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Amplification of HTLV-1-related Sequences among Patients with Neurological
Disorders in Highly Endemic Nagasaki: Lack of Evidence for Association of

HTLYV-1 with Multiple Sclerosis
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We studied DINA sequences homologous to HTLV-1 in peripheral blood mononuclear cells (PBMC)
of 30 patients with neurological disorders in Kyushu, where HTLV-1 is highly endemic. The regions
of HTLV-1 amplified by means of polymerase chain reaction (PCR) included U3, U5, gag, pol,
env and pX. Our system specifically detected HTLV-1 sequences only from HTLV-1-positive cells
and was sufficiently sensitive to detect one proviral copy per 10*° PBMC. All PCR-positive cases
were seropositive, including 4 cases of tropical spastic paraparesis/HTLV-1-associated myelopathy
(TSP/HAM) (4/4), and one case each of myasthenia gravis (1/7) and multiple sclerosis (1/8). The
PCR-positive rate of patients, excluding 4 TSP/HAM cases, was 8% (2/26), which is similar to the
seroprevalence of the adult population in the area. The data suggest that multiple sclerosis is not

associated with prototype HTLV-1,
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Human T-lymphotropic virus type 1 (HTLV-1), a
human retrovirus, is closely linked with adult T-cell
leukemia (ATL)"™ and tropical spastic paraparesis or
HTLV-1-associated myelopathy (TSP/HAM), a slowly
progressive spastic paraparesis with elevated antibodies
to HTLV-1 in cerebrospinal fluid (CSF) as well as
serum.®” These diseases cluster in areas endemic for
HTLV-1, including southwestern Japan,®*'? Africa'’ and
the Caribbean basin,'? and develop sporadically in the
United States and other developed countries.'”

Koprowski et al.' suggested the association of HTLV-
1 or a related virus with another neurological disorder,
multiple sclerosis {MS), based on the high prevalence of
antibodies to HTLV-1, and the presence of HTLV-1-
related RNA in T-cells of CSF of MS patients. However,
others could not find anti-HTLV-1 antibody in sera or
HTLV-1 RNA in CSF cells of patients with MS, 19
Using the newly developed polymerase chain reaction
(PCR) as a technique to detect specific DNA. sequences,
at least 2 recent reports have suggested the presence of
DNA sequences homologous to HTLV-1 in peripheral
blood mononuclear cells (PBMC) of MS patients.'” '
Neither of these PCR reports could demonstrate a posi-
tive association of the whole span of HTLV-1 genome
with MS. Moreover, areas with high incidence of MS'™
are not associated with endemic areas of HTLV-1. Actu-
ally, the MS patients studied in these reports had
originated from Sweden or the United States where
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HTLV-1 is not endemic. It seems worthwhile to study
how and to what extent HTLV-1 or related sequences are
involved in MS as well as other neurological disorders in
HTLV-1 endemic areas.

This prompted us to investigate the presence or ab-
sence of HTLV-1 or related sequences in patients with
neurological disorders in Nagasaki. The Nagasaki prefec-
ture is located at the western side of Kyushu, & south-
western island of Japan, where HTLV-1 is most heavily
endemic; the prevalence of HTLV-1 carriers in Nagasaki
is above 6% in the population over 40 years of age.”® We
applied PCR to DNA of PBMC of 30 patients in
Nagasaki using 6 primer pairs covering the whole span of
the HTLV-1 genome. We detected positive signals in
carriers, ATL and TSP/HAM patients, but could not
demonstrate a significant correlation of HTLV-1 integra-
tion with any other neurclogical disorder, including MS.

MATERIALS AND METHODS

Cells We obtained peripheral blood samples of 30 in- or
out-patients with various neurological disorders at
Kawatana National Hospital, Nagasaki, Japan. Blood
samples were coded at the hospital, and the identity and
clinical data of each patient were disclosed to the group
of people working in the laboratory only after all the
work had been finished. Some patients, including most of
the MS and TSP/HAM patients, were bled twice at a 1-
3 week interval and both specimens were included in the
coded samples. The control group consisted of blood



samples of two ATL patients, 30 HTLV-1 carriers and 70
normal healthy individuals determined by antibedy
screening. We also used two CD4+ T-cell lines infected
with HTLV-1, MT-2?" and TL-Su,”® and 2 CD4+ unin-
fected T-cell lines, Jurkat and CEM.?™

Detection of anti-HTLV-1 antibodies We screened
serum antibodies to HTLV-1 by the use of a commercial
gelatin - particle agglutination kit (Serodia-ATLA,
Fujirebio, Tokyo), paired with indirect immunofluores-
cence targeting a 1:4 mixture of MT-2 and CEM cells.
Indeterminate samples were confirmed by western-blot
analysis using MT-2 cell lysates as antigens. The sera
with positive signais at pl9, p24 and p28 bands were
judged as positive.*

Isolation of DNA PBMC were isolated by Ficoll-Conray
density gradient centrifugation followed by two washings
with phosphate-buffered saline.” High-molecular-weight
DNA of PBMC was isolated by the method described
previously’® with minor modifications. Briefly, PBMC
were lysed with buffer containing 0.5% SDS, 10 mM
Tris-HCl (pH 7.5), 2mMEDTA and 150 mM NaCl, and
digested with 0.5 mg/ml of proteinase K for 2 h at 50°C
and then overnight at 37°C. The lysates were extracted
once each with phenol, phenol/chloroform and chloro-
form, and dialyzed against 1 X TE (10 mM Tris-HCl, pH
8.0 and 1 mM EDTA). Then the samples were treated
with 20 ug/ml of RNase A, followed by proteinase K
digestion and phenol/chloroform extraction. The ex-
tracted DNA was precipitated with ethanol and finally
dialyzed against 1 X'TE.

PCR Oligonucleotides used as primers were synthesized
by the phosphoramidite method*” on a synthesizer (Ap-
plied Biosystems 380B, Foster City, CA). Base sequences
of the primers were derived from published sequences
of the complete HTLV-1 genome, AATK-1?® (all the
nucleotide positions in this report are based on the
AATK-1).

Sample DNA, 1 pg each, was added to a cocktail
adjusted to fina! concentrations of 10 mM Tris-HCl, pH
8.3, 50 mM KCl, 1.5 mM MgCl,, 0.019% gelatin, 0.2 mM
each of dATP, dGTP, TTP and dCTP, 100 pmol of each
primer and 2.5 units of Tag DNA polymerase (Perkin
Elmer Cetus, Norwalk, CT) in a total volume of 100 ul,
and subjected to 25 cycles of amplification.”” To prevent
evaporation, 100 yl of mineral oil was added. In each
cycle of PCR, the mixture was denatured at 94°C for 1
min (3 min for the first cycle), annealed at 60°C for 2
min and then extended at 72°C for 2 min on a DNA
thermal cycler (Perkin Elmer Cetus).

Analysis of PCR-amplified products A 10 ul aliquot of
the reaction mixture was loaded on a composite gel
containing 1.3% NuSieve/0.7% Seakem agaroses (FMC,
Rockland, ME) and electrophoresed in Tris/borate/
EDTA (TBE) buffer, pH 8.3. DNA on the gel was
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transferred onto a Zeta-Probe nylon membrane (Bio-Rad
Laboratories, Richmond, CA), and hybridized with a
suitable probe labeled with *P by using random
primers.* Hybridization was performed under high
stringency in rapid hybridization buffer (Amersham,
UK) at 65°C for 2 h. Membranes were then washed to a
final stringency of 0.1 X8SC (1X is 0.15 M NaCl/0.015
M sodium citrate, pH 7.0)/1% SDS at 65°C for 60 min
followed by exposure to Konica X-ray film (Konica,
Tokyo) with two Kodak X-Omatic regular intensifying
screens (Kodak, Rochester, NY) at —80°C.

We used 4 restriction fragments, A-D, of a cloned
HTLV-1 proviral DNA isolated from TL-Su cells (R.
Moriuchi, unpublished) as probes, which correspond to
the U3/U5, gag, pol, env/pX regions, respectively. The
probe A was a 0.8-kilobase (kb) Smal-Smal fragment
(nucleotides [nt]: 32-850); probe B, a 1.1-kb Smal-
Smal fragment (nt: 851-1932); probe C, a 1.2-kb Smal-
BamHI fragment (nt: 3932-5093); probe D, a 2.2-kb
BamHI-Smal fragment (nt: 6099-8308).

RESULTS

Strategy to select regions for PCR amplification Since a
hypothetical virus associated with neurclogical disorders,
such as MS, may be partially homologous to HTLV-1, we
picked various regions for amplification to cover the
whole span of the prototype HTLV-1 provirus, namely
U3, US, gag, pol, env, and pX (Table I). Since sequence
alterations can affect primer annealing, we selected only
consensus regions of the viral genome based on previ-
ously reported sequence data.’'™ Primer length, G+C
content, and intrastrandal complementarity were also
regarded for primer selection.

Specificity of PCR To ensure that specific signals were
successfully generated from HTLV-1-positive cells, we
tested the selected 6 sets of primer pairs on template
DNA from various HTLV-1-positive and negative cells.
Jurkat (Fig. 1a), PBMC from a normal individual (b)
and CEM (c) were uniformly negative. In contrast,
PBMC from an ATL patient (d), MT-2 (e) and TL-Su
(f) gave dominant hybridization signals of predicted
sizes for each region of HTLV-1. MT-2 cells generated
only a faint signal for the env region relative to other
regions (though not visible in Fig. le, lane 5, it was
positive in an over-exposed film). In all probability, this is
due to the integration of multiple defective copies of
HTLV-1 genomes in MT-2 cells.*® We further confirmed
the specificity of PCR on DNA of 30 HTLV-1 carriers
and 70 normal individuals. All samples of carriers were
PCR-positive for the four regions, namely U5, gag, pol
and pX regions. In contrast, all samples from normal
individuals were negative (data not shown).
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Table I. Nucleotide Sequences of Oligonucleotide Primers and Their Locations in the HTLV-1
Proviral Genome

P;‘a‘?:r Strand Location Sequence (5'—3") OfP lﬁeéll‘ft;fof;szts

U3 + 99-123 ACTAAGGCTCTGACGTCTCCCCCCG 250
- 148-324 CTGAACTGTCTCCACGCTTTTATAG

Us + 601-625 GTTCTGCGCCGTTACAGATCGAAAG 155
- 755-730 TGTGTACTAAATTTCTCTCCTGAGAG

gag + 802-820 ATGGGCCAAATCTTTTCCC 216
- 1017995 GAGTAGGCTGGCTAGGAGGGAGT

pol + 4319-4338 GTTTCACCCATTGCGGACAG 179
— 44984479 AATGGGTAATGTCGCCTTGC

eny + 6116-6139 GCGGTACCGGTGGCGGTCTGGCTT 150
— 62646241 ACTATTGCTTGAGTTAACTGGGAA

2.4 + 7302-7326 CCCACTTCCCAGGGTTTGGACAGAG 203

7504-7481 CTGTAGAGCTGAGCCGATAACGCG

“+” primers are complementary to the minus strand, and “—" primers to the plus strand.
Base numbers are based on AATK-1.%

123458 123458

Fig. 1. Specificity of PCR analysis for HTLV-1 sequences. One ug each of genomic DNA from HTLV-1-
negative cells (a, Jurkat; b, PBMC of a normal individual; ¢, CEM) and -positive cells {d, PBMC of an ATL
patient; ¢, MT-2; f, TL-Su) was amplified through 25 cycles of PCR using primers corresponding to U3, U5, gag,
pol, env and pX regions (see Table I). Amplified products were southern-transferred and hybridized with “P-
labeled restriction fragments in the respective regions of the cloned HTLV-1 proviral DNA. Lanes: 1, U3; 2, U5;
3, gag, 4, pol; 5, env: 6, pX,

These results indicated that each set of primer pairs homogeneous and similar to the prototype AATK-1,
specifically detected HTLV-1 proviral DNA in the cells  since all positive signals obtained from the 30 healthy
tested. We considered the endemic HTLV-1is reasonably ~ carriers corresponded with the predicted lengths (data
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Table II.  Summary of Thirty Patients with Neurological Disorders

. . No. cases
Diagnosis Abbrev.
Female Male Total

Multiple sclerosis MS 4 4 8
Spinal progressive muscular atrophy SPMA 0 2 2
Tropical spastic paraparesis/ TSP/HAM 4 0 4

HTLV-1 associated myelopathy
Spinocerebellar degeneration SCD 2 5 7
Myasthenia gravis MG 5 2
Chronic inflammatory CIDP 0 1 1

demyelinating polyneuropathy
Systemic lupus erythematosus SLE 0 1 1
Total 15 15 30

Table III. Anti-HTLV-1 Antibody of Sera and CSF, and HTLV-1 Proviral Sequences of PBMC in Patients
with Neurological Disorders

Patient No HILV-1 PCR
sex v Initial symptom Diagnosis antibody
age, serum CSF U3 Us gag pol eny pX
1, 31F optic neuritis MS — ND — - - — - —
2, 63M muscle weakness SPMA — ND — — - - — —
3, 64F paraplegia TSP/HAM + -+ + +
4, 58F ataxia SCD — ND - —
5, 38F optic neuritis MS - ND - -
6, 34M optic neuritis MS - ND — -
7, 62F paraplegia TSP/HAM + - + +
8, 47TM muscle weakness SPMA - ND — —
9, 42M ataxia SCD — ND — —
10, 57F ataxia SCD - ND — -
11, 69F diplopia MG + ND + +
12, 38F optic neuritis MS - ND - -
13, 535F diplopia MG - ND — -
14, 37TM sensory disorder CIDP — ND - -
15, 55M ataxia SCD - ND = -
16, 35M diplopia MG —- ND — —
17, 35M optic neuritis MS ND - - —
18, 42M optic neuritis MS — ND — — — — —
19, 48F paraplegia TSP/HAM + + + + + -+ +
20, 71F paraplegia TSP/HAM + + + + + + +
21, 39M ptosis MG - ND - — - - — —
22, 17TM fever SLE ND - - - — - -
23, 36F paraplegia MS - ND + — - - — -
24, 32F ptosis MG - ND — - — - — —
25, 39F diplopia MG — ND - — — - - —
26, 41F diplopia MG - ND - - — - — —
27, 27TM ataxia SCD ND - - - — - -
28, 28M ataxia SCD - ND - — - - — -
29, 55M ataxia SCD - ND — - — - —
30, I5M optic neuritis MS + - + + + + + +

See Table II for abbreviations of diagnoses. ND: not done.
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not shown). This assumption is consistent with previous
reports demonstrating that HTLV-1 isclated from vari-
ous parts of the world shows no more than 29 difference
in homology.*”

Sensitivity of PCR To estimate the sensitivity of PCR
we tried to obtain a cell sample with one copy of HTLV-
I DNA per cell. Since the MT-2 and TL-Su cells contain
multiple copies of the proviral DNA, we selected a
PBMC sample of an ATL patient which contained more
than 909% of ATL cells by morphological criteria. A
southern blot analysis of the cellular DNA after digestion
with EcoRI, which does not have a restriction site within
the proviral genome, indicated a single monoclonal inte-
gration of HTLV-1 genome per cell.

Serial 10-fold dilutions of the template ATL-DNA, 0.3
#g to 0.3 pg/PCR reaction, were used to test the sensitiv-
ity of assay system. With 25 cycles of PCR, southern blot
hybridizations probed with the respective restriction
fragments of cloned HTLV-1 DNA were at least 100
times more sensitive than that by direct reading after
enthidium bromide staining of the electrophoresed gels
{data not shown). For southern blots, the endpoint
dilutions of DNA preparations which gave positive hy-
bridization signals were 3 ng for the env region, and 0.3
ng for the other 5 regions (data not shown). We esti-
mated that the sensitivity of our PCR is sufficient to

.2 3435 6 7 B 910 11121314151617 18

- env ;

Fig. 2. Southern blot analysis of PCR products for HTLV-1-related sequences in patients with various neurological
disorders. One g each of genomic DNA from PBMC of the patients was subjected to PCR and analyzed by southern
blottings probed with the *P-labeled restriction fragments. Each panel shows the fraction of the predicted size of PCR
products (U3, 250; US, 155; gag, 216; pol, 179; eny, 150; pX, 203 bps). Final scoring was done in conjunction with the
reading of over-exposed films. Lanes: 1-30, patients with neurological disorders; 31, no-DNA reagent control; 32, a
normal individual; 33 and 34, ATL patients.

pX
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detect 10° DNA copies for env and 10° copies for the
other regions of HTLV-1. Since we inoculated cellular
DNA corresponding to 0.1 ml of blood per reaction, the
sensitivity of our system is calculated to be 10? cells (10°
cells for the env region) with a single copy of integrated
HTLV-] genome/ml blood, or approximately 0.1% of
mononuclear cells in blood. The reproducibility of our
technique was confirmed by the internal control, and the
results of the double samplings from most of the TSP/
HAM and MS patients. All blood samples obtained at
second bleeding gave consistent results with the first in
PCR, as in the case of antibodies.

Patients with neurological disorders Patients we tested
consisted of 8 MS, 2 spinal progressive muscular atrophy
(SPMA), 4 TSP/HAM, 7 spinocerebellar degeneration
(8CD), 7 myasthenia gravis (MG), 1 chronic in-
flammatory demyelinating polyneuropathy (CIDP) and
1 systemic lupus erythematosus (SLE) patients (Table
IT). All patients had been brought up and were residing
in Kyushu. They comprised 15 females and 15 males with
an average age of 41 (range, 17-71 years). The age at
onset of the diseases ranged from 13 to 65 years, and the
duration, from 1 to 24 years. All patients had received
clinical care and neurologic evaluation for at least 1 year
and were diagnosed according to strict criteria®™>® by a
group of experienced neurologists.

19 20 21 22 23 24 25 26 27 28 2930 3132 33_34
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Antibody to HTLV-1 Among these 30 patients, 6 were
seropositive for antibodies to HTLV-1. Each set of paired
sera gave consistent results. Seropositive cases consisted
of 4 TSP/HAM patients, an MS patient and an MG
patient. In addition, samples of cerebrospinal fluid (CSF)
of all 4 TSP/HAM patients were positive for antibodies
to HTLV-1. CSF of the seropositive MS patient was
anti-HTLV-1-negative (Table III}. The two control ATL
patients were seropositive and a normal individual was
seronegative.

Clinical aspects of TSP/HAM and MS patients All 4
patients diagnosed as TSP/HAM were typical cases of
TSP/HAM including anti-HTLV-1 antibody in CSF
(Table IIT). Most (7/8) MS patients were typical MS
cases with prominent signs of intracranial lesions and
remissions. Although case §30 was seropositive and had
spastic paraparesis below Té6, he also had retrobulbar
optic neuritis. But this was not diagnostic for MS or
TSP/HAM, since neuroophthalmologic manifestations
have been reported in TSP/HAM cases.*” Thus case #30
was diagnosed as MS, since he was negative for anti-
HTLV-1 antibody in CSF and his history contained a
spontaneous remission.

Association of HTLV-1 with neurological disorders
Three of 4 cases having been diagnosed as TSP/HAM
(43, #7, and #19) were PCR-positive in all 6 regions of
HTLV-1 genome tested, and the remaining case (#20)
was positive except for the env region (Fig. 2). Since our
PCR system has 1/10 sensitivity in the env region com-
pared to other regions, the negative result may be due to
the lower sensitivity of the env assay.

Of 8 patients with MS, 6 seronegative cases were
consistently negative in every region selecied for PCR.
The seropositive case (#30) was positive in all genomic
regions we tested. The remaining one seronegative case
. (#23) was positive only for the U3 region. The only
seropositive case (#11) of 7 MG pstients was positive in
PCR except for the U3 region. The remaining 23 cases
including 7 SCD, 2 SPMA, 1 CIDP and 1 SLE cases
were uniformly PCR-negative in all regions we tested as
well as seronegative. Since the U3 region gave discrepant
results for unknown reasons in some of the control
groups including healthy carriers and non-carriers
screened by immunological methods, we have less confi-
dence in the results with U3 region at this point. Thus,
our PCR system consistently detected DNA sequences of
U35, gag, pol, env and pX regions of HTLV-1 in ali
seropositive cases, and was negative in all seronegative
patients (Table IIT).

DISCUSSION

In order to test the possible association of HTLV-1
with MS in Nagasaki where HTLV-1 is highly endemic,
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we tested 30 patients with various neurological disorders
including 4 TSP/HAM and 8 MS patients using the PCR
technique. Prepared primer pairs specifically amplified
DNA fragments with predicted sizes from template
DNAs of cells containing HTLV-1 proviruses, but not
from those of HTLV-1-negative cells. The sensitivity of
our PCR was 10° DNA copies per PCR reaction, except
for env region where the sensitivity was 10° copies. The
reason for the lower sensitivity of env with our primer
pair is not known.

One of the major problems in the use of PCR for
diagnostic purposes is laboratory contamination.*”’ We
used disposable materials as far as possible, and spe-
cifically designated reagents and pipetting devices for
PCR use. We performed the DNA, isolation and the PCR
preparation in different rooms in the laboratory, both
isolated from those used for recombinant research deal-
ing with HTLV-1. Furthermore, the samples from
second bleeding of the same patients were included in
the coded samples as internal controls. Thus, we feel that
our results should have been uninfluenced by laboratory
contamination.

All of the TSP/ HAM patients (4/4) were PCR-posi-
tive. This is not surprising because the presence of anti-
bodies in sera and CSF was a criterion for the diagnosis.
Other positive cases included one each of MS and MG
patients, who were both seropositive. The positive rate of
patients, excluding 4 TSP/HAM cases, was 892 (2/26),
which is equivalent to the seroprevalence of the adult
population in the area. The remaining MS cases, 7 in all,
were PCR-negative as well as seronegative. Although the
sero- and PCR-positive MS case had distinct spastic
paraparesis, the diagnosis was consistent with MS
bacause of the presence of retrobulbar palsy and a remis-
sion, and the absence of antibody in CSF. Thus, the
seropositive MS and MG patients might well be coinci-
dental carriers. Thus, we could not find positive evidence
suggesting the association of MS with HTLV-1.

Although a proviral HTLV-1 DNA was isolated from
PBMC of a Caribbean patient with a chronic neurologi-
cal disorder resembling MS,*” the patient seems to have
had TSP/HAM since he was seropositive and had spastic
paraparesis; history of remission was not described in the
report. MS is more prevalent in areas such as Iceland and
Nordic countries than in Japan,' and in Japan it is not
more common in the southwest area where HTLV-1 is
highly endemic.>*1%#)

Reddy et al'” found HTLV-1-related sequences by
PCR followed by direct cloning. They selected gag (nu-
cleotides [nt]: 841-1375) and env (nt: 5662-6129). The
PCR conditions they used were denaturing at 94°C for 2
min, annealing at 55°C for 1 min, and extension at 70°C
for 2 min, for 36-40 cycles. They found the HTLV-1-
related sequences in 6/6 MS patients in 2 of 6 experi-
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ments. Greenberg et al.'® also reported the presence of
HTLV-1-related sequences by PCR in MS patients. They
amplified regions including gag (nt: 1388-1957), pol (nt:
2779-3015), env (nt: 5251-5782 {envl] and 5777-6103
[em2]). Their PCR condition was denaturing at 94°C
for 15 s, annealing at 53°C for 30 s, and extension at 68°C
for 30 s, for 30 cycles. Six of the 21 MS patients they
tested were positive for pol region, but only 1 was positive
for envl region, 3 for env2 region, and none for gag and
LTR regions. They suggested the possible association of
an exogenous human retroviral agent partially homolo-
gous to but distinct from HTLV-1 with some MS pa-
tients.

We selected 6 regions in the HTLV-1 genome in-
cluding gag (nt: 802-1017) and env (nt: 6116-6264), and
used PCR conditions of denaturing at 94°C for 1 min,
annealing at 60°C for 2 min, and extension at 72°C for 2
min for 25 cycles. Qur negative results on MS patients
might have been due to the higher stringency or lower
sensitivity of the assay. However, we think that the
sensitivity of our PCR is adequate for two reasons. First,
all 30 samples of HTLV-1 carriers were PCR-positive.
Second, when we increased the number of cycles to 50
several normal samples became positive only with the U3
region, but none of the negative samples became positive
with the U5, gag pol and pX regions. These data
suggested that the higher sensitivity may cause false-posi-
tive results. Although our PCR had lower sensitivity than
those of other reports, it may be superior as regards
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