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Mode of Action of Antifungal Drugs
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[TAe10TpOTOC OPAGT] AVTILVKNTIAGIKOV

o TIépav Tng IN VILro pukNTOoTOTIKNAC 1] LUK TOKTOVOD
OPAGMG TOVE, TO OVTILVKNTIOCTKA ETOPOVV IN VIVO GTIC
AELTOVPYIEC TOL AVOCOTTOINTIKOV GUGTILLOTOG.

* To €ldo¢ TNC 0vocoTPOTOTOINoN G TOIKIAEL Ko eEapTATAL
oo TO PAPLOKO, TNV 0VOGOAOYIKT KOTAGTAGT) TOV CEVIOTN
KOl TO €100C TOL UOKNTO. M€ 0€00UEVO TOV TPMTEVOVTA
POAO TNC AVOGTOKTC OTTAVTIGNG TOV CEVIOTH GTNV EMLTLYN
QVTILETMOTIGT GLGTNUATIKOV LUKNTIACEMV, N
CLVOGOTPOTOTTOINTIKT] OPACT] TOV OVILUVKNTIOGIK®OV UTOPEL
Vo, atoOELY0El KAIVIKA GMUOVTIKN.

 H yvoon tc avoco@apuokoroyiog avtomy Tmv QopuiKmy
umopel va cuUPaALEL 6GTO GYEOAGUO BEpATELTIKDV
GTPATNYIKOV GE OLAPOPES KAVIKEC TEPITTOCELS AVOGTUKTC
OVGAELTOVPYIOG.



Eyyevnc (Innate Immunity) avoocia

* H mpo™¢ ypouunc avocio tepthapavet
QoyoKVTTOPA (OVOETEPOPIAN, LOVOKVTTAPO, KOl
OEVOPITIKA KOTTOPO) KO OLOAVTOVE TOPAYOVTEC
(cvuminpoua, koAlektivec kou defensins)

* H avoocia avt) eival ikavn va avoryvoplcel Kol vo
KOTAGTPEYEL TOYEMC LWOKTTEG LEGHD DTTOOOYEDV
avoryvopiong ( pattern recognition receptors-
PRRS), avtiyovov tov pokntov, tmv
amokaiovuevoy “pathogen-associated molecular
patterns PAMPS”



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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Other mechanisms for evading the host’s

Immune response.
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Role of NK cells in the antifungal host

Dendritic
cell

-
Fungal/
antigens

Priming
Expansion

reSponse

antigens?

IFN-y®
RANTES o

Direct activation?
Antigen presentation?

o o ey -
- Activit <. PAMP
@ 9,8 l—y'] e - - \
G 4 °
PRR | .
Damage > }:’,E:»\i\ | £
. == >
N LR Mycotoxins? .
] % . Cell wall components? .
Unknown /— ﬁo .
ligand So ~
9 Maturation C)C:c( " Death Ao
Enhancement pAMP ©  receptors? e
Provision of antigens Cell wall % %o
components?
Direct contact?
Immunosuppression |
[ itk l Damage
e Phagocytosis
IFN-0 0 Aethaucy Oxidative burst
IFN-y o [
Antigenic [o° ¢ 4 -
fungal © |5 o0 \ PRR? Direct
debris? & N2 TLRs? damage
N >
NKp30 Death ligands? J
o o
MHC t"}o‘:,Perforin °
& © o7 IFN-yo
4 Fungal Other molecules?

Helper T cell




FUNGI €. albicans C. olbicans C. albicans C clbicans C. alhicans €, albicans
A fumigotus A fumigotus? A. fumigatus A. fumigatus
1 L A A
| ) r | I 1 f 1
PAMPSs B-glucan hyphal hyphal N-mannan Mannan  unxnown mannan GXM/PLM O-mannan B-mannaosides B-glucan
Q-mannan  a-mannan I 1 \
Dectin-1 Dectin-2 Dectin-3 MR DC-SIGN Mincle MBL TLR1/2 TLR6 TLR4 Galectin-3 CD36
Extracellular ; Y \&
PRRs /
= : H
U i :
. FeRy
phagocytosis & killing phagocytosis killing phagocytosis
FUNG! C oclbicons C.albicans C. albicans C. afbicans C. olbicons
A. fumigatus A fumigotus A. fumigotus A. fumigotus?
B-glucan, chitasan, mannan DNAJRNA chitin
PAMPs i
NLRP3 TLR3 TLRQ NOD1/NOD2

a8 8 8

Intracellular I}
PRRs
Cytoplasm

- - - - e

Nucleus NF-kB & IRF1/3 —> expression of cytokines & chemokines



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 TLR9
A. fumigatus Unknown CD14 Coreceptor with TLR2
C. albicans Unknown DC-SIGN
A. fumigatus Galactomannan
C. albicans b1,2 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



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 patholog_y. 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




Mice were treated with cyclophosphamide

and injected with Aspergillus conidia intranasally.
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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'*
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AMmB — Av0oGoTPOTOTOMTIKES LOLOTNTES

[I€pav ¢ amevOeiog Opdong oTo LUKNTIOCIKE KOTTOPO,
cEPA peAetav £xel Kataoegicel 0t AmB €xel ioyvpn
0LVOGOTPOTOMONTIKY] OPACT] GTA KUTTAPO TOV EEVIGTN.

H dpdomn avtn €xet dromiotmbet In VILro ce d1dpopeg
KUTTOPIKES GEPES amd avOPOTOVC KOl TELPOUATIKA
Hovtéda, omm¢ moAvuoppomvpnva (PMNS), uakpopdya,
NK xottopa, T, B kot veomrhacuotikd KOTTOPO, OAAN
emionc o€ IN VIVO perétec o€ melpapatolma.

O1 avOGOTPOTOTOINTIKES 1OLOTNTEC TAPEYOLY EVOV
EVOAAOKTIKO UNYOVIGUO OpAoNc, EVIGYDOVTIAC TNV
0LVOGOAOYIKY] OtAVTN O™ TOL CEVIGTN.

[TapdAAinAa, OL®S, aLTN 1 OPAGT] UTOPEL VoL GLGYETICETOL
LE TOEIKOTNTO TOV POUPLLAKOV.



Mnyavieupotl avocotponomoinens - AmB

e O akppnc unyoavicuog tpdKANGNC 0VOGOTPOTOTOINGNC UE
AmB kot eraymyn ROISs ko NO oev eivon mAnpmg katavontog.
O unyaviopdc opdonc Tov, LEGH GOVOECNC LE TN KLTTOPLIKN
HeEUPpbvn TV ONAOCTIKOV Kot GLYYEVELL LE TNV YOANGTEPOAN,
UTOPEL VO EMPEPEL OOUTIKES AAAOLDGELS TTOV EVEPYOTOLOVV TNV
NADPH o&g1ddon (Chapman and Hibbs, 1978; Wilson et al., 1991) .

* Ouwmg, 0 uNYoviondc mov EPUNVEDEL KOADTEPQ TNV

VOGOTPOTOTOINTIKN Opdiot Tov AMB givor LEG® TNC 000V TV
Toll-like receptor (TLRs).
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ANOXOTPOIIOIIOIHXH IN VITRO KAI IN VIVO
AmB

* Ot InVItro kot In VIVO peA€teg £xovv amodeiEel OTL M
VOGOTPOTOTTOINTIKY Opdion Tov AMB G6tov CevioTn) 0gv
TPOKOAEITOL LOVO TOPOVGia TaHOoYOVoUL, OAAQ Kl OTOV UN
LOAVGUEVEC KLTTOPIKEG GELPES 1] TELPOLOTIKA LOVTEAQ YOPIG
TPOKAN oM AoIUMENC EKTIOEVTOL GE AVTILVKNTIOGTKO QAP LLOKO.

 To AmB erdyel Tnv petaypoen Kot Ty mTopoyyn TOAANTADV
OLLUECOAAPNTOV TOL AVOCOTOMNTIKOV (OTTMC KVTTUPOKIVEC,
youokivec kot mpootayravoivec) ko ICAM-1 e avOpomiva
KOl KOTTOPO TTELPOUOTOLM®V

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

 EmmAéov, endryel v EKQPOGT YOVIOLOV TOV EUTAEKOVTOL
otV oyyeloyéveon (Lin et al., 2009).

 To AmB grniong endyel TNV GLGCMOPEVGT VITPIKOV 0EE0C
(NO) (Mozaffarian et al., 1997) ko eAgv0épmv priov O2-
ROIs (wilson et al., 1991).

e X& evooOnMoka evepyomomuéva kottapa, o AmB
avéavel v Ekppoorn INOS pécm gvooyevoig mapaymync
IL-1 kot ¢ cvvéneila, To AmMB endryer v mapaymyn NO,
TOL OLOPAUATICEL GNUAVTIKO POAO GTNV OYYELOOIOGTOAN
Kot Tpootacio Evavtt mafoydvav (Suschek et al., 2002).



ANOXOTPOIIOIIOIHXH IN VITRO KAI IN VIVO
AmB

e H avocotpomomomntikn Kot TpoPAEYLOVOONG OPACT) TOV
AmB ¢&yel cvuoyeticbel pe mpootacio Evavtt AoipmEnc.

« To AmB endyel v avtipvkntiacikn opacn towv PMN kot
TOV KDYEALOTKOV LOKPOPAY®V £VOVTL KOVIOI®V KOl VOOV
A. fumigatus (Roilides et al.,2002).

* Avaloyo amotelécpoTo £Y0VV OOMIoTMOEL GE TEWPAUATIKO
LOVTEAMV LOKPOQAY®V TEPLTOVOiov, ue mponyndeica
vopnynon IFN-y kot owapopwv 006cewv AmB. To AmB
nponyaye wapaymyn NO, TNF-a kot IL-1, pe anotélecua
QVENUEVN AVTIKPVTTITOKOKKIKT OPAGTIKOTNTU QUTMV TMV
Kuttdpwv (Tohyama et al.,1996).



[IpOoKAnon o&elwomtikov Stress
AmB

To 0&e10mTIKO Stress tmv pakpoeaywv, Tov odnyel oe anelevfépwon O2-
gvepyomolgital 1IN VIVO petd amd evoomepitovaikn avacvvovacuévne IFN-y
kot TNF-ap AmB (Wolf and Massof,1990). Emnpocbeta, 6tav to AmB
cuvovdletar pue IFN-y, mapatnpeital cuvepyela, GuVIYOP®OVTOS GE IOV
KAk a&la cvuyyopnynong IFN-y yio tn Bepaneioa GuoTnUATIKTC
LUKNTiooNC.

To AmMB eniong mapdyel 0EE0®TIKO SLress ota pokpoPdyd LETd amod
o€yepomn pe phorbol myristate acetate. To amotédeoua avtd cvoyetiletal
LE GUVOEST TOV OVTIUVKNTIOCIKOD UE TNV LEUPpavn TOL LOKNTA, TOV
LUTTOPEL GTN GLVEYELN VO OONYNGEL GE OOUKEC AALOIDGELS TTOV EVEPYOTOLOVV

gvlopa e pepPpdvng, mov eunAékovial 6€ 0EEOMTIKO Stress, Ommc M
NADPH o&eddon (Chapman and Hibbs, 1978; Wilson et al.,1991).

To AmB é&yel enionc cvvepyikd anotérecua pe v IFN-y otn otatikn
opdomn Tov pokpoedywv Evavtt candida péocm cvoompevong ROIs (Coste
et al.,2002). Eniong, To AmB avédeiée pia ouvepyikn dpdon pe v 1L-13,
aAAd vt M opdon Nrav aveSdptnn and T ROIS, péow dapopeTikov
LUNYOVIGLLOV.



AmB — kvttapikn avooio -Thl

H éxBaon tov HuknTioetkov AOIUOEEMV E0PTATOL OTTO T
KUTTUPIKN avOoGio 6€ onUavTiKO Baduo.

H Thl amdvinon (eCaptduevn amd Tpo@AeyLOVMOELS
Kvttopokiveg, Omwe TNF-a, IFN-y, IL-1, IL-6) oonyei o€
Oetikn EkPacn LECH PAEYLOVOOOVS EVEPYOTOINGTG
nakpodywv kot mapoaywyns NO .

H Th2 andvinon (IL-10, IL-4, IL-2, IL-13, and IL-5)
oyetiCetal pe evancOnoio 6TIc AodEELS Kot EEEAIEN TNG
Aoipwéng (Puccetti et al.,1995;Romani and Howard, 1995).

e movtikia pe kavtvtioon tov I'EX, ektiunOnke n Oepamneio
ue AMK povo 1 6e cuovovacuod pe avtaymviot IL-4 | kabwg
ko n wapaywyn IFN-y (Thl) kot IL-4 (Th2).

To AmB kotédeiée pio Tpootatevtikn avtamokpion Thl pe
tavtoypovn IL-4 xatactoln (Cenci etal., 1997, Saxena et al., 1999 ).



Induction of Protective Th1 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.



AvemBOUNTEC EVEPYELEC KO OVOGOTPOTOTOIN O

 H Bewpia 011 70 AMB emttvyydvel pEpog e opdonc Tov
LEGM OVOGOTPOTOTTOINGCNG VTOGTNPILETAL AmO TO YEYOVOC OTL
LELOVETAL 1 AVTILLVKNTIOGIKT] OPACT] TOL LE TNV ECOVOETEPMOT
aviicoudtov Evavit TNF-a oe movtikia (Loule et al.,1995).

* Mg Bdon v avocotpomonomtiky opacn tov AmMB va
epuUNVELOOVV Kol APVNTIKEC EMMTMOGELS, OTMG 1] AVLENOT
TPOPAEYLOVOOMV KVLTTOPOKIVAOV KOl 1 EKONAMGT TOEIKOTNTOS
(Chia and McManus, 1990; Cleary et al., 1992; Arning et al.,
1995; Shadkchan et al., 2004).

* Amevbeiog cLGYETION VEPPOTOEIKOTNTAC KO ETOYWYNG
AmMOTTOONC Kol LETAPOADOV EKppaong TG cvvOeTtdong tov NO
&xel meprypagel (Suschek et al., 2000; Falk et al., 2005; Yano
et al., 2009).



AMB - 0v0GoKATUGTAATIKY] ETLOPUCT)
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Immunomodulatory effects of antifungal agents on the
response of human monocytic cells to Aspergillus
fumigatus conidia

JUNG-HYUN CHOI*, EUN-YOUNG KWON+, 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-oo mRNA expression

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

Choi et al.,2010
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Enittoon Tov owa@opov popeov AmB
GTNV AVOGOTPOTOTONTIKI] 0PAO



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

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 Bellocchiol, Roberta Gaziannl, Silvia anzal, Giordano Rossil, 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 TLR2, 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/$08.00+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

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 Bepancia pe AmMB-D peimce tn Bvnromta o movtikio vwd XOII ( ovdetepomevia)
ue IPA, aAdd ta movtikia vrod koptikootepoedn iyav Bvyntotnta 100% v nuépa 8
and 1 Aoiumén eite ElaPav AMB 1 u'ntve 10 €k00Y0.
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ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Mar. 2007, p. 1078-1081 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’

. 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
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Summary of immunomodulatory effects of
antifungal drugs — 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



Summary of immunomodulatory 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  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

~alle



AZOAEX: XYNEPI'IKH APAYXH ME
OPAT'OKYTTAPA ENANTI MYKHTQN

H opdoa tov aloA®dv £yel TNV UIKPOTEPT] OVOTPOTOTOINTIKY
OPUCTIKOTNTO EVOVTL TOV AOITOV AVTLUVKNTIAGIKOV.

ITap 6da avtd £xovv cuvepyikn dpdon pe “immune-effector”
KOTTOPO KOl KUTOPOKIVEC EVOVTL LUK TOV.

H pAovkovaloin kou n BopukovaldAn 0elyvouv GUVEPYELD UE
payokvttapa Evavtt C. albicans, kot avti 1 ovvépyelo evioyveTal
nepartepm e 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].

Yroavaotoltikéc ovykevipwoelc fluconazole eriong emdyovv
payokvtTapmon omwd Cryptococcus neoformans, uio dpdon

onuovtikn v 1o KNX, 6mov enttuyydvovial cvykevipocelc < MIC
[Nosanchuk JD, et al AAC 1999].



AZOAEX: XYNEPI'TKH APAXH ME ®AT'OKYTTAPA
ENANTI MYKHTQN

O1 unyovicuot aAAnA/cewv aloAmV LE QaryoKDTTOPO. Elvat
LEPTIKMG KOTAVONTOL, OAAQ LTLAPYOVV EVOEIEELS OTL 1) LEI®ON TNC
EPYOGTEPOANC KOO1GTA TO LUKNTIOGIKA KOTTOPO TTLO evaicOnTa
GE€ KOTAGTPOPT] OO QUYOKVTTOPO UE OEELOMTIKOVS KOl LN
0EEOMTIKOVG UNYOVIGLOVC.

‘Evog evaicOntoc oe superoxide poaivotumog £xel ovevpebdel oe
C. albicans vré aloAn kou oe C-14a demethylase—deficient
mutant [Shimokawa O, et al AntimicrobAgents Chemother
1992].

EmmAéov, ot alolec avEdvouy TV EKOEGT) TOV LVKNTOV CE
VITPIKO 0&V, mopayouevo amo oeyepueva pe IFN-y paxpopayo
[Romani L, et al J Immunol 1994]

Emiong o1 aldrec avactéldovy Vv petatpony Candida species

amd Koviolo 6€ VPES, O1ELVKOADVOVTOS TNV KABapo™ oo ta
payokvtTapa [Ha KC, et al Antimicrob Agents Chemother 1999].



AZOAEX: XYNEPI'IKH APAYXH ME
OPAT'OKYTTAPA ENANTI MYKHTQN

[Ipdopata mepleypdenoay To AUECES EMOPAGELS GTO
OVOGOTONTIKO.

H Boptkovaloin edvnke va emdyel tnv Ekppoaon tov TLR2, v
opdom Tov Tupnvikov mapdyovto KB kot tov TNF-a ce
avOpomivo povokvttapa [Simitsopoulou M, et al 2007].

H @lovkovaloin emdyst Thl omdvtnon oe movrtikio LE
omoOnTikn ko PAevvoyovikn kavtivtioon [Cenci E, J Infect

Dis 1997].

AvtioTpoa, 6TpoPn TNE KLTTAPIKNC avoociog oe Thl e
yopnynon IL-12 dievkoivvel ) 0pdon TG PAOVKOVALOANG
évavtt C.albicans [Mencacci A, et al. J Infect Dis 2000] ko C.
neoformans [Clemons KV, et al Antimicrob Agents Chemother
1994 ].



Summary of iImmunomodulatory effects of
antifungal drugs — 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 ROl 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 MAKPOD®AT QN

* AOY® HVKNTOGTATIKNG OPACTIC TV EXLVOKOVOLVMOV EVOVTL
VPOUVKNTMV, T OTTOTEAEGUATIKOTNTA TOLC G Oepameio Kot
TPOPVANEN GE OCTEPYIAAMOT EIVOL EVOEIKTIKT ULOC EUUECTC
opdong In VIVO.

o XYETIKA TPOCPATO, OLOMIOTMONKAV Ol OVOGOOIEYEPTIKEC
opaocelg e ouddas. Ilponynbeica €kBeon povoxvttdpmwy Kot
LOKPOPAY®V, AALE Oyl OVOETEPOPIAMYV, GE EXtVOKOVOivY, ElYE
Oo arotéAecua exitactn e IN Vitro avootoinc A. fumigatus
[Chiller T, et al Diagn Microbiol Infect Dis 2001, Choi JH, et al. Microbes
Infect 2004].

* H pvknrootatikn 0pdcmn LOVOKLTTAp®VY Ue EkBeon o€
caspofungin ftov onuovtikdtepn arrd OTL e caspofungin 7
novokvtTapa ywpic £€kOeon [Chiller T, et al Diagn Microbiol Infect
Dis 2001]1.



EXINOKANAINEX: b-GLUCAN UNMASKING
AYEANEI THN MYKHTOKTONO APAXH TQN
OYAETEPO®IAQN KAI MAKPODAT' Q2N

H b-yAovkdvn, k0p1o cuoTATIKO TOV KUTTOPIKOD TOLYMUATOC
Candida kot Aspergillus species, avoayvopiletal omd TV
dectin-1 kot o kvyeAdKa pakpoedyo ( AMS), ovdetepOPIAa
Kol devoprtika kottapa [ Taylor PR, et al Nat Immunol

2007, 8:31-8].
Oumc, vwd puotoloyikéc cuvOnkeg, ol emitomotl Tn¢ b-glucan

KOAVTTTOVTOL OO AAAO GTOLYELD TOV KLTTOUPIKOV TOLYMUATOG,

KoO1GTOVTIAC TNV 0PI 6T KOTTOPO TOL AVOGOTOTIKOD
ocvotnuatoc [Wheeler RT, et al PLoS Pathog 2006; 2:e35].

‘Ex0eon C. albicans ce vrobepamentikég ouyKevIpmGOELG

caspofungin £yer o¢c cvvénelo to unmasking tg b-glucan, pe
ATOTEAEG O TNV EKKPLOT TPOPAEYLOVOOMV KVTTUPOKIVAOV

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



Summary of immunomodulatory effects of
antifungal drugs — 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



Interaction of antifungals with the host’s immune system

| | Direct stimulation | 2| Facilitation of phagocyte activity

e
@ ‘-;\Q

TLR 2
‘ Triazoles

RO, pro-inflammatory

_~Amphotericin B

cytokines

Antigen “Unmasking”

Before echinocandin After echinocandin
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