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DETECTION OF CIRCULATING JC
POLYOMAVIRUS (JCPYV) MICRORNAS AS
BIOMARKER FOR JCPYV INFECTION

[0001] The invention relates to the quantitative analysis of
circulating JCPyV microRNAs (miRNA) in body fluid.
[0002] Infection with JC Polyomavirus (JCPyV) is
thought to occur early in childhood and it is estimated that
50-80% of the human population has been exposed to this
virus as they are seropositive for the VP1 protein, which is
the major constituent of the viral capsid.

[0003] The human JC polyomavirus (JCPyV) is the etio-
logical agent of Progressive Multifocal Leukoencephalopa-
thy (PML), a demyelinating disease of the brain caused by
Iytic infection of oligodendrocytes upon viral reactivation.
JCPyV is a circular double-stranded DNA virus with very
restricted cellular tropism, infecting oligodendrocytes, astro-
cytes, kidney epithelial cells and peripheral blood cells. It is
thought that infection usually occurs asymptomatically in
childhood, after which the virus remains latent in the body.
Under certain immunocompromising conditions, such as
treatment with immunomodulatory drugs (e.g. natalizumab)
or infection with Human Immunodeficiency Virus (HIV),
the virus can be reactivated and actively replicate into the
brain, leading to PML. Current risk assessment for devel-
opment of PML is mainly based on the detection of anti-
bodies against VP1, the major capsid protein and the detec-
tion of viral DNA in urine (viruria). It has been reported that
50 to 80% of humans are seropositive for JCPyV and
approximately one fifth of the population sheds JCPyV in
the urine. Detection of viral DNA in plasma (viremia) is very
rare and has been shown not to be useful for predicting PML
risk. Recently it was shown however that viral DNA can be
detected in CD34* or CD19* cells, with an increased detec-
tion rate in Multiple Sclerosis (MS) patients treated with
natalizumab. As the risk of developing PML increases upon
prolonged use of natalizumab, current treatment guidelines
recommend discontinuation of therapy after the second year,
particularly in JCPyV seropositive patients. Given the high
prevalence of JCPyV antibodies, a large number of patients
are advised to discontinue therapy. Although most, if not all,
PML patients are seropositive or show seroconversion
before diagnosis of PML, the overall incidence of PML in
natalizumab-treated MS patients is not more than 1.1% in
the highest risk group, indicating that not all seropositive
subjects have the same risk of developing PML. Moreover,
the introduction of a risk stratification algorithm, predomi-
nantly based on JCPyV serology, has not led to a reduction
of PML incidence in natalizumab-treated MS patients.
Therefore, development of new tools for improved risk
stratification is highly needed, as this might justify contin-
ued therapy for many MS patients and better identify those
patients who are really at risk of developing PML.

[0004] MicroRNAs (miRNAs) are small, non-coding
RNAs that play an important role in fine-tuning the expres-
sion of specific gene products through translational repres-
sion and/or mRNA degradation and as such are implicated in
many diseases. Cellular miRNAs can also be released in
small vesicles, such as exosomes and the levels of these
extracellular miRNAs in biological fluids have become very
valuable markers of several diseases, such as cancer,
Alzheimer’s disease and diabetes. In the context of JCPyV,
it was shown that there does not appear to be a relationship
between circulating human miRNAs and the presence of
anti-VP1 antibodies or urinary viral load.
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[0005] Several viruses encode their own sets of miRNAs,
which can have self-regulatory or host modulating roles.
Also ICPyV, as well as other polyomaviruses, encodes its
own unique microRNA that is produced as part of the late
transcript in an infected host cell. These microRNAs are
thought to play an important role in controlling viral repli-
cation through downregulation of Large T-Antigen expres-
sion, but also in controlling NKG2D-mediated killing of
virus-infected cells by natural killer (NK) cells through
downregulation of the stress-induced ligand ULBP3. The
diagnostic potential of circulating viral miRNAs has already
been investigated for Epstein-Barr virus and Kaposi’s sar-
coma-associated herpesvirus (KSHV), where they might
represent potential markers for virus associated malignan-
cies. Also JCPyV miRNA has been shown recently to be a
useful biomarker for JCPyV infection in the gastrointestinal
tract.

[0006] The current invention relates to the detection of
JCPyV-encoded miRNAs in plasma or urine of healthy
subjects and whether the presence of these miRNAs is
related to VP1 serology or urinary viral load. It has been
demonstrated that these viral miRNAs can indeed surpris-
ingly be detected in plasma or urine and that they might be
useful markers for viral activity.

[0007] Our analysis of the plasma or urine levels of
JCPyV microRNAs has shown that more than 50% of
healthy subjects do have detectable levels of JCPyV micro-
RNAs thereby indicating these individuals are infected by
JCPyV. Remarkably, this detection of viral miRNA is inde-
pendent of the individual’s serostatus or whether viral
particles are detected in urine, thereby offering a novel
approach for assessing the viral status of a subject and giving
a more direct measure of the viral activity.

[0008] The invention comprises the quantitative analysis
of plasma levels of viral microRNAs, more in particular
JCV-miR-J1-5p and JCV-miR-J1a-5p by PCR-based tech-
nologies.

[0009] In a cohort of 50 healthy subjects it was investi-
gated whether jcv-miR-J1-5p (and its variant jev-miR-J1a-
5p) can be detected in plasma or urine of healthy subjects.
It was found that the overall detection rate of JCPyV miRNA
was 74% (37/50) in plasma and 62% (31/50) in urine.
Subjects were further categorized based on JCPyV VP1
serology status and viral shedding. In subjects that are
JCPyV seronegative a detection rate of 86% (12/14) and
57% (8/14) was found in plasma and urine, respectively. In
subjects that are JCPyV seropositive a detection rate of 69%
(25/36) and 64% (23/36) was found in plasma and urine,
respectively. Furthermore, in seropositive subjects shedding
virus in urine, higher levels of urinary viral miRNAs were
observed, when compared to seropositive subjects not shed-
ding virus in urine (P<0.001). No correlation was observed
between levels of urinary and plasma miRNAs. Taken
together, the data indicate that analysis of plasma or urinary
viral miRNAs divulge the presence of latent

[0010] JCPyV infection allowing further stratification of
seropositive individuals. Also, these data indicate higher
infection rates than would be expected from serology alone.
[0011] The current invention relates to a method to ana-
lyze the presence and/or activity of JCPyV in a subject by
quantitatively assessing the levels of circulating JCPyV
miRNAs within a sample derived from said subject by
detecting said circulating JCPyV miRNAs comprising the
steps of:
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[0012] 1i. Extracting circulating JCPyV miRNAs from a
sample derived from a subject and producing JCPyV
miRNA containing miRNA extract;

[0013] 1ii. Reverse transcribing said JCPyV miRNA
containing miRNA extract and producing JCPyV
miRNA cDNA;

[0014] iii. Amplifying said JCPyV miRNA cDNA and
forming a plurality of amplified JCPyV miRNA cDNAs
and a plurality of complementary JCPyV miRNA
cDNAs; and

[0015] iv. Detecting the presence and/or quantifying
said plurality of amplified JCPyV miRNA c¢cDNAs or
said plurality of complementary JCPyV miRNA
c¢DNAs and detecting and/or quantifying said circulat-
ing JCPyV miRNAs in said sample.

[0016] The method according to the invention also relates
to detecting and quantifying said circulating JCPyV miR-
NAs in said sample identifying a JCPyV-infected subject
subsequently.

[0017] In addition the invention relates to the method
wherein detection and quantification comprises:

[0018] i. Determining an amount of said plurality of
amplified JCPyV miRNA c¢DNAs or said plurality of
complementary JCPyV miRNA cDNAs;

[0019] ii. Determining a level of circulating JCPyV
miRNAs within said sample based on said amount; and

[0020] iii. Comparing said level to a standard control
level, wherein said level being higher than said stan-
dard control level indicative of said subject developing
or having PML.

[0021] The “subject” in the invention means a mammalian
subject, a human subject or preferably an immunocompro-
mised patient such as HIV-infected individuals or patients
treated with immunomodulatory drugs e.g. natalizumab.
[0022] Said sample is either a fluid sample, like blood or
urine, blood plasma or blood serum.

[0023] Although JCPyV is known to be the etiological
agent responsible for development of PML, it is also well-
known that this polyomavirus is widely distributed in the
human population without any clinical manifestation. The
level of the viral miRNAs in plasma and urine of healthy
subjects has now been analyzed. As is the case for other
polyomaviruses, JCPyV encodes a pre-miRNA that is fur-
ther processed into the mature 5p and 3p miR-J1s. The
pre-miRNA is encoded on the late strand of the viral genome
and is shown to be expressed concurrently with the late
mRNA transcript, thereby downregulating early transcript.
The presence of viral miRNAs might therefore be consid-
ered as a marker for latent infection. Since BKPyV and
JCPyV share the same 3p miRNA, only the 5p miRNAs
were included in this study.

[0024] Most of the healthy subjects have low but well-
detectable levels of viral miRNAs in total RNA extracts of
plasma or urine, even in subjects that are seronegative and
as such considered not to be infected. This finding indicates
that the analysis of antibodies against JCPyV VP1 is insuf-
ficient to identify infected individuals. Previous studies also
identified individuals that were seronegative but clearly
infected based on the fact that they were viremic in specific
cell compartments (CD34* cells) or plasma. Whereas in
most cases only a limited number of seronegative subjects
were found to be infected, our analysis of viral miRNAs in
plasma and urine identified, respectively 12 and 8 out of 14
seronegative individuals to be infected with JCPyV. Only 1
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seronegative subject was found to be negative for both
plasma and urine viral miRNAs. These data suggest that
JCPyV is capable of evading immune recognition by the
host’s humoral immune system and residing latently in the
body, with viral miRNAs leaking in the blood or urine as a
silent witness of this latent activity.

[0025] Similar to the findings in seronegative subjects,
also a large group of seropositive subjects was found to have
viral miRNAs in plasma or urine. 69% of seropositive
subjects were positive for plasma viral miRNAs and 64%
were found to be positive for urinary viral miRNAs. Given
the fact that viral miRNAs can only be produced upon
ongoing viral transcription in infected host cells, whereas
serology rather discloses information on exposure to the
virus and more in particular the response of the immune
system towards this exposure, the analysis of viral miRNAs
in seropositive subjects might add another level to the risk
prediction algorithms for PML development. Continued
treatment with immunomodulatory drugs in subjects that are
found to be seropositive might be justified in case they lack
miRNAs in plasma or urine, where otherwise treatment
would be discontinued.

[0026] Plasma levels of viral miRNAs in seropositive
subjects were not different compared to seronegative sub-
jects and both were close to the detection limit, indicating
that in healthy subjects only low activity of JCPyV is present
in the periphery, independent of their antibody status. In
contrast significantly increased urinary viral miRNA levels
were found in shedders. In this group of viral shedders, there
was also a strong correlation between urinary miRNA levels
and anti-VP1 antibody levels or urinary viral load.

[0027] Besides the discordance between urine and plasma
miRNA levels, also the identity of the detected miRNAs
(J1-5p or J1a-5p variant) was different in plasma and urine.
The most obvious explanation for these observations would
be that two independent viral propagation zones exist in one
individual: one in bone marrow cells, blood cells and
perhaps also brain cells (Bone-Blood-Brain)and a second
one in urinary tract cells. This hypothesis is also supported
by other work where sequencing analysis of the VP1 gene
and/or non-coding control region (NCCR) in samples
obtained from PML patients showed a similar dichotomy
between urine on the one hand and plasma and cerebrospinal
fluid (CSF) on the other hand. Whether crosstalk between
both viral propagation zones exists, is unclear and remains
to be investigated.

[0028] Increased viral replication in the urinary propaga-
tion zone, as determined by increased urinary viral load, is
accompanied by an increased level of urinary viral miRNAs.
This might at first sight appear in contradiction with the
observation that polyomavirus miRNAs, including JCPyV,
have been shown to downregulate expression of large T-an-
tigen and to suppress viral replication. This mechanistic
model does however not exclude that in subjects with high
urinary viral load, viral miRNAs are released at increased
levels as a consequence of high viral particle production, a
process that requires transcription of the late transcript,
which also encodes the miRNAs. Furthermore, several stud-
ies have shown that replication and infectivity of mutant
viruses lacking the viral miRNAs are not impacted, again
indicating that increased levels of viral miRNAs are not per
se associated with decreased replication in vivo. On the
other hand, these miRNAs can also be produced and
released from an infected cell without the need for active
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viral replication, as is also the case for herpes simples and
Epstein-Barr Virus during latent infection. This would in
fact also explain why no viral DNA can be detected in
plasma of healthy subjects, while viral miRNAs are detect-
able in a large number of these subjects. Taken together, low
levels of circulating viral miRNAs would serve as biomarker
for latent JCPyV infection and increased levels might be
indicative of increased viral activity. This raises the question
whether an increased viral replication in the bone-blood-
brain propagation zone, as is the case in PML patients, also
is accompanied by an increase in plasma viral miRNAs.
Therefore, it would be of great interest to determine miRNA
levels in plasma of PML patients, but even more to assess in
longitudinal studies whether plasma miRNA levels in MS
patients treated with natalizumab increase over time and as
such might serve as a monitoring tool for viral reactiviation.
Similar studies have been performed for the closely related
BKPyV in the context of kidney transplant patients devel-
oping polyomavirus-associated nephrophaty (PVAN) and
found strongly increased levels of miR-B1-5p in urine from
patients with PVAN. Also, a strong correlation appears to
exist between BKPyV encoded miRNAs and BKPyV DNA
in blood of infected renal transplant patients.

[0029] The current invention provides the potential for
development of a non-invasive method for early diagnosis of
PML (Progressive Multifocal Leukoencephalopathy) by
assessing the levels of circulating JCPyV miRNAs in plasma
or urine of a human being.

[0030] Experimental Part
[0031] Healthy Subject Samples
[0032] A total of 50 healthy subjects (HSs) were selected

for this study. The demographic description of the HS
population is presented in Table 1. Plasma samples and urine
samples were collected from all these HSs and stored at -80°
C. until further processing.

[0033] JC Polyomavirus Viral Load Assay Analysis of the
urinary viral load was performed as described previously in
“Van Loy T, Thys K, Tritsmans L, Stuyver L. J (2013)
Quasispecies analysis of JC virus DNA present in urine of
healthy subjects. PLoS One 8: €70950”. Analysis of the
plasma viral load was performed similarly, with the excep-
tion that 200 plL plasma was used for DNA extraction.
[0034] JC Polyomavirus VP1 Serology Assay

[0035] The anti-JCPyV antibody assay was performed as
described earlier in “Lagatie O, Van Loy T, Tritsmans L,
Stuyver L. J (2014) Circulating human microRNAs are not
linked to JC polyomavirus serology or urinary viral load in
healthy subjects. Virol J 11: 41”. Samples were considered
positive if OD values were higher than 2-fold the OD value
of the blank sample (i.e. log, test/ctr] >1).

[0036] Synthetic MicroRNA Molecules and Generation of
miRNA Standard Curves

[0037] Three RNase-free 5'-phosphorylated miRNA oli-
goribonucleotides were synthesized (Integrated DNA Tech-
nologies) for the validation of the miRNA assays, corre-
sponding to jev-miR-J1-5p (5'-phospho-
UUCUGAGACCUGGGAAAAGCAU-OH-3") (SEQ ID
No:1),  jev-miR-Jla-5p  (5'-phospho-UUCUGAGAC-
CUGGGAAGAGCAU-OH-3") (SEQ ID No:2) and bkv-
miR-B1-5p (5'-phospho-AUCUGAGACUUGGGAAGAG-
CAU-OH-3") (SEQ ID No:3). Stock solutions of 100 uM
synthetic oligonucleotide in RNase-free and DNase-free
water were prepared according to the concentrations and
sample purity quoted by the manufacturer (based on spec-
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trophotometric analysis). These stock solutions were diluted
to a concentration of approximately 3.32 pM, corresponding
to 2.10° copies/uiL. A total of six serial 10-fold dilutions were
prepared, starting from 2.10° copies/uL down to 2 copies/uL
and additional no template controls (NTC; zero copies) were
examined. Dilution series of each of the synthetic miRNAs
were made in RNase-free and DNase-free water.

[0038] Analysis of Viral miRNAs

[0039] Levels of circulating viral miRNAs were deter-
mined by means of quantitative reverse transcriptase PCR
(qQRT-PCR) with hydrolysis probe based miRNA assays,
purchased from Life Technologies. Specific assays were
used for jev-miR-J1-5p, jev-miR-J1a-5p and bkv-miR-B1-
Sp. As extraction and reverse transcription efficacy control,
assays specific for human miRNAs hsa-miR-26a, hsa-miR-
30b and mmu-miR-93 were included in the analysis.

[0040] Briefly, RNA was isolated from 200 pl. plasma or
urine using the miRNeasy kit (Qiagen) according to the
manufacturer’s instructions. Three ul. of total RNA (repre-
senting 20% of total RNA extract) or synthetic miRNA
solution was reverse transcribed using the pooled RT stem-
loop primers (Life Technologies), enabling miRNA specific
c¢DNA synthesis. Subsequently, 2.5 ulL of the RT product
(representing Y of total RT product) was pre-amplified by
means of a 12-cycle PCR reaction with a pool of miRNA
specific forward primer and universal reverse primer to
increase detection sensitivity. Diluted (1:8) pre-amplified
miRNA cDNA was then used as input for a 45-cycle gPCR
reaction with miRNA specific hydrolysis probes and primers
(Life Technologies). For analysis of the viral miRNAs, 2 ul.
of input was used. For analysis of the human miRNAs, 2 ul.
of input was used for urine derived miRNAs and 0.2 ulL was
used for plasma derived miRNAs. All reactions were per-
formed in duplicate on the LightCycler® 480 instrument
(Roche Applied Science). Quantification cycle (Cq) values
were calculated using the 2" Derivative method with a
detection cut-off of 40 cycles.

[0041] Only samples with quantifiable Cq values for both
duplicates were considered positive. Absolute miRNA levels
in plasma or urine were calculated based on the standard
curves for each specific miRNA assay. Limit of quantifica-
tion (LOQ) was defined as the miRNA concentration cor-
responding to a Cq value of 40, based on the standard curve
for the specific miRNA. For each sample, average Cq value
of'the 3 human control miRNAs was calculated and possible
outliers were identified using Grubbs’ test (using a signifi-
cance level of 0.05). In case outliers were detected, results
of the corresponding viral miRNAs were not included for
further analysis.

[0042]

[0043] Differences in relative occurrence of viral miRNAs
between groups were assessed using a Fisher’s test. Differ-
ences between groups were considered statistically signifi-
cant at P<0.05. Differences in miRNA levels between groups
were assessed using a Mann-Whitney test. Differences
between groups were considered statistically significant at
P<0.05. Correlation between different parameters was ana-
lyzed using linear regression. P-value was calculated to
determine whether slope was significantly non-zero and
goodness of fit was determined using r-value. All statistical
analyses were performed using GraphPad Prism v 5.04.

Statistical Analysis
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[0044] Results
[0045] Assay Linearity and Specificity
[0046] Plasma or urine levels of JCPyV miRNA were

analyzed using stem-loop RT followed by TagMan PCR
analysis. Since the 3p miRNA of JCPyV is identical to the
3p miRNA of BKPyV, only 5p miRNAs were investigated.
As we previously identified a variant of the JCV-miR-J1-5p
bearing one nucleotide difference compared to the miRNA
described in miRBase (designated JCV-miR-J1a-5p), assays
specifically designed for both variants were used, as well as
an assay detecting the closely related BKPyV 5p miRNA
(FIG. 1A). To evaluate the specificity of the assays, standard
curves were prepared of each miRNA (JCV-miR-J1-5p,
JCV-miR-J1a-5p and BKV-miR-B1-5p) and analyzed using
the three specific assays (FIG. 1B-1D). Relative detection
efficiency was calculated from the difference of quantifica-
tion cycle (Cq) between the specific assay and the non-
specific assay, using samples containing 2.10* copies/uL of
the individual miRNAs (FIG. 1E). Only marginal cross
reaction was observed for most combinations, but a sub-
stantial cross reaction was observed between JCV-miR-J1a-
5p and BKV-miR-B1-5p. Therefore, for every single clinical
sample, the contribution of non-specific amplification was
calculated and confirmed to be negligible compared to the
specific signal of JCV-miR-J1-5p or JCV-miR-J1a-5p. For
the BKV-miR-B1-5p assay, however, the calculated contri-
bution of JCV-miR-J1a-5p in most cases was similar to the
measured levels, indicating that the BKV-miR-B1-5p assay
in most cases actually was detecting JCV-miR-J1a-5p. Con-
sequently, we can conclude that in most samples BKV-miR-
B1-5p is absent or present at such low levels that they do not
interfere in the interpretation of the JCV-miR-J1-5p and
JCV-miR-J1a-5p analyses.

[0047] Analysis of JCPyV miRNA Levels in Plasma and
Urine
[0048] Plasma and urine samples were collected from 50

healthy subjects (HS) and JCPyV VP1 serology and both
plasma and urinary viral load was determined . Based on
these parameters, subjects were categorized as Ab™, Ab*VL~
or Ab"VL* (Table 1). Among these 50 HSs JCPyV VP1
antibody prevalence was 72% (36/50) and 36% (13/36) of
this group were shedding virus in their urine, representing
26% (13/50) of the total study population. In the JCPyV VP1
seronegative group, no urinary virus shedding was observed.
We found no subjects with detectable JCPyV DNA in
plasma, similar to previous observations.

[0049] Total RNA, including microRNAs was isolated
from both urine and plasma and the level of JCPyV 5p
miRNA was quantified in all samples (FIG. 2). The overall
detection rate of JCPyV miRNA was 74% (37/50) in plasma
and 62% (31/50) in urine (FI1G. 3A). Further analysis of the
different subgroups shows that JCPyV miRNA was detected
in plasma or urine from HS from all subgroups (Ab~,
Ab*VL™ or Ab*VL™) at similar detection rates (P>0.05
between the subgroups for both plasma and urine). In the
seropositive group, JCPyV 5p miRNA was detected in
plasma of 69% (25/36) of subjects and in urine of 64%
(23/36) of subjects. Remarkably, also in the seronegative
group, JCPyV 5p miRNA was detected in plasma of 86%
(12/14) of subjects and in urine of 57% (8/14) of subjects.
These detection rates were not statistically different com-
pared to those in seropositive subjects (P>0.05 both for
plasma and urine).
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[0050] Quantitative analysis of JCPyV 5p miRNA indi-
cated plasma levels of JCPyV 5p miRNA were similar in the
three different subgroups (FIG. 3C). In urine, significantly
higher levels (P<0.001) were observed in the subgroup
shedding JCPyV in their urine compared to the subgroup not
shedding JCPyV in their urine (FIG. 3D). No correlation was
observed between plasma levels and urine levels of JCPyV
S5p miRNA (FIG. 3B). Remarkably, while in plasma higher
levels of JCV-miR-J1-5p were detected than JCV-miR-J1a-
5p, in urine both variants were detected at similar levels
(FIG. 2). Also, the identity of the miRNAs (J1 or J1a variant)
was not correlated between urine and plasma. Comparison
of JCPyV 5p miRNA levels with JCPyV VP1 serology or
urinary viral load showed that, specifically in the subgroup
of JCPyV shedders (Ab*VL™") a good correlation (P<0.005
, 1=0.78) exists between miRNA levels and antibody levels,
as well as a moderate correlation (P=0.07, r=0.57) with
urinary viral load (FIG. 4A-4B). No correlation could be
observed between plasma miRNA levels and any other
parameter analyzed (FIG. 4C-4D).

FIGURE LEGENDS

[0051] FIG. 1. Validation of the stem-loop RT-PCR
miRNA assays. (A) Sequence comparison of the three
miRNAs investigated. (B-D) The assay linearity and speci-
ficity was evaluated with dilution series of three synthetic
miRNAs, miR-J1-5p, miR-J1a-5p and miR-B1-5p. Each
dilution series was analyzed using the three miRNA assays.
(E) The assay readings of miR-J1-5p by miR-J1-5p assay,
miR-J1a-5p by miR-J1a-5p assay, and miR-B1-5p by miR-
B1-5p assay at concentration levels of 2.10* copies/uL
extract were used as the relative standards (100%) for the
analysis of assay cross-reactivity.

[0052] FIG. 2. Individual levels of jev-miR-J1-5p and
jev-miR-J1a-5p in plasma and urine. Plasma and urine levels
(in log copies/ml.) of the two JCPyV miRNA variants
(jev-miR-J1-5p and jcv-miR-J1a-5p) in every individual
subject.

[0053] FIG. 3. JCPyV miRNA levels detected in plasma
and urine of healthy subjects, categorized based on serology
and urinary viral load. (A) Number of subjects with detect-
able levels of JCPyV miRNAs in plasma and urine in the
different groups. (B) Correlation between plasma and urine
levels (in log copies/mL) of JCPyV miRNAs. (C) Plasma
levels (in log copies/mL.) of JCPyV miRNAs in the different
groups. In case both variants were detected, the sum of both
levels is presented. (D) Urine levels (in log copies/mL.) of
JCPyV miRNAs in the different groups. In case both vari-
ants were detected, the sum of both levels is presented.

[0054] FIG. 4. Viral miRNAs related to other viral param-
eters. (A) Correlation between JCPyV miRNA levels (in log
copies/mL) in urine and JCPyV VPI serology (in loge
test/ctrl). Shedders are indicated in red and P-value and r
value are based on this subset only. (B) Correlation between
JCPyV miRNA levels (in log copies/ml.) in urine and
JCPyV urinary viral load (in log copies/mL) in shedders. (C)
Correlation between JCPyV miRNA levels (in log copies/
mL) in plasma and JCPyV VP1 serology (in loge test/ctrl).
Shedders are indicated in red and P-value is based on this
subset only. (D) Correlation between JCPyV miRNA levels
(in log copies/mL) in plasma and JCPyV urinary viral load
(in log copies/mL) in shedders.
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TABLE 1 TABLE 1-continued
Overview of subjects investigated Overview of subjects investigated

) ) Variable Healthy Subjects (n = 50)

Variable Healthy Subjects (n = 50)
VP1 serology, n (%)

Gender, n (%)
Positive 36 (72%)
Negative 14 (28%)

0,

Male 22 (44%) Viruria, n (%)

Female 28 (56%)

Age, median (Min-Max) 40.5 (23-59) Positive* 13 (26%)

Race, ethnicity, n (%) Negative 37 (74%)
Viremia, n (%)

‘Whit 38 (76% .

e ( . % Positive 0 (0%)
Black 3 (6%) Negative 50 (100%)
Asian 8 (16%)

Other/unknown 1 (2%) *All viruric subjects were part of the VP1 seropositive subgroup
SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 3

<210> SEQ ID NO 1

<211> LENGTH: 22

<212> TYPE: RNA

<213> ORGANISM: JC polyomavirus

<220> FEATURE:

<221> NAME/KEY: source

<222> LOCATION: 1..22

<223> OTHER INFORMATION: /organism=“JC polyomavirus”
/mol_type=“unassigned RNA”

<400> SEQUENCE: 1

uucugagacc ugggaaaagc au 22

<210> SEQ ID NO 2

<211> LENGTH: 22

<212> TYPE: RNA

<213> ORGANISM: JC polyomavirus

<220> FEATURE:

<221> NAME/KEY: source

<222> LOCATION: 1..22

<223> OTHER INFORMATION: /organism=“JC polyomavirus”
/mol_type=“unassigned RNA”

<400> SEQUENCE: 2

uucugagacc ugggaagagc au 22

<210> SEQ ID NO 3

<211> LENGTH: 22

<212> TYPE: RNA

<213> ORGANISM: BK polyomavirus

<220> FEATURE:

<221> NAME/KEY: source

<222> LOCATION: 1..22

<223> OTHER INFORMATION: /organism=“BK polyomavirus”
/mol_type=“unassigned RNA”

<400> SEQUENCE: 3

aucugagacu ugggaagagc au 22
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1. A method to analyze the presence and/or activity of
JCPyV in a subject by quantitatively assessing the levels of
circulating JCPyV miRNAs within a sample derived from
said subject by detecting said circulating JCPyV miRNAs
comprising the steps of:

a. Extracting circulating JCPyV miRNAs from a sample

derived from a subject and producing JCPyV miRNA
containing miRNA extract;

b. Reverse transcribing said JCPyV miRNA containing
miRNA extract and producing JCPyV miRNA cDNA;

c. Amplifying said JCPyV miRNA c¢DNA and forming a
plurality of amplified JCPyV miRNA c¢cDNAs and a
plurality of complementary JCPyV miRNA cDNAs;
and

d. Detecting the presence and/or quantifying said plurality
of amplified JCPyV miRNA cDNAs or said plurality of

Aug. 3, 2017

complementary JCPyV miRNA cDNAs and detecting
and/or quantifying said circulating JCPyV miRNAs in
said sample.

2. The method according to claim 1 wherein detecting and
quantifying said circulating JCPyV miRNAs in said sample
identifies a JCPyV-infected subject.

3. The method according to claim 1 or 2, wherein said
detection and quantification comprises:

a. Determining an amount of said plurality of amplified
JCPyV miRNA ¢DNAs or said plurality of comple-
mentary JCPyV miRNA cDNAs;

b. Determining a level of circulating JCPyV miRNAs
within said sample based on said amount; and

c. Comparing said level to a standard control level,
wherein said level being higher than said standard
control level indicative of said subject developing or
having PML.



