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The Fungicidal Effect of Apolactoferrin on Aspergillus fumigatus
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Ja Kyung Kim, M.D., Seung Hee Choi, M.D., Ae Jung Huh, M.D., Joon Sup Yeom, M.D.
Young Goo Song, M.D. and June Myung Kim, M.D.

Department of Internal Medicine, College of Medicine, Yonsei University, Seoul, Korea

Background : The incidence of aspergillosis is ris-
ing with the increased use of antimicrobial agents and
immunosuppressive drugs for the treatment of malig-
nant diseases, acquired immunodeficiency syndrome, or
organ transplant recipients. However, treatment failures
are also increasing which brings up the need for the
development of new and more effective agents and/or
compounds which support the activity of common anti-
fungal agents. Apolactoferrin is one of the nonspecific
host defence factors present in saliva that exhibit anti-
fungal activity. We studied the in vitro antifungal ef-
fect of apolactoferrin in combination with amphoteri-
cin-B against Aspergillus fumigatus.

Methods : Preparation of the inoculum and the
growth conditions used were those recommended by
the National Committee for Clinical Laboratory Stan-
dards M38-P (Conidium-forming filamentous fungi:
proposed standard). Aspergillus fumigatus test inoculum
was prepared to a concentration of 0.4X10*~5X10*
cells/mL. Appropriate concentrations of the antifungal

agents were added to the wells (50 L) and after in-
oculation, plates were incubated for 48 h at 35C. Tur-
bidity measurement was performed at 48 h at 630 nm
and the MIC was defined as the lowest concentration
of antifungal agents that inhibited growth of the organ-
ism as detected visually.

Results : In the combination of experiments, we
observed pronounced cooperative activity against growth
of Aspergillus fumigatus by using apolactoferrin and
amphotericin-B. The MIC of amphotericin-B was re-
duced by 1/10 in the presence of apolactoferrin.

Conclusion : The combined use of apolactoferrin
and amphotericin-B against severe infections with As-
pergillus fumigatus is an attractive therapeutic option.
Clinical studies to further elucidate the potential utility
of this combination therapy have been initiated. (Kore-
an J Infect Dis 33:325~330, 2001)
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326 oA 2] 99l : Aspergillus fumigatus9] W3+ Apolactoferrin® A#elA] &3}

Az LF Al nlzE|Rol4  {dSAINSAIDs,
ibuprofen)”, 7] EAH(Chitosan)”, Afo] E7}e1(IL-1, GM-CSF,
IFN-y, TNE-o)"?,
219 glo] 22k9) (lysozyme) " ', ZHE |2 (lactofer-
rin)’ 5o FAF ol iy A7t AyE L Yok 1
% lactoferrin® E-f-72] o] Fu|AI TFT] ol F]
(secondary gramule)oll Al F2 WAS 3 %79 wlEo]d )
o715% s+ A ZAEA debwliron-binding glycoprotein)

o]t}?. Lactoferrin Zol]4] N-terminal region© 2 HE] $-%%

Calcium-channel blocker(verapamil,

diltiazem)

715 lactoferricino| 2}l &}aL, iron free form$ apolactoferrin
olgbxr . Candida spp.oll 9Jo1A] o|2]gt apolactoferrin
o] gt A7t d3, AA Candida albicans®} Candida
kuseioll A AT 37} 9168 Bl SHolAE 4
S8 IHA Rl Iy apolactoferrin®]  Aspergillus
sppoll TR FATFHIE Dokt dTE et . whe}
A AR B A4 AT ARl B3 WATFE ¥
A7} =3 Q= Aspergillus spp.oll Qo]A] apolatoferrin®] H.
Shasts waa) skl

R

1. 0|8

Aspergillus  fumigatus (ATCC 26430)8 A-g3}9x 4T
Sabouraud dextrose agar (SDA)el| X.3s}3ich.

2. HY X

RPMI 1640 medium (with glutamine, without bicarbonate,
and with a pH indicator) (Gibco BRL, Paisley, UK)-& A&

Human lactoferring- SDS-PAGE¥ 2. 90% L2 & 7}%
8t iron free lactoferrin (apo-lactoferrin : salt free, lyophilized
power) (Sigma Chemical Co., USA)S A}-£8]9132, amphote-
rin-B (Fungizone; Bristol-Myers Squibb Company, Princeton,
NI, USAYE ol 5 mgml $EE FH[3 ok 3]

A skell =2 wiAZ B Yete] ARGt EE

oBo wWE] G BHo| dola] A83}9t). Amphoterin-B
o] 22X 001, 0.1, 1, 2, 5, 10, 50, 100 xg/mLE A-&3}
913, apolactoferrin®] %%+ 0.01, 0.1, 1, 10, 100, 200, 400
rg/mLE A3k

4. ¥

O

UA FRO #F HGHE od7] sl Sabouraud dextrose
agar (SDA)ol| Aspergillus fumigatusS 35C (in air)ol|A] 24
A7k wfekst o2, vl Aspergillus fumigatus 2] Z2Hs
WZo|2 A28t & 10 mLe] RPMI 1640 sz 3]A1s}<]
th 2 % t}A] 35C (in air)ol] A 18417 wiokek ok 1:10
o2 AU thA] 5AIZE T wieksleick SR FAE
A= TR = Y Fedes wA HEE v 15
27} Vortex mixS 3} 42 hemocytometer 2 A=
Jo] #F HGolo] kw2 04x10°~5x10° cellymL& 3k
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mLS A#e)] AL} Sterile 96-well plastic flat-bottom
tray S Ah&sto] 0.4x10°~5%10" cellsymlz 3] A% F &
N 50 pLot AR FE FRIFA 50 LLE o] Fo
150 (L7} ¥ %% vwA= A2 3]t

5. HiY, AME

o, oo

wjok& 35°C (without agitation)ol] 46~50A&]7F E<F &%
31, TEFE = SPECTRA MAX 34092 630 nmol|4d $3%
E 2489 c). HAGAFEMIC)= The National Commit-
tee for Clinical Laboratory Standards M38-P (Conidium-for-
ming filamentous fungi: proposed standard)ol] wig} Fo &
wol o ARE Al GAFA] HABES Hao
AEz Aelagiet™.
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1. Aspergillus fumigatus0| CH{El amphotericin-B2|
MTAN F3}

Amphotericin-B2] 0.01, 0.1, 1, 2, 5, 10, 50, 100 pg/mL
o] B wdlol] W 630 nmollA] FAEQ sk 0292,
0.094, 0.088, 0.086, 0.083, 0.043, 0.046, 0.042°.% Asper-
gillus fumigatusol| THEF amphotericin-Be] FHAAAszEE

Table 1. The Fungicidal Effect of Amphotericin-B on Aspergillus fumigatus

Amphotericin-B ( pg/mL) 0 0.01 0.1

1 2 5 10 50 100

0OD630 0.453 0.292 0.094

0.088 0.086 0.083 0.043 0.046 0.042




0.1~1 pg/mLo]tKTable 1, Figure 1).

2. Aspergillus fumigatusO| CHEl apolactoferrin®|
HEAN 51t
Apolactoferrin §F5-0 2 A8t H--ol|% Aspergillus fu-
migatusol] T3t A &37} A}t Apolactoferrin®] 5%
£ 0.01, 0.1, 1, 10, 100, 200, 400 pg/mLE Z7HAZHS o
630 nmoil4 FFEe] wW3k= 036, 0378, 0357, 0.345,
0.375, 0.312, 0.288°2.F controlel] H]3l A3 7H4she &

T Adodrh '3k zE5E9] apolactoferrinol| A = Aspergillus

0.5
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Figure 1. The MIC was defined as the lowest concentration
of the antifungal agent that substantially inhibited the growth
of Aspergillus fumigatus after 48h. MIC of amphotericin-B
for Aspergillus fumigatus was 0.1~1 pg/mL.
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Figure 2. Apolactoferrin only inhibited the growth of Asper-
gillus fumigatus after 48 h.
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fumigatusol] Wizt Al ZI7E QheE E 4 UATHFigure
2, Table 2).
3. Aspergillus fumigatus0| CHSt apolactoferrinz}
amphotericin-B2| HStA| 2| 1}
Apolactoferrin®} amphotericin-B] H g2 A] amphoteri-
cinB WO A3 9} oA It Fov, 4
AFEE S5 4G4 Hel 110 bk S % 5 9

i tHFigure 3).
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Aspergillus fumigatust aspergilloma 25-E] invasive asper-
gillosi7l A el 94 kol slew] 22 A #HL
FAZE Ha gk wak AF HAF Ak S o
solgaol} ool Al 2 Gl g, wE R

e A7t wol 71243 AAZE oFAle] Aol AR

e

ues

71&el Agske FATAY ALE HEAA BAEE
=9 g v HzHQ AR tidk W A7 ol %
t}. B|2H|Zo]4 &eI=A|(NSAIDs, ibuprofen)’, 7]EAF
(Chitosan)®, A}o]E7}91(IL-1, GM-CSF, IFN-7, TNF-¢)"?,
Calcium-channel blocker (verapamil, diltiazem)” ', @}o|&=}
9l (lysozyme)" ", ZrE |2 (lactoferrin)”, neutrophil’”®, calpro-
tectin’’ 5] Aotk H|2E|Zo]A 3HeIZAI(NSAIDs)C!
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Figure 3. Combined inhibitory effects of apolactoferrin and
amphotericin-B on the growth of Aspergillus fumigatus.

Table 2. The Fungicidal Effect of Apolactoferrin on Aspergillus fumigatus

Apolactoferrin ( g/mL) 0 0.01 0.1

1 10 100 200 400

0OD630 0.453 0.36 0.378

0.357 0.345 0.375 0.312 0.288




328  o]|&Al 9] 99l : Aspergillus fumigatusol] W™l Apolactoferrin®] A#helA| &3}

ibuprofen®] 73-%- Candida albicans NCYC61001] thal flu-
conazoleZ} 3HA| Foid 739 A5aIrt vk gheisla,
miconazole®] Z$% 45aIrt Qvkn Husge?®. A
o] E7}9I(IL-1, G-CSF, GM-CSF, IFN-y, TNF-a)e] 7%
RN 59} F15e ALAT AAEY Aee 7
SAAN AT G2 pela et Y. A
124739] F4 wWEy glellA] GM-CSFE AHgste] Ads
o] ZHslgdcke Hu% v} Aspergillus speciesol] I o1
TE J=d 19979 Nguyen o] azithromycinol] 2]3f am-
photericin-B2] g1 H3pr}t ZotElE AL Hasigloy?.
Lactoferrin- 193910 4=9] Zof|A] A5 W7AE 5L, 1960
d A EfrollA ZeElaigick it v, A, ', AR
ol So|A % HEASI 2 immunoglobulin A, lysozyme, his-
wting} o] %% Wolsh HAR A4S = uSolq o
chalo|t}. Lactoferrin® 6927112] opu|xAle g FLAE|o] 9l
o 80 kDao] EA}eky} N-, C-terminal lobesS 7}A|3L 9lo
v 7zbzb N1, N2, Cl, C29] domain®.Z 1}¥o] g} 2%,
Lactoferrin A4 9] =42 =7 Eo]ZH(tissue specific)o|m],
22 9]ZH(hormone dependent)?l Ao 2 ol AR, u}¥]
= FEAIE &3 AZuo]d(endocytosis)T} Kupffer cell,
A SJall AARE Aow A g Age =
G ZBolA lactoferrin®] FE=E 22 1 mg/mL, 7 mg/
mLo]r] A AwulollE= 05~1.0 mgmL TEAE 04~1.2
mg/mLo|H, 50| Qe olstilel 7% 14 mgmL 74A] W
AA?. AAZ FAA HAAGZF] A 74 AdE
S H|FE3 AF7edo] Bed) €A lactoferrin®] X7} &

i}

= oSN B Sy = 4 T

Az dEe W 5 9ok o]F lactoferring A7H
1,24

%% olsh WV} 9ee VAR & + Ak,

Lactoferrin®] 7)ol #gt oIz, ule)g]o}ol] gt &b
A2 vFo| Aoprker] a3tk il M lac
toferrine] Z3hike.za el b ES dekelo]
TddegE sta, a8 o4 Hhelelote] A% AlEHS lipo-
polysaccharided]] Z Ao g ZAelslo] AETH o ZHE lipo-
polysaccharideZ o|EhA|7|= &S 3l Qrta Azbela
ek kAol 7% teichoic acidel] Adlel= Ao g L&A
Y g gato] A Axdu| Ao s B Ay A
T Aol 223 HIE JoA FHAEE HIAT,
G Tl eliAe AH s Azxdo] Ajtsie] le-
thal effect® Hol:= Aoz Az} ™ 1 9 3% 3
o) M g, wlaze] Aste] A So| uyde
2 A8 Zlog A7Rehel. wdk azole-resistant Candida®)

7395 lactoferrino] Cdrl 72 multidrug efflux transporters

o $ES oA BAF LI eIt Baela 9)
.‘4‘3, 19).

AR} S0 A#A Aspergillus fumigatusol] 3 lacto-
ferrin®] ZH8-S- Abw]E v}, amphotericin-Be] 2F-g-o] A|Ewqt
9] ergosterol} ZAglslo] F2 A, apolactoferrin®]
AlERte] 2kl w39 HQl AAE 7HAE o vk A
& o glont, AdelAs WgeAl AAdA A3t £
= BT 5 Uk ol B2 AlxTe] &S 3
strjeka Adtsle F9l0ll Zpol7t e Aoz Azl 9}
o amphotericin-B2] 28714 F LFolAe AEHH 213
(oxidative damage) #h-go] g2 ZIe} o] Glrkar A
Zhgke), w3l AgollA % apolactoferrin®] SRR+ f3}ol|
zpol7} Qe ole A4 B4 HIZEES] Holu; AlxH e
u|AgE AR o], d A HekEe Xo] o] %
ol Aoz Argnt

B oJFol| A= lactoferrin®}  apolactoferrinol] tHall Asper-
gillus fumigatus® YAF FIE 8|28l lactoferrin
st} apolactoferring] a7} SUIL BT + glgieh ol
+ iron free formQl apolactoferrino] iron saturation form X
o} Az Agbsol A FHT ZIrt F AoF oA

1 9] )45l nol@lzell 3t lactoferrin®] 3P,

Akl =4, aela AN FRH el Futels
AT g 5o ArhHAAS A lactoferrine]]  Th3k
lA|e] WA, fibrosarcoma?} melanoma®] NK-cell S &3}
AL HRAE wehs e,
AA AN X 8H G dEliAE B2 A7 A
F£9] 739 lactoferrin 600~2,000 mgS Ah-£&}o]
AL B A7} 9o’ Helicobacter feilisS] 73
lactoferrin 10 mg-& Ah-&&lo] amoxacilling E3Fst 7|&
o WEAEs NEA) HlEse Rarh g o
Q9] Wiz AL Z3t] £ w 1~1,000 mgmLe ok
9 A A5H Sl D Ao A

7] the] 73§ apolactoferrin @] FEE 5, 10, 20 pg/mL
2 Z7HA &% oEH(dose-dependent) 2 HF FI7}
vebd- Basigiel”. B eol A apolactoferrin®] &3
oj&zlol XF g1} apolactoferrin AFA|2] HAAA|EE
Z 2R3 = 919}l o] & 9le) FIC index (fractional in-
hibitory concentration index)9} We &y} = ALgNE F
WalAlE FEieleh ol Adslkedl vortex mixE sRATF
n) A= well B 53 £ sI7F o faL, wlieks 3
ol A% welle] 7HARtEl 2 F2 2] wigell g
ZAs}7] Aol pipetting?} shakingS s}A|7F FE=3S

f
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shedl ofefgol Ak o]d QolEe] A¥e exw &
438k 5= Qlcka AZE ) Aspergillus fumigatusol] tElF X &
Al 7188 FRFAl gt FAgo g ofAle Agell Al
o] 9l 7% apolactoferrin®} 7+ H.9-*X| 5 (Adjuvant thera-
py)el Hitel sike] Azd Ado] B 4 g, ol2A 7]
2o gUTAL 42 AN Fold AT F 9o

amphotericin-Bell ™t 2|42 7} =& Aspergillus spp.
9} WA T30l Wit apolactoferrin®] L7} H Q&) A}

o (o]
I =

T H 2T S AL AL, LR =A9 A

71014, A AA gl getAle] AHE, 4 Y
ARZ BAh Sl w17 gFe W SR
2 9ieh dela @A) A8 FQl GREAel dik Ratge
2 opl Aol At} S WATFIF B BA} H
Y WA 1S GAFAS w A 2Ae Lo
o] IFEaL vk I F lactoferring EAH-72] 2lEn| Azt
IZTe] o]z FF(secondary granule)ollA] F2 BIAE T
7] B|Bold Wolrlg she A A4 Pebiron
binding glycoprotein)o]t}. Lactoferrin Z-ol|4] iron free form
< apolactoferrine| 2} st} Candida spp.ol] JojA] o]z]st
apolactoferrinol] th&l ed77} Al o}, Aspergillus spp.ol] T
g AT afE Yol A ek webA Az 5
5489 AF AdEel 3 WATEFE AV H
Q= Aspergillus spp.oll o]A] apolatoferrin®] HAJZ 7=
HaA gtk

HF B : 4°C Sabouraud dextrose agar (SDA)el] H3A3l As-
pergillus fumigatus®} RPMI 1640 ®jAE A-£3)9ict. Hu
man lactoferrin® SDS-PAGEH S 90% +E2 7}33h
iron free lactoferrin z}2+ 0.01, 0.1, 1, 10, 100, 200, 400
pg/mL 558} amphoterin-B Z}2}F 0.01, 0.1, 1, 2, 5, 10, 50,
100 pgmL F=5 AEslltt 94 =9 ¥ Fide
A7) Y& + & hemocytometer2 A|Zs}od 0.4x10*~
5%10* cells/mLS Aol A-Es}9}. Sterile 96-well plastic
flat-bottom trayS AF&3l9lx e SPECTRA MAX
34022 630 nmollA] FHEE FAHU HadAsE
(MIC)= The National Committee for Clinical Laboratory

rlo
Rt oo

O

Standards M38-P (Conidium-forming filamentous fungi : pro-
posed standard)ol] wie} Fo 2 Hol #2o] AAS JAls=
PAFA HaBeg HielAsEn Folsigle
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A 1} : Aspergillus fumigatusol] gk amphotericin-B2] %]
94l 5EE 0.1~1 pg/mL3, apolactoferrin §H5-0 & A}
L3 o= Aspergillus fumigatusol] WEF A E3}7} )
9l om, apolactoferrin®} amphotericin-B2] ¥3t Q2 A] ampho-
tericin-B ©h50 8 A-&3F 7-¢-Hel oA A3t zlem, 3
EASEE 9E ASA e 110 A% LU E 5
it

A 2 Aspergillus fumigatusol] et XA 7]|E&9] kA
o i 2Agow Agol Altke] It 79 apolacioferrin
I 22 KX S (Adjuvant therapy)e] W¥o] shite] A&
A Adle] & & 93, o]24 7|E oAl Ads Fola

WTRY F8E 53 5 Ug A0E A%E
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