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Abstractt To danfy thc oHgin of(1→3)―β―D―glucan in
blood products and assess the biological activity of fliter
cxtracts,we cvduatcd(1→3)‐β―D―glucan extraction針om
depth fllters used to process blood products and their in
vitro effects on proinflammatory cytokinc production from

macrophages.Ccllulose or nylo■ ■ltcrs were analyzcd for

(1→3)―β‐D‐31ucan uJng the FunJteC C tCSt.To evJuatc
the biological activity of thc fllter cxtracts,Mono Mac 6

cells(a human macrophagc cell Hne)Were cultured with

61ter extracts witll or vノithout lipopolysacchalidc, and

tumor necrosis factol‐alpha(TNF― α)and intcricukin-1
bcta(IL-lβ)cOncentrationsin tlle culttrc mcdia were mea―

sured.(1→ 3)―β
―D―Glucan was rclcased flom sevcn cdlu―

lose ■ltcrs but thc nylon iltcr level was undetcctablc.

Proinnammatory Cytokine production rangcd from 74.3%

to l19.0%ofthe control for TNF―α and 81 2°/。to l15.9%
for IL-lβ.TNF‐ α and IL-lβ lcVels were low without
hpopolysaccha」 de.Ъ e data indicate that(1→ 3)―β‐D―

31ucan in blood products is contanlinated with the depth
llters and that thcse lltcr cxtracts lnodulate proinlanlma―

tory cylokine production from nlacrophagcs  Key Words:

Depth■ ltcr―(1→3)―β
―D‐glucan―一Fungitec G test TNF

alpha――IL‐l beta一―Blood product.

(1→ 3)―β―D―Glucan is a polymer of D‐ glucose that
represents a malo■ Sttuctural component of the

fungal cen wall.Recent studies have indicated that

measurement of plasma(1→3)‐β―D―glucan levels is a
useful screening test for invasive fungal infections

(1,2).HoweVer,tlle false positivc elevation of plasma

(1→3)―β―D―glucan lcvels,a serodiagnostt test for
deep―seated mycoses in patients treated by blood

product adnlinistration,is suspected,We have shown
that the amounts of(1→ 3)―β

―D―glucan in blood

products range ion1 0 to 7510pg/1nl using the Fun―

gitec(〕test and that the three depth―type nlters used

to clarify blood products are the source Of(1→3)―β―

D―glucan in blood products(3).
The Fungitec G test is more sensitive and more

specinc than the fullgal illdcx,an indirect ineasure―
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amebocyte lysate― reactive materials(LAL― RM)

except endotoxin(3,4).羽 iere is much difference

between the(1-→3)β̈‐D―glucan icvels measured
using the Fungitec G test and the fllngal index

following the report of Miyazaki et al. indicating

60pg/1nl using the Fungitcc G test versus l.2pg/1nl

using the fungal index(4).Scveral papers indicating

contanlination of glucan― like materials in the arca

of apheresis have already been reported. Pearson

et al.indicatc that LAL― RM,except endotoxin,arc

released flom hollow ib∝ hemodialyzels containing

cellulose―based membranes using the LAL test(5).

Yamagami et al.(6)and Yoshioka et al.(7)also

reportthat LAL―RM,except endotoxin,are releascd

from membrane dialyzers made of cuprophan.

However,neither(1→ 3)‐β‐D―」ucan nor LAL― RPI,

except endotoxin,levels have been measured f■ oln

thc depth nlters used to process blood products.

In this study we nrst used the Fungitec G test

to mcasure the(1→3)―β―D―glucan lcvels in water
extracts from all the depth ilters used for blood
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processing by Japanesc manufacturers following the
results of our questionnairc. SecOnd,the bi01ogical

activities of the nlter extracts on proinnammatOry

cytokine production iom Mono Mac 6 cells(a

human maclophage cell lllle)Wtte evaluated(8).

Tl■e biological effccts of inttavenous ittectiOn Of

(1→3)―β―D―glucan in patients are diverse.Ъe deva―
tion of serum (1→3)―β―D―glucan levels to over
900 pg/1nl in cases treated by hemodialysis using a

saponined cellulosc acetate membrane is reported

by Yoshida et al.(9)。¶he level of plasma LAL―RM

reaches 150pg/ml after intravcnOus inieCtiOn of 10g

gamma‐venin,that is,450 pg/ml of(1→3)―β―D―glucan
following our estimation by the result of(1→3)―β‐D―
glucan measuremcnt of gamma― venin(3),and thiS

remained even at 30 hr after administration(10).

(1→3)β̈―D―Glucan remains in the liver and spleen
for a long time,more than a month,without maOr
structural changes because of the lack of a speciflc
metabolic pathway for(1→3)―β―D‐glucanase degra
dation in humans(11)・HOWever,the inact市ation
of(1→3)‐β‐D―glucan by plasma and serum proteins
has bcen reported by Miura et al(12)In additiOn,
sevcral soluble derivativcs of(1→3)―β―D―glucan,
especially β―(1→6)‐branChed(1→3)―β‐D―glucans
such as lentinan,sizo■lan,and grifolan,which show

potentiinmunomodulatory activity havc been devel―
oped and used in patients witl■cancer or sepsis(13).

P■oinaammatory Cytokines,such as tumor necrosis

facto■alpha(TNF― α)and interleukin-l beta(IL¨ lβ)

produced f■om macrophages,arc key humoralinedi―

ators of the body's response to infection.Rcports

b y  M a s i h i  e t  a l . ( 1 4 ) a n d  H O f f m a n  e t  a l ( 1 5 ) h a v e

indicated that(1→3)―β―D glucan modulates the
release of TNF― α fl・onl ma∝ ophages in response
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to lipopolysaccllaride (LPS) PcarsOn et al. have

reported that LAL‐ RM,except endotoxin,do not

behave as pyrogens(5),but Yamagami et al.indi―

catcd that ttese induce IL-l acti宙 ty and platelct

aggregation(6).HoweVer,the biological acl宙ty of

extracts fronl the depth niters used in the b100d

manufacturing process in combination with the

(1→3)―β_D‐glucan levels have not been reported.

MATERIALS AND METHODS

Extrac“on of(1→3)…β‐D‐glucan from the
depth ilters

Seven types of depth fllters made of cellulose

membrane and one type of depth nlter inade of nylon

membrane were used(Table l;the product names

and materials are indicated in the table fOotnOtes,

and they were kind gifts from each company).lhcSC

fllters were used for blood processing by Japanese

manufacturers,except for Zeta Plus―SR whiCh Was
used in our investigation.(1■〉3)―β―D―Glucan was
exttacted by incubatingい ⅣO sheets of 47 Φ  nlters,

shattered into eight picces,il1 50 rnl of distilled water

(OtSuka distilled water fOr intravenous ittectiOn;
Otsuka,To均 0,Japan)for 72 hr atrOom temperature

using a shaker.Ъ e cOncentration of(1→ 3)―β
―D―

glucan in the water cxtract from each nlter、 vas lnea―

sured using the Fungitec G test(SCikagaku Co.,

Tokyo,Japan)(4).■ ■e Fungitec G test is specnc for

(1→ 3) β̈
―D―glucan,as factors B and C are eliminated

in the test.Brienゝ eadh sample,diluted to a l■ ca‐

surable range,was added to factor G dissolved in

HEPES buffer, and then incubated at 37° C for

30 1nin. The activated factor G activated the pro―

clotting enzyme,and then the optical dcnsity of thc

GLυ C乙ⅣスND CyttOKINE FRO″ FfLTER EXTRス CrS

TABLE l.Eχ `′・αcr"′19ノμ→J―β‐D―g/trc′′7′́0′71`た̀ノ響r力f′r`だ

Product name N〔aterial
(1→3)―β―D‐Glucan

(pg/ml)

EK“

EKlP・

EKSP`

Milligard CWSSら

Zeta Plus―LAC

Zeta Plus―SP`

Zeta Plus―LPC

Ultiporc N66″

Reclaimed cellulose,diatomaceous earth

Reclairned cellulose,diatomaceous earth

Reclaimed cellulose,diatomaceous earth

Cellulose ester

Highly purined cellulose,resin,add―washed

diatomaceous eartll

Cellulose,perlite,diatomaceous earth

Cellulosc,perlite,resin

Nylon

43,609

707

6 3

27.3

1,521

14,480で

2,232

>13

(1→3)―β―D‐Glucan levels were measured by the Fungitec G test(pg/mりa■el a 72hI
incubation with thc nlters in distiled watel

'U.S.Π ltcr Japan Q,TOkyo,Japan
bヽ
/1illipore,Tokyo,Japan.

CCu,oKK,Yokohama,Japan

″Nihon Pa‖ ,TokyO,Japan
glncubadOn time for、 vater extraction of Zeta Plus―SP、vas 24 hl in prcliminary procedurc

and processing by Japanese manufacturers.

4“If Or8“,1'1/O12z Ⅳ08,2θθ3
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releascd p―nitroanilide cleaved fronl the chro―

1■ogenic substrate by the clotting enzyme was mea―

sured using the kinetic rnodel of a computcrized well

reader(SK601,Seikagaku Co.).

Scan」ng electron IBucroscopy

Scanning electron microscopy(SEM)examination

was pcrformed to analyze the surface mi∝ ostructure

of the depth fllters using a scanning electron lnicro‐

scope(JSM-5500;JEOL,Tokyo,Japa⇒ after sputter

coating with carbon(JEC 530;JEOL Ltd.).

PIaterials

LPS fl・om Es・c/7`J・J`力jα θοJi 0111:B4alld lentinan,

as a positive control, were obtained from Sigma‐

Aldrich Co.,Tokyo,Japan and ttinomOtO Pharma

Co.,Tokyo,Japan,respectively A stock solution of

LPS was dissolved at 2 mg/mlin PBS(GIBCO‐ BRL,

Tokyo, Japan)and lentinan was dissoNed at

looμyml in RPM1 1640 medium.¶ he water

extracts fronl the depth nlters werc further diluted

fl・om O.1%to 1000%with Otsuka distilled water.

Cell clllture

The Mono Mac 6 cen line(8)was obtained iom

DSMZ(Braullschweig,Germany)and maintained in

RPM1 1640 medium supplemented with 10%inacti―

vated fetal calf serum(FCS),501U/ml penidllin,

50 μg/1nl Streptonlycin,1°/。 sodium pyruvatc,0,1%

sodium oxaloacetate,0.05°/。insulin,and 2°/。sodium

hydrogcn carbonate at 37° C in an atnlosphere of

5% C02 and 100%humidity AH culture media

were obtained from Dainippon Pharmaceutical Co,

Osaka, Japan. The culture mcdiunl was replaced

twice a week and cell viability was assessed using

O.4°/。 trypan blue solution.The Mono Mac 6 cells

wcre attusted t0 1 0× 106 cclls/mlin 24-well plates

( C O r n i n g  C O s t t t  C o . , T o k y o , J a p a l■) a n d  c u l t u r e d  w i t l■

LPS ranging from O to 4000ng/1nl for prelilninary

cxperilnents to ascertain a suitable concentration.

The Mono Mac 6 cells were incubated with l° /O of

amount of tlle nlter extracts,vehicle(cOntr01),

or O-10 μ gノInl of lentinan under stilnulation by

400 ng/ml of LPS for 24 hr The culture supernatants

were clarined by Centrifugation at 17,000 g for 20 1nin

at 4°C and stored at-80° C until the cytokinc assays

were performed.

ルleaSuFement of cytokine levels in the

culture supernatant

Thc concentrations of TNF― α and IL-lβ  were
measured using quantitative enzymc―linked inll■uno―

sorbent assaソ (ELISA)kits(BiOSOurce lnterna―
donal lnc.,Camarillo,CA,uS.A.)fol10Wing thc

ス′rly ο昭″′1,レb12Z Ⅳα&2θ″

manufacturer's manual. Bricly, serial dilutions of

the samples and standards were pipetted into the

wells and incubated for 2 hr.After washing,a biotiny―

lated lnonoclonal antibody speciflc for each cytokine

was addcd and incubated for l h■ . Aftcr removal

of the excess biotinylated mOnOc10nal antibody,

streptavidin―peroxidase was added and incubated
for 301nin. Aftcr washing to remove all unbound

enzyme, a substrate solution was added and the

color intensity of the enzymatic indicator reaction

was measurcd at 450nm using an ELISA reader

(BenChmark IⅥ icroplate Rcader;Bio― Rad,Tokyo,

Japan)。■■e wtOkine levels were expressed as the

percentage ratio ofthc cOntrol.

Statistical analysis

Data were expressed as lnean ttstandard deviation

(SD).■ le results for all the tests were evaluated by

one‐way factorial analysis of variance(ANOVA).

ne correlation between(1→ 3)‐β
‐D―glucan levels

and cytokine levels in the culture media were ana―

lyzcd.Statistical signincance was seen when the P

value was less than O.05.

RESULTS

Thc(1→ 3)‐β―D―glucan levels ti・om the depth
niters are shown in Table l(1-)3)―β―D―Glucan was
relcased froln the sevcn types of depth nlters inade

of cellulose,butthe levelfrom the Ultipore N66■lterS

made of nylon was under the detectable lilnit ■lere

was a wide range of vriation of(1→3)―β―D―glucan
levels.me(1→3)―βD―glucan levels flom tlle EK
and Zeta Plus‐SP fllters, especially were over
10,000 pg/ml.¶■e(1→ 3)―β―D―glucan levcls fl・om
three different products Of the EK series ■ lters

made flonl the same materials ranged from 6.3 to

43,609 pg/1nl and those f■om th■ee different products

of the Zeta Plus scrics fllters made from different

materials ranged from l,521 to 14,480 pg/1nl. The

surface microstructure of the depth fllters is shown

in lligure l. Cellulose or diatomaceous earth was

observed in thc threc EK series lnembranes Cellu―

lose was also observed in the tl■lee Zeta Plus serics

inembranes.‐ e surface structures of the Milligard

CWSS and Ultipore N66 111embranes were smoother

than the EK series and Zeta Plus series membranes.

¶■c(1→ 3)―β
―D―glucan levels in the three EK series

nlters indicate wide variation despite the same

surface nlicrostructure There was no apparent cor‐

relation between the surface Flli∝Ostructure of the

depth nlters and the(1→ 3) β̈
―D―glucan levels.

■ e proinflamnlatory cytokine production from

the Mono Mac 6 cclls is indicated in Tables 2 and 3,

ス.0「 /424 ETス L
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FiG.1.SEM image shows the surface microstructure of different membranes EK(a),EKlP(b),EKSP(c),Mil‖ gard CVVSS(d),Zeta
Plus LA(e),Zeta Plus SP(fl,Zeta Plus LP(g),∪ ltipOre N66(h)・Ce‖ulose(Ce)and diatOmaceous earth(De)were ObServed in the EK
senes and zeta PIus senes membranes(x1000)

and Figures 2 6.LPS stimulated TNF― α and IL-lβ

conccntrations from Mono Mac 6 cells in a dose―

dependent manner, with statistical signincallce as

shown in Table 2.Bccause unstilnulated Mono Mac

6 cens did not produce detcctable amounts of these

cytokines,we added 400 ng/1nl of PS for the expcr―

iments.The control TM― α and IL-lβ conCeniations
with 400 ng/1nl of LPS were 131 4± 44 3 pg/1nl and

157.4± 82.5 pg/1111,respectively.Lentinan,as a posi―

tive control for(1→ 3)―β
―D‐glucan,signincandy

demeased TTIF― α levels in the presence of LPS,as

shown in Table 3.Ten■ li∝o31iams per lllillllite■Of

lentinan reduced the ThlF― α production ratio to 93.8
±7.8%(P<0.01).lhe IL-lβ prOduction ratio was
also decreased to 94.2± 13.8°/。after the addition of

500 ng/ml of lentinan(data nOt shown).

TABLE 2.Elた cr9fι PS ο′2′Ю:ィα′,1′,,α′0ッ リゎたル7`

′′っノ′ιr`ο′7'77 MO′70ルイαε 6 ὲ′お

LPS(ng/ml) TNF‐ α(pgノml) IL-lβ(Pg/ml)

The TNF― α production ratios with the fllter
extracts ranged from 74 3± 198°/。to l19 0± 21.1°/。

tFig.2)and the IL-lβ  prOduction ratbs tanged flom
812± 38.8%to l15.9± 164%(Fig.3).M■ ligard

CWSS fllter extracts signiflcantly dccreased the

■■ヾ F‐α production ratio to 80.5 ±  221°/O at thc

higher(1→ 3)―β
―D‐glucan level,0.273 pg/ml,in a

dose―dependent manner(P<0.05).Zeta Plus― LP

■lter extracts also decreased the ThlF―α production
ratio to 74.3± 19.8%(P<0.05),but the effect was

stronger at the lower(1→ 3)―β
―D―glucan level.EKSP

nlter extracts increased the TNF α production ratio
to l19.0±21.1%at the higher(1→3)―β―D―glucan
level,0.063 pg/ml,(P<0.05).UltipOre N66■ lter

extracts did not change the TNF―α productioll ratio,

TABLE 3.Eが 多εr 9fた′trJ“″2ο77T/VF α′′・ο′夕ιrjο″j″
νO′70ノ′″̀6ι`′/51夕JrたLPS

Lentinan(Pg/ml) TNF― α produc■ on(%)

378± 634
10641± 50.48
13615± 5569

18134±8125
26824± 13500コ

4 2 2±2 . 6 5

20129± 79.36
253.03± 12054

29971± 146.47

36273± 15592わ

0

0 0 1

10

10,000

10,000,000

1000± 4093

9885± 832

9381± 793b

8983± 941a,r

9568± 551

Valucs are lllean±SD(n=3,Pg/111り
°′く0 01 with onc―way factorial ANOVA
らPく 005

TNF―α levels are normalized tO tl10se of Jlc、′chicle(cont1 01)

Values are mean tt SD(n=6,%)
α
Pく 0_01 witll onc―way factorial ANOVA
ら′く005
`Pく

0 01 verstls contrOl wlth FIsher's PLSD

ス″1/0′̀“′7,1/a12Z/Vο あ2θl13
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100 150 200 250

WF‐ α(pg/ml)

F:G.4.Corre!ation between TNF‐ α and lL-lβ conCentralons

produced wlh the fllter extracts in Mono Mac ens wlth LPS
Y=44.834+0648× X, R=04421, P=000002853:ヽ l lL‐lβ
concentralon(pg/mり;X,TNF―α concentralon(pg/mり

is requied, but it is impossible to compare the士

levels by these two lneasurementinethods due to the

lack of precise descrゎtiOn of the processed volume
during the nlter rinse in thc Pcarson et al.report(5).

160

140

120

100

80

60

40

20
1      103 104    106    108

(1→3)β̈―D―glucan(X106pg/ml)

FiG.5.Correlation between the(1→3)‐β―D-91ucan levels in the
filter extracts and TNF―α prOduction The values are normalized
t o  t h o s e  o f  t h e  v e h i c l e ( C O n t r oりY‐ 9 7 2 2 - 0 . 6 8 8×l o 9 ( X ) ,
R = 0 0 7 6 , P = 0 6 1 6 2 ;γ  T N F‐α l e v e l ( % o f  C O n t r oり; X , ( 1→3 )―

β―D‐91ucan levels(p9/mり
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ne wide range of variations in tlle(1→3)―β
―D‐

glucan levels obscrved in the threc different products
of the EK scries fllters lnade fronl the same materi‐

als suggests the importance of a method to process

the■ lter inembrane during inanufacture.Zeta Plus―

LA and LP arc higher grades for the reduction of

the LAL― RⅣ I levels than Zeta Plus―SP according to

the Cuno catalog,but the level of(1-〉3)―β‐D―glucan
is ovcr 1000 pg/nll in our measurcment using the

Fungitec G test.Our data indicate that(1→ 3)‐β
―

D―glucan released from the depth■lter is the source

of the(1→ 3)―β
―D―glucan in blood products and

that it is important to select a suitable depth nlter

and iactionation lnethod to process blood products

in order to avoid high(1→ 3)―β
―D‐glucan conta―

mination(3)MimmiZation of tl■ e contamination

of(1→ 3)‐β̈D―glucan is required to avoid false posi―
tive rcsults in se■odiagnOstic tests for deep― seated

mycoses in patients treated by blood product ad‐

lllinistration.The Japancse Red Cross Plasl■ a Center

has recently managed to decrease thc(1-→ 3)―β
‐D―

31ucan lcvelin blood P■oducts by changing thelrnan―

ufacturing prOcess after consideration of a report

by us(3).

With FCgard to biological activity of the depth fllter

extracts that has not yet been reported,our data indi―

cate that the nlter extracts induce signincant cllanges

in proinianllnatory cytokine p■oduction.However,

the results are not uniform.E)ifferences in the pro‐

160

140

120

100

80

60

40

20~ ~  1       1 0 3      1 0 4     1 0 6     1 0 8
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inianllnatory cytokine production by different■ lter

extracts is noted, that is,TNF― α p■oduction was

increascd by EKSP and decreased by Milligard

CWSS and Zcta Plus‐ LR and IL-lβ  prOduction was
increased by Ultipore N66・The positive correlation

between TNF‐ α and IL-lβ prOduction dcspite differ‐
ences in the statistical results for the]ΠゞF―α and IL―

lβ Cllanges suggests that the uniformity in the effects
of proinflanlmatory cytokine production changes

with each lllter extract Suppression of TNF― α

produc■ on by lentinan ranging from O.01 pg/1rnl to

10 μg/ml as a positive contlol for(1→ 3)―β
―D―glucan

in our in vitro experilnellts indicates that π ηヾF‐cx

production is inhibited to 89.8°/。in accordance with

the report ofMasihi et al.These authors indicate that

Tl Fヾ―α production was downregulated to 70° /。 by

6.2511g of lenanan undcr 25 μ g of LPS il■iected int。
an in vivo cxperiment(14).Surprisingし the leveis of

suppression of ThlF― α production by the extracts of
Ⅳlilligard CWSS,80.5%,and Zeta Plus‐ LR 74.3%,

were ino■e pronlinent than that by lentinan.Our in

vitro experiinental data indicate tllat the depth■lter

exttacts contalninating the blood prOducts are activc

and may innuencc proinflalninatory cytOkine prO―

duction more strongly than lentinan,in accordance

with the report Of Mashihi ct al indicating that■■正F―

α and IL-lβ  are dOWnregulated by glucan under in
vivo conditions(14).PcarSOn et al. have reported

that LAL‐ RIII f■om hollow iber extracts have bio―

logical activity on macrophage functions but they

emphasize that the extract is not LPS and do not

refer to the activity of thc proinflanlmatory reaction

(5)On the COntrartt Miura et al have reported that

β
―
gluCan、vith its protein bound by a substrate,such

asscrum albumin,is inact市 c(12)We shOuld be more

careful in the use of blood products containing the

extracts from depth nlters in patients with various

iminuno10gical disorders.

Filter exiacts fl・om hollow ibers for hemodialysis

contain three peaks with molecular weights of

23,000-24,000, 3000, and less than 200 in column

chl‐omatography,according to the report by Pearson

et al.(5)。■lc nISt peak is considered to be LAL―RM,

but the other peaks are not LAL‐ RM.It appears

that materials II■ the depth nlter exttacts, other

than thosc from ceHulose,have an effect on pro―

innammatory cytokine production, as the report

by Pearson et al. indicated that the f■ lter extlacts

contain three nlaterials and our data indicate that

the difference in cytokine production is unrelated tO

the(1→3)β́―D―glucan level and the incrcase of IL―
lβ p・Oduction by the nylon■lter cxttacts. Further
analysis is required to explain the mechanism for

the changc in proinflanllnatory cytokine p■ oduction

ス′′ゲ0 ′̀“″,レ♭1 2 z  Ⅳa & 2θ偲

by each nlter extract,including that from the nylon

nlter

We found that the(1→3)―β
―D‐glucan levelin a nl―

tration nuid is decreased by a rinse with distilled

water,but increased again up to the level before

the water rinsing with 5%albulllin solution in an in

宙tro■ltration process(3).■ le materials extracted

by water flltration and those by albunlin nltration

may be different,and the biological activities of the

(1→3)―β
―D―glucan extracted in the distilled water

and albulnin solutions lnay be different.■c bi010g‐

ical activity of the albunlin solution in combination

with the(1→ 3)―β
―D―glucan levels has not been

reported.We arc currently evaluating of the effect of

(1■〉3)―β
‐D‐glucan using the albumin sOlution.In

addition,in vivo experiinents shOuld be performed in

the future to determine the effect of these extracts

on the ill1lnunological condition in different disease

conditions

Recentlゝ the elevation of serum (1→ 3)―β
―D―

glucan levels to Over 900 pg/ml in cases treated by
hemodialysis using a saponined cellu10se acetate

t n e m b r a n e  h a s  b e e n  r e p o■t c d  b y  Y o s h i d a  c t  a l ( 9 ) .

However, this call be avoided using a synthetic

polymcr membrane.Fo■ owing our rcsults,not only

can(1→ 3)―β
―D―glucan contamination make false

positive results in scrum diagnosis for deep― seated

mycoses,but the sidc effects due to the unexpected

biological activity of the fllter extracts should also be

evaluated.

In summartt We have dcmOnstrated that(1→3)―β
―

D―glucan is released fronl depth nlters made of
cenulose and that the prOinflanllnatory cytokine

production fl・oln a inacrophage ccH line is affected by

the■lter extracts.
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