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in the sera of patients with AD. It is likely that when
proteins levels are higher than average in sera and CSF
inn eurodegenerative diseases, there w ouldb e an
increase in re trograde transport from the axon projec-
tions outside of central nervous system where the pas-
sage of plasma proteinsis not as r estricted as att he
brain-blood ba rrier, or from axon terminiin the cir-
cumventricular region where the brain—blood barrier is
not present. There is a possibility that an imbalance of
cysteine proteases and th eir inhibitors and me tabolic
dysfunction in sera and CSF might occur in ALS cases,
being related to the formation of Bunina bo dies and
accumulation of transferrin and cystatin C in Bunina
bodies in the remaining anterior horn cells.
Transferrin, after binding two atoms of ferriciron,
binds to the transferrin receptor on the cell membrane
and is internalized along with the divalent metal trans-
porterby re ceptor-mediatede ndocytosis.I tis
unknown ho w t ransferrin re aches Bunina bodiesbut
not s kein-like in clusions an d L ewy bo dy-like inclu -
sions/round inclusions after uptake of transferrin from
the exterior to the interior of neurons. There are sev-
eral po ssibilities: ( 1) t here ar e proteins t hat int eract
with transferrin in the com ponents of Bunina b odies,
(2) the coexistence is simply chance, (3) some relation-
ship of transferrin to cystatin Cis present. Itisimpor-
tant to elucidate the origin of Bunina bodies or what
organelle of the neurons is associated with Bunina bod-
ies. Since Bunina bodies were also immunopositive for
cystatin C [23], the third possibility is conceivable. The
presence of both transferrin and cystatin C was demon-
strated in the paper by Vannier-Santos and coworkers
who concluded that the formation of inclusion vesicles
displaying a la rge number of normal and polymorphic
electron-dense a cidocalcisome-like or ganelless ur-
rounded by profiles of the e ndoplasmic r eticulum in
Leishmania amazonensis was induced by terbinafine, a
sterol biosynthesis inhibitor [28]. In their report, acido-
calcisome-like organelles sh owed acid phosphatase
positive and the presence o f en docytic t racers h orse-
radish pe roxidase ( fluid-phase e ndocytosis), g old-
labeled t ransferrin (re ceptor-mediated e ndocytosis),
and gold-labeled cystatin C, suggesting the association
of t hese or ganelles w itht he en dosomal-lysosomal
pathway. Furthermore, gold-labeled transferrin endo-
cytosed is de livered to lysosomes. The components of
Bunina bodies including both transferrin and cystatin
C could be partially related to those of inclusion vesi-
cles observed in Leishmania. Although the mechanism
underlying these processes remains to be clarified, it is
likely that Bunina bo dies-specific factors, not affecting
skein-like incl usions and L ewy-body-like inclusions/
round inclusions, might be involved in the formation of

Bunina bo dies and a ccumulation o f transferrin a nd
cystatin C.

With respect to basophilic inclusions, three different
types of transferrin immunoreactivities were observed.
These results may be caused by the sequence of protein
aggregation. A tth e b eginning of t he fo rmation of
basophilic inclusions, transferrin would not be present
in the inclusions. Reversely, transferrin would be there
only at th e early stage of the formation. The findings
concerning different proportions of p62 and ubiquitin
were also reported in the dentate gyrus of the patients
with A LS-D [20], ne urofibrillary t anglesin Alzhei-
mer’s di sease [ 8], hy aline bodi es in liver car cinoma
[27], and anterior horn cellsin ALS [13], which might
be sim ilar to a different pr oportion of tr ansferrin in
basophilic inclusions in this study.

In summary, we showed for the first time that trans-
ferrin localizes in Bunina bodies and some of the baso-
philic inclusions. The me chanism by which transferrin
accumulates in these inclusions remains to be clarified.
It is thought that systemic derangements of transferrin
may play a causal role in the pathogenesis of neurode-
generative diseases like ALS. Detailed examination of
how the inclusions are formed, how the neurons sur-
vive by forming inclusions, and what effects the inclu-
sions have on the remaining neurons could contribute
to clarifying the pathogenesis of ALS.
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In vitro Peptide Immunization of Target Tax Protein HumanT-Cell
Leukemia Virus Type 1-Specific CD4™ Helper T Lymphocytes

Hiroya Kobayashi,"* Toshihiro Ngato,' Keisuke Sato,' Naoko Aoki,! Shoji Kimura,! Yuetsu Tanaka,®

Hitoshi Aizawa,> Masatoshi Tateno,' and Esteban Celis*

Abstract Purpose: Adult T-cell leukemia/lymphoma induced by human T-cell leukemia virus type 1

(HTLV-1) is usually a fatal lymphoproliferative malignant disease. HTLV-1 Tax protein plays a
critical role in HTLV-1-associated leukemogenesis and is an attractive target for vaccine
development. Although HTLV-1 Tax is the most dominant antigen for HTLV-1-specific CD8* CTLs
in HTLV-1-infected individuals, few epitopes recognized by CD4" helper T lymphocytes in
HTLV-1 Tax protein have been described. The aim of the present study was to study T-helper-cell
responses to HTLV-1 Tax and to identify naturally processed MHC class Il —restricted epitopes
that could be used for vaccine development.

Experimental Design: An MHC class [l binding peptide algorithm was used to predict
potential T-helper cell epitope peptides from HTLV-1 Tax. We assessed the ability of the
corresponding peptides to elicit helper T-cell responses by /in vitro vaccination of purified
CD4* T lymphocytes.

Results: Peptides Taxio1.205 and Taxaos.319 were effective in inducing T-helper-cell responses.
Although Taxq91.205 was restricted by the HLA-DR1 and DR9 alleles, responses to Taxzos.31s
were restricted by either DR15 or DQ9. Both these epitopes were found to be naturally processed
by HTLV-1" T-cell lymphoma cells and by autologous antigen-presenting cells that were pulsed
with HTLV-1 Tax* tumor lysates. Notably, the two newly identified helper T-cell epitopes are found
to lie proximal to known CTL epitopes, which will facilitate the development of prophylactic
peptide ~ based vaccine capable of inducing simultaneous CTL and T-helper responses.
Conclusion: Our data suggest that HTLV-1 Tax protein could serve as tumor-associated
antigen for CD4" helper T cells and that the present epitopes might be used for T-cell-based

immunotherapy against tumors expressing HTLV-1.

Human T-cell leukemia virus type 1 (HTLV-1) is a member of
the mammalian type C oncovirus family and is the only known
infectious agent etiologically associated with adult T-cell
leukemia/lymphoma (ATLL; refs. 1, 2). Infection with this
virus can also lead to a slowly progressive neurologic disorder
termed HTLV-1-associated myelopathy/tropical spastic para-
paresis (HAM/TSP; ref. 3). It is known that the majority of
seropositive individuals remain throughout their lives as
asymptomatic carriers due to diverse factors, such as genetic
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predisposition, the route of infection, and the presence of
cytotoxic and helper T-lymphocyte responses that could play a
role in the control of disease progression (4-10). Although
exposure to this virus usually leads to a persistent infection,
once ATLL develops, it progresses rapidly and becomes resistant
to conventional chemotherapy, causing a high mortality rate
(11). Therefore, it is felt that immunologic approaches, such as
T-cell-based vaccines to treat or prevent the HTLV-1-associated
malignancy, could be of value.

HTLV-1 possesses four main genomic regions—Gag, Pol,
Env, and pX (12). The pX gene encodes the Tax 40-kDa
transcriptional regulatory protein, which is known to interact
with various cellular transcription factors promoting genetic
mutations that inhibit apoptosis of infected host cell and lead
to drive host cell proliferation and transformation. It has been
reported that Tax is a dominant target antigen recognized by
HTLV-1-specific CTLs from asymptomatic carriers, which are
capable of killing HTLV-1"* leukemic cells (6, 13, 14). The low
frequency of HTLV-1 Tax-specific CTLs observed in ATLL
patients probably contributes to HTLV-1-induced leukemogen-
esis. On the other hand, host immune responses against HTLV-
1 tend to be higher in HAM/TSP patients than in ATLL patients
(6, 7, 15). Together, these observations suggest that the Tax is a
promising tumor-associated antigen (TAA) for the development
of prophylactic vaccines for HTLV-I and that augmentation of

www.aacrjournals.org
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Tax-specific CTLs in pre-ATL patients could protect them from
progressing into ATLL (16).

Both neutralizing antibody and CTL responses could be
critical for viral clearance and in eliminating viral-infected
and transformed cells (17-19). Because Tax is expressed early
in the infection and is essential for the replication and
persistence of the virus, vaccines to stimulate Tax-specific
T-cell responses would be useful to inhibit both virus
replication and viral-induced transformation. Consequendy,
a large number of MHC class I-restricted CTL epitopes
derived from the Tax protein have been identified (6, 13, 14,
20). However, we believe that the CD4" helper T lympho-
cytes (HTL) also play an important role in HTLV-1 infection
because HTLs are required for clonal expansion of antibody-
secreting B cells and induction and maintenance of optimal
CTL responses (21, 22). Moreover, in some instances, HTLs
can exhibit an effector function by directly recognizing and
killing MHC class II" virus-infected or tumor cells that
present peptide epitopes on their surface (23-26). Thus,
studies of HTL responses against HTLV-1 Tax could be of
interest and elucidating the comesponding MHC class 11—
binding peptide epitopes will be necessary for designing
more effective vaccines than those only inducing CTL
Tesponses.

In the present study, we describe two novel MHC dlass 11~
restricted epitopes, HTLV-1 TaXj01.205 and HTLV-1 Taxsgs.310,
both capable of stimulating in witro CD4" HTL responses
from HTLV-1-naive individuals. More importantly, the
peptide-reactive HTLs were effective in directly recognizing
HTLV-1-infected, MHC class 11" T-cell lymphoma cell lines. In
addition, the Tax-specific HTL recognized naturally processed
antigen in the form of cell lysates prepared from HTLV-1*
T-cell lymphoma cell lines or from lymphocytes from HAM/
TSP patents presented by autologous antigen presenting cells
(APC). Interestingly, our described HTL epitopes, Tax;01.205
and Taxsos.310, are located in close proximity to previously
described HLA-B14 and HLA-A24-restricted CTL epitopes,

respectively (15, 27, 28), which could facilitate the develop-
ment of peptide vaccines capable of stimulating both CTLs
and HTLs for the treatment/prevention of HTLV-1-associated
ATLL.

Materials and Methods

Cell lines. EBV-transformed lymphoblastoid cells (EBV-LCL) were
produced from peripheral blood mononuclear cells (PBMC) of HLA-
typed volunteers using culture supernatant from the EBV-producing
B95-8 cell line (American Type Culture Collection, Manassas, VA).
Mouse fibroblast cell lines (L-cells) transfected and expressing
individual human MHC class 11 molecules were kindly provided
by Dr. Robert W. Karr (Pfizer Global R&D, New London, CT} and by
Dr. Takehiko Sasazuki (Tokyo, Japan). The HTLV-lI-infected T-cell
lymphoma cell lines TL-Su, TCL-Kan, and HUT102 and T-cell
leukemia cell line TL-Hir (HTLV-1 Tax negative) were supplied by
the Cell Resource Center for Biomedical Research Institute of
Development, Aging, and Cancer (Tohoku University, Sendai,
Japan). The HTLV-1-infected T-cell lymphoma cell line OKM-2T
was purchased from Dainippon Sumitomo Pharma (Osaka, Japan).
The Jurkat T-cell lymphoma cell line (HTLV-I negative) was pur-
chased from American Type Culture Collection. MT2 is an HTLV-I-
transformed T cell line that was kindly provided by Dr. Y. Hinuma
(Institute of Virus Research, Kyoto University, Kyoto, Japan; ref. 29).

Synthetic peptides. Potential HLA-DR-restricted CD4™ T-cell epito-
pes were selected from the amino add sequence of the HTLV-I-Tax
using algorithm 1ables for three HLA-DR alleles, DRB1*0101,
DRB1*0401, and DRB1*0701 (30). The predicted peptide epitopes
were synthesized by solid phase organic chemistry and purified by
high-performance liquid chromatography. The purity (>80%) and
identity of peptides were assessed by high-performance liquid
chromatography and mass spectrometry, respectively.

In vitro induction of antigen-specific HTL lines with synthetic
peptides. The procedure selected for the generation of HTLV-I-
Tax-reactive HTL lines using peptide-stimulated PBMCs from five
healthy donors whose MHC class 11 alleles were HLA-DR1/15 DQ5/6,
HLA-DR4/15 DQ1/4, HLA-DR4/9 DQ7/8, HLA-DR9/14 DQ5/9, and
HLA-DR9/14 DQ?7/9. This procedure has been previously described in

A Tax152-166 B Tax191-205 c Tax 305-319
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Fig. 1. Induction of HTL responses using predicted peplide epitopes derived from HTLV-1 Tax. HTL clones induced with peptide Taxisz2.166 (4 ; clone 11C from DR4/9,
DQ7/8 donor), peptide Taxe 205 (8 clone 5G from DR1/15, DQ5/6 donor; clone 8E from DR4/8, DQ7/8 donor; and clone 9B from DR9Y/14, DQ7/9 donor), or peptide
Taxsos.me (C; clone 25 from DR4/16, DQ1/4 donor and clone 6D from DRS/14, DQ5/9 donor) were tested for their capacity to recognize autologous PBMC as APCs

in the presence of various concentrations of peptide. Points, mean of triplicate determinations; bars, SD. Points without bars had SD (10% the value of the mean. Results

are representative of at least two experiments that were done with the same samples.
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Fig. 2. MHC restriction analysis of peptide-reactive Taxis2.166 HTL (4), peptide-reactive Taxier.20s HTL (B-D), and peptide-reactive Taxzos.319 HTL (£ and F). MHC class i
restriction molecules were identified using antibody blocking: anti-DR L243, anti-DQ SPV-L3, or anti-class | W6/32 {negative control) all used at 10 pg/mL.

Experiments were done using irradiated peptide-pulsed autologous PBMCs as APC. In addition, HTL responses were also evaluated using various MHC-typed APCs

(L cells transfected with individual HLA-DR genes or allogeneic EBV-LCLs homozygous for DQ molecules) to define the restricting MHC class Il alleles. A, peptide Taxisz-166~
reactive HTL clone 11C recognized antigen in the context of HLA-DRS. B peptide Taxyey.205-reactive HTL clone 5G recognized antigen in the context of HLA-DR1. C and

D, peptideTaxiar.zos -reactive HTL clone 8E and HTL clone 9B recognized antigen in the context of HLA-DRS. £, peptideTaxzes.z19-reactive HTL clone 6D recognized antigen
in the context of HLA-DQS. £ peptide Taxaos.219-reactive HTL clone 25 recognized antigen in the context of HLA-DR15. Columns, mean of triplicate determinations;

bars, SD. Columns without bars had SD <10% the value of the mean. Results are representative of two experiments that were done with the same samples.

detail (31). Briefly, dendritic cells were produced in tissue culture from
purified CD14" monocytes (using antibody-coated magnetic microbe-
ads from Miltenyi Biotech, Auburn CA) that were cultured for 7 days at
37°C in a humidified CO; (5%) incubator in the presence of 50 ng/
mlL granulocyte macophage colony-stimulating factor and 1,000 IU/
ml interleukin-4. Peptide-pulsed dendritic cells (3 pg/mL for 2 hours
at room temperature) were irradiated (4,200 rads) and cocultured with
autologous purified CD4™ T cells (Miltenyi Biotech) in 96 round-
bottomned-well culture plates. One week later, the CD4™ T cells were
restimulated with peptide-pulsed irradiated autologous PBMCs, and
2 days later human recombinant interleukin-2 was added at a final
concentration of 10 IU/mL. One week later, the T cells were tested for
antigen reactivity using a cytokine release assay as described below.
Those cultures exhibiting a significant response of cytokine release to
peptide (at least 2.5-fold over background) were expanded in 24- or
48-well plates by weekly restimulation with peptides and imradiated
autologous PBMC. Complete culture medium for all procedures
consisted of AIM-V medium supplemented with 3% human male AB
serum. All blood samples were obtained after the appropriate
informed consent.

" Measurement of antigen-specific responses with HTL lines. CD4*
T cells (3 x 10% per well) were mixed with irradiated APC in the
presence of various concentrations of antigen (peptides, tumor
Iysates), in 96-well culture plates. APC consisted of either autologous
PBMC (1 X 10° per well), HLA-DR-expressing L cells (3 x 10* per
well), MHC-typed EBV-LCLs (3 X 10% per well), T-cell lymphoma cell
lines (3 x 10% per well), or autologous dendritic cells (5 x 10° per
well). The expression of HLA class 11 molecules on tumor cell lines
was evaluated by flow cytometry using anti-HLA dass 11 monoclonal
antibody (mAb), TU32, conjugated with fluorescein isothiocynate (BD
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Biosciences, San Jose, CA). Tumor cell lysates were prepared by three
freeze-thaw cycles of 1 X 10® tumor cells that were resuspended in
1 mL serum-free RPMI 1640. Lysates were used as a source of antigen
at 5 x 10° cell equivalents/mL. Culture supematants were collected
after 48 hours for measuring antigen-induced lymphokine (IFN-y)
production by the HTL using commercially available ELISA kits
(PharMingen, San Diego, CA). To show antigen spedificity and MHC
restriction, blocking of the antigen-induced proliferative response was
assessed by adding anti-HLA-DR mAb 1243 (IgG2a, prepared from
supernatants of the hybridoma HB-55 obtained from the American Type
Culture Collection), anti-HLA-DQ mAb SPV-13 (IgG2a, Beckman
Coulter, Inc, Fullerton, CA), or anti-HLA-A, B, C mAb W6/32(1pG23,
American Type Culture Collection). The effect of antigen-specific anti-
bodies on the response of HTL to HTLV-1 Tax protein was investigated
by adding anti-p40 HTLV-1 Tax mAb Lt-4 (IgG3; ref. 32). All antibodies
were used at a final concentration of 10 pg/mL throughout the 48-hour
incubation period. All assessments of ELISA were carried out at least in
triplicate and results correspond to the mean values with SD.

Western blot analysis. One million tumor cells were washed in
PBS and lysed in Laemmli buffer. The cell lysate was subjected to
electrophoresis in a 4% to 12% NuPage bis-Tris SDS-PAGE gel
(Invitrogen, Carlsbad, CA) under reducing condition and then
transferred to Immobilon-P (Millipore, Bedford, MA) membrane.
The membrane was then blocked in PBS containing 0.01% Tween 20
and 5% nonfat dry milk for 1 hour at room temperature and
incubated first with anti-p40 HTLV-1 Tax mAb Lt-4 at 1 pg/mL in
blocker ovemight at 4°C. After washing, the membrane was incu-
bated with horseradish peroxidase-labeled goat anti-mouse IgG and
subjected to the enhanced chemiluminescence assay using the ECL
detection system {Amersham, Little Chalfont, Buckinghamshire, UK).
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Fig. 3. Expression of HTLV-1 Tax protein
and cell surface expression of MHC class I
molecules in human tumor cell fines.

A, Western blot analysis was done using a
HTLV-1 Tax ~ specific mAb Lt-4 as
described in Materials and Methods.
HTLV-1 Tax protein was detected in the
indicated HTLV-1-infected T-cell lymphoma
cell lines but not in the T-cell leukemia cell
lines Hir and Jurkat and in the EBV-LCLs.
The HTLV-1 Tax protein has a mass of

40 kDa. B the expression of HLA class lf
molecules on tumor cells was evaluated by
flow cytometry using anti-HLA class Il mAb
Tu 39 conjugated with fluorescein
isothiocynate (thick-line open histograms).
Staining with the isotype-negative

controf (filled histograms). All tumor cell
lines, except Jurkat T-celt lymphoma,

expressed high levels of surface MHC class
I molecules.

o?

b
FL1.H

Fluorescence Intensity

Results

Prediction and selection of potential HTL epitopes for HTLV-1
Tax protein. First, we used the MHC class II peptide binding
algorithm developed by Southwood et al. (30) to select
potential peptides from the Tax protein that would bind to
HLA-DR1, HLA-DR4, and HLA-DR7. With this algorithm, we
succeeded in defining the HTL epitopes from multiple TAAs
such as proteins that are overexpressed by epithelial tumors,
melanomas, and oncogenic viruses {(23-25, 31, 33-37). In
additon, the work by Southwood et al. (30) reported that
some peptides that score high for the DR1, DR4, and DR7
algorithms also have the capacity to bind to additional MHC
class I alleles such as DR9, DR13, DR15, and DR52, indicating
that this algorithm is effective for identifying highly promis-
cuous MHC class Il binders. In support of this, we reported that
HTL responses induced by peptides predicted by this algorithm
to be promiscuous MHC class Il binders were restricted by
DR9, DR15, DR16, DR52, DR53, DQ2, and DQG6. In this study,
this prediction system could select eight peptide sequences
from HTLV-1 Tax protein as potentially promiscuous MHC
class Il-restricted T-cell epitopes (data not shown). When
examining the position that these peptides occupy within the
Tax protein sequences, some peptide sequences were located
near previously described CTL epitopes. Specifically, the
predicted peptide Taxges.100 was found proximal to a previously
described HLA-A2-restricted CTL epitope (Taxso.0s), peptide
Tax;s2.166 was found to overlap with another HLA-A2-restricted
CTL epitope (Taxisi.1s5), peptide Taxi9y.205 was found to lie
proximal to an HLA-B44-restricted CTL epitope (Taxig1-195)
and peptide Taxzes.310 was found to overlap with an HLA-A24-
restricted CTL epitope (Taxso1.315; Tefs. 27, 28, 38). Because it
would be advantageous for a single peptide vaccine to
simultaneously elicit effective CTL and HTL responses, we
decided to focus our efforts in studying those potential HTL
epitopes that contained proximal CIL epitopes.

Isolation of HTLV-1 Tax peptide-reactive T-helper cells from
hﬂ(lll]l)’ individuals. Peptides Taxge 100, TaX152-166: TaX391.205.
and Taxses-310 were synthesized and evaluated for their ability
to elicit T-helper responses by in vitro vaccination of PBMC
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from five healthy volunteers. Purified CD4* T cells were
stimulated in vitro with individual each peptide pulsed
autologous dendritic cells. One week later, after restimulating
with ~y-irradiated autologous PBMCs and peptides, micro-
cultures were tested for their ability to produce IFN-y upon
stimulation with peptide-loaded autologous PBMCs. Positive
microcultures that exhibited at least a 2.5-fold increase in IFN-y
production to peptide compared with in the absence of peptide
were expanded in 48- or 24-well plate for further analysis, and
in some cases T-cell clones were also isolated by limiting
dilution. As shown in Fig. 1, three of the four peptides (Tax;sz.
166/ TaX19120s, and Tax 305.315) were able to elicit peptide-
specific HTLs that responded to their corresponding peptide in
a dose-dependent manner as presented by autologous APCs.

HLA restriction analysis of HTLV-1 Tax peptide—reactive
HTLs. Peptide-reactive HTL clones were isolated by limiting
dilution and were analyzed for their MHC class 1l restriction
pattern. Peptide-induced lymphokine production was evaluat-
ed using a panel of HLA-DR-transfected mouse fibroblasts
(L cells) or EBV-LCLs (homozygous for MHC class [T}, which
were used as APCs. In addition, anti-HLA-DR (L243), anti-
HLA-DQ (SPV-L3), or anti-HLA class | mAbs (W6/32) were
used to inhibit the response of these HTL to antigen. The
results presented in Fig. 2 show that peptide Tax;s3.146 could be
presented to the T cells in the context of HLA-DR9 (HTL clone
11C), and the recognition of peptide Taxio1205 by the HTL
clones was restricted by HLA-DR1 {for clone 5G) and HLA-DR9
(for clone 8E and 9B). HTL clones 6D and 25, which were
elicited by peptide HTLV-1 Taxses.310, Tesponded to peptide
presented by HLA-DQ9 and DR15, respectively. These results
indicate that at least two of the three peptides (Taxi01.205 and
Tax3os.310) behave as promiscuous HTL epitopes because more
than one MHC class 11 allele can present them.

Recognition of HTLV-1-infected T-cell lymphoma cells by
peptide-reactive HTLs. We proceeded to assess whether the
peptide-reactive HTLs would be able to directly recognize
intact HTLV-l-infected T-cell lymphoma cells that endoge-
nously express the Tax gene product. This would signify that
these peptide epitopes can be expressed on the MHC dlass 11
molecules of the tumor cells. Before performing these
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experiments, we first examined whether our HTLV-1-positive
T-cell lymphoma cell lines expressed the Tax protein and cell
surface MHC class II molecules. As shown in Fig. 3, all five
HTLV-1-infected T-cell lymphoma cells, MT2 (DR4/15, DQ6/
8), Hut102 (DR15, DQ6), Kan (DR4/9, DQ8/9), Su (DR9/
15, DQ6/9), and OKM2T (DR1, DQ5) expressed the HTLV-1
Tax protein and surface HLA class II molecules. On the other
hand, T-cell leukemia cell line Hir (DR4/9, DQG6/9) and the
EBV-LCLs all expressed cell surface MHC class II molecules
but did not express the Tax protein. The Jurkat T-cell
lymphoma was negative for both HLA dass II and Tax,
allowing us to use some of these cell lines as negative control
APCs. The data presented in Fig. 4 indicates that HTL clones
reactive with peptides Tax;91.205 and Taxsos.310 were effective
in directly recognizing the MHC class Il matched, HTLV-1
Tax - expressing T-cell lymphoma cell lines. These HTL clones
did not react with autologous EBV-LCLs, indicating that the
response was antigen specific. Moreover, the recognition of
HTLV-1" T-cell lymphoma cells by these HTLs was inhibited
by the comesponding ant-HLA-DR mAb (for HTLs 5G, 8E,
9B, and 25) or anti-HLA-DQ mAb (for HTL 6D), confirming
that antigen recognition is through the presentation of

peptide by MHC cdass I molecules (Fig. 5). However, our
results showed that Tax;s, )¢s-reactive HTL clone 11C did not
Tecognize HTLV-1-infected T-cell lymphoma cells, suggesting
that this epitope is not processed and presented by intact
HTLV-1* tumor cells (data not shown).

Indirect recognition of naturally processed viral antigen by
autologous dendritic cells. We have observed that some
peptide-elicited HTLs can only respond with peptide-pulsed
APCs but not with APCs that are fed protein or tumor lysates
that requires antigen processing via the MHC class II endocytic
pathway. Thus, we proceeded to evaluate whether the HTLV-1
Tax peptide-reactive HTLs would be able to recognize the
naturally processed viral antigen. These experiments were done
using autologous dendritic cells as APCs that were fed with
freezefthaw lysates derived from HTLV-1 Tax" T-cell lympho-
mas. As shown in Fig. 6A and C, both the Tax;g,.50s5-reactive
HTL line 9B and Taxsps.sio-Teactive HTL clone 25 responded
effidently to autologous dendritic cells pulsed with lysates
from HTLV-17 T-cell lymphoma cells (MT2, Hut102) but not
with dendritic cells pulsed with lysates from Jurkat cells (HTLV-
I negative). In addition, these responses were inhibited by anti-
HLA-DR mAb treatment, indicating that both Tax;91.205 and
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Fig. 4. Antitumor reactivity of the peptide Taxig1.205-specific HTLs 5G, 8E, and 9B (A-C) and peptide Taxaos.aig-specific HTLs 6D and 25 (D and £). HTLs (3 x 10°

per well) were tested at various APC numbers for their capacily to recognize the H
The peptide-specific HTLs secreted IFN-y as the result of recognizing antigen in th

TLV-1-positive T-cell lymphoma cells and autologous EBV-LCLs (HTLV-1 negative).
e MHC class Il - matched HTLV-1* T-cell lymphoma cell lines but not HTLV-1-negative

autologous EBV-LCLs. Points, mean of triplicate samples; bars, SD. Points without bars had SD <10% the value of the mean. Results are representative of two experiments that

were done under the same conditions.
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Fig. 5. Antigen specificity of direct tumor recognition by HTLV-1 Tax ~ reactive HTLs. The peptide Taxie1.205-reactive HTLs 5G, BE, and 9B (4-C) and peptide
Taxaos.31s-reactive HTLs 6D and 25 (D and £) produced IFN-y as the result of recognizing antigen on restricted HLA class Il allele — positive HTLV-1-infected T-cell
lymphoma cell line presenting the naturally processed epitope. Production of IFN-y was inhibiled by anti-HLA-DR mAb L243 (4-D) or anti-HLA-DQ mAb SPV-L3 (E)
and could not be detected using HTLV-1-negative EBV-LCLs, HLA class | fully allogeneic HTLV-1" T-cell lymphoma cell lines, and HTLV-1-negative HLA class Il Jurkat Tcell
lymphoma. Columns, means of triplicate determinations; bars, SD. Columns without bars had SD {10% the value of the mean. Representative of two experiments that were

done under the same conditions.

Taxses-310 Were presented by MHC class I surface molecules.
On the other hand, Tax15;.166-1eactive HTL clone 11C, Taxq91-
20s-Teactive HTL clones 5G and 8E, and Taxzgs.319-Teactive HTL
clone 6D were not able to recognize the naturally processed
antigen from tumor lysates presented by the autologous
dendritic cells (data not shown). In these experiments, we
observed that the T-cell responses to the tumor lysates could be
substantially enhanced by the addition of anti-HTLV-1 Tax
mAb, Lt4 (Fig. 6B and D), presumably by increasing the
delivery of antigen to the APCs via the Fc receptor - mediated
endocytosis of immune complexes containing the relevant viral
protein (39, 40). The enhancement by the anti-Tax mAbs was
antigen specific because no effects were observed with lysates
from Jurkat.

Recognition of naturally processed viral epitope from lysates
prepared from HAM/TSP patient’s PBMC by autologous dendritic
cells., The results presented above, demonstrating indirect
recognition of naturally processed antigens via autologous
dendritic cells, were obtained using lysates derived from HTLV-
1-infected cultured cell lines. We also examined whether T-cell
epitopes Taxisizos and Taxsas.z10 could be generated using
lysates derived from “primary HTLV-1* PBMC"” as source of
antigen. It has been noted that expression of HTLV-1 viral
antigens, including Tax in HTLV-1 infected cells, could increase
by in vitro culture (10, 26, 41). Moreover, it is known that the
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expression of Tax mRNA in PBMCs isolated from HAM patients
reaches a maximum at 24 hours after in vitro culture (41).
Thus, we cultured PBMCs of patients with HAM for 24 hours
before preparing the lysates. First, we confirmed by Western
blot analysis that the lysates from PBMC derived from two
HAM patients (HAM1, HAM2) expressed the HTLV-1 Tax
protein (Fig. 7A). On the other hand, the Tax protein was not
detected in lysates derived from PBMC of HTLV-1 naive
individuals. The HTLV-17 MT2 cells served as a positive
control. Next, we assessed whether the Tax;91.205 and Taxsps.
s19-specific HTLs would be able to recognize the autologous
dendritic cells pulsed with lysates prepared from HAM patient’s
PBMCs. Figure 7B and C shows that the autologous dendritic
cells that were fed with PBMC lysates from both HAM1 and
HAM2 patients were effective in stimulating the responses of
the HTLs in an antigen-specific manner.

Discussion

CTLs have been proposed to be main effector cells against
many pathogenic viruses, including HTLV-1. Thus, a large
number of CIL epitopes derived from components of HTLV-1,
such as the Tax, Env, Gag, and Pol proteins, have been
identified and some of these are being considered as potential
subunit peptide-based vaccine candidates {6, 13, 14, 20, 42).
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However, recent findings indicate that the presence of antigen-
specific CD4" helper T lymphocytes is necessary for the optimal
induction and maintenance of antigen-specific CTL and for the
development of effective antibody responses. Using an
experimental animal model for HTLV-1, rats that were
inoculated with HTLV-1-infected T-cell lymphoma cells
exhibited antiviral CD4" T helper responses, indicating that
the HTLV-1-infected tumor cells were taken up by APCs and
that the naturally processed epitopes were effectively processed
and presented via the MHC class Il pathway (21). Moreover, it
has been reported that HTLV-1-reactive CD4" T cells are present
in HAM/TSP patients and the T-helper cells produce Thi
cytokines (interleukin-2, IFN-y) in responses to antigen
stimulation (10, 26). In view of the above, it is clear that the
identification of MHC class II -restricted tumor and viral HTL
epitopes in addition to CTL epitopes will be a critical step in
the development of effective vaccines for this virus. As a key to
the above problem, we previously showed that three HTLV-1
Env peptides———Enva.zw, Env317.331, and Env3g¢395—induced
HTLs that recognized intact HTLV-1* T-cell lymphoma cells
in vitro and that some HTLs were able to directly recognize and
lyse HTLV-1* T-cell lymphoma cells (35). Interestingly, HTL
epitopes Envige.z10 and Envsgssss are located closely to
previously described antibody epitopes (17, 18, 43).

In the present study, we identified the two naturally
processed MHC class II-restricted HTL epitopes from the
HTLV-1 Tax protein (Taxjo1.205 and Taxzes.s10). A number of

groups have presented evidence that HTLV-1 Tax is a major
target for HTLV-1-specific CTLs (6, 13). Yamano et al. (44)
indicated that CTL activity against Tax is predominantly
detected in HAM/TSP patients and in some patients, the
frequency of Tax-specific CTLs can be as high as 30% of all
CD8" T cells in peripheral blood. Moreover, recent work by
Harashima et al. (28) reported that after successful teatment
by hematopoietic stem cell transplantation of an ATLL patient,
most of CIL activity (>60%) was toward Tax. In general,
although HAM/TSP patients suffer from chronic neurologic
disoxrders, those patients exhibiting high CTL responses against
HTLV-1 Tax rarely progress to ATLL. On the other hand, the
low levels of Tax-specific CTLs observed in ATLL patients and
the observation that these CTL are capable of killing leukemic
cells in vitro led us to hypothesize that the absence of Tax-
reactive CTLs in some ATLL patients may be associated with
leukemogenesis {5-7). Furthermore, a recent report showed
that when HTLV-1-specific CTLs were induced in ATLL patients,
it was difficult to expand them in vitro, suggesting the presence
of an immunosuppression or tolerance effect. Alternatively, the
cause could be a lack of CD4" T helper cells, which are required
for effective CTL expansion (45). It should be mentioned that
although CD4" T cells are main viral reservoir of HTLV-1, some
reports indicate that HTLV-1-specific CD4" T cells in HAM/TSP
patients are not themselves infected with transcripionally
active HTLV-1 virus, implying that they would not be targeted
by HTLV-1-specific CTL (26).
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Fig. 6. HTLV-1Tax - reactive HTL recognize naturally processed exogenous antigen presented by autologous dendritic cells. The peptide Taxis:.205 -reactive HTL line 9B (4)
and peptide Taxzos.19-reactive HTL clone 25 (C) were able to recognize the HTLV-1-positive T-celf lymphoma cell lysates (MT2, Hut102) but not HTLV-1-negative

Jurkat T-cell lymphoma cell lysate presented by autologous dendritic celis. In addition, antigen recognition in all cases was inhibited by anti-DR mAb L.243 at 10 pg/mL,

The responses of these HTLs to the naturally processed antigen derived from tumor lysate were enhanced by adding HTLV-1Tax — specific mAb Lt-4 at 10 pg/mL using tumor
lysates from HTLV-1™ MT2 or Hut102 but not HTLV-1-negative Jurkat lysate (8 and D). Columns, mean of triplicate determinations; bars, SD. Columns without bars

had SD <10% the value of the mean. Representative of two experiments that were done under the same conditions and with the same samples.
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Fig.7. Recognition of naturally processed HTLV-1
Tax protein derived from HAM patient’s PBMC.

A, HTLV-1 Tax protein content was evaluated by
Western blot analysis using antibody Lt-4 specific
for HTLV-1 Tax to determine whether the HTLV-1
Tax protein was present in PBMCs from two HAM B
patients (HAM1 and HAM2). The HTLV-1 Tax
protein was detected in cell lysales prepared from
both HAM patient’s PBMC and MT2 celis
(positive control HTLV-1* lymphoma) but not in
PBMC from a healthy individual. 8 and C, the
peptide Taxia.205-specific HTL line 9B and peptide
Taxz0s.319 -reactive HTL clone 25 recognized the
lysates prepared from HAM patient’'s PBMC and
the response was inhibited by anti-DR mAb L243
at 10 png/mi. Results correspond to triplicate
samples. Columns without bars had SD (10% the
value of the mean. Representative of two
experiments that were done with the same
samples.
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Recognition of naturally processed antigen has become the
hallmark that a predicted T-cell epitope will be relevant for
vaccine/immunotherapy development. Here, we have shown
that T-cell responses induced with peptide Taxi91.205 by the
DR1-restricted HTL 5G and the DR9-restricted HTL 8E were
accompanied by effective direct recognition of HTLV-1-express-
ing T-cell lymphoma cell lines. However, both of these HTLs
were not able to recognize autologous APCs that were fed with
tumor cell lysates. In contrast, the DR9-restricted HTL 9B, also
specific for peptide Tax;91.205, was able to respond with both
HTLV-1-positive T-cell lymphoma cells and professional APCs
that exogenously captured tumor lysate. Similarly, although the
Taxsos.s10-specific HTL 25 could recognize both HTLV-1 Tax-
expressing T-cell lymphoma directly and antigen processed by
autologous dendritic cells, the HTL 6D, which is specific for the
same epitope, was able to react only with the HTLV-1 Tax~
expressing tumor cell lines and not with the lysate-fed APCs.
These apparently contradictory findings could be explained by
differences in the affinity for antigen (Fig. 1B and C).
Regardless, these results show that both Taxjsines and
Taxses.310 HTL epitopes can be processed endogenously by
tumor cells and exogenously by professional APCs but that the
recognition pattern may differ among various HTLs.

We showed that adding HTLV-1 Tax-specific mAb (Lt-4)
with tumor lysates enhanced T-cell responses (Fig. 6).
Dendritic cells express several receptors for the Fc portion
of IgG (FcyR), which mediate internalization of antigen-igG
complexes and promote efficient MHC dass II-restricted
antigen presentation. In the past, we observed that HTL
responses to hepatitis B virus antigen was enhanced by
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Treatment of Japanese Restless Legs Syndrome Patients
with Cabergoline: An Open Clinical Preliminary Trial
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Abstract
Objective To determine the effective dose of cabergoline in Japanese patients with restless legs syndrome
(RLS).
Methods Six cases of idiopathic RLS and three of RLS with Parkinson disease (PD) participated in an

open clinical preliminary trial. All cases were diagnosed based on the clinical criteria of the International
RIS Study Group. Three RLS cases (1.3%) were detected out of 229 consecutive cases with PD. RLS sever-
ity was evaluated with International RLS Study Group (IRLSSG) Rating Scale Version 2.2 before and one
year after the treatiment with cabergoline.

Results For 6 idiopathic RLS patients, the IRLSSG questionnaire scores improved from 25.5+3.7 to 10.7+
8.9 (p=0.028, Wilcoxon test) with 1 mg of daily cabergoline at the endpoint. For 3 RLS cases with PD, the
score was 21.7£3.7 before the treatment, and RLS symptoms completely disappeared with [ mg of cabergo-
line. One of RLS cases with PD required additional cabergoline later because of parkinsonism. No adverse

evenl with cabergoline was reported in this study.
Conclusion

One mg of daily cabergoline is effective in some Japanese patients of RLS.

Key words: restless legs syndrome, cabergoline, levodopa, dopamine agonist, Parkinson disease, clinical trial

(DOI: 10.216%internalmedicine.45.1555)

Introduction

Restless legs syndrome (RLS) is characterized by an urge
to move the legs, usually accompanied or caused by an un-
comfortable sensation in the legs. The urge to move or un-
pleasant sensations begins or worsens during periods of rest
or inactivity, such as lying down or sitting. The urge to
move or unpleasant sensations are relieved by movement,
and are worse in the evening or at night than during the day
or only occur in the evening or at night (1). The sensory
and motor symptoms of RIS often result in nocturnal in-
somnia and chronic sleep deprivation. Treatment with levo-
dopa usually alleviates symptoms, however, many patients
with RLS develop rebound or augmentation (2). The direct-
acting dopamine agonists, with a longer duration of action,
provide an alternative 1o levodopa. Bromocriptine (3), per-

golide (4-7), pramipexole (8-10), ropinirole (11-13) and

cabergoline (14-16) have shown good efficacy in RLS and
also have reduced the frequency of augmentation and re-
bound. All of those reports are from Western countries. RLS
occurs in about 5-20% of the adult population in Western
countries (1, 17, 18). Although RLS is a common disorder
in Western countries, the prevalence of RLS has been re-
ported to be quite Jow (0.1-0.6%) in an Asian population
(19). At least one-third of cases have a positive family his-
tory in Western countries, suggesting an autosomal-dominant
pattern of inheritance (20-22). However, no familial RLS
has been reported to date in Asian countries. Taken together,
there may be an ethnic susceptibility to RLS and/or poten-
tial genetic predisposition. To examine the effectiveness of
dopamine agonists for Japanese patients with RLS, we ad-
ministered cabergoline, a long-acting dopamine agonist, to
RLS patients.
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Table 1. Patient Characteristics, Dosage and Treatment Re-
sponse
Duratica Lshergoling HRLSSG
Age{vearsy Dumtion of tre3tment 2 endpoint 5018
Patient  wype WRLS  whobendine  Jmanimendose  {before)  fone yeas
Ho of KLS Gendet iyeay} {¥es) dunng weztmnt zfler)
1 idepataic 73im 3 1 mgl3 mp 24 14
2 sdiopathic 76 2 3 imgd mg 2% 0
wdiopathis ®OIr 12 1 1mafs mg 2 2
4 siopathic 710 3 2 1 mgl3 wg 37 20
H wiopatkic &3m 2 i mpd mg 22 4
) sdinputhi 79if 3 ‘ TR mgr 15 9
T ORLSwith PFHY-L 78/ i 3 }ngfE g 2 a
& RISwuhPDHY-H 627 2 3 L't mg 38 a
9 RLS with PDYRY-11 734 H Imgsmg 12 0

PD(HY-1} = Parkinson disease (Hohen-Yahr stage 1), PD(HY-1I) = Parkinson disease

(Hohen-Yahr stage 1)

Patients and Methods

Six idiopathic RLS patients and three RLS patients with
Parkinson disease (PD) participated in this study. All pa-
tients gave informed consent and fulfilled the essential diag-
nostic criteria for RLS based on the International RLS Study
Group (IRLSSG) (1).

Three RLS cases (1.3%) were detected out of 229 serial
cases with PD. When two patients with PD (Nos. 7 and 8 in
Table 1) first came to our hospital, they did not complain of
PD symptoms {(i.e. gail disturbance, Dbradykinesia, or
tremor) but rather, RLS symptoms. On neurological exami-
nation, they had unilateral mild cogwheel rigidity of the
wrist, mild bradykinesia and minimal hand tremor at rest.
We diagnosed them with RLS with Parkinson disease
(Hohen-Yahr stage 1).

No patient had been treated with dopamine agonists, levo-
dopa, benzodiazepines, opiocids or other psychiatric drugs at
least 4 weeks prior to this study. Because there has been no
direct comparison among the agonists for the treatment of
RIS, we selected cabergoline because it has the longest
half-life among the available agonists. To prevent peripheral
dopaminergic side-effects, cabergoline was started with a
minimal dose (0.25 mg) in the evening. The dose was in-
creased in steps of 0.25-1.0 mg up to 3 mg until RLS symp-
toms clearly improved.

We translated the questionnaire of the IRLSSG Rating
Scale (JRLS) Version 2.2, which was developed by the
IRLSSG to evaluate the effect of treatment (23), into Japa-
nese. We used the abbreviated Japanese questionnaire for
our clinical practice. RLS severity was evaluated with IRLS

Version 2.2 before and one year after the treatment with
cabergoline. Any adverse events, including augmentation,
were monitored by phone or reported when the patients saw
their doctor. Wilcoxon test was used for statistical analysis.

Results

The data for all patients is summarized in Table 1. No ad-
verse events were reported with cabergoline, and no patient
withdrew from this study. The age was 74x8.3 (mean=SD)
years, and the duration of RLS symptoms was 7.3x6.4
(mean=SD) years.

For 6 idiopathic RLS patients, the IRLSSG questionnaire
scores improved from 25.5x3.7 to 10.7£8.9 (p=0.028, Wil-
coxon test). Two idiopathic RLS patients (Nos. 2 and 5 in
Table 1) reported that RLS disappeared within a week with
the minimum daily dose of cabergoline (0.25 mg). These 2
patients later required an increase of dosage up to 1.0 mg of
cabergoline to control RLS symptoms. There was no differ-
ence in effectiveness on RLS symptoms in the range of 1.0-
3.0 mg of cabergoline for the other 4 idiopathic RLS pa-
tients (Nos. 1, 3, 4 and 6 in Table 1), 1.0 mg of cabergoline
was selected as the endpoint.

For 3 RLS cases with PD, the score was 21.7+3.7 before
the treatment with cabergoline, and RLS symptoms com-
pletely disappeared at the endpoint. The effective daily dos-
age of cabergoline for RLS symptoms at the endpoint was
1.0 mg. One of the RLS cases with PD (No. 9) required 3.0
mg of cabergoline later because of PD symptoms.

Discussion

IRLSSG questionnaire scores improved significantly, indi-
cating that cabergoline was effective for RLS symptoms in a
patient population in Asia, where RLS is observed less fre-
quently than in Western countries. Although there may be
genetic/ethnic differences in RLS between Western countries
and Asian countries, dopamine agonists would be one of the
effective treatments for RLS patients across races. The use
of standardized diagnostic criteria applied in this study will
help to determine the effectiveness of treatments for RLS.
Cabergoline has the Jongest mean elimination half-life (up
to 65 hours) among the dopamine agonists (14, 16). Caber-
goline needs to be given only once daily because of its long
half-life. The long duration of action of cabergoline results
in sustained stimulation of the dopamine receptors, mimick-
ing normal physiclogical dopaminergic stimulation. Caber-
goline has the beneficial effects of a sustained dopamine ag-
onist on idiopathic and PD-related RLS, while levodopa-
related augmentation is possibly due to the short half-life of
levodopa (2).

The striatonigral dopaminergic system has been impli-
cated in RLS, by neoropharmacological data including PET
and SPECT studies. However, the pathogenesis remains un-
known. Anticonvulsants including clonazepam, opioids and
benzodiazepines are considered the drugs of choice as well
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as dopaminergic drugs (24). When dopaminergic drugs do
not show a sufficient effect on RLS symploms, other drugs,
such as anticonvulsants, benzodiazepines or opioids, should
be considered.

The prevalence and severity of RLS increase with aging,
so that RLS is of importance particularly in geriatric pa-
tients. RLS may be underdiagnosed, probably because the
initial symptoms are mild, without objective abnormality on
neurological examination and are commonly thought to be
psychogenic (25). We should pay more attention to the char-

acteristic RLS symptoms because RLS usually leads to sleep
disturbance and a decreased quality of life. especially for
geriatric patients (26),

We wish to thank Drs. Takayuki Katayama. Setsu Nakatani-
Enomoto (Section of Neurology, First Department of Medicine,
Asahikawa Medical College). and Kenji Kuroda (Department of
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this work.
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Abstract

Objective Treatment with a free radical scavenger could be a new option for ischemic brain attack, how-
ever, little is known about the alteration of oxidative stress markers induced by edaravone, a novel free radi-
cal scavenger, in human ischemic brain attack.

Methods We investigated the effects of edaravone on the oxidative stress markers in patients with ischemnic
brain attack. Twenty-one patients with ischemic brain attack and. 19 controls were enrolled in this study.
Blood samples were obtained just before and soon after the first administration of edaravone (30 mg) or oza-
grel (40 mg). Intracellular reactive oxygen species of neutrophils were measured using 6-carboxy-2°. 7°-
dichlorodihydrofluorescin diacetate and a fluorescence-activated cell sorter. Superoxide from neutrophils, in-
duced by phorbol myristate acetate (PMA), was detenmined by luminol-amplified chemiluminescence assay.
Results  Treatment with 30 mg of edaravone significantly decreased the intracellular reactive oxygen species
(ROS) of neutrophils (Wilcoxon test, p=0.0001) and PMA-induced superoxide produced by neutrophils (Wil-

coxon test, p=0.001). Ozagrel did not alter the intracellular ROS or superoxide production of neutrophils.

Conclusion

Reduction of intracellular ROS and suppression of superoxide production in neutrophils pro-

vide a potential explanation for the clinical efficacy of edaravone in patients with ischemic brain attack.

Key words: edaravone, free radical scavenger, reactive oxygen species, neutrophil, ischemic brain attack

(DOI: 10.216%/internalmedicine.45.1491)

Introduction

Accumulating evidence implicates free radicals in the
damage of ischemic brain attack, and free radical scavengers
have been proposed as a new clinical strategy. A novel free
radical scavenger, edaravone (MCI-186, 3-methyl-1-phenyl-
2-pyrazolin-5-one), has been shown to prevent vascular en-
dothelial injury in vizro (1) and cerebral damage following
middle cerebral artery occlusion (2), delayed neuronal death
in transient cerebral ischemia (3) and ischemic brain edema
in rats (4, 5). Edaravone has been found to inhibit activaton
of the lipoxygenase pathway in the arachidonic acid cascade

(6) and peroxidation of the phosphatidylcholine liposomal
membrane (7), as well as to scavenge hydroxyradicals.

The clinical efficacy of edaravone on ischemic brain at-
tack has been demonsirated by significant improvement in
the functional outcome in a randomized, placebo-controlled,
double-blind study (8). However, to date no data is available
on the alteration of oxidative stress markers due to edara-
vone in human ischemic brain attack. We investigated the
effects of edaravone on oxidative stress markers of circulat-
ing neutrophils in patients with ischemic brain attack.
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Intracellular reactive oxygen species of circulating neutrophils in patients with
A: Typical flow cytogram of neutrophils (surrounded by an

oval). Intracellular reactive oxygen species are presented as relative fluorescence units, i.e., the me-
dian channel value of the fluorescing cell population. 8§ = side scatter dot plot. B: Relative fluores-
cence units of neutrophils before and after treatment with 30mg of edaravone or 40 mg of ozagrel.

Patients and Methods

Twenty-one patients (14 males and 7 females, mean=SD;
712 years old, range 52-88) with ischemic brain attack and
19 untreated healthy controls (11 males and 7 females, mean
+SD; 5124 years old, range 23-79) were enrolled in this
study under informed consent. Edaravone treatment was
started for the patients within 24 hours after the onset of
ischemic brain attack. Patients were administered 30 mg of
edaravone 1.v. over | hour twice a day for 3-10 days. Ten
patients were treated with 40 mg of ozagrel, a thromboxane
A2 synthase inhibitor, over 1 hour before the treatment with
edaravone. Blood samples were obtained just before and
soon after the first administration of edaravone or ozagrel.
Glycerol was used for the patients after the first treatment
with edaravone.

To measure intracellular reactive oxygen species of neu-
trophils, venous peripheral blood was incubated in NH.Cl
(8.26 g/L)y KHCO: (1.0 g/} and tetrasodium ethylene-
diaminetetraacetic acid (0.037 g/L) in Chelex 100-treated
water (pH 7.3) for 10 min to lyse erythrocytes, washed with
ice-cold 2-[4-(2-hydroxyethyl)-1-piperazinyl] ethanesulfonic
acid (HEPES) buffer and then centrifuged at 1,000 g at 4T
for 5 min. The supernatant was discarded. Neutrophils were
resuspended in 1 ml HEPES buffer, and 6-carboxy-2’, 7°-
dichlorodihydrofluorescin diacetate (CDCFH-DA Molecular
Probes, Netherlands) (10 uM final concentration) was added
to each sample tube; and the tubes were incubated at 37C

for 30 min before data acquisition by flow cytometry. A
fluorescence-activated cell sorter (EPICS X1./XL-MCL Sys-
tem 1I v3.0, Becton Dickinson) and WinMIDI 28 sofiware
were used for acquisition and analysis of data. The stability
of instrumental setlings including spectral compensations
was checked regularly with fluorescent beads (Calibrite,
Becton Dickinson). For each 1 ml aliquot of cell suspension,
an appropriate electronic gate was generated, and 3,000
events were collected in live mode. Neutrophils were deline-
ated in a forward/side scatter dot plot, and appropriate fluo-
rescence histograms were developed. Fluorescence intensi-
ties are reported in relative fluorescence units, i.e., the me-
dian channel value of the fluorescing cell population
(Fig. 1A).

To measure superoxide produced by neutrophils, neutro-
phils were resuspended in 1 mi of HEPES buffer by the
above method and adjusted to the density of 2x10° /ml. Su-
peroxide production by phorbol myristate acetate (PMA)
was determined by luminol-amplified chemiluminescence as-
say using a luminometer (BLR-301, ALOKA, Japan). Neu-
trophils were stimulated with PMA (0.1 nmol/L), and the re-
sulting light output was continuously recorded on a chart re-
corder. All results are expressed as kilo-counts per minute
(kepm)  using  the peak
(Fig. 2A).

chemiluminescence emission

Results

The controls showed no significant relationship between
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Figure 2. Superoxide production of circulating neutrophils in patients with ischemic brain attack

and controls.
amount of superoxide produced by neutrophils sti
Amount of superoxide produced by neutrophils
with edaravone or ozagrel. All results are expres
chemiluminescence emission peak.

age and relative fluorescence units of circulating neutrophils
treated with CDCFH (simple regression analysis, p=0.1832)
or between age and superoxide production by ncutrophils
(simple regression analysis, p=0.2406). The relative fluores-
cence units of circulating neutrophils in CDCFH in patients
with ischemic brain attack before treatment with edaravone
or ozagrel (36.8+£5.9, mean=SE) was higher than that of
controls (19.1x1.8) (Mann-Whitney U test, p=0.0262). The
relative fluorescence units in CDCFH decreased after treat-
ment with edaravone (26.8+3.8) (Wilcoxon test, p=0.0001),
indicating that edaravone lowered the intracellular ROS of
circulating neutrophils (Fig. 1B). In contrast, the relative
fluorescence units in CDCFH showed no significant altera-
tion after the treatiment with ozagrel (38.3x7.2).

Amount of superoxide produced by neutrophils in patients
with ischemic brain attack tended to be higher than those of
controls (Mann-Whitney U test, p=0.0578). The superoxide
production by neutrophils decreased after treatment with
edaravone in patients with ischemic brain atlack (Wilcoxon
test. p=0.001; Fig. 2B). The amount of superoxide from
neutrophils showed no significant alteration after the treat-
ment of ozagrel. In one patient, we happened to obtain a
blood sample one day before ischemic brain attack. The pre-
liminary data showed that the superoxide produced by neu-
trophils after ischemic brain attack was increased to 135%
of that before ischemic brain attack, indicating an increase
in inducible superoxide from neutrophils after ischemic
brain attack. No adverse events were observed in patients
treated with 30 mg of edaravone.

A: Typical light outputl continuously recorded on a chart recorder, reflecting

mulated by phorbol myristate acetate (PMA). B:
stimulated by PMA before and after treatment
sed as kilo-counts per minutes (kepm) using the

Discussion

Brain damage in ischemic brain attack is closely related
to inflammatory responses, especially infiltration of circulat-
ing neutrophils into ischemic tissue (9). Many studies show
that inhibition of neutrophil accumulation greatly reduces in-
farct size (10, 11). Neutrophil accumulation in vessels re-
quires interaction between several adhesion molecules, such
as intracellular adhesion molecule (ICAM)-1. Interleukin
(IL)-18 and tumor necrosis factor-o. which upregulate ICAM
(12) are increased in ischemic brain tissue. Ischemia induces
the formation of [1.-1, the subsequent expression of ICAM-
1, and increased adherence of neutrophils. In ischemic brain
tissue, neutrophil, cytokines, and adhesion molecules are
closely related to each other.

Neutrophils are a potential source of ROS when activated
during inflammatory responses. Free radicals from the neu-
trophils are produced via activation of NADPH oxidase in
the cytoplasmic membrane. An ischemia and reperfusion
animal mode] demonstrated that the major site of superoxide
production is the activated leukocytes in the circulating
blood (13). Superoxide and H:O: have since been shown to
directly trigger leukocyte activation and adhesion to vascular
endothelium. Neutrophils might induce damage by causing
local vascular occlusion, or they might initiale toxic reac-
tions, including free radical production by NADPH oxidase,
production of hypochlorous acid, or protease activation (14).
Transgenic mice lacking NADPH oxidase showed reduction

(o8}
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of infarct size by 50%, however, selective elimination of
either leukocyte or parenchyrmal NADPH oxidase did not re-
duce damage, suggesting both NADPH oxidases need to be
eliminated to protect the brain from ischemia (15). A large
part of free radical production is dependent on neutrophils,
but it could be initiated by NADPH oxidation in parenchy-
mal tissue or in the neutrophils (14). These findings suggest
that inhibition of circulating neutrophils in ischemic brain
attack could be effective to prevent ischemic brain injury.
We demonstrated here that edaravone diminished free
radicals in circulating neutrophils in patients with ischemic

brain attack, which could at least partially explain the clini-
cal efficacy of edaravone on ischemic brain attack (8). We
speculate thai edaravone eventually protects the ischemic
brain by scavenging free radicals from circulating neutro-
phils as well as from brain tissue.
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Abstract

An ubiquitin-binding protein, p62, is one of the components of the ubiquitin-containing inclusions in scveral human neurodegenerative
diseases. Amyotrophic lateral sclerosis (ALS) is characterized by the presence of skein-like inclusions, Lewy body-like inclusions, and
basophilic inclusions in the remaining anterior horn cells, in which these inclusions comain ubiquitin, while the other characteristic inclusions
of Bunina type are ubiquitin-negative. We examined the spinal cord from 28 ALS cascs including two ALS with dementia and two ALS with
basophilic inclusions, using antihody to p62. The results demonstrated that p62 localized in skein-like inclusions, Lewy body-like inclusions
and basophilic inclustons. The number of p62-positive inclusions observed in the remaining anterior hom cells of each section was variable
among the ALS cases. In contrast, Bunina bodies, that do not contain ubiquitin, were negative for p62. As far as we examined, the 11 non-
ALS cases did not show any p62 immunoreactivities in the anterior horn cells. Qur results supgested that p62 plays important roles in

forming the inclusions and may be associated with the protection of the neurons from degencrative processes imvolving ubiquitin.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In general, cytoplasmic inclusions, abnormal protein
aggregation, arve often the hallmarks of certain human
neurodegenerative discascs such as ncurofibrillary tangles
in neurons of patients with Alzheimer’s diseasc and Lewy
bodies in neurons of patients with Parkinson’s discase.
Amyotrophic lateral sclerosis (ALS) is neuropathologically
characterized by loss of motor ncurons and occurrence of
Bunina bodies (BB) [1], skein-like inclusions (SLT) {2], and
Lewy body-like inclusions (LBLT)/ round inclusions [3,4] in
the remaining anterior horn cells of spinal cords. Morcover,
ALS with onset before the age of 20 has been reported as a
sporadic juvenile case, in which cytoplasmic basophilic

* Corresponding author. Tel. +81 27 220 8064; fax: +81 27 220 8068.
E-mail address: mizanoy@med. gunma-w.ac.jp (Y. Mizuno).

G022-510X/% - see front matter © 2006 Elsevier B.V. All rights reserved,
d0i:10.1016/].jns.2006.05.060

inclusions (B [5] have been observed as one of the
characteristic features. BB is immunohistochemically posi-
tive for cystatin C [1]. while SLI and LBLI show ubiquitin-
positive, tau-negative, cystatin C-negative, and a-synuclein-
negative immunoreactivities. BI show a globular or frag-
mented appearance and are occasionally positive for ubiquitin
with granular reaction. The mechanism of the formation of
cytoplasmic inclusions remains unknown; therefore, the
clucidation of the main constituent is very important to
understanding the significance of these mclusions.

P62 was originally identified as a binding protein to the
Sre homology 2 domain of p56™* [6] and contains several
functional domains such as zine-finger motif, proline-rich
regions and a PEST sequence. It is thought that the presence
of p62 along with ubiquitin and other stress proteins of HSP
70 and HSP 25 in inclusions indicates a line of defense
against misfolded proteins in chronic stress conditions [7,8].

71



14 Y. Mizuno et al. / Journal of the Newrological Sciences 249 (2006) 13--18

P62 is up-regulated in cultured neuronal cells during
initiation of apoptosis and proteasomal inhibition, suggest-
ing that this protein plays a protective role in pathological
conditions [9]. p62 has been observed in ubiquitin-contain-
ing intraneuronal or intraglial inclusions such as neurofi-
brillary tangles [10], Pick bodies, Lewy bodies, and glial
cytoplasmic inclusions in multiple system atrophy [111.
Recently, several investigators demonstrated that intracy-
toplasmic inclusions in the granule cells of dentate gyrus of
paticnts with ALS-D contained both ubiguitin and p62 [12],
although inclusions concerning spinal anterior hom cells
were not examined. To better understand the protein
aggregation containing ubiquitin in the anterior horn cells
in ALS cases, we examincd the spinal cords of 28 ALS cases
including two ALS with dementia (ALS-D) and two
basophilic inclusion type of ALS in addition to 11 non-
ALS cases, using antibodics against p62 and ubiquitin, We

found that p62 immunostainings with different types of
reaction were observed in the spinal anterior homn cells and
that these patterns could correspond to SLI, LBLI, and BIL

2. Materials and methods

We examined a total of 28 ALS lumber spinal cords
samples (average age: 59.9 years old, sex: 12 males, 16
females), meluding two ALS-D cases (64-year-old female
and 46-year-old male), and two ALS cases demonstrating
basophilic inclusions (24- and 27-ycar-old females) in
addition to thosc of 11 non-ALS cases including Alzheimer’s
disease, Creutzfeldt--Jakob disease, Parkinson’s discase,
cerebrovascular diseases, mitochondrial discase, and pri-
mary amyloidosis. Spinal cord tissues were all obtained from
the institutes and universities. In all cases, the autopsics were
performed in accordance with cstablished procedures and the

Fig. 1. p62 immunoreactivitly for skein-like inclusions. A, C, E, F: Immunostaining for p62. B, D: Tmmunostaining for ubiquitin. Skein-like inclusions that were
smunostained for ubiquitin (B and D) were p62-positive on serial sections (A and C). Other p62-positive skein-Tike inclusions are shown in E and F. Scale bur:

30 um.
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