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ABSTRACT

Among the severely immunocompromised, JC virus (JCV) may cause a fatal
demyelinating disease, progressive multifocal leukoencephalopathy (PML). Highly
active antiretroviral therapy (HAART) is the standard treatment for PML patients, but it
is effective in only 50% of PML patients. We previously demonstrated induction of
genes associated with interferon (IFN) antiviral response pathway in primary human fetal
glial (PHFG) cells, specifically at later stages of JCV replication (Virology 2006;
345:457). The objective of this study was to analyze specific viral events required to
induce interferon-stimulated genes (ISG), and to assess the potential antiviral effects of
IFN-o and — on JCV replication. PHFG cells were infected with 50 HAU of JICV
(Mad1) or UV-inactivated JCV and grown in the presence of 100 U/mL of IFN-a or —B.
Quantitation of JCV DNA, mRNA transcripts, and T antigen (TAg) expression were
measured at days 3, 5, 8, and 15 post-infection using quantitative- real-time-PCR, -RT-
PCR, and Western blotting techniques. Our data indicate that JCV induces ISG in PHFG
cells, and demonstrates direct antiviral effect of IFN-a and — on JCV replication.
Previous studies have employed IFN as immunomodulators. Our study warrants further
clinical trials to treat PML patients using IFN as an adjunct therapy, specifically focused
on intrathecal route of administration,
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CHAPTER 1
INTRODUCTION
Progressive Multifocal Leukoencephalopathy (PMI.

Progressive multifocal leukoencephalopathy (PML), a fatal demyelinating disease
of the central nervous system (CNS) is characterized by multiple foci of demyelination
caused by the lytic infection of oligodendrocytes, the myelin-producing cells of the CNS
(Figure 1) [1]. This disease usually only develops in individuals with severely
compromised immune system, such as AIDS patients. Prior to the emergence of AIDS,
PML was a relatively rare disease. In the AIDS era, PML has become significantly more
prevalent, 3-5% of AIDS patients typically develop the disease [2]. Indeed, PML has
become an AIDS-defining illness. Other circumstances which incur immunosuppression
are also associated with PML, such as autoimmune diseases, agammaglobulinemia,
lymphoma, immunosuppressive drug treatment, and cancer chemotherapy [2]. It is rare
for PML to develop in the absence of an underlying immunosuppressive condition.
Symptoms of PML include hemiplegia, ataxia, visual disturbances and subcortical
dementia [3]. Neuropathology has been observed through histologic sections of PML
diseased brains (Figures 2 & 3). Infected oligodendrocytes that have not yet undergone
necrosis can be observed in the vicinity of small lesions or around the edges of larger
lesions (Figure 3) [4]. These cells typically appear enlarged with intranuclear inclusions.
Astrocytes, another type of glial cell which has structural and neuro-supportive roles in

the CNS, are also infected by JCV, but to a lesser degree (Figure 3) [4, 5]. Infection is



ty pically non-cytolytic in astrocytes, instead causing cell enlargement with lobulated
hy perchromatic nuclei and mitotic bodies [5, 6]. A prominent inflammatory response is

often absent [7].

Figure 1. MRI of a PML patient exhibits a left frontal lobe lesion. This area of demyelination is seen as a
hypointense area in the upper right panel (arrow). (Figure courtesy of Dr. Thomas Weber, Department of

Neurology, Marien Krankenhaus Hamburg, Hamburg, Germany) [4].




Figure 2. Luxol blue stain for myelin showing round demyelinated plaques (40x) [4]

Figure 3. Hematoxylin and Eosin stain showing enlarged oligodendrocytes with round dark-staining

eosinophilic inclusion bodies and bizarre astrocytes (4,000x) [4]

Human Polyomavirus JC (JCV)

Etiologic Agent of PML
JCV is the etiologic agent of PML [8]. It was first isolated in 1971 from the brain
of a PML patient with the initials “JC”, hence its designation [8]. Diagnosis of PML is

commonly established by presentation of clinical symptoms, detection of JCV DNA in

the cerebrospinal fluid (CSF) by PCR, and MRI imaging of the multifocal lesions [9].

Structure, Genome and Proteins

JCV is a non-enveloped double-stranded DNA (dsDNA) virus consisting of a 40
nm icosahedral capsid shell [10]. The viral genome includes a small, 5,130-bp circular
dsDNA with a bipartite organization (Figure 4). It contains 2 regions of about the same
size: the early and late transcription units. Transcription of these regions is bidirectional

and begins in a common, non-coding regulatory region, which contains both the origin of



DNA replication and binding sites for the cellular transcription factors that regulate early
and late gene expression. Starting from the regulatory region, early transcription
proceeds in a counterclockwise direction. On the other hand, late transcription proceeds
clockwise on the opposite strand of the DNA [11]. JCV early region encodes for large
and small T antigens. The large T antigen is considered the “master regulator” of the
infectious disease process. Its most prominent role is to stimulate resting cells to enter
the S-phase of the cell cycle, and ultimately recruit the host cell DNA polymerase to the
origin of viral replication [12]. On the other hand, the function of the small T-antigen has
yet to be fully defined, although an ancillary role for the activity of the large T antigen
has been suggested [13]. The JCV late region encode VP1, VP2, and VP3 capsid
proteins, which are made from alternatively spliced mRNAs derived from the same
primary late transcript [14]. VP1 is the major capsid protein which contains the epitope
for JCV-specific neutralizing antibodies. Aside from the viral capsids, the late genes also
encode for agnoprotein, which functions to interact with T antigen to regulate various
stages of the lytic cycle. Agnoprotein was also recently shown to co-localize with the
cellular cytoskeletal protein tubulin, suggesting a role in promoting cellular stabilization

and preserving JCV-infected cells [15].
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Figure 4. Organization of the JCV genome. This schematic diagram of the JCV genome shows the
transcriptional control region separating the early genes large T- and small t~ antigens, late viral genes VPI,

VP2, VP3, and agnoprotein [16].

Epidemiology and Transmission

JCV is widespread among the human population, with JCV-specific IgG being
detected in about 15% of people by age 5, 65% by age 10, and 80% by adulthood (5)
[17]. Primary infection, typically occurring during childhood, is asymptomatic in
immunocompetent individuals and results in lifelong latency and persistent infection.
Primary site of infection is believed to be the tonsils, and spreads from there through
replication in lymphoid cells [18]. The mechanism of human-to-human transmission of
JCV has not been firmly established, but JCV is excreted and is found in sewage,
suggesting a fecal-oral route [19]. JCV is shed in the urine, suggesting that the kidney

may be the major organ where the virus establishes a latent infection [20].



Establishment of Latent and Persistent Infection

The replication cycle of most DNA viruses, such as JCV, occurs within the
nucleus (Figure 5), as opposed to many RNA viruses which replicate only in the
cytoplasm [21]. As such, DNA viruses have an inherent capacity to remain latent in the
nucleus and undetected by the immune response. Infection with latent DNA viruses is a
common cause of disease in immunocompromised hosts because of the virus’s ability to
reactivate upon immunosuppression [21].

JCV infection of oligodendrocytes occurs in the immune-privileged site of the
central nervous system (CNS). In general, virus clearance within the CNS is less likely to
involve apoptosis of infected neural or glial cells, since this involves elimination of
essentially non-renewable cells [21]. Hence, a long-term restricted infection is sometimes
preferred. This restricted viral replication maybe due to a temporary block, such as IFN,
with the restriction remaining until the block drops below an effective level [21].

CD8" cytotoxic T lymphocyte (CTL) responses to viral infection in the CNS
have been shown to be helpful during the early phase of infection [22, 23]. However, this
same CTL response can also contribute to demyelination during clearance of JCV-infected
oligodendrocytes. Why this early immune response doesn’t progress to complete viral

eradication of certain viruses is unclear.

Reactivation



Active viral lytic activity is resumed upon establishing an immunocompromised
state, such as during HIV infection [4]. Specifically, cell-mediated immunosuppression
has been indicated as the major unc_!erlying factor for reactivation of latent JCV. This
reactivation may be due to either, (1) the immunosuppressed state being conducive for
rearrangement and changes in the regulatory region during viral DNA replication,
ultimately resulting in a more virulent strain, or more likely, (2) the loss of specific
immune cells resulting in uncontrolled viral replication [24].

The issue of JCV latency in the brain is still the topic of much debate. [t has not
been resolved whether, (1) immunosuppression results in reactivated JCV replication in
the periphery followed by migration to the brain or, (2) latent JCV in the brain undergoes
uncontrolled viral replication as a result of immunosuppression. There have been several
reports of detection of JCV DNA by PCR in brains of 12-50% of HIV and PML negative
people [25-28]. However, there are some inherent problems with these observations. In
these studies, human postmortem brain material was used; hence, it was not established
whether the positive results were because of infected brain cells or infected leukocytes in

the cerebral vasculature [24].

Cellular Receptor and Specificity
JCV has been shown to exhibit inherent hemagglutination activity in type O
erythrocytes. This is mainly due to attachment of JCV to a(2,6)-linked sialic acid

carbohydrate moieties [29]. Determining the proteinaceous component of JCV receptors



has been more challenging. Recently, it was demonstrated that JCV enters astrocytes via
the serotonin receptor SHT,4 [30]. However, it has not been determined which receptors
JCV uses to enter oligodendrocytes. After receptor binding, JCV enters the host cells
through rapid clathrin-dependent, receptor-mediated endocytosis [31].

The cell specificity of JCV is at the level of viral replication, not viral entry. It
has been previously shown that JCV can enter a wide variety of cell types and localize in
the nuclei, but only undergo productive infection in human neuroblastoma cell lines [32].
Highly susceptible glial cells possess NF-1 DNA binding proteins, which can regulate

and promote JCV transcription to drive productive infection [31].

Life Cycle

JCV life cycle involves shuttling between the cytoplasm and nucleus, but the
majority of events occur within the nucleus (Figure 5). After receptor-mediated
endocytosis, JCV is transported to the nucleus, where uncoating takes place to expose the
genome for early gene expression. The early transcript translocates to the cytoplasm
where it undergoes translation, producing the T antigens. These T antigens enter the
nucleus where they bind to cellular factors to promote viral replication. After DNA
replication, late mRNA transcripts are produced which leave the nucleus to undergo
cytoplasmic translation into VP capsid and agno proteins. These late proteins then
translocate back into the nucleus where viral assembly of progeny virus occurs. An

important aspect of JCV replication is that it mainly occurs within the nucleus. This has



important implications in the context of viral evasion of the host immune response and

establishment of latent infections.

e —

Figure 5. Life cycle of JCV. JCV infection starts off with viral attachment and entry via receptor
mediated endocytosis. Next, the virus is transported to the nucleus where uncoating to reveal viral DNA
occurs. Early transcription produces the large T- and small t-antigens which are essential for viral DNA
replication. Late transcription produces VP capsid proteins (VP1, VP2, VP3) as well as agnoprotein (not

shown). Finally, the new virion is assembled in the nucleus [33].

Strains

Two strains of JCV exist, depending on the organization of their regulatory
region. The most commonly found strain in the brain of PML patients contains a 98-bp
tandem repeat, and has been designated as the Mad! strain. On the other hand, the JCV
strain frequently found in the urine and kidney possesses a regulatory region consisting of

only one 98-bp sequence [34]. This has been labeled as the “archetype™ strain, which is



biologically inactive in vitro. Its failure to replicate effectively in glial cultures has been
attributed to the inability of the viral promoter to produce sufficient levels of early
mRNA transcripts, which would drive T antigen mediated viral DNA replication [35]. In
a previous study, it was determined that the presence of tandem repeats in plasma and
CNS JCV regulatory region clones was associated with poor clinical outcome in patients

with PML [36].

Animal Models

The lack of a good animal model has hampered the study of the mechanism and
pathogenesis of JCV induced PML [24]. Establishing a relevant animal model is
essential to demonstrate how JCV enters the brain, spreads and persists in the CNS, and
its interaction with the host immune response. Furthermore, the roles of age and host
genetics can more clearly be illustrated in terms of disease susceptibility and progression
in animal models. With the lack of a relevant in vive model system, the use of primary
human cell cultures, while challenging, is also advantageous since it uses relevant human

cells that closely resembles the in vivo condition.

JCV and HIV Co-Infection

A high association exists between JCV induced PML and co-infection with HIV.
As many as 85% of PML patients are also infected with HIV. Several reasons have been
put forward to explain this association. The most widely accepted reason is that HIV

results in cellular immunosuppression, which permits reactivation and uncontrolled

10



replication of JCV. Another hypothesis is that HIV infection results in the disruption of
the blood-brain barrier, facilitating entry of JCV into the CNS. HIV may also cause
upregulation of adhesion molecules on the brain vascular endothelium, thereby
facilitating entry of JCV infected lymphocytes into the brain [37]. Finally, HIV encodes
a regulatory Tat protein which may also bind to the JCV late promoter and result in

transactivation of JCV [2].

Pathogenesis of PMI,

It is generally accepted that the major pathology of PML, demyelination, is a
direct result of infection of oligodendrocytes with JCV [24]. JCV concentrations reach
extraordinary levels in PML brains, exceeding 107 to 10° particles per gram of tissue [38].
In postmortem histological observations, PML brains exhibit focal areas of demyelination
as well as cytopathic effects in both oligodendrocytes and astrocytes [4]. Aside from this,
evidence of a prominent inflaimmatory response is often absent. Occasionally,
inflammatory lesions can be seen in patients as a complication of highly active
antiretroviral therapy (HAART) treatment [39]. This complication, known as immune
reconstitution inflammatory disease (IRIS), is a result of an overactive, recently
reconstituted cellular immune response which attacks cells that were already infected
prior to starting treatment. A certain number of patients have developed PML symptoms
while undergoing HAART therapy [39]. Finally, two studies have suggested that

apoptosis may also contribute to the PML demyelination process on the basis of TUNEL

11



assays and detection of activated caspase 3 by immunocytochemistry in infected

oligodendrocytes and some astrocytes [40, 41].

Treatment of PML
Immune Reconstitution

HAART entails administering a combination of three different antiviral drugs,
usually two nucleoside analogues and either a non-nucleoside reverse transcriptase
inhibitor (NNRTI) or a protease inhibitor [42]. HAART usually results in a decrease in
HIV viral load with a corresponding increase in CD4" T cell counts. It is this
improvement in CD4" T cell levels, particularly in CD4™ Tyl cells, that is believed to
mitigate PML disease progression. The current belief is that immune reconstitution is a
requisite for clinical improvement. To date, HAART is the most used treatment for
AIDS associated PML. However, it is only effective in 50% of those who are on
HAART. One possible complication of HAART is the development to IRIS. This
complication usually develops in patients with a pre-HAART CD4" cell count of <100
cells/m®, which is the strongest predictor for IRIS [43]. During HAART-induced IRIS,
laboratory tests may indicate an improvement, showing reduced HIV-viremia and
increased CD4" cell counts. Despite this, paradoxical neurological deterioration
continues to develop due to over-aggressive CTL-mediated destruction of

oligodendrocytes [44].

12



Other drugs which stimulate the immune response and may be considered
supplemental to HAART include IFN-u, IFN-8, and IL-2 [45]. IFN-o therapy is usually
used to treat chronic forms of hepatitis B and C, as well as AIDS associated Kaposi’s
sarcoma. During the pre-HAART era, IFN-a treatment prolonged the survival of PML
patients by an average of 150 days [46]. However, when used in combination with
HAART, there did not seem to be an additional benefit of IFN-a when compared to
HAART treatment alone [47, 48]. Currently, there are no in vitro studies evaluating IFN-
a as a treatment for PML. IFN-8 is used as a treatment for multiple sclerosis, another
demyelinating disease, but retrospective and observational studies regarding its use in
PML patients are scarce. A recent report described the continued clinical deterioration of
a PML patient despite treatment with IFN-B [49]. IL-2 is a cytokine that is known to
stimulate leukocyte proliferation. There have been two reports of non-AIDS related PML
patients who have clinically improved after treaiment with IL-2 [S0]. However, whether

this treatment would have any therapeutic role in AIDS-associated PML is unclear [45].

Virus-Specific Therapies

Since the introduction of HAART, any anti-JCV therapy must be considered as
adjunctive therapy to HAART. Hence, assessing the sole effect of anti-JCV therapies in
vivo is no longer possible [45]. Some specific antivirals previously tested for PML

include cidofovir, cytarabine, topotecan, and phenothiazine derivatives.

Innate Immune Response to Viral Infections
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Host defense against viral infection involves stimulating different components of
the innate and adaptive immune system [51]. Virus clearance entails a multi-step
mechanism that begins with production of type | interferons (IFN), cytokines
instrumental in triggering expression of a wide array of host antiviral proteins, by the
infected cells (Figure 6). Aside from IFN, other components of the innate immune
response, such as macrophages, dendritic cells (DC), and NK cells, also act in a non-
specific manner to eliminate virus-infected cells and thereby prevent viral infection of
neighboring uninfected cells. Stimulation of the adaptive immune response begins with
activation of naive T and B cells via antigen presentation by DC. Cell-mediated (T cells)
and humoral (B cells) responses involve virus-specific mechanisms to fight infection and

ultimately clear cell-free virus as well as virus-infected cells (Figure 6) [51].
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Figure 6. Antiviral responses to viral infection. Antiviral responses to viral infection begin with innate
antigen-nonspecific responses such as [FN-o and IFN-B production by infected cells. These type [ IFN

attract and promote natural killer (NK) cell and macrophage (M6) response. Antigen-presenting cells, such
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as dendritic cells (DC), and antigen reach the lymph node to activate early immune responses (TH1 and
immunoglobulin M[IgM]). THI enhances the CTL response which is an important component of the
antiviral response. Later, TH2 systemic antibody responses and memory cells are developed. The time
course of events is indicated at the top of the figure. CTL, Cytotoxic T lymphocyte; IFN, interferon; IL,

interleukin, TNF, tumor necrosis factor (Murray Medical Microbiology) [51].

Type I IFN: IFN-g and -8

IFN-¢ and IFN-8 are major players in the innate immume response to viral
infection. After its synthesis within the infected cell, [FN-a/B is secreted and travels in an
autocrine or paracrine manner to neighboring uninfected cells and binds to the IFN-o/p
cell surface receptor (IFNAR1/2) (Figure 7) [52]. Consequently, tyrosine kinases Tyk2
and JAK1 phosphorylate STAT-1 and STAT-2, enabling these proteins to bind p48 and
form the IFN-stimulated gene factor 3 (ISGF3) complex. This complex translocates to
the nucleus where it activates transcription of ISG [52]. Gene induction by IFN is rapid,
direct, and transient and usually fully stimulated within a few hours of cells coming in
contact with IFN. The temporary nature of the IFN response is also achieved by the short
half-lives of many IFN-induced mRNAs and proteins [53]. In terms of type I IFN effect
on a multicellular level, IFN o/B can induce maturation of DC by upregulating expression
of costimulatory molecules CD80, CD86, CD40 and also induce upregulation of MHC I
expression in most virally infected cells. This facilitates cross-presentation of viral
antigens and results in increased antigen presentation to CD8 cytotoxic T cells [54).

These events may contribute significantly to the overall antiviral response.
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IFN-Stimulated Genes (ISG)

ISG were originally discovered as antiviral proteins expressed exclusively after
induction by IFN [55]. It was generally agreed that viruses indirectly activate ISG
expression through the intermediate production of IFN o/B. However, the use of cell
lines defective in IFN signaling has established that viruses and dsRNA may directly
induce ISG expression independent of IFN (Figure 7) [55, 56]. A new term, viral-stress
inducible genes (VSIG) has been put forward as a more appropriate name, although the
majority of scientists still use “ISG” [55]. Some of the most well studied ISG include
MxA, Cig5/Viperin, OAS/RNase L, PKR, and ISG56/P56 that act on different stages of
the viral life cycle. The combined actions of these ISG produce a cumulative effect on

virus yields.

Mpyxovirus Resistance 1 (MxA)

MxA is a well-characterized antiviral protein, which belongs to the superfamily of
dynamin-like GTPases. In humans, MxA accumulates in the cytoplasm and functions to
block viral nucleocapsid transport into the nucleus. In studies with the Thogoto virus,
MxA was found to bind to the NP nucleoprotein component of viral nucleocapsids,
thereby impairing nuclear import of viral nucleocapsids and ultimately preventing
primary transcription [57, 58]. MXA expression is induced by IFN-a or -B3 but not IFN-y.
Like OAS/RNase L, the antiviral properties of MxA are not universal. Cell culture and

transgenic mice studies have demonstrated that MxA does not confer protection against
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certain viruses, such as Dhori virus (Orthomyxoviridae) [59], Mengo virus and

encephalomyocarditis (EMC) virus (Picornaviridae-RNA viruses) [52, 53, 55].

Viperin/Cig$s

Viperin/cigd is a recently described ISG, which has established antiviral effects
against HCMV and HCV in vitre [60, 61). Viperin is a constitutively expressed protein
normally associated with the cytosolic face of the endoplasmic reticulum (ER). Although
the exact mechanism of antiviral activity is still unknown, it is hypothesized that viperin
could interfere with the transport of critical viral components, such as transmembrane
glycoproteins, from the ER to the Golgi. HCMV infection eventually results in the
redistribution of viperin from the ER and into the Golgi apparatus and ultimately the

cytoplasmic vacuoles, implying a mechanism of viral evasion [60].

2'5’ Oligoadenylate Synthetase (OAS)

OAS polymerize ATP into 2°’-5" oligoadenylate acid, which converts RNase L,
which is constitutively present in most types of cells [62], from an inactive monomer into
an active homodimer and functions to degrade viral RNA [52]. However, this chain of
events is not triggered by all viruses, such as the Rhabdovirus vesicular stomatitis virus
(VSV) [63]. OAS expression is induced by IFN-g, -, or -y and requires dSRNA as a
cofactor for activation. Transcripts of OAS are alternatively spliced into 3 forms, OAS-1,
-2, and -3, and can associate either in the nucleus or cytoplasm. These isoforms differ in

the concentration of dsRNA required for activation and in the reaction conditions

17



required for optimal enzymatic activity. The mechanism of OAS stimulation is an
example of an antiviral pathway that is dually controlled; that is, IFN induces the
synthesis of a latent enzyme, which subsequently needs to be activated by a viral gene

product, such as dsRNA [52, 53, 55].

Interferon-Stimulated Gene 56 (ISG56)

The expression of ISG56 leads to the synthesis of the cytoplasmic ISG56 protein,
P56. P56 has been shown to inhibit viral protein synthesis by interacting with the p48
subunit of translation initiation factor elF-3, thereby interfering with its function. So far,
ISG56 seems to be the most abundant IFN-induced mRNA, based on microarray of
HT1080 human fibrosarcoma cell line [64]. However, its physiological significance is
somewhat obscure. Although it is the most abundant IFN-induced protein, P56 can
inhibit protein synthesis only partially because of the very high cellular levels of elF-3
[53]. Furthermore, it was shown that replication of VSV and EMC virus is unaffected in

transfected cells that overexpress the P56 protein [52, 53, 55].

Protein Kinase R (PKR)

PKR is kinase predominantly found in the inactive form in the cytoplasm and
usually associated with ribosomes. Activation of PKR involves autophosphorylation and
is mediated by dsRNA. PKR inhibits protein synthesis by phosphorylating elF-2a,
thereby impairing the elF-2a catalyzed guanine nucleotide exchange reaction and

inhibiting mRNA translation [52, 53, 55].
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Figure 7. Signaling pathways leading to the induction of IFN-a/B, ISG, or inflammatery cytokines during
vira! infection. The three main triggers for induction of antiviral response are virus, IFN, and dsRNA. (1)
Upon binding to its receptor, the virus enters the host cell and produces viral nucleic acids and proteins.
Recognition of viral nucleic acids by endosomal TLR7, TLRS, and TLR9 leads to recruitment of the
adapter MyD88, which in turn interacts with various downstream molecules (not shown). These pathways
mainly control the expression of inflammatoty cytokines and type 1 IFN. On the other hand, viral proteins
mainly act to inhibit either various steps in the IFN signaling pathway or direct inhibition of ISG proteins.
(2) On the right, exogenous or viral dsRNA can signal mainly through RNA helicase RIG-I/mda5 present
in the cytoplasm or through TLR3 present mostly in endosomal membranes. These may result in dSRNA-
mediated induction of LIFN-a/p or ISG expression usually via NFxB or IRF3. dsRNA also acts as a trigger
to directly activate certain ISG, such as PKR. (3) On the left is the canonical JAK-STAT pathway, where
sequential tyrosine phosphorylations triggered by IFN-u/ interaction with IFN receptors 1 and 2
(IFNAR1/2) leads to formation of [SGF3 complex and transcriptional activation of ISG. At a multicellular
level, IFN-induced expression of MHC class I and II antigens may contribute to the antiviral response,

through actions of CTL, observed within whole animals.
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Viral Antagonism to Host Innate Inmune Response

Successful establishment of viral infection is dependent on the ability of the virus
to inhibit the host antiviral pathways that impose constraints on virus replication [65].
Viruses can interfere with the innate immune response by either evading detection by the
TLR system or antagonizing antiviral actions of the IFN system [52]. The IFN response
can be countered by either (1) blocking IFN synthesis and signaling or (2) directly
blocking ISG protein functions.

Several viruses employ the strategy of molecular mimicry to evade the host
antiviral response. For example, poxviruses encode soluble IFN receptor homologues
(VIFN-Rc), which are secreted from infected cells and competitively bind to IFN
molecules [52]. On the other hand, Kaposi sarcoma-associated herpes, or human
herpesvirus 8 (HHVS) has an IRF homologue (vIRF) that functions as a repressor of
~ transcriptional activation of ISG induced by IFN. The adenovirus E1A protein interferes
with the DNA binding activity of ISGF3 [66]. ElA also inhibits IRF-3 mediated
transcriptional activation by binding to p300, thereby repressing its histone
acetyltransferase activity. The paramyxovirus Sendai virus encodes a C protein that
interferes with transcriptional activation of ISG [67]. Finally, human papillomavirus
(HPV) expresses an E6 protein that binds selectively to IRF-3, preventing expression of
immediate early IFN [52, 68].

Among all the ISG, PKR is probably the most common target of viral antagonism.,

Vaccinia virus encodes 2 proteins which counter PKR function. E3L is a dsSRNA-binding
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protein that both sequesters dsRNA activators of PKR and interacts directly with the elF-
2c substrate-binding region of PKR [52]. These actions result in decreased PKR
autoactivation as well as decreased elF-2¢ phosphorylation. Vaccinia virus also codes
for the K3L protein, which is a homologue of the elF-2a substrate [52]. The K3L
pseudosubstrate inhibits PKR-catalyzed phosphorylation of €¢IF-2a. On the other hand,
polyomavirus SV40 encodes a large T antigen protein that antagonizes PKR function
downstream of the kinase activation step [69]. The exact mechanism of this inhibition is
still unknown, although one hypothesis is that the T antigen mediated enhancement of
phosphatase activity is responsible for the dephosphorylation of elF-2a [52]. These
mechanisms may not only permit unabated viral replication but also play a crucial role in
establishing persistent infection or cellular transformation. The balance between host
antiviral response and the resulting viral evasion of this response have developed over
time as a result of co-evolution between host and virus, resulting in ‘viral homeostasis’

[55, 70].

Immune Response to Viral Infections in the CNS
Cells of the CNS

The CNS is composed of 3 major types of cells which usually play a significant
role in viral infection: neurons, glial cells, and meningeal cell. Neurons are specialized
cells responsible for conducting electrical signals of information in the nervous system.
There are three kinds of glial cells: Astrocytes, microglia, and oligodendrocytes.

Astrocytes are considered the “supporting” cells of neurons and are responsible for
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producing neurotrophic factors during infection, removing toxic materials, and
maintaining the blood-brain barrier (BBB). The microglia are the resident macrophages
of the CNS. They can express MHC I and II during infection and play an important role
in the local immune response. Oligedendrocytes are the myelin-producing cells of the
CNS. Virus-mediated or immune-mediated destruction of oligodendrocytes is the cause
of various acute or chronic demyelinating diseases. Finally, meningeal cells make up the
meninges, the external protective tissue layers covering of the brain. The most common
virus infections of the CNS cause meningitis due to infection of the meninges. However,
these infections are typically not that serious since meningeal cells are renewable and are
accessible to the immune system. Less common but more serious are viral infections
involving the neurons and glial cells, since these are primarily non-renewable cells.
Because of the potential for neurological damage by inflammatory mediators and CTL,
the brain has intrinsic mechanisms for controlling immune responses that are different

from other organs [21].

Types of Viral Infections in the CNS

There are important differences in the immunopathogenesis of CNS infections
that depend on whether the infecting virus is a DNA or RNA virus. DNA viruses usually
have nuclear phases in their replication cycle, and can thus remain hidden from the
immune system and establish latent infection [21]. These viruses are common causes of
disease in immunocompromised people because of their ability to reactivate. On the

other hand, RNA viruses mostly replicate only in the cytoplasm and therefore do not
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establish true latency. Hence, these RNA viruses are more susceptible to different

mechanisms of immune control than are DNA viruses [21].

Immune Response to Viral Infection in the CNS

Immune responses to viral infections in the CNS involve several steps. First is
the intrinsic response in the CNS wherein the presence of the pathogen is recognized and
confronted. This involves components of the innate immune response such as TLR, IFN,
and ISG. Then, entry of lymphocytes and monocytes from the periphery signal the
beginning of the adaptive immune response. Finally, complete or partial silencing of
immune-mediated inflammation occurs as virus is cleared or controlled.

The normal, uninfected CNS lacks immunological activity due to the presence of
tight junctions and low expression of adhesion molecules in the endothelial cells
comprising the BBB. During infection, rapid IFN type I production is initiated, which
slows virus spread and constrains replication before the induction of virus-specific
adaptive immune responses [53]. IFN-8, an immediate early IFN produced by neurons
as well as glial cells, is the main type of type I IFN produced and is essential for
induction of IFN-u in vitro. This preferential induction of IFN-8 might be
neuroprotective since IFN-a is known to have marked neurotoxicity in the CNS [71, 72].
IFN-B may then activate microglia and astrocytes to rapidly produce an array of
cytokines and chemokines, which vary according to the specific virus. This results in the
upregulation of MHC molecules on the microglial surface and increased expression of

adhesion molecules by capillary endothelial cells. These facilitate entry of circulating
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leukocytes into the BBB to start the adaptive immune response. Clearance of virus-
infected cells is done either by cytolytic mechanisms or permanent suppression of viral
replication. Most mature CNS neurons and glial cells are relatively resistant to the
cytolytic mechanism owing to their non-renewable nature. It is more beneficial for the
host to have persistently infected but functional neural and glial cells than to clear
infection and suffer permanent neurological damage [21]. In the case of persistent
infection, it is important that mechanisms which can prevent resumption of viral
replication remain in place to avoid the risk of progressive and relapsing disease [21, 73,

74].

Clearance of Viral Infection from Glial Cells

Unlike neurons, which depend on antibodies for viral clearance, clearance from
viral infection of glial cells is highly dependent on T cells. This may be because glial
cells are more likely to be induced by inflammatory mediators to express MHC
molecules than are neurons. The best studied examples of virus infections in glial cells
involve Theiler’s mouse encephalitis virus (TMEV) and mouse hepatitis virus (MHV)
infection in mouse models. Here, the clearance mechanism often fails, which results in
immune mediated demyelinating diseases in susceptible strains of mice [75]. Those mice
that don’t dévelop persistent infection or demyelination have clearance mechanisms that
involve rapid CD8" T cell responses. However, it must be mentioned that in some cases,
CD8"-mediated viral clearance in the CNS can itself contribute to demyelinating disease,

especially if oligodendrocytes are targeted [76, 77]. In mice that are susceptible to
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persistent infection, virus is often cleared from the neurons but not from glial cells,
although the viral load is reduced to low levels [75]. Despite persistent infection, T cell

levels gradually decline with time, but antibody secreting B cells persist [78].

Primary Human Fetal Glial (PHFG) Cell Culture

PHFG cells consist of a heterogenous population of glial cells, specifically
astrocytes and spongioblasts [37, 79]. Spongioblasts are the precursors of
oligodendrocytes and remain the most susceptible cell type for JCV infection [79, 80].
There are several problems associated with PHFG cell that have led others to develop
astrocytic cell lines {81]. One such problem is the difficulty in obtaining and propagating
PHFG cells. Another is the mixed population of cell types which makes the ratio of
astrocytes to spongioblasts variable between cultures prepared at different times. Special
handling is required to obtain the spongioblast rich cultures. Despite these drawbacks,
using PHFG cells has its own advantages. For instance, PHFG cells, although
heterogenous, retain many of the differentiated characteristics of cells in vivo [82]. In the
absence of animal models to study JCV, the use of PHFG cells is the best alternative to
mimic the in vivo condition. One drawback of the astrocytic cell lines often used is that
astrocytes are not the primary cells for productive JCV infection [79]. Furthermore, it is
the lytic infection of oligodendrocytes by JCV that results in the pathogenesis of PML.
Unfortunately, no oligodendrocyte cell line has currently been established. Some
examples of astrogial cell lines that have been used to study JCV include POJ, SVG, and

U87MG [81, 83, 84]. POJ and SVG are glial cells transformed with replication-
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defective JCV and SV40 genomes, respectively [81, 83]. These cells constitutively
express a functional T antigen which interacts with the JCV regulatory machinery to
stimulate viral replication. Although convenient to use, these transformations complicate
biological and molecular characterizations of JCV. On the other hand, the untransformed
human glioblastoma cell line U87MG has recently been shown to be capable of
supporting JCV replication, gene transcription, and virion production [84].

The use of PHFG cells will greatly simplify the otherwise complex immune
interactions that take place within the CNS. Since PHFG cells are limited to astroglia and
oligodendrocytes, specific innate immune responses in these cells can be better analyzed
by exclusion of all factors that are not represented in this model system. Human
oligodendrocytes and astrocytes have recently been shown to express only two TLR:
TLR-2 and -3 {85]. Moreover, we can omit possible influences of potentially expressed
inflammatory cytokines and chemokines since there is an absence of other innate and
adaptive immune cells. Hence, this model system mainly takes into account intracellular
innate immune responses of infected oligodendrocytes, and to a lesser extent astrocytes,
making the situation much simpler (Figure 8). Specifically, using PHFG cells mimics the
in vivo condition of primary JCV infection of the CNS after cellular immunosuppression
instead of reactivation of latent JCV already present in the CNS before

immunosuppression.
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Figure 8, Possible signaling pathways leading to induction of antiviral genes in PHFG cells. Signaling
pathways for antiviral gene induction in PHFG cell culture conditions are much simpler than the in vivo
scenario (Figure 7). PHFG cells are primarily composed of oligodendrocytes and astrocytes, which have
TLR3 as the only relevant TLR. in the context of viral infection. The consequences of inflammatory
cytokine induction as well as the multiple cell response to IFN-o/B upregulation of MHC antigens are also

omitted. -

Regulation of the JCV early and late promoters during the viral lytic cycle is a
complex event that requires participation of both viral and cellular factors. Microarray
studies have previously demonstrated that PHFG cells transfected with JCV (Madl)
DNA or infected with JCV (Madl) show a marked upregulation of several ISG, such as
MxA, cig5, OAS, and ISG56, which coincides with the burst in JCV replication [86].
This information has ignited interest on several aspects of JCV-host interaction and its

role in PML pathogenesis. One important question is, “What specific viral event
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triggered ISG induction? ” Since these ISG were induced at a much later stage in the JCV
replication cycle, we speculate that it is not a receptor-binding specific event. Another
intriguing question is, “What is the functional role of ISG in the setting of JCV
infection?” It remains a mystery why JCV continued to replicate in spite of the presence
of a strong antiviral ISG response. It is possible that it is all an issue of quantity.
Moderate ISG induction results in moderate antiviral control, so much so that JCV
replication is restricted, but only to the point where it is forced into latency, not total
elimination. If this is truly the case then the next logical question is: “Will hyper-
induction of ISG result in further inhibition?” If it does, then what are the therapeutic

implications with regards to PML treatment?

Hypothesis

Based on our previous cbservations [86], we hypothesize that JCV replication is
essential for ISG induction, and hyper-induction of ISG by IFN-a and -8 treatment

will restrict JCV replication.

Rationale

Understanding of host factors contributing to suppression of JCV replication will

aid in the development of better therapeutic strategies for PML patients.
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Objectives
1. To identify specific viral, cellular, and molecular events associated with the

induction of ISG in JCV-infected PHFG cells.

2. To determine the effect of IFN-a and -B on JCV replication in PHFG cells.

Specific Aims
1. To infect PHFG cells with infectious-, UV-inactivated-, and heat-inactivated-JCV
and analyze ISG profiles at various time points using quantitative- PCR (qPCR)

and -real-time RT-PCR (qRT-PCR).

2. To treat PHFG cells with IFN-a and -8 before JCV infection and analyze viral-
transcripts, -DNA, and -protein levels at various time points by qRT-PCR, qPCR,

and immunoprecipitation, respectively.

3. To treat PHFG cells with anti-IFN-a before JCV infection and analyze viral-

transcripts, -DNA, and -protein levels at various time points by gqRT-PCR, qPCR,

and immunoprecipitation, respectively.
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CHAPTER 2

METHODS

Cell culture

Primary human fetal glial (PHFG) cells were obtained from therapeutically
aborted 17- to 19-week-old fetuses from the Kapiolani Medical Center for Women and
Children (KMCWC) in Honolulu, Hawai’i after receiving approval from the KMCWC
institutional review board and the University of Hawai’i at M@noa Committee on Human
Studies. Fetal brain tissues were immediately kept in Dulbecco's Modified Eagle's
Medium (DMEM) (Sigma D5796) after removal from the patient, stored in 4°C, and
processed within 48 hrs. For processing, residual membranes and blood vessels from
fetal brain tissue pieces were removed using sterilized tweezers and the cleaned tissue
transferred to a 2™ plate containing fresh DMEM. This step was repeated 3 more times.
The cleaned fetal tissue was then poured into a cell dissociation sieve (40 squares/inch
screen) and forced through the screen using a glass pestle. The dissociated cells were
subsequently washed in DMEM by centrifugation for 5 min at 1000rpm. A second
washing step was performed using DMEM supplemented with 7% bovine calf serum
(BCS) (JRH Biosciences 12133), 3% fetal bovine serum (FBS) (JRH Biosciences 12103),
1% penicillin-streptomycin (Gibco BRL 10378-016), 1% amphotericin B (Sigma A-
2942), and 0.1% amikacin (Sigma A-2324) (referred to as 7% BCS- 3% FBS DMEM).
The washed cells were then resuspended in twice their volume with 7% BCS- 3% FBS
DMEM. One hundred millimeter tissue culture plates were then seeded by adding 2 mL

of cell suspension to 10 mL 7% BCS- 3% FBS DMEM medium. Cells were incubated at
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37°C with 10% CO; for 7 days without moving the plates. Thereafter, media was
changed once a week and cells were ready to be used for experiments starting 5 weeks up

to 9 months after processing. For a more detailed protocol see Appendix A and B.

JCV Infection

Oligodendrocyte-rich PHFG cell cultures were seeded on 35-mm plates grown to
60— 70% confluency and infected with 50 hemagglutinating units (HAU) of prototype
JCV {(Mad1) for 2 h and washed with serum-free DMEM medium with 1% penicillin-
streptomycin, 1% amphotericin B, and 0.1% amikacin. Thereafter, PHFG cells were
maintained in culture media with 3% BCS. For a more detailed protocol see Appendix

A and B.

Pre-Treatment with IFN-g, -B or Anti-IFN-a, UV- and Heat-Inactivation

In experiments involving IFN-g or -B treatment, cells were treated with 100 U/mL
of IFN-¢A/D (Sigma [4401) or IFN-8 (PBL Laboratories) 24 hr before infection. When
applicable, anti-IFN-a (1:2000 dilution, PBL Laboratories) was given 1 hr before pre-
treatment with IFN-a. Mock infections using UV-inactivated-JCV (Madl) were
performed by suspending 50 HAU of JCV in 250 pl. PBS and exposing to UV energy
using a UV-Stratalink 2400 (Stratagene) for 3 min before infecting PHFG cells. Heat-
inactivation was performed by heating UV-inactivated virus at 75°C for 45 min. A UV-
inactivated non-JCV plasmid DNA construct was used to test the effect of DNA on ISG

response. For a more detailed protocol see Appendix A and B.
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DNA and RNA Extractions

Cells were washed twice with PBS and lysed directly on the plates with RLT lysis
buffer solution supplemented with B-mercaptoethanol from the Qiagen RNeasy Mini
Total RNA Isolation Kit (Qiagen 74104), Viral DNA and total RNA were extracted from
lysates of control and infected cells on days 0 (2 hr p.i.), 3, 5, 8 and 15 following
infection using QIAprep Spin Miniprep Kit (Qiagen 27106) for DNA extraction and
Qiagen RNeasy Mini Total RNA Isolation Kit for RNA extraction according to the
manufacturer’s protocol. Genomic DNA contamination was eliminated by digesting the
RNA with RNase-free DNase (Qiagen 79254). For a more detailed protocol see

Appendix A and B.

Real-time RT-PCR for Host Genes

RNA samples from infected PHFG cells were assayed by real-time RT-PCR
(gRT-PCR) using SYBR Green to confirm changes in the expression of selected genes.
One microgram of total RNA from each sample was used as template for cDNA synthesis
using iScript cDNA Synthesis Kit (Bio-Rad 170-8890). gRT-PCR was performed on 2
uL of 9-fold diluted cDNA in duplicate with both internal and no template controls.
Several primer sequences were used for amplification of MxA, cigs, OAS, STAT],
interferon-inducible protein 56 (ISG56), and 1F144 (Table 1). The housekeeping gene
GAPDH was used as an internal control for normalization in parallel with each gene of
interest. PCR cycling conditions were 95 °C for 5 min, 45 cycles of 95 °C for 10 s and

57 °C for 30 s, and the melt curve starting from 55 °C to 95 °C. Each reaction was
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performed at least three times, with duplicate samples, to verify reproducibility. PCR
product intensity data were normalized relative to GAPDH, and the relative fold change
was calculated by Pfaffl’s method using the Gene Expression Analysis software for

iCycler iQ Real Time PCR Detection system (Bio-Rad).

Real-time¢ PCR for JCV Copy Numbers

JCV DNA amplification and quantitation were performed in the Bio-Rad iCycler
iQ Multicolor Real-time PCR Detection System using 2 pL. of 10-fold diluted template
DNA, iQ supermix (Bio-rad 170-8860), 12.5 pmol JCV TAg primers (Table 1), and 4.2
pmol of the molecular probe (5° TCATCACTGGCAAACATTTCT 3) specific for JCV
T antigen gene in a final reaction volume of 20 uL.. ¢cDNA was synthesized from RNA
extracted from JCV-infected cultures at various time points using the aforementioned
protocol. One microgram of RNA was used for cDNA synthesis, and 2 puL. of 9-fold
diluted cDNA was used for amplification of JCV T antigen gene. Thermal cycling was
initiated for 2 minutes at 50°C then a first denaturation step of 4 min at 95 °C followed
by 40 cycles of 95 °C for 10 s and 60 °C for 45 s, and the amplification fluorescence was
read at 60 °C. A standard curve for the quantification of JCV DNA/cDNA was
constructed using serial dilutions of a plasmid containing the entire linear genome of JCV
(Mad1). Dynamic range of detection was determined by preparing 10-fold serial
dilutions of JCV DNA in the range of 1.0x10” to 1.0x10" copies of JCV DNA. All

experiments were performed at least twice, and samples were analyzed in duplicates each
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time. The amount of JCV DNA in experimental samples was calculated from the

standard curve and was expressed as copies of viral DNA per mL of total DNA.

Immunoprecipitation and Western Immungoblots

Total cellular protein extracts were prepared from mock- and JCV-infected PHFG
cells. Cells were washed twice with cold PBS and lysed with 300 pL of EBC lysis
buffer, consisting of 50 mM Tris pH 7.5, 120 mM NaCl, 0.5% NP-40, and 1% protease
inhibitor cocktail (Sigma P8340). Total protein was separated by centrifuging the lysates
for 30 min at 13,000 rpm at 4°C. Protein concentration was assayed using the Bradford
technique and Bovine Serum Albumin Standard Set (Bio-Rad 500-0207). T-antigen
from 1 mg of total protein extract was immunoprecipitated using 60 pL of Protein G
Plus/Protein A Agarose suspension (Calbiochem IP05) and 10 pL of anti-SV40 T antigen
mouse mAb (200ug/mL) (Calbiochem DP02) and mixed overnight at 4 °C on a shaker.
The suspension was then spun down and washed three times in EBC buffer. A solution of
NuPAGE 10x reducing buffer (Invitrogen NP0004) and 4x loading dye (Invitrogen
NP0007) was added to the protein mixture and heated at 95°C for 10 min. In order to
separate out the beads, the suspension was centrifuged at 13,000 rpm for 5 min and 20 pL.
of supernatant was collected and fractionated on 4-12% NuPAGE Bis-Tris gradient gels
(Invitrogen NP(0322). Proteins were transferred by electro-blotting onto a nitrocellulose
membrane (Bio-Rad 162-0112) and blocked for 2 hr in 10% blotting milk (Bio-rad 170-
6404). Filters were incubated in a 10 mL solution of 5% blotting milk with 100 pL anti-

S$V40 T-antigen primary antibody for 2 hr at room temperature. The immunoblots were
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washed in 1x PBS with 0.1% Tween (PBST) for 30 min and incubated in 5% blotting
milk with 1:3000 goat alkaline phosphatase- conjugated anti-mouse secondary antibody
(Bio-rad 170-6520) for 2 hr at room temperature. Membranes were then washed for 30
min in PBST before developing using a color development kit (Bio-Rad 170-6532). For

a more detailed protocol see Appendix A and B.

Table 1. Primers used for amplification of [FN-inducible, JCV, and GAPDH genes.

Gene Sequence (33 Amplicen size (bp)
F CTCAGGTAGGCCTTTGGT CTA AA a
T-antigen 350
R GCTATTCAAGGGGCCAATAGAC
T-antigen F AGAGTGTTGGGATCCTGTGTTTT op®
8 R GAGAAGTGG GAT GAAGACCTGTTT
F AGTTAGCCGCATCITCTTTIGC a0
100
GAPDH R CAATACGACCAAATCCGTTGACT o
cig$ F TGGTGA GGT TCTGCA AAGTAGA 126°
R TCA CAG GAG ATA GCG AGA ATG TC
STATI F TGCTCCTITGGTTGA ATC CCC 92°
R GGAATT TTG AGT CAA GCT GCT GA
MxA F AGTATGGTG TCG ACATACCGGA 145°
R GAGTCT GGT AAA CAG CCG AATG
F CTTGAG CCT CCT TGG GTT CG
15GS6 R GCTGATATCTGG GTG CCT AAGG 137
IFI44 F AAGGGCATG TAA CGC ATC AGG 151°
R CCGCCTTCTTTC TCA CTC AGC

* RT-PCR primers for amplification of JCV and GAPDH genaes,
® Real-time PCR primers to determine JCV copy numbers.

° Real-time RT-PCR primers to amplify GAPDH or IFN-inducible genes,
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CHAPTER 3
RESULTS

JCV, but not UV-inactivated JCV, Infects and Replicates in PHFG Cells

PHFG cells from three independent biological samples were infected with 50
HAU of JCV (Mad1) or UV-inactivated- or heat/UV-inactivated -JCV, at days 3, 5, 8
and 15 post infection (p.i). The transcription of viral TAg was analyzed using QRT-PCR.
While JCV infection resulted in the gradual increase in JCV copy numbers, the same was
not observed in UV- and heat-UV -inactivated JCV, where JCV replication was
undetectable or below the detection cutoff of the quantitative assay at all time points

(Table 2).

JCV Specifically Induces ISG
JCV infection of PHFG cells triggers massive induction of ISG [86] To

determine the specific viral event during JCV infection responsible for ISG induction, the
transcriptional response of previously characterized ISG (MxA, OAS1 and cig5) in
PHFG cells infected with JCV, UV-inactivated-, or heat/UV-inactivated -JCV at 0, 3, 5,
10, and 15 days p.i. were compared using qRT-PCR. PHFG cells were also treated with
non-JCV plasmid DNA as a negative control to rule out the possibility of non-specific
ISG induction. As expected, with the threshold for significant change in ISG mRNA
expression set at 2-fold, cells infected with JCV showed increase in transcripts of all
three ISG at day 15 p.i. (Table 2). The significant increase in ISG level corresponded

with the highest TAg mRNA transcript level produced at day 15 p.i. by productive JCV-
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infection. On the other hand, UV-inactivated JCV, heat- and UV-inactivated JCV, and
UV-inactivated non-JCV plasmid DNA did not show significant up-regulation of ISG at

any time points (Table 2).

PHFG Cells Exhibit a Biological Response to IFN-a and —f}

Both IFN-a and —8 induced significant expression of all three genes in the range
of 100-1,000 fold. Moreover, such high range of induction was observed at all time
points in uninfected (Figure 9A,C) and infected (Figure 9B,D) cultures, indicating that
response to [IFN-a and —B was maintained throughout our experimental time course and
was not eliminated by JCV infection. Microscopic observation of JCV-infected cells in
the presence and absence of IFN at all time points did not reveal any signs of cellular
toxicity. In addition, no reduction was detected in the total de novo protein synthesis, a

sensitive marker of cytotoxic stress in cultured cells.

IFN-a and -B Restrict JCV Replication and Transcription

A total of seven primary fetal glial cultures were used to study the in vitro effect
of IFN-e (5 independent biological cultures) and -8 (two biological cultures) on JCV
infection. JCV replication (TAg and VP1 DNA, Figure 10A,C), early transcripts (TAg
mRNA, Figure 10B), and late transcripts (VP1 mRNA, Figure 10D) were measured by
real time-RTPCR at 3, 5, 8, and 15 days p.i.. Presence of IFN-a and -8 in the media
significantly reduced JCV DNA, as well as TAg and VP1 mRNA transcripts at days 5, 8

and 15 p.i. Being a very slow replicating virus, JCV does not have enough transcripts
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accumulated at day 3. Therefore, the inhibition of JCV replication at day 3 was not
clearly evident. Furthermore, when the inhibitory effect of IFN-o. was compared to IFN-

B, IFN- 8 was found to have a more potent effect on blocking JCV infection.

IFN-g and —8 Restrict JCV T-Antigen Protein Expression

To determine whether the restrictive effect of IFN-¢ and -8 on JCV infection was
carried over to the protein level, JCV T antigen protein profile was analyzed by
immunoprecipitation of T antigen followed by Western blot on day 8 and 15 p.i. in three
independent biological specimens (Figure 11A). In untreated JCV-infected PHFG cells,
the 90-KDa band corresponding to JCV large T antigen was distinct. However, in the
presence of IFN-a and -8, the T antigen protein was not detected at all. To further verify
the role of IFN in blocking JCV infection, PHFG cells were infected with JCV in the
presence of both, IFN-a and IFN-a neutralizing antibody. Our results clearly document
the reappearance of viral T antigen protein band in the presence of neutralizing antibody
(Figure 11B). Similar reversal in JCV mRNA transcripts was also observed in the

presence of neutralizing antibody (Figure 10B and 10D).

Altogether, these results suggest that [FN-a and —§ have potent inhibitory roles on

JCV infection and its effect can be seen at the level of viral DNA, RNA and protein

accumulation in the infected cells.
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Table 2

JCV TAg mRNA transcripts and fold-induction of ISG. at different time points in JCV- and inactivated-JCV-infected PHFG

cells.
Days Post-Infection
n® 0 3 5 10 15
mRNA Transcripte/ug RNA
Jove 5 H/A® 44x10° 35x10° 2.5x10° 14x10°
UV-JCW 2 N/A NIA NiA NiA N/A
Heat-UV-JCV® 2 N/A N/A M/A NiA, N/A
DNA-UV' 2 N/A N/A N/A N/A N/A
Interferon-Stimulated Gene Fold-Change £ 8D
JCV 5 1004 0401 11: 00 0701 42%08
MxA? UV-JCV 2 131089 12207 1101 0906 8.9+£03
Heat-UV-ICV 2 08x03 0.7x04 12206 13209 14x09
DNA-UV 2 06101 0400 21205 04+00 1407
JCV 5 08x06 03200 241064 1202 71217
Cigh Uv-JCcv 2 04200 11206 08+01 0702 08102
Heat-UV-JCV 2 07204 0702 12:04 09+£03 11£03
DNA-UV 2 05+£00 03200 1.1+ 0.0 0701 0.9£00
JCV 5 10£02 0200 13+00 11203 48£089
OAS? UVLJCY 2 1207 0702 16+£03 0702 09£02
Heat-UV-ICV 2 11£01 0804 0800 11201 11+£03

%, numbsr of times repeated, *JCV, infectious JCV (Mad1) , *N/A, < 3x10° mRNA transcripts/ug RNA, ‘UV-JCV, UV-
inactivated JCV (Mad1), *Heat-UV-JCV, heat and UV-inactivated JCV (Mad1), DNA-UV, UV-inactivated non-JCV plasmid

DNA, ®SD, Standard deviation, "MxA, Myxovirus resistance 1, ‘OAS, 2’5’ Oligoadenylate synthetase
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Figure 9. Hyper-induction of ISG by IFN-a and -8 pre-treatment of PHFG cells. PHFG
cells were pre-treated with 100 U/mL of [FN-a or -8 24 hours before infection with JCV.
Infected PHFG cells were then maintained in the constant presence of IFN-a or -
throughout the course of the experiment. cDNA from 1 ug of total RNA was synthesized
and mRNA transcripts of ISG, such as MxA, cigJ, and OAS, were measured as fold-
change at different time points p.i. by qRT-PCR. The housekeeping gene GAPDH was
used as an internal control for all reactions. ISG were measured in uninfected IFN-c (A)
or B8 (C) and JCV-infected IFN-a (B) or -8 (D) pre-treated PHFG cells. Hyper-
induction of ISG was observed in IFN-a and —§ treated cells compared to ISG levels seen
in JCV-infected, untreated cells (Table 2) at several time points p.i. Experiments were

performed on at least two independent biological samples.
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Figure 10. Decreased levels of JCV TAg and VP1 DNA copy numbers and mRNA
transcripts in IFN-a and —f pre-treated, JCV-infected PHFG cells. PHFG cells were pre-
treated with 100U/mL of IFN-a or —3 24 hours before infection and maintained in the
constant presence of [FN-a or —f§ throughout the course of the experiment. Viral DNA
was extracted using a Qiagen plasmid extraction kit and 1 pg of total RNA was used for
cDNA synthesis. DNA copy numbers and mRNA transcripts of TAg (A and B) and VP1
(C and D), were compared using qPCR and -qRT-PCR, respectively, between JCV-
infected PHFG cells which were untreated ( [ll). IFN-a pre-treated ([]), and IFN-f pre-
treated ( EJ). The housekeeping gene GAPDH was used as an internal control for all real

time RT-PCR reactions. Analysis of variance with log transformations was done using

41



SAS software package to test for significant differences between any two treatments.
Experiments were performed on two independent biological samples.
* p value <0.05

** p value <0.0001
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Figure 11. Down-regulation of JCV T antigen protein expression in PHFG cells pre-
treated with by [FN-a and —B prior to infection with JCV. One milligram of total protein
extracts from day-8 and -15 IFN-a treated and JCV infected PHFG cells were
concentrated by overnight immunoprecipitation using a mouse anti- SV40 large T antigen
and a protein agarose bead suspension (Calbiochem). Western blot analysis was
performed by separating immunoprecipitated protein using sodium dodecyl sulfide-
polyacrylamide gel electrophoresis and transferring to a nitrocellulose membrane.
Membranes were then incubated with 100 uL. of mouse anti-SV40 large TAg. Bands
were visualized following incubation with alkaline-phosphatase-conjugated secondary
antibodies (Bio-Rad) following the manufacturers’ instructions. (A) JCV T antigen

protein band was not visualized in JCV-infected PHFG cells treated with IFN-a and —8.
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Non-specific IgG heavy chain staining is shown to indicate equal amounts of protein
loaded. (B) The restrictive action of IFN-a on JCV TAg expression was reduced on day
15 upon addition of IFN-a neutralizing antibody. The intensity of the T antigen band in
JCV-infected cells and infected cells treated with IFN-a neutralizing antibody is very
similar, whereas the band intensity of JCV-infected cells treated with IFN-a plus IFN-~a
neutralizing antibody is stronger then infected cells treated only with IFN-a. Non-
specific IgG heavy chain staining is shown to indicate equal amounts of protein loaded.

Experiments were performed on two independent biological samples.



CHAPTER 4
DISCUSSION
JCV Replication Specifically Induces ISGs
We previously demonstrated marked up-regulation of several ISG in PHFG cells
transfected and infected with JCV [86]. We now extended our previous findings and
demonstrate that ISG induction by JCV-infected PHFG cells is a specific event that
requires virus replication (Table 2). This result corroborates well with our previous
findings where we reported that low infectious dose (50 HAU) triggered moderate
induction of ISG at day 15 p.i., as compared to high infectious dose (500 HAU), which
resulted in significant induction of ISG at much earlier time point, day 8 p.i.. Since ISG
were not significantly induced immediately after infection at day 0 (2 hr) p.i., itis
unlikely that the ISG induction is a receptor-binding specific event. The scepario is
different for HCMV, in which treatment with viral glycoprotein B induces ISG,
indicating that receptor-binding alone is necessary for ISG induction [87]. It is likely that
JCV replication is necessary for ISG induction in PHFG cells since this induction was (a)
seen late in the infectious cycle, and (b) absent in UV-inactivated JCV. UV-inactivation
allows binding and host cell entry, but precludes DNA replication. On the other hand,
HSV binding to and penetration of host cells, but not viral replication, are required to
induce ISG [88]. Unlike PHFG cells infection with UV-inactivated JCV, infection with

UV-inactivated HSV induces ISG in HEL monolayer [88].
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IFN-a and -B Restrict JCV Replication, Transcription, and Protein Synthesis

After establishing that endogenous ISG were produced by PHFG cells, as a result
of JCV infection, we hypothesized that hyper-induction of ISG expression via IFN
treatment could potentially restrict JCV replication. PHFG cells were responsive to both
IFN-a and -8 treatment, as demonstrated by the 100-1,000 fold induction of various ISG
at various time points p.i. (Figure 9). We believe it is this hyper-induced state of ISG
expression, which is a direct result of IFN-a and -5 treatment, that is responsible for the
restriction in JCV replication, transcription, and protein synthesis observed in vitro
(Figure 10, 11). Furthermore, the greater restrictive action of IFN-8 (over IFN-a) on JCV
replication and transcription is possibly a result of (a) a greater ISG inductive capacity of
IFN-8 over IFN-a, and/or (b) induction of IFN-B-specific ISG. The latter has been
demonstrated in microarray studies wherein IFN-B treatment of human fibrosarcoma cell
line HT1080 induced ISG, which were not stimulated by IFN-u treatment; conversely, no
IFN-a specific ISG were identified [64]. One such example of an IFN-B specific ISG is
PKR, one of the most highly up-regulated ISG that functions to inhibit protein synthesis
[55]. IFN-B has been suggested to be the main type I IFN playing a role in antiviral

defense in the CNS due to its lower toxicity profile compared with IFN-a [21].

In vitro vs. In vive Conditions of JCV Replication and IFN-o/B Half-life

Our experiments showed in vitro statistical significance of inhibition by IFN-a
and —B treatment for JCV replication, transcription, and protein synthesis (Figure 10 &

11). Similar observations were found in polyomavirus SV40-infected 3T3 mouse cells
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pre-treated with IFN in which TAg formation was delayed by as long as 12 hr and
inhibited by as much as 84% (at 48 hr p.i.) when IFN treatment was initiated 24 hr pre-
infection [89]. Although our study did not establish specific mechanisms of JCV
restriction, similar studies in the past involving IFN pre-treatment of SV40 infected CV-1
cells have established that blocking occurs at the level of the onset of early transcription
[90]. In this study, PHFG cells were also treated with type I IFN 24 hr before infection,
but JCV replication still proceeded, albeit in significantly reduced amounts. It is quite
possible that JCV levels would have eventually leveled off or decreased had fresh IFN
been supplied daily at the optimal dose, a regimen typically followed in patients suffering
from chronic HCV infection [91]. Because of the in vivo presence of the xenobiotic-
processing liver and an excretory system, the half-life of IFN-a is only 8-12 hours, so
daily administration of IFN is observed in order to maintain a consistently high level of
ISG in the body. The in vitro situation is different; we reasoned that since there was no
liver or excretory system in a cell culture model, daily administration of IFN for a 15-day
experiment would be superfluous and costly. Furthermore, we did not want to run the
risk of cellular toxicity by over-treating the cells with IFN. Since ISG levels were
consistently higher than in untreated cells at various time points p.i. (Figure 9), we

adhered to our regimen of supplying fresh IFN every four days.

Antiviral Function of IFN: ISG

IFN-a and IFN-8 are major players in the innate immune response to viral

infection. After its synthesis within the infected cell, IFN-o/B is secreted and travels in an
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autocrine or paracrine manner to neighboring uninfected cells and binds to the IFN-a/3
cell surface receptor [52]. Ultimately, IFN stimulate expression of ISG, which include
PKR, MxA, OAS, and cig5. PKR is a cytoplasmic kinase which acts to inhibit protein
synthesis by phosphorylating eIF-2a, thereby impairing the elF-2a catalyzed guanine
nucleotide exchange reaction and inhibiting mRNA translation [52, 53, 55). MxAisa
well-characterized antiviral protein which belongs to the superfamily of dynamin-like
GTPases [52, 53, 55]. In humans, MxA accumulates in the cytoplasm and functions to
block viral nucleocapsid transport into the nucleus. Oligoadenylate synthetases (OAS)
polymerize ATP into 2°-5° oligoadenylate acid, which converts RNase L from an inactive
monomer into an active homodimer and functions to degrade viral RNA [52, 53, 55].
Viperin/cig$ is a recently described ISG which has established antiviral effects against
HCMYV and HCV in vitro [60, 61]. Although the exact mechanism of antiviral activity is
still unknown, it is hypothesized that viperin could interfere with the transport of critical
viral components, such as transmembrane glycoproteins, from the ER to the Golgi. Thus,
the significant restrictions observed in JCV replication, mRNA transcription, and protein
synthesis after IFN-o and — treatment are likely the direct effects of these upregulated

ISG (Figure 9, 10, & 11).

Implications for PML Treatment

Although HAART is currently the standard treatment for AIDS-associated PML,
one-half of treated patients still progress the clinical course of PML and eventually die

[45]. Statistically, it has been shown that PML patients with a high baseline JC viral load
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in the CSF have no clear survival benefit from HAART therapy [92, 93]. Moreover, a
certain subset of HAART treated patients display worsening clinical neurological
presentations immediately after HAART therapy due to IRIS-associated PML [39, 44,
94-96]. Due to these limitations of HAART, adjunctive or supplementary treatment with

IFN-a or -B can be considered.

One “weakness” of HAART is its inability to directly affect or inhibit JCV
replication. HAART consists of drug combinations which interfere with the actions of
reverse transcriptase (RT) or viral protease, both of which JCV does not encode. [4, 97].
One consequence of this is that as the body waits to achieve effective immune
reconstitution via HAART, which can take anywhere from weeks to months, JCV
continues to actively replicate and cause serious neurological damage [98, 99]. This
delay in addressing the direct cause of PML, which is the lytic destruction of
oligodendrocytes by JCV replication, is critical and may possibly account for the
considerable percentage of patients who do not respond to HAART treaiment. Based on
our in vitro assessment on the capacity of IFN-o and —8 in restricting JCV replication, we
believe that both IFN-a and —B have the potential to be used as anti-JCV treatments since
viral replication was restricted by as much as 1.5 logs (~97%) for IFN-o and 2 logs
(~99%} for [FN-B (Fig 9A, C). After surveying literature on both [FN-a and -8, we
suggest that IFN-a be considered as an adjunctive therapy to HAART, especially in
patients with a high baseline CSF JCV viral load. Because type I IFN directly interferes
with JCV replication, this immediate restriction buys time for the patient’s immune

system to catch up with JCV infection. The realistic goal, then, is to maximize HAART
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efficacy through adjunctive IFN-a therapy. Currently, there are still no proven

efficacious options for adjunctive therapy [45].

IFN-u therapy, in conjunction with HAART has been previously tried. Although
refrospective studies have concluded that IFN-a did not give any additional survival
benefit compared to HAART alone [46-48]. However, a major issue in the management
of these cases was that IFN-a, which has poor access to the CNS, was administered
systemically, so that it acted as an immunomodulant rather than as an antiviral agent [46,
100]. This is puzzling since the reason why IFN-a was suggested as a treatment option
for PML was because of its antiviral function against other papoviruses [101]! In order
for the antiviral effect of IFN to be fully realized, it must be able to reach the site of
productive infection, which is the brain. Hence, intrathecal administration of IFN should
be considered, since IFN does not cross the blood-brain barrier efficiently. Although it
can be argued that the possibility of a disrupted BBB due to HIV infection obviates the
need for improved drug delivery to the CNS, it should be noted that the ability of anti-
HIV drugs to cross the BBB remains one of the most persisting concerns in the treatment
of HIV-associated dementia [102). Intrathecal administration of IFN-a is also the
common treatment for subacute sclerosing panencephalitis (SSPE), another viral
demyelinating disease often occurring in children due to infection by a mutant measles
virus [103, 104]. After an extensive literature search, we found that all available case
reports on PML patients treated with IFN-a or - have involved either subcutaneous (SC)
or intramuscular (IM) administrations [46, 48, 49, 101, 105-108]. Since IFN have poor

access to the CNS when given systemically, intrathecal injection should be considered.
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With the advent of pegylated forms of IFN, weekly (instead of daily) dosing can now be
done [109, 110].

Aside from its well-known antiviral function, IFN-B is also an established therapy
against relapsing remitting multiple sclerosis (RRMS) [111]. Specifically, IFN-8 inhibits
the activity of metalloproteases 2 and 9, which are required for lymphocyte homing,
thereby reducing lymphocyte entry into an organ [112, 113]. It also inhibits CD4" Thl
proliferation and activation, which in turn reduces activated CD8" CTL, the major players
in both PML prevention and IRIS-associated PML, respectively [23, 39, 114]. Because
of these anti-inflammatory properties of IFN-8 and the more widespread use of IFN-o as
an antiviral against other viruses (HBV, HCV, HPV, HIV, HSV-1 and -2, VZV), IFN-u is
theoretically preferred over IFN-B as an adjunctive treatment with HAART [115-121]. It
could be reasoned that the majority of T cell priming and activation occurs in the
periphery, so that intrathecal administration of IFN-8 would have a prominent antiviral
but minimal immunomedulatory effect. However, it has also been demonstrated that
cerebral extracellular fluids do have a primitive drainage system leading into the cervical
lymph nodes [122-124]. In addition, early trials of IFN-B for RRMS treatment involved
positive responses using intrathecal administration, indicating that the
immunomodulatory effects of IFN-8 were indeed being realized [125-129]. Whether the
anti-inflammatory function of IFN-8 could exacerbate PML or outweigh its beneficial
antiviral effect is something to be seriously considered. Although IFN-8 is not

recommended for the classical, non-inflammatory PML, it could have potentially
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advantageous effects in patients suffering from IRIS-associated PML. In this case, IFN-B

can be administered the same way as in MS patients: IM or SC.
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APPENDIX A
MEDIA PREPARATIONS

Reagents for Media Preparation:

DMEM High Glucose (SIGMA Cat # D5796, 6X500 mL)

200 mg/mL Amikacin (1000 X; SIGMA Cat. # A2324, 5g stored in room 202, 4°C)
0.25 mg/mL Fungizone (100 X; SIGMA Amphotericin B, Cat. # A-2942, 50 mL})
Penicillin/ Streptomycin / L-glutamine (100 X, Gibco BRL Cat# 10378-016)
Bovine Calf Serum (BCS) (JRH Biosciences Cat # 12133, 500 mL)

Fetal Bovine Serum (FBS) (JRH Biosciences Cat # 12103, 500 mL)

7% BCS and 3% FBS DMEM: For PHFG Cell Processing and Maintenance

DMEM- Final Volume 500 mL

7 % BCS 35mL

3 % FBS 15 mL

100 U/ml Penicillin/

100 pg /ml Streptomycin/

2 mM L- Glutamine S5mL (100 X)
200 pg/mL Amikacin 0.4 mL (1000 X)
2.5 pg/mL Fungizone 5 mL (100 X)

Filter media using 500 mL receiver/filter system (Corning Cat no. 430769,

Fisher, Cat no. 09-761-5)

3% BCS DMEM: For JCV Infection Experiments

DMEM- Final Volume 500 mL

3 %FBS 1S mL

100 U/mL Penicillin/

100 pg /ml Streptomycin/

2 mM L- Glutamine 5mL (100 X)
200 ug/mL Amikacin 0.4 mL (1000 X)
2.5 pg/mL Fungizone 5 mL (100 X)

Heat inactivation of FBS or BCS:

Thaw out FBS or BCS bottle overnight at 4°C.

Place the thawed out 500 ml FBS or BCS bottle in 56°C water bath for 30 min and
aliquot and store at -20°C.
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Saline A Solution (contains 0.05% EDTA)

NaCl 4.00g
KCl 0.20g
Glucose 0.50g
NaHCO; 0.175g
EDTA’ 0.25g
ddH;O 500 mL

* May need to heat to dissolve. Store aliquots at -20°C.

Trypsin Solution (contains 0.02% EDTA)

NaCl 4.00g
KCl 0.20g
Glucose 0.50g
NaHCO; 0.175¢g
EDTA’ 0.100g
Trypsin 0.25g
ddH,O 500 mL

* Use Ethylenediamine tetraacetic Acid, mol. wt. 292.25 (same as Ethylene-
dinitrilotetraacetic Acid). Do not use disodium salt. May need to heat to dissolve.
Combine all other ingredients (except trypsin), heat until EDTA dissolved. Then cool
down before adding trypsin. Store aliquots at -20°C.

EBC Lysis Buffer

Final conc. Vol.
IM Tris buffer (7.5 pH) 0.05M 2.50 mL
5M NaCl 0.120M 1.19mL
NP-40 0.5% 0.25 mL
Water 46.06 mL
EBC Buffer 50 mL
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APPENDIX B

DETAILED PROTOCOLS

Processing and Cultivating PHFG Cells

Media required:
DMEM for washes (cold, at neutral pH)
7% BCS and 3% FBS DMEM medium, 37°C, neutral pH (sece Appendix A)

Materials required:
One 100-mm plate/ml. cells for seeding cells
Two pairs of tweezers
10-mL pipettes
50-mL transparent conical tubes
100-mm tissue culture (TC) plates for washing tissues and collecting cells
One tissue grinder cup with screen attached (40 squares/inch) + tissue grinder
pestle

Processing tissues

1. Pour tissue pieces from one conical tube into a 100-mm tissue culture (TC) plates.
With sterilized tweezers remove any membranes and blood vessels from tissue pieces.

2. Transfer cleaned tissue into a second plate containing app. 5 mL cold DMEM using
tweezers. Cover plate and swirl to wash cells.

3. Using tweezers, repeat cleaning procedure, transferring cells into a third tube, then
inte a fourth plate.

4. Using a 10-mL pipette, transfer tissues into a 50-mL conical tube. Let cell clumps
settle, and then transfer the medium above the cells to a second 50-mL tube, using a
10-mL pipette.

Breaking up cell clumps
1. Pour tissues into cell dissociation cup and, using a pestle, force them through the
screen, collecting dissociated cells in a 100-mm plate.
2. Add some DMEM (collected in the second 50-mL tube) to the dissociated cells and,
using a 10-mL pipette; transfer the collected dissociated cells into a third 50-mL
conical tube. Add a few mL of medium (from second tube) to the tissues remaining

in the cup and repeat “dissociation process” until most of the cells have been
collected.

Washing cells
1. Fill the tube containing the dissociated cells with DMEM to 45 mL; gently tilt back

and forth to wash the cells.
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3.
4,
5. Now the medium needs to be replaced every 3-4 days until the cells are confluent.

Centrifuge 5 minutes at 1,000 rpm at room temperature and carefully aspirate off
medium. :

Repeat washing with 7% BCS and 3% FBS DMEM medium.

Centrifuge 5 minutes at 1,000 rpm at room temperature.

Remove the medium and note the cell volume: count one 100-mm plate per 1 mL of
cell suspension. (for example, if there is 5 mL of cell volume, prepare five 100mm
plates)

Final processing
Suspend the cells in twice their volume of 7% BCS and 3% FBS DMEM medium.

(if the cell volume after centrifugation in 5 mL, add another 5 mL of media for a final
cell suspension volume of 10 mL)

Seed each plate by adding 2 mL cell suspension to 10 mL of 7% BCS and 3% FBS
DMEM medium. Rock plates to suspend the cells evenly. (dispense 2 mL of a 10 mL
total cell suspension volume each into the five previously prepared 100mm plates.
Then add 10 mL of fresh media to each plate)

Incubate cells at 37°C and 10% CO, for 5-10 days, WITHOUT MOVING THE
PLATES.

Changing medium

. Five days after seeding, check whether the media of the plates are yellowish and clear

(turbid media indicates bacterial contamination). If media is red-orange, do not
change media. In this case, media should be changed 10 days after seeding cells. If
media appears yellowish, then carefully change the media. If cells detach from plate,
resuspend them again with new media and incubate for 7 days without moving.
Processing one plate at a time, carefully aspirate off medium, holding the pipette to
the side of the plate ~2 mm above the cell layer. Inspect the cells of one plate quickly
for contamination and check if astrocytes have started to grow out.

With a 10-mL pipette add 10 mL of 7% BCS and 3% FBS DMEM medium, letting it
slowly flow down along the side of the plate.

Carefully place back into incubator.

The cells can be used for experiments after one month (and up to 9 months) in culture.

Splitting PHFG Cells for Infection Experiments

Calculate the number of 100-mm plates needed for the experiment:
One 100-mm plate (at least 1-month culture) has enough cells for nine to twelve 35-
mm plates.

Media/solutions needed: DMEM + 7% BCS and 3% FBS DMEM medium
Aliquots of Saline A and 0.25% Trypsin-EDTA solution
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Aspirate medium from 100-mm plates

Gently wash cells with 2 mL saline A with 10-mL pipette, swirl, then aspirate out.

Add 2 mL saline A and rock to distribute over cells. Tap plates to start disassociating

cell layer and put into incubator for 2 minutes.

4. Add 2 mL PHFG trypsin solution, (don’t aspirate saline A), tap plates, and put back
into incubator for 2 min. Tap plates until layer of cells come off.

5. Cells should now be coming off as loose sheets. With a 10 mL pipette, pipette the cell
sheet up and down a few times to try to break up the sheet. Transfer several sheets
(3-4 plates) to one plate, leaving the majority of the trypsin behind.

6. Add about 4 mL of 7% BCS and 3% FBS DMEM medium (to neutralize the trypsin)
to the plate containing the cells you have been working on.

7. Tilt the plate. Using a 10 mL syringe without a needle, pipet the cell sheets up and
down for 3-5 times to break them up.

8. Once the cells have been broken into smaller clumps, transfer the cells to a 50 mL
conical tube. Add the remaining trypsin/cells from the other plates to the conical tube
at this time,

9. Rinse the plates with 2 mL medium (can use same 2 mls for each plate) and transfer
to the conical tube. You should now have a 50 ml conical tube containing the cells
from multiple plates.

10. Spin 5 minutes at 1,000 rpm at 25 degrees; aspirate medium from tube. If you have
multiple tubes of cells, use the next step to combine them into one conical prior to
pipetting.

11. Add adequate amount of medium (2 mL cell suspension per 35-mm plate) and pipet
up and down approximately 5 times. (For example, if you have ten 35mm plates, the
final volume of your ceil suspension should be about 20mL- with a little extra for
pipetting errors)

12. To plate the cell, use a 10-ml pipette and add 2 mL cell suspension to each plate
making sure to swirl cell suspension well before each withdrawal.

13. Gently rock plates to distribute cells evenly, and incubate.

W

Wait at least 2 days before beginning infection experiments.

IFN Pre-Treatment
IFN-0A/D (Sigma Cat no. [4401)

IFN-8 (PBL Laboratories Cat No: 11410-1)
anti-IFN-o (PBL Laboratories Cat No: 21100-1)

1. After seeding cells on 35-mm plates, check for 60-70% confluency. First pre-
treatment with IFN/ anti-IFN should be done 24 hours before infection.

2. Remove old media and add appropriate treatment.

3. For anti-IFN-o treatment — use 1:2,000/plate; For IFN treatment— use 1:10,000
dilution.
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a. Plates with Ab only — calculate the total number of plates and prepare the
master mix (e.g. 5 plates — 3.75 uL. Ab + 7.5 ml 3% BCS DMEM). Aliquot
1.5 mL of solution into each plate.

b. Plates with Ab + IFN — calculate the total number of plates and prepare the
master mix, Add Ab first and wait at least two hours before adding the IFN.
(eg. 5 plates — 1.25 ul Ab + 2.5 ml media. Aliquot 500 puL/plate and incubate.
After two hours, prepare solution with IFN + media (1 pL of IFN + 10 ml of
media) and add 1 mL of solution to each plate. Mix and incubate.

¢. Plates with IFN only — calculate the fotal number of plates and prepare the
master mix (eg. 1 uL of IFN + 15 mL of media). Aliquot 1.5 mL to each
plate.

d. Plates with no treatment (control and infected) — remove media and put
fresh media (3% BCS). Do not wash.

4. For maintenance cells post-infection, 3% BCS DMEM (instead of 7% BCS 3%

FBS DMEM) should be used in preparing fresh media.
JCV Infection Protocol

1. Prepare virus suspension using appropriate amount of virus diluted in serum-free
DMEM. The standard volume during infection is 400 pL of virus suspension per
35-mm plate. Use purified JCV (MadlA).

2. Remove medium of newly splitted/pre-treated cells and do not wash.

3. Infect the cells with 400 uL of virus suspension per 35-mm plate.

4. During the 2-hours infection time, rock the plate every 30 minutes

5. After 2 hours, aspirate out the virus and wash cells twice with PBS. Add 2.0 mL
per 35-mm plate of fresh 3% BCS DMEM.

6. Change media (3% BCS DMEM with appropriate treatment) every 4 days.

Collection of Plates

1. When it is time to collect plates, keep in mind whether the plate will be used for
DNA, RNA, or protein extractiorn.

2. For plates to be used in RNA extraction, first aspirate out old media then wash
cells twice in PBS. Tilt plates to gather residual PBS and aspirate this out. It is
important to make sure to remove any residual PBS, Then, add 350 pL of RLT
buffer (supplemented with B-mercaptoethanol; Qiagen RNeasy Mini Total RNA
Isolation Kit). Store lysate in -80°C until ready to extract.

3. For plates to be used for DNA and protein extraction, aspirate out old media then
wash cells twice in PBS. Tilt plates to gather residual PBS and aspirate this out.
Freeze the plates in -80°C until ready to extract.

RNA Extraction

Qiagen RNeasy Mini Total RNA Isolation Kit (Cat No. 74104)
(Cell lysates stored at -80°C)
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1. Homogenize the samples by centrifuging in QIAshredder spin column. Max
speed (10,000-12,000 rpm) for 2 min.

2. Add 350 ul. of 70% ethanol to QIAshredder collection tubes containing the
samples, and mix by pipeting up and down. Do this step quickly and gently (3x
max) {Do not centrifuge or vortex)

3. Gently transfer all eluant (filtered liquid) to labeled RNeasy mini column (use

P1000). Do not touch bottom of column (silica filter)!

Spin in centrifuge: 10,000-12,000 rpm for 15 sec.

Change collection tubes.

Wash with 250 pL. Buffer RW1. Centrifuge 10,000 - 12,000 rpm for 15 seconds

Incubate with 70 uL. DNase Buffer + 10 uL. DNase:

- Make a master mix of this. Example: 9 samples, add 70 x 9 = 630 pL buffer
and 10 x 9 =90 pL. DNase to an eppendorf tube. Be very gentle with enzyme.
(Do not spin or cortex).

- Mix-flip tube very slowly and very gently. Turn tube sideways and roll
slowly.

- Add 78 pL of this master mix to each column. Make sure entire filter is wet.
Handle solution gently because of enzyme.

8. Allow column containing wash to sit for 15 min (no longer than 30 min)

9. Add 250 puL Buffer RW1 to column. Centrifuge at 10,000-12,000 rpm for 15 sec

10. Reuse the collection tubes

11. Repeat steps 7-9.

12. Change collection tubes

13. Add 500 pL Buffer RPE to column

14. Spin in centrifuge: 10,000-12,000 rpm for 15 seconds.

15. Discard flow-through.

16. Add 500 pL Buffer RPE. Centrifuge at 10,000-12,000 rpm for 2 minutes.

17. Label new collection tubes and carefully place columns in these new tubes.

18. Spin in centrifuge with the column caps open. Make sure caps face downward
(toward the center of the centrifuge), and there must be a space between tubes (to
avoid breakage of caps). Spin for 1 min. at 10,000-12,000 rpm.

19. Leave caps open in hood for 5-10 min to dry. Meanwhile, label elution tubes
(include date) — label tube and cap.

20. Put column into elution tubes

21. Elute:

- Add 50 pL RNase-free water to column. Do this carefully, drop by drop, to
make sure entire filter is wet

- Let it sit for 1-2 minutes.

- Spin in centrifuge: 10,000-12,000 rpm for 1 minute.

22. Repeat elution with 40 pL. RNase-free water. Total RNA after elution is 90 yL.

23. Spec RNA by using 20-fold dilution (2.5 uL RNA + 47.5 puL. molecular water)

24. Store the rest of extracted RNA at -80°C.

Nk
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DNA Extraction
QI Aprep Miniprep Kit (Cat No. 27106)
(Plates stored at -80°C)

1.

13.
14.
15.
16.
17.

18.

Add 250 ul. of buffer P1 (RNase added kept at 4°C) and transfer cells to
eppendorf tubes.

Add 250 uL of buffer P2

Mix and incubate at room temperature for 5 min

Add 20 uL of QIAGEN Proteinase K (kept at room temp)

Incubate at 55°C for 1 hour

Add 350 pL of buffer N3 and invert tubes 6 times to mix it up

Incubate on ice for 5 minutes.

Centrifuge at 13,000 rpm for 10 minutes

Transfer the supernatant into a QIAprep spin column

. Centrifuge at 13,00 rpm for 1 min, repeat until all supernatant is used
. Discard the flow-through.
. Add 750 uL of Buffer PE into each spin column and centrifuge at 13,000 rpm for

one minute for washing

Discard the follow through

Centrifuge for additional one minute to remove additional wash buffer

Transfer the Spin column into a new 1.5 mL tube

Warm elusion buffer at 37°C for 5 minutes before elution

Add 160 pL of elution buffer into the spin column, incubate for 5 minutes under
the hood and centrifuge at 13,000 rpm for 1 minute.

Store the extracted DNA at -20°C.

Immunoprecipitation Assay
(Plates stored at -80°C)

- make sure protein extracts are constantly on ice

1
2.
3

go N

. Add 10 pL proteinase inhibitor (PI) per 1 mL of EBC

Add 300 pl. of EBC-PI buffer to each plate

. Shake in cold room for 20 minutes. While this happens, chill some 1.5

microcentrifuge tubes. Also, fast cool a centrifuge.

Use scraper and scrape off cells. Transfer to a chilled 1.5 mL microcentrifuge
tube.

Wash plates a 2™ time with 100 uL of EBC-PI buffer

Spin at 13,000 rpm at 4°C for 30 minutes. While waiting for this to finish,
prepare protein standard (Bradford). (980 pl. Biorad Quick Start Bradford Bye
Reagent, 1x cat #500-0205 + 20 pL BSA)

Transfer supernatant to fresh, chilled microcentrifuge tubes

Measure concentration of total protein.
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9. Flick the tube containing the beads a few times to disturb settled beads. Take
appropriate amount of beads (60 pL/tube) and transfer to microcentrifuge tube.
Spin at 11,000 rpm for 1 minute. Remove supernatant without touching beads.

10. Resuspend in 500 pL of EBC-PI and wash/ spin again

11. Remove supernatant, fill with EBC-PI to 50 pL/tube (e.g. if you have 5 samples,
fill up until 250 pL volume)

12. Add 10 pL Ab/tube (e.g. if you have 5 samples, add 50 pL. antibody to the 250 uL
bead suspension)

13. Dispense 60 uL. of bead-antibody suspension to fresh 1.5 mL tubes. Wait for
beads to settle down and make sure they are all at the same level/amount.

14. Add appropriate volume of lysate (standardized amount of protein based on
individual protein concentrations). Put in shaker at 4°C overnight.

15. Next day, spin at 10,000 for 1 minute.

16. Remove supernatant
*Be very careful not to get beads since the Ab and proteins ate attached to this!

17. Add 1 mL EBC-PI and turn carefully to mix

18. Incubate 5 minutes on ice. Spin.

19. Wash 2 more times.

20. Make the T (good for 3 tubes: adjust accordingly):

50 uL 4x loading dye

40 uL EBC-PI

10 ul. 10X recucing agent (NuPAGE Invirtrogen)
100 . -> add 30 pL/tube to IP samples

21. Heat at 95°C for 7 minutes. Spin at full speed for 5 minutes. Collect supernatant.
22, Use this for western blot.
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