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Tpomog opacnS UVTIHVKNTIOK®OV QUPUAKEOV
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MvuknTuokég Aotpmées. H onuoocia g
OVOGOAOYIKNG UTTOKPLOTG

* H avocoavendpkela mov 6YeTICETO LE CUGTNUOTIKEG
nvknrtiaoelc (IF1) mepiiaupdver coBapod Pabuod ko
LEYAANG OLAPKELOG OVOETEPOTEVIO, AALOYEV
LETOUOGYEVGCT KUl LETOUOGYEVCT] CLUTOYDOV OPYAVOV,
VYNAEC 00GELS KOPTIKOGTEPOEW MV ( €101Kd o€ 0loBeveis pe
graft-versus-host disease) kot HIV holpmén

 H éxBaon tov IFIl oe Bapeld avocokatacTaAUEVOLC
TOPOAUEVEL OUGLEVNC, TOPA TNV OLDEGIUOTNTA VEDV
CVTLLVKT TIOKOV.

e ()¢ €K TOVTOV, 1] GTOYEVGT TNG AWVOGOAOYIKNC ATOKPLONG LLE
avocobepameia, TEPAV TNC AVTILVKNTINKNG AY®YNG,
ATOTEAEL TO TAEOV OMOTEAECUATIKO KUl GLUYYPOVO TEOLO
EPELVOC.



"Eppeon opaocn avTipvuKnTLOGIKOV

o II€pav Tng IN VILro puKNTOGTATIKNG 1| LUK TOKTOVOU
OPAGNG TOVE, TO OVTILLKNTIOKA ETOPOVYV IN VIVO OTIC
AELTOVPYIEC TOL AVOGOTTOINTIKOD GUGTIUATOG.

e To €ld0¢ TNC 0vOGOTPOTOTOINGTC TOTKIAEL KO EEapTATOL
oo TO OVTILVKNTIOKO, TNV AVOGOAOYIKT] KATAGTUGT TOV
EEVIGTN KoL TO €100¢ TOv poKnTa. Me 0g00UEVO TOV
TPOTEVOVTO POAO TNE OVOGLUKNG QTAVINGNC TOV CEVIOTN
GTNV ETLTLYT OVTIUETOTICT] CUGTNUATIKOV LWOKNTIAGEMV, N
CLVOGOTPOTOTOINTIKN OPACT TOV OVTILVKNTIONCIKOV UITOPEL
vo, aodetyel KAMvikd onuavTik.

 H yvoon ¢ avoco@opuokoAoyiog auTov TV QopULoKmyY
umopel vo. cuUPEALEL GTO GYEOAGUO OEPOUTEVTIKDV
CTPATNYIKOV GE OLAPOPES KAIVIKES TEPITTMOGELC AVOCTIUKTG
OLGAELTOVPYIOC.



Eyyeviic, puoikn avooio (Innate immunity)

* H mpotnc ypauung euoikn avocia teptiauPavet
poyokOTTOPO (OVOETEPOPIAQ, LOVOKVTTOPOL KOl
OEVOPITIKA KUTTOPO,) KOl OLAVTOVE TOPAYOVTEG
(cvoumAnpouo, KoAlektiveg ko defensins)

* H avoocia avtn ival ikav) va avayveopicel Kol vo
KOTOGTPEYEL TAYEMC LWOKNTEC LEGH VTOOOYEWV
avayvopiong ( pattern recognition receptors-
PRRS), avtiyévov tov pokntov, Tov
amokalovuevev “pathogen-associated molecular
patterns PAMPS”



H avooclokt amdvinon o€ omoOnTik) pokntioon
EYYEVNG KU1 ETIKTNTY] OVOOLU
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The pattern recognition receptors
Implicated in the recognition and clearance of fungal
pathogens
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Effector mechanisms against fungal pathogens
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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
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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,*1§ 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,T 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 TLRs 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 TILR4 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 TLRY. 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 PVMIN 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
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AMB: A PROINFLAMMATORY DRUG
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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 — AvocoTpomomomMTIKES LOWOTNTES

[T€pav g anmevbeiac Opaong 6To LLKNTIOKG KOTTAPO,
cePd peretav £xel KataoeiEel 0t AmB €xel ioyvpn
LVOGOTPOTOTOINTIKN OPAcT GTA KVTTOPO TOV CEVIOTI).

H dpdon avtn €yel domiotmbel In VItro oe d1dpopeg
KUTTOPIKEC CEPES AmO oVOPDOTOVC KOt TEIPOLLLOTIKCL
HovtéAa, 0mmc moAvuoppomopnva (PMNS), nakpopdya,
NK kottapa, T, B kot veomlaopotikd Kottopa, oA
emionc o€ IN VIVO uelétec og melpanatolmao.

O1 avOGOTPOTOTOINTIKES LOLOTNTEG TOPEYOLY VAV
EVOALOKTIKO UNYOVICUO OpAcNC, EVIGYDOVTIAC TNV
VOGOAOYIKT] OITAVTINGT TOL CEVIOTH.

[HapdAAnAa, Oumc, avtn 1N 0pAc™ UTOPEL Vo, GLGYETICETOL
LE TOEIKOTNTO TOV (POUPLLAKOV.



Mnyoviepol avocotpomromoinens - AmB

e O akpi¢ unyoavicuog TpOKANGNC 0VOGOTPOTOTOINGNC LE
AmB kot eraymyn ROIS kot NO dev givon mAnpm¢ Kortovontoc.

e O unyoviouog 0pacmng Tov, LECH GUVOEGTC LE T KLTTOPLIKN
HeUPpdvn TV ONAACTIKOV KOl GUYYEVELD LE TNV YOANCTEPOAN,
UTOPEL VO EMPEPEL OOUTIKES AAALOLDGELS TTOL EVEPYOTTOLOVV TNV
NADPH oeiddon (Chapman and Hibbs, 1978; Wilson et al., 1991) .

 Oumg, o unyovicudg Tov EPUNVEDEL KOAVTEPQ TNV

CLVOGOTPOTOTTOINTIKN 0pacn Tov AMB glval pEcm ¢ 0000 TV
Toll-like receptor (TLRS).



Apgotepikivny B — Mnyaviepot opaocng
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ANOXOTPOIIOIMOIHXH IN VITRO KAI IN VIVO
AmB (I)

e Ot InVItro kot IN VIVO peA£Teg £Xovv amoodei&et 0T M
0LVOGOTPOTOTONTIKN Opaot Tov AMB 6tov evioTh 0gv
TpokaAeiTal LOVo mapovacio tadoyovov, oAl Kol OTOV Un
LOAVGUEVEG KLTTUPIKEC GELPEC 1] TEPOUATIKA LOVTEAN, Y OPIC
TPOKANON AoiUmENC, EKTIOEVTAL GE AVTILVKNTIOKO QAPLLOKO.

* To AmMB gmdyel TNV peTOypapr] KoL TV TOPAYOYT] TOAALATADV
OLULULECOAUPNTOV TOV OVOGOTOMNTIKOVD (OTMC KLTTAPOKIVEC,
youokivec kot mpootayravoiveg) kot ICAM-1 (Intercellular
Adhesion Molecule-1) cg avOpomiva kdTTOpO KOl KOTTOP
TEPAUATOLOWMV

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 IN VITRO KAI IN VIVO
AmB

* H avocotpomomointikn Kot TpoPAEYLOVAOONS 0PACT) TOV
AmB &yel cuoyeTicbel pe mpootacio Evavtt AoTHmENG.

 To AmB erdyel v avtipvkntioctkn opdon tov PMN kat
TOV KDYEAOTKOV LOKPOPAY®V EVAVTL KOVIOIMV KOl VOOV
A. fumigatus (Roilides et al.,2002).

e Avaloyo amoteAécpota £xoVV OOMIoTMOEL GE TEPAUATIKO
LOVTEAMV LOKPOQAY®V TEPLTOVOLOL, LE Tponyndeica
yopriynon IFN-y kot owapdpwv 06csewv AmB. To AmB
wponyaye mapaymwyn NO, TNF-a kot IL-1, pe amotéleona
AVENUEVT] OVTIKPVTTTOKOKKIKT] OPACTIKOTNTO OUTMOV TV
Kuttdpmv (Tohyama et al.,1996).



AmB — kvttapikn ovooia - Thl

H éxPoon tov puokntiacikov Aotuacemy eCoptitot omo TN
KUTTOPIKY] 0VOGia 6E onuavTiko Baduo.

H Thl andvinon (eEaptduevn amd Tpo@AEYLOVMIELS
kvttapokiveg, Onwg TNF-o, IFN-y, IL-1, IL-6) oonyei o€ Oetikn
ExPoon HEGHm PAEYLOVDOOVS EVEPYOTOINGTC LOUKPOPAY®Y KO
mopaymync NO .

H Th2 omédvinon (IL-10, IL-4, IL-2, IL-13, and IL-5) oyetileton

ue evoucOnoio otic AomEelg ko eEEMEN e AoinméEng (Puccetti et
al.,1995;Romani and Howard, 1995).

>e movtikia pe kavtvtioon tov 'EX, extiundnke n Oepoamneia pe
AMB povn 1 o€ cuvovacpo pe avtayoviet IL-4 | kabmg kot n
nopayoyn IFN-y (Thl) ko IL-4 (Th2).

To AMB xatédelée pia mpoostatevTiKny avramrokpien Thl pe
tavtoypovn IL-4 kotaoTolq (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/ Thl 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: AvemBountec evépyetec Ko
VOGOTPOTOTOINGT

 H Bewpia 0Tt T0 AMB emttvyydvel pépoc e opdonc tov
LEGM OVOCOTPOTOTOINGTC VTOGTNPILETAL OO TO YEYOVOS OTL
LELOVETOL 1] OVTILVKNTIOGIKT] OpAGT TOL LE TNV ECOVOETEPMOT
avticoudtov Evavtt TNF-a og movtikia (Louie et al.,1995).

¢ Ouwmg, pe Pdon v avocoTpomonointiky opdorn tov AmB
umopel vo epunvevBolv Kol apvnTIKEC EMMTMOGELS, OTTMG M
aVENCN TPOPAEYLOVOOMY KLUTTOPOKIVAOV KOL 1] EKONAMGCT
tofikdtntoc (Chia and McManus, 1990; Cleary et al., 1992; Arning et
al., 1995; Shadkchan et al., 2004).

« 'Exelr meprypapel amevbeiac cuoyETion veEpOTOSIKOTNTOS KOl
EMOYWYNG OTTOTTMOOTNG KOl LETAPOADY EKPPAGTNC TNG
ovvOetdong tov NO (Suschek et al., 2000; Falk et al., 2005; Yano et
al., 2009).



AMB - avocoKoTUGTUATIKN Opacn?



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.

» Cells 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.

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



Effects of antifungal drugs on TNF-o mRNA expression

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

Choi et al.,2010
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Enintoon Tov oww@opov popeov AmB
GTIV 0VOGOTPOTOTOUTIKT] OPACT)



AV0GOTPOTOTOINGT GE OLULPOPETIKES popPéc AmMB

Different formulations of AmB D AmB LcAmB

can bind to Toll-like receptors CDA“‘B

(TLR-2 or TLR-4) or CD14, \ \, AmB
resulting in immunomodulation |

of the cell TLR CD14" - /

NADPH
oxydase

Oxidative burst
(OH, H,;0, 07,)

Inflaxnmatory mediators
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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 1 0LPOPE LETAED TV OPOPETIKOV Loppwv AmB
umopet va epunvevdel and tov tomo TLR mwov cuvoéeton
EKAOTN G OVTOV.

 H D-AmB cuvoéetar pe tov TLR2, mov endyet
TPOPAEYLOVOON amdvINno”, o€ avtideon pe tnv L-AmB
TOV TPOKUAEL AVTIPAEYLLOVOOT AVTIOPAOT] UEG® GVVOECNG
ue TLR4 in PMNSs.



INFECTION AND IMMUNITY, Jan. 2005, p. 494-503 Vol. 73, No. 1
0019-9567/05/$08.00+0  doi:10.1128/1AL.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 opaon s AmB-D pmopel va punyv €ival Tavto EVEPYETIKI], TOVAAYLOTOV

oe "E&Bgﬁfﬁp ﬁ:ﬁz‘?g"c}fﬁ? 13, u%giei%"»,’%%ve 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 Ogpaneio pe AmMB-D peiowoe ) Bvntomta oe movtikio vd XOII ( ovdetepomevia)
ue IPA, odAd ta movtikio vitd kopTikootePoeldn elyav Bvntdtnta 100% v nuépa 8
amd 1N Aotpmén site EAafav AmB 11 to £k00y0.



AmB

fails to
attenuate and
may even
promote tissue
damage from
excessive
inflammation.
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LIPID FORMULATIONS OF AMB:

IMMUNOMODULATION BY THE LIPID
CARRIER



ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Mar. 2007, p. 1075-1081 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"

. v J. . . . . > e . . g
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 1mg/kg d AmphoB.

The beneficial iImmunomodulatory properties of E-lipo
appear to compensate for their lack of direct antifungal

activity.



liposomes, but not

AMB or empty

Pretreatment with L

AMB-d is associated with enhanced fungal clearance,

Injury in corticosteroid-

, and reduced lung

survival

IPA

Immunosuppressed mice with

GMS 1000x

GMS 100x




Ex vivo peripheral PMN Killing 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
s3]
= 75+ 75+ T5=
X *%
m
'E. 50 50+ 50+ _
> E *k **
L * I '
52 or * . * i ' o
o™~ 25 25 26 g
0= 0= [T L
Control AMB-d L-AMB Empty Control AMB-d L-AMB Empty Control 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)



2TEPOELON VS. OVOETEPOTTEVIU

Yypo BAL

IotoAloyIKa

AvamTodn
0.6TTEPYIALOV

GM

XTEPOELON XOI1
Toyeta aOpowon Anovoio. PMN
PMN
AmOnon oo PMN Amoveia PMN
ATOVGia 0YYELOKNG AyyelwoK) owoeTopa
OLUOTTOP UGS Opoppoon, vékpoon
Kokkiopata Awpoppay. EPOPoKTOQ

Mikpog aprOuog Meyain avamtodn
KOVIOL®V VOOV
Xauniog Tithog YynAog Tithog

Balloy V, et al. Infect Immun 2005; 73: 494-503
Chamilos, et al. Haematologica 2006; 91: 986






20VoYN TOV 0VOGOTPOTOTINTIKOV 0PJGEMV
OVTIHVKNTIOK®V — 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 0VOGOTPOTOTUTIK®OV OPUGEDY
avTipvknTek®v — 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 A. 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 A. fumigatus In vitro
hyphae
Anti-hsp90 antibodies Synergistic activity against Candida In vitro,
species murine model
of candidiasis,
anda RCT
ABLC Down-regulation of inflammatory In vitro
Neutrophils and mononuclear cytokine genes

r~ralle



AZOAEX: XYNEPI'IKH APAXH ME
DPATOKYTTAPA ENANTI MYKHTQN()

H oudoa tv aloAov £xel TNV LIKPOTEPT AVOGOTPOTOTOUNTIKN
OPUGTIKOTNTA £VUVTL TOV AOLTOV UVTIHVKNTIOGIKOV.

[Tap 6Aa avtd £rovv Guvepyikn opdon pe “immune-effector”
KOTTOPO KOl KUTOPOKIVEC EVOVTL LUK TOV.

H pAovkovaldin kot n BopucovalOAn OElYvVOUV GUVEPYELX UE
payokvtTapo Evavtt C. albicans, kot avtiy n cvuvépyeto evioydeTon
nepartépm pe GMCSF, GCSF, or IFN-y [ Baltch AL, AAC 2001].
Av ka1 gyyevidg pokootatikég Evavtt Candida sp., emdyovv

LUK TOKTOVO OpAGT LOVOKVTTAP®V, LOKPOPA YOV Kot
ovdetepopilwv Evavtt C.albicans [Vora S, AAC 1998, Brummer E,
Mycopathologia 1996].

Y moavooTtoATikEG ovykevipwoelc fluconazole emionc emdyovv
payokvttdpmwon yio Cryptococcus neoformans, pio dpdion
onuovtikn v 1o KNX, 6mov emtvyydvoviol cuykevipooelg < MIC
[Nosanchuk JD, et al AAC 1999].



AZOAEX: XYNEPI'IKH APAXH ME ®ATOKYTTAPA
ENANTI MYKHTQN (II)

O unyovicuot aAni/cemv aloAmv Le paryokvTTOPO, Eivot
LEPTIKMG KOATAVONTO1, AAAL DTLAPYOLY EVOEIEELS OTL | LEI®OT) NG
EPYOGTEPOANC KOOIOTA TOL LLUKNTIHKA KOTTOPO, TTLO gvaicOnTa o
KOTOUOTPOPT OO POYOKVTTAPO LE OEEIOMTIKOVE KO LN
0EEWOMTIKOVGS UNYAVIGUOVC.

‘Evog evaicOntog o vepoleioto patvotumog £xel avevpebel e
C. albicans v6o aloAn kou oe C-14a demethylase—deficient
mutant [Shimokawa O, et al AntimicrobAgents Chemother 1992].

EmumAéov, ot aloAec avcdvouv TNV £KOEGT TOV LVKNTOV GE
VITPIKO 08V, mopayouevo amo oleyepuéva, e IFN-y nakpopdyo
[Romani L, et al J Immunol 1994]

Eniong ot aldrec avactéArovy v petatpony Candida species

oo KOVIOl 6€ VPES, OIELKOAVVOVTOS TNV KABapon amd ta
eayokvtTapo [Ha KC, et al Antimicrob Agents Chemother 1999].



AZOAEX: XYNEPI'IKH APAXH ME
DPAT'OKYTTAPA ENANTI MYKHTQN (I1I)

[IpOopata TePlEypAPNCOV IO AUEGES EMOPACELS GTO
VOGOTONTIKO.

H Bopikovaldin edvnke va endyel tnv Ekppoaomn tov TLR2, v
dpdon Tov Tupnvikov mapdyovia KB kot tov TNF-a oe
avOpamva povokvttoapa [Simitsopoulou M, et al 2007].

H ¢pAovkovaloin endyel Thl amdvinon og movtikia pe
omoOnTikn ko PAevvoyovikn kavtivtioon [Cenci E, J Infect

Dis 1997].

AvtioTpoo, GTpoPn TS KLTTAPIKNC avociag oe Thl ue
vopnynon IL-12 oievkordverl T opdon g eAOLVKOVALOANC
évavtt C.albicans [Mencaccl A, et al. J Infect Dis 2000] xou C.
neoformans [Clemons KV, et al Antimicrob Agents Chemother
1994 ].
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Antifungal Susceptibility of Candida Biofilms: Unique Efficacy of
Amphotericin B Lipid Formulations and Echinocandins

D. M. Kuhn,? T. George,? J. Chandra,” P. K. Mukherjef:,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:
M61 GDH P/A71 P92 M6l 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
—7» FLC 1 025 8 1 =256 >256 >256 >256
—T1” 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 0.5 0.06 0.06 0.5 0.25 0.25 1
Lip-NYT 0.5 0.06 0.5 0.5 8 16 32
—7> ABLC 0.25 0.06 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.

Y &
% «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

iIf 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 1JAA 2009

ent:
In 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.




ECIL-5 (2013

Candidemia: Catheter removal

* Removal of central venous line

— In non-hematological patients All
— In hematology patients BATl BII
— Removatisalwaysrecommended-when-

: T An

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



Infections Diseases Society of America

Catheter Exchange? Definite...
Maybe

“Central Venous Catheters should be removed
as early as possible in the course of
candidemia when the source Is presumed to be
the CVVC and the catheter can be removed
safely; this decision should be
Individualized for each patient

(strong recommendation; moderate quality
evidence)”



20VOY1 AVOGOTPOTOTOUNTIK®OV OPUGEMV
OVTLHVKNTIOKOV — 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 Th1l immunity and Murine model of
resistance to fungal infection candidiasis

IL-12 Induction of Th1l 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 (1)

e AOY® HUKNTOGTUTIKNG OPACTIC TMV EYIVOKAVOIVDV EVOVTL
VPOUVKNTOV, T OTTOTEAEGULATIKOTNTA TOVG G Oepameio Kot
TPOPVAOET GE OOTEPYIAAMON Elval EVOEIKTIKN LG EUUECNS OPACTG
In Vivo.

o 2yYETIKA TPOCPATA, OLUTIGTOONKAY 01 AVOGOOEYEPTIKEC OPAGELS TNG
oudoogs. ITponynOeica €kBeon pLovokvTTdp®Y KO LOKPOPAY®YV,
AL OYL OVOETEPOPIAMV, GE EYLVOKUVOLVT], EIYE O OMOTEAEC LA
emitaon e 1N VItro avaotoinc A. fumigatus [Chiller T, et al Diagn
Microbiol Infect Dis 2001, Choi JH, et al. Microbes Infect 2004].

* H pvknrootatikn dpdon povokvttdpwv ue Ekbeon og caspofungin
NTOV GNUOVTIKOTEPT 0td OTL e caspofungin
novoxvttapo 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 (II)

* H b-ylovkdvrn, KOp10 GLGTATIKO TOV KUTTOPIKOD TOTYMLUOTOC
Candida ko Aspergillus species, avayvopiletor amd thv
dectin-1 kot to koyeAdwkd pokpo@dyo ( AMS), ovdETEPOPIALL
Ko devoprtika kottapa [ Taylor PR, et al Nat Immunol

2007; 8:31-8].

e Oumc, vtd puoloAoyikéc cuvOnKeg, ot emitomotl Tng b-glucan
KOADTTTOVTOL OO AAAQ GTOLYELD TOV KLTTOPIKOV TOLYMUATOG,

KoO1oTOVTOS TNV AOPATN GTA KUTTOPU TOL (VOGOTTOLNTIKOV
ocvotnuotog [Wheeler RT, et al PLoS Pathog 2006; 2:e35].

« 'ExOeon C. albicans og vmobepamevtikéc GUYKEVIPMOELS

caspofungin €yet o¢ cvvénela, to unmasking tg¢ b-glucan, pe
ATOTEAEGLOL TNV EKKPLIGT] TPOPAEYLOVOOMV KVTTUPOKIVDV

and pakpopaya [Lamaris GA, et al. J Infect Dis].



20VoYN avVOGOTPOTOTONTIKMV OPUGEWDY
OVTIHVKNTIOKOV — 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



AMNAETIOPAGT] AVTILVKNTIOK®OV UE TO OLVOGOTTONTIKO
cUGTNUO TOV EEVIOTN

| | Direct stimulation | 2| Facilitation of phagocyte activity

=T
TLR 2
Triazoles

RO, pro-inflammatory

_~Amphotericin B

cytokines

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

.1 ab.c. ab ab. : ab.
Tom Chiller,*”“* Kouros Farrokhshad,™” Elmer Brummer," " David A. Stevens™

*Division of Infectious Diseases, Department of Medicine, Santa Clara Valley Medical Center, San Jose, C4
bCaIrfom;r'a Institute for Medical Research, San Jose, CA
“Stanford University School of Medicine, Stanford, CA

Received 11 September 2000; accepted 30 November 2000



Available online at www.sciencedirect.com

BGIENGE@DIH!GT' MicrObeS and
[nfection

www.elsevier.com/locate/micinf

Microbes and Infection 6 (2004) 383-389

Original article

Combined action of micatungin, a new echinocandin, and human
phagocytes for antifungal activity against Aspergillus fumigatus

Jung-Hyun Choi abel Elmer Brummer P, David A. Stevens &2

@ Department of Medicine, Division of Infectious Diseases, Santa Clara Valley Medical Center, 751 § Bascom Avenue, San Jose CA 95128-2699, USA
Y California Institute for Medical Research, 2260 Clove Drive, San Jose, CA, USA
“ Stanford University School of Medicine, Stanford CA 94305, USA

Received 28 November 2003; accepted 17 December 2003



MOVKOPUUK®G KUl EYLVOKOVOLVES?

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, July 2011, p. 3584-3587 Vol. 55, No. 7
0066-4804/11/$12.00 doi:10.1128/AAC.01812-10
Copyright © 2011, American Society for Microbiology. All Rights Reserved.

Efficacy of Caspofungin in Neutropenic and Corticosteroid-
Immunosuppressed Murine Models of Invasive
Pulmonary Mucormycosis’

. 2. . . . C e . e 1.2
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
. y v 2 " . Lo . -
. e

control control

1 mg/kg

16 mg/kg ¢






