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A Novel Blood Purification Therapy for the Treatment of Gram-Positive Bacterial
Sepsis—Superantigen-adsorbing Device—

Keishi Miwa, Naoko Shibayama, Yoshihiro Kawabe and Takeshige Ohzeki
Medical Device Research Lab., Specialty Material Research Labs., Toray Industries, Inc.

Summary We developed a new superantigen-adsorbing device (CYT 860), and its characteristics
and efficacy in vitro and in septic animals were evaluated. The CYT 860 was prepared by a
chemical modification of polystyrene-based composite fiber reinforced with polypropylene. The
superantigen-adsorption ability of CYT 860 was examined i» vitro by incubating the CYT 860 with
various superantigens (1 ng/ml) in serum. The adsorption rates were sufficiently high : 95%, 96%
and 849% for staphylococcal enterotoxin A, B, and C, respectively, and 969 and 75% for toxic shock
syndrome toxin-1 (TSST-1) and streptococcal pyrogenic exotoxin A, respectively. Additionally,
the CYT 860 showed some affinity for other molecules, such as streptococcal pyrogenic exotoxin B,
lipoteichoic acid, f2-microglobulin, myoglobin and vancomycin. Residual biological activities for
leukocyte activation in human plasma containing TSST-1 after incubation with the CYT 860 were
125 pg/ml for tumor necrosis factor alpha (TNFea) production, and 359 pg/m! for interleukin-8 (IL-
8) production (initial activities : 194 pg/ml! for TNFe production and 1,029 pg/ml for IL-8 produc-
tion).

When TSST-1/lipopolysaccharide-infused rabbits were subjected to direct hemoadsorption with
a CYT 860 column, significant improvement of survival rate at 14 days after the infusion was
observed (50% (CYT 860) vs. 0% (control), »<<0.01). In this review, we indicated the efficacy of
CYT 860 in ¢n vitro and in vivo studies, and discussed the possibility of clinical use of CYT 860
Gram-positive bacterial sepsis treatment.
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Fig.1. Chemical structure of the superantigen-adsorbing
device.

HAR7 7 vy AgHEE 245 35 (2005) 245

NI | -El ectronic Library Service



Japanese Society for Apheresis

Table 1. Adsorption abilities of superantigen-adsorbing device (CYT 860).

Factors Ads%rptlon Initial Conc. SolvenI Factors Ads?)rptmn Initial Conc. | Solvent Factors Adsorption Initial Conc. LSolvenL
- % | i % , % , i
Superantigens Serum Components Pharmaceuticals
SEA 95 1ng/mlj FBS|TP <5 6.9 g/dl HS|VCM 95| 50 zg/ml HS
SEB 96 1ng/ml| FBS|Albumin <5 4.4¢g/dl HS|ABK 10| 10 p#g/ml| H-HP
SEC 84 1ng/ml{ FBS|IgG <5| 0.78¢g/dl HS|AMK 4| 20 pg/ml HS
TSST-1 96 Ing/ml| FBS|IgA <5| 239 mg/dl HS|GM 6] 10 zg/ml HS
SPEA 75 1ng/ml| FBS|IgM <5| 263 mg/dl HS|CCL 68| 10 xg/ml| H-HP
Other Bacterial Components HDL <5| 70 mg;dl HS|CTRX 39| 250 ug;ml H-HP
- LDL <5| 115 mg/dl HS|PCG 94| 50 pg/m} HS
gfﬁf ig 1(1) iﬁi Eﬁg C3 <5| 100mg/dl| HS|CLDM 35| 1 pg/mi| H-HD
ExA 10| 10ng/ml| FBS CH4 <5| 14mg/dl] HS|AMPH 82| 200 1g/ml| H-HP
LPS 19| 10ng/mi| FBS C5 <5|  9mg/dl| HS|MCZ 50| 10 pug/mi| H-HP
LTA 94| 100 ng/ml| FBS 52 MG 84 1 mg/dl HS|EPI 28] 100 ng/ml| H-HP
PepG 26| 100 ng/ml| FBS Mioglobin 80| 105 ng/ml HS|NOR 21| 100 ng/ml| H-HP
- - Total Bulirubin 75{ 25mg/dl| HS|DOA 22| 100 ng/ml| H-HP
Cytokines Coagulation Factors DOB 86 1(_)0 ng/ml| H-HP
IL-1b 97 1ng/ml| FBS AT 7 103%} C.HP Pr.opr'arfolol 87! 150 ng/ml HS
IL-2 99 Ing/ml| FBS|.., . Nifedipine 94| 100 ng/ml| HS
Fibrinogen 11| 209 mg/dl| C-HP .
IL-4 99 1ng/ml| FBS - - Cyclosporin 54| 1mg/ml;, WB
T™ 3.7 2.7U/ml| C-HP .
IL-6 92 1ng/ml| FBS Protein C 20 1349 l C.HP Tacrolimus 14| 80ng/ml| WB
IL-8 99| 1ng/mll FBS 2 Steroid (MPS) 9| 1 pg/ml|H-HP
IL-10 83| 1ng/ml| FBS Effects on Coagulation Time Lidocaine 86| 10 ug/ml| HS
IFN-y 98 1ng/ml| FBS|APTT 4.6 38.2 sec[ C-HP|Furosemide 83| 20 pg/ml HS
G-CSF 99| 1ng/ml| FBS|PT 1.8 11.2sec| C-HP|Acetaminofen 58| 300 pg/ml| HS
aTGF-8 91f 10ng/mil| FBS NM 92| 5mg/ml|Saline
TNF-a 20 1ng/ml| FBS Heparin 26 2U/ml| WB
MCP-1 90 1ng/ml| FBS ‘
PAI-1 18  1ng/ml| FBS ‘

SEA, B, C: staphylococcal enterotoxin A, B, C, TSST-1: toxic shock syndrome toxin-1, SPEA, B : streptococcal pyrogenic
exotoxin A, B, ExA : Pseudomonas exotoxin A, StPA : staphylococcal protein A, PepG : peptidoglycan, LTA : lipoteichoic
acid, LPS: lipopolysaccharide, IL-: interleukin, IFN-: interferon, G-CSF : granulocyte colony stimulating factor, aTGF-5:
tissue growth factor 8 (active form), TNF-: tumor necrosis factor, MCP-1: monocyte chemoattractant protein-1, PAI-1:
plasminogen activator inhibitor-1, TP : total protein, IgG, A, M : immunoglobulin G, A, M, HDL: high density lipoprotein,
LLDL : low density lipoprotein, C 3,4,5: complimental factor 3,4,5, 82 MG : B2 microglobulin, ATIII : anti-thrombin III, TM :
thrombomodulin, APTT : activated partial thromboplastin time: PT : prothrombin time, VCM : vancomycin, ABK : arbe-
kacin, AMK : amikacin, GM : gentamicin, CCL : cefaclor, CTRX: ceftriaxone, PCG: penicillin G, CLDM : clindamycin,
AMPH : amphotericin B, MCZ : miconazole, EPI: epinephrine (adrenaline), NOR : nor-epinephrine (nor-adrenaline), DOA :
dopamine, DOB : dobutamine, Steroid (MPS) : methylprednisolone succinate, NM : nafamostat mesilate, FBS : fetal bovine
serum, HS : human serum, C-HP : citrated human plasma, H-HP : heparinized human plasma, WB: human whole blood.
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Fig. 2. Toxic shock syndrome toxin-1 (TSST-1) removal efficacy of superantigen adsorbing device (CYT
860) and the residual TSST-1 activity to induce cytokine production by human blood cells (A)
residual TSST-1 concentration after incubating of TSST-1-containing plasma (1 ng/ml) with CYT
860 (0.065 g/ml), (B) tumor necrosis factor (TNF) @ production by human blood cells stimulated
with CYT 860-treated or untreated TSST-1-containing plasma, and (C) interleukin (IL) 8 produc-
tion by human blood cells stimulated with CYT 860-treated or untreated TSST-1-containing plasma.

Error bars represent =SD. *: Significantly different from the control by student #-test (»<<0.001).
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Fig.3. Schematic representation of extracorporeal
superantigen hemoadsorption by CYT 860 column
in rabbit.

The extracorporeal volume in the system was approxi-
mately 17 ml (7 ml for the circuit, 10 ml for the CYT 860).
Blood was introduced into the CYT 860 column from the left
femoral artery and returned to left femoral vein, by 10 ml/
min blood flow using heparin as anti-coagulant. Toxin was
infused from the downstream of the extracorporeal circuit.
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Fig.4. Efficacy of superantigen-adsorbing device (CYT 860) in

TSST-1/LPS-infused rabbits.

(A) Survival curves in rabbits treated with CYT 860 column (7%=38)
or blank column (%=8). The survival rate in the CYT 860 column-
treated group was significantly higher than that in blank column-treated
group (by Kaplan-Meier's method and log-rank test, p<0.01). (B)
TSST-1 concentrations in the circulating blood. In the rabbits treated
with CYT 860 column, TSST-1 concentration in the circulating blood
was significantly lower at the outlet than at the inlet at a timepoint of
60 min after the initiation of TSST-1 infusion (by paired {-test, p=0.03).
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