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Biotherapy became recognized as the fourth modality
of cancer treatment applied after surgical treatment,
radiotherapy and chemotherapy since the Biological
Response Modifier (BRM) theory was proposed by
Dr. Oldham in the 1980s (1). Cancer biotherapy is a
therapeutic method that could prohibit the growth of
tumors through mobilizing the host's immune system or
via the effect of biological agents, thereby regulating the
body's biological responses (2). Biotherapy is regarded
as the most vigorous and promising strategy among the
cancer multimodality treatments in this century due to
its advantages of high safety and effectiveness as well as
low side-effects (2-4). Treatment methods of biotherapy
are emerging with the development of such subjects
as immunology, cell biology and molecular biology.
Currently, the main approaches of biotherapy include
molecule targeted therapy, gene therapy and cell therapy.

Molecule targeted therapy: Targeted therapy is a
type of medication that aims at signature molecules over-
expressed in tumor cells or unusual molecules in the
tumor microenvironment. It interferes with regulation of
these molecules or signal transduction pathways closely
related with tumor development using selective inhibitors,
thereby blocking tumor growth, progression or metastasis
(5,6). Targeted drugs include small molecule compounds,
monoclonal antibodies, polypeptides, etc. Molecule
targeted therapy enhances treatment specificity and reduces
drug resistance since it targets key molecules or signal
transduction pathways involved in tumor development
and progression (7). The targeted therapy has achieved
important progress and pointed a new way forward, and
is one of the most popular fields in anticancer research at
present.

Since the approvals of two monoclonal antibody drugs
trastuzumab (Herceptin) and rituximab (Rituxan) for
treatment of metastatic breast carcinoma and diffuse large-
B-cell lymphoma, respectively, in 1997, the period of
history of molecule targeted therapy is less than 15 years.

Thus far, more than 10 molecule targeted drugs applied in
solid tumor treatment and several such drugs employed in
hematological malignancy remedies have been approved
for cancer therapy (8).

Research and development of novel molecule targeted
drugs is extensively carried out nowadays. Drugs with
startling efficacy have continuously sprung up in the
recent two years. As the survival time of patients is the
gold standard for evaluating drug efficacy, the value of
molecule targeted therapy has two components. On the one
side, the five-year survival or cure rate of cancer patients
may be raised by using the targeted drugs to reduce tumor
cell differentiation or in combination with conventional
surgical treatment, radiotherapy and chemotherapy. This
category of drugs includes: all-trans retinoic acid (for
acute promyelocytic leukemia), trastuzumab (for breast
carcinoma), rituximab (for lymphoma) and imatinib (for
gastrointestinal stromal tumors and chronic myeloid
leukemia). On the other side, the targeted therapy may
delay tumor progression, thus improving life quality
and prolonging the lifetime of patients. Along with the
advancing research, the clinical value of molecule targeted
therapy will be enriched and expanded.

Gene therapy: Gene therapy is a biomedical
technique that overcomes genetic defects or exerts
therapeutic effects via transduction of normal or
therapeutic genes into targeted cells in certain ways,
thus achieving the purpose of treatment of diseases (9).
The limitations of conventional cancer therapies such as
surgical treatment, radiotherapy and chemotherapy have
prompted searching for novel treatments. With the in-
depth understanding of molecular mechanisms involving
in tumor development and progression, it was realized that
tumors are genopathies from the viewpoint of genetics.
Correcting genetic defects may offer a new hope for
cancer management.

There are two key issues that should be resolved in
gene therapy. First comes the screening of the potential
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genes and subsequent is the control of the safety of
vectors. Based on the therapeutic strategies, the targeted
genes could be proto-oncogenes or antisense nucleic acid
of genes that encode tumor cell autocrine growth factors
and their receptors, tumor suppressor genes, immune
regulatory factor genes, anti-angiogenesis factor genes,
tumor cell suicide genes, antitumor antibody genes,
etc. According to the types of vectors, gene therapy has
experienced a developing process from naked DNA, non-
viral gene delivery systems, to viral gene delivery systems.
Up to the present, clinical treatment schemes that use
adenovirus as a gene transfer vector are most widely used
in gene therapy.

The number of clinical gene therapy programs
provided by the journal J Gene Med reached 1,537 in May
2009, in which the number of gene therapies for cancer
treatment is 993, making up about 2/3 of all projects (10).
However, such therapies are mainly in phase I/11 clinical
trials so far.

Cell therapy: Tumor cellular immunotherapy
is a therapeutic method that utilizes biotechnologies
and biological agents to separate in vitro, activate and
reintroduce tumor specific or non-specific effector cells,
either autologous or allogenic, into cancer patients (11).
Compared with traditional tumor therapies, it mainly
focuses on improving the status of low cellular immune
function and strengthening the host's antitumor immune
response.

Adoptive cellular immunotherapy could be classified
into two categories based on the antigen-specificity of
the infused cells: non-specific cellular immunotherapy
in which the infused cells include lymphokine activated
killer cells (LAK), cytokine induced killer cells (CIK) and
dendritic cells (DC), and specific cellular immunotherapy
in which the infused cells mainly comprise cytotoxic T
cells (CTL) and helper T cells (Th).

Up to now, many clinical studies of non-specific
adoptive cellular immunotherapy have been performed
and achieved some prospective results (12). Sipuleucel-T
(Provenge), the first therapeutic cancer vaccine, was
approved to treat advanced prostate cancer by the Food
and Drug Administration (FDA) on April 29, 2010. The
successful development of this drug which took over
20 years opened a new era of cancer immunotherapy.
In addition, several phase I/l clinical studies of adoptive
cellular immunotherapy based on CIK and DC have
attained preliminary results in treatment of metastatic
melanoma, liver cancer, metastatic renal cancer, and
gastric cancer (13-15).

Specific adoptive cellular immunotherapy based on
CTL has been the focus in immunotherapy of solid tumors
such as melanoma, gastric cancer, colorectal cancer and
liver cancer. Several phase | studies of such therapy have
been accomplished (12). However, operative treatment
schemes that can be applied in the clinic for cancer
treatment are rare so far because of the low inducing
efficiency of CTL in vitro, the complicated operation, and
the long period and quantity limitation of amplification
that often defeat the desired results.

Outlook: Biotherapy will be a main direction in
cancer therapy in the future. In order to further increase
its therapeutic effect in cancer treatment, efforts should be
directed to the following aspects. First is the development

of novel approaches of biotherapy to enhance the efficacy.
Second is deeply and objectively evaluating the therapeutic
effect of biotherapy through making randomized control
studies in a large number of patients. Third, since
biotherapy is largely adjuvant therapy and demonstrated
to have a synergistic effect with conventional radiotherapy
or chemotherapy, how to combine biotherapy with these
traditional methods to achieve a better therapeutic effect
in individualized cancer treatment should be explored
in the future. Last, due to large individual differences
in the efficacy of biotherapy, searching for biomarkers
that could validly predict treatment outcome plays
an important role in its clinical application. With the
advancement of biotechnology, the means and efficacy of
biotherapy will be improved constantly, which may make
biotherapy occupy an increasingly important position in a
comprehensive cancer treatment system.
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ABSTRACT: Senescence-accelerated mouse prone/8
(SAMP8), a murine model of accelerated senescence,
shows age-related deficits in learning and memory.
The oral administration of oligomers improved
spatial and object recognition impairment in SAMPS.
The expression of phosphorylated neurofilament-H
was significantly elevated in the hippocampal CAL.
This indicates that oligomers induce an increase in
the density of axons. To investigate the protective
mechanisms of oligomers against brain dysfunction
with aging, we carried out a receptor tyrosine kinase
phosphorylation antibody array, and clarified that the
administration of oligomers led to an increase in the
phosphorylation of vascular endothelial growth factor
receptor (VEGFR)-2, suggesting the neuroprotective
role of oligomers. The phosphorylation of VEGFR-2
was more markedly increased in the hypothalamus
and choroid plexus than in other brain regions of
SAMP8. Memory in oligomer-treated mice was
impaired by SU1498, a VEGFR-2-specific antagonist.
Elucidating the relationship between memory
impairment with aging and VEGFR-2 signaling
may provide new suggestions for protection against
memory deficit in the aging brain. In addition,
we revealed that the administration of oligomers
extended the life span of SAMPS8. Oligomers elevated
SIRT1 expression, which is recognized as an essential
factor for life span extension in the brain. However,
the administration of oligomers did not induce
stereotypical behaviors such as rearing, jumping, or
hanging from the lid of a cage, while food restriction
increased these frequencies without a significant
change in motor function. The present study suggests
the promising role of oligomers as an anti-aging agent
to extend life span.
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Dr. Takako Yokozawa, Institute of Natural Medicine,
University of Toyama, 2630 Sugitani, Toyama
930-0194, Japan.

e-mail: yokozawa@inm.u-toyama.ac.jp

Keywords: Oligomer, SAMPS, memory, VEGFR-2, life
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1. Introduction

The senescence-accelerated mouse (SAM), a murine
model of accelerated senescence, was developed by
Takeda et al. (1). The phenotype shows a shortened life
span with an acceleration of several distinctive disease
processes such as osteoporosis (P6), degenerative joint
disease (P3), cataract (P9), hyperinflammation of the
lungs (P1), and hearing impairment (P1) (2). One of these
strains, SAMP8, was found to have age-related deficits
in learning and memory. Numerous age-dependent
alterations have been found in the brain of SAMPS, such
as cortical atrophy in the pyriform cortex, increased
axonal dystrophy in the gracile nucleus, spongiform
degeneration in the brainstem reticular formation,
periodic acid Schiff-positive granular structures in the
hippocampus, fA4 protein-like immunoreactive granular
structures in various regions, and blood-brain barrier
dysfunction (3). There is increasing evidence showing
that SAMPS8 has a similar pathology to the human
brain in regard to Alzheimer's disease as well as normal
aging (2,4). Acetyl-L-carnitine (5), a-lipoic acid (6), and
caloric restriction (7) ameliorated memory impairment
in SAMPS. Anti-oxidative activity limited to the cerebral
cortex was suggested as the underlying mechanism of
those treatments (8). Considering neuronal degeneration
in various brain regions of SAMPS8, amelioration of injury
in the cerebral cortex may not be sufficient. Therefore,
identifying compounds which improve memory deficits
in SAMPS8 and analyzing the underlying mechanism other
than the anti-oxidative effect are important.
Proanthocyanidins are known as condensed tannins,
members of a specific group of polyphenolic compounds,
and they have been reported to exhibit powerful
antioxidant activity (9,10). Although proanthocyanidin
is the most abundant dietary polyphenol, its high-level
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polymerization results in limited absorption in vivo (11).
We previously isolated oligomeric proanthocyanidins
from persimmon peel, which is usually discarded even
though it is rich in phenolic compounds (12). The
amount of proanthocyanidin in the peel is higher than
in the rest of the fruit. It was reported that oligomeric
proanthocyanidins (oligomers) isolated from persimmon
peel increased the expression of silent information
regulator two ortholog 1 (SIRT1), which is recognized
as an essential factor in life span extension, in an H,O,-
induced cellular senescence model. Oligomer treatment
also decreased the expression level of 8-hydroxy-2'-
deoxyguanosine (8-OHdG), a marker of oxidation in the
model (13). In the present study, we hypothesized that the
oligomeric form of proanthocyanidins exerts a beneficial
effect on memory dysfunction and neuroprotection in the
aged brain. Using the SAMP8 model, we investigated
the effect of oligomers on spatial and object recognition
memory, and the densities of axons, dendrites, and
synapses were observed. Furthermore, to evaluate the
neuroprotective effect, vascular endothelial growth factor
receptor (VEGFR)-2 and its phosphorylation were also
investigated. Moreover, we investigated the possibility
of oligomers extending the life span of SAMP8 mice.
Since dietary restriction extends the life span of rodents,
we compared food-restricted with oligomer-treated mice
regarding longevity and behavioral characters.

2. Oligomeric proanthocyanidins improve memory
and enhance phosphorylation of VEGFR-2 in
SAMPS8

SAMPS developed age-related cognitive deficits as
early as 4 months and had a short life span relative
to SAMRI1. SAMP8 show decreased release of
acetylcholine and noradrenaline in comparison with
age-matched SAMR1 (14,15). Many age-dependent
alterations in various brain regions such as the cerebral
cortex and hippocampus at an early stage in SAMPS8
were suggested as causes of memory deficits (16,17).
In the hippocampus, an increase of glial fibrillary acidic
protein as an astrocyte marker was observed in the CA1-
CA3 regions of SAMPS8 compared to age-matched
SAMRI, indicating enhanced reactive gliosis in aged
SAMPS (18). Tanaka et al. (19) reported severe loss of
oligodendrocytes in the hippocampal CA1 of SAMPS
mice. Moreover, neuronal loss and lower expression
of glial cell line-derived neurotrophic factor in the
hippocampal CA1 associated with memory impairment
of SAMPS were reported (20). Therefore, hippocampal
dysfunction of SAMPS8 has been considered as a major
cause of age-dependent memory impairment in the
brain. Various candidate therapeutic agents for memory
dysfunction in SAMP8 were reported, such as acetyl-
L-carnitine, a-lipoic acid, and Choto-san (a herbal
formula), along with caloric restriction (5-7,21). In
those studies, oxidative stress was focused on as a cause

of memory impairment of SAMPS, although change
of oxidative stress was limited to the cerebral cortex.
Additionally, neuronal morphological evaluations were
insufficient in those studies.

We previously reported that oligomers attenuated
the expression level of 8-OHdG as a DNA damage
maker and increased the expression level of SIRTI,
which is recognized as an essential factor in lifespan
extension in an H,0O,-induced cellular senescence
model (13). These bioactivities were stronger in the
oligomer-treated group than the group treated with non-
oligomerized proanthocyanidins showing a high-level
of polymerization. Aging is a progressive physiological
change in an organism that leads to senescence, or a
decline in biological functions and the organism's ability
to adapt to metabolic stress. The process decreases the
prevalence of learning and increases memory deficits. For
example, in aged rats, a loss of synapses in the dentate
gyrus and an alteration of Ca’" regulation in the CAl
area lead to a decline of synaptic plasticity, resulting in
a change in interactions among hippocampal networks
and deficits in the storage and retrieval of information
regarding spatial organization of the environment (22).
Therefore, we expected the anti-aging effect of oligomers
to improve age-associated memory impairment. In the
present study, oligomers improved spatial memory and
object recognition memory in SAMP8. The memory
improvements seen in 18-week-old and 38-week-old
SAMPS led to memory levels almost the same as those
of SAMRI (Figures 1 and 2). To investigate neurological
changes brought about by the oral administration of
oligomers, we carried out an immunohistological
analysis in the brain of 59-week-old SAMPS8. The oral
administration of oligomers increased expression levels of
phosphorylated neurofilament-H (p-NF-H), microtubule-
associated protein 2 (MAP2), and synaptophysin in
the hippocampus, but this was not observed in regions
of the cerebral cortex and striatum of SAMPS. In
particular, expression of p-NF-H significantly increased
in the hippocampal CA1 with oligomer administration
(Figure 3). p-NF-H is used as a marker of axons, since
the phosphorylated form of NF-H is translocated into
axons (23). In the hippocampus of aged mice, fragments
of degenerated axons were also increased, although
reductions of neuronal numbers were small in this region
(24). Axonal termination to the spine is a necessary
step for synaptogenesis. Considering synaptic losses
in the hippocampal CA1l and CA3 and the parietal
cortex in SAMPS (25), as well as in the hippocampal
CAl, CA3, and dentate gyrus in aged rats (26), axonal
regeneration is important for improving hippocampal
function. Therefore, the increased density of axons in the
hippocampal CA1 was suggested to perform a protective
role against memory deficit with aging.

Other previous studies suggested that oxidative stress
is a major cause of memory impairment in SAMPS.
Hippocampus-specific modulation by oligomers is
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Figure 1. Effects of oligomers on spatial memory deficit
in SAMP8. Eighteen-week-old SAMP8 were administered
vehicle (Veh, water p.o., n = 6; closed circles) or oligomers
(10 mg/kg body weight/day, p.0., N = 6; open squares or 100
mg/kg body weight/day, p.o., n = 5; closed squares) for 5
weeks. SAMR1 were used as a control (Cont, N = 5; open
circles). Fifteen days after administration started, memory
acquisition tests were continued for 6 days in a Morris water
maze. Administration was continued during the tests. Escape
latencies to a hidden platform were measured (A). Swimming
velocities of mice in the memory acquisition test are shown
(B). Thirty-eight-week-old SAMP8 were administered vehicle
(Veh, water p.o., n = 7) or oligomers (O (10), 10 mg/kg body
weight/day, p.o., n =7 or O (50), 50 mg/kg body weight/day,
p.o.,n=7). Age-matched SAMR1 were used as a control (Cont,
n = 7). Twenty eight days after administration started, an
object location test was performed. The preference index was
defined as the number of times a mouse made contact with
any one of the objects (training session) or the moved object
(test session) out of the total number of times the mouse made
contact with both objects (%) (C). * p < 0.05 vs. Veh. (A and B:
Repeated measures two-way ANOVA followed by Dunnett's or
Bonferroni's post-hoc test); * p < 0.05 (C: One-way ANOVA
followed by Bonferroni's post-hoc test); * p = 0.0005; * p =
0.0213 (C: paired t-test).

not explained by an antioxidative effect, since only
the cerebral cortex is susceptible to oxidative stress
in SAMPS8 and not the hippocampus (8). Therefore,
to investigate target molecules following the oral
administration of oligomers in the brain of SAMPS, we
performed a receptor tyrosine kinase phosphorylation
antibody array, and clarified that oligomer treatment
increased phosphorylation of VEGFR-2 (Figure 4).
Expression of VEGFR-2 was identified in the cerebral
cortex, hippocampus, and choroid plexus of adults as well
as neonatal rodents (27,28). However, the localization of
VEGFR-2 in the brain of SAMPS has yet to be clarified.
In the present study, VEGFR-2 expression was also
detected in the striatum and hypothalamus of SAMPS,
as well as the cerebral cortex, hippocampus, and choroid
plexus. In neurons, stimulation by VEGFR-2 among
protein tyrosine kinase receptors of VEGF is linked to
Akt/protein kinase B activation and neuronal protection
in hypoxic preconditioning (29). Moreover, VEGFR-2
mediated a protective effect through phosphatidylinositol-
3-kinase/Akt- and mitogen-activated protein/extracellular
signal-regulated kinase-signalling pathways in glutamate-
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Figure 2. Effects of oligomers on object recognition
memory deficit in SAMP8. Eighteen-week-old SAMP8 were
administered vehicle (Veh, water p.0., n = 6) or oligomers
(O (10), 10 mg/kg body weight/day, p.0., n = 6 or O (100),
100 mg/kg body weight/day, p.o., n = 5). Age-matched
SAMRI1 were used as a control (Cont, n = 5). Twenty four
days after administration started, a novel object recognition
test was performed (A). Thirty-eight-week-old SAMP8 were
administered vehicle (Veh, water p.0., n = 7) or oligomers
(O (10), 10 mg/kg body weight/day, p.0., n =7 or O (50), 50
mg/kg body weight/day, p.o., n = 7). Age-matched SAMR1
were used as a control (Cont, n = 7). Twenty three days after
administration started, a novel object recognition test was
performed (B). The preference index was defined as the
number of times a mouse made contact with any one of the
objects (training session) or the novel object (test session)
out of the total number of times the mouse made contact with
both objects (%). * p < 0.05 (One-way ANOVA followed by
Bonferroni's post-hoc test); * p = 0.0174; ® p = 0.0014 (paired
t-test).

induced toxicity (30). In particular, the memory
enhancement shown by mice injected with recombinant
adeno-associated viral vectors expressing human VEGF
was inhibited by injection of dominant-negative mutant
VEGFR-2 (31). This indicates that VEGF/VEGFR-2
is directly associated with neuronal signaling. VEGF
also exerts indirect effects on neurons. Moreover, the
topical administration of VEGF to the surface of the
brain reduces the infarct size, and intraventricular VEGF
enhanced the survival of newly generated neurons in the
dentate gyrus and subventicular zones after focal cerebral
ischemia (32). In this study, we first showed that memory
enhancement through oligomer treatment was eliminated
by SU1498 (Figure 5). Considering that VEGF-E-induced
memory was also inhibited by SU1498, oligomers or
their metabolites may regulate memory by activation of
VEGFR-2.

We elucidated that administration of oligomers
increased phosphorylation of VEGFR-2 in the
hippocampal CA3 regions (Figure 6), suggesting that
oligomeric metabolites directly affect the hippocampus,
like the VEGFR-2 ligand. It has been reported that
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Figure 3. Effects of oligomers on the decrease of axons,
dendrites, and synapses in the hippocampal CAL. Fifty-
nine-week-old SAMPS were administered vehicle (Veh, water
p.o., n = 3) or oligomers (O (50), 50 mg/kg body weight/day,
p.o., n = 3). After seven days of administration, brain slices
were immunostained with p-NF-H, MAP2, and synaptophysin
antibodies (A). Intensities of immuno-positive areas in the
stratum oriens and stratum radiatum in CA1 were quantified
(B). * p=0.0243; ° p = 0.0344 (Student's t-test).

Ca”" influx and synaptic transmission by VEGF in the
hippocampus influences generation of long-term changes
in synaptic efficacy (33). VEGF also stimulates neurite
outgrowth via Rho/Rho kinase signaling in cerebral
cortical neurons (34). Interestingly, changes in the
synapes and neurites induced by VEGF are caused by
activation of VEGFR-2 rather than VEGFR-1. Therefore,
we speculated that phosphorylation of VEGFR-2 induced
by administration of oligomers within the hippocampus
may be related to an increase in densities of neurites and
synapses in the hippocampus.

Administration of oligomers increased phos-
phorylation of VEGFR-2 in the hypothalamus and choroid
plexus as well as hippocampus. The hypothalamus is
contained in the Papez circuit. The Papez circuit is a
sensory circuit involving the thalamus, sensory cortex

(A)
Expression ratio 1.0 1.3
p-VEGFR-2
B-Actin

(B)
Expression ratio 1.0 1.1
VEGFR-2
B-Actin -y am—

Veh 0O (50)

Figure 4. Effects of oligomers on p-VEGFR-2 and VEGFR-2
expressions. Fifty-nine-week-old SAMPS were administered
vehicle (Veh, water p.0.) or oligomers (O (50), 50 mg/kg body
weight/day, p.0.). After seven days of administration, brain
lysates were immunoblotted with antibodies for p-VEGFR-2 (A)
or VEGFR-2 (B). Expression intensities were divided by B-actin
expression to generate ratios.

(%o of total touching numbers in each test)

Training  Test Traiming ~ Test
Veh SU1498 (5)

0(50)

Figure 5. Effects of oligomers and VEGFR-2 on memory.
Male ddY mice (6 weeks old) were administered oligomers
(O (50), 50 mg/kg body weight/day, p.o., n = 4) for 7 days.
Then, the vehicle (Veh, 5% DMSO in 0.9% NaCl) was injected
intracerebroventricularly at 60 min after the final administration
of oligomers. Five days after vehicle injection, SU1498 (5 nmol/uL,
solution is 5% DMSO in 0.9% NaCl) injected intracerebroventri
cularly at 60 min after the final administration of oligomers.

(especially the cingulate region), hippocampus, and
mammillary body of the hypothalamus (35). It has been
reported that lesions in the Papez circuit are associated
with amnesia and impairment of recognition memory
(36). Therefore, we speculate that the hypothalamus is
activated by phosphorylation of VEGFR-2, which may
affect the hippocampus through the Papez circuit.

The choroid plexus is made up of numerous villi
that project into the ventricles of the brain. Each villus is
composed of a single layer of epithelial cells overlying a
core of connective tissue and blood capillaries (37). The
choroid plexus is involved in the most basic aspects of
neural function, including maintaining the extracellular
milieu of the brain by actively modulating chemical
exchange between the cerebrospinal fluid and brain
parenchyma, surveying the chemical and immunological
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Figure 6. Effects of oligomers on p-VEGFR-2 expression in various brain regions. Fifty-nine-week-old SAMP8 were
administered vehicle (Veh, water p.o., n = 3) or oligomers (O (50), 50 mg/kg body weight/day, p.o., n = 3). After seven days
of administration, brain slices were immunostained with p-VEGFR-2 antibody. Intensities of p-VEGFR-2-positive areas were
quantified in the cerebral cortex (A), hypothalamus (B), and choroid plexus (C), and CA1 (D), CA3 (E), and dentate gyrus (F) of

the hippocampus. * p = 0.0429; ° p = 0.0076 (Student's t-test).

status of the brain, detoxifying the brain, secreting a
nutritive cocktail of polypeptides, and participating in
repair processes following trauma. This diversity of
functions may mean that even modest changes in the
choroid plexus can have far-reaching effects (38). Actually,
a host of growth factors and other neuroprotective agents
supplied by the cerebrospinal fluid can minimize the
adverse effects of stroke on the rat hippocampus. Multiple
functional failures including a decrease of cerebrospinal
fluid as well as atrophy of choroidal epithelial cells shown
in normal aging as well as advanced Alzheimer's disease
indicate that the maintenance of cerebrospinal fluid
through the choroid plexus may have beneficial effects
against neurodegenerative diseases (39). Moreover, it was
reported that the intracerebroventicular injection of nerve
growth factor or insulin-like growth factor-1 improved
memory deficit and hippocampal deterioration (40,41).
Therefore, we speculate that oligomers induce the

secretion of some peptides after the phosphorylation of
VEGFR-2 in the choroid plexus, and then these peptides
induce changes in the hippocampus.

We previously elucidated that the oligomers consisted
of various combinations of 4 types of monomer:
epigallocatechin (EGC), epicatechin (EC),
epigallocatechin 3-O-gallate (EGCg), and epicatechin
3-O-gallate (ECg). Oligomers containing dimers,
trimers, and tetramers of EGC, EC, EGCg, and ECg are
considered to exert a stronger activity than polymers.
de Boer et al. (42) demonstrated that ECg and EGCg
stimulated SIRT1 more effectively than EC and EGC,
since galloyl and catechol groups are essential for
the repair of DNA damage. Therefore, the structural
difference between oligomers and polymers is considered
to be an important factor regarding proanthocyanidin's
action, and it also affects utilization in biological systems.
It is absorbed through the gut barrier, and its absorption
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depends on the degree of polymerization. Low-molecular-
weight proanthocyanidins are known as sustained-release
antioxidants; on the contrary, high-molecular-weight
proanthocyanidins can exert their anti-oxidant activity
in the digestive tract and protect lipids, proteins, and
carbohydrates from oxidative damage during digestion
and spare soluble antioxidants (43). Furthermore,
EC and EGCg are distributed in the brain by their
absorption into plasma after oral administration, and these
monomeric forms may act as potential therapeutic agents
in neurodegenerative diseases (44). This suggests that
those monomeric forms can act as potential therapeutic
agents against neurodegenerative diseases in the brain.
In addition, it has been reported that dimers and trimers
of proanthocyanidins can be absorbed into epithelial
cells such as Caco-2 cells (45), suggesting that oligomers
act both oligomerically and monomerically. We must
elucidate the similarities and differences in activities
and functional mechanisms between oligomers and
metabolites including monomers in vivo.

3. Oligomeric proanthocyanidins extend life span of
SAMPS8

Increased longevity is one of the most common desires
of human beings. Therefore, research on anti-aging is
ultimately focused on life span extension. However, no
convincing strategy based on scientific evidence has
been suggested, except for dietary restriction (46). Life
span extension by dietary restriction has been observed
over the years in many species, including rats, mice,
hamsters, dogs, fish, invertebrates, and yeast. The
inhibition of reactive oxygen molecule formation in
isolated mitochondria and microsomes was considered
an important mechanism for life span extension in
food-restricted rodents (47). In particular, it has been
reported that the attenuation of oxidative stress by dietary
restriction is involved in the protective role against
degenerative diseases related to the aging process such as
diabetes, cardiovascular diseases, and neurodegenerative
diseases (48). Despite these very encouraging results,
clinical application is complex and limited. Regarding
this point, although various dietary restriction mimetics,
such as glycolytic inhibitors and antioxidants, have been
suggested, scientific evidence must be accumulated to
support their application (46). For this reason, the search
for novel anti-aging agents to elicit the same beneficial
effects as caloric restriction without side effects and
toxicity has attracted much attention. Recently, we
showed that oligomers have more effective anti-aging
activities than polymers in a cellular senescence model
(13). Although polymers structurally contain many more
phenolic groups compared to free radical scavengers
than oligomers, oligomers are more easily absorbed than
polymers, which is associated with their bioactivity (43).
The administration of oligomers extended life span,
as shown in Figure 7. On the other hand, life span does

not extend in response to an increase in oral dose of
oligomers. Probably, absorption of proanthocyanidins is
related to the effect on life span. Bioactivity of catechin
derivatives is related to their structural phenolic groups.
Increase in the level of polymerization means a rise in
phenolic group content. Previously, we demonstrated that
proanthocyanidins showed strong antioxidative activities
compared with monomeric catechin derivatives in vitro
(49). Many researchers have suggested that antioxidative
activities are associated with a delay in the aging process
and extension of life span in various organisms (50).
Actually, we demonstrated that oligomers increased
SIRT1 expression, associated with extended longevity, in
a cellular senescence model (13). Therefore, we expected
oligomeric proanthocyanidins to exert stronger activity to
extend life span, compared with monomeric forms such
as catechin derivatives. Further study has to be carried
out to elucidate differences between monomeric and
oligomeric forms.

To elucidate related mechanisms, expression of
SIRT1 was observed. Sir2 is an NAD -dependent
deacetylase implicated in regulation of lifespan in species
as diverse as yeast, worms, and flies (51). Yeast Sir2 is
a heterochromatin component that silences transcription
at the silent mating loci, telomeres, and ribosomal DNA
(52). In addition, it suppresses recombination in rDNA
and modulates longevity of most organisms including
mammals (53,54). Therefore, the enzymatic activity
of Sir2 may indicate its usefulness as an effective
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Figure 7. Effects of oligomers on the life span of SAMPS.
Forty-five- or forty-six-week-old SAMP8 mice were
administered vehicle (Veh, water p.o., n = 10), while another
two groups were administered oligomers orally at doses of 1
or 10 mg/kg body weight/day (n = 10) using a stomach tube
until death. For the remaining group of mice, the mean food
intake was restricted to 60% until death (n = 10). SAMRI1
mice (45-46 weeks old, n = 10) were used as a control group.
(A) Effect of oligomers on survival of SAMPS8. (B) Life span
index based on survival data. Open circle: SAMRI; Closed
circle: SAMPS (Veh); Open triangle: SAMP8 (oligomers at 1
mg/kg body weight/day); Closed triangle: SAMPS (oligomers
at 10 mg/kg body weight/day); Gray square: SAMP8 (60%
food restriction).
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caloric restriction mimetic (55). Among the seven
mammalian homologues of Sir2, SIRT1 is the human
orthologue of yeast Sir2, and the best-characterized
member of mammalian sirtuins. Recently, we showed
that pretreatment with oligomers significantly increased
SIRT1 expression in a cellular senescence model (13).
Therefore, in the present study, we investigated the effect
of oligomers on the expression of SIRT1 in the SAM
model.

Resveratrol, as an activator of SIRT1, has been
reported to extend the fitness and survival of simple
organisms such as Saccharomyces cerevisiae (56,57) as
well as mice fed high-calorie diets (58,59). Moreover,
we previously clarified that oligomers increased SIRT1
expression in a cellular senescence model (13). Therefore,
the effect of oligomers on SIRT1 was compared with
resveratrol in vivo. We expected administration of
oligomers to also increase expression and activation of
SIRT1 in the brain to slow aging-related deteriorations
of SAMPS. In this study, the administration of oligomers
slightly elevated SIRT1 expression in the brain of
SAMPS8, whereas resveratrol did not show a significant
effect (Figure 8). On the other hand, another report
demonstrated that acetylated p53, a well-characterized
target of SIRT1 deacetylase activity, is decreased by
resveratrol treatment (60).

We previously elucidated that oligomers reversed up-
regulation of oxidative stress-related gene expression such
as inducible nitric oxide synthase and cyclooxygenase-2
in type 1 and 2 diabetic rodent models (61,62). In
addition to activation of SIRT1, attenuation of oxidative
stress would play a crucial role in the anti-aging effect of
oligomers. Since oxidative stress plays an important role
in modulation of life span in SAMPS, the antioxidative
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Figure 8. Effects of oligomers on SIRT1 expression in
the brain of SAMPS8. Forty-five-week-old SAMP8 were
administered vehicle (Veh, water p.o., n = 5), oligomers (O
(50), 50 mg/kg body weight/day, p.0., n = 5), or resveratrol
(Res (90), 90 umol/kg body weight/day, p.o., n = 5). Five
weeks after administration, brain lysates were immunoblotted
with antibodies for SIRT1. SIRT1 expression intensities were
divided by B-actin expression. SAMR1 were used as a control
(Cont, n=4).

effects of oligomers may also be involved with life span
extension in SAMPS.

Dietary restriction as an effective method for the
extension of longevity has also been reported to induce
stereotypical behaviors such as rearing and jumping
independent of life span (63). In behavioral analyses,
we showed that rearing, jumping, and hanging from
the lid of the cage in 60% food-restricted SAMPS
markedly increased compared with vehicle-treated
SAMPS. Surprisingly, oligomer-treated SAMPS8 did
not show an increase in these stereotypical behaviors
(Figure 9). Moreover, in the inclined plane and voluntary
running tests performed to observe differences in motor
function, we found no significant difference in motor
function among all SAMPS8 groups (Figure 10). These
results indicate that stereotypical behaviors shown in the
60% food-restricted group have no relation with motor
function. It has been reported that dietary restriction
may induce anxiety-like behavior by down-regulation
of corticotrophin-releasing factor (64). Diet-restricted
rats showed stereotypy by an increase of dopamine
receptor signaling (65). Chen et al. (63) demonstrated
that stereotypical behaviors brought about by caloric
restriction were eliminated in SIRT1-knockout mice,
indicating that SIRT1 activation may cause stereotypical
behaviors with dietary restriction. In our study, although
life span was extended by oligomers as well as 60%
food restriction, mice administered oligomers did not
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Figure 9. Effects of oligomers on stereotypical behaviors.
Forty-five- or forty-six-week-old SAMP8 were administered
vehicle (Veh, water p.o., n = 4), while another two groups
were administered oligomers orally at doses of 10 mg/kg
body weight/day (O (10), n = 4) using a stomach tube until
death. For the remaining group of mice, the mean food
intake was restricted to 60% until death (FR, n =4). SAMRI
mice (Cont, 45-46 weeks old, n = 4) were used as a control
group. One hundred and thirty nine days after administration,
actions of rearing up on the hindlimbs and jumping from the
bottom of the cage were counted for 15 min (A, B). The time
spent hanging from the lid was measured for 10 min (C).
Administration was continued during the tests. * p < 0.05
(One-way ANOVA, post-hoc Bonferroni's test); * p = 0.0034
(Student's t-test).
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Figure 10. Effects of oligomers on motor function. Forty-
five- or forty-six-week-old SAMPS8 were administered vehicle
(Veh, water p.o., n = 4), while another two groups were
administered oligomers orally at doses of 10 mg/kg body
weight/day (O (10), n = 4) using a stomach tube until death.
For the remaining group of mice, the mean food intake was
restricted to 60% until death (FR, n = 4). SAMRI1 (Cont,
45-46 weeks old, n = 4) were used as a control group. One
hundred and thirty nine days after administration, the time
spent on the inclined surface without dropping was measured
(A). The number of rotations was measured for 30 min (B).
Administration was continued during the tests. * p=0.0159 (A:
Student's t-test).

show stereotypical behaviors, like SIRT1-knockout
mice undergoing food restriction. We revealed that
oligomers consist of various combinations of 4 types of
monomer: EGC, EC, EGCg, and ECg. Their absorption
rates and bioactivities were distinguished by their types
(44). Therefore, composition of oligomers may play an
important role in neuronal signaling.

We also carried out an investigation of side effects or
toxicity of oligomers. The results showed normal ranges
of hematological data such as alanine aminotransaminase,
aspartate aminotransaminase, and blood urea nitrogen
as well as changes in body and tissue weights, although
the maximum concentration for oral administration was
at a higher level (500 mg/kg body weight/day) than
the average dietary intake of proanthocyanidins of 58
mg/day of humans in the United States (66). Therefore,
we suggest that oligomeric proanthocyanidins are
safe and novel anti-aging agents associated with life
span extension. Further studies are needed to elucidate
molecular mechanisms associated with extension of life
span by oligomers, as well as to clarify the contribution of
SIRT1 to the aging process of SAM.

4. Conclusion and perspectives

The present study indicated that oral administration of

oligomers improved memory impairment in SAMPS. In
particular, the density of axons in the hippocampal CA1
was significantly increased by oligomer administration.
Moreover, the administration of oligomers increased
phosphorylation of VEGFR-2 in the hippocampal CA3,
hypothalamus, and choroid plexus. We speculate that
memory improvement accompanied with histological
changes may be induced directly in the hippocampus
and indirectly in the hypothalamus and choroid plexus
through VEGFR-2 signaling. In the present study, we
elucidated the protective effect of oligomers against
memory impairment with aging. VEGFR-2 signaling
may provide new insight into ways to protect against
memory deficit in the aging brain. The present study
also indicated that the oral administration of oligomers
extended the life span of SAMPS8 with a slight up-
regulation of SIRT1 in the brain. On the other hand,
oligomer-treated SAMPS did not show stereotypical
behavior.

Proanthocyanidin is known as a condensed tannin, a
member of a specific group of polyphenolic compounds,
and it has been reported to exhibit powerful antioxidant
activity (67,68). Although this is the most abundant
dietary polyphenol, its marked polymerization leads to
limited absorption in vivo (69). Many researchers have
focused on the oligomeric form with its lower level of
polymerization in foodstuffs such as grape seeds and
blackberry (70). In this study, oligomers are suggested to
be novel anti-aging agents.
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ABSTRACT: Diabetic nephropathy is the most
common and severe renal complication of diabetes
mellitus. The present study sought to investigate
the renoprotective effects of a combination therapy
of valsartan and low molecular weight heparin
(LMWH) in rats with diabetic nephropathy induced
by uninephrectomy and streptozotocin. The animals
were divided into five groups as follows: sham-
operated rats, diabetic control rats, diabetic rats
treated with 20 mg/kg/day valsartan, diabetic
rats treated with 600 IU/kg/day LMWH, diabetic
rats treated with a combination of valsartan and
LMWH (valsartan 10 mg/kg/day and LMWH 300
IU/kg/day). The treatment regimen was maintained
for 8 weeks. Treatment with valsartan, LMWH, or
a combination of the two had no significant effect
on blood glucose levels. However, the urine protein
excretion levels significantly decreased for the three
drug treatment groups; the most dramatic decreases
were observed in the combination treatment group.
Kidney histology was examined using periodic acid-
Schiff staining and immunohistochemical staining
of extracellular matrix proteins. Results indicated
that histopathology improved markedly in the
three drug treatment groups; combination therapy
had an equal or better effect than monotherapy in
terms of decreasing the abnormal thickness of the
glomerular basal membrane, the ratio of the area of
the mesangial region with respect to the total area
of renal glomeruli, and the accumulation of collagen
IV and laminin in kidney tissue. In addition, serum
levels of transforming growth factor-p, (TGF-p,)
also markedly decreased in the drug treatment
groups according to ELISA. However, there were
no significant differences between the combination
therapy group and monotherapy group. These
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results suggest that a combination of valsartan and
LMWH at half the dose used in monotherapy is
better at improving glomerular permeability in rats
with diabetic nephropathy.

Keywords: Valsartan, low molecular weight heparin,
transforming growth factor-f, (TGF-f,), diabetic
nephropathy

1. Introduction

Diabetic nephropathy is the most common complication
of diabetes mellitus, often leading to end-stage kidney
disease and a high risk of mortality (/). The condition is
characterized by progressively increasing albuminuria
and histopathological features including glomerular
basement membrane (GBM) thickening and mesangial
expansion due to accumulation of extracellular matrix
(ECM) proteins (2). Previous studies suggested that the
rennin-angiotensin system (RAS) plays an important role
in progressive renal injury in diabetic nephropathy (3).
Angiotensin II (Ang II), a member of the RAS family,
is thought to act as a crucial mediator in this disease (4).
It was indicated that Ang II induced the expression of
TGF-,, a key cytokine responsible for GBM thickening,
mesangial expansion, and glomerulosclerosis after
coupling to its receptors (3,6). Ang II type 1 receptor
blockers (ARBs) were found to inhibit TGF-f3, expression
in kidney tissues and thus delay the progression of
diabetic nephropathy (7).

Valsartan, a typical ARB, has been widely used
in the clinical treatment of diabetic nephropathy.
However, a major adverse effect of this drug is to induce
a compensatory rise in renin due to the disruption of
the Ang II feedback inhibition of renin production,
potentially leading to renal and cardiovascular damage
(8). Since the compensatory rise in rennin paralleled the
dosage of ARBs, reduction of the dosage of this drug
may decrease the risk of its adverse effect (9).

Low molecular weight heparin (LMWH) has been
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used clinically and has renoprotective action through
inhibition of the alteration of the GBM, decreasing
the accumulation of mesangial matrix and reducing
the abnormal excretion of albumin (/0-12). Further
studies suggested that LMWH has a renoprotective
effect by suppressing high glucose-induced TGF-f3,
expression (/3). Because valsartan and LMWH have
similar mechanisms of renoprotection, i.e. inhibiting
the expression of TGF-f, in kidney tissue, the present
study sought to investigate the renoprotective effects
of a combination of valsartan and LMWH at low doses
in rats with diabetic nephropathy induced by unilateral
nephrectomy and streptozotocin (STZ) injection. In
addition, the serum TGF-f, concentration was determined
in order to elucidate the underlying mechanism of
inhibited TGF-B, expression.

2. Materials and Methods
2.1. Chemicals

Valsartan was purchased from Changzhou Kony Pharm
Co., Ltd. LMWH was obtained from Qilu Pharmaceutical
Co., Ltd. Valsartan was suspended in 0.5% carboxy
methyl cellulose solution and LMWH was dissolved in
normal sodium before use.

2.2. Animal model

Male Wistar rats weighing 180-220 g were purchased
from the Animal Experimental Center, Shandong
University, Shandong, China. The research protocol
was in accordance with the institutional guidelines
of the Animal Care and Use Committee of Shandong
University. Rats were kept in a 12 h light/dark cycle at
25°C and fed a standard rat chow and water ad libitum.
Before unilateral nephrectomy, rats were anaesthetized
by intraperitoneal injection of sodium pentobarbital at a
dose of 45 mg/kg body weight. Under sterile conditions,
a right dorsolateral laparotomy was performed and the
right kidney was retracted to expose the renal vessels and
ureter. The vessels and ureter were ligated with cotton
thread and cut between the kidney hilus and ligated
portion to remove the kidney. The adrenal gland was left
in place. The skin was sutured and the rats were kept
in regular cages. In sham-operated rats, the thread was
passed around the vessels and ureter and then removed.
The kidney was returned to the abdominal cavity and
the incision was sutured. After surgery, the rats were
administered 50 U/d penicillin for 3 days. The wound
completely healed after 2 weeks.

The uninephrectomized rats were intraperitoneally
injected with STZ (Sigma-Aldrich, USA) at a dose of 45
mg/kg body weight (/4). The sham-operated rats were
given an equal volume of citric acid buffer solution. After
72 h, blood glucose was determined and diabetes was
confirmed by BG > 16.7 mmol/L. Rats were randomly

divided into 5 groups (n = 8/group). Group 1 consisted
of sham-operated rats, group 2 consisted of diabetic
rats, group 3 consisted of diabetic rats intragastrically
administered valsartan at a dose of 20 mg/kg/day, group
4 consisted of diabetic rats hypodermically injected
with LMWH at a dose of 600 IU/kg/day, and group 5
consisted of diabetic rats simultaneously given half the
dose of valsartan and LMWH, i.e. 10 mg/kg/day and
300 IU/kg/day, respectively. The treatment regimen was
maintained for 8 weeks.

2.3. Blood glucose and urine protein assay

A blood glucose assay was performed by collecting
blood samples from the tails of rats in each group at the
beginning and the end of the study period, respectively. A
urine protein assay was performed by collecting 24 hours
of urine using metabolic cages on the day before the end
of the experiment. Blood glucose and urine protein were
measured with an Automatic Biochemistry Analyzer
(AU2700; Olympus Optical Co., Mishama, Japan).

2.4. Enzyme-linked immunosorbent assay (ELISA4)

Blood samples were collected from the abdominal
aorta of rats at the end of the study period to measure
the serum levels of TGF-B,. TGF-B, was determined
with a commercially available ELISA kit (Bionewtrans
Pharmaceutical Biotechnology Co. Ltd., USA).
Analysis was performed according to the manufacturer's
recommended protocol and the methods described
previously (/5,16). Concentrations are presented as the
mean of two measurements.

2.5. Histologic examination

Kidneys were completely perfused with normal saline
and then removed. Kidney samples were fixed in 4%
paraformaldehyde solution for 24 hours and subsequently
embedded in paraffin (/7). Tissues were cut into 3-um-
thick slices for the following studies. For an examination
of histomorphological features, tissues were cut into 3-pm-
thick slices and stained with periodic acid-Schiff (PAS).
To characterize the expression of ECM proteins, Col-IV
and LN immunohistochemical staining was performed
(18,19). After incubation with anti-Col-IV (Chemicon,
California, USA) or anti-LN (abcam, Cambridge, UK)
antibody at 4°C, the sections were washed and treated
with biotinylated anti-immunoglobulin and then washed,
reacted with avidin-conjugated horseradish peroxidase
H complex, and incubated in diaminobenzidine and
hydrogen peroxide. The slides were then rinsed in distilled
water, counterstained with hematoxylin, and mounted.
Images were captured and quantified by means of a
computer-assisted image analyzer, Image Pro Plus 5.1
(Media Cybernetics, Inc., Bethesda, MD, USA). Ten
glomeruli were analyzed in each section (20).
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2.6. Statistical analysis

Data are expressed as mean + S.D. One-way ANOVA
followed by LSD post hoc analysis was performed
using SPSS/Winl11.0 software (SPSS, Inc., Chicago,
Illinois, USA); p < 0.05 was indicative of a significant
difference.

3. Results and Discussion

3.1. Effect of valsartan, LMWH, and a combination of
the two on blood glucose and urinary protein excretion

Blood glucose levels of rats in all groups at the beginning
and the end of the study period were determined. There
was no significant variation in the blood glucose for
all of the diabetic rats (groups 2-5) before or after the
experiment (Figure 1A, p > 0.05). Blood glucose did
not change significantly before and after the experiment
for any group, indicating that treatment with valsartan,
LMWH, or a combination of the two did not affect blood
glucose (Figure 1A, p > 0.05).

Figure 1B shows the amount of 24-h protein
excretion in urine collected on the day before the end
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Figure 1. (A) Rat blood glucose levels determined at
the beginning and the end of the study period; (B) The
amount of 24 h protein excretion in urine collected during
the day before the end of the study. S, sham-operated rats; M,
model rats (diabetic control rats); V, valsartan-treated rats (20
mg/kg/day); L, LMWH-treated rats (600 1U/kg/day); V + L,
combination (valsartan + LMWH)-treated rats (10 mg/kg/day
and 300 IU/kg/day) *p <0.01 vs. Sham -operated group.
p<0. 05 “p <0.01 vs. model group. ¢ p < 0.05 vs. valsartan
group. * p < 0.05 vs. LMWH group.

of the study. The mean amount of protein excretion
in diabetic control rats was 31.6 mg, which was
significantly higher than that (7.2 mg) in sham-operated
control rats (p < 0.01). The amount of protein excretion
was 21.7 and 19.5 mg, respectively, in groups treated
with valsartan at a dose of 20 mg/kg/d and LMWH at
a dose of 600 IU/kg/day (p < 0.05, valsartan group vs.
diabetic control; p < 0.01, LMWH group vs. diabetic
control). Diabetic rats that received a combination
of valsartan and LMWH at half the dose used in
monotherapy excreted an even lower level of urinary
protein, 15.5 mg, compared to those that received
monotherapy (p < 0.01, combination treatment vs.
diabetic control; p < 0.05, combination treatment vs.
valsartan or LMWH treatment).

3.2. Effect of valsartan, LMWH, and a combination of
the two on renal histology

Figure 2 shows the histomorphological features

The ratio of mrigr

5 M v L VL

Figure 2. Renal histology (A) and the ratio of the area of
the mesangial region (mr) with respect to the total area of
renal glomeruli (rg) (B) for each group at the end of the
study period (stained by PAS, x400). S, sham-operated rats;
M, model rats (diabetic control rats); V, valsartan-treated rats
(20 mg/kg/day); L, LMWH-treated rats (600 [U/kg/day); V +
L, combination (valsartan + LMWH)-treated rats (10 mg/kg/
day and 300 [U/kg/day). ** ps 0.01, vs. sham-operated group.
*p<0.01 vs. model group. ““ p < 0.01 vs. valsartan group.
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of kidneys from rats receiving various treatments.
Diabetic control rats (Figure 2Ab) had an enlarged area
of the mesangial region and thicker GBM compared to
sham-operated rats (Figure 2Aa). Valsartan or LMWH
treatment alone improved glomerular pathology. A
combination of both drugs at half the dose provided an
equal or even greater benefit (Figures 2Ac-2Ae). The
ratio of the mesangial region area with respect to the
total area of renal glomeruli in each group is shown
in Figure 2B. Diabetic control rats had a significantly
larger ratio (0.22, p < 0.01) compared to sham-operated
rats (0.06). Meanwhile, groups treated with valsartan
or LMWH alone had a smaller ratio of the area of
the mesangial region (0.14 and 0.10). The ratio for
the combination treatment group was 0.10, which
was significantly smaller than that for the valsartan
treatment group and nearly equal to that for the LMWH
treatment group (p < 0.05, combination treatment vs.
valsartan treatment; p > 0.05, combination treatment vs.
LMWH treatment).

The expression of ECM proteins Col-IV and LN in
kidney tissues was examined immunohistochemically
(Figure 3). The amount of Col-1V and LN in diabetic
control rats had increased compared to the amount in
sham-operated rats. Valsartan or LMWH treatment
alone decreased the accumulation of these two proteins.
The combination treatment was better at diminishing
the expression of Col-IV and equivalent at reducing the
expression of LN compared to sole drug treatment.

3.3. Effect of valsartan, LMWH, and a combination of
the two on the serum TGF-f, level

The effect of drug treatment on the serum level of
TGF-B, was also examined using an ELISA assay
(Table 1). The mean serum concentration of TGF-f3,
in diabetic control rats was 266.4 pg/L and was higher
than that (119.5 pg/L) in sham-operated rats. After 8
weeks of valsartan treatment at a dose of 20 mg/kg/day,
rats exhibited significantly lower levels of TGF-,,

Figure 3. Immunohistochemical staining of Col-IV (A) and LN (B) in rat kidney tissues at the end of the study period. a, sham-
operated rats; b, diabetic control rats; ¢, valsartan-treated rats (20 mg/kg/day); d, LMWH-treated rats (600 1U/kg/day); e, combination

(valsartan + LMWH)-treated rats (10 mg/kg/day and 300 IU/kg/day).
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Table 1. Rat serum TGF-f; concentrations in each group
at the end of the study period

Group Dosage g;g}:]:? 1 level
Sham-operated rats - 119.5+23.8
Diabetic control rats - 266.4 +41.1**
Valsartan-treated rats 20 mg/kg 186.7 + 38.3"
LMWH-treated rats 600 IU/kg 203.5+33.5%

Combination Valsartan, 10 mg/kg it
(valsartan + LMWH)-treated rats LMWH, 300 [Ukg 2027 *370

** p <0.01, vs. sham-operated rats; “ p < 0.01, vs. diabetic control rats.

186.7 pg/L on average, compared to diabetic control
rats (p < 0.01). Rats treated with LMWH at a dose of
600 IU/kg/day also exhibited significantly lower levels
of TGF-B,, i.e. 203.5 pg/L (p < 0.01) on average. In
the combination treatment group, rats administered 10
mg/kg/day valsartan and 300 IU/kg/day LMWH had
significantly lower levels of TGF-B,, 202.7 pg/L on
average, compared to diabetic control rats (p < 0.01).
However, no significance differences between the
combination treatment group and valsartan or LMWH
group were observed.

The present study investigated the renoprotective effects
of valsartan, LMWH, and a low-dose combination of
the two in rats with diabetic nephropathy induced by
uninephrectomy and STZ. Valsartan, LMWH, or a
low-dose combination of the two did not affect blood
glucose levels in the rats. Treatment with valsartan or
LMWH alone significantly decreased albuminuria,
the abnormal thickness of the GBM, the ratio of the
mesangial region area with respect to the total arca
of renal glomeruli, and the amount of ECM proteins
Col-IV and LN that accumulated in kidney tissue. A
combination therapy of valsartan and LMWH at half the
dose used in monotherapy was better than monotherapy
in terms of diminishing urine protein excretion and
ameliorating renal histopathology and was equivalent
to monotherapy with respect to reducing the level of
serum TGF-B,. These findings implicate that a low-
dose combination of valsartan and LMWH is better at
improving glomerular membrane protein permeability
in rats with diabetic nephropathy.

Kidney cells such as mesangial cells and podocytes
are able to synthesize all of the components of RAS
such as renin, the (pro)renin receptor, angiotensinogen,
and Ang II receptors independently of the systemic
RAS, thereby making the kidney capable of maintaining
a high level of local Ang II (27,22). Hyperglycemia may
activate the intrarenal RAS, leading to accumulation
of Ang II in the kidney (22-24). Treatment of rat
mesangial cells cultured in vitro with Ang II increased
the expression of TGF-f, and ECM proteins while the
competitive inhibitor of Ang II, saralasin, inhibited that
expression (6). These results coincide with the current
findings that blocking the Ang II pathway with valsartan
decreased the serum level of TGF-p, in rats with diabetic

nephropathy. The current results are also consistent with
findings from previous studies that LMWH significantly
diminished the serum level of TGF-, in diabetic rats.
TGF-B, plays a key role in increasing glomerular
permeability by stimulating ECM protein synthesis,
increasing matrix protein receptors, and altering the
protease/protease-inhibitor balance, thereby inhibiting
matrix degradation (25). Thus, these results suggest that
inhibiting TGF-, expression with valsartan or LMWH
is associated with ameliorated glomerular permeability.

The current study showed that a low-dose
combination of valsartan and LMWH offered better
renoprotection in terms of decreasing urine protein
excretion, indicating that combination therapy is better
at ameliorating glomerular permeability. Although
combination therapy had the same level of inhibition
of TGF-B, expression as did monotherapy, a low-
dose combination of valsartan and LMWH resulted in
additional inhibition of TGF-3, expression. Since lower
dosages of valsartan and LMWH were employed in
the combination therapy, adverse effects of these drugs
might thus be reduced. Given these facts, the current
study suggests that a low-dose combination of valsartan
and LMWH is better at treating diabetic nephropathy.
However, further studies are needed to clarify the
mechanism underlying the augmented renoprotective
effects of this combination therapy.

In conclusion, the current data demonstrated that
a low-dose combination of valsartan and HMWH was
better at ameliorating glomerular permeability than
was monotherapy at high doses in rats with diabetic
nephropathy. This study hints at the benefits of
combining valsartan and LMWH when treating diabetic
nephropathy.
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Hemocytes and humoral factors in silkworm blood are cooperatively
involved in sheep erythrocyte aggregation
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ABSTRACT: Sheep red blood cells (SRBCs)
rapidly aggregated when injected into the blood
(hemolymph) of living silkworms. SRBCs also rapidly
aggregated when incubated with hemolymph in
vitro. SRBCs did not aggregate when incubated with
single hemolymph components, hemocytes and cell-
free plasma separated by centrifugation, whereas
incubation with the mixture of components induced
SRBC aggregation, suggesting that both hemocytes
and plasma are required for the reaction. Treatment
of hemocytes with sodium azide inhibited SRBC
aggregation. On the other hand, SRBCs pre-incubated
with hemocytes aggregated in the plasma, even in the
presence of sodium azide. SRBC aggregation was not
observed when the SRBCs were physically separated
from the hemocytes by a polycarbonate filter. These
findings suggest that SRBCs are directly attacked by
hemocytes and become sensitive to humoral factors
that cause SRBC aggregation.

Keywords: Silkworm, SRBC, aggregation, innate
immunity, hemocyte, humoral factor

1. Introduction

During evolution, multicellular organisms acquired
immune systems to eliminate pathogenic invaders. Host
immunity is classified as innate immunity or acquired
immunity. In mammals, innate immunity acts as a
primary defense against infectious agents and contributes
to the successive activation of adaptive immunity.
Invertebrates, on the other hand, lack antibody-
producing organs and rely solely on innate immunity to
eliminate foreign substances in the body (1). Therefore,
investigations of defense mechanisms against pathogens
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in invertebrate animals are useful toward understanding
how hosts overcome infectious diseases by innate
immune responses.

Pattern recognition receptors (PRRs), such as
peptidoglycan recognition proteins, beta-glucan
recognition proteins, and lectins, trigger various
defensive responses in innate immunity (2-4). These
PRRs exist in immune cells or in plasma as soluble
proteins; those that reside in immune cells comprise
membrane bound forms and cytoplasmic soluble
receptors. Binding of PRRs to foreign substances
activates humoral and cellular responses. The molecular
mechanisms of humoral immune reactions include
antimicrobial peptide production (5-7) and melanization
(8-10). Cellular immunity involves several types of
hemocyte-dependent reactions, such as phagocytosis (11),
nodulation (12,13), and encapsulation (3,14). Nodulation
is a lectin-mediated reaction that entraps a large number
of bacteria in a clot formed by aggregating hemocytes
(12,13). Similar to nodulation, encapsulation is a reaction
in which hemocytes surround larger substances such as
parasites and latex beads (14). We recently demonstrated
that an insect cytokine, paralytic peptide, in silkworms
activates both humoral and cellular immune responses,
leading to host resistance against bacterial infection
(15,16). Coordinative regulation of the humoral and
cellular immune systems seems to be critical for host
animals to efficiently remove pathogens. Immune
reactions in which humoral and cellular immunity act in
concert, however, are rarely studied, and their regulatory
mechanisms remain elusive.

In vitro sheep red blood cell (SRBC) aggregation
tests are widely applied to study antigen-antibody
reactions in mammals (17) and lectin-mediated defense
reactions in the hemolymph of insects (18). Komano
and Natori observed that SRBCs formed aggregates
and were eventually hemolyzed when injected into
the blood of the flesh fly, Sarcophaga peregrina (18).
Moreover, Suzuki and colleagues reported that SRBCs
pre-treated with trypsin and glutaraldehyde underwent
aggregation mediated by unidentified lectin-like
factors in the silkworm hemolymph (19). The roles of
humoral and cellular immune factors in the recognition
and removal of SRBCs in the insect body, however,
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are poorly understood. Here we show that hemocytes
directly recognize and modify the surfaces of SRBCs,
and then humoral factors induce SRBC aggregation in
the silkworm hemolymph.

2. Materials and Methods
2.1. Insects

Silkworm eggs (B. mori, Hu-Yo x Tukuba-Ne) were
purchased from Ehime Sanshu (Ehime, Japan). Silkworm
larvae were reared on an artificial diet (Silkmate 2S,
Nihon Nosan, Yokohama, Japan) at 27°C.

2.2. Reagents

SRBCs, beta-mercaptoethanol, and TC100 were
purchased from Nippon Biotest Laboratories Inc.,
Nakalai Tesque, and AppliChem, respectively. Sodium
azide and 4',6-diamidino-2-phenylindole (DAPI) were
purchased from Wako Pure Chemical Industries and
Dojindo Laboratories, respectively, and dissolved in
saline (0.9% NacCl) before use.

2.3. Preparation of hemocytes and the plasma fraction

Hemolymph was collected into a tube (containing 1.25%
of beta-mercaptoethanol to avoid melanization) after
cutting the abdominal legs of two silkworm larvae (day 2
of 5th instar). To obtain hemocytes and plasma fractions,
the hemolymph was first centrifuged at 300 x g for 5
min. The precipitate was washed twice with phosphate-
buffered saline (PBS, pH 8.0) and then suspended with
insect cell culture medium TC100 containing 10% fetal
bovine serum. The supernatant was further centrifuged at
9,000 x g for 5 min to obtain the plasma fraction.

2.4. In vitro SRBCs aggregation assay

A 2-mL sample of SRBCs was washed twice with 50
mL of PBS and suspended in 2 mL of PBS. A SRBC
suspension (2 uL) was mixed with 100 pL of each sample
in a microtiter plate (non-treated 96-well round bottom,
Iwaki, Japan). In some experiments, 200 mM sodium
azide was added to kill the hemocytes. After incubation
at 27°C for 2 h, SRBC aggregation was visually judged
based on the attachment of cells to the bottom of the wells.

2.5. DAPI staining of hemocytes

The SRBCs were incubated with silkworm hemolymph
at 27°C for 1 h. A 100-uL aliquot of each sample was then
mixed with 0.5 mL of 10 mg/mL DAPI and stained for 1 h.
The remaining DAPI was washed in PBS three times. The
morphology of cells and fluorescent nuclei was observed
under an inverted fluorescence microscope (Leica, Tokyo,
Japan).

3. Results

3.1. SRBC aggregation depends on both hemocytes and
humoral factors in the silkworm hemolymph

Red-colored aggregates were observed in the silkworm
hemolymph harvested 15 min after injecting the SRBCs
(Figure 1B). We then tested whether SRBCs mixed with
the silkworm hemolymph aggregated in vitro. When
SRBCs suspended in PBS were applied to U-shaped
wells and incubated for 2 h, the SRBCs precipitated to
the center of the wells and appeared as spots (Figure
2A). In contrast, when the SRBCs were incubated with
the silkworm hemolymph, they spread out and attached
to the bottom of the wells to form aggregates (Figure
2B). Microscopic analysis revealed that when SRBCs
were incubated alone in PBS, each cell remained
separated from the other (Figure 2C), whereas those
incubated in the hemolymph adhered together to
form large clumps (Figure 2D). Based on the similar
morphologic appearances of SRBC aggregates formed
either in vitro or in vivo, further studies of the SRBC

A B

Figure 1. In vivo aggregation of SRBCs in the hemolymph
of live silkworms. Silkworm hemolymph was collected
immediately (A), or 15 min (B) after injecting SRBCs into
the hemolymph and was observed under a microscope. Arrow
indicates SRBC clumps. Bar; 5 mm.

C

Figure 2. In vitro aggregation of SRBCs in the silkworm
hemolymph. SRBCs in PBS (A, C) or silkworm hemolymph
(B, D) were incubated at 27°C for 2 h in a microtiter plate. A
and B; microscopic views of suspended samples of C and D,
respectively. Bar; 10 pm.
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B

Figure 3. DAPI staining of hemocytes incorporated in clumps of SRBCs. Hemocytes were stained with DAPI. Clumps of SRBCs
formed by incubation with silkworm hemolymph observed under a bright-field (A) or fluorescence (B) microscope. Bar; 100 um.

Figure 4. Aggregation of SRBCs depending on both
hemocytes and humoral factors in the silkworm
hemolymph. Hemolymph fractions from 6 independent
silkworms were separated into hemocytes and plasma.
Numbers indicate different batches of silkworms. SRBCs
incubated with hemolymph (B), plasma (P), hemocytes (H),
and mixtures of plasma and hemocytes (P + H).

aggregation reaction were performed in vitro using
isolated hemolymph.

Encapsulation and nodulation are hemocyte-
dependent aggregation reactions of foreign substances in
insects (13,14). In these reactions, hemocytes surround
non-self substances to form clots. To test whether
hemocytes were incorporated into the clumps of SRBCs
under our experimental conditions, we used DAPI to
stain the hemocyte nuclei. Analysis under fluorescence
microscopy revealed only a few DAPI-positive cells
in the SRBC clumps that formed in the hemolymph
(Figure 3). Therefore, we assumed that the aggregation
of SRBCs induced by silkworm hemolymph was distinct
from other cellular responses, such as encapsulation and
nodulation in which hemocytes are present in the clots.

We then separated hemocytes and plasma from
silkworm hemolymph by centrifugation to test
their abilities to aggregate SRBCs in vitro. SRBCs
incubated with either hemocytes or plasma alone did
not aggregate, while those incubated in a mixture of
hemocytes and plasma did aggregate (Figure 4). These
results suggest that the aggregation of SRBCs in the
silkworm hemolymph requires both hemocytes and
plasma factors.

sodium azide

Figure 5. Inhibition of SRBC aggregation in the silkworm
hemolymph by sodium azide. SRBCs incubated with
hemolymph in the presence (+) or absence (—) of 200 mM
sodium azide were observed from the top.

3.2. Requirement of direct interaction of hemocytes and
SRBCs for the aggregation reaction

We further examined whether hemocyte viability
was necessary for the SRBC aggregation. SRBC
aggregation in the hemolymph was inhibited by the
addition of sodium azide, a cytotoxic agent (Figure 5).
When cells were stained with trypan blue, the addition
of sodium azide reduced the ratio of trypan blue-
negative cells from 100% to less than 10% (data not
shown). These results indicate that viable hemocytes
are required for the SRBC aggregation induced by
silkworm hemolymph.

To elucidate the mechanism of the SRBC
aggregation reactions mediated by both hemocytes and
humoral factors, we tested the effect of pre-incubation
of SRBCs with isolated hemocytes. When SRBCs
were incubated with hemocytes prior to the addition of
silkworm plasma, SRBC aggregation proceeded even
when sodium azide was added. In contrast, SRBCs that
were not pre-incubated with hemocytes did not form
aggregates in the plasma (Figure 6). These findings
suggest that SRBCs are initially attacked by hemocytes
in the hemolymph and made vulnerable to humoral
factors in plasma that induce the SRBC aggregation
process.

We then tested whether direct interaction with
hemocytes was needed for the SRBC aggregation.
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pre-incubation with hemocytes

Figure 6. The effect of pre-incubation of SRBCs with
hemocytes on SRBC aggregation in the presence of
sodium azide. SRBCs pre-incubated with (+) or without (—)
hemocytes were mixed with sodium azide-containing plasma,
and incubated at 27°C for 2 h.

(o

SRBC harnucyta soluble factor

NI R

Figure 7. Proposed mechanism of SRBC aggregation in
silkworm hemolymph.

Incubation of SRBCs in the plasma fraction that were
physically separated from the hemocytes using a
polycarbonate membrane filter that was permeable to
soluble proteins did not lead to SRBC aggregation (data
not shown). This result suggests that direct contact
of hemocytes with SRBCs is required for SRBC
aggregation in silkworm hemolymph.

4. Discussion

Here we describe a novel defense mechanism involving
sequential contributions of hemocytes and soluble
factors in the hemolymph plasma that were required
for SRBC aggregation in silkworm hemolymph (Figure
7). This finding provides the first evidence that foreign
substances are directly attacked by insect hemocytes,
followed by clot formation induced by humoral factors.

Both cellular and humoral immunity are involved
in the process of nodulation. Sato and colleagues
reported that lectins in the hemolymph of silkworms
bind to foreign substances, which are surrounded by
an assembly of hemocytes to form nodules (12,20).
Here we report that hemocytes first attacked the
foreign substances, SRBCs, and then humoral factors
aggregated the SRBCs. Furthermore, we showed
that hemocytes were not incorporated into the clump
of SRBCs formed in the hemolymph. Based on
these findings, we consider that SRBC aggregation
involving hemocytes and plasma factors is distinct from
other self-defense reactions, such as nodulation and
encapsulation.

Suzuki and Natori reported that lectin-like proteins
in silkworm hemolymph aggregate trypsin- and
glutaraldehyde-treated SRBCs (19). We assume that

the factors in the silkworm plasma that cooperate with
hemocytes might be similar to the lectin-like proteins
reported by Suzuki. Moreover, we found that direct
interactions of SRBCs with hemocytes are necessary for
the silkworm hemolymph to induce SRBC aggregation.
Thus, the hemocyte attack on SRBCs might correspond
to the trypsin and glutaraldehyde treatment of SRBCs
required for the silkworm lectin-like proteins to induce
SRBC aggregation (19).

Hemocytes circulating in silkworm hemolymph
are classified into five subtypes, prohemocytes,
plasmatocytes, granulocytes, spherulocytes, and
oenocytoids (21,22). Among them, granulocytes are
one of the major cell types responsible for defensive
responses, and they attach to small foreign substances,
such as SRBCs, by elongating their filopodia (23).

Thus, we speculate that granulocytes are a
plausible candidate hemocyte subtype that directly
interacts with SRBCs to form aggregates. Recently,
Nakahara and colleagues established a fluorescence
activated cell sorting-based method to separate each
subtype of silkworm hemocyte from the hemolymph
(22). Application of such methods will allow for the
identification of the hemocyte subtypes involved in the
aggregation of foreign substances.
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ABSTRACT: Arabino-mycolates are components of
the cell-wall skeleton of Mycobacterium bovis BCG
(BCG-CWNS). It is known that synthesized arabino-
mycolates induce the production of tumor necrosis
factor alpha (TNF-0) in murine macrophage cell
lines at an intensity similar to that of BCG-CWS.
However the immunological activity of natural
arabino-mycolates isolated from BCG has not
been investigated, probably due to the complexity
of the molecule. In this paper, we investigated the
immunostimulatory activity of arabino-mycolates
isolated from BCG-CWS by acid hydrolysis.
Arabino-mycolates obtained by acid hydrolysis
from the originally prepared CWS (SMP-105)
of M. bovis BCG Tokyo 172 strain consisted
mainly of mono-arabinose mono-mycolate, penta-
arabinose tetra-mycolate and hexa-arabinose tetra-
mycolate fractions. Arabino-mycolates significantly
induced TNF-a production with an intensity
comparable to that of CWS and enhanced delayed
type hypersensitivity (DTH) reactions against
inactivated tumor cells. Arabino-mycolates-induced
TNF-a production was completely dependent
on TLR2 and MyD88 pathways. These findings
indicate that isolated natural arabino-mycolates
possess potent adjuvant immunostimulatory
activity.
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SMP-105
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1. Introduction

The cell-wall skeleton (CWS) of Mycobacterium bovis
BCG (BCG-CWS), a microbial adjuvant, has intensively
been investigated for decades, and has consequently
been shown to possess promising activity as a cancer
immunotherapeutic agent (/-4). Toll-like receptors
(TLRs) have been characterized as pattern-recognition
receptors that recognize microbial components (3,6).
Stimulation of macrophages and dendritic cells via TLRs
induces production of cytokines and chemokines, and
creates bridges to establish acquired immunity. Recent
studies suggest that BCG-CWS induces cytokines and
antitumor activity through TLR2 (7,8). However, due to
the complexity of BCG-CWS, it is not clear which motif
is essential for stimulating immunity or TLR2 agonistic
activity.

BCG-CWS has a high molecular weight and is
reported to be a mycoloyl-arabinogalactan-peptidoglycan
complex. We have tried to shed light on the arabino-
mycolate moiety of BCG-CWS and analyze its structure
and biological activity. GC-MS and NMR of cell wall
arabinogalactan oligosaccharide fragments revealed that
the arabinogalactan contains a homogalactan segment of
alternating 5-linked a-galactofuranosyl (Galf) and 6-linked
B-Galf residues, and arabinan segments consisting of
two major domains: a linear 5-linked arabinofuranosyl
(a-Araf) unit with branching introduced by 3,5-a-Araf’
and branched oligosaccharides [B-Araf-(1-2)-Araf],-
3,5-a-Araf at the nonreducing termini (9). Separately,
synthesized mycolic esters of the arabinan in the terminal
lipo-arabinan motif have been shown to induce production
of TNF-a (/0). Although some glycolipids that do not
constitute BCG-CWS, such as trehalose 6,6'-dimycolate
(TDM), lipoarabinomannans, and phosphatidylinositol
mannosides, have energetically been studied (//-15),
arabino-mycolates that constitute BCG-CWS have
not been investigated. We therefore were interested in
isolating BCG-CWS arabino-mycolates and investigating
their structural properties and immunostimulatory
activity. Uenishi ef al. have developed a unique method
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for isolation of arabino-mycolates derived from the cell-
wall skeleton of M. bovis BCG Tokyo (SMP-105) (/6).
By making use of this method, particularly the isolated
fraction consisting mainly of mono-arabinose mono-
mycolate, tetra-arabinose tetra-mycolate, penta-arabinose
tetra-mycolate and hexa-arabinose tetra-mycolate (Figure
1), we proceeded with our structural and biological
investigation of BCG-CWS arabino-mycolates.

In this paper, we demonstrate that arabino-mycolates
isolated from CWS activate macrophages via the TLR2-
MyD88 pathway in vitro and have potent adjuvant
activity in vivo. The mechanism of cell-mediated
immunity activation by a giant insoluble BCG-CWS
will be addressed in the context of digestive degradation
reported in our previous paper (/7).

2. Materials and Methods

2.1. Preparation of cell-wall skeleton (CWS) and arabino-
mycolates

CWS (SMP-105) was prepared from M. bovis BCG
Tokyo 172 strain as previously described (/8), and
arabino-mycolates were isolated as indicated elsewhere
(16). In brief, a CWS suspension in toluene/0.1 mol/
L hydrochloric acid (1:1, v/v) was heated at 100°C
for about 1.5 hours. The toluene layer, taken as the
portion containing the arabino-mycolates was washed
with water and then evaporated. The residual arabino-
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Figure 1. Structure of arabino-mycolate fragments

obtained from CWS of M. bovis BCG Tokyo 172. MA,
micolic acid.

mycolates were developed on silica gel HPTLC (Silica
gel 60, 10 x 10 cm, Merck Ltd., Darmstadt, Germany)
with a solvent containing chloroform/acetone/acetic
acid/methanol (90:6:1:10, v/v) for further purification,
which revealed multiple spots. The major spots, called
A, B, Bl, C and D, were deduced to be penta-arabinose
tetra-mycolate, hexa-arabinose tetra-mycolate,
mono-arabinose mono-mycolate, hepta-arabinose
tatra-mycolate, and octa-arabinose tetra-mycolate,
respectively. The A, B and Bl spots were selected
as arabino-mycolates for investigation of biological
activity. The yield of refined arabino-mycolates was
approximately 17.9%.

2.2. Trehalose 6,6'-dimycolate (TDM)

TDM was prepared as described previously (4). In brief,
lipids were extracted from heat-killed M. bovis BCG
Tokyo 172 strain with chloroform/methanol (2:1, v/v).
After the lower phase of two phases containing major
glycolipids was collected, the solvent was evaporated
in a rotary evaporator. Total lipids were then separated
by thin-layer chromatography (TLC) on silica plates
(Uniplate; Analtech, DE, USA), and TDM was recovered
from the plate immediately after the iodine color had
disappeared by passing through a small glass column.
TDM was further purified by repeated TLC until a single
spot was obtained.

2.3. Reagents

Pam3CSK4 was purchased from Calbiochem (Merck,
Tokyo, Japan). Escherichia coli J5 lipopolysaccharide
(LPS) was purchased from LIST Biological Laboratories
(Campbell, CA, USA), and further purified using a
phenol extraction method (/9-21).

2.4. Animals

C57BL/6J female mice were purchased from Japan SLC
(Shizuoka, Japan). TLR2 (22)-,TLR4 (23)- and MyD88
(24)-deficient mice were obtained from Oriental Bio
Service (Kyoto, Japan). All mice were maintained under
specific pathogen-free conditions. All animal experiments
were conducted according to the guidelines of the Animal
Care and Use Committee at Dainippon Sumitomo
Pharma.

2.5. Cell lines

Murine macrophage cell line RAW264.7 was purchased
from American Type Culture Collection (Manassas,
VA, USA), and was maintained in DMEM (Sigma-
Aldrich, MO, USA) supplemented with 10% FCS, 2
mM L-glutamine, 50 U/mL of penicillin, and 50 pg/mL
of streptomycin. Lewis lung carcinoma (3LL) was
obtained from the Cancer Institute for the Japanese
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Foundation for Cancer Research (Tokyo, Japan).
3LL cells were maintained in RPMI-1640 medium
supplemented with 10% fetal calf serum (FCS), 50
pug/mL of streptomycin, and 50 U/mL of penicillin.
To prepare inactivated 3LL, 3LL cells were incubated
at 37°C for 20 min at 1 x 10 cells/mL in a culture
medium containing 200 pg/mL of mitomycin C (Kyowa
Hakko Kogyo, Tokyo, Japan), followed by repeated
washing with sufficient culture medium.

2.6. Preparation of mouse peritoneal exudate cells

Thioglycollate-elicited peritoneal exudate cells (TG-PEC)
were prepared from mice 5 days after intraperitoneal
injection of 3% thioglycollate medium (Difco; Becton
Dickinson Japan, Tokyo, Japan), and seeded at 5 x 10’
cells/well in a 96-well plate. After removal of non-
adherent cells by washing, adherent macrophages were
treated with 1 ng/mL of recombinant mouse IFN-y (R&D
Systems, MN, USA) for 2 hours.

2.7. TNF-o. induction assay

For experiments using RAW264.7 cells, CWS and
arabino-mycolates were suspended in hexane/etha