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We examined the effects of Asp-hemolysin from Aspergillus fumigatus Fresenius-Muramatsu strain on the viability
and cytokine gene expression of human umbilical vein endothelial cells (HUVEC). The cell viability of HUVEC was
reduced to 50% by 100 ug/ml of Asp-hemolysin. However, lower concentration of Asp-hemolysin (<30 ug/ml) had no
effect on the cell viability. The mRNA expression of such cytokines as tumor necrosis factor-a (TNF-o), interleukin
(IL)-1p8, IL-6, IL-8 and granulocyte-macrophage colony stimulating factor (GM-CSF) were also observed in HUVEC

cultured with 30 ug/ml of Asp-hemolysin.
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Asp-hemolysin 13, Aspergillus fumigatus Freseni-
us-Af Bk (FM #R) DR # SR OZ OEAEN 5
BHEIN-MEOWEZEOSEWMESY >IN HHHET
& D, cDNA HiE 52 5 pk#A Asp-hemolysin i
126 DY I JHNSED ZEMHEEINTNS. D

HwRIX, BFEBYIRMERICH U in vitro ITHWT
WIERZA T 51E0, ~ v AMERENINE & T
EERSBIVE Y MREFEHIGEEM, & M2
HiflERS> <D AW NTBIVEY MNERESY 7O T 7 —
DI Sl s SRk I AEIETEE A L T
%. F7-, Asp-hemolysinld, ¥ X% HW/= As-
pergillus fumigatus (A. fumigatus) DEERIKGLIZ
BRU, RSN 2R S HRITE YRR ICHE
BRICEEINSZENBEOLENTNS. 2 I 51T
Asp-hemolysin %, MUk gaE B EE HE A, fumiga-
tus IR 5T BERRIN D 7 2 XN B R OB T L NIV
BT INTWS. Y 2N OHATRIL, Asp-

hemolysin 7% A. fumigatus |84 D FHE L OHERIT H
FAEEOREERTELTHEEGL TWS Z EER
LTW3,

T ARIF)I) RGENL, A. fumigatus 213U &
T 50 D) DIFEIFEYE Aspergillus species 122 K3
LRENBEEEEFETH D, TD%<IE, HI
FEGYE E UTHRIET 5. —M&iZ, 7 AXILFILA
BRIZBNT, £28MH 2 W7 2 )VF )L ZJE
R EDMINEERR<IZEAEDIERFIT, WD DR
BT ARNFINZIETH D I EXD, TAN
IWFIVA DI FEFAIIIFRES TH D EFDbN TN
5. £, MOlEERICIR I NDIHEX, MianNIC
EA - WEFE L R ANMAT R RERE U 2R R S HEE S
NTWa, EBEITREWREE 7 2 ~VF )L ZHE T H
DRI 2 ~)VF )V ZFE, BHRENICEL =T
ARIWFI A G EFRIAEEN SBAL, WREF
Bl I A BE 2 2R U C IR IR AL, MAfTPEIC 4
Hligs CEEMABEI NS Z LN TNnS. Y
E51T, TANNVFIAEZ, BRFBFICBWTHEA
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OYE (XM hFT 2, TOF7—EROMHD =
RICHEY) ZEERHT S ENHAISNTNSD
2%, MAEREICKT 2 25 WE O BRI 7B I B
U CIEAHRENL N, K TIX, Asp-hemolysin
DIMERIC KT THEEZMATSHNS, b MF
BEEIRN R (HUVEC) %MW, Asp-hemoly-
sin Dl i # M Z2 Mat 9 % &3k, HUVEC O 1
N 2 EAICE Z 5 Asp-hemolysin D&% % # (%
F LX)V TR L 7=

£ B o &

Asp-hemolysin DFFE YU ERFD FM thz
0.85% NaCl it 7 o —#kEsH (3.5% glucose, 1
% peptone, 0.85% NaCl, pH 6.0) T 30°C, 2 i H &
BEEEL, 155 NZEEMHR R OBES KNS
WOV 21T o2, KE L /= Asp-hemolysin
1%, SDS-RU Y ZUINT I RT)VEKIKE) TH—
N2 RZERT ZEZEMERL .

HUVEC O 25 HUVEC (Clonetics) O ¥;3%
1%, HEHDOEM (2% fetal bovine serum, 12 ug/ml
bovine brain extract, 1 ug/ml hydrocortisone, 10 pg/
ml human epidermal growth factor, 50 ug/ml gen-
tamicin, 50 ng/ml amphotericin B &7 endothelial
cell basal medium) Tf7\y, 2—3 UK UEEEE, 96
well X113 12 well tissue culture plate (FALCON) (2
H/E, TNV IT U METRERL LI & 2HRE,
FBICHE Lz, £z, 96 well Mi AT 12 well  tissue
culture plate TR DM ZFHHIL 72#5R, £
NZF 347 0.9 X 104 cells/well, 1 X 105 cells/well T&H
o7z

fMRaE R 96 well plate TH;# L7~ HUVEC
I &L EE D Asp-hemolysin & & £ 52 H IR R 2 100 ul
Mz, 5%C0,—95%air N T37°C, 1hi#EL,
Hank’s balanced salt solution (HBSS) Tiki##%,
HE RS PR WE 2 N A, Cell counting kit ([F]{=1t%%)
Z W, BEHOITHE > THMREOHIE 2175 k.
TROE, & wel ITHHEREKR (SmM WST-1, 0.2
mM 1-methoxy-5-methylphenazinium methylsulfate,
20 mM HEPES, pH7.4) 10ul 2N, 2h 553%%
D450nm 2 B WL E 2 JE L 7z, Asp-
hemolysin @ i il 7 413, Asp-hemolysin JF ¥ b0 5%
HiBEE MR B 21209 % Asp-hemolysin
W nsE S AL T O WO DRG0 5 3l U 7z

Reverse transcription-polymerase chain reaction
(RT-PCR) (C& B4 b4 mRNA Ot

Total RNA O i 4 12 well plate THz 3% L 7=
HUVEC % Asp-hemolysin 30 ug/ml & & 5% #h T #%
FFAYIZ 5528 1%, acid guanidinium thiocyanate-phenol-
chloroform (AGPC) %7 Z Wy, total RNA Ol
HZ&fro7=. £/=, Asp-hemolysin 5K T IZIRIET
HBLYREFIOBBELY RAXRT — (E¥TE
ZHWHIE L 724 %, 0.05EU (endotoxin unit) /ml
FThot.

RT-PCR %  RT-PCR Jirid GeneAmp® RNA
PCR kit (PET 7714 RNAF AT LR) ZH
W, BEROICHE S TiTo /2. 97855, RT KN,
HUVEC 7 5 fli i U 7z total RNA 1 ug 2 50 2 &
20 ul D% [SmM MgCl,, 1XPCR buffer II (50
mM KCl, 10 mM Tris-HCI, pH 8.3), 1 mM dNTP, 2.5
uM Oligo d(T) 16, 1 U/ul RNase inhibitor, 2.5 U/ul
MuLV reverse transcriptase] T 42°C, 1 h Jif4,
99°C, 5 min fNEAVILEE 217 > 7z.

PCR i, RT KGO RGTEIR D —H 2§55
ELTEESOu ORHFR [2mM MgCl,, 1XPCR
buffer II, 0.2 mM dNTP, 1 uM &1 N1 2R E
W~ 541 ~— (Table 1), 1.25U/50ul Taq DNA
polymerase] T 94°C, 1 min, 65°C, 2 min OH - 7 )l
T Interleukin (IL)-6, IL-8 |& 25 ¥ 7 JI, B-actin,
Granulocyte-macrophage colony stimulating factor
(GM-CSF) {330 % Z ), Tumor necrosis factor
(TNF)-a, IL-1813 35 91 7 )LfT\y, & 51T 72°C,
Tmin QRIS ZEIT> /2. Fz, *HFEERRITIE f-actin
RRHT 714 —Z2HW/=. PCREYOHERIIR
U727 U7 I RTIVERIKE T2, 7adb, ¥
A4 X< —H—& LT ¢X174RF/DNA Hae 111 Digest
(NEW ENGLAND Bio Labs) 77z,

MEtFROWE R B ORI, Stu-
dent @ ¢ MUEIEIZHES TR L, 5% Kili D
5o THRatiAERZE LY .

R EER

A. fumigatus & BT 5 EHAEIFEER T O 1
DT dH 5 Asp-hemolysin D 5 BEIZ 5T D 1EH & iR
B9 % HAY & I N #iid & L T HUVEC z
VY, Asp-hemolysin D EHRSIEH & L TOME
Memat Lz, ZTORRE, Fig. 1IZRT XD,
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Table 1. Sequences of the Oligonucleotide Primers Used for PCR Amplification
mRNA Primer sequence Product (bp)
B-actin
sense 5 GTGGGGCGCCCCAGGCACCA 3 540
antisense 5 CTCCTTAATGTCACGCACGATTTC 3’
TNF-a
sense 5" CAGAGGGAAGAGTTCCCCAG 3 15
antisense 5" CCTTGGTCTGGTAGGAGACG 3
IL-18
sense 5 GACACATGGGATAACGAGGC 3’ 248
antisense 5" ACGCAGGACAGGTACAGATT 3
1L-6
sense 5" ATGAACTCCTTCTCCACAAGCGC 3% 628
antisense 5" GAAGAGCCCTCAGGCTGGACT 3
1L-8
sense 5" ATGACTTCCAAGCTGGCCGTG 3 300
antisense 5 TTATGAATTCTCAGCCCTCTTCAAAAACTTCTC 3
GM-CSF
sense 5 TGGCTGCAGAGCCTGCTGCTC 3 435
antisense 5 TCACTCCTGGACTGGCTCCC 3
120 - Asp-hemolysin &R E fHIEIC B W THBEEZITKF
L7Z2EGFRDOEKTNED 54, Asp-hemolysin D
~100 HUVEC 2%t 2 fifamENH S N ERD, 20D
]
= 50% FACIEEEIL 100 ug/ml THH 7=, —F, iR
8 so- KBWTY AR~ 707 7 —2 (M) 1Zxd
X % Asp-hemolysin @ 50% EFEiEE L 22.7 ug/ml T
2 60+ Ho/=Z M5, HUVEC & M¢ Tl Asp-hemoly-
% ol sin DRI ERIERICEERENRD 5N,
S 40 Asp-hemolysin (259 2l fled D Jg sz P 25l AR 1 K
8 STHRRDZENRBINT.
20 1 %7/-, HUVEC |Z%}9 % Asp-hemolysin @ #i i 7%
PEEERIE, FRBFIM L h RBRITHIEZTT> TWBEH,
0 . . . . . HE#HF O HUVEC & Hl W - Ml 3 v et B T,
0 20 40 60 80 100

Asp—hemolysin (ug/ml)

Fig. 1. Cytotoxic Activity of Asp-hemolysin to HUVEC

HUVEC were incubated with the indicated concentration of Asp-
hemolysin in medium at 37°C for 1 h. Cell viability was assessed by WST-1
assay. Values are shown as mean =S.E. of three separate experiments. The
100% control value was 0.755 measured as the absorbance at 450 nm. Sig-
nificantly different from the control at p <0.05.

Asp-hemolysin i il T® HUVEC £ % (100
%) ZXtigE L7=54A, Asp-hemolysin 30 ug/ml i
JN% % Tld HUVEC OEEZRNIHT 100% 2L,

Asp-hemolysin® i #HEITED SN o7. T
IZX U, Asp-hemolysin 40 ug/ml {RINZR M S D

B RSN 24—96 h % 0D 38 GE 5 0D i el 7 1 76 B 2% 8
KL TWBHYZ &5, HUVEC IZH U EEHE T
& > 7= Asp-hemolysin {4 E fEE (30 ug/ml L)
DRI E R BN TS H 2 FLE DB LR A4
ETHDHEMENE X2 54, Asp-hemolysin 30 ug/
ml Z & O T HUVEC 2153 U, #EFHICE
GFROPEZIToZ. TOE, Asp-hemolysin &
B 24 h #1123 W TH HUVEC O A FRIZIFIE 100
% %L, D72 < &% Asp-hemolysin 30 ug/ml £
T3 HUVEC I L fa sk 2 /R S 7 & &V H
S5hEro7z (Fig. 2). X512, Asp-hemolysin i
MahBOAEGERIZIBI% EABEREMZRL
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(Fig. 2), {XiEH# @ Asp-hemolysin & HUVEC D
HbERE 2 TUE S § D T REE D HER X /e,

— RN A RS T B VT B A A D SRR S B A A
ELTEEY A NS COEERMSNTHO,
A. fumigatus BRI L THE DO EAT 505 H M
HFDPEEOYA M HA VIREZESIEEIT I EN
b R ) o R 10 & W2 R SRR E N
TW5, L LABENG, A. fumigatus Y2 BV
BIMENEMEOY A N1 VIREICBE L TR~
SN ERS TWRWI ENS, HUVEC Ol ik
AEE L TOYA M 2 EAICKIT T Asp-hemoly-
sin D BITONWTHE Lz, I7xbb, HiflazsHs
ZREBTNLNILOD Asp-hemolysin ZFRMLUIE#EL
72z HUVEC IZDWT, DY A kI > mRNA %
WaYA MhA DREWNT 714 < —% Wiz RT-
PCRIEICE DT L. DR, Fig. 31TRT
X HIZ IL-18, IL-6, IL-8, GM-CSF {THWT, D
DT FIVIZERIFIIEED 55 H D D Asp-hemolysin
L D R IR 1K A7 U 72 B R R B O 58 7Y
EihnEleoz. F72, TNF-alZ DWTI, Asp-
hemolysin i 12 h 17 & H 58\ TNF- mRNA F
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Fig. 2. Time Course of HUVEC Viability Caused by Asp-
hemolysin
HUVEC were cultured in 30 ug/ml of Asp-hemolysin. After the indi-
cated time, cell viability was assessed by WST-1 assay. Values are shown as
mean+S.E. of three separate experiments. The 100% control value was
0.720 measured as the absorbance at 450 nm. Significantly different from the
control at p<0.05.
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Fig. 3. Expression of Cytokine mRNA in HUVEC Stimulated by Asp-hemolysin
HUVEC were cultured with 30 ug/ml of Asp-hemolysin. After the indicated time, each cell was lysed, total RNA was extracted and RT-PCR was performed by
using specific primer pairs for S-actin, TNF-«, IL-18, IL-6, IL-8 and GM-CSF. PCR products were electrophoresed, and the predicted sizes of PCR products are in-

dicated. Size markers are shown in the leftmost lane.
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HE2ED-., ZO#EIE, Asp-hemolysin 73 M2 A
EMIICBNT ERET A M1 VB ETORB %
FEITDHILEERLTND.

TNF-o, IL-1B, IL-6, IL-8 \I LWk Yers o 4 4k
FIGD 1 DEL TEESIND KIEICHESEHET S Z
EMHIENTWSYA M A2THS. Asp-
hemolysin IZK 5 ZNHHA M A VB TORH
BARE, U1 M CEAOBEMERL, LTI
RIERRZBEL, X 5I3AHELZOMAaHENE &M
Fo THMEEZFIESEIL, HEEL TR
FIZ@< ZENBEASND. £ IL-6 1XMENK
Mo U CE SR TIE I 51EHEZHAL T
W5 ZEMS, A. fumigatus 5% O KN~ O i
AZHRbBZEBTFHINS., L LEDS,
GM-CSF i3 >4 —7 x0-y EHITHERITEH
U, A. fumigatus WARIZH T 2R EEZE KRS
BLZENMESN TRV EMS, ZN5YA
A D A, fumigatus BT BT B A A RIBG E
WL TOERbBEASNS.

—7F, A. fumigatus BEGIZ BT B H O M E H
PEZEIRTERE & LT, Paris 51213 A. fumigatus i
Pz BV D A. fumigatus AT O ME PN R A~
@ internalization Z 8 L, ¥R S5 A. fumiga-
tus 3T DTy MIFEREN S MENN DR AR
DFFEFING, HOFFIREENNDRAIZEL, FROD
YIEEAY 72 P E 1 O A Tl 7 < B O fLRE S =N T
DHEEZHEL TWS. £/, #FHS521T Asp-
hemolysin ®EYEMED 1 D& L T~ ZMEEN
EEBVETTEFER 28R T 5 L RITERKREGIT A
D REHB LT 5, B O/NEMBIRD
Fp RS OV U i B B A Az 0 B AR EE HR R I B3 1F D Asp-
hemolysin @ J{I{E & M5 F#t i DL Z RO, K#H
FOMEBEEEHMEZRBL TS, I5ITHANSY
W, O B 2 R U 72 BEREYIG 7 Z X)L )L
ZHE DIE B 12BN T, Asp-hemolysin A% Il B
DOE, HOMBNEBAICES L TWA a2
ML TWn3,

KX TIE, A. fumigatus B4 O & A19H R M J
FT&H 5 Asp-hemolysin O Il B BEIZ 6T 5 28 Al
f LX)V TS 2 B 5, MEEEDET )M
& LU T HUVEC Zf\), Asp-hemolysin D 7= 7235
PE& LT HUVEC IZH T Hfllgmtt &8 1 h A
1 ORBFEIEHRZHS ML, Asp-hemolysin

M A. fumigatus &G Z BT 5 E O 045 SR 12 3
OL MEREDOHIE, X 5I2IEEDIMENNDEAIZ
BT AEMIKTDO 1 DI EL A REMEE RB L
7z,
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