animals
remained healthy. Mice were euthanized by cervical dislocation or anaesthetized using

ketamine and xylazine.

Prostate cancer cell DU145 was acquired from the cell repository of National
Centre for Cell Sciences. 22Rvlcells were kind gift from Dr R. P, Singh’s laboratory,
which was acquired from ATCC, USA.
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V.2. METHODS
V.2.1. Analysis of RNasel. mRNA expression in different tissues
V.2.1.1. RNA isolation

RNA was isolated from the mouse tissues (prostate, liver, kidney, heart, spleen,
thymus. brain. testis and lungs) using Tri-Reagent. Fifty to hundred mg of tissue was
crushed and powdercd in liquid nitrogen using a mortar and a pestle. One m! Tri-Reagent
was added and the mixture. Homogenized samples were incubated for 15 min at room
temperature. 0.3 ml of chloroform was added and the mixture was vortexed vigorously
for 15 sec. The mixture was further incubated at room temperature for 15 min. Then the
samples were centrifuged at 12,000 rpm for 15 min at 4°C. The homogenate was
separated into three phases. the upper aqueous phase containing RNA, the interphase
containing DNA and the lower organic phase containing protein. The upper aqueous
phase was collected and again extracted with 0.3 ml of chloroform for further
deprotenization. The aqueous phase was transferred in to a fresh tube. 0.5 ml of
isopropanol was added and the mixture was inverted several times to mix thoroughly.
The samples were kept at room temperature for 10 min to allow the RNA to precipitate,
and then centrifuged at 12,000rpm for 15 min at 4°C. The supernatant was discarded and
Iml cold 80% ethanol was added to wash the RNA pellet which was again centrifuged at
10000 for 10 min at 4°C for recovery. RNA pellet was air-dried and re-suspended in
DEPC-treated water. For prostate RNA, an additional step of phenol chloroform
treatment was give after dissolving the RNA pellets 500 pl dissolving Buftfer (200mM
Na-Acetate, 0.2% SDS, 1mM EDTA pH 8.0). The RNA concentration was
spectrophotometrically determined at 260 nm. The ratio at Azgg yn / A280 nm» the spectrum
from 200-300 nm and the gel picture of the 288 and 18S rRNAs were used to determine
the RNA quality.

V.2.1.2. Reverse transcription

In 0.5 ml eppendorf tube, 500ng oligo (dT),; primer and 2.0 pg RNA were
denatured in DEPC-treated water in a total volume 15 pl for 5 min at 70°C in
thermocycler and chilled on ice immediately. Ten pl of reaction mix was added to the

denatured RNA as follows:
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The sample was incubated in a thermal cycler at 42 °C for 60 min.

V.2.1.2. PCR

Components Stock conc, Volume (ul) | Final conc. T
DEPC-treated water - ~ lanas

SX MMLV-RT Buffer 5X 5.00 1X

LdNTP B 10 mM 1.25 0.5 mM
RNasin J40 U/l 0.5 20 U/pl T
MMLV-RT 1 200 U/l 1.0 200 U/rcaction?
Total ] | 10 J

The single-stranded cDNAs synthesized as above served as the template for PCR

using gene specific primers for mouse RNasel. (mRNaselL) and Glyceraldehyde 3-

Phosphate Dehydrogenase (GAPDH). The composition of the reaction mix for the
mRNasel. and GAPDH PCR reactions were as follows:

Companents Stock cone. | Volume (ul) | Volume Final cone.

(mRNasel.) | (uh)

(GAPDH)

Deionized water | - 17.5 19.0 i 7
PPCR buffer (With | 10X 2.5 2.5
2mM MeCly)
dANTP mix 10 mM 0.5 J 0.5 0.2 mM
Forward Primer 25 pmol/pl 0.5 0.5 2.5 pmol/reaction
Wrimcr 25 pmol/nl 0.5 0.5 12.5 pmol/reaction
&q polymerase I U/l 1.0 1 1.0 B U/l 7
¢DNAs (1™ strand | - 2.5 1.0 I -
reaction)
Total | 25.0 J 25.0 ﬁ

The PCR condittons for RNase L and GAPDH were as follows:

Step 1: 95 °C, 5 min.
Step 2: 95 °C, 45 sec.
Step 3: 60 °C, 45 sec.
Step 4: 72 °C, 1 min.

Step 5: Repeat steps 2-4 for 30 cycles for RNase L. and 30 cycles for GAPDH.
Step 6: 72 °C, 10 min.
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V.2.1.3. Agarose gel electrophoresis

0.5X TBE, 1.5% agarose gel containing 0.5 pg/ml of ethidium bromide was
prepared. DNA samples were loaded in 6X Gel Loading Buffer and electrophoresed in
0.5X TBE buffer at 25 mA for 1 hr. The DNA was visualized using an UV
transilluminator and photographed by Alphalmager 3400 gel documentation machine,
Integrated Density Value (IDV) calculated by Alphalmager software was used for

quantification.
V.2.2. Effect of testosterone on the expression of RNase L in mouse prostate
V.2.2.1. Mouse surgery

Anaesthetized the 8 week old swiss albino mice with 100 pl ketamine and
xylazine (10 mg/ml ketamine, | mg/ml xylazine) per 10gm of the body weight. Wiped
the scrotal sac region of mouse with spirit. Made a small incision and cut open the scrotal
sac. To cut open scrotal sac, first cut open the dermis then cut open the muscle layer.
Push testis slightly sideways so that it comes out of the scrotal sac. Then make a small
incision on the thin membrane covering the testis. Slightly push the testis so that it comes
out of the membrane covering: Tie the red coloured renal vein with help of needle and
black thread. Tied the second knot tying all other connection to testis then dissect out the
testis. Similarly other testis was also removed. Made 3-4 stiches to the scrotal sac to
close the cut and open area. Sprinkled the Neosporin powder over the operated area and
waited till it recovers from anaesthesia. After recovery when movement of mouse is

normal then it is transferred back to the mouse cage.
v.2.2.2, Mouse care

Mouse was kept in animal room with 12 hr day-night cycle. Sufficient food and
water were provided in cage. Neosporin was sprinkled over operated area for next three

days after surgery. Mice were allowed to fully recover from surgery for 10 days.
V.2.2.3. Mouse treatment with tesfosterone

Injected 50 pl (2 mg) of working solution (40 mg/mi) of sustanone 250 intra-
peritoneally to castrated mice. Labelled these mice as ‘Treated’. Injected 50p] of Sesame

oil to castrated mice and labelled ‘Untreated’. Uncastrated mice were kept as *Control’,
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and were not injected with either sustanone or sesame oil. The tnjections were given for

five days.

V.2.2.4. Sacrifice of mice and Sample collection

On the Sixth day mice were sacrificed by cervical dislocation, tissues collected.

snap freezed in liquid nitrogen and stored at -80°C. Picture of the mouse prostate was

taken before snap freezing into fiquid nitrogen.

V.2.2.5. RT-PCR

Reverse transcription and PCR for RNase L. and GAPDH was done as described

earlter. PCR for Nkx3.1 was done as follows

Components Stock conc. | Volume(p!) | Final conc.
(NKx3.1)

Deionized water - 18.05 -

10X buffer (With | 10X 2.5 1X

1.5mM MgCly)

MgCl; 50mM 0.25 2 mM (Including 10X buffer
MgCL2)

dNTP mix 10 mM 0.5 0.2 mM

Forward Primer 25 pmol/pl 0.5 12.5 pmol/reaction

Reverse Primer 25 pmol/pl 0.5 12.5 pmol/reaction

Taq polymerase 5 U/ul 0.2 1 U/rection

¢DNAs (1™ strand | - 2.5 -

reaction)

Total 25.0

The PCR condition for Nkx3.1 was as follows:

Step 1: 95 °C. 5 min.

Step 2: 95 °C, 45sec.

Step 3: 61 °C, 45sec.

Step 4: 72 °C, 1 min.

Step 5: Repeat steps 2-4 for 30 cycles.
Step 6: 72 °C. 10 min.
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V.2.2,6. Statistical analysis

For RNA expression by RT-PCR., the DNA band (amplicon) in the agarose gel
was quantified by densitometry to obtain the integrated density value (IDV) using
software Alphalmager 3400. IDV of RNasc L and Nkx3.1 was normalized by IDV of
GAPDH to express the relative expression of the RNase L. or Nkx3.1 mRNA as the
normalized 1DV ratio. Statistical analysis of mRNA expression or cell proliferation was
carried out by Student’s t-test for comparing two groups using Sigma Plot (version 8.0)
software. Values represented in graphs are mean + SEM calculated from at least three

independent observations. p<0.05 was considered significant.
V.2.3. Analysis of mRNase L sequence for androgen receptor binding site

Upstream sequence (upto -1661) of mouse RNase L transcription start site was
downloaded from NCBI Gene database. This sequence was aligned with Androgen
receptor binding consensus sequence (3’-AGAACAnnnTGTTCT-3") using EBI
EMBOSS software (http://www.ebi.ac.uk/Tools/emboss/align/index.html).

V.2.4. 22Rv1 and DU145 cell culture

Seeded 1-2 million cells in 5 mi RPMI-1640 with 10% FBS and 1 X antibiotic in
T-25 flask. Allowed to grow the cells in incubator at 37 °C, 5% CO,. Monitored the
growth/ confluency under microsope everyday. Did not disturb 22Rv1 cells for first 24h
because these cells adhere very loosly and slowly. Monitor the change in colour of media

visually and change media accordingly.
V.2.4.1.Trypsinization

Aspirateed spent media from T-25 flask. Washed the cells with 5 m! PBS twice.
Add 1 ml] Trypsin solution to T-25 flask. Incubate it at 37 °C for 1 min Observe under
Microscope for detached cells. Add 4 ml media to T-25 flask. Transfer the media (having
cell suspension) to 15 ml falcon tube and spin the falcon at 2000 rpm in swinging bucket

rotor for 3 min. Discard supernatant and resuspend the cells in | ml media.

v.2.4.2, Cell counting

Clean the Haemocytometer and cover slip with 70% ethanol. Place the cover slip

on haemocytometer. Mix 50 pl of cells with 50 pl trypan blue, Add a small volume of

-
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trypan blue stained cell suspension to the haemocytometer. Focus the microscope on the
grid lines of the haemocytometer using the 10X objective of the microscope. Focus on
one set of 16 corners square. Count the number of live cells in this area of 16 squares.
Move the haemocytometer to another set of 16 corner squares and catry on counting

until atl 4 sets of 16 corner squares arc counted,
The concentration in cells per mi = (cells in four squares/4) x 2 x 10,000
¥.2.4.3. Sub culturing

Seed new T-25 flask with 1-2 million cells in 5 ml RPMI-1640 media having
10% FBS and X antibiotic. Cells were observed everyday for confluency. Media were
changed typically at in 2 days in case of DU145 cells and in 3 days in 22Rv1 celis. Once
confluent, the cells were trypsinized, as mentioned above and either seeded in new flask

or frozen in vapour phase of liquid nitrogen. as described below.
V.2.4.4. Freezing and thawing of cells

Healthy growing DU145 or 22Rvl cells were harvested by trypsinization and cell
pellets were resuspended at a concentration of 1.0x10° cells/ml freezing medium (10%
DMSO and 90% FBS). The cryovials were wrapped in parafilm and aluminum foil, put -
on ice and transferred to -80°C for overnight and stored at liquid nitrogen for long term
storage. Revival of frozen cells was done as quickly as possible. The frozen cells were
thawed at 37°C, resuspended in 4 ml RPMI-1640 with 10% FBS. The cells were
harvested by centrifugation, the medium containing DMSO was discarded, and the cells
were resuspended gently in 5 mi RPMI-1640 with 10% FBS medium and seceded in T-25
flask. The cells are allowed to grow at 37°C, 5% CO, for overnight. On the next day the
medium with floating cells were discarded and RPMI-1640 with 10% FBS was added,

altowed to grow up to 80% confluency and maintained as described above.
V.2.4.5. MTT-assay

This MTT (3-(4, 5-dimethylthiasol-2-yl)-2, 4,-diphenyltetrazolium bromide)
assay is a colorimetric assay that measures the reduction of MTT by succinate
dehydrogenase enzyme in mitochondria where it is reduced to an insoluble, colored,
formazan product from a soluble uncoloured substrate. The cells were then solubilised

with (DMSO) and the released, solubilized formazan reagent is measured
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spectrophotometrically (Mosmann, 1983). MTT assay was done as describe previously
with some modification (Mishra et al.. 2011). DU145 and 22Rv1 cells were seeded in to
24-well plate at three different densities for viz. 10 X 10°. 20 X 10° and 40 X 107 per
well in triplicate in three different plate for 24 hrs. 48 hrs and 72 hrs and kept at 37°C
and 5% CO;,. After 24 hr. 48 hr or 72 hr, 100 pul of 5 mg/ml MTT was added in to each
well and plate was again placed back in incubator for the next 2 hr. MTT is light
sensitive. hence maintain dark or wrap the plate in aluminum foil such that proper
aeration take place. After 2 hr, observe the cells under phase contrast microscope to
visualize the dark violet coloured crystal inside the cells. Next, aspirate the media and
added 300 pl DMSO in each well and kept for 10 min at RT with gentle shaking by
hands. Colourless DMSO turned in to violet coloured. Transfer 200 nl from each well in
to 96-well plate and absorbance was read at 590 nm, which has a photometric range from

0.0t04.00.D.
V.2.5. Testosterone treatment of DU145 cells for growth curve analysis

Dul45 cells were seeded at density of 10000 cells per well (in 0.5 ml media) of
24 well plate in triplicate. After 24 hr the media (10% FBS and 1X antibiotic in RPMI
1640) was removed and the cells were treated with 10 nM and 100 nM of testosterone in
culture media having 10% dextran-charcoal treated fetal bovine serum and 1X antibiotic
in RPMI-1640 for the time point of 24 hr, 48 hr and 72 hr. Afier each time point, MTT

assay was carried out as described earlier.
V.2.5.1. Testosterone treatment of 22Rv1 cells for growth curve analysis

22Rv1 cells were seeded at density of 20000 cells per well (in 0.5 ml media) of
24 well plate in triplicate. After 24 h the media (10% FBS and 1X antibiotic in RPMI
1640) was removed and the cells were treated with 0 nM, 10 nM and 100 nM of
testosterone in culture media having 10% dextran-charcoal treated fetal bovine serum
and 1 X antibiotic in RPMI-1640 for the time point of 24 hr, 48 hr and 72 hr. After each

time point, MTT assay was carried out as described earlier.

V.2.5.2. Testosterone treatment for expression analysis of RNase L mRNA in

DU145 and 22Rv] cells

50000 cells of DUI1L45 and 100000 cells of 22Rv] were seeded in 2 ml culture
media (RPMI1-1640 with 10% FBS and 1X antibiotic) in each well of 6 well plates. Cells
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were allowed adhere and grow for 24 hr. Afier 24 hr, the media was replaced with a
treatment media (RPMI-1640 with 10% dextran-charcoal treated FBS and 1 X antbiotic)
having 10nM testosterone for a period of 48 hr. After 48 h of treatment, media was
removed. DU145 and 22Rv 1 cells were washed in 1 X PBS and were harvested in 0.5 ml
Tri-reagent. Total RNA of the cells was isolated as described earlier. RT-PCR was done

for RNase L and GAPDH mRNA as described earlier.

V.2.5.3. Testosterone treatment for expression analysis of RNase L protein in

DU145 and 22Rv1 cells

50000 cells of DUI45 and 100000 cells of 22Rvi were seeded in 2ml culture
media (RPMI-1640 with 10% FBS and | X antibiotic) each well of 6 well plates. Cells
were allowed adhere and grow for 24 h. After 24 h, The media was replaced with a
treatment media (RPMI-1640 with 10% dextran-charcoal treated FBS and 1 X antibiotic)
having OnM or 10nM testosterone for a period of 48 h. DU45 and 22Rv1 cells were
harvested by mild trypsinization and scraping in ice cold Phosphate buffer saline. Cells
were washed in PBS and centrifuged at 2000 rpm for 3 min to remove the media content.
The cell pellet was either stored at -80 °C or processed for protein extraction for western

blotting.
V.2.5.3.1. Protein extract preparation

Cell pellet was resuspended in | m! lysis buffer/ 1 million cells. Lysis buffer was
made fresh and was composed of 50 mM Trs-Cl pH 7.5, 150 mM NaCl, 5 mM EDTA
pH 8.0, 2.5 mM EGTA pH 7.5, | mM sodium orthovanadate, 1% Triton X-100, 0.5%
sodium deoxycholate, 0.1% SDS, 2 mM NaF, 2 mM PMSF, 5 pg/m! leupeptin, 5 pg/ml
aprotinin, 0.5 mg/ml benzamidine. Agitated the cells in lysis buffer at ice for 30min.
Centrifuged the cells at 12000 rpm for 15 min, collected the supernatant and stored at -

80°C.
V.2.5.3.2. Protein estimation

Bradford’s method (Bradford, 1976) was used for estimation of protein conc. in
the tissue extracts. A standard curve of BSA was made by using a serial dilution of BSA
(1 pg/ml) from 0, 2, 4, 6, 8, 10 and 12 pg in a final vol of 0.8 ml in |.5 ml Eppendorf
tubes. Each conc. was taken in duplicates. Two hundred pl of 5X Bradford’s reagent was

added to each tube and allowed to react for 5 min. The Q.D. was measured at 595 nm in
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a spectrophotometer. A standard curve was plotted for the mean O.D 565, to esttmate the
conc. of BSA. Two ul of the protein extract in 0.8 ml was added with 200 p! of 5X

Bradford reagent, O.D. at 595 nm was estimated using the standard curve.

v.2.5.3.3. Sample preparation

The protein extract (30 pg) was boiled with equal volume of 2X SDS-PAGE
sample buffer (100 mM TrisCl, pH 6.8. 4% w/v SDS, 0.2% w/v bromophenol blue. 20%
glycerol, 200 mM DTT. in H;O) in boiling water bath for 5 min then chilled on ice.

V.2.5.3.4. SDS-PAGE

Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) was
carried out according to Laemeli’s method (Laemmli, 1970). Stacking and resolving gel

solutions were made as follows:

[ Solution component . 10% resolving gel (ml) 5% stacking gel ( ml)
’ H,O 4.0 2.1
FO% acrylamide mix - [33 0.5 J
1.5M Tris (pH 8.8 2.5 -

(pH 8.8) |
1.0 M Tris (pH 6.8) - 0.38
]LO% SDS 0.1 0.03
10% APS 0.1 0.03 |
TEMED J 0.006 0.003
Etal j 10 IE B

The solution was swirled gently to avoid formation of bubbles and quickly added
with freshly prepared 10% APS and TEMED, poured in sealed vertical glass plates (Bio-
Rad miniprotean Il apparatus), covered with thin layer of isopropanol. It was allowed to
polymerize for 30 min at RT, and after polymerization, the upper layer of isopropanol
was completely removed and 5% stacking gel solution was poured and the 1.5 mm thick
comb was put in to make the wells. After the stacking gel was polymerized. the comb
was removed and the slots were washed well with 1X gel buffers to remove any
unpolymerized acrylamide. The gel was placed in the vertical gel apparatus ensuring that

there was no air bubble trapped between the buffer and the bottom of the gel. The cell

55



Materials and methods

extract sample was loaded into the well and electrophoresed in 1X Tris-Glycine-SDS

Buffer at 80V at RT till the bromophenol blue dye migrated out of the gel.
V.2.5.3.5. Western blotting

The gel was trimmed to remove the stacking gel. The gel was washed with the
transfer bufter (39 mM glycine, 48 mM Tris, .037% SDS. 10 or 20% methanol, pH 8.3)
to remove SDS. The gel and the nitrocellulose membrane were sandwiched between two
sheets of Whatman 3MM sheets and packed into the Western blotting apparatus cassetie.
The transfer was carricd out by electroblotting at 40V in the transfer butfer overnight in
the cold room with constant mixing of the buffer. The gel was remowved and the
nitrocellulose membrane was stained with Ponceu-S. All the lanes with markers were
visible. The markers were marked with a ball-point pen on the nitroccllulose membrane.
The membrane was washed with PBST to remove the Ponceu-S, freshly washed in 1X
PBST, incubated in 5% non fat milk in PBST for 3h at room temp with mild shaking.
Then it was washed with 1X PBST gently and ineubated with the primary antibody
(Monoclonal anti human RNase L (at 1:3000 dilution) or anti-f-actin antibody (at 1:5000
dilution)) in 1X PBST for 2 h at room temperature. Then the membrane was washed in
IX PBST thricé, 10 min each on a rotating platform to wash away all non-specifically
bound antibodies. The meinbrane was then incubated with horseradish peroxidase
(HRP)-conjugated secondary antibody (anti mouse IgG, Sigma) in 2.5% nonfat milk in
IX PBST for 2 h at room temp, again washed in !X PBST thrice, 10 min each on the

rotating platform to wash away all non-specifically bound antibodies.
V.2.5.3.6. Developing

All the subsequent steps were carried out in a dark room with photographic safe
light. In a ciean container I ml ECL solution (equal volumes of ECL solution 1 and 1)
was added and swirled to mix, the blot was placed in the ECL solution mixture and
swirled for Imin taking care to ensure that the entire blot is constantly in contact with the
solution. The membrane was blotted on tissue paper to remove all extra ECL. wrapped in
saran wrap and placed on intensifying screen and exposed to Kodak X-ray film for
varying time, 5 sec, 30 sec, 1 min, 2 min or more and then developed the film with X-ray
developing and fixing solution with intermediate wash in water. The film was dried and
aligned with the blot and marked with the position of the markers. The image was

obtained by scanning of the X-ray film. The blot was stored at 4°C.
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V¥.2.6. H;0; treatment of DU4S5 cells for growth curve analysis

Dul45 cells were seeded at density of 20000 cells per well (in 0.5ml media) of 24
well plate in triplicate. After 24 h the media (10% FBS and 1X antibiotic in RPMI 1640)
was removed and the cells were treated with different H,O» concentrations for ditferent

time points. After each time point, MTT assay was carried ouf as described earlier.
V.2.7. H;0; treatment of 22Rv1 cells for growth curve analysis

22Rv1 cells were seeded at density of 20000 cells per well (in 0.5m] media) of 24
well plate in triplicate. After 24 h the media (10% FBS and 1X antibiotic in RPMI 1640)
was removed and the cells were treated with different H,O, concentrations for different

time points. After each time point, MTT assay was carried out as described carlier.

V.2.7. Effect of hydrogen peroxide on expression of RNase L in DU145 and 22Rv1

cells

1x10° cells of DU145 and 22Rv1 ceils were seeded in each well of 6 well plates.
Cells were allowed to adhere and grow or next 24 h. After 24 h cells were treated with
hydrogen peroxide diluted in PBS at final concentration of 200 pM for 4 h. After 4 h, the
cells were harvested for RT-PCR and western blotting and processed for same, as

described earlier,
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VL. RESULTS

VL1. Expression of RNase L mRNA in mouse tissues

Expression of RNase L mRNA was analysed in ninc different tissues of 8-10
week old Swiss Albino male mice. All nine tissues, that is. spleen, thymus, heart, liver,
kidney. testis, prostate, brain and lung showed the constitutive expression of RNase L
mRNA amplicon of the size of 644 bp (Fig. 1). Spleen showed highest level of
expression (2.65520.480) followed by thymus (1.546+0.161). The other tissues showed
similar basal levels of expression. Some tissues like lung and kidney showed variations
in the expression cven among the individual mice. For example RNase L mRNA
expresston of lung in Fig. 1B and 1C shows much higher expression than in that of Fig.
1A. Also, kidney in Fig. 1A shows much higher expression of RNase L mRNA amplicon
than in the kidney of Fig. IB and {C. These variations may be due to individual
physiological or environmental variations aftecting these tissues, as all these mice were
analysed for RNase I. mRNA expression independently and at different points of time.
GAPDH is a house keeping gene constitutively expressed in all the tissues, it was used as
a control. All the tissues showed nearly same level of expression of GAPDH mRNA.
The relativ-e expression of RNase . mRNA was about three fold higher in spleen and two
fold higher in the thymus of mouse compared to the average level of expression in the
other tissues (Fig. 2). Thus, RNase L. mRNA is constitutively expressed in the mouse
tissues under normal physiological conditions and the expression is higher in the

immunological tissues like the spleen and thymus.
V1.2, Effect of castration and testosterone treatment on mouse prostate

To study the effect of endogenous and exogenous androgen on the RNase L
expression in the mouse prostate, the castration experiment was carried out. The 8 to 10
week old mice were castrated as described in the methods section. Mouse prostate tissue
was dissected out along with the seminal vesicle and urinary bladder. The picture was
taken immediately after the tissue was dissected out and placed in ice cold normal saline
in a petri-dish. Below the petri-dish a scale was placed to help comparison of the size of
the tissue. Fig. 3A shows normal mouse prostate gland tissue along with the seminal
vesicle and urinary bladder. Fig. 3B shows the prostate tissue after castration, [0 days of

recovery period and 5 days of treatment with sesame oil (vehicle) intra-peritoneally. Fig.
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Fig. 1. Expression of RNase L. mRNA in nine different tissues of the
mouse as maesured by RT PCR. The 1.5% agarose (0.5X TBE bufter)
gel electrophoresis shows the 644 bp RNase L and 452 bp GAPDH
amplicons. A, B and C panels represent the independent experiments
using total RNA isolated from three individual mice. Lun- lungs, Liv-
liver, Kid- kidney, Pro- prostate, Bra- brain, Spl- spleen. Tes- testis,
Thy- thymus, M- marker DNA (bp).
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Fig. 2. Relative RNA expression (RNase L mRNA / GAPDH mRNA) in
the nine mouse tissues. The IDVs (Mean + SEM) are from the data shown
in Fig. 1 (n=3). IDV- Integrated density values.



A, Normal

B. Castrated

C. Castrated + Androgen

Fig. 3. Effect of androgen on mouse prostate tissue. A. Normal mouse
prostate tissue along with seminal vesicle and urinary bladder. B.
Atrophied mouse prostate tissue after castration (10 days recovery period
and 5 days treatment with sesame oil intraperitoneally). C. Mouse
prostate tissue of regaining in size after castration and androgen treatment
(10 days recovery period and 5 days treatment with testosterone (2
mg/micej in sesame oil intraperitoneally). P= Prostate, S= Seminal
Vesicle, B= Bladder.
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3C shows the prostate tissue after castration. 10 days of recovery period and 5 days of
treatment with testosterone (2 mg/mice) in sesame oil intra-peritoneally. Fig. 3A clearly
shows the developed mousc prostate tissue along with the grown flaccid seminal vesicle.
While after castration in Fig. 3B, the prostate as well as seminal vcsicle tissues are
visually reduced in size, thus atrophied. But after the treatmcnt with testosterone (2
mg/mice) in Fig. 3C, the prostate as well as seminal vesicle tissues have again grown to
more or less normal shape and size. This shows that the castration experimcnts and the
exogenous testosterone administration were working fine in respect of its effects on the
maintenance and growth of the mouse prostate gland size, morphology and function
under the control of the testis and androgen (endogenous testosterone) secreted from the
testis as well as the exogenously administered androgen under in vivo conditions in the

mouse.

V1.3. Effect of castration and testosterone treatment on expression of Nkx3.1

mRNA

NKx3.1 is a prostate-specific homeodomain transcription factor positively
regulated by androgen (Meeks and Schaeffer, 2011). This gene’s mRNA expression has
been used here as the positive marker for androgen response in the mouse prostate at
transcriptional mRNA level. The normal mouse prostate shows expression of the Nkx3.1
mRNA amplicon of 311 bp. After castration, the expression of Nkx3.1 mRNA decreases
due to androgen depletion while the expression of Nkx3.1 mRNA again increases when
the androgen is given exogenously (Fig. 4). Paired t-test analysis of GAPDH normalizéd
values for the normal (N) and castrated (C) mouse showed P-value of less than 0.05 (P=
0.004) showing that the castration significantly decreased the level of NKx3.1 mRNA by
nearly 66% (Table 1). Also, the paired t-test between the castrated (C) and castrated &
androgen treated (C+T) showed a P-value of less than 0.05 (P= 0.013). Furthermore
there is no significant difference in the levels of the Nkx3.1 mRNA between the normal
(N) and castrated & androgen treated (C+T) (Fig. 5), showing that the exogenous
treatment of testosterone was almost sufficient to attain the response at the molecular
level. This response of the Nkx3.1 mRNA shows that our model system of castration in
the mouse and hormone replacement was working at the molecular level of the mRNA
under the in vivo conditions. Thus, the Nkx3.1 mRNA served as a good positive control

in this case.
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Fig.4. Expression of RNase L, Nkx3.1 and GAPDH mRNAs measured by
RT-PCR in the normal mouse prostate (N), castrated mouse prostate
treated with sesame oil only (C), and castrated mouse prostate and treated
with testosterone (C+T). A total of six independent experiments (I- VI)
are shown in A, B and C. Exp. (I- VI) = Experiment I- VI, LC = a 452 bp
DNA fragment (20 ng) used as a loading control for the densitometry
purpose. Nkx3.1 1s an androgen responsive gene in the mouse prostate.




Table 1. Paired t-test of Nkx3.1 normalized values using software
Sigmaplot 8.0. Underlined values are less the 0.05 thus significant

% Change
Mean +SEM P- Value compared to
N
Vs C=0.004
N 1.661£0.267 O Ala 0.0
Vs C+T=0.257
Vs N=0.004
C 0.556+0.114 L3 66.4
Vs C+T= 0,013
Vs N=0.257
CrT 1.300+0.207 217
Vs C=0.013

N=Normal, C= Castrated, C+T= Castrated and treated with testosterone
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Fig. 5. Nkx3.1 mRNA expression in the prostate of the mouse after
castration and androgen administration. IDV value of each band was
divided by the loading control to normalize the gel to gel variations.
Loading control normalized values of Nkx3.1 were again normalized
with loading control normalized value of GAPDH. These values were
then plotted for Nkx3.1. N= Normal, C= Castrated, C+T= Castrated and
treated with testosterone. The data represents mean = SEM, (n= 6). P-
value shows the level of significance.



Results

VI1.4. Effect of castration and testosterone treatment on expression of RNase L

mRNA

RNase . mRNA expression in the normal (N), castrated (C) and castrated &
androgen treated (C+T) mouse prostates was analysed in the six independent sets of
experiments (Fig. 4, Exp. 1-6) conducted at different times. Each experiment contained
one normal (N), one castrated and one castrated & androgen treated (C+T) mice. The
expression was found to vary in different sets of experiments. The experiment 3 and 4
showed a relative increasc in the RNase L mRNA expression from the castrated mouse
(C) to the normal mouse (N) prostate while the experiments 1, 2, 4 and 5 showed nearly
no difference in RNase L mRNA levels. The experiments 1, 3, 4 and 5 showed a relative
decrease in the expression of RNase L mRNA after testosterone replacement (C+T),
when compared to the respective castrated mice (C) controls. After statistical analysis of
the relative IDVs (RNase L/GAPDH) of all the experiments combined it was found that
there was a decrease of approximately 35% in the RNase L mRNA level in the C+T
when compared to the N. Although, when the two values (N vs C+T) were tested for
significance by using (-test, the value was found to be more than 0.05 thus it is
insignificant. None or very little difference (-6.4%) was found between the N and C (Fig.
6, Table 2). The variations in the results of different experiments could be due to
physiological, genetic, experimental handling or environmental factor. Therefore, if at all
anything, RNase L mRNA expression in the prostate of the mouse under in vivo
conditions may be either not influenced by testosterone or it may be potentially
negatively influenced. Next, it was therefore investigated, if mouse RNase L. gene

promoter has any androgen receptor (AR) binding site.

VL.5. Mouse RNase L gene promoter sequence analysis for Androgen Receptor

binding site

Mouse RNase L gene promoter sequenee was obtained from the NCBI gene
database (http://www.ncbi.nlm.nih.gov/gene/24014). The sequence from -1 to -1661 of
the mouse RNase L gene with reference to the transcriptional start site (+1) was
downloaded and used to look for any possibie androgen receptor consensus binding site.
The AR binding consensus sequence is comprised of two 6-bp asymmetrical elements
separated by a 3-bp spacer, 5-AGAACAnnnTGTTCT-3' (TRANSFAC database.

http://www.gene-regulation.com/cgi-bin/pub/databases/transfac/search.cgi). This
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Table 2. Paired t-test of normalized values for RNase L using software
Sigmaplot 8.0.

Yo
Mean +SEM | P- Value Change
compared
to N
Vs C=0.704
N 0.732+0.204 0.0
Vs C+T=0.216
Vs N=0.704
C 0.685 £0.107 -6.4
Vs C+T=0.189
Vs N=0.216
C+T | 0.475+0.103 -35.0
Vs C=0.189

N= Normal, C= Castrated, C+T= Castrated and treated with testosterone
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Fig. 6. RNase L. mRNA expression in the prostate of the mouse after
castration and androgen administration. IDV value of each band from
RT-PCR gel was divided by the loading controi to normalize. Loading
control normalized values of RNase L were again normalized with
loading control normalized values of GAPDH. These values were then
plotted for RNase 1.. N= Normal, C= Castrated, C+T= Castrated and
treated with testosterone. The data represents mean = SEM (n= 6). P-
value shows level of significance.



Results

consensus sequencc was aligned with the mouse RNase L promoter sequence using align
online software (http://www ebi.ac.uk/Tools/psa/emboss water/nucleotide.html). One
such partial consensus sequence was found from the -51 to -63 nucleotide of the
promoter region (sequence) of mouse RNase L gene. This sequence is identical in one of
the two O-bp asymmetrical elements separated by a 3-bp spacer i.e. AGAACA. Three
nucleotides of the other asymmetrical element are also identical, having three spacer
nucleotides (Fig. 7). This, therefore, seems to be like a partial AR binding sequence.
Next, the study was undertaken in the human prostate cancer cells. Two such cell lines
were selected DU145 (androgen-unresponsive) and the 22Rvl (androgen-responsive)
cell lines. Tt was investigated whether RNase L gene expression is influenced by
androgen in these two types of human prostate cancer cell lines. Phase contrast picture of

the two cells seeded at low density is given in Fig. 8.
V1.6. Growth curve of DU145 cells

Growth curve of DU145 cells was plotted using MTT assay. About 5000, 10000,
20000 and 40000 cells/well were seeded in triplicates in 24 well plates for 24 hr, 48 hr,
and 72 hr time period of cell growth and proliferation. After completion of each time
poiﬁt the MTT assay was carried out as described in the methods, The cells showed
nearly 1.5 fold growth up to 48 hr and nearly 2.5 fold growth up to 72 hr compared to 24
hr (Table 3). The cells at all the four eell densities showed linear growth up to 48 hr
while at 72 hr time point, the wells seeded at 40000 cells/well started showing decrease
in growth. The cells seeded at 5000, 10000 and 20000 cells/well showed ncar.linear
growth up to 72 hr (Fig. 9). Next, the cell growth/proliferation was checked in response

to androgen treatment.
VL.7. Effect of testosterone on growth curve of DU14S3 cells

DU145 cells were seeded at the density of 10000 cells per well of 24 well plates
in triplicates. After 24 hr the media was removed and the cells were treated with, 10 nM
and 100 nM of testosterone in the culture media having 10% dextran-charcoal treated
foetal bovine serum in the RPMI-1640. The cells did not show any statistically
significant (based on p-value) difference in cell growth at 24 hr, 48 hr or 72 hr (Table 4,
Fig. 10). This showed that DU145 human prostate cancer cells are androgen-independent

with respect to cell growth/proliferation.
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(~1661)
AGAACTCTCAGATCTGCCTGCACCATGCCTGCCTGGATACTGCCATGCTCCCACCTTGA
TGATAATGGACTGAACCTCTGAATCTGTAAGCCAGCCCCAATTARATGTTGTTTTATTA
AGACTTGCCTTGGTCATGETGTCTGT TCACAGCAGTARARCCCTARACTARAGACACTATG
TTTACCCCACAGAGTGGCACTAT TAGGAGGTGAGGCCTTGTTGGAGTAGGTGTGTCACT
GTGGGCATGGGATTTARAGACCCTCATCCTAGCTACCTGAGAGCAAGTCTTTTCCTAGCA
GOCTGAAGATARAGATGTAGRATTCTCGACTCTTCCTGCACCATGCCTGCCTGGACACT
GCCATGCTCCCACCTTGATGATARTGGACTGAATCTCTGAACC TGTARGCCAGTCCTAR
TTAAATGTCCTTATAAGACTTGCCTTGGTCATGGTGTGTGTTCACAGCAGTARATTCTA
AGACAAGATGGCTACATAGTAGATTGTGCGTTCATTTCCTTGTTTCCTTCCAAGRACAT
AGGCGACTTGTGATAACAGAGAAGGCACAAGCCTATCATATCTGTCCTCTGAGGTCAGG
GGACAGCCCTTGTCTTCCTCCAGGAGGTGARGATTGCTCAGGLTGTGCCCGCATTGACG
CTGCACCCATGACTTCTGTTCTTCCGTTTTCTCACTCCTTTCTTGGCTCCTCCCTGATG
GCTCAGCGACTCACCACAAGGAAGCATTTTCTGTAGGGGTTGTTGCAGCCARAGGAATG
CCTGCTGAGAAGAGGAGTAGAAGGTAGGC TAGAGGAGAGCTGGCTGTGGAGGTGTTCCT
TGCCTAATCTCTCTCAGCCTGGGTCGGGGCAAGGATGAAGAGGTCTGGAGGAC TGGEGA
GCTGGGACTGATAGCAACTTGGCTGTETCCCTETGCTCCTAAGCGCTTCCACGGGTGOT
GTCACGGTTCTTACACTGTTTATTTATGTCOTCTGCTTCTGGCGCAGC TCTGARCCGAG
GAAGGAGAAAATGARAGTGAGCTCGGEGCTTGTTTGCTGCAGGCCTCTGTTCTGGAGTGE
GCTTTTCCCTCCCATATCAGAGTCCCCTGATTTTCTTCCCTCCTCTGTTCTTTTCATTA
CACCARCTCACCTCACAGCCAGTGGCAGT TAGGACCCATTACACARATGCTTTGGACAR
CAACTTTGGTGCTTCGTATTCAGRATATACTGCAGATGTAGATCTCAGAGAATGAGGTT
TTGCACAGTTTGTAGCAGATACAGCTATT TAGATGTTCAGGTTAACAAGGGGTGCCTGA
TGAGTGAACCTGGAGCTAAGT GAGGCCOCTGGGCTARAT GGLACTCCCTGCAGTGGTGA
GTGGGTGTGGGEGCAGTATTTGCTATATTCCCTARGACACTGTC TGCAATGGCCCTGTT
TACTGTTGTCCTCCGAT GAGGARACAMAAT TGTGAGTCAGCCATT TATGAATGTGCAAT
GAGGAAGTGACAGCCAAAAGTTGCAT TCCCAGAAACTCARAGCTGAGT TCGTACTTCAR
CTTTCTTTITTTCAACCGCACTGCTTCAATARAAACTCGCAGGGGGACGGAGAGARCGAR
CAGARRGAACAGTGTGTGGGGGETGACCAGCCTCACCTGGGATARAGTCAGATGGACCAR
GATTACCAG (-1)

AR consensus Sequence= AGAACANNNTGTTCT

EMBOSS_001 -63 AGAACAGTGTGT -51

P
EMBOSS_001 1 AGAACANNNTGT 12

Fig. 7. Possible presence of androgen receptor (AR) consensus
sequence in mouse RNase L promoter sequence. The mouse RNase L
promoter sequence (NP _036012.1) was analyzed by the EBI EMBOSS
bioinformatics tool to find possible AR binding sites.



Fig. 8. Phase contrast micrograph of A. DU145 and B. 22Rv] human
prostate cancer cells. (100X magnification).



Table 3. Growth of DU145 prostate cancer cells in 24 well plate at
different cell densities for 24, 48 and 72 hr by MTT assay. The OD 590
nm 1s shown for triplicate wells.

24 hr
Cells/well ODg, Do Dy Mean +SEM [Fold Induction
5000 0.148 D.154 0.179 0.160+£0.009 _ [1.00
10000 0.329 0.340 0.322 0.330+£0.005 _ ]1.00
20000 0.694 0.721 0.740 0.718+£0.013  ]1.00
40000 1.369 1.440 1.338 1.382+0.030 _ ]1.00
48 hr
ells/wellODg,, Dygq Dy,  [Mean+SEM Fold Induction
5000 0.238  0.266 p.309  0.271+0.021 1.69
10000 0540  0.543 0.602  0.562+0.020 1.70
20000 |1.071 1.047 1.090 1.069+0.012 1.48
40000 |1.833 1.874 1.820 1.842+0.016 1.33
72 hr
ells/wellOD.,, Dsgq Dy Mean +SEM  Fold Induction
5000 0.437  P.441 0.418  10.432+0.007 2.70
10000 0.830  0.853  P.850  10.844+0.007 .55
20000 1.471 1.439 1.449 1.453+0.009 .02
A0000  P.123  P.102  P.083 2.103+0.012 1.52
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Fig. 9. Growth of DU145 human prostate cancer cells in 24 well plate
at different cell densities for 24, 48 and 72 hr by MTT assay. The data
represents Mean + SEM (n= 3) from triplicate wells in A and B.



Table 4. Growth of DU145 cells at cell density of 10000 cells, in 24
well plate, after 0 nM, 10 nM and 100 nM testosterone (T) treatment
for 24, 48 and 72 hr by MTT assay. OD at 590 nm values are shown
for triplicate wells

24hr PD\MT0M  [Control {10 nM 100 nM
0.530 0.562 0.626
624 571 579
0.608 0.604 0.558
Mean +SEM  .587 0.579 0.588
0029  10.012 0.020

old Inductton {1.00 (0.98 1.00
48hr D \TnM  [Control |10 nM 100nM |
0.780  |.824 923 |
1.014 1.175 1.183
0.950 1272 922
Mean =£SEM 0.915 1.090 1.009
0069 |:0.136 0,086
old Induction [1.0 1.19 1.10
72hr BB \TnM  [Control  [10 nM 100nM |
1.478 1.538 1.264 |
1.428 1.192 1.184 |
1.410 1.279 1.207
Mean +SEM  [1.439 1.336 1.218
0.020  }£0.103 0.023 |
old Induction [1.00 0.92 84 |
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Fig. 10. Growth of DUI45 human prostate cancer cells at cell
density of 10000 cells/well, in 24 well plate after 10 nM and 100
nM testosterone treatment for 24, 48 and 72 hr by MTT assay. The
data represents meant SEM (n= 3) from triplicate wells from A and
B.



Results

VL8. Growth curve of 22Rv1 cells

Growth curve of 22Rvl cells was plotted using MTT assay. About 5000, 10000,
26000 and 406000 cells/well were sceded in triplicates in 24 well plate for 24 hr. 48hr.
and 72hr time periods. After completion of each time point, the MTT assay was carried
out as described in the methods. Cells showed growth upto 2.7 fold at 48 hr and up to 2
fold at 72 hr (Tahle 5). Cells seedcd at a density of 5000 cells per well of the 24 well
plate did not grow at all, thus showing the density-depcndent growth of this cell line.
Cells at the all other densities (10000, 20000 and 40000} showed lincar growth up to 48
hr. At 72 hr all the cell densities showed a little decline in growth suggesting some
factors other than the contact inhibition/ confluency was a limiting factor after 48 hr in

the growth of these cells (Fig. [ 1).
VL.9. Effect of testosterone on growth curve of 22Rv1 cells

The 22Rv1 cells were seeded at a cell density of 20000 cells per well of 24 well
plate in triplicates. After 24 hr the media was removed and the cells were treated with 10
nM and 100 nM of testosterone in the culture media having 10% dextran-charcoal treated
foetal bovine serum in the RPMI-1640 medium. After 24 hr, the difference in the cell
growth of the contro! to the 10 and 100 nM testosterone-treated cells was clearly
observed (1.2 fold), which further increased at 48 and 72hr to nearly 1.5 fold (Table 6).
There was not any difference in the growth of cells with respect to 10 nM and 100 nM
testosterone treatment at 48 and 72 hr, while at 24 hr 100 nM testosterone treatment had
slightly higher growth compared to 10 nM testosterone treated cells. indicating the
possibility of comparatively faster action of testosterone at the higher concentration. Not
much cell growth was observed in the testosterone untreated cells from 24 hr to 72 hr
time points indicating that testosterone is required for normal growth of the 22Rv | cells
(Fig. 12). Thus 22Rvl is a testosterone-dependent human prostate cancer cell line. Next,

the effect of testosterone on the RNase L. mRNA expression was checked.

VL.10. Effect of testosterone on the expression of RNase L mRNA in DUL45 and
22Rv1 cells

Based on the growth curve of the DUI45 and 22Rv1 cells/well, 10006 cells for
DUI45 and 200000 cells/well for 22Rv 1 cells were considered as suitable cell densities

for 24 well plate. The experiments of RNase . mRNA expression analysis was carried
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Table 5. Growth of 22Rv | human prostate cancer cells at different cell
densities in 24 well plate for 24, 48 and 72 hr by MTT assay. The data

represents triplicate wells

P4 hr Cells OD,,, 0D, [ODy, Mean+SEM [Fold Induction
5000 0.025 __D.015  D.016  .019+0.003 [1.00
10000 0.159 180 0.133  |.157+0.014 _[1.00

0000 0.591 0496 0.500  0.529:0.031 [1.00 |

40000 1.184  11.148 1081  {1.138+0.030 |1.00 |

|

48 hr 5000 0.015 0.030_ .030_ P.025=0.005_ [i.31 |

10000 0.430 466 0.388  0.4280.023 .72 |
D000 1218 [1.078  [1.172_ [1.156+0.041 pP.18
10000 1.895 D004 1915 11.938+0.034 [1.70

2 hr 5000 0.038  P.035  .040  0.038+0.001 P.00 ]

10000 0.454  0.552 0.456  0.487+0.032 B.01 |

RO000 1.456  [1.271  [1.319 ]1.349+0.055 P.55 |
0000 D252  p228 D320 P.267£0.028  {1.99
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Fig. 11. Growth of 22Rv]l human prostate cancer cells at different cell
densities in 24 well plate for 24, 48 and 72 hr by MTT assay. The data
represents mean + SEM (n= 3) from triplicate wells in A and B.



Table 6. Growth of 22Rv1 human prostate cancer cells at cell density
of 20000 cells/well, After 10 nM and 100 nM testosterone treatment
for 24, 48 and 72 hr,

D.,, 0D, 10D., Mean=SEM [Fold Induction]
P4hr [Control 0.872  10.806 [.786  10.821+£0.026 [1.00 |
10nM 0.927 0904 D.968 0.933+0.019 |[I.13 |
100 nM 0.831 [1.029 Jl.118  1.993+0.085 [i.20 ﬁ
U8 hr  Control 0.900 0.829 [1.087 1.939:0.077 |1.00 |
10nM [1.315 [1.324 1361 [1.33310.014 [1.41 |
100nM 1356 1328 J1.411  [1.365+0.024 [1.45 j
2hr  Control 0.958 10.971 0.996 0.975+0.011 [1.00
10nM 1407 1.434 [1.387 [1.409:0.014 |1.44
100nM [1.395  [1.389 [1.491  [1.425+0.033 [1.46

T= Testosterone
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Fig. 12. Growth of 22Rv1 human prostate cancer cells at cell density of
20000 cells/well, after 10 nM and 100 nM testosterone treatment for
24, 48 and 72 hr. The data represents mean = SEM from triplicate wells
in A and B. * Shows P-value < 0.05.



Resuits

out in 6 well plate. Each well of 24 well plate contain 2 cm” area while each well of 6
well plate contains 10 em” area for cell growth. Thus to upscale the experiment, 50000
cells of DUI45 and 100000 cells of 22RvI were seeded in cach well of 6 well plate.
Alter seeding the cells were allowed to adhere and grow for 24 hr. Afier 24 hr. the media
was replaced with the androgen-treated media (RPMI-1640 with 10% dextran-charcoal
treated FBS and 1X antibiotics) having either no testosterone or {0 nM testosterone for a
period of 48 hr. After 48 hr, the cells were Iysed in the Tri-Reagent and total RNA was
isolated. After preparing first strand from the total RNA of each sample, PCR analysis
for the RNase L mRNA expression and GAPDH mRNA expression was carried out (Fig.
13). From the densitometry of RT-PCR band, 1DV of RNase L. mRNA amplicon of 644
bp was normalized with corresponding IDV of GAPDH ampiicon of 452 bp to find out
the relative expression. The statistical analysis (t-test using Sigma plot) showed that,
after treatment with 10 nM testosterone, the mRNA level of RNase L did not show any
significant change (P=0.325). While 22Rv1 cells showed statistically significant decrease
(0.46 fold) in the RNase L. mRNA {evel after treatment with 10 nM testosterone for 48 hr
(P=0.029) (Table 7 and Fig. 14). Therefore, testosterone negatively regulated RNase L

mRNA expression in 22Rv 1 human prostate cancer cells.

VI11. Effect of testosterone on expression of RNase L protein in DU145 and 22Rvl

cells

About 50000 cells of DUI45 and 100000 cells of 22Rv1 were seeded in each
well of 6 well plate. After seeding the cells were allowed to adhere and gro@ for 24 hr.
After 24 hr, the media was replaced with the treatment-media (RPMI-1640 with 10%
dextran-charcoal treated FBS with antibiotic) having 10 nM testosterone for a period of
48 hr. After 48 hr the cells were mildly trypsinized and scraped in ice cold 1 X PBS. The
cells were washed in PBS and centrifuged at 2000 rpm for 3 min to remove the mediam.
The protein extract was made as described in the methods. Equal quantities of the protein
extracts (30 pug) were used to analyse the expression of RNase L protein by immunoblot
analysis using an anti-human RNase L monoclonal antibody in the 10 nM testosterone-
treated DU145 and 22Rv1 cells. DU145 cells treated with no testosterone and 10 nM
testosterone showed the RNase L protein bands of nearly 83 kDa of nearly equal
intensities, thereby showing no effect of testosterone-treatment on the RNase L protein
level. While 22Rv 1 cells, which have much higher level of endogenous RNase L protein

compared to DU145 cells, showed a decrease in RNase L protein level after 10 nM
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Fig. 13. Expression of RNase L and GAPDH mRNAs as measured by
RT-PCR in DUI45 and 22Rvl human prostate cancer cells after
testosterone treatment for 48 hr without (controi, C) or with
{testosterone treated, T) 10 nM testosterone. A, B and C represents
three independent experiments. L.C: Loading control (20 ng) of a 462
bp for densitometry. M: Molecular size marker



Table 7A. From the RT-PCR experiments shown in Fig. 12, the IDV
value of each band was divided by the loading control to normalize the
variation. The loading control normalized values of RNase L were again
normalized with the loading control normalized values of GAPDH.
These values were then plotted for RNase L. C= Control, T= Treated
with [0 nM testosterone

RNL APDH [LC NL/LC |GAPDH/ RNL/

L.C GAPDH
U-C1 14700 66885  D2675  [0.648 950  0.220
DU-T1  [11760 5415 2675 P.519 D 885 0.180
Rv-C1  P5050 {72030 2675 {1105 177 ).348
Rv-T1  B555 8355  P2675  0.421 015 D.140
DU-C2 18375 57330 2675 810 D528 0.321
DU-T2  [18375 6150 2675 P8I0 P.917 0.278
Rv-C2 0870 61740  P2675  |1.361 D.723 0.500
Rv-T2  [14905 4680 2675 0.657 D 852 230
DU-C3 0240 bB3130  R1505  [0.94] 471 ).381
DU-T3 15180 5660 1505 10.706 D588 273
Rv-C3  P9095 51865 1505 ]1.353 412 .561
v-T3 {16505 9455 1505 767 765 278

C= Control, T= Treated with 10 nM testosterone, RNL= RNase L. C1,
T1; C2, T2 and C3, T3 represents three independent experiments (Set 1-

3).

Table 7B. Summary of the three experiments

Set 1 RSet2  [Set3 can +SEM [Fold Change [P- Value
DU-C 0.220 0.321 0.381 [0.307+0.047 .79 0.325
DU-T 0.180 0.278 0.273 10.243+0.032
Rv-C [.346 P.500 D.561 10.46920.064 0.46 029
Rv-T 0.140 .230 p278 10.216+£0.040
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Fig. 14. From the experiments shown in fig. 12 and table 7, IDV value
of each band was divided by the loading control to normalize the
variation. Loading control normalized values of RNase L were again
normalized with loading control normalized values of GAPDH. The
final values were then plotted for RNase L. C= Control, no
testosterone, T= Treated with 10 nM testosterone. DU= DU145
cells, Rv= 22Rv] cells.



Results

testosterone treatment after 48 hr. The control (no testosterone-ireated) 22Rv1 cells also
showed 2 extra bands. one slightly higher and one slightly lower than the 80 kDa RNase
L protein. These two bands could be different forms of the RNase L. due to post
translational modifications (Fig. 15). This showed that RNase 1. protein expression is
negatively influenced by exogenous androgen in 22Rv | cells. Next, it was investigated if

H>0; treatment of the cells showed any effect on RNase L expression.
VIL.12. Effect of hydrogen peroxide on growth curve of DU145 cells

DU145 cells were seeded at a density of 10000 cells per weil of 24 well plate in
triplicates. After 24 hr. the medium was removed and the cells were treated with 5 uM
and 50 pM of FLO, in the culture media having 10% foetal bovine serum in the RPMI-
1640 for the time points of 24, 48 and 72 hr. At these time points the cells did not show
any statistically significant (based on p-value) difference in the cell growth at 24 hr, 48
hr or 72 hr (Fig. 16 and Table 8). In another experiment, when the 10,000 DUi45
cells/well of 24 well plate were treated with 200 uM H,O;,, nearly all the cells were
found to be dead (data not shown). Thus it was concluded that while 50 uM did not show
any effect at 24 hr and 200 pM showed nearly 100% cell death, the effective
concentration should be somewhere in between 50 to 200 uM, within 24 hr. Then it was
decided to use a higher cell density of 20000 cells per well and the H,O, concentrations
of 100 and 200 pM for a time period of 2, 4, 6 and 8 hr. At 2 hr and 4 hr both 100 and
200 pM H,0; showed negative cell growth by MTT assay. But at 6 and 8 hr time points
the cells treated with 100 pM H,O; showed some recovery in cell growth., while the celis
treated with 200 pM H»0O; showed a further decrease in the MTT assay (Fig. 17). Thus
from this experiment it was found that 200 uM of H;O, for 4 hr is suitable concentration
and time period respeciively for further study of H,O, mediated oxidative stress. The
extent of cell growth inhibition at 200 pM was 0.68 fold at 2 hr, 0.45 fold at 4 hr, 0.18
fold at 6 hr and 0.16 fold at 8 hr (Table 9).

VI1.13. Effect of hydrogen peroxide on growth curve of 22RvI cells

Taking advantage of the experience gained in the H,O; treatment of DU45 cells,
the experiment was designed to use 0, 50, 100 and 200 pM of H,O; for a time period of
2,4, 6 and 8 hr. 22Rv! cells were seeded at a density of 20000 cells per well of 24 well
plate in triplicates. After 24 hr the media was removed and the cells were treated with 50

uM, 100 M and 200 uM of H»O5 in culture media having 10% bovine serum in RPMI-
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Fig. 15. A. Expression of RNase L, protein imn DU145 and 22Rvl
human prostate cancer cells after 48 hr treatment with 10 nM
testosterone (T), control, C= without T. 30 pg protein extract of the
cells were resolved in 10% SDS-PAGE and immunoblotied against

anti-human RNase L monocional antibody. B. Anti p-actin
immunoblot.



Table 8. Treatment of DUI145 human prostate cancer cells (10000
celts/well in 24 well plate) with different doses of H,O, The data
represents mean + SEM of triplicate wells

H,O, Dsgq Dsoq Digq can £SEM
P4 h Control |1.068 1.022 0.867 0.98520.060
5 uM 1.051 0.937 (}.887 0.9584+0.048
S50uM 0,982 91 1.112 1.001+0.059

48 hr ontrol |1.351 [1.508 11.539  [1.466+0.058
S5 uM  [1.485  ]1.444  [1.531 1.486+0.025
50 uM [1.531 1.495  |1.517  ]1.51420.010

72hr  [Control [1.889 J1.863 |1.714  |1.82240.054
SuM 1.922 |18 1.84 1.857+0.033
50 pM J1.885 [1.896  |1.691  |1.824+0.066
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Fig. 16. Treatment of DUI145 human prostate cancer cells (20000
cells/well in 24 well plate} with different doses of H,O,



Table 9. Treatment of DUI145 human prostate cancer cells (20000
cells/well in 24 well plate) with different doses of H,0, The data
represents mean + SEM for triplicate wells.

H,0, 0Dy, 0D, Dy, ean +SEM [Fold -value
Change

2 hr  Control |1.521 [1.566 ]1.530  [1.539+0.013 |1.00

100 pM_ 1,185 JI.175 J1.116  |I.158+0.021 .75 0.000

200 uM ]1.076 [1.048 [1.017  [1.047+0.017 .68 0.000

4 hr ontrol [1.622 [1.62 Jl1.661 |1.634+0.013 [1.06 0.007

100 uM P.995 P.925 0.945 0.955+40.020 P.62 0.000

200 uM pP.709 0.726  P.685  0.706+0.011 .45 0.000

6 hr ontrol |1.744 |1.759 [1.743  |1.748+0.005 |1.13 0.000

100 pM [1.067 ]1.039 1.045  |1.050+0.008 .68 0.000

200 uM 0.371 D.248 0.228  [0.282+0.044 .18 0.000

8 hr ontrol |1.832 |1.822 [1.830  |1.828+0.003 |1.18 0.000

100 pM [1.299 1.219 ]1.204  ]1.240+0.029 P.80 0.000

200 uM P.236 0.263 P.255  .251+0.008 .16 0.000




1.8
1.6 1
1.4
1.2
1.0

|

L

H,0, Conc.
——Control
- 100 M
0.6 - ——200 uM
0.4 -
0.2 -
0.0 +— . . ; —

<

0. D. at 590 nm

1.4 -

1.2 +

0.8 - H,0, Conc.
® Control

0.6 A
" 200 pM

Fold change

0.2 1

2 hr 4 hr 6 hr 8 hr

Fig. 17. Treatment of DU145 prostate cancer cells (20000 celis/well in
24 well plate) with different doses of H,0, A .The data represents mean
+ SEM for triplicate observations (n= 3). B. Fold inhibition of cell
growth/ proliferation by H,0,



Results

1640 for the time points of 2, 4, 6 and 8 hr. The effect of H,0. was evident as early as 2
hr at all concentrations, which continued upto 4 hr in all concentrations. After 4 hr. at 6
hr. at the concentrations of 50 and 100 pM. the cells started showing resistance to H.O-
mediated cell death (apoptosis). While cells treated with 50 pM H,O, started showing the
recovery of growth at 6 and 8 hr, the 100 pM H;O;-trcated cells did not show any growth
till 8 hr. The 200 puM H,0; treated cclls showed decreasing cell growth till 8 hr (Fig. 18).
The extent of cell growth inhibition at 200 uM was 0.65 fold at 2 hr. 0.49 fold at 4 hr,
0.33 fold at 6 hr and 0.29 fold at 8 hr (Table 10).

VI.14. Effect of hydrogen peroxide on the expression of RNase L mRNA in DU145
and 22Rv] cells

About 1x10° cells of DU145 and 22Rv| cells were seeded in each well of 6 well
plates. Cells were allowed to adhere and grow for the next 24 hr. After 24 hr, cells were
treated with H,O, diluted in PBS at final concentrations of 200 uM for 4 hr. After 4 hr.
the cells were harvested and lysed in the Tri-Reagent and total RNA was isolated. After
preparing the first strand cDNAs from the total RNA of each sample, PCR-analysis for
the expression of RNase L mRNA and GAPDH mRNA was carried out (Fig. 19). The
IDV of RNase L mRNA amplicon (644 bp) was normalized with the corresponding IDV
of GAPDH amplicon (452 bp) to find the relative expression. The statistical analysis (t-
test using Sigma plot) showed that after treatment with 200 pM., for 4 hr the mRNA level
of RNase L was significantly increased in both DU145 (P= 0.003) and 22Rv1i cells (P=
0.027) (Fig. 20). There was an increase of 3.75 fold of DUI45 and 1.51 fold for 22Rv!
in the RNase L mRNA expression in the response to HO, (Table 11 A and B)

VL15. Effect of hydrogen peroxide on expression of RNase L protein in DU145 and
22Rvl1 cells

About 13107 cells of DU145 and 22Rv]1 cells were seeded in each well of 6 well
plates. Cells were allowed to adhere and grow or next 24 hr. After 24 hr cells were
treated with H,O; diluted in PBS at final concentrations of 200 pM for 4 hr. After 4 hr,
the cells were harvested for preparing the protein extracts for the western blot. About 30
ng of each cell extract was resolved in SDS-PAGE and transferred to the nitrocellulose
membrane for western blotting against an anti-human RNase L monoclonal antibody.
After developing the blot, as described in the methods section, the RNase L band at
nearly 83 kDa was observed. This 83 kDa band of the RNase L protein showed up
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Table10. Treatment of 22Rv1l human prostate cancer cells (20000
cells/well in 24 well plate) with different doses of H,O, The data
represents meant SEM from triplicate wells

H,O, D 45/0D 000D, Mean =SEMfFold ChangefP-Value
2 hr [Control 0.761 0.731 0.712 0.735+0.014]1.00 -
50 UM 0.652 0.663 0.691 0.669+0.0120.91 0.022
100 uM 0.521 0.571 P.540 0.544+0.01500.74 0.000
00uM 0.499 0.461 0.482 0.481£0.011§0.65 0.000
4 hr (Control [0.759 0.791 0.745 0.765+0.014]1.04 .198
50 pM_ 0.601 0.634 0.629 0.621+0.0100.84 0.002
100 uM 0.513 0.501 [0.493 .502+£0.00610.68 0.000
00 uM 0.369 0.378 10.349 0.365=0.0090.49 0.000
6 hr Control 0.781 0.789 10.799 0.790+0.005(1.07 0.022
50 UM 0.668 0.679 0.659 0.669+0.00610.91 012
100 tM 0.512 0.523 [0.504 0.51320.006)0.69 0.000
00 uM 0.238 0.246 0.257 0.247+£0.0060.33 ).000
8 hr Control P.817 0.824 [0.806 P.816+0.005(1.11 0.005
50 uM  0.693 0.704 P.715 0.7043:0.0060.95 0.120
100 pM [0.524 0.535 [0.541 P.533+0.005(0.72 0.000
200 uM 0.201 0.221 0.231 0.218+0.0090.29 0.000
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Fig. 18. Treatment of 22Rv1l human prostate cancer cells (20000
cells/well in 24 well plate) with different doses of H,O, A. The data
represents mean + SEM for triplicate observation. B. Fold inhibition of
cell growth/ proliferation by H,0,.
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Fig. 19. Expression of RNase L and GAPDH mRNAs measured by RT-
PCR in DUI45 and 22Rv] human prostate cancer cells after 4 hr
treatment with 200 uM H,O,. A, B and C represents three independent
experiments. C= Control, M= molecular size marker, LC= loading
control, a 452 bp 20 ng DNA, used for densitometry.



Table 11A. From the RT-PCR experiments shown in fig. 18, the IDV
value of each band was divided by the loading control to normalize the
variation. The loading control normalized values of RNase L were again
normalized with the loading control normalized values of GAPDH.
These values were then plotted for RNase L. C= Control, H= Treated
with 200 uM H,0,

RNL C APDH |LC RNL/LC (GAPDH/RNL/
[.C GAPDH

DU-C1 6060 684 19080 [7155 1.066  R.667  10.400
DU-H1 P7608 E684  P0670 155 4.857  P.889  |1.68]
Rv-C1 [17864 pB684 P2260 155 3.143  B.111 1.010
Rv-H]1 B6540 5684  P7030 [/155 6.429 B.778 [1.702
DU-C2 6872 496 P9415  P540 1.058 083 0.343
DU-H2 B9788 HB496  P8620 P540 ©.125 [B.000  [2.042
Rv-C2 [23548 p496 23850 P540 3.625  [.500  [1.450
Rv-H2 K4660 p4%  P2595 540 875 PB.417  P.012
DU-C3 6496 5684  PB2595 (10335 [1.143 pB.154  P.362
DU-H3 $1412 5684  P8620  [10335 [7.286  P.769  P.631
Rv-C3 23548 [5684 p0210 10335 ©#.143 P.923 (1417
Rv-H3 5728 5684 p0210 ]I0335 B.286  P.923 P 150

C= Control, no H,0,, H= Treated with 200 uM H,0O,, RNL= RNase L.
C1, HI; C2, H2 and C3, H3 represents three independent experiments
(Set 1-3).

Table 11B. Summary of the three experiments

Set ] Ret2 Pet3 [Mean +SEM [Fold ChangelP- Value
DU-C 0.400 0.343 0.362 [0.368+0.017 5.75 0.003
U-H 1.681 P.042 R.631 P.118£0.277
Rv-C 1.010 [1.450 [1.417 ]1.292£0.141 |1.51 027
Rv-H 1.702 PR.012 R.150 ]1.955+0.133




of RNase L mRNA

Relative expression

bu-C DU-H Rv-C Rv-H

Fig. 20. Expression of RNase L mRNA in DU145 and 22Rv! human
prostate cancer cells after 4 hr treatment with 200 uM H,0,. DU=
DU145 cells, Rv= 22Rv1 cells, C= Control, H= treated with 200 pM
HZOZ.



Results

regulation atier treatment with 200 pM H,Os in both DU145 and 22Rv 1 cells (Fig. 21).
Another band at nearly 60 kDa was also observed, which could be an alternative form of
the RNase L protein (Fig. 21). Thus H>O, stimulated the expression of both RNase L

mRNA and RNase L protein in both the types of the human prostate cancer cells.
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Fig. 21. A. Expresstion of RNase L protein in DU145 and 22Rvl
prostate cancer cells after 4 hr treatment with 200 uM H,O, (H). 30 pg
protein extract of the cells were resolved in 10% SDS-PAGE and
immunoblotted against anti-human RNase L monoclonal antibody. B.
Anti B- actin immunoblot. C= Control.
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VII. DISCUSSION

VIIL.1 Expression of RNase L. mRNA in mouse tissues

The present study was aimed to study the relative expression RNase L mRNA in
8-10 week old swiss albino mice in nine different mouse tissues viz; liver, kidney, brain,
heart, prostate, tcstis, spleen thymus and lungs. The expression of RNase L in several
mammalian tissues and cell lines has been reported by different researchers. even in the
absence of interferon treatment. The earlier studies used radiolabelled 2-5A binding and
cross-linking to RNase L molecule in tissue or cell extracts, indicating the level of native
RNase L protein (Floyd-Smith and Denton, 1988 Nilsen ct al., 1981; Silverman et al..
1988; Williams et al., 1979).

Different reports have shown varied results with respect to the tissues in which
RNase L is found at higher level compared to other tissues. Nielsen ¢f af., 1981 showed
that RNase L is prescnt in relatively higher amounts in the spleen, liver and lymphocytes
followed by kidney while another study by Floyed-Smith and Denton in 1988 reported
the spleen and lungs to contain higher amounts of RNase L. compared to the intestine and
liver. The 2-3A cross linking studies also showed that in new born mouse, RNase L level
peaks betwcen 2-14 days in several tissues with maximum amount in the kidney. The
Spleen maintains its higher level after 2 days while in other tissues the level goes down
gradually with age (Floyd-Smith and Denton, 1988; Pfeifer et al., 1993). In murine L929
cells, RNase . mRNA level was detected by northern blot to be increased by either
interferon treatment or more potently by interferon in combination with cyclohexamide
(Zhou et al., 1993). In recent past, 2-5A binding assay by UV cross linking was again
performed in the extracts of tissues from seven different organs ot the wild type mice,
which showed highest expression in the spleen, thymus, lungs and testis compared to
kidney, liver and heart. The RNase L knock out mice (RNase L'/') showed enlargement
of the spleen and thymus, defect in interferon action and apoptosis (Zhou et al., 1997).
Apart from Interferon, 100 pM glutamate exposure to the mouse cortical neurons for 15
min showed significant enhancement of RNase L mRNA expression as measured by
semi quantitative RT-PCR at 2 hr post treatment, which was maintained at least upto 12

hr (Sugiyama et al., 2008).

In 1995, Wang e/ al., while studying the colorectal carcinogenesis and polyp

formation found that, the expression of RNase L protein, as studied by the monoclonal
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antibody, was highly increased as compared to the level of RNase L protein in the
normal colonic mucosae (Wang et al., 1995). Zhou ef al.. in 2005, utilized a highly
specific. radiobinding assay where a ““P-labeled and bromine-substituted 2-5A analog
was covalently cross-linked to RNase L under UV-light to measure RNase L levels in
diffrent rodent and human cancer and normai cells. The rodent cells in which RNase L
were present were as follows: mouse NIH3T3 (fibroblast), mouse SVT2 (5V40-
transformed 3T3), mouse Baf-3 (pro-B cells). rat C6 (glioma cells), rat A10 (myoblast
cells), mouse D5 (meclanoma cells), mousc [929 fibroblasts, mouse RAW264.7
(monocytes) and mouse NIEIT5 (neuroblastoma) cell lines. Among these cell lines. the
highest expression of RNasc L, among the rodent cell types examined, was observed in
the two blood cell lines, the mouse pro-B Baf-3 ecll line and monocyte RAW?264.7 cells.
The human cell lines in which RNase L was measured were Hela M (cervical
carcinoma), U373 (malignant glioma), SW837 (rectal carcinoma), HT!080
(fibrosarcoma), HepG2 (hepatocellular carcinoma), HL-60 (promyelocytic leukemia
cells), U937 (macrophage like cells), NCI-H292 (lung carcinoma), WI-38 (normal
diploid fibroblast), Jurkat (T cell leukemia), and PC3 (prostate cancer cells). RNase L
was observed in all these cells, with the highest expression in the SW837, HL-60. U937,
Jurkat, and PC3 celis, spanning a wide variety of different human cancers (Zhou et al,,
2005). High leveis of expression found in the SW837 cells were consistent with the
previously observed high tevels of RNase L in human colorectal polyps and tumors

(Wang et al., 1995).

Zhou et al. (2005) also determined levels of RNase L in normal human cell types
and tissues by western blots and tissue microarrays with monoclonal antibodv (mAb) to
RNase L. The Western blot prepared from the human tissue extracts showed highest
levels of RNase L in the lymph node and colon, followed by spinal cord and skeletal
muscle, with lowest levels in the skin. Immunohistochemistry (IHC) showed presence of
RNase L in the prostate epithelial cells and liver hepatocytes. Moreover in the lymph
node, there were scattered, unidentified cells that stained strongly for the presence of
RNase L. Our study, using RT-PCR as a tool, showed relative expression of RNase L
mRNA in nine different tissues of the swiss albino mice namely spleen, thymus, kidney.
testis, liver, brain, lungs, prostate and heart out of which the spleen showed highest level
followed by the thymus. What is striking about these results, however, are not only the

relative levels, but also the observation of ubiquitous expression of RNase L. The fact
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that RNase L is so widely expressed suggests important functions as an innate immunity
enzyme that controls viral infections. A more general role in RNA metabolism is also
suggested by the wide- spread occurrence of the 2-5A/RNase L system in birds. reptiles.
and mammals (Cayley and Kerr, 1982). An earlier study from our laboratory (Gupta.
2009) has also reported widespread and constitutive expression of RNase L mRNA in the
nine difterent times of the mouse with high levels in the spleen, thymus and lungs, the

immunological tissues. The present study confirms this observation.
VI11.2. Effect of castration and testosterone treatment on mouse prostate

Prostatic structure and function are androgen-dependent. Castration induces rapid
regression of the prostate gland to an atrophic state that is maintained until androgen is
administered. Upon administration of androgen to a castrate, its atrophied prostate is
rapidly restored morphologicalily and functionally. These hormonal influences on the
prostate gland have been studied extensively by biochemical. histological, and
physiological approaches (Sugimura et al., 1986). Our study used this well-established
procedure and effect to study the effect of androgen on expression of RNase . mRNA.
The castration showed regression to atrophic state in the experimental mice. and its

atrophic state was morphologically reversed upon testosterone administration for 5 days.

These effects have been described at molecular level in literature by ditferent
workers. Androgen withdrawal induees apoptosis of the secretory epithelium in normal
prostate glands. Androgen receptors are present in the epithelial, stromal, and vascular
smooth muscle cells (Johansson et al., 2005). Therefore the primary effects in all these
cell types are possible. Studies in prostate tissue reecombinants have shown that
castration-induced glandular involution and epithelial cell apoptosis also occurs in
chimeric prostate tissue that lacks androgen receptors in the epithelium (Kurita et al.,
2001). Thus, castration-induced prostate involution could be caused by primary changes
in the androgen responsive cells in the prostate stroma (Kurita et al., 2001). Several
growth and survival factors for the epithelial cells such as epidermal growth factors
(EGFs), insulin-like growth factors (IGFs), fibroblast growth factors (FGFs), and
transforming growth factor (TGF)-p are apparently produced in the prostate stroma cells
(Culig et al., 1996: Cunha et al., 2003: Wong et al., 2003). Castration-induced regression
of the ventral prostate (VP) lobe in the rats was preceded by a major decrease in the

blood flow (Lekas et al., 1997) and increase in the endothelial cell apoptosis (Shabsigh et
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al., 1998). Vascular rcgression caused tissue hypoxia and this may in turn trigger
epithelial cell apoptosis and subsequent glandular involution (Lissbrant et al., 2004;
Shabsigh et al.. 1998)[Shabsigh et al, 1998, Lissbrant et al, 2001]. Prostate endothelial
cells do not express androgen receptors suggcesting indirect effects of castration on the

endothelium (Johansson et al.. 2005; Lissbrant et al., 2004: Shabsigh et al., 1998).

VII1.3. Effect of castration and testosterone treatment on expression of Nkx3.1
mRNA in mouse prostate

Nkx3.1. a homeodomain transcription factor is one of the carliest proteins
expressed in the prostate. Expression of Nkx3.1 is prescnt at variable levels in all lobes
of the prostate (Bhatia-Gaur et al., 1999). Bieberich et al (1996) localized Nkx3.1 to the
luminal epithelium of the adult mouse prostate. Nkx3.1 expresston appears to be strictly
regulated by androgens, the mRNA levels of Nkx3.| declined almost in 24 hours to 96
hours after castration (Bieberich et al., 1996). Mice with targeted disruption of Nkx3.|
have a significant reduction in the ductal morphology but not overall size of the prostate
(Bhatia-Gaur et al., 1999). It is surprising that Nkx3.1 appears to play such an early role
in prostate development yet is not required for prostate determination. In adulthood,
Nkx3.l-deficient mice have decreased levels of prostate secretary proteins. Nkx3.1 also
appears to mark prostate stem cells because the bopulation of Nkx3.1-expressing cells is
able to repopulate the prostate after castration and dihydrotestosterone (DHT)
replacement (Wang et al., 2009). Loss of Nkx3.| expression is a common finding in both

prostate cancer and prostatic intraepithelial neoplasia (Abate-Shen et al.. 2008).

In our experiment, castration of the mice did significantly decrease the level of
Nkx3.1 mRNA. showing the results of effective androgen ablation by castration.
Furthermore, intraperitoneal treatment with sustanone (a combination of testosterone
propionate, testosterone phynylpropionate and testosterone decanoate) increased the
level of Nkx3.1 mRNA, showing that hormone ablation and testosterone treatment in
mouse prostate worked at the molecular level and both hormone ablation and exogenous

supplementation can be used in vive for further study under the given conditions.

VIL.4. Effect of castration and testosterone treatment on expression of RNase L
mRNA in mouse prostate

RNase L. mRNA after castration and hormone replacement shows a decrease in

the mouse prostate. However, this decrease is not statistically significant. The reason
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behind not getting a statistically significant difffrence could be natural variation in the
individual mouse with respect to RNase L mRNA expression and its unresponsiveness to

androgen.

VILS, Mouse RNase L. promoter sequence analysis for androgen receptor binding
site

The human RNase L. gene, RNASEL, contains 7 exons and 6 introns , (Zhou et
al., 2005). Silverman’s group characterized and mapped the transcription start site in
RNA isolated from human histiocytic U937 cells, chosen because of relatively high
levels of RNase I by 5’-RACE. They amplified -881 to +48 bp and -202 to +48 bp.
Treatments with (000 U/m} IFN-a or IFN-y, however, only slightly (not statistically
significantly) increased the luciferase activity. Similarly, there was only a modest (2-
fold) increase in the endogenous RNase L levels after [FN treatments of the HelLa M
cells as determined in western blots probed with mAb against human RNase L. These
results confirmed constitutive. basal expression of the human RNASEL promoter with, at
best, modest stimulation by TFN-a or IFN-y. They showed major and adjacent minor start
sites at 190 and 188 nt upstream (5°) of intron 1. They also predicted several potential
transcription factor binding sites by Matlnspector Release 7.4 (Genomatix website:
www. genomatix.de), which suggested a wide 'range of tissue-speeific as well as general
transcription factors collectively contribute to the ubiquitous expression of RNase L. For
example, there are potential binding sites for tissue-specific factors GKLF (gut). NGN1/3
(nervous system), [A-1 (pancreas), vErbA (thyroid), PTX! (pituitary), TEF 1, and MyoD
(muscle). In addition, there are possible sites for a number of cytokine or growth factor-
stimulated factors, including Stat5, Smad3, and c-Rel (Zhou et al., 2005). Although no
IFN-stimulated response element (ISRE) was observed, a single canonical [FN-y
activation site (GAS) elemcent is present (nucleotides -155 to -147) that could potentially
lead to an induction by IFNs through Statl homodimer (Stark et al., 1998). The mouse
RNase [. gene promoter DNA sequences were characterized as restriction enzyme
fragments and Southern hybridization to a 5’-proximal exon probc (Pandey and Rath,

2007).

It was investigated if there is any androgen receptor binding site in the mouse
RNase L. promoter sequence. For this purpose, the sequence from -1 to -1661 was
analyzed for possible androgen receptor consensus binding site. One such partial

consensus sequence was found at -51 to -63 nucleotides of the promoter region of mouse
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RNase L gene which is in close proximity to the major and adjacent minor start sites at
190 and 188 nt upstream (5°) of intron I (Zhou et al., 2005). This sequence may or may

not be a functional androgen receptor binding sequence.
VILG. Growth curve of DU145 cells

Growth curve of DUI145 cells was plotted using MTT assay. 5000, 10000, 20000
and 40000 cells werc seeded in triplicates in 24 well plate for 24 hr, 48 hr, and 72 hr time
points. Cell at all the densities showed linear growth up to 48 hr while at 72 hr time
point, the wells seeded with 40000 cells started showing decrease in ccll growth. This
may be due to arriving at a very high confluency or limitation of nutrients for further cell
growth. The cells seeded at 5000, 10000 and 20000 per well showed nearly linear growth
up to 72 hr. This was an optimisation experiment to find out the suitable cell density and

time the time period for the testosterone treatment.

VIL.7. Effect of testosterone on growth curve of DU14S cells

DUI145 cells are androgen-nonresponsive cells. They do not express androgen
receptor and docs not respond to androgen treatment. The normal values for testosterone
in the serum of adult males are 14 to 35 nM (Pinthus et al., 2007). We treated cells with
10 nM and 100 nM testosterone to observe t_he effect(s) of testosterone. The 10 nM dose
is equivalent to the physiological levels of testosterone while 100 nM is a high dose of
testosteronc. Both the doses failed to show any stimulation in eell growth in DU145

cells. This confirmed the androgen-unresponsive nature of the cells.

VILS. Growth curve of 22Rv]1 cells

22Rv1 ts an androgen-responsive human prostate carcinoma cell line derived
from a primary prostate tumor. This cell line was isolated from a xenograft (CWR22R-
2152) that was scrially propagated in mice after castration-induced regression and
relapse of the parental, androgen-dependent CWR xenograft (Sramkoski et al., 1999).
22Rv] cells form tumors in nude mice and secrete prostate-specific antigen (PSA) into
the circulation of tumor-bearing mice (Attardi et al., 2004). The 22Rv1 cells in our
experiment showed density dependence on cell growth as low cell seeding density of
5000 cells/well in 24 well plates did not grow. Also, this cxperiment optimised the cell

density and time period for the further experiments.
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VI1.9. Effect of testosterone on growth curve of 22Rv] cells

22Rv| is an androgen-responsive human prostate carcinoma cell line derived
from a primary prostate tumor that expressed mutant (H874Y) androgen receptors (AR)
and sceretes low levels of prostate specific antigen (PSA). Various androgens and other
steroid hormoncs cause proliferation of 22Rv | cells. PSA secretion, and transactivation.
Incubation of 22RvI cells with various concentrations of testosterone have been shown
to result in a dose-dependent 50-80%increase in ceil growth over 72 hr (Barbara ct al.
2004). In the present study androgen stimulated 22Rv1 cell growth proliferation at 10
nM conc, for 72 hr time upto 1.46 fold. Physiological levels of testosterone that is nearly
10 nM induces the androgen responsive cell line 22Rv1. While a high level of
testosterone was not able to make a significant increase in cell growth compared to
normal physiological level of 10 nM. This shows that probably 10 nM is saturating
concentration of androgen for this particular sct of experimental conditions. This may

reflect the tumour growth from this cell line.

VIL.10. Effect of testosterone on expression of RNase L mRNA and protein in
DU145 and 22Rv1 cells

Our results show that after treatment with 10 nM testosterone, the mRNA level of
RNase L did not show any significant change tn DU145 cells, while, 22Rv | cells showed
statistically significant decrcase (0.46 fold) in RNase L mRNA level after 48 hr. The
abscence of any effect on the mRNA level of RNase [ in DUI45 cells by testosterone
treatment shows that, in these cells due to the abscence of androgen receptor signalling
axis, the cells are not showing any effect of testosterone on the RNase L mRNA level.
22Rv1 cells do express androgen receptor and show positive response in terms of cell
growth to the androgen. In these cells, the decrease in mRNA level of RNase L
compared to the untreated cells is associated with androgen treatment, which may act at
transcriptional level or by reducing the stability of the RNase . mRNA. Here, there is a
correlation between the reduction in the RNase L. mRNA level and increase in the cell

growth in response to androgen.

A similar effect was observed at the protein level in this testosterone treatment
expertiment. DUI45 cells showed no effect while 22Rv1 cells showed decrease in the
RNase L. protein level in response to androgen. The androgen receptor is known to

interact with RNase L (Bettoun et al., 2005). This interaction may be stabilising in
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nature, After testosterone treatment, the androgen receptor may be activated. which may
change its interaction with RNase L and make it unstable or vulnerable to degradation.
More likely, androgen may influence its negative influence through the 3 -untranslated
region (3’-UTR) of the RNase . mRNA, The 3"-UTR of RNase L has been well
charecterized to play role in its short half-life and this is mediated through micro-RNA
(Li et al.. 2007, Malathi et al., 2007). Tt would be intercsting to investigate, if wild type
RNase L ¢cDNA transfection and over expression can reduce the cell growth/proliferation
and the tumour (xenogratt) tformation by the 22Rv! cells in the cells and in the mice,
respectively. Also, the RNase . mRNA and protcin in the DU145 and 22Rv| cells may

or may not be of wild type sequence.

VII.11. Effect of hydrogen peroxide on growth curve of DU145 and 22Rv1 cells

Earlier study from our laboratory (Pandey et al., 2004) showed that RNase L gene
is responsive to a wide variety of stressors, e.g.. dsSRNA (poly rl.r(). cyclohexamide, cis-
platin, doxorubicin, doxorubicin, vincristine, vinblastin, H;O,_ caleium chloride, tumour
necrosis factor- o (TNF-a) in the human cervical cancer (Hela) cells, such that all these
agents induced the RNase L protein level in these cells. This correlated with RNA
degradation, chromatin-DNA fragmentation and apoptosis of the Hel.a cells by these
stressors to variable extents. It was, therefore, decided to investigate the effects of H-O,
which causes oxidative stress and cytotoxicity, in terms of cytotoxicity and RNase L
mRNA and protein expression in the DU145 and 22Rv | prostate cancer cells. The initial
experiments with hydrogen peroxide, of using low doses of hydrogen peroxide for long
time periods resulted in no observation of the effect of hydrogen peroxide caused
cytotoxicity. The reasons could be, build up of cellular response against the oxidative
stress. While excess reactive oxygen spccies (ROS) are toxic, regulated ROS, however,
play an important role in cellular signalling (Nacci et al., 2010). The ability of a cell to
counteract stressful conditions, known as cellular stress response, requires the activation
of pro-survival pathways and the production of molecules with anti-oxidant, anti-
apoptotic or pro-apoptotic activities (Calabrese et al., 2007). Among the cellular
pathways conferring protection against oxidative stress, a key rolc is played by heat
shock proteins (Hsps) heme oxygenase-1 (HO-1} and Hsp70. as well as the
thioredoxin/thioredoxin reductase system (Calabrese et al., 2008; Nacei et al., 2010).
These systems may be activated in the case low hydrogen peroxide treatment for long

duration. For obtaining a desired effect of oxidative stress/cytotoxicity higher doses of
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hydrogen peroxide for shorter time duration was used. Even at these doses, cells which
were seeded in higher density showed some recovery of cell growth. Thus it seems that
in cell culture condition both time, dose and cell number is important in causing

oxidative damage followed by cytotoxicity/apoptosis.

VII.12. Effect of hydrogen peroxide on expression of RNase L. mRNA and protein in
DU145 and 22Rv1 cells

Hydrogen peroxide induced RNase L. at both mRNA and protein levels in both
androgen-responsive 22RvI| and androgen-nonresponsive DUIL45 cells. RNase L
upregulation by stressors like hydrogen peroxide in human cervical carcinoma (Hel.a)
cells have been shown earlier (Pandey et al.. 2004). Asparagine-233 in the ankyrin repeat
number 6 of human RNase L is hydroxylated by a factor inhibiting hypoxia-inducible
factor (HIF-1) alpha. the factor inbibiting hypoxia-inducible factor (FIH), suggesting that
RNase L stability and/or activity could be regulated in response to oxygen-related signals
{Cockman et al., 2009). It would be interesting to investigate whether the H,O; —induced
upregulation of RNase [ mRNA and protein directly participated in the
cytotoxity/apoptosis caused by HzO» in these two human prostate cancer cells by a

mechanism of cellular RNA-degradation.

Taken together, this study shows that the RNase L. mRNA expression is
constitutive in many tissues under normal conditions and it may be partially and
negatively influenced by the androgen in the intact mouse. In the human prostate cancer
cells (22Rv1), androgen negatively regulatcs RNase L mRNA expression and positively
regulates cell growth/proliferation. This was not observed in the androgen-unresponsive
human prostate cancer cells (DUI45). However. an oxidative stress inducing agent, i.e.
H,O, stimulated/induced the RNase L mRNA as well as RNase L protein levels and
caused cytotoxicity/apoptosis in both the types of human prostate cancer cells (DU!45
and 22Rvl). Therefore, RNase L expression in the human prostate cancer cells
responsive to oxygen may be exploited to cause inhibition of cell growth/proliferation
and oxidative stress-inducing agents like H,O», may be exploited to induce RNase L
expression in order to cause cytotoxicity/apoptosis in both androgen-responsive and
androgen-unresponsive human prostate cancer cells. Further investigation is necessary to
dissect the molecular detaiis of these cellular effects of androgen and H;0; in the context

of RNase L gene expression.
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Conclusions

VIH. CONCLUSIONS

1. RNase L mRNA is constitutively expressed in the mouse tissues under normal
physiological conditions, with higher levels in the spleen and thymus. suggesting
housekeeping function(s) of RNase L in the tissues as wcll as its immunoclogical
role(s) in the spleen and thymus. This is a new information. as RNase L. has been
long known as an antiviral RNA-degrading enzyme induced by viruses.
interferons and dsRNA in mammalian cells.

2. RNase L. mRNA may not be primarily regulated by endogenous androgen in
normal mouse prostate tissue, exogenous androgen also did not show any major
significant effect on RNase L. mRNA, at the best, it may negatively regulate
RNase L expression to a small extent, possibly, through a cryptic androgen
response element {ARE) in the RNase L. promoter at -51 to -63 nucleotide, which
necds to be established.

3. Human prostate cancer cell lines, e.g. the androgen-unresponsive DU145 and the
androgen-responsive 22Rvl cells showed diferential effects of androgen in
regulating the levels of RNase L mRNA and protein. In 22Rv1 cells, androgen
caused cell proliferation and down-regulation of the level of RNase L mRNA as
well as protein, while in f)UI45 cells no effect of testosterone was observed
either on cell proliferation or on expression of RNase L mRNA and protein.

4. Oxidative stress by H,O, caused upregulation of both RNase . mRNA and
protein in both the androgen-responsive and unresponsive cell lines, 22Rv1 and
DU145.

5. Further investigation is necessary to establish the molecular details of these

cellular effects.
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