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Description

Field of the Invention

[0001] This invention relates to detection of polyoma-
virus reactivation and assessment of risk for developing
polyomavirus-induced diseases.

Background of the Invention

[0002] Polyomavirus is the genus of the viruses within
the family Polyomaviridae. Nine polyomaviruses have
been discovered in humans; JCV, BKV, KI virus and WU
virus, Merkel cell polyomavirus (MCV), Trichodysplasia
sinulosa-associated polyomavirus (TSV), HPyV6,
HPyV7, and HPyV9. Among these human polyomavirus-
es, JCV, BKV, and MCV cause serious complications
and diseases. MCV is shown to cause a rare but serious
form of skin cancer, merkel cell carcinoma. BKV produc-
es a serious infection of the kidneys of immunosup-
pressed transplant patients which is a significant basis
of graft loss. BKV has a high prevalence in the human
population and establishes persistent life long latent in-
fection, typically without clinical symptoms.
[0003] Among the human polyomaviruses, JCV is the
most abundant polyomavirus which infects more than
80% of the human population during childhood (also typ-
ically without clinical symptoms), and establishes a per-
sistent life long latent infection. Reactivation of JCV,
which replicates in glial cells in the brain, can cause the
fatal demyelinating disease, progressive multifocal leu-
koencephalopathy (PML), which is usually seen in pa-
tients with underlying immunocompromised conditions,
notably among AIDS patients and those on chronic im-
munosuppressive regimens.
[0004] Little is known about the progression of PML
since there is no biomarker for the detection of JCV re-
activation and infection in affected individuals. Most PML
cases are diagnosed in patients at a late stage of the
disease after the onset of the neurological complications.
There are no established diagnostic markers applicable
to the clinic to predict which patients will develop the dis-
ease.
[0005] Polyomaviruses such as JCV are non-envel-
oped, double-stranded DNA viruses. The DNA compris-
es an early coding region and a late coding region. The
early region encodes two oncoproteins called large T an-
tigen (T-Ag) and small t antigen (t-Ag). The late region
encodes three capsid proteins, VP1, VP2, and VP3. The
detection of polyomavirus DNA and/or anti-polyomavirus
antibodies in bodily fluids have been explored as possible
methods of diagnosis of polyomavirus reactivation. How-
ever, due to the persistent life long infection, such meth-
ods have proven somewhat unreliable.
[0006] In a subset of polyomaviruses, the late region
also encodes a small regulatory protein called agnopro-
tein. Agnoprotein plays a role in regulation of viral gene
expression and replication, and in the modulation of

some host cell functions (see, e.g., Khalili et al., J Cell
Physiol. 204:1-7, 2005). Agnoprotein is a small, integral
membrane protein and is produced late in the infectious
cycle (see, e.g, Suzuki et al., PLoS Pathog
6(3):e1000801 doi:10.1371/kpirma;.ppat.100801,
2010). In brain tissue samples from patients with PML,
agnoprotein is detected in the perinuclear area and cy-
toplasmic region of cells in demyelinated lesions, but was
not detected in normal areas of the PML brain tissues or
in normal brains (Okada et al,, Acta Neuropathol
104:130-136, 2002). These data led to the suggestion
that such detection of agnoprotein may be useful for di-
agnosis of PML (Okada et al, 2002, supra). A tissue bi-
opsy, is an invasive technique and is associated with pain
as well as risk of infection, hemorrhage, damage to
healthy tissue, and related complications.
Leuenberger et al., Clinical and Vaccine Immunology
(2007) 959-968, describes a study of the expression of
BK virus agnoprotein in kidney biopsy samples from kid-
ney transplant patients and the comparison of both the
humoral and cellular immune responses against the pro-
tein in kidney transplant patients and in healthy controls,
concluding that BK virus agnoprotein, although abun-
dantly expressed in vivo, is poorly recognized immuno-
logically.
Del Valle et al., Cancer (2005) 103:516-527, describes
the detection of JC virus DNA and the expression of viral
T-antigen and agnoprotein in esophageal carcinoma.
Bialasiewicz et al., Journal of Clinical Virology (2009)
45:249-254, compares the presence of JC, BK, WU, and
KI viruses in a variety of patient samples.
Guillaume et al., European Journal of Neurology (2000)
7:101-106, is a case report on the detection of JCV in a
patient with biopsy-proven PML.
[0007] What is needed is a simple and easy method
for detection of polyomavirus reactivation and active in-
fection in patients at risk, for instance, of developing poly-
omavirus-induced diseases, including but not limited to,
PML.

Summary of the Invention

[0008] The invention is based on the discovery that
polyomavirus agnoprotein is secreted from cells having
an active polyomavirus infection and can be detected in
body fluids, such as blood, urine, and cerebrospinal fluid.
[0009] In one embodiment, the invention provides an
in vitro method for detecting an active polyomavirus in-
fection in a patient, the method comprising: determining
the presence or absence of a polyomavirus agnoprotein
in a biological sample, comprising blood, blood serum,
cerebrospinal fluid or urine obtained from the patient,
wherein the presence of the polyomavirus agnoprotein
in a biological sample comprising blood, blood serum or
cerebrospinal fluid is indicative of an active JC virus in-
fection in the patient, and the presence of polyomavirus
agnoprotein in a biological sample comprising urine is
indicative of an active BK virus infection in the patient.
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[0010] In one aspect, the method for detecting an ac-
tive polyomavirus infection further comprises measuring
the level of the polyomavirus agnoprotein in the biological
sample, and comparing the level of the polyomavirus ag-
noprotein in the biological sample to the level of polyo-
mavirus agnoprotein in a control sample. An elevated
level of the polyomavirus agnoprotein in the biological
sample relative to the level of polyomavirus agnoprotein
in the control sample is indicative of an active JC virus
or BK virus infection in the patient.
[0011] In another embodiment, the invention provides
a method of monitoring a polyomavirus infection in a pa-
tient diagnosed with an active polyomavirus infection.
The method comprises the step of assessing the level of
a polyomavirus agnoprotein in a first biological sample
from the patient to obtain a baseline level, wherein said
biological sample comprises blood, blood serum, cere-
brospinal fluid or urine. The method further comprises
the step of assessing the level of polyomavirus agnopro-
tein in a second biological sample comprising blood,
blood serum, cerebrospinal fluid or urine from the patient
to obtain a second level, wherein the second biological
sample is obtained from the patient at a second time. If
the second polyomavirus agnoprotein level in a biological
sample comprising blood, blood serum or cerebrospinal
fluid from a patient infected with JC virus is greater than
the baseline level, the JC virus infection in the patient
has progressed. If the second polyomavirus agnoprotein
level in a biological sample comprising urine from a pa-
tient infected with BK virus is greater than the baseline
level, the BK virus infection in the patient has progressed.
[0012] In yet another embodiment, the invention pro-
vides a method for assessing risk of developing a disease
associated with a JC virus or BK virus in a human patient
at risk of developing said disease. The method comprises
determining the presence or absence of a polyomavirus
agnoprotein in a biological sample comprising blood,
blood serum or cerebrospinal fluid obtained from the pa-
tient, or determining the presence or absence of a poly-
omavirus agnoprotein in a biological sample comprising
urine obtained from the patient. The presence of the poly-
omavirus agnoprotein in the blood, blood serum or cer-
ebrospinal fluid is indicative of increased risk of develop-
ing one or more of progressive multifocal leukoencepha-
lopathy (PML), medulloblastoma, oligodendroglioma,
astroglioma, glioblastoma, and colon cancer. The pres-
ence of the polyomavirus agnoprotein in the urine sample
is indicative of developing one or more of nephritis, ne-
phropathy and prostate cancer.
[0013] Also described herein is a kit for detecting a
polyomavirus agnoprotein in a biological sample. The kit
comprises (a) a set of reagents that specifically detects
for detection of a polyomavirus agnoprotein; and (b) in-
structions for using the kit to detect polyomavirus agno-
protein and/or agnoprotein antibodies in a body fluid se-
lected from the group consisting of blood, blood serum,
blood plasma, and urine. The kit is useful for detection
of polyomavirus reactivation, detecting or monitoring an

active polyomavirus infection, or assessing or monitoring
risk of developing a disease associated with a polyoma-
virus in a biological sample, wherein the biological sam-
ple is a body fluid.
[0014] In some embodiments of the invention, detect-
ing a polyomavirus agnoprotein comprises an antibody-
based assay, an aptamer-based assay, a receptor and
ligand assay, an enzyme activity assay, and/or an allos-
teric regulator binding assay.

Brief Description of the Figures

[0015]

Fig. 1 is a western blot of the detection of agnoprotein
in the growth medium of SVG-A cells infected with
the Mad-1 strain of JC virus. Agnoprotein is ex-
pressed by infected cells (lane 1) and present in
growth media (lane 4, 10 days post infection: lane
5, 20 days post infection) Also shown in Fig. 1 are
results for normal rabbit serum (lane 3, IP-NRS), and
positive (lane 1) and negative (lane 2) controls.
Heavy (AB-Hc) and light (AB-Lc) chains of antibody
used in the assay are marked.

Fig. 2 is a western blot of growth medium from the
culture of human oligodendroglioma Tc620 cells in-
fected with replication defective adenovirus encod-
ing JCV agnoprotein. Agnoprotein was immunopre-
cipitated from growth media with an agnoprotein spe-
cific antibody (IP-Agno, lane 4), but not with normal
rabbit serum (IP-NRS, lane 3). Whole cell extracts
from cells infected with virus expressing agnoprotein
(lane 1) and cells infected with adenovirus not en-
coding agnoprotein (lane 2) were used as positive
and negative controls, respectively. Heavy (AB-Hc)
and light (AB-Lc) chains of antibody used in the as-
say are marked.

Fig. 3A is a plot of an enzyme-linked immunosorbent
assay (ELISA) of agnoprotein in the cell growth me-
dium supplemented with increasing concentrations
of recombinant agnoprotein fused to MBP.

Fig. 3B is a graph showing conditioned media from
cells expressing agnoprotein testing positive for the
agnoprotein (Ad-agno) whereas conditioned-media
from control cells (Cont.) showed no reactivity.

Fig. 4A shows the results of an agnoprotein enzyme-
linked immunosorbent assay of human samples. Ag-
noprotein was detected in the cerebrospinal fluid of
a PML case developed in an HIV-AIDS patient
(HIV/PML-CSF). Serum samples of MS patients
were also positive for agnoprotein at different draw
times representing different stages of disease (7A-
D, and 11A-D). Recombinant agnoprotein at 10, 1
and 0.1 picrogram concentrations was used as pos-
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itive control (SS=10 pg agno; SS=1 pg agno;
SS=0.10 pg agno). Serum sample from an healthy
individual (SS) and PBS (Neg-PBS x 2) were used
as negative controls of the experiment.

Fig. 4B shows the results of an agnoprotein enzyme-
linked immunosorbent assay of human plasma, se-
rum, and urine samples obtained from patients di-
agnosed with BKV-nephropathy.

Definitions

[0016] As used herein, each of the following terms has
the meaning associated with it in this section.
[0017] The articles "a" and "an" are used herein to refer
to one or to more than one (i.e. to at least one) of the
grammatical object of the article. By way of example, "an
element" means one element or more than one element.
[0018] The term "about" will be understood by persons
of ordinary skill in the art and will vary to some extent
depending on the context in which it is used. As used
herein, "about" is meant to encompass variations of
620% or 610%, more preferably 65%, even more pref-
erably 61%, and still more preferably 60.1%.
[0019] Unless otherwise specified herein, the terms
"antibody" and "antibodies" broadly encompass natural-
ly-occurring forms of antibodies (e.g., IgG, IgA, IgM, IgE)
and recombinant antibodies such as single-chain anti-
bodies, chimeric and humanized antibodies and multi-
specific antibodies, as well as fragments and derivatives
of all of the foregoing, which fragments and derivatives
have at least an antigenic binding site. Antibody deriva-
tives may comprise a protein or chemical moiety conju-
gated to an antibody.
[0020] As used herein, an "instructional material" in-
cludes a publication, a recording, a diagram, or any other
medium of expression, which can be in the kit for deter-
mining the progression of a disease. The instructional
material of the kit may, for example, be affixed to a con-
tainer, which contains a reagent described herein or be
shipped together with a container, which contains a re-
agent. Alternatively, the instructional material may be
shipped separately from the container with the intention
that the instructional material and the reagent be used
cooperatively by the recipient.
[0021] "Measuring" or "measurement," or alternatively
"detecting" or "detection," or alternatively "determine" or
"determining" means assessing the presence, absence,
quantity or amount of either (?) a given substance within
a clinical or subject-derived sample, including the deri-
vation of qualitative or quantitative concentration levels
of such substances.
[0022] "Sample" or "biological sample" as used herein
means a biological material isolated from an individual.
The biological sample may contain any biological mate-
rial suitable for detecting the desired biomarker.
[0023] "Specifically binds" as used herein in the con-
texts of an antibody refers to antibody binding to a pre-

determined antigen with a preference that enables the
antibody to be used to distinguish the antigen from others
to an extent that permits the assays described herein.
[0024] As used herein, the term "subject" or "patient"
refers to any animal (e.g., a mammal), including, but not
limited to humans, non-human primates, rodents, and
the like. Typically, the terms "subject" and "patient" are
used interchangeably herein in reference to a human
subject.
[0025] As used herein, a "normal subject" or "control
subject" refers, depending on the context, to a subject
not suffering from polyomavirus-induced disease or to a
subject not suffering from an active polyomavirus infec-
tion.
[0026] As used herein, a "control sample" refers to a
sample from a control subject or a sample representative
of a population of control subjects.
[0027] As used herein, a "positive control subject" re-
fers, depending on the context, to a subject that is suf-
fering from polyomavirus-induced disease or to a subject
that is suffering from an active polyomavirus infection.
[0028] As used herein, a "positive control sample" re-
fers to a sample from a positive control subject or a sam-
ple representative of a population of positive control sub-
jects.
[0029] "Increased risk of developing polyomavirus-as-
sociated disease" is used herein to refer to an increase
in the likelihood or possibility of developing a disease
associated with a polyomavirus. Exemplary polyomavi-
rus-associated diseases include, but are not limited to,
progressive multifocal leukoencephalopathy (PML), tu-
mors such as medulloblastoma, colon cancer, nephritis,
nephropathy, and prostate cancer. This risk can be as-
sessed relative to a patient’s own risk, or with respect to
a reference population that does not have clinical evi-
dence of the disease or to a reference population that
does have clinical evidence of the disease. The reference
population may be representative of the patient with re-
gard to approximate age, age group, medical conditions,
and/or gender.
[0030] As used herein, an "active polyomavirus infec-
tion" refers to replication of a polyomavirus in a cell. "Poly-
omavirus replication" refers to any one or more of tran-
scription of the late coding region of the polyomavirus
genome, translation of the late coding region RNAs, vir-
ion production and virion release. "Reactivation of a poly-
omavirus" refers to the development of an active polyo-
mavirus infection in a subject having a latent polyomavi-
rus infection.
[0031] As used herein, a "latent polyomavirus infec-
tion" refers to polyomavirus infection that is not active. A
subject having or suspected of having a latent polyoma-
virus infection includes a subject who has been exposed
to a polyomavirus, and/or in whom the presence of poly-
omavirus DNA and/or anti-polyomavirus antibodies has
been clinically detected.
[0032] As used herein, "agnoprotein" and "polyomavi-
rus agnoprotein" refer to a small protein encoded in the
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late coding region of some polyomaviruses, such as JC
virus, BK virus and SV40. Agnoprotein is not present in
the virion particle. Numerous agnoprotein sequences are
known in the art and exemplary sequences are men-
tioned elsewhere herein by accession number. Polyoma-
virus agnoprotein are discussed generally, for instance,
in Khalili et al., J Cellular Physiol 204:1-7, 2005.

Detailed Description of the Invention

[0033] Agnoprotein is a small viral regulatory protein
expressed by the late coding region of certain polyoma-
viruses such as the JC virus. Agnoprotein is not incorpo-
rated into virions (virus particles). Therefore, agnoprotein
can only be detected in cells which actively replicate the
virus. Agnoprotein is an integral membrane protein and
is localized intracellularly in the perinuclear region and
the cytoplasm in cells replicating the virus. Detection of
agnoprotein has required tissue samples, such as tissue
biopsy samples or related components such cell lysates
or subcellular fractions. Unexpectedly, we have found
that agnoprotein is secreted from polyomavirus-infected
cells undergoing active infection, and may thus serve as
a marker for detection of polyomavirus reactivation and
replication in patients, for instance in patients at risk of
developing polyomavirus-infected diseases, particularly
PML. The not heretofore recognized secretion of agno-
protein from cells actively infected with polyomavirus has
led to the further discovery that agnoprotein can be de-
tected in body fluids of patients. For instance, we have
found that agnoprotein is released from cells infected with
polyomavirus, particularly JCV, in that agnoprotein can
be detected in biological samples, e.g., serum and urine.
This discovery advantageously permits the use of bio-
logical body fluid samples, rather than tissue biopsy sam-
ples or other tissue extracts, in assays detecting agno-
protein for the detection of polyomavirus reactivation and
replication. Assays using a body fluid sample compared
to a tissue biopsy are not as invasive, and therefore min-
imizing possible adverse side effects. Other benefits in-
clude reduced cost and possibly more rapid results, and
less patient trauma. As such, assays using body fluid
samples can be readily employed as routine screening
methods for patients at risk, for instance, of developing
a polyomavirus-associated disease. Thus the invention
also provides assays to assess the risk of developing a
polyomavirus-associated disease, such as PML, as well
as for monitoring patient status over time, for instance,
during an immunosuppressive therapeutic treatment reg-
imen. Thus, the methods of the invention are useful for
assessing risk of developing PML.
[0034] The assays described herein can involve the
detection of agnoprotein in a biological sample. Moreo-
ver, although agnoprotein is not part of polyomavirus vir-
ions, secretion of agnoprotein into body fluids during ac-
tive polyomavirus infection is expected to result in the
development of antibodies against agnoprotein in a pa-
tient having an active polyomavirus infection. Thus, also

described are assays which involve the detection of an-
tibodies to agnoprotein in a biological sample.
[0035] Biological samples useful in the practicing the
methods of the invention are samples of body fluids. Ex-
emplary body fluid samples include blood such as pe-
ripheral blood; a blood component such as blood serum
("serum") or blood plasma ("plasma"); urine; spinal fluid
such as cerebro-spinal fluid ("CSF"); semen; and lymph.
As used herein, "body fluid" excludes tissue biopsy sam-
ples such as fixed tissue samples, and fluid samples ob-
tained from tissue such as cell lysates and lysates of
subcellular fractions. In preferred aspects, the biological
fluid is one of plasma, serum, urine and CSF. In an as-
pect, the biological sample is one of plasma, serum and
urine. In an aspect the biological sample is one of plasma
and serum. The biological fluid is obtained from the sub-
ject using conventional methods known in the art. For
instance, one skilled in the art knows how to draw blood
and how to process it in order to obtain serum and/or
plasma for use in the method. In some aspects, the meth-
od of obtaining the biological fluid preferably maintains
the integrity of the sample proteins such that agnoprotein,
if present, can be accurately quantified in the biological
fluid.
[0036] A biological sample may be selected from the
group consisting of blood such as peripheral blood; a
blood component such as blood serum ("serum") or blood
plasma ("plasma"); urine; spinal fluid such as cerebro-
spinal fluid ("CSF"); semen; and lymph. In the methods
of the invention, the biological sample is selected from
the group consisting of blood, blood serum, urine, and
cerebrospinal fluid.
[0037] The methods of the invention may be carried
out with any subject. The subject is preferably a mammal,
more preferably a primate and more preferably still, a
human. In some embodiments, the subject has or is sus-
pected of having a latent polyomavirus infection. In one
embodiment, the method is employed to determine if the
latent infection has progressed to become an active in-
fection. In some embodiments, the patient has been di-
agnosed with an active polyomavirus infection by other
means, and the method of the invention is used to confirm
a diagnosis of active polyomavirus infection.
[0038] In other embodiments, the methods are carried
out with a subject at risk of developing a disease asso-
ciated with a polyomavirus. Patients at risk of developing
a polyomavirus-associated disease include individuals
diagnosed with an active polyomavirus infection, individ-
uals diagnosed with an active polyomavirus infection and
are immunocompromised, and individuals that are im-
munocompromised and have or are suspected of having
a latent polyomavirus infection. Immunocompromised in-
dividuals include: AIDS patients; patients on chronic im-
munosuppressive treatment regimens, such as organ
transplant patients; patients with cancer such as Hodg-
kin’s disease or lymphoma; and patients with autoim-
mune conditions being treated with mycophenolate
mofetil or a biologic such as natalizumab, rituximab, or
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efalizumab. Such autoimmune conditions include, but
are not limited to multiple sclerosis (MS), rheumatoid ar-
thritis (RA), and systemic lupus erythematosis (SLE).
Elderly patients with weakened immune systems that
have or are suspected of having a latent polyomavirus
infection are also at risk of developing a disease associ-
ated with a polyomavirus.
[0039] Polyomaviruses are non-enveloped, double-
stranded DNA viruses. The DNA comprises an early cod-
ing region and a late coding region. The early region en-
codes two oncoproteins called large T antigen (T-Ag) and
small t antigen (t-Ag). The late region encodes three cap-
sid proteins, VP1, VP2, and VP3. In some polyomavirus-
es, the late region also encodes a small small regulatory
protein called agnoprotein. Examples of human polyo-
maviruses that do not encode agnoprotein are: KI virus
(KIV), WU virus (WUV), Merkel cell virus (MCV or
MCPyV), B-cell lymphotropic polyomavirus (LPV); TSV;
HPyV6; HPyV7; and HPyV9.
[0040] The methods of the invention comprise detec-
tion of a JC or BK polyomavirus agnoprotein. Polyoma-
viruses currently known in the art can infect avians and
mammals. Exemplary agnoprotein-encoding polyomavi-
ruses include, but are not limited to, JC virus (JCV); BK
virus (BKV); simian virus 40 (SV40) (which is also found
in humans); bovine polyomavirus (BPyV); simian virus
12 (SV12); squirrel monkey polyomavirus (SquiPyV); ba-
boon polyomavirus 1 (formerly simian agent 12; SA12);
and chimpanzee polyomavirus (ChPyV). JCV and BKV
are exemplary human agnoprotein-encoding polyomavi-
ruses. In an embodiment of the invention, the method is
practiced with JCV agnoprotein. In another embodiment,
the method is practiced with a BKV agnoprotein. In yet
another embodiment, the method is practiced with a com-
bination of a JCV agnoprotein and a BKV agnoprotein.
[0041] A number of diseases have been associated
with polyomaviruses. In humans, progressive multifocal
leukoencephalopathy (PML), neural tumors such as
medulloblastoma, oligodendroglioma, astroglioma, and
glioblastoma, and colorectal cancer have been associ-
ated with JC virus. PML has been detected in at-risk pa-
tients including: AIDS patients; patients on chronic im-
munosuppressive treatment regimens, such as organ
transplant patients; patients with cancer such as Hodg-
kin’s disease or lymphoma; and patients with autoim-
mune conditions being treated with mycophenolate
mofetil or a biologic such as natalizumab, rituximab, or
efalizumab. BK virus has been associated with nephritis
and/or nephropathy in patients who have undergone re-
nal transplantation. BK virus has also been associated
with prostate cancer. These polyomavirus-associated
diseases are a significant part of graft loss. BK virus has
also been associated with cystitis such as hemorrhagic
and nonhemorrhagic cystitis in patients who have under-
gone a bone marrow or stem cell transplant.

Polyomavirus Reactivation

[0042] Also described herein is a method for detection
of polyomavirus reactivation in a biological sample of a
patient having or suspected of having a latent polyoma-
virus infection. The method comprises determining the
presence or absence of a polyomavirus agnoprotein
and/or agnoprotein antibodies in the biological sample.
The presence of the polyomavirus agnoprotein and/or
agnoprotein antibodies is indicative of reactivation of the
polyomavirus in the patient. The method may further
comprise measuring the level of the polyomavirus agno-
protein or agnoprotein antibodies in the biological sam-
ple. That level is then compared to the level of the poly-
omavirus agnoprotein or agnoprotein antibodies, respec-
tively, in a control sample. An elevated level of the poly-
omavirus agnoprotein or agnoprotein antibodies in the
biological sample relative respectively to the level of poly-
omavirus agnoprotein or agnoprotein antibodies in the
control sample is indicative of reactivation of the polyo-
mavirus in the patient. The control sample can be a sam-
ple obtained from a single control subject that does not
have polyomavirus reactivation, or can be a sample rep-
resentative of a population of such control subjects. A
control sample can also be a reference database of levels
for that agnoprotein or antibodies against that agnopro-
tein in a population of control subjects that do not have
polyomavirus reactivation. The reference database can
be generated by measuring the same agnoprotein or ag-
noprotein antibodies under the same conditions in a rep-
resentative population.
[0043] Also described herein is a method for detection
of polyomavirus reactivation, the level of the polyomavi-
rus agnoprotein or agnoprotein antibodies in the biolog-
ical sample is compared to the level of polyomavirus ag-
noprotein or agnoprotein antibodies respectively in a pos-
itive control sample. The positive control sample can be
a sample obtained from a single positive control subject
that has polyomavirus reactivation, or can be a sample
representative of a population of such positive control
subjects. A positive control sample can also be a refer-
ence database of levels for the agnoprotein of interest or
antibodies against the agnoprotein of interest in a popu-
lation of positive control subjects that have polyomavirus
reactivation.

Active Polyomavirus Infection

[0044] The invention also provides a method for diag-
nosing an active polyomavirus infection in a patient. The
method comprises determining the presence or absence
of a polyomavirus agnoprotein in a biological sample
comprising blood, blood serum, cerebrospinal fluid or
urine from the patient. The presence of the polyomavirus
agnoprotein in blood, blood serum or cerebrospinal fluid
is indicative of an active JC virus infection in the patient,
and the presence of polyomavirus agnoprotein in a bio-
logical sample comprising urine is indicative of an active
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BK virus infection in the patient.
[0045] In an embodiment, the method further compris-
es measuring the level of the polyomavirus agnoprotein
in the biological sample. That level is then compared to
the level of the polyomavirus agnoprotein in a control
sample. An elevated level of the polyomavirus agnopro-
tein in the biological sample relative to the level of poly-
omavirus agnoprotein in the control sample is indicative
of an active JC virus or BK virus infection in the patient.
The control sample can be a sample obtained from a
single control subject that does not have an active poly-
omavirus infection or can be a sample representative of
a population of such control subjects. A control sample
can also be a reference database of levels for the agno-
protein of interest in a population of control subjects that
do not have an active polyomavirus infection. The refer-
ence database can be generated by measuring the same
agnoprotein under the same conditions in a representa-
tive population.
[0046] In another embodiment of the method for diag-
nosing an active polyomavirus infection in a patient, the
level of the polyomavirus agnoprotein in the biological
sample is compared to the level of polyomavirus agno-
protein in a positive control sample. The positive control
sample can be a sample obtained from a single positive
control subject that has an active polyomavirus infection,
or can be a sample representative of a population of such
positive control subjects. A positive control sample can
also be a reference database of levels for the agnoprotein
or interest in a population of positive control subjects that
have an active polyomavirus infection.
[0047] Establishing a threshold to distinguish between
two possibilities, such as a normal level in a biological
sample and an increased level in a biological sample, is
well known to skilled artisan. Receiver operating charac-
teristic (ROC) curve analysis is commonly used in this
regard. See, for instance, Fawcett (2006) Pattern Rec-
ognition Letters 27:861-874); Pasanen et al. (1993, Br J
Cancer. 67(4): 852-855.); and Greiner et al. (2000) Prev
Vet Med. 30:23-41. Establishing a threshold is conven-
tional in the development of diagnostic assays. For in-
stance, as the skilled artisan is aware, the accuracy of a
diagnostic test is commonly measured by its sensitivity
and specificity. The skilled artisan is well aware that dis-
tributions of data from healthy and diseased persons al-
most always overlap (see, for instance, page 6 of Sacher
et al., Widmann’s Clinical Interpretation of Laboratory
Tests, "Principles of Interpretation of Laboratory Tests",
11th edition, F.A. Davis Company, Philadelphia, PA,
2000, pp. 3-27). As discussed in Sacher et al., the region
of overlap concerns "false positives" in the healthy group
and "false negatives" in the diseased group. Sensitivity
and specificity, which are calculated based on a threshold
value separating values identified as "healthy" and val-
ues identified as "diseased" (Ibid, pp. 5-6, Figure 1-1 and
text), describe the frequency of such false negatives and
false positives, respectively, for a diagnostic dataset.
While the ideal diagnostic test would have both specificity

and sensitivity of 100%, that is, a test with no false pos-
itives and no false negatives, this high standard cannot
generally be met (Ibid, p. 6, final paragraph). That is, the
typical diagnostic test is for a likely diagnosis, not a de-
finitive diagnosis. In some embodiments, the threshold
level is a threshold value as discussed in Sacher et al.
(ibid). In some embodiments herein, the threshold is a
threshold value selected for a high specificity. In other
embodiments, the threshold level is a threshold value
selected for a high sensitivity.
[0048] It is contemplated that the amount of agnopro-
tein in a biological fluid is proportional to the extent or
degree of infection, for instance, the number of cells ac-
tively infected by polyomavirus and/or the rate of polyo-
mavirus transcription and translation. Accordingly, a
method of monitoring a polyomavirus infection over time
in a patient diagnosed with an active polyomavirus infec-
tion is also provided. The method comprises assessing
the level of a polyomavirus agnoprotein in a first biological
sample comprising blood, blood serum, cerebrospinal
fluid or urine obtained from the patient at a first point in
time to obtain a baseline level. The method further com-
prises assessing the level of polyomavirus agnoprotein
in a second biological sample comprising blood, blood
serum, cerebrospinal fluid or urine obtained at a second
point in time from the patient to obtain a second level.
The second level is compared to the first level in order
to identify whether the level of the biomarker is changing.
If the second level in the biological sample comprising
blood, blood serum or cerebrospinal fluid is greater than
the baseline level, the JC virus infection in the patient
has progressed. If the second polyomavirus agnoprotein
level in a biological sample comprising urine from a pa-
tient infected with BK virus is greater than the baseline
level, the BK virus infection in the patient has progressed.
Assays detecting agnoprotein antibodies optionally com-
prise determining the type of antibodies detected, such
as IgG or IgM.

Risk of Polyomavirus-Associated Disease

[0049] As discussed elsewhere herein, polyomavirus
reactivation can lead to the development of diseases
such as PML. Accordingly, described herein is a method
for assessing risk of developing a disease associated
with a polyomavirus in an at-risk patient. The method
comprises determining the presence or absence of a
polyomavirus agnoprotein and/or agnoprotein antibodies
in a biological sample from the at-risk patient. The pres-
ence of the polyomavirus agnoprotein and/or agnopro-
tein antibodies in the biological sample is indicative of
increased risk of developing a disease associated with
the polyomavirus.
[0050] Also described is a method of monitoring risk
of developing a polyomavirus-associated disease in a
patient as a function of time. The method comprises as-
sessing the level of polyomavirus agnoprotein and/or ag-
noprotein antibodies in a first biological sample obtained
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from the at-risk patient at a first point in time to establish
a baseline level of the agnoprotein biomarker. The meth-
od further comprises assessing the level of the agnopro-
tein or agnoprotein antibodies at a second point in time
in a biological sample obtained from the at-risk patient
at a second time in order to identify whether the level of
the respective marker is changing. If the second level is
greater than the baseline level, the patient has an in-
creased risk of developing a disease associated with the
polyomavirus. The second assessing step is generally
performed at least one day after the baseline assess-
ment. It can also be performed multiple days, weeks,
months or years after the baseline assessment. Moreo-
ver, the second assessing step can be performed itera-
tively over time to acquire additional data and thereby
monitor the risk. In an example of this method, the dis-
ease is PML and the agnoprotein is a JCV agnoprotein.
[0051] In some embodiments of the methods for as-
sessing risk of developing a polyomavirus-associated
disease, the at-risk patient is selected from as AIDS pa-
tient, a patient undergoing immunosuppression therapy,
and an immunocompromised patient. In some embodi-
ments, the polyomavirus is JC virus and the polyomavi-
rus-associated disease is at least one of PML, and a tu-
mor such as oligodendroglioma, astroglioma, glioblast-
oma, and colon cancer. In some embodiments, the poly-
omavirus is BK virus and the polyomavirus-associated
disease prostate cancer. In some embodiments, the at-
risk patient is selected from a renal transplant patient or
a bone marrow or stem cell transplant patient. In these
embodiments, the polyomavirus is BK virus and the poly-
omavirus-associated disease is nephritis and/or neph-
ropathy.
[0052] Assay methods used in the practice of the in-
vention may utilize a substance comprising a binding
agent that is specific for agnoprotein. Binding agents can
be prepared, using conventional methods in the art, to
bind specifically to any polyomavirus agnoprotein. There
are a vast number of protein sequences for polyomavirus
agnoproteins known in the art. For instance, exemplary
agnoprotein protein sequences are readily available in
public sequence databases, such as National Library of
Medicine’s genetic sequence database GenBank® (Ben-
son et al., 2008, Nucleic Acids Research, 36(Database
issue):D25-30). Exemplary polyomavirus agnoprotein
sequences include, but are not limited to the following:
JC virus (JCV) - GenBank accession nos. AAB62686.1,
AAB62681.1, AAA82098.1, AAF04092.1, AAK70231.1,
AAF04090.1, AAG30854.1, and AAG37195.1; BK virus
(BKV) - GenBank accession nos. AAA46879.1,
AAT47410.1, AAT47404.1, AEO89560.1, and
YP_717936.1; simian virus 40 (SV40)-GenBank acces-
sion no. YP_003708378.1; bovine polyomavirus (BPyV)
- GenBank accession no. NP_040784.1; simian virus 12
(SV12) - GenBank accession no. YP_002635563.1;
squirrel monkey polyomavirus (SquiPyV) - GenBank ac-
cession no. CAO03079.1; Baboon polyomavirus 1
(SA12) - GenBank accession no. YP_406551.1; and

chimpanzee polyomavirus (ChPyV) -GenBank acces-
sion no. CBX23441.1.
[0053] It is well-known in the art that proteins can exist
in a biological sample in a plurality of different forms.
These forms can result from either or both of pre- and
post-translational modifications. Pre-translationally mod-
ified forms include allelic variants, splice variants and
RNA editing forms. Post-translationally modified forms
include forms resulting from proteolytic cleavage (e.g.,
cleavage of a signal sequence or fragments of a parent
protein), glycosylation, phosphorylation, lipidation, oxi-
dation, methylation, cysteinylation, sulphonation and
acetylation.
[0054] Thus, in addition to the exemplary agnoprotein
sequence identified herein by name or accession
number, the invention also contemplates the detection
in a body fluid sample of naturally-occurring variants that
are at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99% identical to the exemplified
biomarker sequences. Detection of such naturally-occur-
ring variants in a biological fluid sample of a subject may
be used in the methods described and claimed.
[0055] The determination of percent identity between
two nucleotide or amino acid sequences can be accom-
plished using a mathematical algorithm. For example, a
mathematical algorithm useful for comparing two se-
quences is the algorithm of Karlin and Altschul (1990,
Proc. Natl. Acad. Sci. USA 87:2264-2268), modified as
in Karlin and Altschul (1993, Proc. Natl. Acad. Sci. USA
90:5873-5877). This algorithm is incorporated into the
NBLAST and XBLAST programs of Altschul, et al. (1990,
J. Mol. Biol. 215:403-410), and can be accessed, for ex-
ample at the National Center for Biotechnology Informa-
tion (NCBI) world wide web site having the universal re-
source locator "http://blast(dot)nc-
bi(dot)nlm(dot)nih(dot)gov/Blast(dot)cgi". BLAST nucle-
otide searches can be performed with the NBLAST pro-
gram (designated "blastn" at the NCBI web site), using
the following parameters: gap penalty = 5; gap extension
penalty = 2; mismatch penalty = 3; match reward = 1;
expectation value 10.0; and word size = 11 to obtain nu-
cleotide sequences homologous to a nucleic acid de-
scribed herein. BLAST protein searches can be per-
formed with the XBLAST program (designated "blastn"
at the NCBI web site) or the NCBI "blastp" program, using
the following parameters: expectation value 10.0,
BLOSUM62 scoring matrix to obtain amino acid se-
quences homologous to a protein molecule described
herein. To obtain gapped alignments for comparison pur-
poses, Gapped BLAST can be utilized as described in
Altschul et al. (1997, Nucleic Acids Res. 25:3389-3402).
Alternatively, PSI-Blast or PHI-Blast can be used to per-
form an iterated search which detects distant relation-
ships between molecules (Id.) and relationships between
molecules which share a common pattern. When utilizing
BLAST, Gapped BLAST, PSI-Blast, and PHI-Blast pro-
grams, the default parameters of the respective pro-
grams (e.g., XBLAST and NBLAT) can be used.
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[0056] In the methods of the invention, a biological
sample is assayed for the presence of a polyomavirus
agnoprotein. Assay methods may utilize a substance
comprising a binding agent that is specific for agnopro-
tein. In one embodiment, the substance comprises a col-
lection of binding agents specific for two or more different
agnoproteins. The different agnoproteins may be differ-
ent variants of the same type of polyomavirus such as
variants of JCV agnoprotein, and/or may be agnoproteins
from different types of polyomavirus such as JCV and
BKV.
[0057] Also described herein are methods which can
be carried out by detection of agnoprotein antibodies in
a biological sample. Detection of agnoprotein antibodies
in the biological sample can be performed using conven-
tional methods in the art. Examples of such methods in-
clude, but are not limited to, ELISA, agglutination, pre-
cipitation, complement-fixation, and fluorescent antibod-
ies. In some examples, detection of agnoprotein antibod-
ies may comprise combining the biological fluid with a
composition comprising polyomavirus agnoprotein
and/or an antigenic fragment thereof under suitable con-
ditions to antibodies in the biological fluid to bind to the
agnoprotein and /or antigenic fragments thereof to form
an antibody-antigen complex, and then detecting the an-
tibody-antigen complex. In some examples, agnoprotein
antibodies can be detected using an agglutination assay.
[0058] Assays based on protein-specific biomolecule
interaction include, but are not limited to, antibody-based
assays, aptamer-based assays, receptor and ligand as-
says, enzyme activity assays, and allosteric regulator
binding assays. The invention is not limited to any one
method of protein detection, but rather encompasses all
presently known or heretofore unknown methods, such
as methods that are discovered in the art. Proteins may
be detected by other methods, e.g., mass spectroscopy
analysis, that do not relying on a binding moiety.
[0059] In one embodiment, the binding moiety com-
prises an antibody that specifically binds to agnoprotein.
Antibodies can be used in various immunoassay-based
protein determination methods such as Western blot
analysis, immunoprecipitation, radioimmunoassay
(RIA), immunofluorescent assay, chemiluminescent as-
say, flow cytometry, immunocytochemistry and enzyme-
linked immunosorbent assay (ELISA).
[0060] In an enzyme-linked immunosorbent assay
(ELISA), an enzyme such as, but not limited to, horse-
radish peroxidase (HRP), alkaline phosphatase (AP), be-
ta-galactosidase or urease can be linked, for example,
to an antigen antibody or to a secondary antibody for use
in a method of the invention. A horseradish-peroxidase
detection system may be used, for example, with the
chromogenic substrate tetramethylbenzidine (TMB),
which yields a soluble product in the presence of hydro-
gen peroxide that is detectable at 450 nm. Other conven-
ient enzyme-linked systems include, for example, the al-
kaline phosphatase detection system, which may be
used with the chromogenic substrate p-nitrophenyl phos-

phate to yield a soluble product readily detectable at 405
nm. Similarly, a beta-galactosidase detection system
may be used with the chromogenic substrate o-nitroph-
enyl-beta-D-galactopyranoside (ONPG) to yield a solu-
ble product detectable at 410 nm. Alternatively, a urease
detection system may be used with a substrate such as
urea-bromocresol purple (Sigma Immunochemicals, St.
Louis, MO). Useful enzyme-linked primary and second-
ary antibodies can be obtained from any number of com-
mercial sources.
[0061] For chemiluminescence and fluorescence as-
says, chemiluminescent and fluorescent secondary an-
tibodies may be obtained from any number of commercial
sources. Fluorescent detection is also useful for detect-
ing antigen or for determining a level of antigen in a meth-
od of the invention. Useful fluorochromes include, but are
not limited to, DAPI, fluorescein, Hoechst 33258, R-phy-
cocyanin, B-phycoerythrin, R-phycoerythrin, rhodamine,
Texas red and lissamine- Fluorescein- or rhodamine-la-
beled antigen-specific antibodies.
[0062] Radioimmunoassays (RIAs) are described for
example in Brophy et al., 1990, Biochem. Biophys. Res.
Comm. 167:898-903 and Guechot et al., 1996, , Clin.
Chem. 42:558-563. Radioimmunoassays are performed,
for example, using Iodine-125-labeled primary or sec-
ondary antibody.
[0063] Western blotting may also be used to detect and
or determine the level of phosphorylated Cdc27. Western
blots may be quantified using well known methods such
as scanning densitometry (Parra et al., 1998, J. Vasc.
Surg. 28:669-675).
[0064] A signal emitted from a detectable antibody is
analyzed, for example, using a spectrophotometer to de-
tect color from a chromogenic substrate; a radiation
counter to detect radiation, such as a gamma counter for
detection of Iodine-125; or a fluorometer to detect fluo-
rescence in the presence of light of a certain wavelength.
Where an enzyme-linked assay is used, quantitative
analysis of the amount of antigen is performed using a
spectrophotometer. It is understood that the assays of
the invention can be performed manually or, if desired,
can be automated and that the signal emitted from mul-
tiple samples can be detected simultaneously in many
systems available commercially. Antigen-antibody bind-
ing can also be detected, for example, by mass spec-
trometry.
[0065] The antibody used to detect agnoprotein in a
sample in an immunnoassay can comprise a polyclonal
or monoclonal antibody. The antibody can comprise an
intact antibody, or antibody fragments capable of specif-
ically binding antigen. Such fragments include, but are
not limited to, Fab and F(ab’)2 fragments.
[0066] Techniques for detecting and quantifying (such
as with respect to a control) antibody binding are well-
known in the art. Antibody binding to agnoprotein may
be detected through the use of chemical reagents that
generate a detectable signal that corresponds to the level
of antibody binding and, accordingly, to the level of mark-
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er protein expression. Examples of such detectable sub-
stances include enzymes, prosthetic groups, fluorescent
materials, luminescent materials, bioluminescent mate-
rials, and radioactive materials. Examples of suitable en-
zymes include horseradish peroxidase, alkaline phos-
phatase, β-galactosidase, or acetylcholinesterase; ex-
amples of suitable prosthetic group complexes include
streptavidin/biotin and avidin/biotin; examples of suitable
fluorescent materials include umbelliferone, fluorescein,
fluorescein isothiocyanate, rhodamine, dichlorotriazi-
nylamine fluorescein, dansyl chloride or phycoerythrin;
an example of a luminescent material includes luminol;
examples of bioluminescent materials include luciferase,
luciferin, and aequorin; and examples of suitable radio-
active material include 125I,131I, 35S, or 3H.
[0067] Antibody binding may be detected through the
use of a secondary antibody that is conjugated to a de-
tectable label. Examples of detectable labels include but
are not limited to polymer-enzyme conjugates. The en-
zymes in these complexes are typically used to catalyze
the deposition of a chromogen at the antigen-antibody
binding site, thereby resulting in cell staining that corre-
sponds to expression level of the biomarker of interest.
Preferred enzymes of particular interest include horse-
radish peroxidase (HRP) and alkaline phosphatase (AP).
[0068] Agnoprotein can be detected and quantified by
aptamer-based assays, which are very similar to anti-
body-based assays, but with the use of an aptamer in-
stead of an antibody. An "aptamer-based" assay is thus
an assay for the determination of polypeptide that relies
on specific binding of an aptamer. An aptamer can be
any polynucleotide, generally a RNA or a DNA, which
has a useful biological activity in terms of biochemical
activity or molecular recognition attributes. Usually, an
aptamer has a molecular activity such as having an en-
zymatic activity or binding to a polypeptide at a specific
region (i.e., similar to an epitope for an antibody) of the
polypeptide. It is generally known in the art that an aptam-
er can be made by in vitro selection methods. In vitro
selection methods include a well known method called
systematic evolution of ligands by exponential enrich-
ment (a.k.a. SELEX). Briefly, in vitro selection involves
screening a pool of random polynucleotides for a partic-
ular polynucleotide that binds to a biomolecule, such as
a polypeptide, or has a particular activity that is selecta-
ble. Generally, the particular polynucleotide represents
a very small fraction of the pool, therefore, a round of
amplification, usually via polymerase chain reaction, is
employed to increase the representation of potentially
useful aptamers. Successive rounds of selection and am-
plification are employed to exponentially increase the
abundance of a particular aptamer. In vitro selection is
described in Famulok and Szostak, Angew. Chem.,
1992, 104, 1001. (Angew. Chem. Int. Ed. Engl. 1992, 31,
979-988.); Famulok and Szostak, Nucleic Acids and Mo-
lecular Biology, Vol 7, F. Eckstein, D. M. J. Lilley, Eds.,
Springer Verlag, Berlin, 1993, pp. 271; Klug and Famu-
lok, Mol. Biol. Reports 1994, 20, 97-107; and Burgstaller

and Famulok, Angew. Chem. 1995, 107, 1303-1306 (An-
gew. Chem. Int. Ed. Engl. 1995, 34, 1189-1192); US Pat-
ent No. 6,287,765, US Patent No. 6,180,348, US Patent
No. 6,001,570, US Patent No. 5,861,588, US Patent No.
5,567,588, US Patent No. 5,475,096, and US Patent No.
5,270,163.
[0069] Substantially pure agnoprotein, which can be
used as an immunogen for raising polyclonal or mono-
clonal antibodies, or as a substrate for selecting aptam-
ers, or for binding agnoprotein antibodies present in a
biological sample, can be prepared, for example, by re-
combinant DNA methods. For example, the cDNA of the
marker protein can be cloned into an expression vector
by techniques within the skill in the art. An expression
vector comprising sequences encoding the marker pro-
tein can then be transfected into an appropriate eukary-
otic host, whereupon the protein is expressed. The ex-
pressed protein can then be isolated by any suitable tech-
nique. In some embodiments, antigenic fragments of ag-
noprotein can be used. Antigenic fragments of a polyo-
mavirus agnoprotein can be readily identified by the
skilled artisan using methods known in the art. Polyoma-
virus agnoprotein is a type II integral membrane protein,
thus the N-terminal portion of the protein comprise the
intracellular domain. Examples of agnoprotein fragments
contemplated to be antigenic fragments include a frag-
ment comprising or consisting essentially of the extracel-
lular domain, a fragment comprising or consisting essen-
tially of the transmembrane domain and a fragment com-
prising or consisting essentially of the intracellular do-
main. The domains can be predicted by programs known
in the art for predicting transmembrane domains.
[0070] Agnoprotein can be detected by any of the well-
known mass spectrometry methods.
[0071] In some embodiments of the methods of the
invention, the method further comprises assaying a first
control composition that does not contain agnoprotein
and a second control composition that does contain ag-
noprotein. Such assays and other steps performed to
verify, for instance, the integrity of the substance used
to detect agnoprotein as well as the integrity of the of
biological sample, are conventional in the art.
[0072] Methods for detecting agnoprotein or agnopro-
tein antibodies can be readily adapted to kit form. A kit
may contain a set of reagents that specifically detects for
detection of agnoprotein, or agnoprotein antibodies and
one or more reagents and/or diluents for facilitating the
contact of the reagent and agnoprotein or agnoprotein
antibodies in the sample. The kit may further comprise
instructions for using the kit. The reagent may comprise,
for example, an antibody or aptamer specific for agno-
protein, or may comprise agnoprotein or antigenic frag-
ments thereof. The agnoprotein, antibody or aptamer
may be detectably labeled, as described above. The kit
can further comprise components necessary for detect-
ing the detectable label (e.g., an enzyme or a substrate),
and instrumentation for detection and measurement.
[0073] The kit can comprise, for example: (1) a first
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antibody (e.g., attached to a solid support) that binds to
a marker protein; and, optionally, (2) a second, different
antibody that binds to either the protein or the first anti-
body and is conjugated to a detectable label.
[0074] The kit may further comprise one or more buff-
ers and/or reagents, e.g., labeling buffer and/or reagents,
and detection means for detecting a detectable label.
Protocols for using these buffers and reagents for per-
forming different steps of the procedure may also be in-
cluded in the kit.
[0075] Reagents may be supplied in a solid (e.g.,
lyophilized) or liquid form. Kits may optionally comprise
different containers (e.g., vial, ampoule, test tube, flask
or bottle) for each individual buffer and/or reagent. Each
component will generally be suitable as aliquoted in its
respective container or provided in a concentrated form.
Other containers suitable for conducting certain steps for
the disclosed methods may also be provided. In certain
examples, the kits further comprise control samples.
[0076] The instructional material may comprise a pub-
lication, a recording, a diagram, or any other medium of
expression which can be used to communicate the use-
fulness of the method. The package insert may comprise
text housed in any physical medium, e.g., paper, card-
board, film, or may be housed in an electronic medium
such as a diskette, chip, memory stick or other electronic
storage form. The instructional material of the kit may,
for example, be affixed to a container which contains oth-
er contents of the kit, or be shipped together with a con-
tainer which contains the kit. Alternatively, the instruc-
tional material may be shipped separately from the con-
tainer with the intention that the instructional material and
the contents of the kit be used cooperatively by the re-
cipient.
[0077] The invention is further described in detail by
reference to the following experimental examples. These
examples are provided for purposes of illustration only,
and are not intended to be limiting unless otherwise spec-
ified. Thus, the invention should in no way be construed
as being limited to the following examples, but rather,
should be construed to encompass any and all variations
within the scope of the claims.

Examples

Example 1: Agnoprotein detection in growth media 
from JCV-infected cells

[0078] To determine the secretion of JCV agnoprotein
from infected cells, SVG-A cells were first infected with
the Mad-1 strain of JC virus, which was isolated from a
patient with the demyelinating disease, progressive
multifocal leukoencehalopathy (PML). The initial cycle of
JCV infection takes up to 20 days, and agnoprotein ex-
pression can be detected as early as 10 day post infec-
tion. SVG-A cells are a subclone of the original SVG hu-
man glial cell line established by transformation of human
fetal glial cells by an origin-defective SV40 mutant (Major

et al., Proc. Natl. Acad. Sci. USA 82:1257-1261, 1985.
Growth media from cells was collected at 10 and 20 days
post infection (dpi). The collected growth media was cen-
trifuged at 5K for 15 min. to clear cellular debris. The
supernatant was collected and denatured at 95°C. In par-
allel, whole cell extracts were used as positive controls.
To determine the presence of agnoprotein in the growth
media, an immunoprecipitation assay was performed us-
ing an antibody specific for agnoprotein. As shown in
Fig.1, agnoprotein is expressed by infected cells (lane 1)
and present in growth media (lane 4, 10 days post infec-
tion: lane 5, 20 days post infection) indicating that agno-
protein is secreted from infected cells. Also shown in Fig.
1 are results of the immunoprecipitation assay for normal
rabbit serum (Lane 3, IP-NRS) and positive (lane 1) and
negative (lane 2) controls.

Example 2: Secretion of agnoprotein by agnoprotein-
expressing cells

[0079] The following study demonstrates that agnopro-
tein can be detected in soluble form in the growth media
of cells which actively replicate a polyomavirus, JCV, and
that the appearance of agnoprotein in the growth medium
is not simply due to the mechanical destruction of the cell
membrane by the viral particles at the stage of release
from the cells.
[0080] Human oligodendroglioma Tc620 cells were in-
fected with replication defective adenovirus encoding
JCV agnoprotein. Control cells were infected with aden-
ovirus not encoding agnoprotein. Growth media was col-
lected at 48 hour post-transfections simultaneously along
with whole cell extracts. Five ml culture media was used
in immunoprecipitations. Whole cell extracts were loaded
as positive (lane1) and negative (lane 2) controls of the
detection (Figure 2). Agnoprotein was transiently ex-
pressed in Tc620 cells in the absence of any lytic viral
infection. Growth medium was collected and centrifuged
at 5K for 15 min., and the supernatant collected for im-
munoprecipitation assay. As shown in Figure 2, agno-
protein was immunoprecipitated from growth media with
an agnoprotein specific antibody (IP-Agno, lane 4), but
not with normal rabbit serum (IP-NRS, lane 3). Thus, ag-
noprotein is secreted from agnoprotein-expressing cells
into the extracellular space.

Example 3: ELISA based detection assay for agno-
protein

[0081] To establish a detection system for agnopro-
tein, agnoprotein was expressed and purified in E. coli
as fused to MBP (MBP-agno). The purified-MBP-agno
was utilized for standardization of an enzyme-linked im-
munosorbent assay (ELISA) for the detection of agno-
protein by using an agnoprotein-specific antibody (Figure
3A). In order to quantify the amount of the agnoprotein,
conditioned-media from agnoprotein-expressing cells
was first tested. Conditioned media was obtained from

19 20 



EP 2 810 071 B1

13

5

10

15

20

25

30

35

40

45

50

55

either adeno-null (cont.) or adeno-agno (Ad-agno) infect-
ed Tc620 cells. As shown in Figure 3B, conditioned media
from cells expressing agnoprotein was assayed positive
for the agnoprotein (∼ 1ng/ml) whereas the conditioned-
media from control cells showed no reactivity, indicating
that the ELISA-based assay can specifically detect and
quantify agnoprotein.

Example 4: Agnoprotein detection PML and MS pa-
tient samples

[0082] A cerebrospinal fluid (CSF) sample was ob-
tained from a PML case developed in an HIV-AIDS pa-
tient and subject to agnoprotein ELISA. Serum samples
were also obtained from serum samples from two MS
patients at different stages of disease taking natalizumab
(Tysabri®) monoclonal antibody therapy for MS. Natali-
zumab treatment in MS patients is a risk factor for the
reactivation of JC virus and the development of PML (Ka-
ppos et al., The Lancet Neurology, 6(5):431-441, 2007).
As shown in Figure 4A, agnoprotein was detected in the
CSF sample (HIV/PML-CSF) indicating that agnoprotein
serves as a marker of PML development. The serum
samples of MS patients were also positive for agnopro-
tein at all draw times of the treatment representing dif-
ferent stages of disease ((7A-D, and 11A-D). The quan-
tity of the agnoprotein detected varied at different stage
of the treatment. Recombinant agnoprotein at 10, 1 and
0.1 picrogram concentrations was used as positive con-
trol (SS=10 pg agno; SS=1 pg agno; SS=0.10 pg agno).
Serum sample from an healthy individual (SS) and PBS
(Neg-PBS x 2) were used as negative controls of the
experiment.

Example 5: Presence of agnoprotein in biological 
samples obtained from BKV-nephropathy patients

[0083] Agnoprotein ELISA was performed on plasma,
serum, and urine samples obtained from patients diag-
nosed with BKV-nephropathy, according to the proce-
dure of Example 4. Five urine samples from 11 patients
were positive for agnoprotein (Figure 4B).
[0084] The disclosures of each and every patent, pat-
ent application, and publication cited herein are hereby
incorporated herein by reference in their entirety.
[0085] While this invention has been disclosed with ref-
erence to specific embodiments, it is apparent that other
embodiments and variations of this invention may be de-
vised by others skilled in the art without departing from
the scope of the invention. The appended claims are in-
tended to be construed to include all such embodiments
and equivalent variations.

Claims

1. An in vitro method for detecting an active polyoma-
virus infection in a patient, the method comprising:

determining the presence or absence of a poly-
omavirus agnoprotein in a biological sample,
comprising blood, blood serum, cerebrospinal
fluid or urine obtained from the patient,
wherein the presence of the polyomavirus ag-
noprotein in a biological sample comprising
blood, blood serum or cerebrospinal fluid is in-
dicative of an active JC virus infection in the pa-
tient, and the presence of polyomavirus agno-
protein in a biological sample comprising urine
is indicative of an active BK virus infection in the
patient.

2. The method according to claim 1 wherein the patient
is a patient having or suspected of having a latent
polyomavirus infection, wherein the presence of the
polyomavirus agnoprotein in the biological sample
is indicative of reactivation of latent JC virus or latent
BK virus in the patient.

3. The method of claim 1, further comprising:

measuring the level of the polyomavirus agno-
protein in the biological sample, and
comparing the level of the polyomavirus agno-
protein in the biological sample to the level of
polyomavirus agnoprotein in a control sample,
wherein an elevated level of the polyomavirus
agnoprotein in the biological sample relative to
the level of polyomavirus agnoprotein in the con-
trol sample is indicative of an active JC virus or
BK virus infection in the patient.

4. An in vitro method for monitoring a JC virus or BK
virus infection in a human patient, the method com-
prising:

assessing the level of a polyomavirus agnopro-
tein in a biological sample comprising blood,
blood serum, cerebrospinal fluid or urine taken
as a first biological sample from the patient to
obtain a baseline level,
assessing the level of polyomavirus agnoprotein
in a second biological sample comprising the
blood, blood serum, cerebrospinal fluid or urine
from the patient to obtain a second polyomavirus
agnoprotein level, wherein the second biological
sample is obtained from the patient at a second
time,
wherein if the second polyomavirus agnoprotein
level in a biological sample comprising blood,
blood serum or cerebrospinal fluid from a patient
infected with JC virus is greater than the base-
line level, the JC virus infection in the patient
has progressed, or
wherein if the second polyomavirus agnoprotein
level in a biological sample comprising urine
from a patient infected with BK virus is greater
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than the baseline level, the BK virus infection in
the patient has progressed.

5. The method of any of claims 1 to 3, wherein the virus
infection detected is JC virus infection and the bio-
logical sample comprises blood serum or cerebros-
pinal fluid.

6. The method of claim 4, wherein the virus infection
monitored is JC virus infection and the biological
sample comprises blood serum or cerebrospinal flu-
id.

7. A method for assessing risk of developing a disease
associated with JC virus or BK virus in a human pa-
tient comprising:

determining the presence or absence of a poly-
omavirus agnoprotein in a biological sample
comprising blood, blood serum or cerebrospinal
fluid obtained from the patient, or
determining the presence or absence of a poly-
omavirus agnoprotein in a biological sample
comprising urine obtained from the patient,

wherein the presence of the polyomavirus agnopro-
tein in the blood, blood serum or cerebrospinal fluid
is indicative of increased risk of developing one or
more of progressive multifocal leukoencephalopathy
(PML), medulloblastoma, oligodendroglioma, astro-
glioma, glioblastoma, and colon cancer, and the
presence of the polyomavirus agnoprotein in the
urine sample is indicative of developing one or more
of nephritis, nephropathy and prostate cancer.

8. The method of claim 7, wherein the patient is select-
ed from an AIDS patient, a patient undergoing im-
munosuppression therapy, an immunocompro-
mised patient, and a renal transplant patient.

Patentansprüche

1. Ein in-vitro-Verfahren zum Detektieren einer aktiven
Polyomavirusinfektion bei einem Patienten, wobei
das Verfahren Folgendes beinhaltet:

Bestimmen der Gegenwart oder Abwesenheit
eines Polyomavirusagnoproteins in einer biolo-
gischen Probe, beinhaltend von dem Patienten
erhaltenes Blut, Blutserum,
Zerebrospinalflüssigkeit oder Urin,
wobei die Gegenwart des Polyomavirusagno-
proteins in einer biologischen Probe,
beinhaltend Blut, Blutserum oder Zerebrospi-
nalflüssigkeit, auf eine aktive JC-Virusinfektion
bei dem Patienten hindeutet und die Gegenwart
des Polyomavirusagnoproteins in einer biologi-

schen Probe, beinhaltend Urin, auf eine aktive
BK-Virusinfektion bei dem Patienten hindeutet.

2. Verfahren gemäß Anspruch 1, wobei der Patient ein
Patient ist, bei dem eine latente Polyomavirusinfek-
tion vorliegt oder vermutet wird, wobei die Gegen-
wart des Polyomavirusagnoproteins in der biologi-
schen Probe auf eine Reaktivierung von latentem
JC-Virus oder latentem BK-Virus bei dem Patienten
hindeutet.

3. Verfahren gemäß Anspruch 1, ferner beinhaltend:

Messen des Spiegels des Polyomavirusagno-
proteins in der biologischen Probe und Verglei-
chen des Spiegels des Polyomavirusagnopro-
teins in der biologischen Probe mit dem Spiegel
des Polyomavirusagnoproteins in einer Kon-
trollprobe,
wobei ein erhöhter Spiegel des Polyomavirusa-
gnoproteins in der biologischen Probe relativ zu
dem Spiegel des Polyomavirusagnoproteins in
der Kontrollprobe auf eine aktive JC-Virus- oder
BK-Virusinfektion bei dem Patienten hindeutet.

4. Ein in-vitro-Verfahren zum Überwachen einer JC-Vi-
rus- oder BK-Virusinfektion bei einem menschlichen
Patienten, wobei das Verfahren Folgendes beinhal-
tet:

Bewerten des Spiegels eines Polyomavirusag-
noproteins in einer biologischen Probe, beinhal-
tend Blut, Blutserum, Zerebrospinalflüssigkeit
oder Urin, die als eine erste biologische Probe
von dem Patienten genommen wird, um einen
Baseline-Spiegel zu erhalten,
Bewerten des Spiegels des Polyomavirusagno-
proteins in einer zweiten biologischen Probe,
beinhaltend das Blut, das Blutserum, die Zere-
brospinalflüssigkeit oder den Urin von dem Pa-
tienten, um einen zweiten Polyomavirusagno-
proteinspiegel zu erhalten,
wobei die zweite biologische Probe zu einem
zweiten Zeitpunkt von dem Patienten erhalten
wird,
wobei, wenn der zweite Polyomavirusagnopro-
teinspiegel in einer biologischen Probe, beinhal-
tend Blut, Blutserum oder Zerebrospinalflüssig-
keit von einem mit JC-Virus infizierten Patien-
ten, höher ist als der Baseline-Spiegel, die JC-
Virus-Infektion bei dem Patienten fortgeschrit-
ten ist oder
wobei, wenn der zweite Polyomavirusagnopro-
teinspiegel in einer biologischen Probe, beinhal-
tend Urin von einem mit BK-Virus infizierten Pa-
tienten, höher ist als der Baseline-Spiegel, die
BK-Virus-Infektion bei dem Patienten fortge-
schritten ist.

23 24 



EP 2 810 071 B1

15

5

10

15

20

25

30

35

40

45

50

55

5. Verfahren gemäß einem der Ansprüche 1 bis 3, wo-
bei die detektierte Virusinfektion eine JC-Virusinfek-
tion ist und die biologische Probe Blutserum oder
Zerebrospinalflüssigkeit beinhaltet.

6. Verfahren gemäß Anspruch 4, wobei die überwachte
Virusinfektion eine JC-Virusinfektion ist und die bio-
logische Probe Blutserum oder Zerebrospinalflüs-
sigkeit beinhaltet.

7. Ein Verfahren zum Bewerten des Risikos der Ent-
wicklung einer mit JC-Virus oder BK-Virus im Zu-
sammenhang stehenden Erkrankung bei einem
menschlichen Patienten, beinhaltend:

Bestimmen der Gegenwart oder Abwesenheit
eines Polyomavirusagnoproteins in einer biolo-
gischen Probe, beinhaltend von dem Patienten
erhaltenes Blut, Blutserum oder Zerebrospinal-
flüssigkeit, oder
Bestimmen der Gegenwart oder Abwesenheit
eines Polyomavirusagnoproteins in einer biolo-
gischen Probe, beinhaltend von dem Patienten
erhaltenen Urin,
wobei die Gegenwart des Polyomavirusagno-
proteins in dem Blut, dem Blutserum oder der
Zerebrospinalflüssigkeit auf ein erhöhtes Risiko
der Entwicklung einer oder
mehrerer von progressiver multifokaler Leuko-
enzephalopathie (PML), Medullablastom, Oli-
godendrogliom, Astrogliom, Glioblastom und
Darmkrebs hindeutet und die Gegenwart des
Polyomavirusagnoproteins in der Urinprobe auf
die Entwicklung eines oder mehrerer von Ne-
phritis, Nephropathie und Prostatakrebs hin-
deutet.

8. Verfahren gemäß Anspruch 7, wobei der Patient
ausgewählt ist aus einem AIDS-Patienten, einem
Patienten, der eine Immunsuppressionstherapie
durchläuft, einem immungeschwächten Patienten
und einem nierentransplantierten Patienten.

Revendications

1. Une méthode in vitro pour détecter une infection à
polyomavirus active chez un patient, la méthode
comprenant :

la détermination de la présence ou de l’absence
d’une agnoprotéine de polyomavirus dans un
échantillon biologique comprenant du sang, du
sérum sanguin, du liquide céphalo-rachidien ou
de l’urine obtenu du patient,
dans laquelle la présence de l’agnoprotéine de
polyomavirus dans un échantillon biologique
comprenant du sang, du sérum sanguin ou du

liquide céphalo-rachidien indique une infection
au virus JC active chez le patient, et la présence
d’agnoprotéine de polyomavirus dans un échan-
tillon biologique comprenant de l’urine indique
une infection au virus BK active chez le patient.

2. La méthode selon la revendication 1 dans laquelle
le patient est un patient présentant ou étant suspecté
de présenter une infection à polyomavirus latente,
dans laquelle la présence de l’agnoprotéine de po-
lyomavirus dans l’échantillon biologique indique une
réactivation du virus JC latent ou du virus BK latent
chez le patient.

3. La méthode de la revendication 1, comprenant en
outre :

la mesure du niveau de l’agnoprotéine de poly-
omavirus dans l’échantillon biologique, et la
comparaison du niveau de l’agnoprotéine de po-
lyomavirus dans l’échantillon biologique au ni-
veau d’agnoprotéine de polyomavirus dans un
échantillon témoin,
dans laquelle un niveau élevé de l’agnoprotéine
de polyomavirus dans l’échantillon biologique
par rapport au niveau d’agnoprotéine de polyo-
mavirus dans l’échantillon témoin indique une
infection au virus JC ou au virus BK active chez
le patient.

4. Une méthode in vitro pour surveiller une infection au
virus JC ou au virus BK chez un patient humain, la
méthode comprenant :

l’évaluation du niveau d’une agnoprotéine de
polyomavirus dans un échantillon biologique
comprenant du sang, du sérum sanguin, du li-
quide céphalo-rachidien ou de l’urine prélevé en
tant que premier échantillon biologique auprès
du patient afin d’obtenir un niveau de référence,
l’évaluation du niveau d’agnoprotéine de polyo-
mavirus dans un deuxième échantillon biologi-
que comprenant le sang, le sérum sanguin, le
liquide céphalo-rachidien ou l’urine issu du pa-
tient afin d’obtenir un deuxième niveau d’agno-
protéine de polyomavirus, dans laquelle le
deuxième échantillon biologique est obtenu du
patient à un deuxième moment,
dans laquelle si le deuxième niveau d’agnopro-
téine de polyomavirus dans un échantillon bio-
logique comprenant du sang, du sérum sanguin
ou du liquide céphalo-rachidien issu d’un patient
infecté avec le virus JC est supérieur au niveau
de référence, l’infection au virus JC chez le pa-
tient a progressé, ou
dans laquelle si le deuxième niveau d’agnopro-
téine de polyomavirus dans un échantillon bio-
logique comprenant de l’urine issu d’un patient
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infecté avec le virus BK est supérieur au niveau
de référence, l’infection au virus BK chez le pa-
tient a progressé.

5. La méthode de n’importe lesquelles des revendica-
tions 1 à 3, dans laquelle l’infection virale détectée
est une infection au virus JC et l’échantillon biologi-
que comprend du sérum sanguin ou du liquide
céphalo-rachidien.

6. La méthode de la revendication 4, dans laquelle l’in-
fection virale surveillée est une infection au virus JC
et l’échantillon biologique comprend du sérum san-
guin ou du liquide céphalo-rachidien.

7. Une méthode pour évaluer le risque de développer
une maladie associée au virus JC ou au virus BK
chez un patient humain comprenant :

la détermination de la présence ou de l’absence
d’une agnoprotéine de polyomavirus dans un
échantillon biologique comprenant du sang, du
sérum sanguin ou du liquide céphalo-rachidien
obtenu du patient, ou
la détermination de la présence ou de l’absence
d’une agnoprotéine de polyomavirus dans un
échantillon biologique comprenant de l’urine ob-
tenu du patient,
dans laquelle la présence de l’agnoprotéine de
polyomavirus dans le sang, le sérum sanguin
ou le liquide céphalo-rachidien indique un risque
accru de développer une ou plusieurs maladies
parmi la leucoencéphalopathie multifocale pro-
gressive (LEMP), le médulloblastome, l’oligo-
dendrogliome, l’astrogliome, le glioblastome, et
le cancer du côlon, et la présence de l’agnopro-
téine de polyomavirus dans l’échantillon d’urine
indique le développement d’une ou de plusieurs
maladies parmi la néphrite, la néphropathie et
le cancer de la prostate.

8. La méthode de la revendication 7, dans laquelle le
patient est sélectionné parmi un patient atteint du
SIDA, un patient subissant une thérapie immuno-
suppressive, un patient immunodéprimé, et un pa-
tient ayant subi une transplantation du rein.
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