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the new subpopulation that occurred after axonal injury—
gradually increased, reaching a maximum at 2 weeks,
and then remained unchanged until postoperative week
7 although the immunoreactivity of HSP27 appeared
to decrease at 7 weeks. Thus, we consider that axonal
injury induced the simultaneous upregulation of the two
proteins in small neurons. On the other hand, Gonzalez-
Hernandez and Rustioni (1999) used the same model as
presented here to show that NOS-immunoreactive neurons
were coexpressed with growth-associated phosphoprotein
43 (GAP-43), and this coexpression was also seen in the
regenerating axons in the sciatic nerve. They concluded
that NO might contribute to the growth and regeneration
of injured axons. In our study, NOS-immunoreactive fibers
showing regenerating profiles appeared at 2—4 weeks
when the NOS-immunoreactive neurons were maximum
both in number and immunoreactivity; this might support
the conclusion drawn by the previous authors. Thus, we
suppose that both proteins examined in our study, NOS
and HSP27, might play a neuroprotective role in small
DRG neurons. The coexpression of these proteins in small
neurons might also indicate that axonal damage causes a
more protective neuronal response in small neurons than
other larger-sized subpopulations.

The present study also demonstrated that the maximal
level of NOS-immunoreactive neurons was maintained
until 7 weeks after nerve injury. This finding is consistent
with a previous study using sciatic nerve transection mod-
els (Fiallos-Estrada ez al., 1993), in which the consider-
able increase in NOS-immunoreactive DRG neurons per-
sisted even until 21 weeks after transection. The lengthy
expression of NOS in the small DRG neurons may be
explained by the occurrence of the NOS-immunoreactive
baskets surrounding NOS negative large neurons since they
were formed by axonal sprouts from NOS-immunoreactive
small neurons and appeared after depletion of the NOS-
immunoreactive regenerating fibers in the sciatic nerve.

It has not been previously described how the NOS-
containing pericellular baskets appear in the DRG after
peripheral axotomy although a few studies using other
neuronal markers reported the occurrence of similar
structures. McLachlan et al. (1993) first showed that
noradrenergic perivascular axons sprout in the DRGs and
form basket-like structures around axotomized large DRG
neurons. They thought that these unusual connections,
along with the sprouting of Af axons terminating deep
in the dorsal horn into Lamina II (Woolf et al., 1992),
contribute to the changes in sensory processing that might
lead to neuropathic pain. Further studies demonstrated that
the similar pericellular baskets were also formed by axonal
sprouts of calcitonin gene-related peptide and substance P-
positive small DRG neurons (McLachlan and Hu, 1998)

and Isolectin B4-positive small DRG neurons(Li and Zhou,
2001), preferentially around large neurons after peripheral
axotomy.

The mechanism for the formation of the pericellular
baskets remains obscure. Li and Zhou (2001) assumed that
changes in the neurotrophic environment encountered by
small and large injured sensory neurons might lead to a
rewiring of these neurons in the DRGs and spinal cord.
We consider that the formation of NOS-immunoreactive
pericellular baskets might be performed by a similar
mechanism since trophic factors such as NGF are reportedly
involved in the induction of NOS in small neurons (for
review see Thippeswamy and Morris, 2002).

As one of the functions of induced NOS after peripheral
nerve injury, it has been proposed that NO might play a
role in nociceptive transmission in chronic neuropathic
pain (Meller et al., 1992; Choi et al., 1996; Cizkova et
al., 2002) although Luo et al. (1999) cast doubt on this
assumption. Retrograde labeling confirmed that both the
small neurons sending the NOS-immunoreactive axonal
sprout that formed the pericellular basket and the large
neurons surrounded by it were axotomized. Thus, our
study is first to reveal that peripheral axotomy induces
abnormal connections between NOS-immunoreactive small
neurons and NOS negative large neurons, suggesting the
involvement of NO in rewiring these two classes of primary
sensory neurons. However, further studies are needed to
clarify whether NO is associated with the development of
neuropathic pain.
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We report that HSP105, identified by serological identification of
antigens by recombinant expression cloning (SEREX), is over-
expressed in a variety of human cancers, induding colorectal,
pancreatic, thyroid, esophageal, and breast carcinoma, but is not
expressed in normal tissues except for the testis. The amino acid
sequences and expression patterns of HSP105 are very similar in
humans and mice. In this study, we set up a predinical study to
investigate the usefulness of a DNA vaccine producing mouse
HSP105 whole protein for cancer immunotherapy in vivo using
BALB/c and C57BL/6 mice, Colon26, a syngeneic endogenously
HSP105-expressing colorectal cancer cell line, and B16.F10, a
melanoma cell line. The DNA vaccine was used to stimulate
HSP105-specific T-cell responses. Fifty percent of mice immunized
with the HSP705 DNA vaccine completely suppressed the growth
of subcutaneous Colon26 or B16.F10 cells accompanied by
massive infiltration of both CD4* T cells and CD8* T cells into
tumors. In cell transfer or depletion experiments we proved that
both CD4* T cells and CD8* T cells induced by these vaccines play
critical roles in the activation of antitumor immunity. Evidence of
autoimmune reactions was not present in surviving mice that
had rejected tumor cell challenges. We found that HSP105 was
highly immunogenic in mice and that the HSP705 DNA vaccination
induced antitumor immunity without causing autoimmunity.
Therefore, HSP105 is an ideal tumor antigen that could be useful
for immunotherapy or the prevention of various human tumors
that overexpress HSP105, including colorectal cancer and
melanoma. (Cancer Sci 2005; 96: 695-705)

Colorectal cancer (CRC) and melanoma are common and
serious malignancies, for which surgery remains the main
treatment, although the success of the treatment depends on
the stage of the disease. Although adjuvant systemic chemo-
therapy or chemoradiation can confer a limited but significant
survival advantage, novel and more effective therapies are
needed. Identification of tumor associated antigens (TAA)
expressed by CRC or melanomas remains one of the goals for
designing novel immunological treatments for these tumors.
Ideal targets for immunotherapy are gene products that are
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silenced in normal tissues except immune privilege tissue such
as testis tissue, and that are overexpressed in cancer cells.

More than 2000 candidate TAA have been identified by
using the serological identification of antigens by recombinant
expression cloning (SEREX) method. We have also reported
TAA identified by using this method."® We earlier found
that HSP105 (often called HSP110), as identified by SEREX
was overexpressed specifically in a variety of human cancers,
including colorectal, pancreatic, thyroid, esophageal, and breast
carcinoma, but was not expressed in normal tissues except
for testis tissue.”™ We recently found that HSP105 was also
overexpressed in melanoma (unpublished data). If HSP105
can induce strong antitumor immunity, it may be a potential
candidate as a target antigen for cancer immunotherapy. In
the present study, we set up a preclinical study to investigate
the usefulness of a HSPI105-DNA vaccine, using BALB/c
and C57BL/6 mice, the syngeneic endogenously HSP105-
expressing CRC cell line Colon26, and the melanoma cell
line B16.F10. Using these models, we analyzed both the anti-
tumor effects and side-effects, including autoimmunity of the
HSPI105 DNA vaccination.

The pioneering studies of Srivastava and colleagues led
to the proposal that several HSP, including HSP70, HSP90
and gp96, bind antigenic peptides and deliver these peptides
(through receptor-mediated endocytosis of the HSP) into the
antigen-processing pathway of the antigen presenting cell
(APC) for presentation on major histocompatibility complex
(MHC) class I molecules. This HSP-involved pathway has been
demonstrated to evoke potent antiviral and antitumor immune
responses.® However, many researchers have identified MHC
class I-presented peptide epitopes derived from HSP. HSP are
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rich sources of MHC-bound peptides, and the expression of
these peptides increases as a result of cellular stresses.”
Recently, Subjeck and colleagues tested a vaccine using
the chaperoning properties of HSP110 as Srivastava and
colleagues had done before them.®® They reported that
HSP110 overexpression increases the immunogenicity of
murine CT26 colon tumors.® HSP110 cloned from CHO
cells"® and HSPI05 cloned from mice®™ and humans®® are
homologs. We show here that this HSP105 is highly immuno-
genic for stimulating tumor immunity against mouse CRC
and melanoma. Furthermore, both CD4* T cells and CD8* T
cells induced by the HSP705 DNA vaccination play critical
roles in the activation of antitumor immunity. These findings
indicate that HSP105 itself could be considered a valuable
TAA for the immune-based therapy of various tumors over-
expressing HSP1035, including CRC and melanoma.

Materials and Methods

Cell lines and mice

A subline of the BALB/c-derived CRC cell line Colon26, C26
(C20),%% was provided by Dr Kyoichi Shimomura (Fujisawa
Pharmaceutical Co., Japan). B16.F10 was kindly provided by
the Cell Resource Center for Biomedical Research, Institute of
Development, Aging, and Cancer, Tohoku University (Sendai,
Japan). These cell lines were maintained in vitro in RPMI-
1640 medium supplemented with 10% fetal calf serum at
37°C in a 5% CO, atmosphere. Female 7-week-old BALB/c
mice (H-2%) and C57BL/6 mice (H-2%), purchased from
Charles River Japan (Yokohama, Japan), were kept in the
Center for Animal Resources and Development (CARD) of
Kumamoto University, and handled in accordance with the
animal care policy of Kumamoto University.

Histological and immunohistochemical analysis

Immunohistochemical detections of HSP105, CD8 and CD4
were carried out as described elsewhere.®>>"'® The primary
antibody used in this study, rabbit polyclonal antihuman HSP105
was purchased from Santa Cruz (Santa Cruz, CA, USA). Hema-
toxylin and eosin (HE) staining and standard methods were used
for histological analysis. We purchased Human Normal Organs
and Cancer Multi Tissue Slide, BC4, from SuperBioChips
Laboratories (Seoul, Korea) for immunohistochemical analysis.

Construction of a mouse HSP705 expression plasmid DNA
Plasmid pcDNA105, which expresses mouse HSP105 whole
protein was generated as described elsewhere.”® To construct
this plasmid, the mouse HSPJ05 full-length cDNA derived
from the pB105-1 plasmid was subcloned into EcoRV-Xbal
sites of the mammalian expression vector pcDNA3 (Invitrogen,
Osaka, Japan). The pCAGGS expression vector was kindly
provided by Dr Junichi Miyazaki (Osaka University, Japan)
and this vector induces strong gene expression when injected
into muscle."” We constructed a pCAGGS-HSP105 plasmid
by inserting mouse HSPI05 ¢cDNA into the EcoRI site of
the pCAGGS expression vector, which carries the CAG
(cytomegalovirus immediate-early enhancer/chicken B-actin
hybrid) promoter, and prepared the plasmid using a Qiagen
EndoFree plasmid Mega kit (Qiagen GmbH, Hilden, Germany).
We used the empty pCAGGS plasmid as a control.

696

DNA vaccination

We immunized mice twice by intramuscular injection into the
anterior tibialis muscle. Booster immunization was carried
out at 7 days after the primer immunization. The groups of
mice were given the following vaccines: (i) saline group: given
with 100 yL saline; (ii) control vector group: given 50 LUg
pCAGGS plasmids lacking inserts and diluted in 100 uL
saline; (iii) HSPI105 DNA wvaccine group: given 50 ug of
pCAGGS-HSP105 plasmid diluted in 100 uL saline.

In vivo tumor challenge

Subcutaneous tumors were established by the injection of
3 x 10* C26 (C20) cells or 1 x 10* B16.F10 cells suspended
in 100 yL Hanks” Balanced Salt Solution (Gibco, Grand Island,
NY, USA) medium into the right flank of BALB/c or C57BL/
6 mice 7 days after the last vaccination. Tumor incidence and
volume were assessed twice weekly using calipers until the mice
died. Tumor area was calculated as a product of width and length.
The results are presented as mean area of tumor + SE; however,
individual tumor area is presented for some experiments.

In vivo depletion of CD4* T cells and CD8* T cells

Each mouse was given a total of six intraperitoneal transfers
(days —18, 15, 11, -8, —4, ~1) of ascites (0.1 mL per mouse
per transfer) from hybridoma-bearing nude mice. The mAbs
used were rat antimouse CD4 (clone GK1.5) and rat antimouse
CD8 (clone 2.43). Normal rat IgG (Sigma, St. Louis, MO,
USA; 200 ug per mouse per transfer) was used as a control.
The depletion of T cell subsets by treatment with mAbs was
confirmed by flow cytometric analysis of spleen cells, which
showed a > 90% specific depletion.

Cell transfer in vivo

We purified CD8* T cells, CD4* T cells, and natural killer
(NK) cells from spleen cells using the magnetic cell sorting
system with antimouse CD8a (Ly-2) mAb, antimouse CD4
(1.3T4) mAb, antimouse NK (DX5) mAb, and these CD8* T
cells, CD4* T cells, and NK cells were used for adoptive transfer
into BALB/c mice. To investigate tumor growth in a homeostatic
lymphocyte proliferation model, we intravenously injected
1.5 x 107 whole spleen cells or 3 x 10° CD8* T cells, CD4* T
cells, NK cells, or CD8~ CD4~ NK- cells 3 days after sublethal
irradiation (5 Gy). Subsequently, we subcutaneously inoculated
BALB/c mice with C26 cells (3 x 10*) 3 days after irradiated
mice inoculated with cells.

Statistical analysis

We analyzed all data using the StatView statistical program for
Macintosh (SAS, Cary, NC, USA) and evaluated statistical
significance using the unpaired -test. The overall survival rate
was calculated using the Kaplan-Meier method, and statistical
significance was evaluated using Wilcoxon’s test.

Results

Similar tissue and cancer-specific expression of H5P105 in
mice and humans

We have previously reported that HSP105 is overexpressed in
a variety of human cancers, including colorectal, pancreatic,
esophageal, thyroid, and breast cancer, whereas HSP105 is
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expressed at low levels in many normal tissues, except for
testis tissue.” In the present study, we carried out an immuno-
histochemical analysis of HSP105 using various human and
mouse tissues (Fig. 1). Human HSP105 is overexpressed in
almost all CRC cells, melanoma cells (unpublished data), and
normal testis tissue, but there is no expression or only a low-
level expression of HSP10S in normal liver, brain, spleen,
lung, and kidney tissue (Fig. 1a). Mouse HSP105 is also
overexpressed in liver metastasis of the murine colorectal
adenocarcinoma cell line C26 (C20), lung metastasis of the
murine melanoma cell line B16.F10 and normal testis tissue,
but there is no expression or only low-level expression in
normal liver, cerebrum, cerebellum, spleen, lung, and kidney
tissue (Fig. 1b). Another group reported that HSP105/110 is
expressed in neurons in the cerebrum and Purkinje cells in
the cerebellum,®® we found the same pattern in the present
study, but the level of expression in the neurons and Purkinje
cells was much weaker than that in CRC and testis tissue
(Fig. 1a,b). As a result, the expression levels of HSP105 protein
in human colorectal, pancreatic, esophageal, thyroid, and breast
cancers, melanoma, C26 tumors, and B16.F10 tumors were
evidently much higher than those in all normal adult tissues,
including brain, but not testis in both humans and mice.
Because the expression pattern of HSP105 is very similar in
humans and mice, we are able to analyze both the antitumor
effects and side-effects (including autoimmunity) of HSP105
vaccination using this mouse model of CRC and melanoma.

HSP105 DNA induced rejection of €26 and B16.F10 tumor
challenge in mice
We investigated the effects of HSPI05 DNA vaccination
using a subcutaneously injected C26 (Fig. 2a—d) and B16.F10
(Fig. 2e-h) tumor model. Mice were divided into three groups:
mice inoculated with (i) saline; (if) pCAGGS, and (iii) pCAGGS-
HSPI105. No mice died during the vaccination period.
Subcutaneous inoculation of C26 cells (3 x 10*) into the right
flank was given 7 days after the last vaccination (Fig. 2a—d).
In groups (i) and (ii), subcutaneous tumors appeared in some
mice 10 days after inoculation. Measurement of tumor size
was continued until 24 days after inoculation with the tumor
cells, when one mouse died. The mean tumor size on day
24 in group (iii) mice (26.4 £10.8 mm®) was significantly
smaller than that in the other two groups (105.0+ 157, and
86.0 % 8.3 mm?, respectively; P < 0.05; Fig. 2a). Six of the 10
mice (60%) in group (iil) did not have subcutaneous tumors
on day 24 (Fig.2b). All mice in groups (i) and (ii) had
subcutaneous tumors within 13 days, and died within 41 days
of inoculation with the tumor cells (Fig. 2¢,d). Five of the 10
mice (50%) in group (iii) completely rejected the 3 x 10° C26
cells during the 108 days after the inoculation (Fig. 2¢,d). A
statistically significant difference in survival time was found
between group (iii) and groups (i) and (i) (P < 0.05).
Subcutaneous inoculation of B16.F10 cells (1 x 10*) into
the right flank was carried out 7 days after the last vaccination
(Fig. 2e-h). Measurement of tumor size was continued until
30 days after inoculation with the tumor cells, when one
mouse died. Mean tumor size on day 30 in group (iii) mice
(103.9 £ 49.8 mm?) was significantly smaller than that in
the other two groups (272.1 £69.7, and 361.6 % 50.3 mm?,
respectively: P < 0.05; Fig. 2e). Six of eight mice (75%) in
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group (iii) did not have subcutaneous tumors on day 30
(Fig. 2f). All mice in groups (i) and (ii) had subcutaneous
tumors within 41 days, and died within 65 days of inoculation
with the tumor cells (Fig. 2g,h). Four of eight mice (50%) in
group (iii) completely rejected the 1 x 10° B16.F10 cells during
the 100 days after the inoculation (Fig.2g,h). A statistically
significant difference in survival time was found between
group (iii) and groups (i) and (ii) (P < 0.05). Therefore, the
HSP]05 DNA vaccine has the potential to prevent the growth
of tumors expressing HSP105.

We also subcutaneously inoculated five surviving group
(iii) mice that completely rejected the first challenges with
(26 cells with further (3 x 10%) C26 cells. These mice also
rejected the second challenge with C26 cells, even at 108 days
after the first challenge (data not shown). These results
demonstrate that the effects of vaccination in group (iii)
continued for a long time, and that the vaccination prevented
the recurrence of HSP105-expressing tumors.

Expression of HSP105 protein and infiltration of CD4* T
cells and CD8* T cells in the injection sites

To observe HSP105 expression and infilirating cells in muscles
injected with the HSP105 DNA vaccine, we carried out intra-
muscular immunizations with pCAGGS DNA into the right
anterior tibialis muscle, and with pCAGGS-HSPI105 DNA
into the left anterior tibialis muscle of four mice. After 48 h, we
killed the mice and evaluated the muscles by histological and
immunohistochemical analysis (Fig. 3). In HE-stained sections,
there were some transverse sections of injection sites that
included many cells in both the pCAGGS- and pCAGGS-
HSPI05-immunized muscles. But only in the transverse
sections of the injection sites in pPCAGGS-HSPI05-immunized
muscles could we observe many cells expressing HSP105 at
a high level, and also a considerable number of both CD4*
T cells and CD8* T cells. Although we did not immuno-
histochemically stain the dendritic cells in these traverse
sections, we did find some dendritic cell-like large cells.

Infiltration of CD4* T cells and CD8* T cells into the (26
tumor after vaccination

To observe the antitumor effects of HSP105 DNA-vaccination,
we evaluated the tumor using immunohistochemical staining
of CD8 and CD4. Figure 4a shows the tumor inoculation sites
from two HSP105 DNA-immunized mice, a saline-inoculated
mouse, and a pCAGGS-immunized mouse that did not reject
the tumor challenge. There were few lymphocytes in the
tumors removed from both the saline-inoculated mouse and
the pCAGGS immunized mouse, but there were many CD4*
T cells and considerable numbers of CD8* T cells making
contact with the tumor cells and surrounding the tumors
removed from the two HSP105 DNA-immunized mice. These
layers of CD4* T cells surrounding the tumor were thick in
the case of HSPI05 DNA vaccinated mice. Furthermore,
there were a considerable number of CD8* T cells and CD4*
T cells that had infiltrated into the tumor (Fig. 4a).

Vaccination with HSP705 DNA did not induce damage of
normal tissues

HSP105 expression in normal adult mice is limited to several
tissues, and HSP105 expression levels in these tissues are
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(a) Human tissues
Colon cancer Liver Testis

HSP105

Melanoma
20X 400X

(b) Mouse tissues

Brain
Cerebrum Cerebellum

Heart Kidney

HSP105

B16.F10

400X

Fig. 1. Expression of the HSP105 protein, a candidate for immunotherapy for CRC and melanoma, in human and mouse tissues and cells.
Expression of HSP105 protein detected by immunohistochemical analysis in various (a) human and (b) mouse tissues. Objective magnification
was 400x or 20x.
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Fig.2. Vaccination with HSP705 DNA suppressed the growth of (a—d) €26 and (e-h) B16.F10 tumors in mice. Each group consisted of 10
(a—d) or eight (e-h) mice. (a,be,f) Suppression of the growth of HSP105-expressing €26 (a,b) or B16.F10 (e,f) tumors inoculated
subcutaneously into mice vaccinated with HSP705 DNA. The tumor area was calculated as the product of width and length. The result is
presented as mean area of tumor % SE, and we evaluated statistical significance using the unpaired t-test (a,e). Growth curves of 10 and
eight individual tumors in the mouse group treated with pCAGGS-HSPT05 are presented in (b) and (), respectively. {c.d,g,h) Percentage
tumor free rate (¢,g) and percentage overall survival (d,h) were calculated using the Kaplan-Meier method, and the statistical significance
of differences between groups was evaluated using Wilcoxon's test.
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pCAGGS-HSP105

HE

HSP105

CD4

CD8

lower than those in C26 (C20) tumor cells, which suggests a
low risk of damage to normal tissue as a result of immune
responses to the HSP105 antigen. To evaluate the risk of
autoaggression by immunization against self-HSP105, the
tissues of mice immunized with HSPI05 DNA were histo-
logically examined. 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
HSP]05-immunized mice were critically scrutinized and
compared with those of normal mice. These tissues had normal
structure and cellularity for each of the two groups examined,
and pathological changes caused by immune response, such
as infiltrations of CD8* or CD4* T cells, or tissue destruction
and tepair, were not present (Fig. 4b). Although CD4* T cells
and CD8* T cells infiltrated into the C26 tumor (Fig. 4a),
infiltration of CD4* T cells or CD8* T cells was not observed
in any of the normal adult tissues examined (Fig. 4b). These
results indicate that T cells stimulated with the ASP105 DNA
vaccine do not recognize normal cells that express HSP105 at
physiological levels.

700

pCAGGS

Fig. 3. Expression of HSP105 protein and
infiltration of CD4 T cells and CD8" T cells in
the HSP705 DNA vaccine-injected sites. To
observe HSP105 expression and infiltrating
cells in muscles injected with the HSP105
DNA vaccine, we carried out intramuscular
immunizations with pCAGGS-DNA into the
right anterior tibialis muscle, and with
pCAGGS-HSP105 DNA into the left anterior
tibialis muscle in four mice. After 48 h, we
killed the mice and studied their muscle
tissue by using HE staining and histological
analysis, and immunohistochemical analysis
of HSP105, CD4, and CD8. Representative
results are shown. Objective magnification
was 400x.

Anti-C26 tumor adoptive immunity elicited by injection
with CD4* T cells or CD8* T cells from HSP105 DNA-
vaccinated mice

Antitumor responses could be augmented by homeostatic T
cell proliferation in the periphery, involving the expansion of T
cells recognizing MHC/tumor antigenic peptide ligands.®=>
To ascertain that the tumor rejections induced by HSPJI05
DNA vaccination were mediated through the activation of
CD8* T cells or CD4* T cells, in a homeostatic lymphocyte
proliferation model, we subcutaneously inoculated BALB/c
mice with C26 cells (3 x 10%) 6 days after sublethal irradiation
(5 Gy). We intravenously injected 1.5 x 107 whole spleen cells
or 3 x 10 CD8* T cells, CD4* T cells, NK cells, or CD8~ CD4~
NK- cells derived from each untreated or HSPI05 DNA-
vaccinated mouse on day 3 before the tumor inoculation
(Fig. 5a). Measurements of tumor size were continued for
22 days after inoculation with the tumor cells (Fig. 5b). Each
group consisted of four mice. Inoculation with whole spleen
cells or CD8* T cells, CD4* T cells, NK cells. or CD8- CD4~
NK- cells derived from untreated mice, and with NK cells, or
CD8~ CD4- NK- cells derived from HSPI105 DNA-vaccinated
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Fig. 4. Vaccination with HSP105 DNA induced infiltration of both CD4* T cells and CD8* T cells into €26 tumors, but not into normal
tissues. (a) Subcutaneous C26 tumors removed from two HSP105 DNA-immunized mice, a saline-inoculated mouse, and a pCAGGS-
immunized mouse that did not reject the tumor challenges were analyzed using immunohistochemical staining with anti-CD4 mAb and
anti-CD8 mAb. (b) Normal tissues of mice vaccinated with HSP705 DNA were histologically and immunchistochemically examined.
Objective magnification was 200x. The spleen was used as a positive control for staining of both CD4 and CD8.
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Fig. 5. Injection of either CD4" T cells or CD8" T cells sensitized with HSP705 DNA vaccine into sublethally irradiated mice elicited effective
antitumor adoptive immunity. (a) Experimental protocol; each group consisted of four mice. (b) Suppression of the growth of HSP105-
expressing €26 tumors inoculated subcutaneously into mice transferred with 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 () and percentage overall survival {d) were calculated using the Kaplan-Meier method,
and the statistical significance of differences in survival time between groups was evaluated using Wilcoxon's test.

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 HSP705 DNA-vaccinated mice completely
rejected challenges with C26 cells (3 x 10% Fig. 5b—d). Thus,
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sublethally irradiated lymphopenic mice transfused with
CD4* T cells or CD8* T cells derived from HSPI05 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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Fig. 6. Involvement of both CD4* T cells and CD8" T cells in protection against B16.F10 induced by vaccination with H5P105 DNA. (a)
Experimental protocol for in vivo depletion of CD4* T cells and CD8" T cells. Each group consisted of four mice. {b) Suppression of the growth
of HSP105-expressing B16.F10 tumors inoculated subcutaneously into mice vaccinated with HSP705 DNA. Tumor area was calculated as the
product of width and length. Data are presented as mean area of tumor £ SE, and we evaluated the statistical significance using the
unpaired t-test. (c,d) Percentage tumor free rate () and percentage overall survival (d) were calculated using the Kaplan-Meier method,
and the statistical significance of differences in survival time between groups was evaluated using Wilcoxon's test.

the HSPI05 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.

Invoivement of both CD4* T cells and (D8* T cells in
protection against B16.F10 induced by HSP105 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.

309

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 #SP1035 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.”2% 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 cDNA libraries derived
from tissues including colorectal cancer, melanoma, and
normal testis. HSP105 are complexes associated with HSP70/
HSC70,%% which negatively regulate HSP70/HSC70
chaperone activity.®® In addition, HSP105 protects neuronal
cells against the apoptosis induced by various stresses.®¥
HSP105 consists of HSP1050, and HSP105B. HSP1050. is a
constitutively expressed 105-kDa HSP that is induced by a
variety of stresses, whereas HSP105B is a 90-kDa HSP that
is specifically induced by heat shock at 42°C. HSP1058 is a
truncated form of HSP1050.9? We used in this study the
mouse HSP1050. DNA and protein. Recently, Subjeck and
colleagues reported that recombinant HSP110 and cancer
antigens such as Her2/neu or gpl00 complexes are powerful
cancer vaccines.®*3 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-celis 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
T molecules. To ascertain whether this is also 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 cells 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 T 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 II
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
I 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 I 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
tumnors.®® Indeed, in this study, HSP105 itself evoked T-cell-
mediated tumor rejection without antoimmune 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. HSP705 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 ASP105
DNA vaccination affects the growth of some tumors that do
not express HSP105.

We showed in this study that HSPJ05 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 HSP105 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 (VEGE), 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.
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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-u.ac.jp (J. 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 distinc

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 obtained. None were receiving
mmunomodulatory therapies (interferon beta or immuno-
suppressants) or 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
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33.1+£16.2 years (range: 10 to 89). The age at onset and
examination had a significant positive correlation (»=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 cerebrum, 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 Tableé 1. Sera were obtained at
relapse (within 1 month after onset 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 37.9x18.1 27.6+11.7
Age at examination™* 41.6+16.0 45.8£16.5 36.7+14.0
Disease duration® ) 8.5+93 7.8£8.3 9.1£10.5
EDSS score before pc:akb (stable, relapse) 2.7+24 2.8+26 2.5%22
EDSS score at peak® (relapse) 4.6%1.6 4.8+1.7 43+14
EDSS score at remission” (relapse) 3.3%22 33x23 3.3£23
Progression index 0.7+1.5 0.8+1.9 0.6:0.8
Brain MRI:
9 or more T2-high lesions** 28/50 (56.0%) - 9/27 (33.3%) 19/23 (82.6%)
Number of T2-high lesions** 94:8.6 5.6+53 13.7£9.4
1 or more Gd-enhanced lesions 13/50 (26.0%) 527 (18.5%) 8/23 (34.8%)
Number of Gd-enhanced lesions 0.3+0.7 0204 0.5+0.9

Infratentorial lesion

Juxtacortical lesion

At least 3 periventricular lesions**

Proportion of patients who fulfilled McDonald's MRI criteria*

21/50 (42.0%)
27/50 (54.0%)
25/50 (50.0%)
25/50 (50.0%)

10/27 (37.0%)
12/27 (44 4%)
8/27 (29.6%)
9/27 (33.3%)

11/23 (47.8%)
15/23 (65.2%)
17/23 (73.9%)
16123 (69.6%)

Number of black holes** 2.0£3.0 0.8x1.0 3438
Spinal cord MRI:

Frequency of spinal cord lesions 32/48 (66.7%) 19/27 (70.4%) 13/21 (61.9%)
Frequency of Gd-enhanced lesions 6/48 (12.5%) 4/27 (14.8%) 2/21 (9.5%)
Spinal cord lesion length® 5.0+4.9 cm 6.1£5.7 cm 3.5£32 cm
Longitudinally extensive spinal cord lesions 14/48 (29.2%) 11727 (40.7%) 3721 (14.3%)

*Mean+S.D. (years).

*MeanzS.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.

*Meanz S.D. of the spinal cord lesion length was calculated using only patients with spinal cord lesions on MRI.
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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 blood 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

VEGEF, 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/ml 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 perfomied 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 T/TR/TE=2200/9000/110 ms, flip angle=
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=3—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 x 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 0or 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 Manh4Whimey 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 OS-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 alternatively) 1 C-MS (1:5 mg/day)

(1:5 mg every other day)

(1:5 mg/day)

Number of patients is shown.

314



24 J.J. Su et al. / Jowrnal of the Neurological Sciences 243 (2006) 21-30

duration, EDSS score, PI and length of spinal cord lesions
on MRI. Statistical analyses of growth factor levels were
initially performed using the Kruskal-Wallis A test for MS
patients in relapse, those in remission, and controls, and for
OS-MS patients, C-MS patients, and controls. When
statistical significance was found, the Mann—Whitney U
test was used to determine the statistical differences between
each subgroup; uncorrelated p values were corrected by
multiplying by the number of comparisons (Bonferroni—

Dunn’s correction). Spearman’s rank correlation test was

used to determine correlations between each vascular
growth factor, and between clinical parameters and each
vascular growth factor. The Chi-square test with Yates’
correction or Fisher’s exact probability test when the criteria
were fulfilled, were used for statistical analyses of the
frequency of brain and spinal cord MRI-lesions. In all
assays, p <0.05 was considered statistically significant.

3. Results
3.1. Clinical and neuroimaging findings

The proportion of females with OS-MS was significantly
higher than those with C-MS (p=0.0003) (Table 1). Ages at
disease onset and examination were also significantly higher
i OS-MS than C-MS (p=0.0149 and p=0.0438, respec-
tively). EDSS score at peak and PI were higher in OS-MS
than C-MS, although the disease duration was shorter in the
former than the latter, but none of these differences reached
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Fig. 2. (A) VEGF concentration in sera of MS patients analyzed separately
according to their clinical phase. Bars indicate the mean of each group.
*p<0.05. (B) VEGF concentration in sera from MS patients analyzed
separately according to their clinical subtype and clinical phase. Bars
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
OS-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 infratentorial
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 MRI, the frequency of T1 black hole
lesions was significantly lower in OS-MS than in C-MS
{(»=0.0046).

On spinal cord MRI, the frequencies of spmal 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 respect to
comparisons between the two subtypes (data not shown).

3.2. Vascular growth factor levels

Serum VEGF concentration was significantly higher in
MS patients in relapse (320.5+316.1 pg/ml, mean+S.D.)
than in controls (147.3£136.4 pg/ml) (p=0.0495) and
those in remission (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 not in any other comparisons. The
difference between OS-MS in relapse and OS-MS in
remission lost statistical significance after cormrection 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
(5.424.2 pg/ml) and controls (3.7£2.5 pg/ml) (Fig.' 3A).
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Fig. 3. (A) Basic FGF concentration in sera fromi 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 concentration in sera from MS patients analyzed separately according to their clinical phase. Bars indicate the mean of each group. (D) ACldlC FGF
concentration 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 (5.8+4.2 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, 196.7+186.8, 211.9£158.4,
185.5+151.4 pg/ml for PDGF-AA; 375.6+348.6,
386.6£482.3, 420.4x= 494.9, 347.6% 477.1, 320.1+ 453.3,
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 (»<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 neuroimaging 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
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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) PDGF-AB
concentration in sera of MS patients analyzed 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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