
Abstract. Immune responses are frequently depressed in
patients with cancer. One of the reasons for a poor immune
response is the presence of increased levels of immuno-
suppressive substances associated with tumor growth.
Transforming growth factor-ß (TGF-ß), a representative
immunosuppressive cytokine, plays various roles in the
progression of cancer. To remove immunosuppressive
substances from tumor-bearing hosts, we developed an
immunosuppressive substance adsorption (ISA) column for
direct hemoperfusion (DHP) treatment. It is filled with extra-
fine fibers that can adsorb TGF-ß. In this study, we investigated
the effects of this DHP treatment on serum levels and activities
of TGF-ß, cellular immune responses, and anti-tumor effects
in KDH-8 (TGF-ß-producing hepatocellular carcinoma cell
line)-bearing rats. We further studied the ability of ISA fibers
to adsorb tumor-associated immunosuppressive cytokines
[TGF-ß, interleukin (IL)-6 and vascular endothelial growth
factor (VEGF)] in samples of body fluids obtained from
patients with metastatic cancer. DHP treatment decreased
serum levels and activities of TGF-ß in tumor-bearing rats and
restored T lymphocyte response to mitogen. Tumor growth
in rats treated by DHP was significantly slower than that
in untreated rats. The survival time of treated rats was
significantly longer than that of untreated rats. The concen-
trations of TGF-ß, IL-6, and VEGF in the samples of human

body fluids were decreased markedly by in vitro treatment
with ISA fibers. These results suggest that DHP treatment
with an ISA column, which removes TGF-ß and other
immunosuppressive substances from the sera of tumor-bearing
hosts, is potentially a new immunotherapeutic strategy for
cancer.

Introduction

Reversal of tumor-induced immunosuppression has been
tried and considered a promising, less toxic approach to cancer
therapy. Tumor-induced immunosuppression is orchestrated
by several cytokines, including interleukin (IL)-6 (1), IL-10,
prostaglandin (PG) E2, vascular endothelial growth factor
(VEGF) (2), and transforming growth factor (TGF)-ß. These
cytokines have suppressive effects on immune effector cells,
as well as on antigen-presenting cells. They also have tumor
promoting effects, and their overexpressions have been
associated with poor outcomes (6). Despite recent progress in
tumor immunotherapy, currently available regimens have failed
to meet initial expectations, partially because of tumor-induced
immunosuppression in the host. Removal of these immuno-
suppressive factors by extracorporeal circulation appears
promising and has been attempted by many investigators (5,7).

Numerous studies have reported that plasma exchange
treatment can enhance response to tumor immunotherapy and
patients' quality of life (8-10). Israel et al reported that a single
session of plasma exchange treatment produced a partial
objective response with cancer regression in 8 of 27 patients
with disseminated cancer who received no other treatments
(11,12). However, plasma exchange treatment has several
drawbacks, including the risk of infectious diseases being
transmitted by plasma transfusion and high costs.

Previous studies have reported the development of a
Toraymyxin™ column designed to adsorb bacterial endotoxins
for hemoperfusion therapy in patients with serious infectious
diseases (13). We drew on this experience and developed
novel immunosuppressive substance adsorption (ISA) fibers
for anti-tumor hemoperfusion therapy. The newly developed
extra-fine fibers are able to adsorb transforming growth
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factor (TGF)-ß one of the most potent immunosuppressors
identified to date. TGF-ß has been isolated from many tumor
cell lines and detected in plasma from tumor-bearing hosts.
The degree of structural homology of TGF-ß among various
mammals is >97%. Tumor cells secrete large amounts of
TGF-ß. Besides its tumor-promoting effect, TGF-ß has been
shown to suppress T cells by stimulating regulatory T cells or
by direct inhibiting the differentiation of T cells into effector
cytotoxic T lymphocytes (CTLs). Suppression of anti-tumor
response by TGF-ß also involves inhibition of the maturation
and antigen-presenting capacity of dendritic cells (14-18). In
this study, rats bearing KDH-8 hepatocellular carcinoma cells,
which secrete large amounts of TGF-ß were treated by direct
hemoperfusion (DHP), using a column filled with ISA fibers
(ISA column). We investigated the abilities of DHP treatment
with an ISA column to remove TGF-ß from the blood, to
restore cellular immune responses, and to prolong survival in
this rat model. In addition, we studied the ability of ISA fibers
to adsorb tumor-associated immunosuppressive cytokines
such as TGF-ß, IL-6, and VEGF in samples of human body
fluids.

Materials and methods

Animals and tumor cells. Male Wistar-King-Aptekman/Hok/
Hkm (WKAH/Hkm) rats (10-12 weeks old) were supplied by
Shimizu Experimental Material Co., Ltd. (Kyoto, Japan). A
transplantable hepatocellular carcinoma cell line, KDH-8,
which was induced by 3'-methyl-4-dimethylamino-
azobenzene in a WKAH/Hkm rat, was kindly provided by
Dr Kazumasa Ogasawara (Second Department of Pathology,
Shiga University of Medical Science). This cell line was
maintained in RPMI-1640 (Nikken, Kyoto, Japan) supple-
mented with 50 μM 2-mercaptoethanol, 50 μg/ml streptomycin,
50 units/ml penicillin G, and 10% fetal bovine serum (complete
medium; CM).

Preparation of ISA fibers. ISA fibers were prepared as follows:
Polystyrene-based composite fibers, comprised of poly-
styrene as the sheath component and polypropylene as the core
component, were treated with an amidomethylating solution
containing N-methylol-·-chloroacetamide, paraformaldehyde,
sulfuric acid, and nitrobenzene for 2 h at 15˚C. The resulting
chloroacetamidomethylated fibers were washed with
methanol and allowed to react with N,N-dimethylhexyl-
amine in dimethylformamide for 3 h at 80˚C. The fibers were
thoroughly washed with isopropanol, followed by pyrogen-
free distilled water. Extra-fine ISA fibers were thus
obtained. The fibers were sterilized in an autoclave and kept
at 4˚C until use. Sterile cylindrical plastic columns with a
capacity of 2.3 ml were filled with ~0.4 g of ISA fibers.

DHP treatment with ISA column in tumor-bearing rat model.
On day 0, KDH-8 cells (1x106 cells/rat) were implanted
subcutaneously into the back of WKAH/Hkm rats. On days
12-14 after tumor implantation, rats weighing ~350 g under-
went general anesthesia, and the left femoral artery and vein
were cannulated surgically. DHP treatment was performed
one time. The circuit used is shown in Fig. 1. Blood was
withdrawn from the femoral artery, pumped via a peristaltic

pump at a flow rate of 2 ml/min in an upward direction
through the column, and returned to the left femoral vein. DHP
treatment was continuously performed for 1 h. Before DHP,
the circuit was primed with 1,000 units of heparin in 50 ml of
saline; during DHP, 100 units of heparin in total were infused
continuously (19,20). The rats were followed for survival and
tumor growth, as compared with untreated rats. Tumor volume
was calculated as follows: A x B2 x 0.5, where A is the length
and B is the width of the tumor mass. 

Cell line, mitogen, and chromogenic indicator for bioassay.
Mv1Lu, a TGF-ß-sensitive cell line derived from mink lung
epithelial cells, was used to determine the bioactivity of TGF-ß.
This cell line was purchased from RIKEN Gene Bank
(Tsukuba, Japan) and maintained in vitro in CM. Phytohemag-
glutinin (PHA) was purchased from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan). A water-soluble tetra-
zolium salt, 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-
5-(2,4-disulfophenyl)-2H tetrazolium, monosodium salt
(WST-8), which is useful for colorimetric cell viability assay,
was purchased from Dojindo Laboratories (Kumamoto,
Japan).

TGF-ß assays for rat serum. Serum levels of TGF-ß1 in tumor-
bearing rats were assayed by enzyme-linked immunoadsorbent
assay (ELISA), using a human TGF-ß1 immunoassay system
(TECHNE Corporation, Minneapolis, MN). This assay
employs quantitative sandwich enzyme immunoassay
techniques, in which 96-well microplates are pre-coated with
TGF-ß soluble receptor type II, which binds TGF-ß1. Each
sample was pre-treated with acetic acid and neutralized with
sodium hydroxide. The samples and standards of TGF-ß1
were mounted into the wells and incubated for 2 h at room
temperature. After washing away any unbound substances,
an enzyme-linked polyclonal antibody specific for TGF-ß1
was added to the wells to sandwich the TGF-ß1 immobilized
during the first incubation. After a wash to remove any
unbound antibody-enzyme reagent, a substrate solution was
added to the wells. Color develops in proportion to the amount
of TGF-ß1 bound in the initial step. Color development was
stopped, and color intensity was measured on a microplate
reader at 450 nm, with a reference wavelength at 595 nm.
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Figure 1. Schema of DHP treatment with an ISA column in the tumor-
bearing rats. (a) Heparin infusion (b) peristaltic pump (c) ISA column (d) air
chamber. The priming volume was 3 ml; flow rate, 2 ml/min. DHP, direct
hemoperfusion; ISA, immunosuppressive substance adsorption.
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TGF-ß activity was measured by an in vitro bioassay based
on the method described by Lucas et al, with some modi-
fications (21). Briefly, Mv1Lu cells (1x104/well) were
cultured with diluted samples in 200 μl CM in 96-well
round-bottomed microplates. After incubation at 37˚C and
5% CO2 for 48 h, WST-8 (10 μl/well) was added, and the
plates were incubated for another 6 h. The amount of
surviving Mv1Lu cells was evaluated with the modified
MTT method. WST-8 produces a highly water-soluble
formazan on cellular reduction. The absorbance of the
formazan was measured on a microplate reader at 450 nm,
with a reference wavelength at 595 nm (22).

Proliferation assay of splenocytes. The proliferative responses
of splenocytes to mitogenic stimulation in the presence of
sera obtained from tumor-bearing rats before and after DHP
treatment were assessed. The spleens were aseptically
removed from normal rats. After removal of red blood cells by
osmotic shock, the splenocytes were suspended in CM and
cultured at 37˚C and 5% CO2 for 15 h. The splenocytes (180 μl;
1x106 cells/ml) were transferred to wells of 96-well round-
bottomed microplates and supplemented with 20 μl of sera
from tumor-bearing rats (before and after DHP treatment) or
normal rats plus 10 μl PHA (200 μg/ml) (Sigma-Aldrich,
Tokyo, Japan) (23,24). After incubation for 72 h, WST-8
(20 μl/well) was added to each well, and the plates were
incubated for another 4 h. The absorbance of the formazan
converted from WST-8 by surviving cells was measured on a
microplate reader at 450 nm, with a reference wavelength at
595 nm (22).

Samples from patients with cancer. Four samples of human
body fluids were collected from patients with metastatic
cancer treated at the Department of Surgery, Kyoto Prefectural
University of Medicine, Japan, between April 2003 and March
2004. One sample was serum from a patient with pancreatic
cancer (male, age 62 years), and another was pleural effusion
from a patient with esophageal cancer (male, age 70 years).

The other two samples were ascites from patients with colon
cancer and scirrhous gastric cancer, respectively (male, age
65 years and female, age 58 years). Pleural effusion and ascites
were aseptically collected and mixed with 5 units/ml heparin.

Tumor-associated cytokine assay in human samples. Human
samples were assayed for concentrations of tumor-associated
cytokines (IL-6, IL-10, TGF-ß1, and VEGF) by SRL Inc.
(Tokyo, Japan), using the following commercially available
kits for ELISA: Human IL-6 CLEIA kit from Fujirebio Inc.
(Tokyo, Japan); Human IL-10 EASIA kit from BioSource
International Inc. (Camarillo, CA); and Quantikine Human
TGF-ß1 and VEGF immunoassays from R & D Systems
(Minneapolis, MN). The samples were treated by passing
through a syringe filled with 0.5 g of ISA fibers at a rate of
0.5 ml/min. Cytokine concentrations were measured before
and after in vitro treatment with ISA fibers.

Statistical analysis. All data except for survival are expressed
as means ± standard error (SE). For comparison of two groups,
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Figure 2. Serum levels of TGF-ß1 in tumor-bearing rats. Blood samples
were obtained from KDH-8 tumor-bearing rats at various times. Tumor-
bearing rats were obtained by subcutaneous injection of 1x106 KDH-8 cells
into the back. P was determined by unpaired Student's t-tests between serum
levels of TGF-ß1 in KDH-8 tumor-bearing rats at 0 and 2 weeks after tumor
implantation; means ± SE (n=4).

B

A

Figure 3. Reduction in serum levels and activities of TGF-ß in tumor-
bearing rats after DHP treatment. Tumor-bearing rats were prepared by the
subcutaneous injection of 1x106 KDH-8 cells into the back. On day 14 after
tumor implantation, rats were treated by DHP for 1 h with an ISA column.
Blood samples were taken from the femoral arterial tap at the start of DHP
(pre-DHP) and the end of DHP (post-DHP), and from the carotid arterial tap
24 h after DHP (24 h post-DHP). Blood samples of normal rats were also
taken from the right carotid arterial tap as control. A, serum levels of TGF-
ß1 in tumor-bearing rats are presented as means ± SE (n=6). B, TGF-ß
activities in the sera are presented as means ± SE (n=6 in tumor bearing rats,
n=3 in normal rats). TGF-ß activity is expressed as % inhibition of Mv1Lu
cell growth. The % inhibition was calculated as follows: 100 x (1 - A1/A0),
where A0 is the absorbance in culture without serum sample and A1 is that
in culture with serum sample; means ± SE. P<0.01, 0.05 was determined by
unpaired Student's t-test.
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Student's t-test was used. The level of significance was set at
p<0.05. The Kaplan-Meier method in combination with log-
rank tests was used to analyze survival data.

Results

Serum levels of TGF-ß1 in tumor-bearing rats. On day 0,
KDH-8 cells (1x106 cells/rat) were implanted s.c. into the
back of WKAH/Hkm rats. Tumors became palpable within
1-2 weeks after tumor implantation, progressed rapidly in 3-4
weeks, and grew extremely rapidly in 5-6 weeks, until the rats
died of cachexia.

Serum levels of TGF-ß1 in tumor-bearing rats increased
significantly in association with tumor growth until 3 weeks
after tumor implantation and then decreased slightly or reached
a plateau (Fig. 2). In contrast, there were no significant
elevations in serum levels of IL-6 or VEGF until 4 weeks after
tumor implantation (data not shown).

Reductions in serum levels and activities of TGF-ß in tumor-
bearing rats after DHP treatment. We examined whether
DHP treatment with the use of an ISA column could reduce
the elevated serum levels of TGF-ß in KDH-8 tumor-bearing
rats. After DHP treatment, serum TGF-ß1 levels decreased
significantly. Mean serum TGF-ß1 levels before DHP,
immediately after DHP, and 24 h after DHP were 80.0±11.7,
27.2±4.7, and 47.3±1.9, respectively (p<0.01: pre-DHP vs.
post-DHP, 24 h post-DHP, Fig. 3A). We also examined the
change in serum TGF-ß activities in tumor-bearing rats. DHP
treatment significantly reduced the serum TGF-ß activity of
tumor-bearing rats 24 h after treatment (p<0.05, Fig. 3B).

Restoration of PHA-induced proliferation of splenocytes in the
presence of sera from tumor-bearing rats treated by DHP. To

investigate the effect of DHP treatment on cellular immune
responses, the proliferative responses of splenocytes from
normal rats to mitogenic stimulation in the presence of sera
obtained from tumor-bearing rats before and after DHP were
assessed. Restoration of PHA-induced proliferation of spleno-
cytes was observed after DHP treatment. The activity of the
sera from tumor-bearing rats after DHP was nearly equal to
that of the sera from normal rats (Fig. 4). These results suggest
that cellular immune responses abolished in the presence
of sera from tumor-bearing hosts can be restored by DHP
treatment.

Effects of DHP with ISA column on tumor growth and survival.
We examined the antitumor effects of DHP with an ISA
column in KDH-8 tumor-bearing rats. A single DHP treatment
was carried out on day 12 after tumor implantation. Tumor
growth in the DHP-treated group was significantly slower
than that in the untreated group (P<0.01, on days 25, 28, 32, 35,
and 39, Fig. 5A). The mean survival times of the DHP-treated
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Figure 4. Restoration of PHA-induced proliferation of splenocytes in the
presence of sera from tumor-bearing rats treated by DHP. Tumor-bearing
rats were prepared by the subcutaneous injection of 1x106 KDH-8 cells into
the back. On day 14 after tumor implantation, rats were treated by DHP with
an ISA column for 1 h. Blood samples were taken from the left femoral
arterial tap at the start of DHP (pre-DHP) and from the right carotid arterial
tap 24 h after DHP (24 h post-DHP) in tumor-bearing rats. Blood samples of
normal rats were taken from the right carotid arterial tap. PHA-induced
proliferation of splenocytes from normal rats in the presence of sera from
tumor-bearing rats or normal rats was calculated as follows: (A1 - A0)/(A2 - A0),
where A0 is the absorbance in CM, A1 is that in culture containing the sample
with PHA, and A2 is that in culture containing the sample without PHA.
means ± SE (n=6; tumor bearing rats, n=3; normal rats), P<0.01 was
determined by unpaired Student's t-test.

A

B

Figure 5. Antitumor effects of DHP with an ISA column in tumor-bearing
rats. Tumor-bearing rats were obtained by the subcutaneous injection of
1x106 viable KDH-8 cells into the back. These rats were divided into the
following 3 groups: treated group, rats were treated by DHP for 1 h on day
12 after tumor implantation (∫); sham group, rats were treated with an
empty column (▲); untreated group, rats not treated (●). A, individual
growth curves of KDH-8 tumor. Tumor growth was monitored twice a week
by caliper measurement of tumor length and width from the time of DHP
treatment and expressed as mean tumor volume (mm3); Bar, SE. *P<0.01 as
determined by unpaired Student's t-tests between the treated group and the
untreated group. B, survival curves of KDH-8 tumor-bearing rats recorded
as the percentage of surviving animals on a given day. P<0.05 was determined
by the Kaplan-Meier method in combination with log-rank tests between the
treated group and the untreated group.
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group and the untreated group were 58.1±9.5 and 43.3±3.0
days, respectively. Further survival analysis by the Kaplan-
Meier method showed that the differences in survival times
were significant between the 2 groups (P<0.05, Fig. 5B). These
results show that a single DHP treatment suppresses tumor
growth and thus prolongs the survival of tumor-bearing rats. In
contrast, there were no significant differences in tumor growth
or mean survival times between the untreated group and sham
group.

In vitro adsorption of tumor-associated cytokines in human
samples by ISA fibers. To assess the abilities of ISA fibers
to adsorb tumor-associated cytokines, we determined the
concentrations of four cytokines, IL-6, TGF-ß1, IL-10, and
VEGF, in the four samples of body fluids obtained from
patients with metastatic cancer. Cytokine concentrations were
measured before and after in vitro treatment with ISA fibers.
In all four untreated samples, appreciable concentrations of
IL-6, TGF-ß1, and VEGF were detected, whereas IL-10 was
not detected (data not shown). The concentrations of IL-6,
TGF-ß1, and VEGF in each treated sample were significantly
lower than those in each untreated sample. Mean concen-
trations in the treated group and the untreated group were

respectively 7,090±2,261 and 159±29 pg/ml for IL-6;
9.00±1.51 and 3.69±1.88 ng/ml for TGF-ß1; and 5,454±2,742
and 703±294 pg/ml for VEGF (p<0.01: treated vs. untreated,
Fig. 6). These results suggested that DHP treatment with an
ISA column reduces the elevated serum levels of tumor-
associated cytokines such as IL-6, TGF-ß1, and VEGF in
tumor-bearing hosts.

Discussion

This study showed that our newly developed ISA fibers
adsorbed tumor-associated immunosuppressive cytokines
in vitro and demonstrated that DHP treatment with an ISA
column adsorbed TGF-ß1, particularly in the blood of KDH-8
tumor-bearing rats. Moreover, we showed that DHP treatment
significantly suppressed tumor growth and prolonged survival
of the rats.

We previously developed a hemoperfusion column (Toray-
myxin) containing porous cellulose beads covalently bound to
a surface ligand comprised of a hydrophobic organic compound
with a hexadecyl alkyl chain. This column was designed to
remove bacterial toxins and cytokines in diseases associated
with elevated levels of inflammatory cytokines, such as
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Figure 6. In vitro adsorption of tumor-associated cytokines in human
samples by ISA fibers. Four human samples from patients with metastatic
cancer were divided into two groups: treated group, samples were treated by
passing through a syringe filled with 0.5 g of ISA fibers at a rate of 0.5 ml/
min; untreated group, samples were not treated. A, IL-6; B, TGF-ß; C, VEGF.
The concentrations of these cytokines were measured in each group by
ELISA. means ± SE (n=4). P<0.01 was determined by unpaired Student's
t-test. 
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bacterial endotoxemia (13). Hemoperfusion therapy with this
column has been proven to efficiently adsorb IL-1ß, IL-6, and
ß2-microglobulin. Oda et al have demonstrated the enhanced
adsorbent properties of a column containing cellulose beads
cross-linked with hexamethylene-di-isocyanate, which
efficiently adsorbs cytokines such as TNF-·, IL-6, and IL-10
(25). Immunoadsorption columns containing Toraymyxin are
now being evaluated in clinical trials.

In this study, we examined the potential of using DHP
treatment with an ISA column for cancer therapy. Since TGF-ß
plays a critical role in tumor-induced immunosuppression (18),
its removal from cancer-bearing hosts may promote tumor
eradication as well as improve patients' quality of life. Indeed,
several approaches have previously been used to reverse the
effects of elevated levels of TGF-ß. Systemic administration of
TGF-ß neutralizing antibodies is one example that has been
already tested in several clinical trials (26-28). Inhibition of
TGF-ß production by the use of TGF-ß antisense has been
experimentally shown to be a promising approach in vitro as
well as in vivo (29,30). However, the clinical use of these
materials may be limited by the formation of anti-idiotype
antibodies and the very short half-life of antisense oligos in
serum (31,32). To our knowledge, trials of hemoperfusion
therapy targeting TGF-ß have not been performed thus far.
Of the three isoforms of TGF-ß (TGF-ß1, -ß2, and -ß3), TGF-
ß1 is the most abundant and universally expressed. Since
most TGF-ß1 exists in a latent form, the column should be
designed to adsorb latent TGF-ß1. Latent TGF-ß1 comprises
active TGF-ß1 and latency associated peptide (LAP), a
glycoprotein with polysaccharides connected by mannose-
6-phosphate in LAP (4). The molecular weight of latent

TGF-ß1 is ~100 kDa, while that of IL-6 or ß2-microglobulin is
<30 kDa. The column was prepared by amidomethylation.
The endotoxin-removing fibers, Toraymyxin, were syn-
thesized to target high molecular weight proteins. First, the
polypropylene-reinforced polystyrene fibers were amido-
methylated with N-hydroxymethyl-2-chloroacetamide to obtain
2-chloroacetamidemethylated polystyrene fibers, porous
carrier fibers that are available for DHP therapy. These fibers
can immobilize various ligands. Second, the carrier fibers
were treated with N,N-dimethyl-hexylamine to produce N,N-
dimethyl-hexylammono-acetamidomethylated polystyrene
fibers (ISA fibers). The quaternary ammonium group is hydro-
philic and anionic; ISA fibers therefore have a strong affinity
for latent TGF-ß1. ISA fibers have a porous structure resulting
from amidomethylation, similar to ‘Toraymyxin’. Unlike
‘Toraymyxin’, the ligand of ISA fibers has been switched from
polymixin to an N,N-dimethyl-hexylammono group, and the
shape has changed from a net to a direct fabrication (DF). In
contrast to net-like fibers, DF fibers do not adhere together,
thereby avoiding a decrease in surface area during amido-
methylation. As shown in Fig. 6, ISA fibers have large
adsorption capacities for IL-6, VEGF, and LAP, which has a
molecular weight of 45 kDa. ISA fibers adsorb LAP because
the pores are large enough for LAP to enter, and that there is
an ionic interaction between the mannose-6-phosphate
residue on LAP and the N,N-dimethyl-hexylammono group
on the fibers (Fig. 7).

KDH-8 is a rat hepatocellular carcinoma cell line that
secretes large amounts of TGF-ß. The resulting high levels
of TGF-ß contribute to the malignant properties of this line,
mainly by suppressing immune functions of the host. Yuan
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Figure 7. Mechanism by which ISA fibers adsorb TGF-ß. ISA fibers have a strong affinity for anionic proteins because they structurally are a porous solid and
chemically have a quaternary ammonium group. TGF-ß exists in latent form in blood. Latent TGF-ß consists of active TGF-ß and latency associated peptide
(LAP), a glycoprotein with polysaccharides connected by mannose-6-phosphate in LAP.
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et al reported that inhibition of TGF-ß production by KDH-8
cells restores host immune responses and consequently
suppresses tumor growth (33). In our experiments, serum
TGF-ß1 levels in the KDH-8 tumor-bearing rats increased with
time after inoculation from 40 ng/ml to as high as 70 ng/ml
(Fig. 1). DHP treatment with an ISA column markedly reduced
the elevated serum levels of TGF-ß1 in the tumor-bearing rats
(Fig. 3A). Moreover, PHA-mitogenesis of the rat splenocytes
in the presence of sera from DHP-treated tumor-bearing rats
was nearly the same as that in the presence of sera from normal
rats (Fig. 4). In contrast, PHA-mitogenesis was markedly
suppressed in the presence of sera from non-treated tumor-
bearing rats. These results indicate that the sera from tumor-
bearing rats were immunosuppressive and suggest that immune
activity can be restored by DHP treatment with an ISA column.
We further showed that tumor progression was suppressed by
DHP treatment with an ISA column. Consistent with the results
of previous studies, our approach to reduce increased serum
TGF-ß1 levels by DHP seemed to enhance immune functions
and produce anti-tumor effects in tumor-bearing rats.

Using samples from patients with advanced cancer, we
found that ISA fibers sufficiently adsorb not only TGF-ß, but
also IL-6 and VEGF in vitro (Fig. 6). This concomitant effect
may further enhance the response to treatment in patients
with cancer, since tumor-induced immunosuppression is not
regulated by TGF-ß alone. Further studies of hemoperfusion
therapy with ISA columns should examine detailed immune
responses, including the activities of effector cells such as
T cells, NK cells, and NKT cells, as well as the activities of
antigen-presenting cells such as dendritic cells after
treatment.

In conclusion, hemoperfusion therapy with an ISA column
may be a useful and cost-effective approach to reducing levels
of immunosuppressive cytokines, as compared with other
techniques for extracorporeal circulation, such as plasma
exchange. Whether immunosuppressive cytokine levels are
efficiently reduced in tumor tissues as well as in serum remains
a topic for future research. To achieve better outcomes,
development of a hybrid column containing ISA fibers and
pokeweed mitogen (PWM) (34), which has lymphocyte-
activation properties, is currently underway.
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