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Abstract

Project Code: MRG5480084

Project Title: Role of Iron and Iron Chelator in Pathogenesis and Treatment of Cryptococcal
Infection
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Division of Infectious Diseases and Tropical Medicine, Department of Medicine, Faculty of Medicine
Siriraj Hospital, Mahidol University

E-mail Address: methee.cha@mahidol.ac.th

Project Period: 2.5 years (15 June 2011 to 14 December 2013)

Introduction: The iron chelator, deferasirox (DFX), has shown to have fungicidal activity against
Rhizopus. This work is to investigate the potential antifungal activity of iron chelators, deferoxamine
(DFO) and DFX, against cryptococcal isolates and their impacts on expression of cryptococcal iron-
related genes.

Methods: Cryptococcus neoformans and Cryptococcus gattii were used to determine the minimal
inhibitory concentration (MIC) of DFO and DFX and the fractional inhibitory concentration (FIC) of
the combinations between the iron chelators and amphotericin B (AMB). Growth curves of
cryptococcal strains in exposure to iron chelators, with and without AMB, were performed.
Expression of cryptococcal CFT1, CFT2, and CIR1 genes was determined using semi-quantitative
real-time PCR.

Results: Both DFO and DFX alone show no antifungal activity against Cryptococcus strains.
However, when combined with AMB, the MIC of both DFO and DFX decreased from >200 ug/ml to
6.25 pg/ml for serotypes A and AD. For serotypes B, C and D, the MIC of DFO and DFX decreased
from > 200 pg/ml to 6.25 and 12.5 ug/ml, respectively. Likewise, the MIC of AMB decreased for one
dilution in all strains when combined with iron chelators, giving the FIC of 0.5 and 1 for DFO+AMB
and DFX+AMB, respectively. Growth curve of C. neoformans (serotype A and D) showed a
significant growth retardation of the yeast cells when incubated with a combination of sub-MIC
concentration of AMB and DFO, compared with either AMB or DFO alone. However, C. gattii
(serotype B and C) exhibited significantly less extent in growth retardation in media with DFO+AMB.
In contrast, cryptococcal growth retardation was not observed, or minimal, when DFX is used in
combination with AMB in all serotypes. When C. neoformans was grown in DFO, the CFT1, CFT2
and CIR1 were expressed for 1.7, 2.0 and 0.9 times of control, respectively. With DFX, the CFT1,
CFT2 and CIR1 were expressed for 0.5, 0.6 and 0.3 times of control, respectively.

Conclusions: The extent of synergistic effect between DFO+AMB was more than that of DFX+AMB
and this is different to Zygomycetes in which DFO enhances fungal growth. CFT1 and CFT2
overexpression seems to be the major mechanism related to growth inhibitory effect of DFO.
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un¥in: Mmsdnuluadanuisnaumandendsend (deferasirox wia DFX) Janiaingaslslola
(Rhizopus) miﬁﬂmﬁﬁf@qm:mﬁLﬁaﬁﬂmqﬁ%ﬁmﬁaiwaamm”umﬁﬂ fa  Awatanain
(deferoxamine %38 DFO) uaz DFX datasnsylanands (Cryptococcus) LAENAVBILWEN AT
LLEWNElElﬂ“lladﬁuﬁLﬁﬂﬂ“ﬁﬂdﬁUﬁ’]@L%ﬁﬂ"ﬂﬂdL%ﬂﬂ%ﬂI@lﬂaﬂﬂyﬁ

38ms@nwn: e minimal inhibitory concentration (MIC) w8$g1 DFO uaz DFX dalfa
Cryptococcus neoformans Waz Cryptococcus gattii WRLFNWIMAN fractional inhibitory concentration
(FIC) 848NN FUTEWINg DFO %3a DFX fil amphotericin B (AMB) wazaidnsnuaainmsaiatiule
vosmuwuiaiLlanands Tunsfidentumanegnadginasnsifondumansiuiy AMB  uaz
dnwnsuaadaanaadiiu CFT1 CFT2 way CIR1 laultit semi-quantitative realtime PCR lun1ag
@19 9 INE?

HaMsAN®N: B1TLmMAN DFO waz DFX Miflgnidwdan Crptococcus Tanassudilialdsaamium
AMB WU31 MIC 28981 DFO uaz DFX 154aaada1n > 200 pg/mi 1w 6.25 pg/mi ludassulnnanda
Flsving) A uaz AD dw3udlsvivl B C uaz D wuinen MIC 289 DFO uaz DFX aaada1n > 200
ug/ml 1w 6.25 ez 12.5 pg/ml @IURIAL Laza1 MIC 2839 AMB aaas 1 mwm"ﬁw‘iﬂunﬂmuﬁuf
WoldurinenTuman a9iud sy DFO+AMB uas DFX+AMB 3sdnwmedn FIC 16 0.5 uaz 1
audray mnnmugaamasyidula Wi C. neoformans (@lavind A uaz D) fmasyidulath
sannnidlamnziasageluemnianatend AMB 118U DFO wWisuifisuiuidaimnziaoiol
AMB %38 DFO ahaifizn wadmin C. gatti (Flsvivd B wae C) fmadndivladradliannidle
WnzLR I luenmsIA 9L EeRd DFO 320U AMB samnstwiziassidal DFX $2uriu AMB 1i s
wuiwﬁmst‘i’uﬂ'ﬁamsm’%zyLauimﬂnaaL%aLL@iasiﬂal@ flownzidpada  C. neoformans lu  DFO
WisusuAUN§UAILAN WUINMTUEaIaaNYadHn CFTT CFT2 uaz CIRT 1l 1.7, 2.0 uaz 0.9 1
anudey uasiiotwnzidsadals DFO wumMsugasaanvasfuasngn u 0.5, 0.6 uaz 0.3 i
AN

unasl: mydnwniiwudnsiEugntuuessn DFO waz AMB lumstusadensylaneass annia
qnBuasE DFX $2uny AMB @suanensanmsdnenlufan zygomycetes Aiwuin DFO vinliida
wsyulaanndu maugaseanannduues CFT1 uaz CFT2 maulunalnwanfisuwusiugninms
fUsIFaas DFO
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Executive Summary
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TsndaesasUlanends (Cryptococcus spp.) Wia cryptococcosis Llulsadaioarslona
Adulymidyuaznudususumursimstadoaislons Tudiholsanfidunuunwsesmsalae
load (AIDS) sasanimlsn uszlsnlansniguanniie Pneumocystis jiroveci Gﬁw“'ﬂﬁ):wulugﬂwﬁﬁ
\adanu17 €D, lymphocyte @1n31 100 \TadaNUNANAANNAT aam"l,iﬁmu’luﬂ%’«g‘u”uﬁmﬂ“ﬁm
duhsaadraunsnasanduly a”mﬂmiaw'fi?amUIamalunﬁjwQ”ﬂaﬂiiﬂgﬁ@j’uﬂ“uunwimﬁvlﬁﬁ'um
dnlasaanasiisnIonits Lwiﬁs]”aﬁgﬂ'sm"'aﬂﬁmﬁﬁmL%‘Daﬂ'%ﬂimaﬂﬁmﬂm‘hmumn Tooasudd w.e.
2527 — wpumay w.a. 2553 ludszinalnowuguaalse cryptococcosis annfis 51,676 1o Aaillu
Jowaz 13.71 vasihe HIV vawua wananidenestlaneadadsmansanalsaldluaudnadilale
finzpiiduiuiein@anes

\aresUlanaadamusanalsaluaivazene g lanansastn: Awudes ldun suvdszam
faunans Uan @ntI UaTMIRALTELULUNINTZNY  TMIfRRALIINITIINENY8d Infectious
Diseases Society of America (IDSA) wi9tdu induction phase, consolidation phase L& maintenance
phase lagfignnanauuwiniamssnsnd 2553 (Clinical Practice Guidelines 2010) @8 %749 induction
58 2 sliasauny fa amphotericin B uaz flucytosine wiian 2 sa1 sulutid consolidation T
1 fluconazole Tumsinwudwam 8 e uscludihelsapdduiuunnses  dasldongas
maintenance @a@8 fluconazole 8AUWA IUITAL CD, lymphocyte WRuduannnin 100 oade
ANUNANNARINAT

atndlsfianu ﬁaLLﬁ;jﬂ'sﬁﬁﬁ@tﬁaﬂ%ﬂlmﬂaﬂﬂ”m]zvlﬁﬁ”umﬁﬂmeﬁﬁmﬁ'\m"‘ﬁ?aﬁmml,m
nINIINFaIRANZANLEY aaTMInogIasgaiisTesar 25-30 uazniaiiannuRnIIgILzaNm
fouaz 40 TﬂsJmww:ﬂizmﬂﬁﬁaw“@umé’mwmm:gﬁu wonanit Tudsznelnglaifien flucytosine
dmiultlumsinslugie induction sulngdadunslsaiasaidaifia amphotericin B tilwiam
2 sanvinanfiezidswin fluconazole 3sanavinlinasasmsnnlidiviiians arti msdnsie
misaEssdannfalsauazuinilndlumsineldaidansulaneads Telenudanuay
dudu Lﬁadﬁnﬂn'ﬁ%'nmﬁﬁluﬂ%@u”uﬂhvlaiﬁwa myenewegnsinia nalnmafalse uazendwde
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2. Jagiszavdvaslasinis
- ’Jymgil ¢&IANAN (primary objectives)

1.) Lﬁaﬁﬂmmwmmm‘nadm‘ﬁmﬁn deferoxamine Wae deferasirox 1umiﬂl‘uﬂ€w§a a3ula
ADARRIINUTAN

2) EnEHaIEILITLIRENAaNSURaIeanTasE R ABNT oI UMTImaNIT LS (CFTT  uas

CFT2) uazfunmugumaindn (CIRT) va4danIdlanands



3.) ANBINAUILNTUMANGaNIILRAIBaNVaY virulence factors NidATY
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- ImailszauAsad (secondary objective)
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4) Wefnmanuuandvzaurasmqudniugihsliagiiduiuunwiasniimfagauas lide

WwansUlananaa
3. suiigunsiow
=2 Fa ' A =2 @ % & @ =< o |
M3ANHIRT 2 821 Ad NISANLURBINARDY (Taquszaadnan 1-3) LLa:ﬂ’]iﬁﬂ‘iﬂﬂuﬁdﬂ’w

(Tandszavdies 4)

1. msdnsinieineaas (Inalszasanan 1-3)
L%ﬂﬁﬁ]ﬂ“ﬂuﬂ’ﬁﬁﬂwlﬁa C. neoformans (serotype A Uas D) uwaz Cryptococcus gattii
(serotype B uax C) ﬁqi‘l 4 ﬁi’lal'*./\lw‘u‘,'.lg“r 8 molecular types (374 9 strains I H99, WM148, WM626,
WM628, WM629, WM179, WM178, WM175 was WM779) LLmL“'ﬁYa Cryptococcus spp. clinical isolates

15 isolates (TINNIFW 24 isolates)

Inaissasanan 1: INoANEIAINNENITNVIBNTULRAN deferoxamine Wa deferasirox 13

m3gudade asulanandaaEWUTe 9

Rationale: 91nmsfinludasofingu e1TLman deferasirox fign fungicidal Aol
V19790 mﬂqmauﬁﬁlumiﬁﬁﬂmﬁﬂaaﬂmnwnarﬁaiw V‘hlﬁl,%avlajmmmﬂwm@;mﬁﬂvlﬂhwlﬁ
miﬁﬂmﬁmﬁuwmwm‘u"’umﬁﬂawﬁqmamﬁ&ﬂu partial synergism 18N amphotericin B dalde
Cryptococcus taul#en FICI Uszunos 0.5

Experimental design

- %161 minimal inhibitory concentration (MIC) @481 deferoxamine Was deferasirox @iaLéa
Cryptococcus spp. 7130 24 isolates 1a83% broth dilution test

- AnnelEs NIt LImANT9§aTfiaiL 81 amphotericin B ua fluconazole lag
5% checkerboard method LAzAWIRLN FICI TadLd0

- fnm growth curve madL%a C. neoformans W8z C. gattii ﬁz\‘i 4 serotypes lumﬁz‘ﬁiﬁ
deferasirox 138 deferoxamine YINNL amphotericin B Wisueuny amphotericin B alone Lﬁiag]wa
289 deferasirox lumssudaga

- @nwn growth curve “nadl,‘fi?a C. neoformans Wae C. gattii ﬁg\‘i 4 serotypes lum?:ﬁﬁ iron
excess WinUIBLAL nzUnduaznisfidondumen Lﬁagwa“uaa iron dan1Laswiiulaveade

- winwuiimssudadansulaneadalasstumanluanizlaaniemils wfnwnavasms
\ANTGIRAN mvl,ﬂ’l,uamazmdwfuLﬁag’hmmmﬁﬂﬁﬁaqu’%tgLauI@vL@Tﬂﬂﬁﬁ%aVLaj

NaN1IANEN

wu’jqﬁmna‘%uqﬂﬁfﬂyuszwj’m amphotericin B il DFO  Wa¥a1nNNIAN®N growth curve
WUIN  C. neoformans WSAINATALAWNI1  C. gattii LLasziaLau‘m@lmﬁﬂvﬁﬂﬂlm%ﬂﬁgﬂdﬁ’m
amphotericin B $241TL DFO udatiu wuiaansnfiasrhliifansusaiydulald nande anins
fUSNT0u89 DFO 2swwall sIumInesaueniIunuIzning amphotericin B 933N0 DFX L&
fluconazole 3237y DFO w3a DFX i luifinaasunniin



In0UIEAIAREN 2: ANBINAVDIOITULRANAINIILRAIDANTY BIDRNLNLITEINUNTHIAED

s (CFT1 uaz CFT2) uazbunaiuqumandn (CIR1) vausanilanands
Rationale: CFT1 ua CFT2 \Juduineasny iron transport luia Cryptococcus spp.

wae CIR1 Lﬁﬂ’)‘ﬂbdﬂﬁ‘iﬂ’lu@]‘&l iron 1%@&‘?]8& Cryptococcus LLﬂtgdﬂ’JﬁJQNﬂ’ﬁLLﬁ(ﬂdaaﬂ“llad virulence
factors wangTia @Taifumsa@mmacqulm§mrmwamaamm”umﬁnﬁama}zﬁwﬂﬁﬁmnmmaanmaa
Sueana R (up-regulation)

Experimental design

- L"'}ij%a C. neoformans W8z C. gattii ﬁ]tgﬂLW’ltLgﬂ\‘llu broth ﬁﬁ deferasirox %38 deferoxamine
200 pg/ml uazLfuimaiae 0 uaz 12-18 Talumatanninzidariansn RNA

- 70U30106 RNA waza31d cDNA 310 RNA

- wINmwuas CFT1, CFT2 uaz CIR1 expression lag quantitative real-time PCR

NANIAN®N

LﬁaLgﬂaL%a C. neoformans luaﬂmil,gﬂu%aﬁﬁ DFO wuiiinns up-regulation w83 CFT1
L8z CFT2 genes &% CIR1 gene fuﬁ down-regulation BHVGH] LLGiLﬁaLgmL%a C. neoformans lw

2IMILRBILTaNA DFX WuIAn1T down-regulation V8419 CFT1,CFT2 Waz CIRT gene TaLah

InguUszavAnan 3 AN INaUILTTUWENGBNNIUEAIBBNTBY virulence factors IFATYNS

Tuszau phenotypes LAz gene expression

Rationale: :1nN3fn®1289 Jung et al. (12, 13) 1o targeted gene deletion 2038% CFT1
w8z CIR1T WU gene wg\maaﬁmméwﬁ@@ia cryptococcal virulence Waza13AIUAN cryptococcal
virulence factors L7t m’mﬁ’lminluﬂ’mﬁ]‘%ty@ﬂ@ﬁ 37°C LLazmiﬁ%ﬁ\‘lLLﬂﬂ?a @vaifu NIEVIQLREN
AMNLTULRAN B1ANNARAS expression Va3 virulmnce factors AINE?

Experimental design

- L%a C. neoformans W8z C. gattii ﬁl:ngﬂ:Lgﬂdlu broth ﬁlﬁ deferasirox %38 deferoxamine
200 pg/ml uian 24 Falug mu@;ﬁ'm%aﬁl,ﬁ?mlu broth UnfiuazfinwudIouifiay virulence factors
fo

1. #nwamavas capsular polysaccharide Twnnazffiuas lifoduman Tasmwizigeln YNB
broth LLa:ﬁm%avli’ﬁthQﬁ 37°C awavad capsule Uszliulasgainndasaansseiuaznien
capsule: whole cell ratio

A

2. anwmanaalunsniydulan 37°C lasmawizdgalu YPD medium igmannd 37°C

U

NaN1IIANE

pduwdnms 2 siia Lifinsdemisisuadgasenie wazlidnadanisaiyngmngd 37°C

289178 C. neoformans



2. madnmludile (Iandszasdsas 4)

Inaissainsay 4: ﬁﬂmmwLmnsmszﬁwaam@mﬁﬂlu;&”ﬂaﬁIﬁﬂQﬁﬁuﬂWuunws’aaﬁﬁ@

Wwauazlifaitenstlananay)
Rationale: annnsdnlugihouzsudaifealusfalan iglesias-Osma C. et al. (ARunly
. A aa a & a a A & .
J Clin Pathol 1995:48:223-5) wuigiheninmifaenriagnauaziinsiiaiuyad transferrin
saturation, serum ferritin LAz serum iron &3%f1 serum transferrin WY total iron binding capacity
o | Aa & <& ° v | A WM va & Pz = | v o o '
(T1BC) ludihon@agananaunuazdinnidionliladaren Sedsfivhdanusunuiiuszning
MsmanAutunMsaaten lagmsanenitlinuanusuwuiaasnzmanifuiulsauzSudaden
289518 AIBUAMTIRANIABENTANNFNNUT N UM IR TaNaSUlanenaw lauazrnn e uiunng
saszaumaudniuiinmeaatilasiuniafinadensinsfihefidarenilanandald
;sﬂl,m‘ua’m?a’ﬁ'ﬂ cross-sectional study
szrnsndnusn
1 dl
- WARINNN209UIEBINT
o | a & A v aa o . &
din@aide HIV Aildsunsafiaandu cryptococcosis (laBasianuiainnnIanie
\Ta india ink 138 cryptococcal antigen wau1n) laglasumsifteasaielu 1 Duasias
lasumyinmagdmwan 15 Nouazgdesai laildidu cryptococcosis fi CD, dn1 100 Laa
@8 AU.UN. LASHANILAZLRENATID cryptococcal antigen ldtaay $1uu 16 T8 (control)
. .
- M3 laaBIdsEEnINANEA
dihenfinas  asuanafidmue  azldtunsseunwanuminslaluniadiig
lawsniie lavazseumagiholasasnlegn@monss ndimlasinside wingihe
qula Q‘huimamﬁiﬂﬁauﬁaﬁﬂa:Lﬁﬂmaﬂﬂ‘samﬁﬁ]‘"ﬂmwLanmi%l,m@“ﬁﬁ'wmﬁﬁﬂ
uwazvaaNnudusananienTagndgis
A 4o o A .
- #onigvgerlinudszansN@nm (Intervention)
1.) ;Eﬂ'amzvl,@i”%'umslmzl,ﬁa@Lﬁamm iron study leun serum iron, ferritin, total iron
binding capacity (TIBC), serum transferrin, transferrin saturation
NanN1IANEN
dihe HIV fiduuazlsiidulsn cryptococcosis Lifinnuuandnsnuluszauuas serum iron,

ferritin, total iron binding capacity (TIBC), serum transferrin, transferrin saturation



itaveudse
Inguszasn 1
(1) i'mqﬂ'a‘zmﬁmm‘iﬂsamiz WNAANEIAMNENNNTOUBIENTLUIUAN deferoxamine WAE
deferasirox lunstiugada rslnpandaaanufamg
(2) sziliguglas
2.1 %A1 minimal inhibitory concentration (MIC) 124981 deferoxamine wag deferasirox
r;im%”'a Cryptococcus spp. 994 24 isolates 1meiAg broth dilution test
22 Ansmaaugnaszuineendumanagasgiaiy 81 amphotericin B 1neida
checkerboard method WazAUIAN FICI 2838598 24 strains
23 Anmmaaugnassuineendumannegasgiaiy 81 fluconazole  Ineidd
checkerboard method WAZALAIAN FICI 129182593 3 strains
2.4 Anm growth curve °1|@~1L°7jrﬂ C. neoformans wag C. gattii ‘Vlzsi 4 serotypes °lun’1'nx‘7"1
N deferasirox #3@ deferoxamine $2auNLU amphotericin B wlFaunauny
amphotericin B alone Lﬁﬂ@ﬂ@“ﬂm deferasirox °lum'a‘€ll‘l.|£|3~1ﬁ,’a
2.5 Anw growth curve mﬂat%x,ﬂ C. neoformans °lun’1’;x7'|ﬁ iron excess L3aLLigIL

@ a = @ < & . ' a a
nu ﬂ']'JS‘IJﬂﬂLL@Sﬂ']'JS‘VIﬁEI']“HULW@ﬂ LW’PJ@N@‘II’PJG Iron ﬂ’ﬂﬂ']‘é‘LQﬁ‘IyLﬂUilﬂ“ﬂ@\?
e

(3) HANNFANEN
3.1 A1 MIC 229 DFX waz DFO waz FICI 789 Wiali$anfiu Amphotericin B siavia C.

neoformans WUH synergy $1974 DFO wag Amphotericin B

Agents / Organisms MIC (ug/m)

WM 626 H 99 WM 148 WM 629 WM 628
Deferasirox (DFX) >200 >200 >200 >200 >200
Deferoxamine (DFO) >200 >200 >200 >200 >200
Ampbhotericin B 0.5 0.5 1.0 1.0 1.0
Amphotericin B + DFX 0.5/6.25 0.5/6.25 1.0/125 | 1.0/125 | 1.0/125
Amphotericin B + DFO 025/6.25 | 025/6.25 | 05/6.25 | 0.5/6.25 | 0.5/6.25
FICI of Amphotericin B + DFX 1.03125 1.03125 1.0625 1.0625 1.0625
FICI of Amphotericin B + DFO 0.53125 0.53125 0.53125 0.53125 0.53125




3.2 A1 MIC 284 DFX waz DFO waz FICI a9 tialisaniu Amphotericin B Aalia C.

gattii WU synergy 51974 DFO 1ag Amphotericin B

MIC (ug/ml)
Agents / Organisms

WM 179 WM 175 WM 178 WM 779
Deferasirox (DFX) >200 >200 >200 >200
Deferoxamine (DFO) >200 >200 >200 >200
Amphotericin B 1.0 1.0 1.0 0.5
Ampbhotericin B + DFX 1.0/125 | 1.0/125 | 1.0/125 1.0/125
Ampbhotericin B + DFO 05/6.25 | 0.5/6.25 | 05/6.25 | 0.25/6.25
FICI of Amphotericin B + DFX 1.0625 1.0625 1.0625 1.03125
FICI of Amphotericin B + DFO 0.53125 0.53125 0.53125 0.53125

3.3 A1 MIC 229 DFX waz DFO waz FICI aa9 ialisaniu Amphotericin B fiaidan3ln
pandaiuanlaangilae 15 aaug wu FICI 989 DFO uaz Amphotericin B agisz1414 0.5 i 0.75

MIC (ug/ml)
Agents / Organisms
ICT009 ICTO015 ICTO16
Deferasirox (DFX) >200 >200 >200
Deferoxamine (DFO) >200 >200 >200
Amphotericin B 1.0 1.0 1.0
Amphotericin B + DFX 1.0/6.25|1.0/6.25 | 1.0/6.25
Amphotericin B + DFO 05/6.25|05/6.25|0.5/6.25
FICI of Amphotericin B + DFX 1.0625 1.0625 1.0625
FICI of Amphotericin B + DFO 0.53125 0.53125 0.53125
MIC (ug/ml)
Agents / Organisms

ICT0O1 ICTO03 ICT006
Deferasirox (DFX) >200 >200 >200
Deferoxamine (DFO) >200 >200 >200
Amphotericin B 0.5 1.0 1.0
Amphotericin B + DFX 05/6.25 | 05/6.25 | 1.0/6.25
Amphotericin B + DFO 025/6.25 | 0.25/6.25| 0.5/50
FICI of Amphotericin B + DFX 1.0625 1.0625 1.0625
FICI of Amphotericin B + DFO | 0.53125 0.53125 0.75




Agents / Organisms

MIC (ug/ml)

ICT007 ICT008 ICT012
Deferasirox (DFX) >200 >200 >200
Deferoxamine (DFO) >200 >200 >200
Amphotericin B 1.0 1.0 1.0
Ampbhotericin B + DFX 1.0/625|10/6.25| 1.0/6.25
Ampbhotericin B + DFO 05725 0.5/50 05/125
FICI of Amphotericin B + DFX 1.0625 1.0625 1.0625
FICI of Amphotericin B + DFO 0.625 0.75 0.5625
MIC (ug/ml)
Agents / Organisms

ICT013 ICT017 ICT020
Deferasirox (DFX) >200 >200 >200
Deferoxamine (DFO) >200 >200 >200
Amphotericin B 1.0 1.0 1.0
Amphotericin B + DFX 1.0/6.25|1.0/6.25| 1.0/6.25
Amphotericin B + DFO 05/6.25|05/6.25| 0.5/6.25
FICI of Amphotericin B + DFX 1.0625 1.0625 1.0625
FICI of Amphotericin B + DFO 0.53125 | 0.53125 0.53125

MIC (ug/ml)
Agents / Organisms

ICT021 ICT023 ICT029
Deferasirox (DFX) >200 >200 >200
Deferoxamine (DFO) >200 >200 >200
Amphotericin B 1.0 1.0 1.0
Amphotericin B + DFX 1.0/6.25|1.0/6.25|1.0/6.25
Amphotericin B + DFO 0.5/6.25|05/6.25| 0.5/6.25
FICI of Amphotericin B + DFX 1.0625 1.0625 1.0625
FICI of Amphotericin B + DFO 0.53125 | 0.53125 | 0.53125
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MIC (ug/ml)
Agents / Organisms

H 99 WM 178 WM 626
Deferasirox (DFX) >200 >200 >200
Deferoxamine (DFO) >200 >200 >200
Fuconazole 2.0 8.0 1.0
Fuconazole + DFX 20/6.25 | 80/6.25 | 1.0/6.25
Fuconazole + DFO 20/6.25 | 80/6.25 | 1.0/6.25
FICI of Amphotericin B + DFX 1.0625 1.0625 1.0625
FICI of Amphotericin B + DFO 1.0625 1.0625 1.0625
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ABSTRACT

Introduction: Theiron chelator, deferasirox (DFX), has shown to have fungicidal activity
against Rhizopus. Thiswork is to investigate the potential antifungal activity of iron chelators,
deferoxamine (DFO) and DFX, against cryptococcal isolates and their impacts on expression of
cryptococcal iron-related genes.

Methods: Cryptococcus neoformans and Cryptococcus gattii were used to determine the
minimal inhibitory concentration (MIC) of DFO and DFX and the fractional inhibitory
concentration (FIC) of the combinations between the iron chelators and amphotericin B (AMB).
Growth curves of cryptococcal strainsin exposure to iron chelators, with and without AMB,
were performed. Expression of cryptococcal CFT1, CFT2, and CIR1 genes was determined using
semi-quantitative rea-time PCR.

Results: Both DFO and DFX aone show no antifungal activity against Cryptococcus strains.
However, when combined with AMB, the MIC of both DFO and DFX decreased from >200
pg/ml to 6.25 pg/ml for serotypes A and AD. For serotypes B, C and D, the MIC of DFO and
DFX decreased from > 200 pg/ml to 6.25 and 12.5 pg/ml, respectively. Likewise, the MIC of
AMB decreased for one dilution in al strains when combined with iron chelators, giving the FIC
of 0.5 and 1 for DFO+AMB and DFX+AMB, respectively. Growth curve of C. neoformans
(serotype A and D) showed a significant growth retardation of the yeast cells when incubated
with acombination of sub-MIC concentration of AMB and DFO, compared with either AMB or
DFO aone. However, C. gattii (serotype B and C) exhibited significantly less extent in growth
retardation in mediawith DFO+AMB. In contrast, cryptococcal growth retardation was not
observed, or minimal, when DFX is used in combination with AMB in al serotypes. When C.

neoformans was grown in DFO, the CFT1, CFT2 and CIR1 were expressed for 1.7, 2.0 and 0.9



times of control, respectively. With DFX, the CFT1, CFT2 and CIR1 were expressed for 0.5, 0.6
and 0.3 times of control, respectively.

Conclusions: The extent of synergistic effect between DFO+AMB was more than that of
DFX+AMB and thisis different to Zygomycetes in which DFO enhances fungal growth. CFT1
and CFT2 overexpression seems to be the major mechanism related to growth inhibitory effect of

DFO.



Introduction

Cryptococcus neoformans is an important opportunistic pathogen in patients with
HIV/AIDS and those receiving immunosuppressive therapy and organ transplant recipients. It is
one of the most common opportunistic infection in advanced HIV disease following tuberculosis
and pneumocystosis (1). Although the access to antiretroviral therapy reduced the prevalence of
opportunistic infection in HIV/AIDS (2), the number of patients with cryptococcal infection are
still high. In fact, Cryptococcus gattii can also affect normal individuals. Although the guideline
for treatment of cryptococcal diseasesis available (3, 4), current antifungal agents used to
combat cryptococcal infections are still limited resulting in a high morbidity and mortality (5).
Seeking for novel therapy for cryptococcosisis therefore of important in order to improve
treatment outcomes of patients with invasive cryptococcal diseases. Iron availability has been
implicated as amajor regulator of fungal growth and virulence. Sequestration of iron by serumis
amajor host defense mechanism against certain fungal pathogens that can inhibit growth of the
fungus and this fungistasis effect is reversed when exogenous iron is added to the serum to
increase transferrin saturation. The role of iron chelation on invasive fungal diseases has been
investigated especially in mucormycosis. Before the availability of novel iron chelating agents,
the benefit of iron chelation for treatment of invasive fungal diseases was obscured by the early
observation that deferoxamine (DFO) therapy used for the treatment of iron/aluminium overload
in dialysis patients was found to be arisk factor for angioinvasive mucormycosis. This
paradoxical evidence of the increased risk of mucormycosisin DFO treatment is explained by
the fact that DFO acts as a siderophore to supply previously unavailable iron to the fungus and
enhances fungal growth. The discovery of novel iron chelators, deferasirox (DFX), has

highlighted the potential use of iron chelation, alone or in combination with antifungal drugs, for
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treatment of invasive fungal diseases (6). These newer tridentate iron chelatorstightly bind the
ferric ion and therefore do not act as siderophores as the fungi are incapable to detach iron from
theiron-chelator complex (7). The effect of iron chelatorsin Cryptoccocus spp. has never been
investigated. We report here the antifungal activity of iron chelators and their potential role for

treatment of invasive cryptococcosis.

Methods

Cryptococcal Strains: C. neoformans strain H99 (serotype A) and 8 reference strains of C.
neoformans (WM 626, WM 148, WM 629, WM628) and C. gattii (WM179, WM175, WM178,
WM779) were used in this study. All reference strains were received as gifts from Dr. Welland

Meyer, Westmead Hospital, University of Sydney, Australia.

Determination of minimal inhibitory concentration (MIC) and fractional inhibitory
concentration (FIC): MIC of DFX, DFO, amphotericin B (AMB) and fluconazole in C.
neoformans and C. gattii isolates was determined using broth microdilution test according to
CLSI. The FIC of the combinations between the iron chelators (DFX and DFO) and
amphotericin B (AMB) or fluconazole was performed using checker board method. FIC was
calculated asfollowing: FIC = (MIC of drug A, tested in combination)/(MIC of drug A, tested

alone) + (MIC of drug B, tested in combination)/(MIC of drug B, tested alone).

Growth curves determination: Growth curves of yeast in exposure to DFX or DFO, with and

without AMB, were performed using 10° cells of C. neoformans and C. gattii in YNB broth.



One-hundred milliliters of each broth culture were taken and plated onto sabouraud dextrose agar
(SDA) in various dilution and colonies were counted after a 3-day incubation. The growth curve

experiments were performed at both 30°C and 37°C.

Determination of capsule size: Cryptococcal strains were grown in YPD broth overnight. The

yeast cells were visualized under a microscope and capsule:whole cell ratio was measured.

Semiquantitative RT-PCR of cryptococcal gene expression: C. neoformans strain H99 was
grown in YNB with and without DFO in a shaking incubator at 30°C. The cell culture was taken
at 12 hours after incubation. Cells were centrifuged and subjected to RNA extraction using
Trizole (Invitrogen). cDNA was synthesized from the extracted RNA using SuperScript [11
(Invitrogen) and use as template for RT-PCR. Cryptococcal CFT1, CFT2, and CIR1 gene

expressions were determined using semi-quantitative rea-time PCR (Biorad).

Results
MIC and FIC of antifungal agents and iron chelators

The MIC of amphotericin B to 9 C. neoformans and C. gattii reference strains (Table 1)
and 9 clinical isolates (Table 2) were shown. All cryptococcal strains exhibited MIC of
amphotericin B at 0.5-1 pg/ml and MIC of DFO and DFX > 200 pg/ml suggesting that the iron
chelatorsitself do not have antifungal activity to cryptococcal isolates. For reference strains,
when combined amphotericin B with DFO, the FIC was 0.5 whereas the combination of
amphotericin B and DFX gave FIC of 1.0. These results suggested that there was synergistic

effect between amphotericin B and DFO but not DFX (Table 1).



Table 1 (A.) MIC and FIC of amphotericin B and iron chelators against C. neoformans reference

strains (B.) MIC and FIC of amphotericin B and iron chelators against C. gattii reference strains

e Agents / Organisms MIC (hg/mb
WM 626 H 99 WM 148 WM 629 WM 628
Deferasirox (DFX) >200 >200 >200 >200 >200
Deferoxamine (DFO) >200 >200 >200 >200 >200
Amphotericin B 0.5 0.5 1.0 1.0 1.0
Amphotericin B + DFX 0.5/6.25 0.5/6.25 1.0/125 1.0/125 1.0/125
Amphotericin B + DFO 0.25/6.25 0.25/6.25 0.5/6.25 0.5/6.25 0.5/6.25
FICI of Amphotericin B + DFX 1.0 1.0 1.0 1.0 1.0
FICI of Amphotericin B + DFO 0.5 0.5 0.5 0.5 0.5
e Agents / Organisms MIC (hg/mb
WM 179 WM 175 WM 178 WM 779
Deferasirox (DFX) >200 >200 >200 >200
Deferoxamine (DFO) >200 >200 >200 >200
Amphotericin B 1.0 1.0 1.0 0.5
Amphotericin B + DFX 1.0/125 1.0/125 1.0/125 1.0/125
Amphotericin B + DFO 0.5/6.25 0.5/6.25 0.5/6.25 0.25/6.25
FICI of Amphotericin B + DFX 1.0 1.0 1.0 1.0
FICI of Amphotericin B + DFO 0.5 0.5 0.5 0.5

The amphotericin B MIC 15 C. neoformans clinical isolates (Table 2) were shown.

Similarly to the reference strains, all cryptococcal strains exhibited MIC of amphotericin B at

0.5-1 pg/ml and MIC of DFO and DFX > 200 pg/ml. When combined amphotericin B with

DFO, the FIC ranged between 0.5-0.8 whereas the combination of amphotericin B and DFX

gave FIC of 1.1 in all isolates. These results suggested that there was synergistic effect between

amphotericin B and DFO in cryptococcal clinical isolates (Table 2).



Table 2 MIC and FIC of amphotericin B and iron chelators against 15 C. neoformans clinical

isolates

MIC (pg/ml)
Agents / Organisms
ICT009 ICTO015 ICTO16
Deferasirox (DFX) >200 >200 >200
Deferoxamine (DFO) >200 >200 >200
Amphotericin B 1.0 1.0 1.0
Amphotericin B + DFX 1.0/6.25 1.0/6.25 1.0/6.25
Amphotericin B + DFO 0.5/6.25 0.5/6.25 0.5/6.25
FICI of Amphotericin B + DFX 1.1 1.1 1.1
FICI of Amphotericin B + DFO 0.5 0.5 0.5
Agents / Organisms MIC (hg/mb
ICT001 ICT003 ICTO06
Deferasirox (DFX) >200 >200 >200
Deferoxamine (DFO) >200 >200 >200
Amphotericin B 0.5 1.0 1.0
Amphotericin B + DFX 0.5/6.25 0.5/6.25 1.0/6.25
Amphotericin B + DFO 0.25/6.25 0.25/6.25 0.5/50
FICI of Amphotericin B + DFX 1.1 1.1 1.1
FICI of Amphotericin B + DFO 0.5 0.5 0.8
Agents / Organisms MIC (hg/mb
ICTOO7 ICT008 ICTO012
Deferasirox (DFX) >200 >200 >200
Deferoxamine (DFO) >200 >200 >200
Amphotericin B 1.0 1.0 1.0
Amphotericin B + DFX 1.0/6.25 1.0/6.25 1.0/6.25
Amphotericin B + DFO 0.5/25 0.5/50 0.5/12.5
FICI of Amphotericin B + DFX 1.1 1.1 1.1
FICI of Amphotericin B + DFO 0.6 0.8 0.6




Agents / Organisms MIC (hg/mD)
ICTO13 ICTO17 ICT020
Deferasirox (DFX) >200 >200 >200
Deferoxamine (DFO) >200 >200 >200
Amphotericin B 1.0 1.0 1.0
Amphotericin B + DFX 1.0/6.25 1.0/6.25 1.0/6.25
Amphotericin B + DFO 0.5/6.25 0.5/6.25 0.5/6.25
FICI of Amphotericin B + DFX 1.0625 1.0625 1.0625
FICI of Amphotericin B + DFO 0.5 0.5 0.5
Agents / Organisms MIC (ug/ml)
ICT021 ICT023 ICT029
Deferasirox (DFX) >200 >200 >200
Deferoxamine (DFO) >200 >200 >200
Amphotericin B 1.0 1.0 1.0
Amphotericin B + DFX 1.0/6.25 1.0/6.25 1.0/6.25
Amphotericin B + DFO 05/6.25 | 05/6.25 0.5/6.25
FICI of Amphotericin B + DFX 1.0625 1.0625 1.0625
FICI of Amphotericin B + DFO 0.5 0.5 0.5

Fluconazole MICs of 2 C. neoformans (H99 and WM626) and a C. gattii (WM 178) were
determined. In contrast to amphotericin B, fluconazole did not show synergistic activity with any

iron chelator with the FIC of 1.1 pg/ml (Table 3).



Table 3 MIC and FIC of fluconazole and iron chelators against C. neoformans and C. gattii

Agents / Organisms MIC (hg/mb

H 99 WM 178 WM 626
Deferasirox (DFX) >200 >200 >200
Deferoxamine (DFO) >200 >200 >200
Fuconazole 2.0 8.0 1.0
Fuconazole + DFX 2.0/6.25 8.0/6.25 1.0/6.25
Fuconazole + DFO 2.0/6.25 8.0/6.25 1.0/6.25
FICI of Amphotericin B + DFX 1.1 1.1 1.1
FICI of Amphotericin B + DFO 1.1 1.1 1.1

Growth curves of C. neoformans serotypes A and D were determined. The results confirmed
that when amphotericin B was combined with DFO, but not DFX, it can slow the growth of C.
neoformans (Figure 1). However, the growth retardation was less obviousin C. gattii (serotype B

and C) (Figure 2).
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Figure 1 Growth curves of C. neoformans (serotype A and D) growing in YNB broth

supplemented with amphotericin, DFX, DFO and combination of amphotericin B with DFX or

DFO

Serotype A

log of number

O W= N W B ! N D

Control /‘!/:—_'-_____—__—"——:‘-

*~ DFM

T - " DFX

Amphotericin B + DFX

——YNB
—=—YNB+Am
=a—YNB+DFX
——YNB+DFM
——YNB+Am+DFX
e BB+ i+ DED

0 b 12 18 24 30 36 42 48 54 60 €6 72 78
Time (hr.)

Serotype D

log of number
O B N W & W~ B0 W

——YNB
—=—YNB+Am
—a—YNB+DFX
~8-YNB+DFM
——YNB+Am+DFX
—o—YNB+Am+DFM

0 6 12 18 24 30 36 42 48 54 60 66 72 78

Amphotericin B + DFO

Time (hr.)

11



Figure 2 Growth curves of C. gattii (serotype B and C) growing in YNB broth supplemented with

amphotericin, DFX, DFO and combination of amphotericin B with DFX or DFO
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When iron was added into the YNB culture medium with amphotericin B and DFO, the

effect on growth retardation was abolished (Figure 3).

12



Figure 3 Growth curves of C. neoformans growing in YNB broth supplemented with
amphotericin, DFX, DFO and combination of amphotericin B with DFX or DFO. Growth

retardation effect was abolished when iron was added into the medium (purple line).
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We investigated the effect of iron chelators on a virulence factor of C. neoformans, which
isthe fungal capsule. There was no difference of capsule:whole cell ratio of the yeast cells when
exposed to DFX or DFO. This result suggested that iron chelators had no impact on cryptococcal
capsule (Figure 4). In addition, iron chelator did not affect growth at physiologic temperature

(37°C) of cryptococcal strains (data not shown)
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Figure 4 C. neoformans was grown in Y NB with and without DFX or DFO. Mean

capsulewhole cell ratio of was determined (error bar = standard deviation).
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To demonstrate the effect of iron chelators on iron-related genes, CFT1, CFT2 and CIR1,
cDNA was synthesized from RNA extracted from C. neoformans grown in YNB with or without
DFX or DFO. Results showed that CIR1 was more up-regulated when the cells were grown with

DFX (Figureb).
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Figure 5 Gene expression vea C. neoformans (serotype A) grow in medium with or without DFX

or DFO. CFT1, CFT2 and CIR1 expression was determined by semi-quantitative RT-PCR.

CFT2

3.5 -

2.5 -

2 4 cm
1.5 -j
N +

0.5 -

CIR1 CFT1
0 - CFT2 CiR1

DFO DFX

Discussion

It has been shown that there is an association between iron overload and invasive fungal
diseases implicating the role of iron in fungal growth and pathogenesis (8, 9). Human body
possesses a mechanism to maintain iron at alow level and it has shown to have inhibitory effects
to fungi (10). Previous study showed that Cryptococcus neoformans possesses iron machinery
involved CFT1 and CFT2 genesfor iron transport and CIR1 genes for iron regulation (11-13).
CFT1 and CIR1 have been shown to be avirulence factorsin C. neoformans and CIR1 appearsto

be aregulatory unit for several cryptococcal virulence determinants including growth at high
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temperature, melanin pigment, capsular polysaccharide and phospholipases. Animal studies aso
revealed that CFT1 and CIR1 play apivotal rolein cryptococcal pathogenicity.

Our results showed that, when combined with amphotericin B, DFO are synergistic to the
polyene antifungal agent. However, the triazole, fluconazole did not show additional antifungal
activity when combined with DFO. This may explain by the different antifungal mechanism
between amphotericin B and fluconazole in which amphotericin B exhibits adirect fungal cell
membrane disruption. In addition, our result revealed that, unlike other fungi such as
Zygomycetes, DFX does not have additional antifungal activity when combined with
amphotericin B. These findings suggested that there are different mechanismsin iron acquisition
and action of iron chelators in yeasts and molds. In fact, the synergistic activity was more robust
in C. neoformans than that in C. gattii, suggesting that there are also different in iron metabolism
and fungal virulence, even in the same genus. The higher expression of CFT1 and CFT2 in
condition with DFO infers that there cryptococcal iron transporter genes increased their activity
in order to adapt itself in response to iron deficiency caused by DFO, but not DFX.

In conclusion, the iron chelator, DFO, exhibits synergistic effect to amphotericin B
against C. neoformans and C. gattii. However, marked growth retardation was shown only in C.
neoformans. The extent of synergistic effect between DFO and AMB was more than that of DFX
and AMB and thisis different to Zygomycetes in which DFO enhances, rather than inhibits,
fungal growth. Overexpressions of CFT1 and CFT2 seem to be the major compensatory
mechanism to increase iron acquisition in DFO-treated cryptococcal cells. Finally, DFO in
combination with AMB may be a potential combination antifungal therapy in cryptococcosisin
resource-limited countries where flucytosine is not avaiable. Further in vivo and clinical studies

are therefore warranted.
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