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Mvukntuokég Aopméas. H onuoocio g
OVOGOAOYIKNG UTTOKPLONG

* H avocoavendpxela mov oyeTiCETOL LE GLOTNUOTIKEG
woknrtidoelc (IFI) mepthopPaver coPopod Pabuov kot
LEYAANG OLAPKELOG OVOETEPOTEVIN, AALOYEVT
LETOUOGYELOT KOl LETALUOGYEVCT] CLUTOYDOV OPYAVOV,
VYNAEC OOGELS KOPTIKOGTEPOELWMV ( €01KE 6€ acBeveic ue
graft-versus-host disease) ko HIV Aoiumén

* H éxPaon tov IFI o Bapeld avocokaTasTOAUEVOVS
TOPOUEVEL OVGLEVTC, TTAPA TNV OLOECIUOTNTA VEDV
OVTILVKN TIOK V.

e ()¢ €K TOVTOV, 1] GTOYELOT TNG OLVOGOAOYIKTC ATTOKPIONG LE
avocolepameio, TEPAV TNS AVTILVKNTIOKNG LY®YNG,
ATOTEAEL TO TAEOV OMOTEAEGULATIKO KO GUYYPOVO TEOLO
EPELVOLC.



Immunomodulation as Therapy for Fungal Infection:

Are We Closer?

Sam QH, et al. Front Microbiol. 2018 Jul 25;9:1612
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"Eppeon opacn avTiHuKNTIOGIK®OV

e IIépav ¢ in vitro pOKNTOGTATIKNG | LUK TOKTOVOL
OpAoNC TOVG, T AVTILVKNTILKA ETOPOVV iR VIVO GTIG
AELTOVPYIEC TOV OVOGOTTOINTIKOD GUGTHLOTOG,.

* To €1d00¢ ™NC 0vOGOTPOTOTOINGNC TOIKIAEL KOl €COPTATOL
oo TO OVTIUVKNTIOKO, TNV 0VOGOAOYIKT] KOTAGTOGT] TOV
EEVIGTN KOl TO €100¢ TOV poKnTa. Me 0€00UEVO TOV
TPOTEVOVTA POAO TNG OVOGLUKTG QTAVINGNG TOV CEVIOTI
GTNV EMLTVYT OVTIUETOTICT] CUGTNUATIKOV LWOKNTIAGE®V, N
CLVOGOTPOTOTTOINTIKT] OPACT] TOV OVILUVKNTIOGIK®OV UTOPEL
Vo, artoOEly0el KAIVIKG oMUovTIKN.

 H yvoon ™ avocopaplokKoAoyiog avTmy TOV @OPLAK®V
umropet vo cuuPaArEl 6TO GYEOAGUO BEPATEVTIKDV
OTPATNYIKOV GE OLAPOPES KAIVIKEC TEPUTTMOOELS AVOGIOKTC
OLGAELTOVPYIOC,



Eyyevig, ouoikn avooio (innate immunity)

 H mpotnc ypouung pvoikn avocia meptiauPavet
QayOKLTTOPO (OVOETEPOPIAD, LOVOKVTTOPO KO
OEVOPITIKA KOTTOPO) KOl OLLAVTOVS TOPAYOVTEG
(cvoumAnpoua, KoAlektives kot defensins)

* H avocia avtn €ival ikavn vo, avayvmpicel Kot Vo
KOTAOTPEYEL TOUYEMC LWOKNTEC, AVTIYOVO TOV
HuKNTOV, To aokaiovpeva “pathogen-associated
molecular patterns PAMPS” uécm vroooyéwmv

avayvoplong ( pattern recognition receptors-
PRRS).
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The pattern recognition receptors (PRR)
implicated in the recognition and clearance of fungal
pathogens
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Effector mechanisms against fungal pathogens

‘ antimicrobial
‘ peptides

epithelium

CKICRI !

resident IL-1B8
macrophage

IL-6

endothelium

neutrophil extracellular traps (NETSs) Reactive oxygen species (ROS)



Fungi: Other mechanisms for evading the host’s
immune response.
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Role of NK cells in the antifungal host response
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Evasion from innate immunity by phenotypic switching
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Fungal ligands and their innate immune receptors

Candida albicans, Asp. b glucans Dectin-1 Dectin-1-TLR2 complex
fumigatus, involved in Candida
Pneum. jirovecii recognition
C. albicans hyphae Mannan Dectin-2
C. albicans Phospholipomannan TLR2
A. fumigatus Unknown
C. albicans Mannan (O-linked) TLR4
A. fumigatus Unknown
C. albicans Unknown TLRO9
A. fumigatus Unknown CDl14 Coreceptor with TLR2
C. albicans Unknown DC-SIGN
A. fumigatus Galactomannan
C. albicans bl,2 oligomannan Galectin-3 (with
TLR2)
A. fumigatus Galactomannan Pentraxin 3
C. albicans Unknown Mannan-binding
lectin
C. albicans Mannan (N-linked) Mannose receptor

P. jirovecii Glycoprotein A



Clin Chem Lab Med 2007;45(2):183-186 © 2007 by Walter de Gruyter « Berlin « New York. DOI 10.1515/CCLM.2007.033

Distinct alleles of mannose-binding lectin (MBL) and
surfactant proteins A (SP-A) in patients with chronic cavitary
pulmonary aspergillosis and allergic bronchopulmonary
aspergillosis

Mudit Vaid', Savneet Kaur’, Helen Conclusions: Distinct alleles, genotypes and genotype
Sambatakou??, Taruna Madan', David W. combinations of SP-A2 and MBL may contribute to
Denningz** and P. Usha Sarma'® differential susceptibility of the host to CCPA or ABPA.

Cytokine profiling of pulmonary aspergillosis

H. Sambatakou,*T§ V. Pravica,* |. V. Hutchinson¥ & D. W. Denning*

2006 Blackwell Publishing Ltd, International Journal of Immunogenetics 33, 297-302



The Journal of Immunology

TLRs Govern Neutrophil Activity in Aspergillosis’

Silvia Bellocchio,* Silvia Moretti,* Katia Perruccio,* Francesca Fallarino,* Silvia Bozza,*
Claudia Montagnoli,* Paolo Mosci,* Grayson B. Lipford,"' Lucia Pitzurra,* and
Luigina Romani**

Polymorphonuclear neutrophils (PMNs) are essential in initiation and execution of the acute inflammatory response and subse-
quent resolution of fungal infection. PMNs, however, may act as double-edged swords, as the excessive release of oxidants and
proteases may be responsible for injury to organs and fungal sepsis. To identify regulatory mechanisms that may balance PMN-
dependent protection and immunopathology in fungal infections, the involvement of different TLR-activation pathways was
evaluated on human PMNs exposed to the fungus Aspergillus fumigatus. Recognition of Aspergillus and activation of PMNs
occurred through the involvement of distinct members of the TLR family, each likely activating specialized antifungal effector
functions. By affecting the balance between fungicidal oxidative and nonoxidative mechanisms, pro- and anti-inflammatory cy-
tokine production, and apoptosis vs necrosis, the different TLLRs ultimately impacted on the quality of microbicidal activity and
inflammatory pathology. Signaling through TLR2 promoted the fungicidal activity of PMNs through oxidative pathways involving
extracellular release of gelatinases and proinflammatory cytokines while TLR4 favored the oxidative pathways through the
participation of azurophil, myeloperoxidase-positive, granules and IL-10. This translated in vivo in the occurrence of different
patterns of fungal clearance and inflammatory pathology. Both pathways were variably affected by signaling through TLR3,

TLRS, TLR6, TLR7, TLRS, and TLR9Y. The ability of selected individual TLRs to restore antifungal functions in defective PMNs
suggests that the coordinated outputs of activation of multiple TLRs may contribute to PMN function in aspergillosis. The
Journal of Immunology, 2004, 173: 7406-7415.




TLRs-Mice were treated with cyclophosphamide
and injected with Aspergillus conidia intranasally

H&E-stained sections were prepared from lungs of infected mice at 4 days post
infection

Severe signs of
bronchial wall damage

_ and necrosis and

3 | abundant inflammatory
B T g * | cell recruitment are
ol o :5' i& observed in the lungs of
wild-type or

. .| TLR4-deficient mice




AMB: A PROINFLAMMATORY DRUG



{ronitders in REVIEW ARTICLE
- Pyl published: 08 August 2012
MICROBIOLOGY doi: 10.3389/fmicb.2012.00286

It only takes one to do many jobs: Amphotericin B as
antifungal and immunomodulatory drug

Ana C. Mesa-Arango'?, Liliana Scorzoni'? and Oscar Zaragoza'*



AmB — AvocoTpomomOMTIKES LOLOTNTES

[Tepav g amevbeiac OpAong 6Ta LLKNTIOKE KOTTOPO,
cEPd peretav £yel Kataoeicel 0t AmB €xel 1oyvpn
CLVOGOTPOTOTOINTIKT OPACT] OTO KOTTOPX TOV EEVIGTT).

H opdon avt £xel owmotmOel in vitro ce O18.QOopEeC
KUTTOPIKEG GEPES amd avOPOTOVE KAl TELPOUATIKA
HOVTEAQ, OTt®C ToAvuopeonvpnva (PMNSs), pokpopdya,
NK kuttapa, T, B kot veomAaopotikd KotTapo, oALd
EMIOMNC GE in Vivo LEAETEC OE TEPAUATOLMO.

O1 0vOGOTPOTOTONTIKES WOLOTNTEC TAPEYOLY EVOV
EVOALOKTIKO UNYOVIGULO OpACTIS, EVIGYVOVTUC TNV
LVOGOAOYIKT] OTAVTI|ON TOV CEVIOTY).

[TapdAAnAia, OUmS, aLTN 1M OPAGT] UTOPEL VO, GLOYETICETOL
LE TOEIKOTNTO TOV PUPLAKOV.



Mnyoaviopol avocotpomomroinons - AmB

e O akp1Pn¢ unyoavicuog TpOKANGNC AVOGOTPOTOTOINGNC LE
AmB ko1 eraymyn ROIs ka1t NO dgv gival AN pm¢ Kotovontog.

e O unyoviouog opacng Tov, LECH GUVOEGTC LE T KLTTOPIKN
HeuPpdvn Tov ONAACTIKOV KOt 1] GLYYEVELL LE TNV
YOANGTEPOAT, UTTOPEL VO ETLPEPEL OOUIKES OALOIDGELS TTOV
evepyomotovv v NADPH ocewodon (Chapman and Hibbs, 1978,
Wilson et al., 1991) .

 Oumg, 0 uNYovioUdg ToL EPUNVEVEL KAAVTEPO TNV
0LVOGOTPOTOTTOINTIKT Opacn Tov AmB glval HEGm ™S 0000 TV
Toll-like receptor (TLRs).

Reactive Oxygen Intermediates (ROIs)
Nitric oxide (NO)

Oxidase nicotinamide adenine dinucleotide phosphate oxidase (NADPH oxidase)



Apgotepikivn B — Mnyaviepotl opaong
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ANOZOTPOIIOMNOIHEH IN VITRO KAI IN VIVO
AmB (I)

e Ot in vitro xal in vivo LEAETEG £YOVV ATOOEIEEL OTL 1
0LVOGOTPOTOTTOINTIKN Opact Tov AmB ctov EevieTn Ogv
TpokaAeital LOvo mapovsio Taboyovov, aArd Kot OTaV Un
LOAVGUEVEG KVTTUPIKEC GEPEC 1 TEPAUATIKA LLOVTEAQ, XD PIG
TPOKANON AoIUMENC, EKTIOEVTOL GE AVTILLVKNTIOKO (PAPLLOKO.

 To AmB gndyel tnv petaypaer Kot Ty Topoyyr TOAAATADY
OLLUECOAOPNTOV TOV AVOGOTOMNTIKOV (OTTMS KUTTAPOKIVEG,
youpokivec kot mpootaryAavoivec) kot ICAM-1 (Intercellular
Adhesion Molecule-1) oe avBpomiva KOTTOPO KOl KOTTOPO
TEPAUATOLOWOV

Borden and Leonhardt, 1976, Sculier and Body, 1991; Cleary et al., 1992, Louie et

al., 1994, Saxena et al., 1999; Rogers et al., 2000, Sau et al., 2003, Camacho et
al., 2004, Simitsopoulou and Roilides, 2005, Simitsopoulou et al., 2005



ANOXOTPOIIOIIOIHXH INVITRO KAIL INVIVO
AmB

* H avocotpomomomn ikt Kot TpoQAEYLOV®OONS OPpAGT) TOV
AmB £&yel cvoyeticlel ue mpootacio Evoavit AOTU®ENG.

 To AmB endyel v aviipvkntiocikn opacn tov PMN kot
TOV KDYEAIOTKOV LOKPOPAY®V EVAVTL KOVIOIWMV KOl VOOV
A. fumigatus (Roilides et al.,2002).

e AvAaloyo amoTeAESUOTO £YOVV OLUMIGTMOEL GE TEIPOUATIKO
LOVTEAD LOKPOPAY®V TTEPITOVAIOV, UE Tponynoeica
yopriynon IFN-y kot owopopwv 0dcewv AmB. To AmB
wponyaye mwopoaywyn NO, TNF-a kot IL-1, pue amotéleoua
AVENUEVT] OVTIKPVTITOKOKKIKT] OPACTIKOTN T OVTMOV TV
KOTTOPWV (Tohyama et al., 1996).



AmB — xvttapun avoota -Thl

H éxPaon tov pokntiacikov AOUoce®my e€apTdTol amd N
KUTTOPIKT 0VOGia GE€ oUavTIKO Paduo.

H Thl andvinon (eoptopevn amd TPOoPAEYLOVOOELC
Kuttapokiveg, 0mmwg TNF-a, IFN-y, IL-1, IL-6) oonyel o€ Oetikn
ExPoon LEGHm PAEYLOVOOOVE EVEPYOTOINGTC LOKPOPAY®MV KOl
mopay®ync NO .

H Th2 andvinon (IL-10, IL-4, IL-2, IL-13, and IL-5) oyetiCetat pe
evaobncio oTic Aotnmcelg ko eEEAEN ™S AOTUMENC (Puccetti et
al.,1995;Romani and Howard, 1995).

>e movtikia pe kavtvtiaon tov I'EX, extiunnke n Bepaneia pe
AMB povn 1 o€ cuvovacpo pe aviayoviet I1L-4 , kaBonc kol n
mopaywyn IFN-y (Thl) kot IL-4 (Th2).

To AmB kotéoeile pio tpootatevTiK ovromokpion Thl pe
tovToypovn IL-4 kotaotol) (Cenci etal., 1997, Saxena et al., 1999 ).



Induction of Protective Thl Responses to Candida albicans by Antifungal
Therapy Alone or in Combination with an Interleukin-4 Antagonist

Elio Cenci, Antonella Mencacci, Giuseppe Del Sero, Microbiology Section, Department of Experimental Medicine and
Francesco Bistoni, and Luigina Romani Biochemical Sciences, University of Perugia, Perugia, Italy

« Mice with disseminated or gastrointestinal infection were
treated with amphotericin B or fluconazole and assessed for
mortality, fungus burden in the organs, and parameters of Th
cell-dependent immunity. Both antimycotics produced
protective CD4/ Th1 cell responses, as revealed by increased
production of interleukin (IL)-12 and interferon-y, decreased
production of IL-4, delayed-type hypersensitivity to fungal
antigen, and the disappearance of antigen-specific IgE.
Concomitant neutralization of endogenous IL-4 greatly
increased the antifungal efficacy and the Thl-promoting
activity of both agents.



AmB: AvemBounteg evépyeleg Ka
VOGOTPOTTOTOINGN

e H Bewpia 011 10 AmB enttvyydvel uépoc e opdonc Tov
LEGM OVOGOTPOTOTOINGNC LITOGTNPILETAL OO TO YEYOVOS OTL
LELOVETAL 1 AVTILVKNTIOGIKT] OpACT) TOV UE TNV EE0VOETEPMGT)
avticoudtov Evavilt TNF-a 6e movtikio (Louie et al., 1995).

* Ouwmg, ue Pdomn v avoGoTpomononTikn opdon tov AmB
umopel vol epunvevdolv Kol pvNTIKEC EMTTMGELC, OTMC M
AVENOT TPOPAEYLOVMOOMY KLVTTAUPOKIVAOV KO 1] EKONAMGCT)
T0EWKOTNTOG (Chia and McManus, 1990; Cleary et al., 1992, Arning et
al., 1995; Shadkchan et al., 2004).

* 'Eyxermeprypagel amevbeiog cuoyETion vePpPOTOSIKOTNTOS KOl
EMOYWYNG OTOTTMOOTNG Kol LETAPOADY EKPPACTC TNG
ocvvOetdong tov NO (Suschek et al., 2000; Falk et al., 2005, Yano et
al., 2009).



AmB - avocokatooToATIKI Opdon?



informa
Medical Mycology August 2010, 48, 704-709 healthcare

Immunomodulatory effects of antifungal agents on the
response of human monocytic cells to Aspergillus
fumigatus conidia

JUNG-HYUN CHOI*, EUN-YOUNG KWON+, CHUL-MIN PARK+, SU-MI CHOI*, DONG-GUN LEE*,
JIN-HONG YOO*, WAN-SHIK SHIN* & DAVID A. STEVENS§#

« Immunomodulatory effects of 3 different classes of antifungal
agents on the human monocytic cell line, THP-1, which had been
stimulated in vitro with A. fumigatus conidia.

e C(ells treated with amphotericin B (AmB), micafungin (MF), and
voriconazole (VCZ), at concentrations not affecting cell viability,
reduced production of tumor necrosis factor (TNF)-a in
response to conidia, with the greatest reduction noted with VCZ.

e (Co-stimulation with GMCSF abolished immunomodulatory effects
of the drugs.



Effects of antifungal drugs on TNF-a mRNA expression

(A) and TNF-a production (B) in THP-1 cells.

Choi et al.,2010
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Enintoon tov olo@opmv popeov AmB
GTIV 0.VOGOTPOTOTOUTIKT] OPACT)



AVOGOTPOTOTOINGT GE OLULPOPETIKES HOPPES AmB
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Mycoses 38, 459465 (1995) AccepTED: JUNE 20, 1995

Infusion-related toxicity of three different amphotericin B
formulations and its relation to cytokine plasma levels

Infusions-assoziierte Toxizitit dreier Amphotericin B-
Formulierungen und ihre Beziehung zu Zytokin-Plasmaspiegeln

M. Arning, K. O. Kliche, A. H. Heer-Sonderhoff and A. Wehmeier

Four of six patients showed toxicity after AmB and AmB/lipid infusions; only one
patient reacted to liposomal AmB. Clinical toxicity was associated with increases in
TNF-a plasma levels during two of four infusions of AmB and three of four infusions
of AmB/lipid. Major increases in IL-6 occurred during three of four infusions of
AmB and during all four AmB/lipid infusions associated with clinical toxicity. Three
of four AmB infusions and all four AmB/lipid infusions accompanied by clinical
toxicity were associated with major increases in IL-1-RA plasma concentrations.
Liposomal AmB was better tolerated than AmB and AmB/lipid. This
formulation also caused the lowest liberation of all three cytokines tested.

The severity of clinical symptoms did not correlate closely with absolute cytokine
plasma levels. The findings provide further evidence that expression of TNF-a, IL-6
and IL-1-RA plays an important role in mediating AmB-related acute toxicity in vivo.



Journal of Antimicrobial Chemotherapy (2005) 55, 214-222
doi: 10.1093/jac/dkh542

Advance Access publication 13 January 2005

Liposomal amphotericin B activates antifungal resistance
with reduced toxicity by diverting Toll-like receptor
signalling from TLR-2 to TLR-4

Silvia Bellocchiol, Roberta Gazianol, Silvia Bozzal, Giordano Rossil, Claudia Montagnolil,

Katia Perruccio’, Mario Calvitti’, Lucia Pitzurra' and Luigina Romani'*

e AT N 00POPA LETAED TOV OAPOPETIKOV Loppwv AmB
umopet va epunvevdel and tov tomo TLR mwov cuvoéeton
EKAOTN £ ALTOV.

« H D-AmB cvvoéetan pe tov TLR2, mov endyet
TPOPAEYLOVOON amAvINGT, 6€ avtifeon pe v L-AmB
TOV TPOKOAAEL OAVTIPAEYLOVOOT OVTIOPOOT] LEGHD GVUVOEGTG
ue TLR4 in PMN:ss.



INFECTION AND IMMUNITY, Jan. 2005, p. 494-503 Vol. 73, No. 1
0019-9567/05/$08.00+0  doi:10.1128/IA1.73.1.494-503.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Differences in Patterns of Infection and Inflammation for
Corticosteroid Treatment and Chemotherapy in
Experimental Invasive Pulmonary Aspergillosis

Viviane Balloy,' Michel Huerre,” Jean-Paul Latgé,” and Michel Chignard'*

Unité de Défense Innée et Inflammation, INSERM E336," Unité de Recherche et d'Expertise
Histotechnologie et Pathologie,> and Unité des Aspergillus,®
Institut Pasteur, Paris, France

H npogieypovorong opdon s AmB-D pmopel vo pnyv €ivorl TavTo EVEPYETIKI], TOVAIYLGTOV
o€ U onﬁg‘rssponavmof)g (169,‘6\’8{% s _ , :
Aspergillus’ fumigatus causes invasive pulmonary aspergillosis (IPA). This disease is one of the most life-
threatening opportunistic infections in immunocompromised patients. The type of immunosuppressive regi-
men under which IPA occurs has rarely been investigated. In this study, we evaluated various parameters of
the innate immune response during the progression of murine IPA induced by the intratracheal administration
of A. fumigatus conidia as a function of two immunosuppressive treatments: a corticosteroid and a chemother-
apeutic agent. We compared host responses various times after infection in terms of survival, pulmonary
production of pro- and anti-inflammatory cytokines, cellular trafficking in the airways, lung injury, respiratory
distress, and fungal development. We found that IPA pathogenesis involved predominantly fungal development
in mice treated by chemotherapy and an adverse host response in mice treated with a corticosteroid. These
previously unrecognized differences should be taken into account in evaluations of the pathogenesis of IPA in
animal models.

H Ogpamneio pe AmB-D peiwoe m Ovntotnta og movtikio vd XOII ( ovoegtepomevia)
ue IPA, aAld ta movtikio vitd KopTiKooTEPOELON £lyov BvyntotNnTa 100% TNV nuUépa 8
amd TN AoiumEn eite EAafav AmB 1 10 €K00Y0.



AmB

fails to
attenuate and
may even
promote tissue
damage from
excessive
inflammation.

_ Lung histological

_ features of
corticosteroid- and
chemotherapy-
treated mice
infected with



LIPID FORMULATIONS OF AMB:

IMMUNOMODULATION BY THE LIPID
CARRIER



ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Mar. 2007, p. 10751081 Vol. 51, No. 3
0066-4804/07/$08.00+0  doi:10.1128/AAC.01268-06
Copyright © 2007, American Society for Microbiology. All Rights Reserved.

NOTES

Pretreatment with Empty Liposomes Attenuates the Immunopathology of
Invasive Pulmonary Aspergillosis in Corticosteroid-Immunosuppressed Mice"

. = L . y ! . > ik . : 2
Russell E. Lewis,'** Georgios Chamilos,' Randall A. Prince,"~ and Dimitrios P. Kontoyiannis'-

In a nonneutropenic murine model of invasive pulmonary
aspergillosis, pretreatment with empty liposomes (E-lipo)
was nearly as affective as 10mg/kg liposomal ampho B and
superior to Img/kg d AmphoB.

The beneficial immunomodulatory properties of E-lipo
appear to compensate for their lack of direct antifungal
activity.



Pretreatment with L-AMB or empty liposomes, but not
AMB-d 1s associated with enhanced fungal clearance,
survival, and reduced lung injury in corticosteroid-
immunosuppressed mice with IPA

GMS 1000x




Ex vivo peripheral PMN Kkilling activity against
A. fumigatus hyphae is enhanced by AMB-d, L-
AMB, and empty-liposome pretreatment

A. B. C
100 100 100
T=0 hrs T=24 hrs T=72 hrs
[=3] - -
= 715+ 15 78
X *%
_f::_ 50 50+ 50-
L
> %k * & **
L *
e & * - * G
o™~ 25 25 i i ' 2 *
0= 0= 0= L
Contrel AMB-d L-AMB Empty Control AMB-d L-AMB Empty Contrel AMB-d L-AMB Empty

Treatment Groups
*P<0.001 vs. Control, ** P < 0.05 vs. AME-d

Shown are baseline data (A) and data obtained 24 h (B) and 72 h (C)




2XTEPOELON VS. OVOETEPOTTEVILM

XTEPOELON XOI1
Yypo BAL Tayeia aOporon PMN Amovoioo PMN
IGTOKOVIK(I AmMOnon o6 PMN Amovoio PMN
ATOVGi0 ayyEloKNS Ayygwoki ombnoen
omoneng Opoupoon, vékpwon
Kokxiopota Awpoppay. EPEPOKTO,
AvanToén Muwkpog aprOpog Megyain avamtoén veOV
aomTEPYIALOV KOVIOL®V
GM XapunAiog tithog Yyniog Tithog

Balloy V, et al. Infect Immun 2005; 73: 494-503
Chamilos, et al. Haematologica 2006; 91: 986
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20VOYT TOV 0VOGOTPOTOTUTIK®OV OPUGEDY
OVTIRVKNTWWKOV — polyenes AmB-D

Drug, immune function Nature of interaction Experimental
system(s)

AmB-D Production and release of inflammatory  In vitro
Neutrophils and mononuclear cells cytokines, prostaglandins, NO, and ROIs

Additive activity against Aspergillus In vitro
fumigatus conidia (macrophages) and
hyphae (neutrophils)
Neutrophils Increase in TLR2 expression In vitro
B and T lymphocytes AmB is mitogenic for lymphocytes but In vitro

suppresses lymphocyte proliferation
indirectly through its effects on
arachidonic acid and H202 metabolism
in mononuclear cells

T helper cells Polarization towards Thl immunity and =~ Murine model
resistance to fungal infection of candidiasis



20VOYN TOV AVOGOTPOTOTUNTIKOV OPUGENDY

OVTIRLVKNTIOK®OV — polyenes AmB lipid formulations-
ABCD, L-AmB

Drug, immune function Nature of interaction Experimental
system(s)

ABCD Up-regulation of inflammatory cytokine  In vitro
Neutrophils and mononuclear cells  genes

Additive activity against 4. fumigatus In vitro
conidia (macrophages) and hyphae
(neutrophils)
L-AmB Down-regulation of inflammatory In vitro
Neutrophils and mononuclear cells  cytokine genes
Neutrophils Additive activity against 4. fumigatus In vitro
hyphae
Anti-hsp90 antibodies Synergistic activity against Candida In vitro,
species murine model
of candidiasis,
and a RCT
ABLC Down-regulation of inflammatory In vitro

Neutrophils and mononuclear cytokine genes

PP]]Q



AZOAEX: 2YNEPI'IKH APAXH ME
DPATOKYTTAPA ENANTI MYKHTQN(®)

H opdda twv aloAov £yl TNV MIKPOTEPT G.VOGOTPOTOTONTIKY)
OPUGTIKOTNTO £VUVTL TOV AOIITAOV UVTIHVKITIOGLIK®OV.

[Tap Ol avtd £yovv Guvepyikn opaon pe “immune-effector”
KOTTOPO KOl KUTOUPOKIVEG EVOVTL LVKTTOV.

H pAovkovaldin kot n BopucovalOAn delyvouv GUVEPYELD LE
eayokvttoapa Evavtl C. albicans, Kol 00T | GUVEPYELN EVIGYVETOL
nepoutépm ue GMCSF, GCSF, or IFN-y [ Baltch AL, AAC 2001].
Av ka1 gyyevag ot aloAec etvarl pokootatikéc Evavtt Candida sp.,
EMAYOLV TN LWUKNTOKTOVO OpAiGT) LOVOKVTTAP®V, LOKPOPAY®V Kol
ovdetepoPirmv Evavtt C.albicans [Vora S, AAC 1998, Brummer E,
Mycopathologia 1996].

Y noavaoctoltikéc cvykevipmoelg fluconazole emiong endryovv
payokvttapwon Y Cryptococcus neoformans, uio Opdon
onuoavtikn v to KNX, omov emttuyyavovion cuykevipwoelc < MIC
| Nosanchuk JD, et al AAC 1999].



AZOAEX: YYNEPTTKH APAXH ME ®ATOKYTTAPA
ENANTI MYKHTQN (1)

O1 unyaviopoi aAAnA/cemv aloA®V LE QayoKDTTOPA Elval
LEPTKMG KOTAVONTOL, OAAX LITAPYOVV EVOEIEELS OTL 1| LEI®ON TNC
EPYOCGTEPOANC KOOIGTA TOL LUKNTIOKA KOTTOPX TLO gvaicOnta ¢
KOTOUOTPOPT OO @OYOKVTTUPO LLE OEELOMTIKOVC KOl [N
0EELOMTIKOVES UNYAVIGLOVC.

‘Evog evaicOntog 6 vepoleioto pavotumog £xel avevpedel o
C. albicans vr6 al0AN kou o€ C-14a demethylase—deficient
mutant [Shimokawa O, et al AntimicrobAgents Chemother 1992].

EmumAcov, ot aloAec avEdvouy TV €KBeoN TV LUK TOV GE
VITPIKO o0&V, mopayouevo amd oeyepuéva pe IFN-y pokpopdya
| Romani L, et al J Immunol 1994]

Eniong ot aloAec avactéALovy TV uetatpont) Candida species

oo KOVIO GE VPEC, OLELVKOAVVOVTOS TNV KAbapon and to
QayoxLTTOPO [ Ha KC, et al Antimicrob Agents Chemother 1999].



AZOAEX: 2YNEPI'IKH APAXH ME
DOAT'OKYTTAPA ENANTI MYKHTQN (I1I)

IIpdopata mepleyplenoay o AUECES ETLOPACELS GTO
VOGOTOINTIKO.

H BoptkovaloAn edvnke va endyel tnv Ekepoomn tov TLR2, tnv
Opdon tov mupnvikoL wapdyovio kB kol tov TNF-a og
avOpomiva povoxkvttapa [Simitsopoulou M, et al 2007].

H pAovkovaloin exdyer Thl andvinon ce movrikia e
omoOntikn ko PAevvoyovikn kavtivtioon [Cenct E, J Infect

Dis 1997].

Avtiotpo@a, 6TpoP1n TG KuTTOPIKNG 0vociac o Thl ue
yoprynon IL-12 dievkoAvver 1t 0pdon TS PAOVKOVALOANG
évavtt C.albicans [Mencacci A, et al. J Infect Dis 2000] xou C.

neoformans [Clemons KV, et al Antimicrob Agents Chemother
1994 1.
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Antifungal Susceptibility of Candida Biofilms: Unique Efficacy of
Amphotericin B Lipid Formulations and Echinocandins

D. M. Kuhn,? T. George,2 J. Chandra,” P. K. I\/f[ukherjee,2 and M. A. Ghannoum?*

Division of Infectious Diseases, Department of Medicine,* and Center for Medical Mycology, Department of Dermatology,?
University Hospitals of Cleveland and Case Western Reserve University, Cleveland, Ohio 44106

TABLE 1. MICs of antifungal agents against planktonic and
biofilm-associated C. albicans (M61 and GDH)
and C. parapsilosis (P/A71 and P92) strains®

MIC (pg/ml) in:

D Planktonically grown Biofilm at 48 h
Tug cells for strain: for strain:

M6l GDH P/A71 P92 Meél GDH P/AT1 P92
AMB 0.5 025 025 05 4 4 8 8
NYT 2 1 0.5 2 16 16 16 64
Chlor 8 8 8 8 32 8 16 64
TRB 32 32 4 1 128 128 ¥ 128
—» FLC 1 025 8 1 >256 >256 >256 >256
—1” VRC 0.5 8 0.125 0.03 =256 >256 128 256
Ravu 0.1 0.06 0.125 0.1 128 128 ¥ 128

— " Lip-AMB 05 0.06 0.06 0.5 0.25 0.25 1

Lip-NYT 0.5 0.06 0.5 0.5 8 16 32

—» ABIC 025 006 0.06 0.25 0.25 0.25 0.25 *

—+» Casp 0.125 0.125 1 1 0.25 0.5 0.125 4
Mica 0.001 0.001 0.25 0.5 0.25 0.5 0.125 2

“ Results are representative of at least two separate experiments. Lip-AMB
and Lip-NYT are the lipid complex formulations of AMB and NYT. For details
of methods used, see text. *, unable to determine MIC.
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Rabbit Model of Candida albicans Biofilm Infection: Liposomal
Amphotericin B Antifungal Lock Therapy

Matthew K. Schinabeck,? Lisa A. Long,' Mohammad A. Hossain,' Jyotsna Chandra,’
Pranab K. Mukherjee,! Sotohy Mohamed,' and Mahmoud A. Ghannoum'*

Center for Medical Mycology and Mycology Reference Laboratory, Department of Dermatology,' and
Division of Infectious Diseases, Department of Medicine,® University Hospitals of Cleveland
and Case Western Reserve University, Cleveland, Ohio 44106

Intraluminal surface following 7 days therapy with:

Panel A: Saline.

! Panel B: AmBisome. AmBisome is FUNGICIDAL

AmBisome

Panel C: Fluconazole Azoles are FUNGISTATIC

Fluconazole




Catheter-Related
Blood Stream Infection

Candidaemia To clear Remove Liu J Infect 2009

if treated with candidemia indwelling Weinberger J Hosp Inf 2005

azoles of To improve lines Leroy CCM 2009

deoxycholate survival Rex CID 1995

amphotericin B Almirante JCM 2005
Rodriguez CMI 2007

if treated with D I Nucci CID 2010

liposomal Kucharikova AAC 2010

amphotericin B, or Kuhn AAC 2002

echinocandin Mukherjee IJAA 2009

W
" o

n patients treated with liposomal amphotericin B, caspofungin or micafungin removal of
indwelling lines within 48 hours after treatment initiation was not associated with a higher

Wnor 42 days.
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Candidemia: Catheter removal

* Removal of central venous line

— In non-hematological patients All
— In hematology patients BATl Bl
— Removatsalwaysrecommended-when-

- e ieicol I Al

* When catheter cannot be removed, treatment with an
echinocandin or a lipid formulation of amphotericin B is
preferred B Il



1DSA

Catheter Exchange? Definite... Maybe o

“Central Venous Catheters should be removed as early as
possible 1n the course of candidemia when the source 1s
presumed to be the CVC and the catheter can be removed
safely; this decision should be individualized for each
patient

(strong recommendation; moderate quality evidence)”



20V0YT1] 0VOGOTPOTOTOUTIKOV OPUGEMYV
OVTILVKNTWKOV — azoles

Drug, immune function | Nature of interaction Experimental
system(s)

Azoles Synergistic activity of azoles, cytokines, and In vitro
Neutrophils and immune-effector cells against Candida albicans
mononuclear cells

Fungal sensitization to ROI by accumulated 14a  In vitro
methyl sterols.

Inhibition of NO degradation by fungal In vitro
flavohemoglobin renders fungi susceptible to
damage by immune-effector cells

Monocytes Increase in TLR2 expression In vitro

T helper cells Polarization towards Th1 immunity and Murine model of
resistance to fungal infection candidiasis

IL-12 Induction of Thl response facilitates activity of  Neutropenic mice
fluconazole against C. albicans and with disseminated

Cryptococcus neoformans candidiasis



EXINOKANAINEX: b-GLUCAN UNMASKING
AYEANEI THN MYKHTOKTONO APAXH TQN
OYAETEPO®IAQN KAI MAKPO®AT'QN (I)

e AOY® HUKNTOGTATIKIG OPACTIC TMV EYIVOKAVOIVDV EVOVTL
VPOUVKNTOV, 1 OTTOTEAEGUATIKOTNTA TOVG WG Bepameia Ko
TPOPVAOCT GE AGTEPYIAAMGOT EIVOL EVOEIKTIKT WG EUUECNC OPAOTC
n vivo.

¢ XYETIKA TPOCPATA, OLUTIGTMOONKOV 01 VOGOOIEYEPTIKES OPACELS TNG
oudoog. ITponynbeica £€kBeomn LOVOKLTTAPOV KOl LOKPOPAY®V,
aALG OYL OVOETEPOPIAMV, GE EYLVOKAVOLVT], EIYE MG OMOTEAECLAL
emiTaoM TNG 1n Vitro avootoMG A. fumigatus [Chiller T, et al Diagn
Microbiol Infect Dis 2001, Choi JH, et al. Microbes Infect 2004].

* H pvknrootatikn opdomn povokuttdpwv e €kbeon oe caspofungin
NToV GNUOVTIKOTEPT 0t OTL ue caspofungin 1
Hovokvttapa Yopic EkBeon [Chiller T, et al Diagn Microbiol Infect Dis
2001].



EXINOKANAINEX: b-GLUCAN UNMASKING
AYEANEI THN MYKHTOKTONO APAXH TQN
OYAETEPO®IAQN KAI MAKPO®AT QN (I1)

* H b-yAovkdvn, k0p10 6GLGTATIKO TOL KVTTAPIKOD TOLYMUATOC
Candida xon Aspergillus species, oavoryvwpiletol omd TNV
dectin-1 kot To KLYEALOIKA pokpo@dyd ( AMs), ovoeTEPOPIAL
KOl OEVOPLTIKG KVUTTAPO [Taylor PR, et al Nat Immunol

2007; 8:31-8].
¢ Ouwmg, vTd PLGOAOYIKEC GLVONKES, Ol emitomol TG b-glucan
KOAVTTTOVTOL OO AAAO GTOLYEID TOV KLTTOPLKOV TOLYWOUOTOG,

KoOloTOVTOS TNV 00PATN GTA KUTTOPO TOL (VOGOTTOLNTIKOV
GUGTNUATOC [Wheeler RT, et al PLoS Pathog 2006; 2:€35].

 'ExOeon C. albicans o€ vmoBepameLTIKEG GLYKEVIPDGELC

caspofungin £yel ¢ cvvénela To unmasking ¢ b-glucan, pe
ATOTELEGLLOL TNV EKKPLOT TPOPAEYLOVOODV KVTTUPOKIVDV

amO LoKpOPAyo [Lamaris GA, et al. J Infect Dis].



20VOY1 GVOGOTPOTOTOUTIKOV OPUGEMDYV
ovVTIHVKNTIOK®OV — Echinocandins

Drug, immune function | Nature of interaction Experimental
system(s)

Echinocandins Unmasking of b-glucan facilitates fungal In vitro
Neutrophils damage by neutrophils and antibodies
Monocytes and Preexposure to echinocandins enhances the  In vitro

macrophages activity of these cells against A. fumigatus



AMNAETIOPOGT] AVTILVKNTIOK®OV LLE TO 0LVOGOTOUNTIKO
cVOTNUA TOV EEVIOTN

| | Direct stimulation | 2 | Facilitation of phagocyte activity

D

_~Amphotericin B

-

TLR 2

CDh14 Triazoles

ROI, pro-inflammatory 4
cytokines 6

3| Antigen “Unmasking”

Before echinocandin After echinocandin



Caspofungin-Mediated 3-Glucan Unmasking and
Enhancement of Human Polymorphonuclear
Neutrophil Activity against Aspergillus and
Non-Aspergillus Hyphae

Gregory A. Lamaris,' Russell E. Lewis,'? Georgios Chamilos,! Gregory S. May,2 Amar Safdar,! Thomas J. Walsh,*
Issam |. Raad,! and Dimitrios P. Kontoyiannis'3
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The interaction of human monocytes, monocyte-derived macrophages,
and polymorphonuclear neutrophils with caspofungin (MK-0991), an
echinocandin, for antifungal activity against Aspergillus fumigatus
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Efficacy of Caspofungin in Neutropenic and Corticosteroid-
Immunosuppressed Murine Models of Invasive
Pulmonary Mucormycosis’

Russell E. Lewis,"** Konstantinos Leventakos,” Guangling Liao,' and Dimitrios P. Kontoyiannis'~**



Caspofungin impairs early hyphal proliferation in neutropenic but
not corticosteroid-immunosuppressed mice with invasive
pulmonary mucormycosis
5 animals to

compare lung
histology results

at 72 h

neutropenic corticosteroid

control control

1 mg/kg

1 mg/kg o

16 mg/kg E mg/kg






