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expressing €26 tumors inoculated subcutaneously into mice transferred with

T cells or CD&" T cells sensitized with H5P105 DNA vaccine into sublethally irradiated mice elicited effective
(a) Experimental protocol; each group consisted of four mice. (b) Suppression of the growth of HSP105-

each group of spleen cells. Tumor area was calculated as the

product of width and length. The result is presented as the mean area of tumor * SE, and we evaluated the statistical significance using the
unpaired t-test. (c,d) Percentage tumor free rate (c) and percentage overall survival (d) were calculated using the Kaplan-Meier method,

and the statistical significance of differences in

mice did not cause the mice to reject challenges with C26 cells
(3 x 10%). Conversely, two of the four mice (50%) that were
treated with whole spleen cells, CD8" T cells, or CD4* T
cells derived from HSP105 DNA-vaccinated mice completely
rejected challenges with C26 cells (3 x 10% Fig. 5b—d). Thus,
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survival time between groups was evaluated using Wilcoxon's test.

sublethally irradiated lymphopenic mice transfused with
CD4* T cells or CD8* T cells derived from ASP105 DNA-
vaccinated mice displayed tumor growth inhibition. These
results suggest that both CD4* and CD8* T cells play critical
roles in antitumor immunity induced by immunization with
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and the statistical significance of differences in survival time between groups was evaluated using Wilcoxon's test.

the HSP105 DNA-vaccine. The mice shown in Figure 5
were killed more than 100 days after lymphocyte transfer,
respectively. All mice were apparently healthy and without
abnormalities, suggesting autoimmunity for, for example,
dermatitis, arthritis, or neurological disorders. The brain, liver,
lung, heart, kidney, and spleen tissues of HSPI05 DNA-
immunized mice were critically scrutinized and compared with
those of normal mice. These tissues had normal structures
and cellularity for each of the two groups examined, and
pathological changes caused by immune response, such as
CD8* or CD4* T lymphocyte infiltration or tissue destruction
and repair, were not present, as shown in Figure 4b. These
results indicate that T cells stimulated with HSP105 do not
recognize normal cells that express HSP105 at physiological
levels.

Involvement of both CD4* T cells and CD8* T cells in
protection against B16.F10 induced by HSP705 DNA-
vaccination

To determine the role of CD4* T cells and CD8* T cells in the
protection against B16.F10 tumor cells induced by HSP105

Miyazaki et al.
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DNA -vaccination, we depleted mice of CD4* T cells or CD8*
T cells by treatment with anti-CD4 or anti-CD8 mAb in vivo.
More than 90% of CD4* T cells or CD8* T cells were
depleted (data not shown). During this procedure, mice were
immunized with DNA vaccine and challenged with B16.F10
cells (Fig. 6a). Depletion of either CD4* T cells or CD8* T cells
almost totally abrogated the protective immunity induced by
immunization with HSP105 DNA vaccine (Fig. 6b—d). These
results suggest that both CD4* T cells and CD8* T cells play
critical roles in antitumor immunity induced by immunization
with HSP105 DNA vaccine.

Discussion

Advances in molecular biology and tumor immunology have
paved the way for identification of a large number of genes
encoding TAA and antigenic peptides recognized by tumor-
reactive CTL, hence peptide-based cancer immunotherapy
has been the focus of much research.®*% However, current
clinical trials for peptide-based immunotherapy have rarely
resulted in tumor regression.®” The immunogenicity of these
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tumor antigenic peptides or the vaccination strategy may be
sufficient to induce CTL responses but not to elicit CD4* T cells.

DNA-based immunization is potentially a powerful method
for immunizing against microbial, viral, and tumor antigens
through both humoral and cell-mediated immune responses.®
The generation of T-cell immunity involves local target cell
transfection and protein antigen production, which is taken
up by host APC, leading to cross-presentation in draining
Iymph nodes; in addition, direct DNA transfection into APC
in peripheral tissue has also been demonstrated.®” Compared
with orthodox vaccines consisting of tumor proteins or viral
components, DNA vaccination stimulates host immunity against
transgene-encoding proteins without the processes related to
protein purification. In the present study, a DNA vaccine was
used to activate HSP105-specific tumor immunity.

Although the SEREX method facilitated the identification
of tumor antigens that could be recognized by antibodies
and CD4* Th cells, few of their T cell epitopes have been
determined.®*” We previously reported that HSP105, identified
by SEREX of pancreatic adenocarcinoma, was overexpressed
specifically in a variety of human cancers, including pancreatic
and colon adenocarcinoma.®® Other investigators identified
HSP105 by SEREX using other ¢DNA libraries derived
from tissues including colorectal cancer, melanoma, and
normal testis. HSP105 are complexes associated with HSP70/
HSC70,843 which negatively regulate HSP70/HSC70
chaperone activity.®® In addition, HSP105 protects neuronal
cells against the apoptosis induced by various stresses.®V
HSP105 consists of HSP1050. and HSP1058. HSP1050 is a
constitutively expressed 105-kDa HSP that is induced by a
variety of stresses, whereas HSP105f is a 90-kDa HSP that
is specifically induced by heat shock at 42°C, HSP105B is a
truncated form of HSP1050.0? We used in this study the
mouse HSP1050. DNA and protein. Recently, Subjeck and
colleagues rteported that recombinant HSP110 and cancer
antigens such as Her2/neu or gp100 complexes are powerful
cancer vaccines.®* Their HSP110“Y and our HSP105¢ are
in fact the same protein,

Although they noted that HSP110 did not have immuno-
genic properties, we emphasize in this study that HSP105
does have a strong immunogenic action. Although we did not
identify the HSP105-derived epitope peptides of CD8* T-
cells or CD4* T-cells in this study, we did prove that HSP105
itself could induce both CD4* T-cells and CD8* T-cells to
become reactive to tumor cells expressing HSP105. As shown
in Figure 5, in a homeostatic lymphocyte proliferation model,
we demonstrated that adoptive transfer of either CD4* T cells
or CD8* T cells alone into sublethally irradiated mice was
sufficient to reject C26 cells that do not express MHC class
II molecules. To ascertain whether this is aiso true for
B16.F10 that express both MHC class I and II molecules in
the presence of interferon (IFN)-y, further investigation is needed.
As shown in Figure 6, we demonstrated that both CD4* T
cells and CD8* T cells were required for rejection of B16.F10
in the induction phase. In terms of the mechanism for the
rejection of C26 tumors, we have other data relating to vac-
cination with HSP105 protein-pulsed BM-DC instead of
HSP105 DNA vaccination. In those experiments, we also
demonstrated that both CD4* T cells and CD8* T cells were
required for rejection of not only B16.F10 but also C26 in the
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induction phase by depleting CD4* T cells and CD8* T cells
using the in vivo administration of antibodies (unpublished data).
Therefore, both HSP105-specific CD4* T celis and CD8* T cells
seem to be important for the rejection of HSP105-expressing
tumors in the induction phase, and either CD4* T cells or CD8*
T cells can independently exert anti-C26 tumor effects in the
effector phase in a homeostatic lymphocyte proliferation model.

It has been reported that antigen-specific CD4* T-cell help
is required to activate memory CD8* T cells to fully functional
effector killer cells.®® The peptides derived from exogenous
antigens acquired by endocytosis are typically presented on
MHC class I molecules on the surface of APC, and activate
CD4* T cells. We observed in this study that CD4* T cells
specific to HSP105, in fact, have an important role in tumor
rejection, even when tumors do not express MHC class I
molecules, such as the C26 tumors used in this study. It was
recently reported that tumor-specific CD4* T cells may have
a pivotal role in preventing early tumorigenesis by secreting
IFN-y and stimulating the classical macrophage-activation
pathway. This results in the inhibition of tumor cell growth,
even when tumor cells themselves do not express MHC class
T molecules.®” To better understand the mechanism of C26
tumor rejection by HSP105-specific CD4* T cells, further
studies are needed. Furthermore, peptides derived from
exogenous self-antigen, HSP105, acquired by endocytosis are
possibly presented by MHC class 1 molecules on the surface
of APC by cross-presentation to activate CD8" T cells.

Because HSP are present in all organisms, low levels of
human HSP-derived peptides serve as harbingers of auto-
immune responses after CTL have been primed to respond to
bacterial HSP-derived peptides.®® However, because many
cancers overexpress HSP, CTL-based vaccines that elicit an
anti-HSP response might be effective against many different
tumors.® Indeed, in this study, HSP105 itself evoked T-cell-
mediated tumor rejection without autoimmune reactions. In the
present paper, all results shown in the figures were obtained
using female mice, but we have carried out the same experiment
using male mice. HSP105 DNA vaccination did not induce T-
cell infiltration or damage in testis tissue (in which HSP105
is highly expressed). Furthermore, HSP105 DNA vaccination
was also able to induce antitumor immunity in male mice
(data not shown), indicating that male mice did not acquire
immunological tolerance to HSP105 expressed in testis tissue.

To substantiate the specificity for HSP105, we searched
for mouse cancer cell lines derived from BALB/c mice and
C57BL/6 mice that do not express HSP105. However, all
cancer cell lines we examined strongly expressed HSP105.
BALB/3T3 fibroblasts expressed HSP105 relatively weakly,
but these cells unfortunately did not form tumors in mice.
Further investigations are needed to clarify whether HSPI105
DNA vaccination affects the growth of some tumors that do
not express HSP105.

We showed in this study that HSPI05 DNA vaccination
can prime T cells to be reactive to tumor cells expressing
HSP105 in vivo, and that growth of C26 and B16.F10 cells
expressing HSP105 was prevented without inducing auto-
immune destruction in murine subcutaneous CRC and
melanoma models. We believe that HSP705 DNA vaccination
is a novel strategy for the prevention of CRC and melanoma in
patients treated surgically who are at high risk of recurrence
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of CRC or melanoma. Whether or not HSP105 is an ideal
target for immunotherapy in human cancers will continue to
be investigated in our laboratory.
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Abstract

Vascular permeability changes precede the development of demyelinating lesions in multiple sclerosis (MS), and vessel wall thickening

and capillary proliferation are frequently seen in autopsied MS lesions. Although vascular growth factors are critical for inducing such

vascular changes, their involvement in MS has not been extensively studied. Thus, we examined the involvement of various vascular growth
factors in MS according to their clinical phase and subtype. We measured serum levels of vascular endothelial growth factor (VEGF), acidic
and basic fibroblast growth factors (FGF) and platelet-derived growth factors (PDGFs)-AA, -AB and -BB in 50 patients with MS (27
opticospinal MS and 23 conventional MS patients) and 33 healthy controls using sandwich enzyme immunoassays. Correlations between
growth factor changes and brain and spinal cord MRI findings were then analyzed. Serum VEGF concentrations were significantly higher in
MS patients in relapse than in controls (p =0.0495) and in MS patients in remission (p =0.0003), irrespective of clinical subtype. Basic FGF
was significantly increased in conventional MS patients, but not opticospinal MS patients compared with controls (p =0.0291), irrespective
of clinical phase. VEGF at relapse showed a significant positive correlation with the length of spinal cord lesions on MRI (#=0.506,
p=0.0319). The results suggest that an increase in serum VEGF concentration might be involved in MS relapse and the formation of

longitudinally extensive spinal cord lesions.
© 2005 Elsevier B.V. All rights reseved.

Keywords: 0S-MS; C-MS; VEGF; FGF; MRI; Longitudinally extensive spinal cord lesion

1. Introduction

Multiple sclerosis (MS) is an inflammatory demyelinat-
ing disease of the central nervous system (CNS). Although
the pathological hallmark of this disease is primarily
demyelination, a wide variety of pathological changes, such
as axonal degeneration, gliosis, remyelination and vascu-
larization, have been noted. In particular, vascular perme-
ability changes are considered crucial since they precede the
development of MS lesions [1] and lesions preferentially
develop perivascularly [2,3]. However, the precise mecha-
nisms and the molecules responsible for the vascular
changes observed in MS are not fully understood [3].

* Corresponding author. Tel.: +81 92 642 5340; fax: +81 92 642 5352.
E-mail address: kira@neuro.med kyushu-w.ac.jp (I. Kira).

0022-510X/$ - see front matter © 2005 Elsevier B.V. All rights reseved.
doi:10.1016/j.jns.2005.11.006

Growth factors are critical for inducing tissue growth and
remodeling. Vascular endothelial growth factor (VEGF)
induces vascular proliferation as well as vascular perme-
ability changes [4], while platelet-derived growth factor
(PDGF) and fibroblast growth factor (FGF) not only induce
oligodendroglial progenitor cell growth [5] but also con-
tribute to angiogenesis [6]. Although recent pathological
studies have revealed upregulation of VEGF in MS plaques
[7], the involvement of growth factors that potentially
induce angiogenesis has not been extensively studied in
accord with clinical phase and MRI findings.

Two subtypes of MS, distinct in the nature of their CNS
pathology, exist in Asians, namely, opticospinal MS (OS-
MS) and conventional MS (C-MS). Selective involvement
of the optic nerves and spinal cord, and tissue necrosis and
conspicuous vascular components are seen in OS-MS, while
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disseminated involvement of the CNS and perivascular
demyelination are seen in C-MS [8-10]. These observations
prompted us to study serum levels of various growth factors,
which might contribute to the vascular changes observed in
MS, according to clinical phase and subtype. In addition, we
analyzed the correlation between growth factor changes and
brain and spinal cord MRI findings, which are distinct
between the two subtypes.

2. Subjects and methods
2.1. Subjects

A total of 50 consecutive patients (9 men and 41 women)
with relapsing remitting MS, diagnosed according to the
criteria of McDonald et al. [11] at the Department of
Neurology, Kyushu University Hospital between September
1996 and May 2004, were enrolled in the present study after
informed consent was obiained. None were receiving
immunomodulatory therapies (interferon beta or immuno-
suppressants) ot high dose corticosteroids (more than 15 mg
prednisolone per day) at the time of blood sampling. The
mean age at examination was 41.6£16.0 years (mean+S.D.)
(range: 17 to 89) and the mean age at disease onset was

33.1£16.2 years (range: 10 to 89). The age at onset and
examination had a significant positive correlation (r=0.751,
p<0.0001). All patients were clinically classified as OS-MS
or C-MS before sandwich enzyme immunoassays were
performed. Briefly, 27 patients whose clinically estimated
main lesions were confined to the optic nerves and spinal
cord were classified as OS-MS [12]. These patients had no
clinical evidence of disease in either the cerebrum or
cerebellum, but minor brainstem signs, such as transient
double vision and nystagmus, were acceptable.

The remaining 23 patients had multiple involvements of
the CNS, including the cercbrum, cerebellum and brainstem,
and were classified as C-MS. Disability was evaluated
throughout the study by one of the authors (M. Osoegawa)
using Kurtzke’s Expanded Disability Status Scale (EDSS)
score [13], and the progression index (PI) was used for
evaluating disease progression; this was calculated by
dividing the EDSS score at the last examination by the
disease duration [14]. The demographic features of the
patients are summarized in Table 1. Sera were obtained at
relapse (within 1 month after onsst of acute relapse) or
remission. Because of limitations of stocked serum volume,
from among the 50 MS patients VEGF was measured in 43
samples while other vascular growth factors were also
measured in 43. For VEGF assay, 24 serum samples from

Table 1
Clinical and MRI findings of MS patients in this study

MS (n=50) OS-MS (n=27) C-MS (n=23)
Females: males™* 41:9 27:0 14:9
Age at disease onset™* 33.1+16.2 37.9+18.1 27.6+11.7
Age at examination™ 41.6+16.0 45.8+16.5 36.7£14.0
Disease duration® 8.5%£9.3 7.8£8.3 9.1£10.5
EDSS score before peak® (stable, relapse) 2.7+24 2.8+2.6 25£22
EDSS score at peak® (relapse) 46+1.6 48+1.7 43+14
EDSS score at remission” (relapse) 33422 3.3+23 33+23
Progression index 0.7x1.5 0.8+1.9 0.6+0.8
Brain MRI:
9 or more T2-high lesions** 28/50 (56.0%) 9127 (33.3%) 19/23 (82.6%)
Number of T2-high lesions** 94+86 5.6+5.3 13.7£94
1 or more Gd-enhanced lesions 13/50 (26.0%) 5127 (18.5%) 8/23 (34.8%)
Number of Gd-enhanced lesions 03+0.7 02+04 0.5+£09
Infratentorial lesion 21/50 (42.0%) 10/27 (37.06%) 11/23 (47.8%)
Juxtacortical lesion 27/50 (54.0%) 12/27 (44.4%) 15/23 (65.2%)
At least 3 periventricular lesions** 25/50 (50.0%) 8/27 (29.6%) 17/23 (73.9%)
Proportion of patients who fulfilled McDonald’s MRI criteria* 25/50 (50.0%) 9/27 (33.3%) 16/23 (69.6%)
Number of black holes** 2.0+3.0 0.8+1.0 34+£38

Spinal cord MRI:

Frequency of spinal cord lesions
Frequency of (Gd-enhanced lesions

Spinal cord lesion length®

Longitudinally extensive spinal cord lesions

32/48 (66.7%)
6/48 (12.5%)
50+49 cm
14/48 (29.2%)

19/27 (70.4%)
4/27 (14.8%)
6.1+5.7 cm
11/27 (40.7%)

13/21 (61.9%)
2/21 (9.5%)
35+32 cm
3/21 (14.3%)

*Mean +S.D. (years).
bMean+S.D.

MS=multiple sclerosis; OS-MS=opticospinal MS; C-MS=conventional MS.

EDSS =Expanded Disability Status Scale of Kurtzke; Gd = gadolinium.
*p<0.05, *¥p <0.01, for the comparison between OS-MS and C-MS.

#Mean +S.D. of the spinal cord lesion length was calculated using only patients with spinal cord lesions on MRL
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23 OS-MS patients, 14 sera at relapse and 10 at remission (1
patient was examined both at relapse and remission), and 19
samples from 19 C-MS patients, 9 at relapse and 10 at
remission were tested. For other vascular growth factor
assays, 23 serum samples from 23 OS-MS patients, 12 at
relapse and 11 at remission and 20 samples from 20 C-MS
patients, 9 at relapse and 11 at remission, were examined. A
total of 7 MS patients (4 OS-MS and 3 C-MS) were on low
dose oral prednisolone at the time of biood sampling (Table
2). Thirty-three healthy subjects (14 men and 19 women)
were enrolled as controls. Their average age at sampling
was 45.1+17.8 years (range: 21 to 84 years). Age at
examination was not different significantly among MS
patients in relapse, those in remission and controls, and
among OS-MS patients, C-MS patients and controls.

2.2. Sandwich enzyme immunoassays

VEGF, acidic and basic FGFs and PDGFs-AA, -AB and -
BB were measured with quantitative sandwich enzyme
immunoassays according to the manufacturer’s standard
protocol (R&D Systems, Minneapolis, MS, USA) by one of
the authors (J. J. Su) who was unaware of the diagnoses.
Serum samples were thawed from —80 °C to room
temperature and assayed in duplicate for the presence of
each protein in 96-well polystyrene microtiter plates coated
with each capture antibody or a recombinant human PDGF-
Rp/Fc chimera. The assays used each detection antibody
conjugated to horseradish peroxidase, and color was
developed with tetramethylbenzidine/hydrogen peroxide.
The lower detection limits for each protein were as follows:
9 pg/ml for VEGF, 5.68 pg/ml for acidic FGF, 3 pg/mi for
basic FGF, 2.07 pg/ml for PDGF-AA, 1.7 pg/ml for PDGF-
AB and 15 pg/ml for PDGF-BB.

2.3. Magnetic resonance imaging

All MR studies were performed using 1.5 T units,
Magnetom Vision and Symphony (Siemens Medical Sys-

Table 2

tems, Erlangen, Germany) within one month from blood
sampling [12]. Typical imaging parameters for brain MRI
were: axial T2-weighted turbo spin-echo imaging using TR/
TE=2800/90 ms, flip angle=180°; axial turbo-FLAIR
imaging using TI/TR/TE=2200/9000/110 ms, flip angie=
180°; and sagittal and axial precontrast and axial and coronal
postcontrast T1-weighted spin-echo imaging using TR/TE
range=400-460/12-17 ms, flip angle range=80-90°. One
excitation, a matrix of 256 x 256, a slice thickness of 5 mm,
and a slice gap of 2.5 mm were used for all brain studies.
Gadopentetate dimeglumine at 0.1 mmol/kg body weight was
administered intravenously for contrast-enhanced studies.
The typical imaging parameters of the spinal cord were as
follows: sagittal T2-weighted turbo spin-echo imaging using
TR/TE range=2500-2800/90—-116 ms, flip angle=180°,
number of excitations=23—4; sagittal T1-weighted spin-echo
imaging using TR/TE range=400-440/11~12 ms, flip angle
range=90—170°, number of excitations=2-3; axial T2-
weighted turbo spin-echo imaging using TR/TE range=
3200-5360/99—116 ms, flip angle=180°, number of exci-
tations=3—4; axial T1-weighted spin-echo imaging using
TR/TE range=400-440/12 ms, flip angle range=90-170°,
number of excitations=2. For sagittal imaging, a matrix of
256 % 256 or 512 x 512, a slice thickness of 4 mm and a slice
gap of 0.4 mm were used, and for axial imaging, a matrix of
256 % 256 or 512 x 512, a slice thickness of 5 mm, and a slice
gap range of 1.5—5 mm were used. Brain and spinal cord MRI
were evaluated independently by two of the authors (F.
Mihara and M. Tanaka) who were unaware of the diagnoses.
Spinal cord lesions longer than three vertebral lengths were
considered longitudinally extensive. Brain MRI lesions were
evaluated according to McDonald’s MRI criteria for MS [11].
The interval between blood sampling and MRI scanning was
less than one month in all cases examined.

2.4. Statistical analysis

The Mann—Whitney U test was used for statistical
analyses of age at onset, age at blood sampling, disease

Clinical data on steroid use of MS patient at the time of blood sampling in this study

VEGF assay Other vascular growth factor assay
At relapse
No corticosteroid 14 OS-MS 11 OS-MS
9 C-MS 9 C-MS
Low dose corticoid 1 OS-MS (1:5 mg/day)
At remission
No corticosteroid 8 OS-MS 8 OS-MS
7 C-MS 10 C-MS
Low dose corticoid 2 0S-MS (1:5 mg every other day) 3 OS-MS (1:10 mg/day)
(1:15 mg/day) (1:7.5 mg/day)
(1:5 mg every other day)
3 C-MS (1:15/5 mg altematively) 1 C-MS (1:5 mg/day)

(1:5 mg every other day)

(1:5 mg/day)

Number of patients is shown.
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The proportion of females with OS-MS was significantly Ielz:psc remfs“s on el:;s e mf; on c(omr;;l)s
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higher than those with C-MS (p=0.0003) (Table 1). Ages at @=14 @=10) (@=9) (@=10)
disease onset and examination were also significantly higher

in 0S-MS than C-MS (p=0.01 49 and P —0.0 438, respec- Fig. 2. (A) VEGF concentration in sera of MS patients analyzed separately

according to their clinical phase. Bars indicate the mean of each group.

tively). EDSS score at pea.k and PI were higher in O.S-MS +p<0.05. (B) VEGF concentration in sera from MS patients analyzed
than C-MS, although the disease duration was shorter in the separately according to fheir clinical subtype and clinical phase. Bars
former than the latter, but none of these differences reached indicate the mean of each group. *p <0.05.

Fig. 1. Representative brain (A, B) and spinal cord MRI (C—G) of a typical OS-MS patient at relapse {disease duration: 4 years). No lesion is visible on T2-
weighted axial images of the brain. Longitudinally extensive spinal cord lesion at Th2 to 7 spine levels is shown in T2-weighted sagittal (C, D) and axial (E-G)
images of the spinal cord (E: Thl, F: Th3—4 and G: Th4~-5 spine levels).
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. significance. EDSS scores at remission or convalescence did |

not differ significantly between the two groups.

On brain MRI, the frequency of nine or more T2-
hyperintense lesions was significantly higher in C-MS than
0S-MS (p=0.0006) (Table 1) (Fig.1A and B). Moreover,
the frequency of at least three periventricular lesions was
also significantly higher in C-MS than OS-MS (p=0.0015).
However, the frequencies of juxtacortical and mfratentorial
lesions and gadolinium-enhanced lesions were not signifi-
cantly different between the two subgroups. Thus, the
proportion of patients who fulfilled McDonald’s MRI
criteria was significantly higher in C-MS than OS-MS
(p=0.0098). On brain MR, the frequency of T1 black hole
lesions was significantly lower in OS-MS than in C-MS
{p=0.0046).

On spinal cord MRI, the frequencies of spinal cord
lesions were similar between OS-MS and C-MS. The
lengths of the spinal cord lesions on MRI were longer in
OS-MS than C-MS, though the difference did not reach a
statistical significance, and the frequency of longitudinally
extensive spinal cord lesions was significantly higher in OS-
MS than C-MS (p=0.0398) (Table 1) (Fig. 1C-G). Even
when seven patients on low dose corticosteroid at the time
of blood sampling (4 OS-MS and 3 C-MS) were excluded,
essentially the same results were obtained in Tespect to
comparisons between the two subtypes (data not shown).
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3.2. Vascular growth factor levels

Serum VEGF concentration was significantly higher in
MS patients in relapse (320.5+316.1 pg/mi, mean+S8.D.)
than in controls (147.3:136.4 pg/ml) (p=0.0495) and
those in Temission (48.6+25.7 pg/ml) (p=0.0003) (Fig.
2A). Even when MS patients on the low dose cortico-
steroids were omitted, the difference between those in
relapse and remission was still significant (p=0.0021) and
the comparison between MS patients in relapse and
controls showed a tendency (p=0.0807). We then
compared serum VEGF levels among OS-MS at relapse,
OS-MS at remission, C-MS at relapse, C-MS at remission
and healthy controls; a statistically significant difference
was found only between C-MS at. relapse and at
remission, but mot in any other comparisons. The
difference between OS-MS in relapse and OS-MS n
remission lost statistical significance after correction by
multiplying the number of comparisons (Fig. 2B). The
difference between OS-MS and C-MS patients in relapse
also did not reach statistical significance due to the small
sample size, although the former was higher (365.0+387.6
vs. 251.2+148.0 pg/ml).

Basic FGF levels did not differ significantly among MS
patients in relapse (5.3%4.7 pg/ml), those in remission
(5.4%4.2 pg/ml) and controls (3.7£2.5 pg/ml) (Fig. 3A).
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Fig. 3. (A) Basic FGF concentration in sera from MS patients analyzed separately according to their clinical phase. Bars indicate the mean of each group. (B)Basic
FGF concentration in sera from MS patients analyzed separately according to their clinical subtype. Bars indicate the mean of each group. *p <0.05. (C) Acidic
FGF conceniration in sera from MS patients analyzed separately according to their clinical phase. Bars indicate the mean of each group. (D) Acidic FGF
congentration in sera from MS patients analyzed separately according to their clinical subtypes. Bars indicate the mean of each group.
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However, C-MS patients showed a small but significant
increase in basic FGF compared with controls (5.824.2 vs.
3.7£2.5 pg/ml, p=0.0291), irrespective of clinical phase,
while no significant change was found in OS-MS patients
(5.0:£4.5 pg/ml) (Fig. 3B). The difference was still significant
even when MS patients on low dose corticosteroids were
omitted (p=0.0189). No significant changes were detected
in any of the other growth factors according to either
clinical phase or MS subtype for controls, total MS patients,
OS-MS patients, C-MS patients, those in relapse, and those
in remission: 8.0£10.4, 24.5+£90.7, 6.2+2.3, 45.6+21.2,
6.2+2.5, 41.9+125.7 pg/ml for acidic FGF; 175.2+241.9,
198.4+153.6, 199.8£121.9, 196.7x186.8, 211.9+158.4,
185.5+151.4 pg/ml for PDGF-AA; 375.6+348.6,
386.6+482.3, 420.4= 494.9, 347.6+ 477.1, 320.1% 453.8,
450.0£510.4 pg/ml for PDGF-AB; and 215.0£289.9,
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196.0£191.9, 162.2:162.5, 234.8+218.7, 157.1% 214.2,
233.1£164.3 pg/ml for PDGF-BB, respectively (Fig. 3C, B
and Fig. 4). There was a significant positive correlation
between acidic and basic FGF (p=0.0199) and between
PDGF-AB and -BB (p<0.0001), but not -AA, while there
were no correlations between VEGF and any other vascular
growth factor.

3.3. Correlation among vascular growth factor levels,
clinical features and neurcimaging findings

As shown in Fig. 5, when vascular growth factor levels
were plotted against the time interval between the onset
day of relapse and blood sampling, only VEGF showed a
sharp rise at the time of relapse (within one month after
the onset). One OS-MS patient whose VEGF levels were

w

1000

PDGE-AA (pg/ml)
HOA
88 3

200
0
0S-MS C-MS Healthy
(n=23) (n=20) controls
(n=20)
D
1800
. 1600F ©
E 1400 °
® 1200
10007 o 8
< 800 %
) - %
% 600 %
g 400f =5 .
200 ! &
[ SLees
0S-MS C-MS Healthy
(0=23) (n=20) controls
(@=20)
F
1400 o
= 1200
£ 1000
2 i ®
g 800
% 600 ;
A 400
& 200 s
L L
OS-MS C-MS Healthy
(n=23) (n=20) controls
(n=20)

Fig. 4. (A) PDGF-AA concentration in sera of MS patients analyzed separately according to their clinical phase. Bars indicate the mean of each group.
(B) PDGF-AA concentration in sera of MS patients analyzed separately according to their clinical subtype. Bars indicate the mean of each group. (C) PDGE-AB
concentration in sera of MS patients anatyzed separately according to their clinical phase. Bars indicate the mean of each group. (D) PDGF-AB concentration in
sera of MS patients analyzed separately according to their clinical subtype. Bars indicate the mean of each group. (E) PDGF-BB concentration in sera of MS
patients analyzed separately according to their clinical phase. Bars indicate the mean of each group. (F) PDGF-BB concentration in sera of MS patients analyzed
separately according to their clinical subtype. Bars indicate the mean of each group.
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Fig. 5. Vascular growth factor levels against time intervals (months) between the onset day of relapse and blood sampling. (A) VEGF. (B) Basic FGF. (C) Acidic
FGF. (D) PDGF-AA. (E) PDGF-AB. (F ) PDGF-BB. Relapse phase (broken line) was determined to be within one month after the onset day (arrow). A sharp rise of

VEGF levels but not of any others is shown at the time of relapse in MS.

sequentially measured at relapse and remission bad
elevated VEGF at relapse (333.1 pg/ml) when longitudi-
nally extensive spinal cord lesion was present and showed
a decrease in VEGF level in the following remission (67.8
pg/ml) (Figs. 1 and 5). No other vascular growth factors
showed such a clear-cut elevation at relapse phase. As the
two OS-MS patients with very high VEGF values were
also the two oldest patients in the OS-MS group, and both
had longitudinally extensive spinal cord lesions, we then
analyzed the relationship of vascular growth factor levels
with age and MRI findings. A significant positive
correlation between VEGF level and age at examination
was detected in total MS patients, OS-MS patients, and
OS-MS patients in relapse and controls (r=0.356 and
p=0.0210, =0.563 and p=0.0070, r=0.714 and
p=0.0100 and »=0.397 and p=0.0296, respectively), the
» value being highest in OS-MS in relapse (Fig. 6). In
addition, MS patients at relapse and remission had a
similar tendency, yet did not reach statistical significance
(p=0.0579 and p=0.0688, respectively). In OS-MS, there

was also a significant positive correlation of VEGF with
age at onset (r=0.459, p=0.0279), but not in C-MS.
VEGF had no correlation with disease duration. VEGF at
relapse had a significant positive correlation with spinal
cord lesion length on MRI in total MS patients (r=0.506,
p=0.0319) (Fig. 7A). However, VEGF in MS patients had
no significant correlation with EDSS scores at relapse or
convalescence (Fig. 7B). VEGF levels in MS patients with
longitudinally extensive spinal cord lesions at relapse were
significantly higher than in controls (p=0.0411), but not
in those without such lesions (Fig. 7C). In contrast, VEGF
level had no correlation with the presence of brain MRI
lesions (pumbers of T2-high and gadolinium-enhanced
lesions). Moreover, VEGF level had no correlation with
the number of black holes. Even when MS patients on low
dose corticosteroids were excluded from statistical analy-
ses, essentially the same results were obtained in respect to
VEGF levels and the above-mentioned parameters (data
not shown). Neither basic FGF nor any other vascular
growth factors examined showed correlation with any
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Fig. 6. (A) Relationship between VEGF concentration in sera and age at
blood sampling in MS patients. (B) Relationship between VEGF
concentration in sera and age at blood sampling in OS-MS patients in
relapse. (C) Relationship between VEGF concentration in sera and age at
blood sampling in controls.

clinical parameters, including age at onset or examination,
disease duration, or MRI findings.

4. Discussion

In the present study, we found that serum VEGF
concentrations were significantly elevated in MS patients
in relapse compared with controls and those in remission,
irrespective of clinical subtype. Furthermore, basic FGF was
significantly increased in C-MS patients, irrespective of
clinical phase.

In this study, only VEGF was found to be associated with
MS relapse. Stockhammer et al. [15] measured serum
VEGF in 19 MS patients with unspecified clinical phases
and found no elevation. The difference between their results
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and ours may be explained in part by the sample size and
probably the clinical phase of the samples, although exact
reasons cannot be clarified as they did not specify the
clinical phase of their samples. Proescholdt et al. [7]
reported the up-regulation of VEGF in MS lesions as well
as in acute lesions with experimental autoimmune enceph-
alomyelitis, an animal model of MS. The results of that
study and those in ours strongly suggest that VEGF has a
critical role in MS relapse. VEGF is a major mediator of
vascular permeability increases as well as angiogenesis [4],
and through activation of endothelial cells has been shown
to be associated with both acute and chronic inflammation,
such as acute allograft rejection [16] and bronchial asthma
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Fig. 7. (A) Relationship between VEGF concentration and spinal cord
lesion length {(cm) on MRI in MS patients at relapse. (B) Relationship
between VEGF concentration and EDSS scores in MS patients at relapse.
(C) VEGF concentration in sera from MS patients at relapse analyzed
separately according to their spinal cord lesion length on MRI. Bars indicate
the mean of each group. SCL > 3: spinal cord lesion length >3 vertebral
segments, SCL<3: spinal cord lesion length <3 vertebral segments.
*p <0.05.
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[17,18], and vasculopathies, such as diabetic nephropathy
[19] and retinopathy [20]. In MS lesions, endothelial cells
proliferate [21] and blood vessels show irregular morphol-
ogy consistent with angiogenesis [3]. Moreover, vascular
permeability changes, as shown by serial gadolinium-
enhanced MRI studies, precede MS lesion formation [1].
Although not all the sera examined in the present study were
obtained at the very beginning of relapse, gadolinium-
enhancement of MS lesions usually persists for 3 to 5 weeks
[227; therefore, enhanced VEGF responses at relapse shown
here are likely to have contributed to the increased vascular
permeability and subsequent endothelial cell proliferation
and angiogenesis during relapse. Moreover, VEGF itself is
secreted by activated T cells and induces Th1 polarization
[23]. As in MS CSF cells where marked upregulation of Thl
cells is seen at relapse [24], VEGF is likely to aggravate
inflammation of MS in which Thl cells are considered to
play a crucial role.

Interestingly, VEGF at relapse had a positive comrelation
with spinal cord lesion length on MRI but not brain MRI
findings, and only MS patients with longitudinally extensive
spinal cord lesions showed significantly higher VEGF levels
compared with controls. These findings suggest that VEGF
might contribute to the development of severe spinal cord
lesions. Edema following increased vascular permeability
induced by VEGF might lead to focal disturbance of
microcirculation with subsequent ischemia and tissue
necrosis [2]. Such a mechanism might preferentially occur
in the spinal cord and optic nerves that have tight and
compact structures within narrow bony canals [2].

Therefore, the effects of VEGF might be more deleteri-
ous in spinal cord than in brain, which might partly explain
the cystic necrosis of tissues frequently seen in Asian MS
patients. The lack of correlation between VEGF and EDSS
scores might be explained by the fact that the latter are
determined by dysfunction in various parts of the CNS.
Since genotypes encoding higher VEGF production are
reportedly associated with diabetic microvasculopathy
[19,20] and acute renal allograft rejection [16], and since
significant ethnic differences in polymorphisms of the
VEGF gene have also been reported [25], such poly-
morphisms warrant future investigation in MS patients,
especially Asian ones.

In our study, both MS patients in total and controls
showed similar weak but significant positive correlations
between VEGF and age at blood sampling, while in 0OS-MS
in relapse VEGF and age at examination showed much
stronger positive correlations. Although VEGF has been
shown to be associated with age-associated diseases, such as
neovascular age-related macular degeneration [4,26], no
correlation between VEGF and age has previously been
reported [27]. However, in these studies, such wide ranging
ages as in ours have not been investigated. In general, late-
onset MS is associated with faster progression of disability
[28], and it has repeatedly been shown that OS-MS has a
higher age at onset [10] and thus a higher age at any

following relapses, along with greater disability compared
with C-MS. In the present MRI study, the spinal cord lesion
length also tended to correlate positively with age at
examination in MS. Therefore, age-associated increases of
VEGF in a general population and thus in MS patients at
relapse might in part explain the severe disability and
longitudinally extensive spinal cord lesions in OS-MS
patients with higher ages at onset and relapse, yet its
mechanism remains to be elucidated.

Among other vascular growth factors, only basic FGF
was elevated in both acute and stable C-MS patients, which
indicates that involvement of other vascular growth factors
such as acidic FGF and PDGFs-AA, -AB, and -BB is less
likely. A combined increase of VEGF and basic FGF has
been reported in inflammatory bowel discase, such as
Crohn’s disease [28], and liver cirthosis with spider
angiomas [29]. Basic FGF could stimulate the production
of VEGF and enhance angiogenesis, and its contribution to
neovascularization has been postulated in the above-
mentioned conditions [28,29]. However, basic FGF in the
present study had no correlation with VEGF level, and no
significant change in basic FGF was observed in OS-MS in
which angiogenesis is prominent. Basic FGF mnot only
contributes to angiogenesis [6], but it also induces oligo-
dendrocyte progenitor growth in response to demyelination
[5]. Therefore, since in C-MS, in which demyelination is
prominent and varying degrees of remyelination occur,
increases had no relationship with clinical phase and basic
FGF levels might reflect host tissue repair rather than
vascular changes. Clearly, further large scale studies on
these growth factors in cerebrospinal fluid are necessary.

Finally, the proportion of patients who fulfilled McDo-
nald’s MRI criteria was significantly lower in OS-MS than C-
MS, reflecting the low brain lesion loads that have repeatedly
been described in the former [10]. On the other hand, the
frequency of longitudinally extensive spinal cord lesions was
significantly more common in OS-MS than C-MS. Although
the increased VEGF levels at relapse in OS-MS compated
with C-MS did not reach statistical significance, extremely
high levels of VEGF were only observed in OS-MS patients.
Therefore, it is suggested that a certain unique process
resulting in distinct distribution of the CNS lesions likely
occurs in OS-MS, where VEGF might play various roles.

In summary, we found an elevated VEGF response in
MS at relapse, and this had a positive correlation with
spinal cord lesion length. Therefore, this might underscore
the importance of anti-VEGF therapies, such as those
utilizing anti-VEGF monoclonal antibody [30], antisense
oligonucleotide [26] and soluble VEGF receptor [31], in
MS patients.
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Abstract

To address the immune mechanism of the long-term beneficial effects of interferon beta (IFN-B), we measured the intracellular cytokine
production patterns of [FN-y, IL-4 and IL-13 in peripheral blood CD4" and CD8" T cells, which previously displayed alterations during the
early course of JFN-B treatment, in 15 Japanese patients after long-term IFN-B administration. The patients were treated with IFN-g-1b
8 x 10° units given subcutaneously every other day for a mean period of 34.5+5.5 months (range: 26~43 months). During the follow-up
period, 6 patients experienced 33 relapses, while the other 9 were relapse-fiee. The results revealed the following cytokine alterations: (1)
type 2 cytokine, such as IL-4 and TL-13, were significantly increased in producing cell percentages in both CD4"™ (p=0.0356 and p=0.0007,
respectively) and CD8" (p=0.0231 and p=0.0170, respectively) T cells while IFN-y, a representative type 1 cytokine, was significantly
decreased in the absolute producing cell numbers (p=0.0125 in CD4™ T cells and p=0.0022 in CD8" T cells) even after approximately 3
years of IFN-p administration; (2) the intracellular IFN-y / L4 ratio tended to decrease in both CD4™ and CD8" T cells (p=0.0535 and
p=0.0783, respectively), reflecting a strong downmodulation of type 1 cytokine producing cells; and importantly (3) alterations such as the
decreased intracellular IFN-y / TL~4 ratio in CD4” T cells and increased percentage of CD&* TL-13" T cells compared with the pretreatment
levels were only statistically significant in MS patients without relapse during IFN-B therapy (p=0.0152 and p=0.0078, respectively).
Therefore, we consider that cytokine deviation toward the Th2 and Tc2 sides is linked to a long-term favorable response to IFN-g, while a

higher intracellutar IFN-y / IL-4 ratio is associated with treatment failure.

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

Multiple sclerosis (MS) is an inflammatory demyelinat-
ing disease of the central nervous system (CNS) that is
generally considered to be mediated by myelin-autoreactive
T cells. Interferon beta (IFN-B) reduces the frequency and
severity of clinical relapses in relapsing—remitting MS, and
the basis of these beneficial effects has been extensively
studied both in vivo and in vitro.

* Corresponding author. Tel.: +81 92 642 5340; fax: +81 92 642 5352.
E-mail address: kira@neuro.med. kyushu-u.ac jp (J. Kira).
1 These authors contributed equally to this work.

0022-510X/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/)jns.2006.02.008

The effects of IFN-B on the cytokine production pattern
is especially important, since increasing evidence suggests
that MS is largely caused by CD4" T helper 1 (Thl) cells
that produce interferon gamma (IFN-y) but not interleukin
(IL)-4 [1]. Moreover, important roles of CD8" T cells have
also been suggested by the selective enrichment of memory
CD8" T cells in the cerebrospinal fluid (CSF) of MS patients
[2] together with diffuse infiltration of clonally expanded
CD8" T cells into the brain parenchyma [3,4]. However,
most previous cytokine studies on the effects of IFN-p have
been performed within 1 year after initiation of the therapy
[5—10], although the beneficial effects of IFN-B persist for
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several years [11]. Thus, although the long-term beneficial
effects of IFN-B are well established, the basis of these
effects in vivo remains to be fully elucidated. We recently
performed sequential measurements of multiple cytokine
production patterns in both CD4" and CD8" T cells from the
pretreatment period up to 48 months after initiation of the
therapy, and found early increases in Th2 cytokines, such as
IL-4 and I1L-13, followed by late decreases in Thl cytokines,
such as IFN-y, in both conventional MS (C-MS) and
opticospinal MS (OS-MS) [12]. In the present study, we
focused on the cytokines that displayed significant alter-
ations in our previous study and evaluated the long-term
effects of IFN-p on the cytokine production patterns in
CD4" and CD8" T cells in the peripheral blood of MS
patients several years after initiation of the drug treatment.

2. Materials and methods
2.1. Patients

Fifteen Japanese patients (8 women and 7 men; mean
age+ SD: 42.13+12.44 years) with relapsing—remitting MS,
diagnosed according to the revised diagnostic criteria for
MS [13] and treated with IFN-p-1b (Betaferon®; Shering)
8 x 10° umits given subcutancously every other day for at
least 2 years (mean period=SD: 34.5£5.5 months; range:
26-43 months), were included in this study. At the time of
their enrollment, none of the patients were experiencing an
acute attack or had been under immunosuppressive treat-
ment for at least the previous 3 months. The patients were
clinically classified into two subtypes: C-MS (13 patients)
and OS-MS (2 patients), as described previously [14].
Briefly, patients who had both optic nerve and spinal cord
involvement without any clinical evidence of disease in
either the cerebrum or the cerébellum were considered to
have OS-MS. Patients with minor brainstem signs, such as
transient double vision or gaze nystagmus, were included in
this subtype. All other patients showing disseminated
involvement of the CNS were considered to have C-MS.
The demographic features of the patients are shown in
Table 1.

2.2. Intracellular cytokine analysis by flow cytometry

The intracellular cytokine patterns were studied by flow
cytometry, as described previously [12]. [FN-y was exam-
ined as a Thl cytokine, while IL-4 and IL-13 were
investigated as Th2 cytokines. Peripheral blood mononu-
clear cells were collected from the patients before treatment
and after 23 years of IFN-B-1b therapy, and treated with
25 ng/ml phorbol 12-myristate 13-acetate (Sigma, St. Louis,
MO), 1 pg/ml of ionomycin (Sigma) and 10 pg/ml brefeldin
A (Sigma) for 4 h. The monoclonal antibodies used were:
PCS-conjugated anti-CD4 (13B8.2; Becton Dickinson, San
Jose, CA), PC5-conjugated anti-CD8 (B9.11; Becton Dick-
inson), FITC-conjugated anti-IFN-y (25723.11; Becton
Dickinson), PE-conjugated anti-IL-4 (3010.211; Becton
Dickinson) and PE-conjugated anti-IL-13 (JES10-5A2;
PharMingen, San Diego, CA). The percentages of cyto-
kine-positive CD4” and CD8" cells were determined as the
% cytokine-positive CD4" population/total CD4" popula-
tion and the % cytokine-positive CD8" population/total
CD8" population, respectively. Pretreatment measures of
cytokine production were done twice at distinct time
(average 3.1 days apart) in all MS patients and 9 of 15 in
post-treatment measures and means were used when
measured twice. According to the results of a preliminary
study using 15 subjects, interassay variabilities were as
follows; 14.2% in CD4'TL-4"TFN-y~ cell percentage,
11.6% in CD4'IL-4 TFN-y" cell percentage, 29.0% in
CD4'IL-13" cell percentage, 13.8% in CD8IL-4" TFN-y™~
cell percentage, 28.2% in CDS'IL-4 TFN-y" cell percent-
age, 42.1% in CD8'IL-13" cell percentage.

2.3. Statistical analysis

Statistical analyses comparing age at bascline, disease
duration at baseline and EDSS scores were performed by the
Mann—Whitney U-test, while those for the gender ratio
were carried out by the Fisher’s exact probability test.
Statistical analyses comparing the cell percentage and ratio
of intracellular cytokine-producing CD4™ and CD8™ T cells
between responders and non-responders were performed by
the Mann—Whitney U-test, and those comparing the cell

Table 1
Demographic features of the 15 MS patients before and during IFN-p-1b treatment

Total Non-relapsed Relapsed
Number of patients 15 9 6
Gender (male : female) 8§:7 6:3 2:4
Age at baseline (mean+S.D.)* 421321244 40.33+10.92 44.83+15.09
Disease duration at baseline (mean+S.D.)* 5.42+3.64 430+2.92 7.11+422
EDSS at baseline (mean+S.D.) 4.03+2.18 3.94+2.48 4.17+1.86
EDSS after the observation period {mean+S.D.) 4274227 4224259 433x1.72
Relapse rate during the 2 years before IFN-B-1b (mean S.D.} 3.00+2.24 2.56+1.88 3.67+2.73
Relapse rate during 1 year of IFN-B-1b {mean+S.D.) 0.73£1.38 0.00+0.00 1.83£1.72
Relapse rate during 1-2 years of IFN-p-1b (mean+S.D.) 1.07+£1.67 0.00£0.00 2.67+1.63
Relapse rate during 2—3 years of IFN-p-1b (mean+8.D.) 0.40+0.63 0.00£0.00 1.00+0.63

? Years.
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Fig. 1. Changes in the percentages and ratios of intracellular cytokine-producing CD4" (upper row) and CD8" (lower row) T cells before treatment and after 2—
3 years of IFN-p-1b therapy. Data obtained from the same patient at different times are connected with a line. The bar indicates the mean value at each time

point. The total pumber of MS patients is 15.

percentage and ratio of intracellular cytokine-producing
CD4" and CD8" T cells between pre-treatment and after-
treatment were performed by the Wilcoxon’s rank test. A p
value of less than 0.05 was considered significant.

3. Results
3.1. Clinical responses to IFN-f therapy
During the 2-3 year observation period, 6 patients

suffered 33 relapses: 1 patient experienced 10 relapses, 1 ex-
perienced 8 relapses, 1 experienced 5 relapses, 2 experienced

4 telapses and 1 experienced 2 relapses. The remaining 9
patients did not have any relapses during the follow-up
period. During this period, 5 of 13 (38%) C-MS patients and 1
of 2 (50%) OS-MS patients relapsed. The gender ratio, age at
baseline, EDSS scores and annual relapse rate before
initiation of the IFN-p-1b therapy did not differ significantly
between the relapsed and non-relapsed patients.

3.2. Intracellular cytokines in CD4™ T cells
In all 15 patients, the percentage of intracellular CD4'IL-

4'TFN-y~ T cells was significantly increased after 2—3 years
of IFN-p treatment compared with the pretreatment level

Table 2
Changes in the absolute numbers of intracellular cytokine-producing CD4" and CD8" T cells before treatment and afier 23 years of IFN-B-~1b therapy
cD4” Chsg"
L4 TFN-y~ TL4"TFN-y" 1L-13* L4 TFN~y~ TL4 IFN-y" IL-137
Before treatment 12.1+10.0 91.9+£73.6 38.3+25.2 4426 192.3+147.6 30.5+31.4
After treatment 9.5+75 50.2+56.2% 62.1£35.8% A4+48 88.1:65.4% 450433
giy
Non-relapsed
Before treatment 14.4+10.8 92.5+59.7 41.5+25.2 5.0£3.0 163.5+87.3 32.7+32.8
After treatment 10774 36.0+20.6% 70.9+32.9* 4.4+3.8 T72.7£42.0% 55.0+£48.3
(ful)
Relapsed
Before treatment 8.6%8.5 91.0+972 33.6+26.7 3519 23542122 27.1£31.8
After treatment 7.7+8.0 71.6+85.1 49.0+38.8 4.4+6 111.1+£90.1 29.9£325
(1)

* :p<0.05 (vs. before IFN-3-1b therapy).
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Fig. 2. Changes in the percentages and ratios of intracellular cytokine-producing CD4" and CD8" T cells according to the presence or absence of relapses
during IFN-B-1b therapy. Data obtained from the same patient at different times are connected with a line. The bar indicates the mean value at each time point.
There are 9 non-relapsed patients (upper panel) and 6 relapsed patients (lower panel).

{p=0.0356) (Fig. 1). A similar significant augmentation
pattern was observed for the percentage of intracellular
CD4'IL-13" T cells (p=0.0007). These changes were
beyond the ranges of interassay variability (+ 62.8% in
CD4'TL-4"TFN-y~ T cell percentages and + 165.3% in
CD4'TL-13" T cell percentage). The percentage of intracel-
talar CD4"TL-4"IFN-y" T cells did not change significantly
with IFN-B treatment. Thus, the intracellular IFN-y / IL-4
ratio tended to decrease after 2—3 years of treatment, but the
decrease did not achieve statistical significance (p=0.0535)
due to the small sample size. With respect to absolute cell
pumbers, decrease in CD4'ILA TFNy" T cells after treat-
ment was statistically significant (»=0.0125) while
CD4'TLATFNy™ T cells did not show a statistically
sigrificant changes (Table 2). In addition, CD4IL-13" T
cells also increased significantly in an absolute number after
treatment (p=0.0231).

3.3. Intracellular cytokines in CD8" T e

In all 15 patients, the percentages of intracellnlar
CDSIL-47IFN-y~ and CD8'IL-13" T cells were signifi-
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cantly increased after 2—3 years of treatment compared with
the pretreatment values (p=0.0231 and p=0.0170, respec-
tively) (Fig. 1). These changes also exceeded the ranges of
interassay variability (+130.4% in CDS'TL-4 " TFN-y~ T cell
percentages and +182.8% in CD8TL-13"T cell percentage).
The intracellular IFN~y / IL.-4 ratio tended to decrease after
2-3 years of treatment, but the decrease did not reach
statistical significance (p=0.0783). Concerning absolute
cell numbers, decrease in CDS'TL-4 TFN-v" T cells after
treatment was statistically significant (p=0.0022) while
CD8'IL-4"IEN-y~ T cells did not show a significant
change. Increase of CDS8'TL-13" T cells after treatment
was not statistically significant in an absolute number.

3.4. Clinical responses and cytokine production patterns

The intracellular cytokine expression patterns were
compared according to the clinical responses. MS patients
without any relapses demonstrated significant decreases in
the intracellular TFN-y / IL-4 ratio in CD4’T cells
(p=0.0152) and increases in IL-13" cell percentages in
both CD4" and CD8" T cells (p=0.0077 and p=0.0078,



E-J. Mei et al. / Journal of the Neurological Sciences xx (2006) xoox—x00x 5

Before After Before After
Treatment Treatment Treatment Treatment
=0.0593
30 o 30 10 10 P
o o (o]
5 25 525 p=0.0067 =8 ;\?8 o
< < g - o
:—E 20 o i 20 & 6 o 6
;‘ 15] - o 1N 27‘ 15 o :_J 4 _:'g 4 _g_
& 10 o Lo -%- 2 B o & >
2 oy o
a5 '@' 8 as P 2 =R O2 0 @
© ° ° K 8
0 'y x 0 ) N S 0 o0, O a
Non- Relapsed Non- Relapsed Non- Relapsed Non- Relapsed
relapsed relapsed relapsed refapsed

Fig. 3. Cornparisons of the ratios of intracellular cytokine-producing CD4" T cells between relapsed and non-relapsed MS patients before treatment and after
2-3 years of IFN-B-1b therapy. The bar indicates the mean value in each group. There are 9 non-relapsed patients and 6 relapsed patients.

respectively) compared with the pretreatment levels, and
patients who underwent relapses showed a significant
increase in CD4IL-13" T cell percentage (p=0.0277)
(Fig. 2). As to absolute cell numbers, both CD4"IL-
47 TFN-y" T cells and CD8'TL-4 TFN-y" T cells decreased
significantly after treatment only in non-relapsed patients
(p=0.0284 and p =0.0077, respectively), but not in relapsed
ones (Table 2). Absolute number increase in CD4'1L-13" T
cells was significant only in non-relapsed patients
(p=0.0209) but not in relapsed patients while absolute
number of CD8'IL-13" T cells showed a tendency to
increase after treatment in non-relapsed patients (p=
0.0858) but not in relapsed ones.

When the intracellular cytokine expression pattems were
compared between MS patients with and without relapses
during IFN-B-1b therapy, the pretreatment values did not
differ significantly between the two groups for any of the
parameters (Fig. 3). However, after 2—3 years of treatment,
the relapsed patients tended to have a lower percentage of
CD4'IL4'TFN-y~ T cells and a higher percentage of
CD4'TL4 TFN-y" T cells than the non-relapsed pafients
(p=0.0990 and p=0.0771, respectively), resulting in a
significantly higher intracellular IFN-y / IL-4 ratio in CD4"
T cells in the relapsed patients than in the non-relapsed
patients (p=0.0067). On the other hand, after IFN-
treatment, the non-relapsed patients tended to have a higher
percentage of CDS'IL-13" T cells than the relapsed patients
(p=0.0593). Conceming absolute cell numbers, there was
no significant difference in any positive cells examined in
cither before or after treatment between the two groups (data
not shown).

4. Discussion

This study revealed the following long-term effects of
IFN-B on the intracellular cytokine production patterns of
peripheral blood CD4" and CD8" T cells in MS patients: (1)
type 2 cytokines, such as IL-4 and IL-13, were significantly
increased in producing cell percentages in both CD4" and
CD8&" T cells while TFN-v, a representative type 1 cytokine,
was significantly decreased in the absolute producing cell

numbers in both CD4" and CDS8" T cells, even after
approximately 3 years of IFN-B administration; (2) the
intracellular TFN-y / IL-4 ratio tended to decrease in both
CD4" and CD8" T cells, reflecting a strong downmodulation
of type 1 cytokines; and importantly (3) alterations such as
the decreased intracellular IFN~y / IL4 ratio in CD4" T
cells, increased percentage of CD8'IL-13" T cells and
increased cell numbers of CD4'TL-13" T cells were only
statistically significant in MS patients who responded well
to IFN-{ treatment, while the intracellular IFN-v / IL-4 ratio
in CD4" T cells was significantly higher in the relapsed
patients than in the non-relapsed patients after long-term
administration of IFN-B. Although each clinical parameter
did not differ significantly between non-relapsed (respond-
er) and relapsed (non-responder) patients, a longer discase
duration, nevertheless higher relapse rate in the preceding
two years before IFN- initiation and resulting higher EDSS
at baseline suggest high disease activity of the non-
responders at baseline and could be a factor in the lack of
response to IFN-P. Thus, difference in cytokine profile
between responders and non-responders may reflect differ-
ence in baseline disease activity between the two groups.

Although the present study is an ex vivo study of
peripheral blood lymphocytes after stimulation by PMA and
jonomycin, the proportions of certain cytokine-producing
cells obtained using this assay bave been reported to reflect
those destined to produce relevant cytokines in vivo [15].
Therefore, the results of the current study are considered to
reflect the long-term in vivo effects of IFN- on the Thl /
Th2 and Tcl / Tc2 balance in MS.

Various mechanisms have been proposed to explain the
beneficial effects of IFN-B treatment for MS. Among these,
cytokine alterations probably play key roles, since cytokines
are crucial for the induction and maintenance of autoim-
mune inflammation. Previous studies on the cytokine
balance in MS under IFN-§ treatment have reported the
following conflicting findings: IFN-B-1a decreases IL-12
and augments IL-10 production [7]; IFN-B-1b decreases
IFN-y while IFN-B-1a enhances IL-4 and IL-10 [10]; IFN-
p-1a [8] and IFN-B-1b [6] down-modulate both IFN-y and
IL-4 [6]; IFN-R-1b induces no changes in either Thl or Th2
marker genes [9]; IFN-p-1b increases IFN-y [5]. These
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iconsistent results for the cytokine changes induced by
IFN-B in MS probably reflect differences in the methodol-
ogies employed and distinct time points examined as well as
the complex biology of the cytokines themselves.

To the best of our knowledge, there are no reports in the
literature regarding the cytokine changes induced by
administration of IFN-p for as long as 3 years. Moreover,
cytokine profiles that can discriminate between favorable
and unfavorable responses to long-term administration of
IFN-# have not been clarified in detail. Although the
number of MS patients who were successfully followed-up
in the present study was not large, we found a significant
decrease in the production of type 1 cytokine, JFN-y, and
relative increase in the production of type 2 cytokines, such
as IL-4 and IL-13, in both CD4™ and CD8™ T cells, even
after long-term treatment with IFN-B, suggesting that shift
towards of Th2 and Tc2 sides is one of the major in vivo
effects of IFN-R. On the other hand, an increase in type 1
cytokines, such as I[FN-y, was observed in a fraction of MS
patients in the first few weeks in our previous study [12] and
in the first 2 months by Dayal et al. [5], and this was not
related to an increased number of relapses. However, in the
late stage of IFN-R therapy, the present study revealed a
significant difference in the intracellular IFN-y / IL-4 ratio
between relapsed and non-relapsed patients, with a higher
ratio being associated with relapses. Therefore, a down-
modulation of Thl response with relative increase of Th2
response, which lowers the intracellular IFN-y / IL-4 ratio,
is considered to be critical for maintaining a relapse-free
state under long-term IFN-B therapy.

Concerning IL-13" cells, their increase among CD4” T
cells and CD8" T cells after long-term IFN- administration
was more pronounced in the non-relapsed patients than in
the relapsed patients. These observations may indicate that a
favorable response to IFN-B is linked to an elevation of
CD4™IL-13" T cells and CD8'IL-13" T cells. We previously
reported unexpected increases in CD4'TL-13" and CD8'IL~
137 T cells at relapse in MS, especially in C-MS [16], the
roles for which required clarification by further studies. The
results of the present study suggest that these IL-13" cells
may have a protective role, since the increase in IL-13" cells
was associated with a decrease in the relapse rate. Therefore,
the increase in these cells observed at relapse may be the
host’s efforts to overcome Thl-mediated inflammatory
processes. The recent observation that CD8" T cells
producing IL-13 were correlated negatively with T1 lesion
loads on brain magnetic resonance imaging in MS [17]
further suggests a 1ole of CD8" suppressor cells in down-
regulating the discase activity, and supports a protective role
for CD8¥IL-13" T cells. IL-13 shares some receptor
components with IL-4 and demonstrates similar functions
to IL.-4 [18]. IL-4 and IL-13 mostly act synergistically in the
down-regulation of Thl cells, although increasing evidence
indicates that IL-13 rather than IL-4 plays a crucial role n
many aspects of immune regulation. For example, IL-13 is
essential for tolerance induction [19], renders T cells
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unresponsive to IL-12 [20] and decreases TNF-a-mediated
cytotoxicity [21]. Although the mechanism of the protective
action of IL-13 in MS remains to be clarified, an increase in
the number of IL-13" cells could be one of the biomarkers
for IFN-@ responsiveness in MS.

In our previous study, similar cytokine changes during
IFN-p therapy were noted in both OS-MS and C-MS [12]
and it was suggested that the IFN- action may have a
common mechanism in the two MS subtypes, at least in the
early course of the treatment. In the present study, the
pumber of OS-MS patients was limited and further studies
in a larger scale are necessary to address subtype-specific
changes in the late phase of IFN-B therapy.

In summary, the results of the current study have
revealed that alterations in the cytokine balance, such as a
decreased intracellular IFN-y / IL-4 ratio in CD4™ T cells
and an increase in CD4'TL-13" T cells and CDETL-13" T
cells, are linked with a favorable response to IFN-p, while a
higher intracellular IFN~y / IL-4 ratio is associated with
treatment failure after long-term IFN-p therapy in MS.
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