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cerebrospinal fluid of multiple sclerosis patients but
not in patients with human T-lymphotropic virus type
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It has been reported that antibodies (Abs) against heterogeneous nuclear
ribonucleoproteins (hnRNPs) are associated with human T-lymphotropic
virus type I (HTLV-I)-associated myelopathy/tropical spastic paraparesis
(HAM/TSP) and multiple sclerosis (MS). However, these studies were done
under nonmasked conditions. In order to determine whether Abs against hn-
RNPs associate with HAM/TSP and MS, the authors assayed Abs against two
major hnRNPs, hnRNP A1 and A2/B1, in 105 cerebrospinal fluid (CSF) sam-
ples under fully masked conditions. Samples included 40 cases of HAM/TSP,
28 of MS, and 37 of other neurological diseases. Anti-hnRNP A1 Abs, and espe-
cially anti-hnRNP A2/B1 Abs, were found significantly more often in the CSF
of MS patients than in other groups. However, there was no difference in the
incidence of anti-hnRNP A1 Abs between HAM/TSP and other disease groups.
Journal of NeuroVirology (2008) 14, 130-135.
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Introduction

Multiple sclerosis (MS) is a representative autoim-
mune disease of the central nervous system (CNS).
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The pathology of MS is characterized by demyeli-
nation and mononuclear cell infiltration, but the
target antigen remains unclear (Steinman, 1996;
Noseworthy et al, 2000; Berger et al, 2003). Human
T-lymphotropic virus type I (HTLV-I)-associated
myelopathy/tropical spastic paraparesis (HAM/TSP)
is a chronic progressive myelopathy occurring in
HTLV-I carriers. The pathological mechanisms of
HAM/TSP are not yet fully understood (Osame,
1990; Jacobsen et al, 1990; Kuroda et al, 1995; Izumo
et al, 1996).

Heterogeneous nuclear ribonucleoproteins (hn-
RNPs) are the major component of the nuclear
core complex in eukaryote cells. They comprise
approximately 30 major hnRNPs, designated hnRNP



A1l to U, and are involved in a variety of cellular
functions, including mRNA splicing, transport,
and turnover (Burd and Dreyfuss, 1994; Krecic and
Swanson, 1999). Among them, the hnRNP A1 and
A2/B1 proteins are the most abundant and form a
distinct subgroup of highly related proteins (Burd
and Dreyfuss, 1994; Krecic and Swanson, 1999).
Besides these cellular functions, the potent immuno-
genicity of hnRNP proteins was proposed to play
a pathogenic role in several autoimmune diseases
(Steiner et al, 1992; Meyer et al, 1993; Hassfeld
et al, 1995; Jones et al, 2004; Greidinger et al, 2004).
In neurological diseases, Levin and colleagues
suggested that HAM/TSP might be an anti-hnRNP
Al-mediated autoimmune disease (Levin et al, 1998,
2002; Jernigan et al, 2003). They reported that the
cerebrospinal fluid (CSF) of all 13 assayed HAM/TSP
patients contained anti-hnRNP A1 antibodies (Abs)
(Levin et al, 2002). We have found anti-hnRNP A2/B1
Abs in the CSF of the majority of tested Japanese MS
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patients, implicating hnRNPs in MS (Sueoka et al,
2004). However, the detection of anti-hnRNP Abs
was not performed under masked condition in either
study (Levin et al, 2002; Sueoka et al, 2004). The
purpose of this work was to assay Abs in the CSF
samples of HAM/TSP and MS patients under fully
masked conditions to confirm the previous results.

Results

Specificity of assay

The hnRNP B1 protein is identical to the A2 protein
except for an additional 12 amino acids in the B1
N-terminus (Burd and Dreyfuss, 1994; Krecic and
Swanson, 1999). Recombinant hnRNP B1 therefore
reacted with both rabbit polyclonal anti-hnRNP A2
and anti-hnRNP B1 Abs (Figure 1A). Additionally,
CSF samples tended to show stronger immunore-
activity against hnRNP B1 than hnRNP A2 in
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Figure 1 Purity of recombinant hnRNP A1, A2, and B1 and reactivity of the CSF with hnRNP A1 and B1. The purity of each recombinant
hnRNP protein was confirmed by Western blotting with each specific antibody (A). The specificity of the immunoreaction was confirmed
for each assay by ablation of the response with 200 ng of transferrin (B). The specificity of the immunoreactivity was also confirmed by
experiments showing the disappearance of immunoreactivity against hnRNP B1 after pretreatment of the CSF with recombinant hnRNP

B1 protein (C). CBB, Coomassie Brilliant Blue.
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Figure 2 Immunoreactive modes of CSF with hnRNP A1 and B1. There were four patterns of immunoreactivity: reactive to both A1 and

B1 (A), reactive to either A1 (B) or B1 (C), and no response (D).

preliminary experiments. Based on these findings,
we used the recombinant hnRNP B1 protein as the
antigen for anti-hnRNP A2 and anti-hnRNP B1 Ab
assays. The specificity of immunoreactivity with hn-
RNP A1 and B1 was confirmed by using transferrin
as a negative control in each assay (Figure 1B) and
through an experiment showing the disappearance of
immunoreactivity against hnRNP B1 upon pretreat-
ment of CSF samples with hnRNP B1 (Figure 1C).

Immunoreactivity against hnRNP A1 and hnRNP B1
CSF samples showed various degrees of immunore-
activity against hnRNP A1 and B1 proteins in terms
of both the intensity and the mode. There were four
patterns in for immunoreactivity: reactive with both
A1 and B1, reactive with either A1 or B1, or no re-
sponse (Figure 2). The intensity of immunoreactivity
also varied from faint to strong. Some CSF samples
reacted equally to A1 and B1 and some reacted pref-
erentially to one. Intensity levels were quantified and
immunoreactive bands having an intensity ratio over
2.0 against transferrin were diagnosed as positive, as
described in Materials and methods.

Antibody response against hnRNP A1 and hbRNP
B1 for neurological diseases

After assaying immunoreactivity, we decoded CSF
samples and determined the enrollment of the
following neurological diseases: 28 cases of multiple
sclerosis (MS), 40 of HAM/TSP, 16 of acute viral
meningitis, and 21 cases of neurodegenerative
diseases composed of 10 cases of amyotrophic
lateral sclerosis (ALS) and 11 cases of hereditary
spinocerebellar degeneration. Demographic data and
results of the assay are summarized in Table 1. Both
anti-hnRNP A1 and anti-hnRNP A2/B1 Abs were
found most frequently in the CSF of MS patients, and
there were significant differences in their incidence
between MS and other disease groups (P = .002:
positive for anti-hbRNP A1 Abs; P < .001: positive
for anti-hbRNP A2/B1 Abs and positive for both

Abs). The particularly high incidence (89.3%) of CSF
anti-hnRNP A2/B1 Abs marked a clear delineation
between MS and other disease groups (Tables 1
and 2). The pattern of immunoreactivity was also
significantly different between MS and the other
three disease groups. Namely, 71.4% of CSF samples
from MS patients reacted with both hnRNP A1 and
B1, whereas this pattern of immunoreactivity was
observed in 32.5% of HAM/TSP patients, 12.5% of
acute viral meningitis patients, and 9.5% of patients
with neurodegenerative diseases (Table 1). When MS
patients were compared to non-MS disease groups,
the coexistence of anti-hnRNP A1 and anti-hnRNP
A2/B1 Abs in the CSF was associated with MS, with
a sensitivity of 71.4% and a specificity of 77.9%
(Table 2). The presence of anti-hnRNP A2/B1 Abs in
the CSF was associated with MS, with a sensitivity
of 89.3%, but the specificity was 62.3% (Table 2).

In contrast, anti-hnRNP A1 Abs were positive in
only 35% of the HAM/TSP patients (Table 1), and

Table 1 Incidence of CSF samples positive for anti-hn RNP A1
Abs, anti-hn RNP A2/B1 Abs, and both Abs

MS HAM/TSP AM NDD
No or cases 28 40 16 21
Mean age 36.4 56.6 39.3 48.9
(range, year) (15-74) (9-73) (17-65) (13-76)
sex (F/M) 21/7 28/12 8/8 7/14
Positive for anti-A1 20/28 14/40 5/16 5/21
Abs* (71.4%)  (35.0%) (31.3%) (23.8%)
Positive for anti-A2/Bl  25/28 21/40 5/16 3/21
Abs*™* (89.3%) (52.5%) (31.3%) (14.3%)
Positive for both 20/28 13/40 2/16 2/21
Abs*™* (71.4%) (32.5%) (12.5%) (9.5%)

Note MS: multiple sclerosis; HAM/TSP: HTLV-I-associated
myelopathy/tropical spastic paraparesis; AM: acute viral menin-
gitis; NDD: neurodegenerative diseases.

*Statistically significant P = .002 using chi-square test for two-by-
four comparison.

**Statistically significant P < .001 using chi-square test for two-
by-four comparison.



Table 2 Association of CSF samples positive for anti-hnRNP A1
Abs, anti-hnRNP A2/B1 Abs, and both Abs with MS

MS Non-MS

(n=28) (n=77) Pvalue*
Anti-A1 Ab positive, n (%) 20 (71.4) 24 (31.2) .003
Antl-A2/B1 Abs-positive, n 25(89.3) 29 (37.7) <.001
(%)
Both Abs-positive, n (%) 20 (71.4) 17 (22.1) <.001

*Chi-square test.

there was no significant difference in the incidence
between HAM/TSP and the other disease groups.

Discussion

hnRNP proteins have been suggested to be target anti-
gens in the development of several autoimmune dis-
eases (Steiner et al, 1992; Meyer et al, 1993; Hassfeld
et al, 1995; Jones et al, 2004; Greidinger et al, 2004).
Levin et al (2002) reported that anti-hnRNP A1 Abs
were present in the CSF of all HAM/TSP patients ex-
amined. They also found that anti-hnRNP A1 Abs re-
acted with the tax protein of HTLV-I and suppressed
neuronal activity (Levin et al, 2002), leading them
to hypothesize a molecular mimicry—induced anti-
hnRNP A1 Ab-mediated autoimmune mechanism
for HAM/TSP (Levin et al, 2002; Jernigan et al, 2003).
We have suggested that anti-hnRNP A2/B1 Abs could
be a surrogate marker for MS (Sueoka et al, 2004)
based on the presence of anti-hnRNP A2/B1 Abs in
the CSF of 32 of 35 MS patients. The hnRNP A2 pro-
tein has been shown to play a critical role in the
transport of myelin basic protein mRNA in oligo-
dendroglia (Munro et al, 1999; Brumwell et al, 2002;
Maggipinto et al, 2004), and we have suggested the
possibility that immune responses against hnRNP A2
might cause demyelination in the CNS of MS patients
(Sueoka et al, 2004).

The purpose of the present study was to deter-
mine whether anti-hnRNP Abs in the CSF are linked
with MS and HAM/TSP using an assay from a pre-
vious study (Sueoka et al, 2004), but this time under
fully masked conditions. These data could provide
an important insight into the pathogenesis of MS and
HAM/TSP. We obtained an incidence of 71% for anti-
hnRNP A1 Abs and 89% for anti-hnRNP A2/B1 Abs
in 28 MS patients in this study, which was almost
identical to our previous results, where the incidence
was 63% for anti-hnRNP A1 Abs and 91% for anti-
hnRNP A2/B1 Abs (Sueoka et al, 2004). The con-
firmation of a high incidence of anti-hnRNP A2/B1
Abs in MS patients under fully masked conditions
supports the hypothesis that anti-hnRNP A2/B1 Abs
could be a surrogate marker for MS (Sueoka et al,
2004). However, our finding that anti-hnRNP A1 Abs
were found in the CSF of only 35% of HAM/TSP
patients without significant differences from other
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disease groups does not support the hypothesis that
HAM/TSP is an anti-hnRNP A1 Ab-mediated dis-
ease (Levin et al, 2002). Two different mechanisms
have been proposed for the pathogenic mechanism
of HAM/TSP: (1) The interaction of HTLV-I-specific
CD8+ cytotoxic lymphocytes (CTLs) and HTLV-I-
infected CD4+ T cells may cause tissue damage in the
CNS (Nagai and Jacobson, 2001; Hanon et al, 2001;
Osame, 2002). Both types of cells have been shown to
produce several proinflammatory and neurotoxic cy-
tokines such as IFN-y; (2) Immunoglobulin G specific
to HTLV-I tax, which cross-reacts with the hnRNP A1
expressed in Betz cells, could induce damage to the
cell (Levin et al, 2002). The present data provide sup-
port for this mechanism.

In this study, Abs against hnRNP A1 and B1 were
also found in the CSF of patients with acute viral
meningitis and neurodegenerative diseases such as
ALS. However, the immune response pattern in these
disorders was different from that of MS, and the ma-
jority of CSF samples from patients with these dis-
eases reacted with either hnRNP A1 or B1 protein,
but not both. It is well known that viral infections
and neurodegenerative diseases can evoke autoim-
mune responses (Couratier et al, 1998).

In conclusion, the presence of anti-hnRNP A2/B1
Abs (as well as coexistence with anti-hnRNP A1 Abs)
in the CSF could be a surrogate marker for MS, but our
data did not show any significant increases in anti-
hnRNP A1 Abs in the CSF of HAM/TSP patients.

Materials and methods

Patients and study design

We assayed CSF samples under fully masked con-
ditions. For this study, the Kagoshima University
group prepared coded CSF samples that were stored
at —80°C. Informed consent for scientific research in-
cluding the present study had been obtained from all
patients. The Kagoshima University group randomly
selected and numbered the CSF samples, and sent
them to the Saga University group without any data
of clinical diagnosis. After the Saga University group
finished the assay, the two groups met and opened the
masked data. Standard criteria were used for clinical
diagnosis including the International Panel for Multi-
ple Sclerosis (McDonald, 2001) and the World Health
Organization (WHO) criteria for HAM/TSP (Osame,
1990). None of the patients enrolled in this study re-
ceived corticosteroids or any other immunosuppres-
sive drugs at the time of sampling.

Preparation and purification of recombinant hnRNP
A1 and B1 proteins

The methods of preparation and purification of
hnRNP A1, A2, and B1 proteins have been described
in detail previously (Sueoka et al, 2001). Briefly,
cDNAs were obtained by reverse transcriptase—
polymerase chain reaction (RT-PCR) using primers
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representing the following coding regions: sense,
5-AGAGCTAGCTCTAAGTCAGAGTCTC-3' and an-
tisense, 5'-TTTCCCGGGAAATCTTCTGCCACTG-3'
for hnRNP A1; sense 5'-ATGGAGAGAGAAAAGGAA
CAGTTCCGTAAGCTCTT-3’ and antisense, 5'-
TACCCCGGGGTATCGGCTCCTCCCAC-3’ for hnRNP
A2; and sense, 5'-CTCGCTGAGAAAACTTTAGAAA
CTG-3' and antisense, 5-TACCCCGGGGTATCGGCT
CCTCCCAC-3' for hnRNP B1. The PCR products
were purified and then subcloned into the pTYB2
vector of the IMPACT-CN system (New England Bi-
oLab, MA). Purity and product size were confirmed
by both sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE) and Western blotting
using a monoclonal Ab against hnRNP A1 (Santa
Cruz Biotechnology, CA) and polyclonal Abs against
hnRNP A2 and B1, which were obtained from rabbits
immunized with 19-mer synthetic peptides derived
from hnRNP A2 and B1, as previously described
(Sueoka et al, 2001).

Western blotting

The immunoreactivity of the CSF with hnRNP A1
and B1 proteins was analyzed by Western blotting.
CSF was used after 1:50 dilution with a blocking
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