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Mvukntuokég Aonaées. H onnoocio g
OVOGOAOYIKIG ATOKPLONG

* H avocoaverapxela mov GYETILETAL LE GUCTNUATIKEG
uvkntidoeig (IF1) mepirappaver cofopov Pabuod kot
LEYAANG OLAPKELOC OVOETEPOTEVID, AAAOYEVT
LETOUOGYEVCT KUl LETAUOGYELCTN GLUTOYWOV OPYOAVAV,
VYNAEC 0OGELS KOPTIKOGTEPOEWOMV ( E101KA 6€ 0lo0eVEIC e
graft-versus-host disease) kot HIV Aoipuwén

 H éxBaon tov IFI 6e Papeid avocokatactoAuéEVoug
TOPUUEVEL KOKT), TTAPA TNV O100EGILOTNTA VEDV
OVTILVKT TIOKOV.

e ()¢ €K TOVTOV, GTOYEVOVTOG TNV LVOGOAOYIKT] ATOKPIGT) LE
avocofepaneia, TEPAV TOV KAAGOIKMOV AVTILVKNTIOKOV,
amOoTELEL TO TAEOV ATMOTEAEGUATIKO KOl GUYYPOVO TTEOLO
EPELVOLC.



"Eppegon opaocn avTipuKNTIOGIKOV

o ITIépavtng IN VILr0 HUKNTOCTOTIKNAC 1 LUK TOKTOVOD
OPAGNG TOVE, TO AVTLIUVKNTIOKA EMOPOVV IN VIVO OTIC
AELTOVPYIEC TOV OLVOGOTONTIKOU GLGTNULOTOC.

e To €l00¢ TNC AVOGOTPOTOTOIN GG TOIKIAEL KOl ECAPTATOL
oo TO AVTILVKNTIOKO, TNV 0VOGOAOYIKN] KATAGTAGT) TOV
EEVIGTN KOl TO €100C TOL UOKNTA. M€ 0€00UEVO TOV
TPWOTEVOVTO POAO TNG OVOGLOKTC AITAVTIONG TOL EEVIOTN
GTNV ETLTLYN OVTIUETOTIGT] GLGTNUATIKOV LWVKNTIACEDV, 1
OVOGOTPOTOMOLTIKT) OPAGT) TOV AVTILVKNTIOGIK®V LUTOPET
vo amodetyfel KAVIKA onuavTiK.

 H yvoon ¢ avosoeoapuakoroyioc auToV TOV QopLaKmY
umopel va cuUPAALEL GTO GYEOAGUO BEPUTEVTIKOV
OTPOTNYIKOV GE OLAPOPES KAIVIKEC TEPIMTTMGELS OVOGIOKNC
dvcAettovpyioc.



Eyyevig, ook avooia (Innate immunity)

* H mpoO™C ypopuung euoikn avocio meptlapdver
QAyoKOTTAPO (OVOETEPOPILD, LOVOKVTTOPO KO
OEVOPITIKA KVTTOPN) KO OIOAVTOVC TOPAYOVTEG
(couminpouo, kollektiveg kai defensins)

* H avoocio avtn elval iKovr va ovoyvepicel Kol vol
KOTOGTPEYEL TAYEMC LOKNTEC LEGH VITOOOYEMV
avoryvoptong ( pattern recognition receptors-
PRRS), avtiyévov tov pokntov, tov
amokaiovusvov “pathogen-associated molecular
patterns PAMPS”
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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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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,*18 V. Pravica,* |. V. Hutchinson¥ & D. W. Denning*

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



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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Fungal ligands and their innate Immune receptors
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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. PVMNs, 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 TLLR2 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,

TLRS5, 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 PMN function in aspergillosis. The
Journal of Immunology, 2004, 173: 7406-7415.
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AMB: A PROINFLAMMATORY DRUG



frontiers in REVIEW ARTICLE %}5
- - 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 1010TNTES

[IEpav g amevOeiac OpAong 6T LUKNTIOKA KOTTAPO,
cEPB peAeT@V £xel KataoeiEel 0Tt AmMB £yel 1ioyvpn
CVOGOTPOTOTOLNTIKN OPACT] 6TO. KOTTOPO, TOV EEVIGTT).

H dpdon avtn £yt dwomiotmOel IN VILro ce d1dpopec
KUTTUPIKES GEPEC AmO aVOPDOTOVES KOl TEIPOLLOTIKA
Hovtéla, 0mmc moAvuopeomvpnva (PMNS), nakpopdya,
NK kottapa, T, B kot veomrhoopotikd KOTTOpO, OAAS
gmion¢ o€ IN VIVO uehétec o€ melpopatolmol.

O1 avOGOTPOTOTOINTIKES LOLOTNTEC TAPEYOLY EVOLV
EVOALOKTIKO UNYOVIGUO 0pACT|G, EVICYDOVTOG TNV
0VOGOAOYIKT] amtdvINnGT) TOV CEVIOTN.

[TopaAinAa, OL®G, VTN 1N OpAoT UTOPEL VoL GUGYETICETOL
LLE TOSIKOTNTO TOV POPUAKOV.



Mnyaviepotl avocotpomomoinons - AmB

e O akpiNg unyovicudc tpdKANGNS VOGOTPOTOTOINONG LE
AmB kot eraymyn ROIS kot NO dev gival mAnpog KotavonTtoc.
O uNyaviGpog 0pacnc ToL, LEGM GUVOEGNG LLE TN KLTTOPIKN
LEUPPEvV TOV ONAOGTIKOV KOl GLYYEVELD, LLE TNV YOANGTEPOAT,
UTOPEL VO EMPEPEL OOUTKES AALOIMGELS TOV EVEPYOTOLOVY TNV
NADPH o&eg16don (Chapman and Hibbs, 1978; Wilson et al., 1991) .

* Ouwmg, 0 uNYavIGHOC TOL EPUNVEVELKAADTEPA TNV

LVOGOTPOTONTONTIKY] Opdor Tov AMB gival uéom g 0000 TV
Toll-like receptor (TLRS).



Angotepikivn B — Mnyaviopotl opaong
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ANOXOTPOIIOIOIHXH IN VITRO KAI IN VIVO
AmB (I)

e Ot InVItro kot In VIVO peAéteg €yovv amoodeifetl 6t
LVOGOTPOTOTONTIKY] Opdon Tov AMB Gtov CevioTh) 0V
TPOKAAEiTOL LOVO TTapovcia TaBoyOvVov, aAAG Kot 0Ty Un
LOAVGLEVEC KLTTUPIKES GEIPEC 1] TELPOLOTIKE LOVTEAD YOPIC
TPOKANGON AoiUmENG EKTIOEVTUL GE AVTILVKNTIOGTKO PAPLLOKO.

 To AmB egmdyelr v petaypaen Kot tnv mopoymyr] TOAAUTADY
OLOLULEGOAOPNTMV TOV OVOGOTOMNTIKOD (OTMC KVTTAPOKIVEG,
youokiveg ko mpootayAavoivec) kar ICAM-1 (Intercellular
Adhesion Molecule 1) og avOpomiva kot KOTTOPO!
TEPAUATOLO®V

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

al., 1994; Saxenaetal., 1999; Rogerset al., 2000; Sauet al., 2003; Camacho et
al., 2004; Simitsopoulou and Roilides, 2005; Simitsopoulou et al., 2005



ANOXOTPOIIOIIOIHXH IN VITRO KAI IN VIVO
AmB (II)

 EmmAéov, endyel tnv EKEPOGT] YOVIOI®V TOV EUTAEKOVTOL
otV oryyeloyéveon (Linet al., 2009).

 To AmB eniong endyel TNV GLGCMOPEVGT VITPIKOV 0EEOGC T
novo&eidio tov almtov (NO) (Mozaffarianetal., 1997) Kot
elevBépmv prlmv O2- ROIs (wilson et al., 1991).

e 2X& evooOnAlakd evepyomomuéva kottapa, to AmB
av&davetl v Ekppoorn INOS pécm evooyevoNE TopaymYNG
IL-1 ko g ovvéneia, to AmMB endyel tnv mapaymyn NO,
OV OO0 PAUATICEL CNUAVTIKO POAO GTNV OYYELOOIOIGTOAN
Kol Tpootacio Evavtt Ttaboyovmv (Suscheket al., 2002).



ANOXOTPOIIOIIOIHXH IN VITRO KAI IN VIVO
AmB

* H avocotpomomomtik Kot TpOPAEYLOVDONG OPACT] TOV
AmB &yel cvoyeticOel ue mpootacio Evavti AoiumEnc.

 To AmB endyetl v aviipvkntiacikn opdon tov PMN kot
TOV KDYEAOTKOV LAKPOPAYWOV EVAVTLKOVIOI®V KOl VDOV
A. fumigatus (Roilideset al.,2002).

e Avaloyo amoTeEAECLATO EYOVV OOTIOTMOEL GE TEIPAUATIKO
LOVTEA®V LOKPOPAY®V TTEPITOVAIOD, UE TpOoNYNOEicn
vopniynon IFN-y xat otapopwv 06cemv AmB. To AmB
wponyaye mapaywyn NO, TNF-a kot IL-1, pue anotéleocua
AVENUEVT OVTIKPVTTTOKOKKIKT] OPUGTIKOTNTO AVTOV TMV
Kuttdpwv (Tohyamaet al.,1996).



[IpOkAnon ofelomtikov Stress
AmB

To 0Ee10mTIKO Stress twv pakpoPdymv, mov odnyel oe aneAevbépmwon O2-
gvepyomotleitat INVIVO UETA 0o EVOOTEPITOVAIKT YOPNYNON
avacvvovoouévng IFN-y kot TNF-a 1 AmB (Wolf and Massof,1990).
Emunpocheta, 0tav 1o AmB cuvovdletar pe IFN-y, mapatnpeiton
GUVEPYELX, GLVITYOPWOVTOG o€ BV KMvikn aéla cvyyopnynone IFN-y yio
M Oepameio CLGTNUATIKNG LVKNTINGCTC.

To AmB eriong mapdyel 0Ee10®TIKO SLress ota pakpoedyo HETd amod
otéyepon ue phorbol myristate acetate. To amotéAeoua owtd cvoyetileTon
LLE GUVOEGT] TOV OVTILVKTTIOGIKOV UE TNV HeuBpdvn Tov LoKNTO, TOL
UTOPEL GTN GLVEYELN VO 00T YNOEL GE OO UKEC ALOIDCELS TOV EVEPYOTOIOVV

gEvloua e pepPpdvnc, wov eumAékovtal oe 0EE0mTIKG SLress, 0mme N
NADPH oé&e1ddom (Chapman and Hibbs, 1978; Wilson et al.,1991).

To AmB &yet eniong cuvepykd amotédeoua pe v IFN-y otn otatikn
opdion Tov pakpoedymv évavtl candida pécw cvcompevone ROIs (Coste
et al.,2002). Erniong, to AmB avédei&e pia cuvepyikn dpdon pe tnv IL-13,
aAAd oot 1 Opdomn Ntav aveEdptnn and Ti¢ ROIS, péocwm drapopetikon
LN OVIGUOV.



AmB — xvuttapikn avooia -Thl

H éxPoon tov pokntioctk®v AoUoEemv eCapTdTol amo TN
KUTTOPIKT) OVOGio G€ oNUavTIKO Paduo.

H Thl andvtnon (eEaptopevn amd TpoeleyYLOVAOOELS
Kvttopokiveg, Onwg TNF-a, IFN-y, IL-1, IL-6) odnyel o¢
Oetikn) EkPacn LECH PAEYLOVOOOVS EVEPYOTOINGTC
uokpo@dymv kot mapaymync NO .

H Th2 amdvtnon (IL-10, IL-4, IL-2, IL-13, and IL-5)
oyetiCetal ue evastnoio otig AoumEelc Kol EEEAIEN TNG
Lotuwénc (Puccetti et al.,1995;Romani and Howard, 1995).

e movtikia pe kavtivtioon tov I'EX, extyunOnke n Oepaneia
ue AMB novn 1 og cvvovaouo pe aviayoviot IL-4 | kabwg
kol Tapayoyn IFN-y (Thl) kot IL-4 (Th2).

To AmMB katédeiée pio Tpootatevtikny avtamokpion Thl ue
tavtoypovn IL-4 katactoAn (Cenci etal., 1997, Saxenaet 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-vy, 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 evépyeleg Kot
VOGOTPOTOTOINGT

 H Bewpia 0Tt T0 AMB emitvyyavel uEpog e 0pacns Tov
LEG® OVOGOTPOTONOINGNG VTOGTNPILETOL OO TO YEYOVOS OTL
LELOVETOL T AVTILVKNTIOGIKT] OPACT] TOV LE TNV ECOVOETEPMOT
avticopdatov Evavtt TNF-a oe movtikia (Louieet al.,1995).

¢ Ouwmg, ue Bdon v avoGoTpOTOTOMNTIKT 0pdiorn Tov AmB
umTopel va epunvevfovv Kol apvnTIKEG EMTTMOGELS, OTMG M
AVENGCN TPOPAEYLOVMOOMYV KUTTOPOKIVAOV KO 1| EKONAMGCT)
to&ikotnrog (Chiaand McManus, 1990; Cleary et al., 1992; Arning et
al., 1995; Shadkchan et al., 2004).

* Amnevbeiog cLGYETION VEPPOTOEIKOTNTOC KOl ETOYDYNG
ATOTTMONC Kot LeTaPormv Ekppacng g cvvletdong tov NO
Exel meprypoei (Suschek et al., 2000; Falk et al., 2005; Yano et al.,
2009).



AmB - avocokoTooTOATIKN £miopoon?



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 KWON1, CHUL-MIN PARKT, 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-ao mRNA expression

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

Choi et al.,2010
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Enintoon TV owe@opmv popeov AmB
GTI|V AVOGOTPOTOTON|TIKY] O0PUCT)



AVOGOTPOTOMTOIN G GE OLUPOPETIKES popPéc AmMB
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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 Toxizit4t dreier Amphotericin B-
Formulierungen und ihre Beziehung zu Zytokin-Plasmaspiegeln

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

In the present study using plasma of patients treated with
different presentations, it was found that D-AmB and L-
AmB increased TNF-a, IL-6, and IL-1-RA, but this
effect was not observed when patients were treated with
CD-AmB



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 Bellocchio', Roberta Gaziano', Silvia Bozza', Giordano Rossi', Claudia Monlagnolil,

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

This difference between the AmB formulations can
be explained by the type of TLR to which the
different AmB presentations bind. D-AmB binds
to TLRZ2, which induces a pro- inflammatory
response, in contrast to L-AmB which induces

anti- Inflammatory effect after binding to TLR4 In
PMNs



INFECTION AND IMMUNITY, Jan. 2005, p. 494-503 Vol. 73, No. 1
0019-9567/05/$08.004+0 doi:10.1128/IAL.73.1.494-503.2005

crfprrtpopReywoveydte dpastEtiic < AmB-D umopel va pnv eivar
VT RTINS SRPETRROTE NS g poOevets
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

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 Oepanecio pe AmB-D peimoe ) Ovntotnta oe movtikio vd XOII ( ovdetepomevia)
ue IPA, aAAld ta movtikio vd Koptikootepoelon eiyov Bvmrotnta 100% v nuépa 8
and T Aoluwén eite EraPoav AmB 1 to £kooyo.



AmB

fails to
attenuate and
may even
promote tissue gty 4%
damage from — CSSELLS
excessive e SR
inflammation.

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

A. fumigatus




LIPID FORMULATIONS OF AMB:

IMMUNOMODULATIONBY THE LIPID
CARRIER
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NOTES

Pretreatment with Empty Liposomes Attenuates the Immunopathology of

Invasive Pulmonary Aspergillosis in Corticosteroid-Immunosuppressed Mice”

. R . . . > e . .
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 effective as 10 mg/kg of body weight liposomal amphotericin B and superior to 1 mg/kg
amphotericin B deoxycholate. 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 Is associated with enhanced fungal clearance,
survival, and reduced lung injury In corticosteroid-
Immunosuppressed mice with IPA

B. GMS 100x GMS 1000x




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=0hrs T=24 hrs T=72hrs
o
= 75+ 75+ T&
X *%
T 50 50 50+
O E kL
== *% * % **
I %* I '
(=] i '
EH‘ - * - * b=
25 25 2 *
0- 0- 0= L
Contrel AMB-d L-AMB Empty Contrel AMB-d L-AMB Empty Contrel AMB-d L-AMB Empty

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

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



20VOY 1 TOV 0VOGOTPOTOTINTIKOV OPUGEMDV
OVTIUVKNTIOKOV — polyenes AmB-D

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

AmB-D Production and release of inflammatory  Invitro
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 lymphocytesbut  Invitro
suppresses lymphocyte proliferation
indirectly through its effects on
arachidonic acid and H202 metabolism
in mononuclear cells

T helper cells Polarization towards Thl immunityand  Murine model
resistance to fungal infection of candidiasis



Summary of iImmunomodulatory effects of
antifungal drugs — polyenes AmB lipid formulations-
ABCD, L-AmB

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

ABCD Up-regulation of inflammatory cytokine  Invitro
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

~nlle



AZOAEX: XYNEPI'TKH APAXH ME
DOATOKYTTAPA ENANTI MYKHTQN()

H oudoa tov aloA®v £YeL TNV UIKPOTEPT] OVOGOTPOTOTOLTIKT|
OPACTIKOTNTO EVOVTL TOV AOITOV AVTILVKTTIOCIKOV.

[Tap 0o avtd £xovv GuVEPYIKT Opacn pe “mmmune-effector”
KOTTOPO KOl KUTOPOKIVES EVOVTL VKT TOV.

H pAovkovaloin kot 1 PopikovaldAn deiyvouv GuvEpyela ue
payokvttopa Evovtt C. albicans, kot avt n cuvépyeia evicoydeTo
nepartépw pe GMCSF, GCSF, or IFN-y [ Baltch AL, AAC 2001].
Although intrinsically fungistatic, azoles enhance the in vitro
fungicidal activity of monocytes, macrophages, and neutrophils
against C.albicans [Vora S, AAC 1998, Brummer E, Mycopathologia 1996].

YnoavaotaAdtikéc cuykevipmoelg fluconazole eniong emdryovv
payokvttdpmwon amd Cryptococcus neoformans, pio dpdon
onuovtikn yio to KN, 6mov emtvyydvoviotl cvykevipmoelc < MIC
[Nosanchuk JD, et al AAC 1999].



AZOAEX: YYNEPTIKHAPAXH ME ®ATOKYTTAPA
ENANTI MYKHTQN (II)

O unyovieuot aAANA/ce®v aloA®V UE POYOKVTTAPA E1VAL
LEPIKMG KATAVONTOL, OAAL DITEAPYOVV EVOEIEEIC OTL N LEIMOT TNG
ePYOOTEPOANG KOO1OTA TOL LLKNTIOKE KOTTAPO 70 EvaicOnTa oE
KOTOGTPOPT] OO PUYOKVTTOPO, LE OEELOMTIKOVE KOl LN
0EEOMTIKOVG UNYOVIGULOVC.

‘Evac evaicbntoc o€ vepoleiolo parvotumog xel avevpebel o
C. albicans vo aloin kot oe C-14a demethylase—deficient
mutant [Shimokawa O, et al AntimicrobAgents Chemother 1992].

EmmAcov, ot aloleg avédvouy TNV £KOEGT) TV LK TOV GE
VITPIKO 0ED, Tapayouevo amo oeyepueva e IFN-y pakpopdyo
[Romani L, et al J Immunol 1994]

Eniong ot alorec avaotéAlovy thy petatponn Candida species

oo KOVIOl 6€ VPES, O1ELKOAVVOVTOG TNV KABapoN oo Ta
payokvTTOpa [Ha KC, et al Antimicrob Agents Chemother 1999].



AZOAEX: XYNEPI'TKH APAXH ME
OPATOKYTTAPA ENANTI MYKHTQN (I1I)

[Ipdopata TePlEypAPNoOV IO AUEGEC EMOPAGELS GTO
LVOGOTOINTIKO.

H Bopikovaloin edvnke va exdyel tnv ékepacn tov TLR2, tnv
opdion Tov TupnvikoL mapdyovia KB kot tov TNF-a oe
avOpomvo povoxkvttapa [Simitsopoulou M, et al 2007].

H @pAovkovaloin endyer Thl amdvinon oe movtiKio LeE
omonTikn ko PAevvoyovikn kavtvtiaon [Cenci E, J Infect

Dis 1997].

Avtiotpo@a, oTpoPn TN KLTTAPIKNG ovooiog oe Thl ue
yvopnynon IL-12 dievkoAivvel ) opdon g pAovKovalOANG
évavtil C.albicans [Mencacci A, et al. J Infect Dis 2000] xou C.
neoformans [Clemons KV, et al Antimicrob Agents Chemother
1994 ].



X0VoY1 (VOGOTPOTOTOUNTIKMOV OPUGEDY
OVTIUVKNTIOK®OV — 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  Invitro
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 Th1 response facilitates activity of ~ Neutropenic mice
fluconazole against C. albicansand with disseminated

Cryptococcus neoformans candidiasis



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

e AOY® HUKNTOGTATIKNG OPACTIC TMV EXIVOKOVOIVAOV EVOVTL
VPOUVKNTMOV, 1 OTOTEAECUATIKOTNTA TOVC (G Oepameio Kot
TPOQLAOEN OE ACTEPYIAAMOTN EIVOIL EVOEIKTIKN UG EUUECNC
dpdomc In VIVO.

o XYETIKA TPOCPATA, OLUTIOTMOONKOV Ol 0VOGOOIEYEPTIKEC
Opacels g opadac. Ilponynbeica £kBeon povoxvttdpmy Kot
LOKPOQAY®V, AL OYl OVOETEPOPIAMV, GE EXIVOKAVOLVT, E1YE
¢ amotéleoua exitacn ¢ In Vitro avactoing A. fumigatus
[Chiller T, et al Diagn Microbiol Infect Dis 2001, Choi JH, et al. Microbes
Infect 2004].

* H pvknrooctatikn opdon povokuttdpmyv pe exkbeon e
caspofungin ftov onuavtikdtepn amwd 6t pe caspofungin 7
novokvtTapa Ywpig €kOeomn [Chiller T, et al Diagn Microbiol Infect
Dis 20011,



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

H b-ylovkdvn, k0p1o cuoTATIKO TOL KUTTOPIKOD TOLYMLOTOC
Candida xo Aspergillus species, avayvmpiletal amd v
dectin-1 kot to. Koyehdkd poakpopayo. ( AMS), ovdeTEPOPILT
Ko 0evopitikd kottapa [Taylor PR, et al Nat Immunol

2007; 8:31-8].
Oumc, vtd puololoyikéc cuvOnkeg, ot emitomol tng b-glucan

KOADTTTOVTOL OO AAAQ GTOLYELN TOV KUTTAPIKOV TOLYOLOTOG,

KaO16TOVTAC TNV 00PATN GTO KOTTOPO TOV 0LVOGOTOTIKOD
ocvotnuotoc [Wheeler RT, et al PLoS Pathog 2006; 2:e35].

‘Ex0Oeon C. albicans og vrobepamevtiKég cuyKevVTPOGELC

caspofungin €ye1 w¢ cvvémeio, to unmasking tng b-glucan, pe
OTOTEAEGLLOL TNV EKKPLOT] TPOPAEYLOVOODV KVTTUPOKIVDV

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



20VOY1] GVOGOTPOTOTOLTIKMOV OPUGEMY
oVTIRMVKNTIOKOV — 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 enhancesthe  Invitro

macrophages activity of these cells against A. fumigatus



AMNAETIOPOCT] OAVTILVKNTIOK®OV UE TO AVOGOTOINTIKO
GUGTNUO TOL EEVIOTN

| | Direct stimulation | 2| Facilitation of phagocyte activity

_~Amphotericin B C——

Tm\@ ‘ X

Triazoles
ROI, pro-inflammatory
cytokines

3| Antigen “Unmasking”

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

. 2. . . . c e . s 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

neutropenic
" ¥,

5 animals to
compare lung
histology results

at 72 h

corticosteroid
- '. X .‘ ° il -‘

control control

1 mg/kg

16mg/kg' .






