BLOOD COMPONENTS

Positive (1—3)-p-p-glucan in blood components
and release of (1-3)-B-p-glucan from depth-type
membrane filters for blood processing

Makoto Usami, Atsushi Ohata, Takeshi Horiuchi, Koichi Nagasawa, Toshio Wakabayashi, and
Shigenori Tanaka

BACKGROUND: The false-positive elevation of plasma
{(1—3)-B-p-glucan levél, a serodiagnostic test for deep-
seated mycosis, is suspected in patients administered
with blood components.

STUDY DESIGN AND METHODS: (1—3)-8-0-Glucan
and endotoxin levels in blood components consisting of
12 albumins, 8 immunogiobulins, and 3 blood coagula-
tion factors were measured by fungal infection tesis
(Fungitec G-test, Seikagaku Co.; the Wako WB0O03 test,
Wako Pure Chemical Industries; and the Endospec ES
test, Seikagaku Co.). In vitro release of (1-3)-B-p-glu-
can from the depth-type filters made by celiulose mem-
| brane to process blood components was analyzed
through an in vitro filtration process as a source of
(1—3)-B-p-glucan in blood components.

RESULTS: The amounts of (1—3)-B-p-glucan in blood
components ranged from 0 to 7510 pg per mL in the
Fungitec G-test, with wide variations among brands.
The positive rates over 20 pg per mL were 75 percent
in albumin solutions, 40 percent in blood coagulation
factors, and 63 percent in immunoglobulin solutions.
{(1-3)-B-p-Glucan levels released from the five depth
filiers ranged from 5 to 2516 pg per mL. The (1—3)-B-o-
glucan level in filtration fluid was decreased by rinsing
with distilled water, but rebounded again during the al-
bumin filtration process. ’
CONCLUSION: Depth filters are considered the source
of (1—-3)-B-p-glucan content in some blood compo-
nents.

he fungal cell-wall contains the characteristic

constituent (1—3)-B-p-glucan and recent stud-

ies have revealed that plasma (1—3)-B-p-glucan

measurement is useful for screening for inva-
sive fungal infections.™? Accordingly, a fungal infection
test (Fungitec G-test, Seikagaku Co., Tokyo, Japan) has
been developed to measure plasma concentrations of
(1-3)-B-p-glucan. The Fungitec G-test is a highly sensi-
tive and specific test for invasive deep mycoses and fun-
gal febrile episodes in causative fungi including Candida,
Aspergillus, Cryptococcus, and Trichosporon.>3® There is
one other approved method (Wako WB003, Wako Pure
Chemical Industries, Osaka, Japan) to detect plasma
(1-3)-B-p-glucan; however, Hossain et al® indicated a
lower sensitivity for the Wako WBO003 test than the Fung-
itec G-test in systemic mycosis patients. A deep-seated
mycosis is a critical disease condition in immunocom-
promised patients, including neutropenic patients with
hematologic malignancies, patients with solid tumors
undergoing chemotherapy or irradiation, and nonneu-
tropenic patients in surgical intensive care units after or-
gan transplantation, with burns, or with intravenous
catheters.#® Patients suspected to suffer from a second-
ary deep mycosis frequently require transfusion of vari-
ous blood components: IVIG against systemic infectious
complication, albumin or plasma protein fractions
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against hypovolemia with hypoalbuminemia, and blood
coagulation factors against bleeding diathesis.

False-positive elevation of plasma (1—3)-B-p-glucan
levels in patients treated by blood components adminis-
tration is suspected, but the amounts of (1-3)-B-b-
glucan present in albumins and blood coagulation factors
have not been reported. Ikemura et al.” have demon-
strated a positive Limulus test in immunoglobulin com-
ponents caused by Limulus amebocyte lysate-reactive
material; that is, an indirect measurement method to
detect (1—3)-B-p-glucan that had been tentatively used as
the fungal index before development of the Fungitec G-test.
They indicate higher Limulus amebaocyte lysate-reactive
material levels in patient plasma until 1 or 2 days after IVIG
injections and suspected cellulose membrane as the source
of Limulus amebocyte lysate-reactive material in immuno-
globulin components. However, the Fungitec G-test is more
sensitive than the fungal index, with the correlation be-
tween the Fungitec G-test and the fungal index being ex-
ponential ® It has been reported by Yamagami et al.° and
Yoshioka et al.1® that Limulus amebocyte lysate-reactive
materials are released from a membrane dialyzer made
with cuprophan. Recently, the elevation of serum (1—3)-
-p-glucan leveis to over 100 pg per mL in cases treated
by hemodialysis by use of a saponified cellulose acetate
membrane has been reported by Yoshida et al.}!

In this study, we analyzed (1-—3)-B-p-glucan levels in

commercially available blood components in Japan by
use of the two approved and routinely used methods, the
Fungitec G-test and the Wako WB003 test. Endotoxin ley-
els were measured by an endotoxin-specific test (En-
dospec ES, Seikagaku Co.) in the same blood components
to rule out Limulus-positive materials. We then hypoth-
esized that depth-type filters made by cellulose mem-
brane used to clarify blood components were the source
of (1-3)-B-p-glucan in blood components, and so the re-
lease of (1-3)-B-b-glucan from depth-type filters was ana-
lyzed by the Fungitec G-test in an in vitro filtration process,

MATERIALS AND METHODS
Blood components

Albumin solutions, plasma protein fractions, blood co-
agulation factors, and globulin solutions commercially
available in Japan were gquantitatively analyzed for
(1-3)-B-p-glucan levels (Table 1; names of manufactur-
ers are indicated in the table footnotes). Components
supplied in lyophilized form were reconstituted with py-
rogen-free distilled water attached to the component as
described in the package inserts.

Method of {(i—3)-B-p-giucan and
endotoxin measurement

The Limulus amebocyte lysate is composed of two co-
agulation pathways (Fig. 1). The first pathway contains

TABLE 1. Values of (1—3)-p-p-glucan and endotoxin in blood componentis*
(1-3)-B-0-Glucan Endotoxin
Fungitec Endospec
Product name Commercial name Percentage G-test Wako WBO0O03 test ES test
Albumin solution Albumint 25 4080.0 + 707.1 2456 + 142.5% 96+0.3
Kenketsu albumint 25 64.1+0.6 353.8 £ 4224 209+ 10.8
Albuming 25 644.1 27721 71.5x23.2¢ 0.0£0.0
Albuminary] 25 406.7 = 1.0 252 +26.7t 0709
Buminate]| 25 65.5 +28.9 55+ 0.0 06+0.9
Albumin** 25 17.0 £3.0 11.8 + 0.0% 0.0+0.0
Albumintt 20 4545.0 £ 49.5 231849 0.0+ 0.0
Albuminit 20 3780.0 + 4525.5 173.0 £ 215.5% 18.3+ 14.7
Albuming§ 20 159.7 + 1.6 44.1 £ 0.0% 0.0+0.0
Buminatef| 5 13.0+£0.7 1.1+0.0% 00+0.0
Plasma protein fraction Plasmanate cutter** 4.4 1195 £91.9 81x15 0.0+0.0
Plasma protein fraction|| 4.4 95x23 05x0.1%F 1.1+£1.0
Coagulation factor Fibrogammin P}t 1725.0 £ 63.6 254.4 = 100.5 53+0.2
Anthrobin Ptt 14375 £ 17046 747+ 926 0.0+£0.0
Neuartt 0.0+0.0 0.4+0.0 0.0+0.0
Globulin solution Gamma-Venintt 6930.0 + 820.2 657.2 +47.7 2.0+0.1
Venilon§ 560.0 + 198.0 62.4 + 20.0 1.2+1.8
Sanglopor 19 993+ 2.1 40.1+1.8 34:03
Kenketsu Venoglobulin-IHt 37.5+6.0 22.0 £ 0.0% 37+1.2
Venogiobulin-iHt 357 +24.3 22.0+0.0% 20£2.7
Gammagardj| 19.4 £ 19.6 22.0 +0.0% 3.4 +3.0
Globenin-1§8 24+186 22.0+0.0% 31+286
Polyglobin** 1.2+1.0 472+ 0.0 71+1.3
* Data are means = SD (n = 2-4, pg/mL). TYoshitomi Pharmaceutical Industries Ltd. Osaka (Mitsubishi Welpharma Co., Tokyo, at present),
Japan; $Measured value less than the value was assigned to the value indicated; §Kaketsuken, Kumamoto, Japan; YCenteon, Tokyo, Ja-
pan; |Baxter Lid, Tokyo, Japan; **Bayer Yakuhin, Ltd, Osaka, Japan; tTJapanese Red Cross, Tokyo, Japan; fHoechst Marion Roussel
(Aventis Pharma, at present) Lid, Tokyo, Japan; §§Nihon Pharmaceutical Co., Lid, Tokyo, Japan; ffFujirebio inc. (UCB Japan Co., Lid,
at present), Tokyo, Japan.
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Fig. 1. Schematic diagram of the steps involved in the Fungitec G-test (A) and
Wako WB003 test (B). The endotoxin-specific pathway in the Wako WBO003 test can
be inhibited by the pretreatment solution (polymyxin B and Triton X-100).

factor C, an initiation factor in the Limulus clotting sys-
tem that is mediated by endotoxin, and factor B, a next
step serine protease zymogen involved in the Limulus
clotting system. The second pathway contains factor G, a
horseshoe crab coagulation enzyme that is extremely
sensitive and specific to (1—3)-B-p-glucan.® The Fungitec
G-test is specific to (1—3)-B-p-glucan, because factors B
and C are eliminated in the test. In brief, each sample
{(diluted to reach the measurable range) was added to
factor G dissolved in HEPES buffer and then incuibated at
37°C for 30 minutes. Activated factor G activated a pro-
clotting enzyme, and then the OD of released p-
nitroanilide cleaved from the chromogenic substrate by
the clotting enzyme was measured by use of the kinetic
model of a computerized well-reader (SK601, Seikagaku
Co.). The recovery rate of (1—3)-B-p-glucan was calcu-
lated in each sample.

The Wako WB003 test is based on the endotoxin-
neuiralizing effect of the pretreatment solution, which
consists of polymyxin B and Triton X, and the turbidi-
metric measurement of the Limulus amebocyte lysate re-
agent in a gelation reaction of factor G. Increased turbid-
ity was measured by use of a kinetic tube reader
(Toxinometer MT 251, Wako Pure Chemical Industries).3

The Endospec ES test (Seikagaku Co.) was performed
to evaluate activation of factor C by endotoxin without

3-0-GLUCAN IN BLOOD COMPONENTS AND FILTERS

(1-3)-B-D-glucan

Activated factor G 4¢—— Factor G

Proclotting enzyme ————® Clotting enzyme

Coagulogen ——# Coagulin

(Turbidimetric assay)

factor G by use of a chromogenic assay
the same as in the Fungitec G-test.’?
Duplicate assays were performed
on each sample of blood component,
and the mean was used for the analysis.

Extraction of (1—3)-p-p-glucan in
an in vitro filiration process of the
depth filters

Four types of depth filters were used
(Table 2, names of manufacturers are
indicated in the table footnotes, gifts
from the companies). In vitro filtration
by use of 47-mm diameter sterilized
depth membranes with filter holders at
an ambient temperature and a 2.5 mlL
per minute flow rate by use of distilled
water for intravenous injection (Otsuka
distilled water for intravenous injection, Otsuka, Tokyo,
Japan) was emplayed. The concentrations of (1—53)-8-b-
glucan in 100 mL volume processed through each filter
were measured by the Fungitec G-test and are shown in
Table 2. (1—3)-p-p-Glucan levels at the point of each 25
of 100 mL distilled water processed and after 100 mL of 5
percent albumin solution (from Baxter Ltd) were also
measured by the Fungitec G-test (Fig. 4).

Gelation

Digestion with (1—-3)-p-p-glucanase

To specify the type of glucans measured by the Fungitec
G-test, and to rule out to any other type of glucans like
(1-4)-p-p-glucan, in vitro digestion by use of (1—3)-B-
p-glucanase as the specific degradation enzyme for
(1—3)-B-p-glucan was performed. Five different samples
of blood components and two different in vitro extracts
from depth filters, both of which indicated high (1—-3)-
B-p-glucan levels, were prepared. Then (1-3)-B-p-glucan
levels were compared before and after the digestion by
the endo-(1—3)-p-p-glucanase prepared from Arthrobacter
luteus by use of the method described by Tanaka et al.!®

Statistical analysis

Data were expressed as means = SD, and #-test, chi
square test, regression analysis, and Sheffe’s multiple

TABLE 2. Release of (1—3)-p-p-glucan from the depth filters in an in vitro filiration process*

Product name (1—3)-p-p-Glucan (pg/mL)

Materials

Zata Plus-SPt 2515.6 = 560.2%

Zeta Plus-LAT 131.7 £ 80.6
EK1P§ 23.1+5.8
EKSP§ 54+15

Cellulose, perlite, resin, diatomaceous earth

Highly purified cellulose, resin, acid-washed diatomaceous earth
Reclaimed cellulose, diatomaceous earth

Reclaimed cellulose, diatomaceous earth

K.K. Cuno, Yokohama, Japan.
p < 0.001 versus the others (Sheffe’s multiple comparison test).
U.8. Filter Japan Co., Tokyo, Japan.

[

* Data are means = SD (n = 4-5, pg/mL). (1—3)-B-0-Glucan level was measured by the Fungitec G-test.
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comparison test were employed by use of computer soft-
ware (Statview statistical software package, version
4.51.1; Abacus Concepts, Berkeley, CA). Statistical signifi-
cance was assured when the p value was less than 0.05.

RESULTS

(1-:3)-B-p-Glucan and endotoxin concentrations in
blood components

(1—3)-B-p-Glucan and endotoxin concentrations in
blood components are summarized as means * SD in
Table 1. (1-3)-B-p-Glucan concentrations measured by
the Fungitec G-test ranged from 0 to 7510 pg per mL in
one lot of human normal immunoglobulin (Gamma-
Venin, Aventis Behring, Tokyo, Japan). The recovery rate
of the measurement was 100.2 = 8.2 percent. There ex-
isted a wide range of variation of (1--3)-B-p-glucan levels
among components. The difference between lots of the
same brand ranged from 0 to 962.5 pg per mL, 29.9 + 250
pg per mL in all components, except from one albumin
component that showed high variations in concentra-
tions ranging from 580 to 6980 pg per mL (mean, 3780
pg/mL). The positive rates of (1—3)-B-p-glucan over 20
pg per mL, the cutoff value of a normal plasma level, were
33 of 50 (66.0%) indicating the numbers of the total com-
ponents, 18 of 24 (75.0%) in albumin solutions and
plasma protein fractions, 4 of 10 (40.0%) in blood coagu-
lation factors, and 10 of 16 (62.5%) in immunoglobulin
solutions (Fig. 2). The rates of (1—-3)-B-p-glucan over
1000 pg per mL (a very high level; twice the mean plasma
level in candidemia patients),® were 8 of 24 (33.35) in
albumin solutions and plasma protein fractions, 4 of 10
(40.0%) in blood coagulation factors, and 2 of 16 (12.5%)

100

201

(1—3)-B-p-glucan present (%)

Coagulation
factor

Albumin

Globulin

Fig. 2. Positive rates of (1-3)-p-p-glucan in blood compo-
nents by the different cutoff values. (1—3)-g-p-Glucan level
was measured by the Fungitec G-test.
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in immunoglobulin solutions. For examples of blood co-
agulation factors, four Neuart samples and two of four
Anthrobin P samples showed 0 pg per mL (1—3)-B-p-
glucan, but the residual two of four Anthrobin P and the
two Fibrogamin samples indicated over 1000 pg per ml,
(1—3)-B-p-glucan.

There was no significant difference in the positive
rates among the type of blood components. Recently, the
Japanese Red Cross Plasma Fraction Center has im-
proved its manufacturing process and decreased the
(1—>3)-p-p-glucan level to 70 pg per mL, from 4645 pg per
mL. This was done immediately after consideration of a .
report from us.

{1—3)-B-p-Glucan concentrations in blood compo-
nents measured by the Wako WB003 test ranged from 0.4
to 690.9 pg per mL in one lot of Gamma-Venin (Table 1).
There was a clear correlation between the (1—3)-B-p-
glucan levels measured by the Fungitec G-test and those |
by the Wako WB003 test in all samples (Fig. 3): Y = 33.473
+0.0629%, R=0.780, p = 1.1 x 107, where Y is the (1-3)-
B-p-glucan level measured by the Wako WB003 test (pg/
mL) and X is the (1—3)-B-p-glucan level measured by the
Fungitec G-test. However, the difference between the two
methods in each of the blood components was not con- .
sistent. Results for some samples, such as Plasmanate
cutter, indicated levels two orders higher when measured
by the Fungitec G-test than when measured by the Wako
WB003 test. However, resulis for some samples, such as
Gammagard, indicated almost the same level with both
tests and results for others, such as Kenketsu Albumin,
indicated lower levels by the Fungitec G-test than by the
Wako WB003 test.

The endotoxin concentration in blood components

800
700 . 0
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0 . : . .
0 1000 2000 3000 4000 5000 6000 7000 8000

(1-3)-B-p-glucan level (WBO003 test, pg/mL)

(1-3)-B-p-glucan level (Fungitec G-Test, pg/mL)

Fig. 3. Relationship between the concentrations of (1—-3)-$-
p-glhican measured by the Fungitec G-test and the Wako
WB003 test in blood components. Y = 33.473 + 0.0629X, R =
0.780, p < 0.001.




ranged from 0 to 29 pg per mL and the positive rate over
10 pg per mL, the cutoff value of a normal plasma level,
was 3 of 50 (6%). The recovery rate was 96.7 = 6.6 per-
cent. The correlation between (1-3)-B-p-glucan and en-
dotoxin levels was low: Y = 1.938 + 0.001X, R = 0.403, p =
0.0037, where Y is the endotoxin level (pg/ml) and X is
the (1-3)-p-p-glucan level (pg/ml) measured by the
Fungitec G-test (Fig. 4). The endotoxin level was low in
blood components and the increased (1-»3)-p-p-glucan
levels measured by the Fungitec G-test did not correlate
with endotoxin levels.

{(1-3)-B-p-Glucan levels released from the filters are
shown in Table 2. In all filters, release of (1—3)-B-D-
glucan was observed ranging from 5.4 to 2515.6 pg per
mL during the same in vitro filtration process. (1-3)-3-
p-Glucan levels from the Zeta Plus-SP filter were mark-
edly higher than those from the Zeta Plus-LA filter (p <
1.2 x 107, Sheffe’s multiple comparison). (1—3)-8-D-
Glucan levels of each filter indicated differences of ma-
terials used, such as perlite and resin, and also indicated
differences in the manufacturing process, even with use
of the same cellulose and diatomaceous earth. Release of
(1—3)-B-p-glucan in a filtration process by use of distilled
water and then 5 percent albumin solution is shown in
Fig. 5. The (1-3)-pB-p-glucan level in the first 25 mL of
water processed was 146.9 + 23.0 pg per mL and de-
creased gradually to 14.2 + 14.1 pg per mL in the last 25
mL. during processing of 100 mL (p = 0.0070). The mean
(1—-3)-B-p-glucan level in 100 mL processed by use of
distilled water was 37.6 = 11.2 pg per mL indicated the
effectiveness of decreasing (1—3)-8-p-glucan release
from the filter by water rinsing. However, the (1—3)-B-p-
glucan level rebounded up to 143.1 = 22.7 pg per mL in
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Fig. 4, Relationship between the endotoxin levels measured
by the Endospec ES test and the (1—3)-B-p-glucan levels
measured by the Fungitec G-test in blood components. Y =
1.938 + 0.001X, R = 0.403, p < 0.005.
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Fig. 5. Changes of (1—53)-B-p-glucan levels during in vitro
filtration of the Zeta Plus-1A filter by use of distilled water
and 5 percent albumin solution. Each 100 mL of distilled
water and 5 percent albumin solution was processed at a 2.5
mL per min flow rate at an ambient temperature. The con-
centration of (1—3)-B-p-glucan was measured by the Fungi-
tec G-test. *p < 0.05 and **p < 0.01 versus the level in 25 mL
processed or the mean level in distilled water statistically
analyzed by t-test.

the 100 mL processed by use of 5 percent albumin solu-
tion (p = 0.031).

Seven samples indicating high (1—-3)-p-p-glucan lev-
els, 4993, 593, 4992, 8536, and 6526 pg per mL of blood
components or 37,633 and 4558 pg per mL of filtrates
from depth filters, were digested by (1—3)-B-D-
glucanase, and thereafter no (1—3)-p-p-glucan activity
was observed.

DISCUSSION

The present study clearly demonstrates (1—3)-B-p-
glucan content in blood components through the use of
depth filters.

Quantitative analysis by specific measurement
methods revealed that G6 percent of blood components
contain (1—3)-p-b-glucan and that its levels in some
blood components are extremely high. The highest
(1—-3)-B-p-glucan level of 7510 pg per mL is 15 times
greater than that of the mean plasma level, 494.7 = 448.4
pg per mL, as measured by the Fungitec G-test in candi-
dernia patients reported by Hossain et al.> Trace levels of
endotoxin in the same blood components indicate the
specific contamination of (1-3)-p-p-glucan in blood
components. The complete reduction of high (1-3)-B-b-
glucan levels by endo-(1—3)-B-p-glucanase also certifies
that the material in the blood components responsive to
the Fungitec G-test is (1--3)-3-p-glucan itself and not any
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other material that might increase the number of false-
positive results. The wide range of variations in (1--3)-f-
p-glucan levels among the different brands of the same
blood components and the definitive improvement in de-
creasing the (1—3)-p-p-glucan level in the albumin solu-
tion by changing the manufacturing process achieved in
the Japanese Red Cross Plasma Fraction Center clearly
indicate that the presence of (1—3)-8-p-glucan in blood
components can be avoided. The information we ob-
tained from the Japanese Red Cross Fractionation Center
was limited. However, it is suspected that they changed
the kind of depth filters in the three steps of the blood
purification process, decreasing their (1—-3)-8-p-glucan
level in albumin solution from 4645 to 70 pg per mL.
The appearance of (1-3)-p-p-glucan in immuno-
globulin components shown in this study is comparable
to the reports of Ikemura et al.” However, there is some
difference between the values of (1-3)-p-p-glucan mea-
sured with the Fungitec G-test in this study and those of
the Limulus-reactive material in the reports of Ikemura et
al. that were tentatively used as a fungal index before
development of the Fungitec G-test. The Fungitec G-test
is a direct method that detects (1—3)-3-p-glucan by use
of a (1—3)-p-p-glucan-sensitive component, factor G,
fractionated from Limulus amebocyte lysate. The level of
(1-3)-pB-p-glucan measured by the Fungitec G-test in our
study indicates 307 percent in Gamma-Venin, 2 percent
in Venoglobulin, 68 percent in Venilon, 1 percent in Poly-
globin, and 13 percent in Glovenin of fungal index levels
noted in the report of Tkemura et al. The discrepancy is in
accordance with the study of Miyazaki et al., which indi-
cated that the G-test showed a higher sensitivity than the
fungal index in a rabbit model of systemic candidiasis.®
False-positive elevation of plasma (1—3}--p-glucan
levels in patients who are intravenously injected with
blood components containing (1—3)-f-p-glucan is
highly suspected from our resulis and from the report of
Ikemura et al.” The plasma (1—3)-8-D-glucan level might
reach 300 pg per mL after an intravenous injection of
10 g Gamma-Venin, because the plasma Limulus-reactive
material level reported is over 100 pg per mL and the ratio
of the (1-+3)-p-p-glucan level in the Gamma-Venin mea-
sured by the Fungitec G-test in this study was three times
greater than that of the Limulus-reactive material indi-
cated in the previous study. The level would be high
enough to lead to a misdiagnosis of deep mycosis.
Comparison between the Wako WB003 test and the
Fungitec G-test for the detection of (1—3)-B-p-glucan in
blood components indicates that data obtained by the
Wako WB003 test are one-eighth of those by the Fungitec
G-test, even with a high correlation between the two
methods. Hossain et al. reported a one order smaller re-
sult by the Wako WB003 test than by the Fungitec G-test
in deep candidiasis patients’ plasma and the high sensi-
tivity of the Fungitec G-test in detecting plasma (1-3)-
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f-D-glucan in mycosis patients and rabbits with systemic
candidiasis.® They suggest that the discrepancy comes
from the difference of the sensitivity of the measure-
ments and the standard materials used in the two meth-
ods.® Also, a higher sensitivity of the Fungitec G-test thay
the Wako WB003 test from its ability to detect a single
helical form of (1—3)-B-p-glucan is reported by Aketa-
gawa et al.'¥ The Fungitec G-test has been used in Japan
since 1995, and the Wako WB003 test since 1997. A recent
result of questionnaire in Japan Adult Leukemia Study
Group indicates that over 70 percent of hospitals use the
Fungitec G-test as a diagnostic tool for deep-seated fun-
gal infection to measure plasma (1-53)-p-p-glucan level
due to its high sensitivity. Both assays are not available in
the US yet.

The in vitro filtration experiment reveals that high
levels of the Fungitec G-test-positive materials, specified
as (1-3)-B-b-glucan by the (1-3)-B-p-glucanase diges-
tion experiment, are released from the depth filters used
in blood clarification processes as the origin of (1—3)-p-
p-glucan in the blood components. The great differences
in (1—3)-p-p-glucan levels in different brands of both the
blood components and the depth filters demonstrate the
importance of selecting both a suitable depth filter and a
suitable fractionation process to manufacture blood
components so that (1—3)-B-p-glucan levels are mini-
mized in blood components. More detailed in vitro ex-
periments to trace the filtration conditions, the quantity
of filtrate fluids, and/or the rinsing process on the release
of (1-3)-B-p-glucan are now being evaluated. The re-
lease of Limulus-reactive material from a cuprophan
membrane for hemodialysis®*? and a recent report indi-
cating elevation of serum (1-—3)-B-n-glucan level in he-
modialysis patients by use of a saponified cellulose ac-
etate membrane!! suggest the elution of (1-3)-B-b-
glucan from cellulose material. The main structure of
cellulose is (1—4)-B-pD-glucan and the mechanism of
(1—3)-B-p-glucan elution from cellulose membrane
should be analyzed, together with the development of a
membrane filter giving a lesser release of (1—3)-B-p-
glucan in future studies.*® Sources other than filter mem-
branes are not completely excluded because there is no
published data to analyze the (1-53)-B-p-glucan level in
each process in the manufacture of blood components.

Biologic effects of intravenous injection of (1-3)-p-
p-glucan in patients is diverse. Inactivation of (1-53)-p-
p-glucan by plasma and serum protein is reported by
Miura et al.'® Moreover, several soluble derivatives of
(1-3)-B-p-glucan, especially B-(1—6)-branched (1—3)-
B-p-glucans (ie., lentinan, sizofilan, and grifolan) that
show potent immunomodulatory activity, have been de-
veloped and are used in patients with cancer or sepsis.!”
However, (1—3)-8-b-glucan remains in the liver and
spleen for a long time (more than 1 month) without ma-
jor structural changes because of the lack of a specific




|

metabolic pathway of (1—3)-B-p-glucanase in humans.®
The biologic activity of (1--3)-8-p-glucan released from
cellulose membrane has not been evaluated and re-
ported. We are at present evaluating these effects and
pave found that a filtration fluid indicated some biologic
activity of proinflammatory cytokine production from
macrophages and lymphocytes in an in vitro condition
(manuscript in preparation).

In summary, by use of the specific methods to mea-
sure (1—3)-B-p-glucan we demonstrated that some blood
components, and filtration fluids from depth filters used
for blood processing, contain (1-+3)-B-p-glucan. The
mechanism of the release of (1—3)-8-p-glucan from
depth filters and the biologic activity of these materials
needs to be evaluated in future studies.
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