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There have been a number of reports on the nucleotide
sequence analysis of the rearranged NCCRs to differentiate
patient-dependent JCV variants for PML diagnosis and/or to
examine the molecular pathogenesis of JCV [14, 19-29].
However, since multiple variants are frequently released into
the CSF of many PML patients, NCCR typing requires
molecular cloning of viral DNA, nucleotide sequencing, and in
silico analysis of mutations [14, 19-24]. Thus, the analysis of
NCCR patterns is labor-intensive, time-consuming, and highly
expensive, making it difficult to be undertaken routinely.

High-resolution melting (HRM) analysis is a rapid, sensitive,
closed-tube technique for the detection of DNA sequence vari-
ations. It relies on fluorescence melting curves obtained from the
transition of double-stranded DNA to single-stranded DNA as a
result of temperature increases [30]. HRM is used as a high-
throughput and low-cost method for mutation scanning and
genotyping in clinical practice and risk assessment, including the
characterization of viral genomes [31]. This study was under-
taken to develop and evaluate an HRM-based analysis technique
to distinguish the NCCR patterns of JCV variants.

Materials and methods
CSF specimens

The study protocol was approved by the Ethical Committee
for Biomedical Science in the National Institute of Infectious
Diseases (approval number 388 and 389). CSF specimens
were collected by lumbar puncture from 163 patients after
informed consent from the patients or their family members
was obtained, and then transferred from the respective hos-
pitals to the Department of Virology 1, National Institute of
Infectious Diseases, Tokyo, Japan, for the clinical testing of
JCV DNA as a part of routine medical practice. Twelve of
the subjects were diagnosed with PML on the basis of
neurological symptoms, magnetic resonance imaging pat-
terns, and the detection of JCV DNA in the initial CSF
testing. One hundred fifty-one patients were negative for
CSFE JCV as judged by real-time PCR testing.

DNA extraction and real-time PCR

Total DNA was extracted from CSF specimens using a
QIAamp DNA Blood Mini Kit (QIAGEN, Valencia, CA),
and the JCV DNA copy number in each sample was
determined using a real-time PCR assay as described pre-
viously [24, 32]. '

Cloning and sequencing of NCCRs

The NCCRs were amplified by nested PCR using CSF
DNAs from 12 PML patients and were cloned into a plasmid
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vector as reported earlier [24]. Sequencing of 96 NCCR
clones (8 clones/patient) from both sides of the insert was
performed using universal primers, and the nucleotide
sequences were compared to that of the archetype CY strain
recovered from a healthy Japanese individual (GenBank:
AB038249.1) [33] using the CLC Genomics Workbench
6.0.1 software program (CLC bio, Aarhus, Denmark) as
described previously [24]. In each specimen, at least 5 of the
8 NCCR clones had identical sequences and were used as
representative clones for HRM typing.

HRM analysis of cloned NCCRs

The viral genome of archetype JCV (CY strain) was pro-
vided by the RIKEN BRC through the National Bio-
Resource Project of MEXT, Japan. A pair of primers,
JCHRM-F (5'-CCT CCT AAA AAG CCT CCA CG-3)
and JCHRM-R (5'-AGA AGC CTT ACG TGA CAG C-3"),
which correspond to nucleotides 5064-5083 and 282-300
within the circular genome of JCV CY strain, respectively,
was designed to anneal to highly conserved sequences
adjacent to the NCCR. Custom-synthesized and cartridge-
purified primers were obtained from Life Technologies
(Gaithersburg, MD). Real-time PCR amplification and
HRM analysis were carried out in a single tube and a single
run using a LightCycler Nano System and ResoLight, a
DNA-intercalating fluorescent dye (Roche, Penzberg,
Germany) according to the protocols supplied by the
manufacturers. For HRM analysis of the plasmid-cloned
NCCRs, the reaction was performed in a total volume of
20 pL. containing 10 pL of the LightCycler 480 High
Resolution Melting Master (Roche, Penzberg, Germany),
0.8 uL each of the 10 pM forward and reverse primers,
2 pL of 25 mM magnesium chloride (Roche), and 2 pl of
the plasmid DNA (10 ng/reaction). Amplification and real-
time fluorescence detection were performed using a
LightCycler Nano Instrument (Roche), and the cycling
conditions were 95 °C for 10 min, followed by 30 cycles of
95 °C for 10 s, 60 °C for 25 s, and 72 °C for 15 s. The
optimal cycle conditions and magnesium chloride con-
centration were determined by pilot experiments to prevent
background noise due to nonspecific amplification. HRM
analysis was performed immediately after cycling by first
heating to 95 °C, cooling to 40 °C, heating again to 65 °C
(all at 4 °C/s), and then melting at 0.05 °C/s with contin-
uous acquisition of fluorescence until 95 °C. The HRM
data were analyzed using the LightCycler Nano Software
(Roche) following the manufacturer’s instructions. The
melting curves were normalized and temperature shifted to
allow samples to be directly compared. Difference plots
were generated by selecting the reference DNA, converting
the melting profile to a baseline, and normalizing the
melting profiles of the other samples against this sample.
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The specificities of the amplified products were confirmed
by the conventional direct sequencing method.

HRM analysis of JCV DNA in CSF samples

For mutation scanning of small amounts of viral DNA in
clinical specimens, the NCCRs were pre-amplified by
conventional PCR using CSF DNAs from 12 PML patients
and 151 CSF JCV-negative patients. To prevent over-
amplification, the JCV-positive CSF DNAs were diluted to
less than 10° copies per reaction and were used as PCR
templates. The JCV-negative CSF DNAs were directly
subjected to PCR without dilution. The outer primers, Al
(5'-TCC ATG GAT TCC TCC CTA TTC AGC ACT TTG
T-3') and A2 (TTA CTT ACC TAT GTA GCT TT-3'),
have been described previously [28]. PCR was performed
using a high-fidelity DNA polymerase with proofreading
activity in a 50-pL reaction mixture as reported previously
[24, 34]. Amplification was performed in a thermal cycler
(PCR Thermal Cycler Dice; Takara, Shiga, Japan) with
initial denaturation at 98 °C for 1 min, followed by 40
cycles of 98 °C for 10 s, 55 °C for 30 s, and 72 °C for

30 s, and a final extension at 72 °C for 5 min. The PCR
product was diluted tenfold with PCR-grade water and
subjected to the real-time PCR-HRM assay as described

-above.

Nucleotide sequence accession numbers

NCCR sequences were submitted to the DNA Data Bank of

Japan (DDBJ) and were assigned the accession numbers
GenBank/EMBL/DDBIJ: AB841277-AB841306.

Results

Nucleotide sequence analysis of the NCCRs of JCV
variants in CSF specimens from PML patients

The first series of analyses was conducted to examine the
NCCR patterns of JCV DNA detected in CSF specimens
from PML patients, using a conventional cloning and
sequencing approach (Table 1). The viral loads in CSF
specimens of 12 PML patients ranged between 2.06 x 10°

Table 1 PML patients and representative NCCR patterns of JCV variants detected in CSF specimens

leukemia

Patient  Underlying disease CSF viral load NCCR  Nucleotide sequence composition®
no. (copies/mL) clone 5 - - -
Deletion Insertion Single-base difference®
1 HIV infection 2.06 x 10° Os-1-1  60-78 81-108, 49-57 NA
2 HIV infection 226 x 10° Tk-5-2  108-123, 128-175 NA NA
3 HCV-related liver 3.06 x 10 Tk-16-4 91-159 158-194, 59-66, 60-92, T91C, C159A, G226A
disease 252-258
4 HIV infection 2.58 x 10* Ng-21-2  203-252 NA NA
5 HIV infection 427 x 10* Tk-24-1 116-178 181-205, 46-75, 98-113, NA
179-206, 47-113
6 HIV infection 2.69 x 10° Ir-30-1  54-76 NA C85G
7 Primary 521 x 10° St-29-4  37-38, 41-60, 77-142 NA
immunodeficiency 141-169, 220-257
syndrome
8 HIV infection 5.36 x 10° Hs-32-2  124-130 133-141, 40-107, 108-121, TI107A, G112T, G141A,
30-34 C159A, G217A
9 NA 9.93 x 10° Fo-39-1 112-167, 200-201 103-114, 168-199, 202-219, NA
30-111, 103-114
10 HIV infection 1.49 x 108 Ac-46-1 76-168, 189-224 37-86, 169-185, 163-166, NA
68-86
11 HIV infection 3.15 x 108 St-58-2  94-182 183-209, 49-91, 181-191, A208T, G217A
' 49-91, 181-207
12 Acute lymphoblastic 4.85 x 10° Os-47-1 88-178, 213-220 179-198, 108-150, 71-76 NA .

PML, progressive multifocal leukoencephalopathy; NCCR, non-coding control region; JCV, JC virus; CSF, cerebrospinal fluid; HCV, hepatitis C
virus; NA, not applicable

# The nucleotide numbers corresponding to the nucleotide positions within the JCV genome of the archetype CY strain are shown
® «60-78” indicates that 5'and 3' nucleotide positions 60-78 are deleted

¢ “T91C” indicates that T at the nucleotide position 91 in the archetype NCCR is C
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Table 2 Frequency and sequence differences in the rearranged NCCRs cloned from CSF specimens of PML patients

Patient NCCR Accession Frequency Size Nucleotide sequence composition®
no. clone no. (bp) - — -
Deletion Insertion Single-base
difference®
1 Os-1-1 AB841277  6/8 285 - - -
Os-1-7 ABS841278  1/8 285 NA NA T222C
Os-1-3 AB841279  1/8 285 NA NA Al151G, G163A
2 Tk-5-2 ABR41280 /8 203 - - -
Tk-5-1 AB841281  1/8 203 NA NA C56A
3 Tk-16-4 AB841282  6/8 283 - - -
Tk-16-2 AB841283  1/8 283 NA NA A211G
Tk-16-10  ABS841284  1/8 283 NA NA ARG
4 Ng-21-2 AB841285 /8 217 - - -
Ng-21-5 AB841286  1/8 217 NA NA A56G
5 Tk-24-1 ABB41287  7/8 370 - - -
Tk-24-8 AB841288  1/8 370 NA NA A293G
6 Ir-30-1 AB841289  8/8 244 - - -
St-29-4 ABB841290  5/8 244 - - -
St-29-7 AB841291 278 264 NA 43-60 NA
St-29-2 AB841292 1/8 264 NA 43-60 T91C
8 Hs-32-2 AB841293  6/8 356 - - -
Hs-32-8 AB841294  1/8 356 NA NA C90G, T205G
Hs-32-10  AB841295  1/8 355 NA NA del29, T205G
9 Fo-39-1 AB841296  6/8 365 - - -
Fo-39-5 AB841297 1/8 365 NA NA Al152G
Fo-39-7 AB841298  1/8 365 NA NA T353C
10 Ac-46-1 AB841299  5/8 228 - - -
Ac-46-8 ABS841300  1/8 228 NA NA C116T
Ac-46-2 ABS841301  1/8 230 NA 232-233 NA
Ac-46-5 AB841302  1/8 189 62-100 NA NA
11 St-58-2 ABS841303  6/8 329 - - -
St-58-3 ABS841304  2/8 242 122-140, 151-167, 172-177, NA C149G, A150G,
240-284 A179G -
12 Os-47-1 AB841305  7/8 237 - - -
Os-47-9 AB841306  1/8 248 NA 88-90, 159-163, NA

156-158

NCCR, non-coding control region; CSF, cerebrospinal fluid; PML, progressive multifocal leukoencephalopathy; NA, not applicable

# The NCCR sequences were compared to those of the frequent patterns in each CSF specimen (minus symbols)

® The nucleotide numbers corresponding to the nucleotide positions within the JCV genome of the archetype CY strain are shown as the

sequences were partially deleted in some frequent patterns

° “T222C” indicates that T at the nucleotide position 222 in the frequent NCCR pattern is C

and 4.85 x 10® copies/mL. The DNA fragments contain-
ing the NCCR were amplified by nested PCR, and their
nucleotide sequences were analyzed after plasmid cloning.
The NCCR patterns of the representative clones in each
specimen are shown. When compared to the archetype
sequence, all patterns had deletions, mainly in the C
(nucleotides 60-114) and/or D (nucleotides 115-180)
regions within the NCCR. Partial deletions were also
observed in other regions within the NCCRs of 7 of the 12
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clones. In 9 of the 12 NCCRs, short fragments were
inserted into the deleted regions, resulting in duplications.
Single-nucleotide differences within the NCCR were also
identified in 4 of the 12 NCCRs. Table 2 shows a com-
parison of the nucleotide sequences between the repre-
sentative and low-frequency NCCR patterns. In all PML
patients, except patient 6, multiple NCCR patterns were
identified in the same CSF specimen. The sequence com-
positions of these NCCRs differed among patients. These



High-resolution melting analysis of JC polyomavirus

Fig. 1 Comparisons of HRM 0.1a 0.164b 0.2 ¢C 0.057 d
profiles between the archetype 0.05 - f 0.08 - 0.1 — .
and rearranged NCCRs. The 0“"—"-=T‘:,"— o____‘iH_ h e L pr—TY
real-time PCR-HRM assay was 000?: \ .0.08- Vi :g;: 0,05 \ |
performed on the archetype 5,46 ‘l 0464 i 021 '; g |
NCCR (blue lines) and the 0.2 .0.24- | 0.4 f Ty v
. . 227 O0s-1-1 : Tk-5-2 2471 Tk-16-4 ¥ Ng-21-2
rearranged NCCRs listed in .0.25 —1—T— -0.32 T =& 11— 0,15 11
Table | (red lines) in duplicate. g 75 80 B5 90 95 75 B0 85 90 95 75 80 85 90 95 75 80 85 90 95
Differences in fluorescence 3
were determined by comparison g oi5qe " 0.19f g-g] g 0.129 h ;
with the data of the archetype S 011 fl 0.05+ ‘ G 0.08 - i
CH - { A | : i
NCCR. Similar results were S 008 i 0 T 0.1 /1 0.04 i
obtained from two other g O“W -0.05 \| - I | - I
: | -0.14 | 0 e e
experiments (color figure S -0.054 i -0.1 - :i _g ;A\ 008 N
online) = -0.14 -0.15 4 \ ,0'3~ -0.Ua 4
-24- Ir-30-1 | 34 8t-29-4 Hs-32-2\
g -0.15 r*Tk !24 1| T 1 -0.2 310 T ™ -0.4 T T T 1 -0.08 T T T ]
ig 75 80 85 90 95 75 80 85 90 95 75 80 85 90 95 75 80 85 90 95
< . -
X 0.12+j 0.149j — O3k e 0.1+ | ——
0.08+ A ' 0 ‘ 0
0.04 - I 0.1+ '0-;" -0.1-
0“:@"%‘,‘:: -0.24 :g'aﬁ 0.2
-0.04 il -0.3 | 0.4 -0.3 4
] ¥ {
-0.08+ 0.4+ V 0.5 v -0.4 '
019 | FO-39-1 | os | Ac-46-1 oo]st58-2 05| 0s:47-1

T T 1
75 80 85 90 95

data suggest that the NCCRs of JCV from each individual
exhibited patient-dependent mutational patterns.

Detection of NCCR mutations by real-time PCR-HRM
analysis

The next series of analyses was carried out to examine
whether the real-time PCR-HRM assay could detect the
mutations in the sequence-determined NCCRs. The
archetype and representative NCCRs in Table | were
amplified by real-time PCR, and the temperature-shifted
difference plots of each product were determined by HRM
analysis. Baseline data were obtained from the archetype
NCCR (Fig. 1, blue lines). When the rearranged NCCRs
were used as PCR templates, HRM profiles clearly devi-
ated from the baseline in the positive and/or negative
direction on the y-axis during the temperature shifts
(Fig. 1, red lines). Figure 2a shows the results of the HRM
profiles for each NCCR with reference to the rearranged
NCCR sequence. When the data from the NCCR clone Os-
1-1 were set as a baseline, the HRM profiles of these
sequences appeared to differ from those of the other clones
(Fig. 2a). In addition, the HRM profiles of the NCCRs
differed from each other when any NCCR clones were set
as the baseline (data not shown). The experiments shown in
Fig. 2b were performed to determine whether the real-time
PCR-HRM assay could discriminate between the minor
sequence differences in NCCR clones derived from the
same CSF specimen. The real-time PCR-HRM analyses

T T T 1
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T T 1 T T T 1
75 80 85 90 95 75 80 85 90 95

Temperature (°C)

were performed using the representative and other DNA
clones as PCR templates (Table 2). The HRM profiles of
the minor NCCRs were compared with reference to those
of the representative clones as a baseline. Although the
HRM profiles seemed to be similar, the NCCR patterns
could be discriminated in all template combinations except
NCCR clones Tk-16-10 and Tk16-4 (94.4 %). These data
demonstrate that the real-time PCR-HRM can be used for
the differentiation of DNA sequences of the archetype and
rearranged NCCRs.

Scanning of NCCR mutations within the JCV genome
detected in CSF specimens from PML patients by real-
time PCR-HRM analysis

To analyze low-copy JCV DNA in clinical specimens, the
real-time PCR-HRM assay was improved by the use of a
nested PCR technique (hereafter “nested PCR-HRM”).
When the pre-amplified products of conventional PCR
using outer primers were used as templates, nested PCR-
HRM was capable of detecting and scanning at least 20
copies of NCCR fragment per reaction. The nested PCR-
HRM analysis was performed on JCV-positive and -nega-
tive CSF DNAs (12 and 151 specimens, respectively).
Baseline data were obtained from the archetype NCCR
(Fig. 3, blue lines). The assay detected JCV NCCR in all
JCV-positive specimens, and HRM patterns of JCV
NCCRs from these samples (Fig. 3, red lines) appeared to
differ from those of the archetype JCV (Fig. 3, blue lines).
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Fig. 2 Comparisons of HRM profiles among the rearranged NCCRs
cloned from different specimens or the same specimen from PML
patients. The single-step PCR-HRM analyses were conducted using
the archetype NCCR (Arch.) and the rearranged NCCR clones listed
in Table 2 as described for Fig. 1. In panel a, the baseline data were
obtained from NCCR clone Os-1-1 (green lines), and the HRM
profiles of the representative NCCRs from different patients are

In contrast, no amplification signals were obtained from
any JCV-negative CSF specimens. It was also found that
the HRM profiles of JCV variants in each specimen were
similar to those of the cloned NCCRs (Fig. 1, red lines).
The experiments shown in Fig. 4 were conducted to assess
whether the nested PCR-HRM is able to distinguish the
NCCR patterns of JCV DNA variants in clinical speci-
mens. The nested-PCR HRM analyses were performed on
CSF DNAs from PML patients after obtaining baseline
data from each clinical sample as well as from the arche-
type JCV. The HRM profiles of the JCV variants from
patients 2 to 4 (Fig. 4a, red lines) were different from those
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compared (red lines). In panel b, the HRM profiles of the rearranged
NCCRs (red lines) were calculated with reference to those of the
representative NCCRs cloned from the same patient (other colors).
The scale on the y-axis differs from that in panel a. The baseline data
are shown in parentheses (e.g., “1-1” indicates that the baseline data
are obtained from clone Os-1-1 (color figure online)

from patient 1 (Fig. 4a, green line). The analyses shown in
Fig. 4b were performed to determine whether the NCCR
patterns could be numerically distinguished by the nested
PCR-HRM assay in all combinations of CSF DNAs. The
maximum values of the fluorescence differences from the
baselines were determined as indicated in Fig. 4a. When
the HRM data of CSF DNAs from each PML patient were
used for the baseline, the HRM patterns of the NCCRs
were different from each other. These data demonstrate
that the nested PCR-HRM assay can distinguish the NCCR
patterns of JCV variants in clinical specimens without the
cloning and sequencing of viral DNA.
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Discussion

In this study, two types of HRM assays were established in
combination with single-step and nested PCRs for the
NCCR scanning of cloned JCV DNA and JCV variants,
respectively, in CSF specimens. The HRM analyses devel-
oped in this study are thought to be unique in that the virus
variants can be discriminated by the patient-specific and
hypervariable mutations in the NCCRs without nucleotide
sequencing. Because of highly variable mutations, it is dif-
ficult to distinguish rearranged NCCRs using real-time PCR
with a specific oligonucleotide probe. Recently, Rys-
chkewitsch et al. have reported a probe-based real-time PCR
assay targeting a partial sequence within the archetype
NCCR, which is frequently deleted in the rearranged
NCCRs of PML-type JCV variants [35]. This probe-based
PCR is highly sensitive and quantitative, and is similar to the
PCR-HRM developed in this study in that both of these aim
to distinguish the archetype JCV from the JCV variants with
rearranged NCCRs. However, when we analyzed the primer
and probe sequences used for the probe-based PCR in silico,
it was noticed that several rearranged NCCRs of PML-type
JCV contain target regions as shown in this study (clones
Os-1-1, Os-1-7, Ng-21-2, Ng-21-5, and Ir-30-1) and in a
previous report by Gosert er al. [19]. Thus, the possibility
cannot be excluded that the probe-based PCR detects the
rearranged NCCR as the archetype. If these NCCR patterns
are dominant in the clinical specimens, the detected virus
may be judged to be either the archetype or a mixture of the
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archetype and PML-type viruses. In addition, the probe-
based PCR assay cannot detect rearranged NCCRs, while
the current PCR-HRM assays can differentiate the muta-
tional patterns of the rearranged NCCRs.

An important aspect of the single-step PCR-HRM assay
is that it is able to compare the NCCR patterns of cloned
JCV DNA in about 1 hour. The differences in NCCR
patterns can be measured rapidly and semi-automatically
without sequencing and in silico analyses. The nucleotide
sequencing analyses of NCCRs are generally performed
using multiple clones from a single specimen, and the
highly variable mutations have to be examined in silico by
repeatedly aligning partial sequences to the archetype
NCCR. Thus, the number of target clones can be reduced
by using HRM scanning prior to sequence analysis. In
addition, the present assay was able to distinguish the
mutational patterns of multiple NCCRs cloned from CSF
specimens from the same patient. The single-step PCR-
HRM assay developed in the present study may serve as a
quick and convenient tool for comparing the mutational
patterns of JCV NCCRs, not only as part of PML diagnosis
but also in various studies examining JCV variant popu-
lations. Although the amplification efficiency of the single-
step PCR-HRM is low, the assay possesses one advantage
in that the results are not influenced by contamination with
small amounts of DNA when using high-copy plasmids as
PCR templates.

Since the real-time PCR assay for JCV testing is gen-
erally designed to detect highly conserved regions within

@ Springer



K. Nakamichi et al.

a Patient 2 Patient3 Patient 4
0.08- {Patient 1) 0.2~ (Patient1) 0.24~ (Patient 1}
g 0.04 - 044 0.184. .
£ | [S— o I/ 012
&0 4] e 0,14 0.06
>8 oo 0.2 |
e -6.34 ooed 0\ |
80X
$SE -0.08 1 PRR i 024 A
e R e e T L E e e T S L e ——
75 80 85 90 95 75 80 85 90 95 75 80 85 90 95
Temperature (°C)
bo.g-
0.8+ o
- o
‘e 0.7 1
=
o
(%] -
S 06
8
o 0.5
8
3 0.4 4
=
]
2 0.3 4
S
3
[ .
202
0.1+
(-]
0 T T T T T T T T T T T T ¥
P O N M % W ©® M~ O O O —
< T s
5 E £ £ £ £ € € £ € uww aw s
$ & 9 © ® ® © © ©& O © £ ©
2 B B B =5 = B = = =5 0 0 0
5 ® ® ® © © © © © ®© = T =
c 0 0 o0 4 O 4 o o o © @
< a o a
Baseline

Fig. 4 Differentiation of HRM profiles of JCV NCCRs among PML
patients. The nested PCR-HRM analyses targeting NCCRs were
performed as described in Fig. 3. In panel a, the HRM profiles of
NCCR patterns in the CSF specimens from patients 2 to 4 (red lines)
with reference to those from patient 1 (green lines) are shown to
represent the maximum values of fluorescence differences (dotted
lines). In panel b, the baseline data were collected from CSF DNA of
one PML patient, as indicated below the x-axis (blue), and the
fluorescence differences of other CSF samples are shown in box-and-
whisker plots (n = 11). The HRM profiles of all CSF samples with
reference to the archetype JCV DNA are also shown (yellow,
n = 12). The red horizontal line within each box is the median; the
lower and upper boundaries are the 25th and 75th percentiles,
respectively; vertical whiskers extend over the range, and open circles
show outliers (color figure online)

the viral genome [34, 36-38], sporadic contamination due
to sample-to-sample carryover of positive control or JCV-
positive specimens during sample processing, DNA
extraction, and PCR template preparation is difficult to
control by sequencing of the PCR product. As shown in
Fig. 4, NCCR typing is thought to be useful to exclude the
possibility of DNA contamination from JCV-positive
specimens. For PCR amplification of the full-length
NCCR, nested PCR was generally conducted due to the
low amplification efficiency [14, 19, 28]. In agreement with
previous reports, the authors could not find appropriate
primers or cycle conditions for highly sensitive single-step
PCR. Thus, the nested PCR-HRM analyses were performed
to detect small amounts of PCR templates in clinical
samples. Although this nested PCR-HRM assay requires

@ Springer

the pre-amplification of target sequences by conventional
PCR, the NCCR patterns of CSF JCVs can be discrimi-
nated in a total of about 2 hours without cloning or
sequencing. When NCCR typing is conducted routinely for
diagnostic purposes, it is ideal that the procedures involv-
ing electrophoresis and plasmid cloning of the PCR pro-
ducts is minimized to eliminate the risk of DNA
contamination. Since the HRM profiles of the CSF DNAs
from PML patients were similar to those of the cloned
NCCRs, the cloning and/or sequencing of target sequences
can be omitted for NCCR typing by the use of the nested
PCR-HRM. In addition, the absence of nonspecific
amplification was confirmed in the current assay using
more than 150 JCV-negative CSF samples. Since no spe-
cific treatment has yet been established for PML, restora-
tion of the immune system is the only treatment option for
the management of PML [1]. False-positive results in the
routine PCR testing for JCV DNA may influence thera-
peutic interventions, especially in moderating immuno-
suppressive therapies in HIV-negative PML patients. This
possibility can be reduced by the confirmation of PML
using HRM analysis. Thus, HRM-based scanning serves as
a powerful methodology, not only for basic research but
also for PML diagnosis, when combined with routine real-
time PCR testing.
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Progressive multifocal leukoencephalopathy (PML) is a fatal demyelinating disease caused by the JC polyomavi-
rus (JCV). Most patients with PML after renal transplantation have had poor outcomes. We describe a patient
with PML after renal transplantation who had a good response to the withdrawal of immunosuppressant
therapy. We performed quantitative real-time PCR testing for JCV DNA in cerebrospinal fluid (CSF), and assessed
mutation of the JC virus genome detected in the CSF. At the same time, we checked cranial magnetic resonance
imaging (MRI). Immunosuppressant therapy was discontinued immediately. The MRI scan that followed showed

PML markedly decreased numbers of high intensity signals, and the results of real-time PCR for JCV DNA in CSF

Renal transplantation

became negative. The patient had no other neurological deficits. Withdrawal of immunosuppressant treatment

JCvirus has a beneficial effect on the course of PML after renal transplantation, and quantitative PCR may facilitate the
[mmunosuppressant immediate withdrawal of immunosuppressant agents.

Therapy © 2014 Elsevier B.V. All rights reserved.
1. Introduction because of chronic allograft nephropathy. At 45 years of age, renal

Progressive multifocal leukoencephalopathy (PML) is a fatal demye-
linating disease caused by the JC polyomavirus (JCV) [13], and survivors
often have severe neurological sequelae. PML has been closely associated
with profound immunodeficiency in the setting of human immunodefi-
ciency virus (HIV) infection, hematologic malignancies, or autoimmune
disorders. Rarely, PML has been reported in solid-organ transplant recip-
ients. The estimated incidence in recipients of renal transplants is 0.027%
[10]. Most patients with PML after renal transplantation have had poor
outcomes [7]. We describe a patient with PML after renal transplantation
who had a good response to the withdrawal of immunosuppressant
therapy.

2. Case report

A 51-year-old woman had undergone living-donor renal transplan-
tation at the age of 22 years because of chronic renal failure with
glomerular nephritis. At 27 years of age, hemodialysis was resumed

* Corresponding author at: Department of Neurology, Nara Medical University, 840
Shijo-cho, Kashihara, Nara 634-8522, Japan. Tel.: +81 744 29 8860; fax: + 81 744 24-
6065.

E-mail address: hk55@naramed-u.ac.jp (H. Kataoka).

http://dx.doi.org/10.1016/j.jns.2014.03.048
0022-510X/© 2014 Elsevier B.V. All rights reserved.

transplantation was performed again. The titer of panel reactive antibody
(PRA) class I against human leukocyte antigen of the donor was as
high as a rate of 60.1%. The patient received intravenous immuno-
globulin (500 mg/kg/day, 5 days) and plasmapheresis (5 days)
with oral basiliximab (40 mg twice) to prevent antibody-mediated
rejection. Neutrophilic infiltration of glomeruli and peritubular cap-
illaries was confirmed histologically. Subsequently, cyclosporine
(100 mg/day), mycophenolate mofetil (MMF, 1000 mg/day), and pred-
nisone (10 mg/day) were given for 5 years.

In February 2012, she noticed numbness on the left side of the face
and the left limbs and was admitted to our hospital. Neck stiffness was
absent, and she was fully oriented. Except for mild weakness and invol-
untary movements in the left forearm, other neurological findings were
normal. The results of routine serum laboratory tests were normal,
including renal function, and HIV was negative. Initial cranial magnetic
resonance imaging (MRI) on day 2 after admission showed abnormally
high signal intensity in the right frontal and temporal lobes (Fig. 1a and
b). The white cell count and the protein concentration in cerebrospinal
fluid (CSF) were 5 cells/mm? and 44 mg/dl, respectively. Quantitative
real-time PCR testing for JCV DNA in CSF was positive, and the JCV
DNA load was 12,623 copies/ml. On nucleotide sequence analysis,
apparent mutations (deletions, insertions, or both) characteristic of
PML-type virus [9] were found in the non-coding control region of the
JCV genome in CSF (Fig. 2). PML was therefore diagnosed. The weakness



