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....where we are....
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....where we would like to go....

New Horizons in Antifungal Therapy Journal of
Fungi

Kaila M. Pianalto ! and J. Andrew Alspaugh 1-2*

v" Potency (able to effectively control fungal growth in the
context of the patient, at compound levels that are readily
achievable at infection sites)

v No Toxicity

v' Selectivity (the wall as the ideal target)

v Broad spectrum (able to treat multiple species of fungi)

v" Different pharmaceutical formulations (i.v., per os, topical...)

J. Fungi 2016, 2, 26; doi:10.3390/jof2040026



....the fact....

“.... approximately 80% of antifungal targets in the
literature turn out to be false positives with little
potential to develop target-based inhibitors with
desirable features from them. As a matter of fact,
both humans and fungi use similar eukaryotic

machinery...”

-
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The antifungal pipeline: a reality check

John R. Perfect
doi:10.1038/nrd.2017.46

\NATU RE REVIEWS | DRUG DISCOVERY

Published online 12 May 201//




Where are we going...?

v Improving existing antifungal drugs



Nuove molecole appartenenti a classi gia note:

Il caso degli azol....
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Albaconazole

Phase I-I1

Cryptococcus neoformans, gattii
Scedosporium prolificans. It has
potential broad-spectrum activity, and
exhibits extremely potent inhibition of
numerous CYP450 enzymes

Research. discontinued

el

..-..41

—N

Ravuconazole

Phase II-III

Candida spp (fluconazole-resistant)
Aspergillus spp (other filamentous
fungi)

Scedosporium aplospermum
Ravuconazole and its prodrugs are
promising candidates for oral
therapy of onychomycosis. A
water-soluble prodrug, mono-lysine
phosphoester derivative (E1224 or
BFE1224) is in Phase II-I1I.

- Paiva, Curr Opin Infect Dis 2013 -



Nuove molecole appartenenti a classi gia note:
Il caso delle echinocandine...

Aminocandin(s):

Structurally similar to echinocandins, with the advantage of
a half-life 3-to-4 times longer (once/week?). It is not
metabolized by the liver ans is not a substrate of CYP.

Good activity vs Aspergillus spp, Candida spp.
Phase II trials

o] “...for a variety of reasons

a > aminocandins have received little
t - recent developmental attention..."

- Perfect, Nature Rev Drug Disc 2017 -



In regard to 1,3-beta-glucan synthase inhibitors,
there are two main areas of investigation:

« CD101 (also known as biafungin, Cidara Therapeutics)

 SCY-078 (also known as enfumafungin, Scynexis)

Cloudbreak molecule
.» &P Ergosterol
Gepinacin o/ / 1,6-B-glucans
APX001 @ X /1,3-B-glucans
Aminocandins —1 L & @ UDP-glucose
“ N chitin
L YN
/_‘ Tl P00 @ a0 Mannoproteins
NikkomyeinZ  |{{{ (/@1 1(/(] " Do\ @ PMN cell
. 1,3-pB-glucan synthase

- Perfect, Nature Rev Drug Disc 2017 -



Cellular Microbiology (2016) 18(9), 1308-1316

CD101: a novel long-acting echinocandin
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Structure-Activity Relationships of a
Series of Echinocandins and the
Discovery of CD101, a Highly Stable and
Soluble Echinocandin with Distinctive
Pharmacokinetic Properties

TABLE 2 MICs of CD101 and compound 6 with echinocandin and polyene comparators
against Candida spp.

MIC {pg/ml)2
Organism Time (h) Anid Caspo CD101 6 AmpB
Candida albicans ATCC 90028 24 =0.015 006 0.03 003 =0.06
48 =0.015 006 0.03 0.03 0.125
Candida glabrata ATCC 90030 24 0.03 0125 003 0.03 0.06
48 0.03 0125 003 0.03 0.25
Candida guilliermondii ATCC 34134 24 1 0.25 0.5 05 =0.06
48 2 =gt 2 1 =0.06
Candida krusei ATCC 14243 24 0.03 0.25 0.03 0.03 0.25
48 0.06 0.5 0.03 0.03 0.5
Candida lusitaniae ATCC 34134 24 0125 0.25 0.25 0.25 =0.06
48 0.125 0.25 0.25 0.25 =0.06
Candida parapsilosis ATCC 22019 24 0.5 0.25 0.5 0.25 0.25
48 0.5 0.5 1 0.5 0.5
Candida tropicalis ATCC 90874 24 =0.015 0.06 =0.015 =0015 0325
48 =0.015 006 =0.015 =0015 0.25

TABLE 3 Minimum effective concentrations and MICs of CD101 and compound 6 with echinocandin and polyene comparators against

Aspergillus spp.

Anid MEC Caspo MEC CD101 MEC Compound 6 MEC AmpB MIC

Organism (pg/mil) (peg/mil) (peg/ml}) {peg/mil) (peg/mil)
Aspergillus candidus ATCC 13686 =0.015 =0.015 =0.015 =0.015 =0.06
Aspergilius clavatus ATCC 100582 =0.015 0.125 0.03 0.03 =0.06
Aspergilius flavus ATCC 22546 =0.015 0.06 =0.015 =0.015 1
Aspergillus fumigatus ATCC 204305 =0.015 0.125 =0.015 =0.015 1
Aspergillus niger ATCC 16888 =0.015 0.06 =0.015 =0.015 0.125
Aspergillus ochraceus ATCC 96919 0.03 0.06 0.03 0.03 2
Aspergillus fumigatus ATCC MYA-3626 =0.015 0.125 =0.015 =0.015 1

“Results for this organism were read at 68 h.

February 2017 Wolume 61

lssue 2 el1541-16

Antimicrobial Agents and Chemotherapy
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J Antimicrob Chemother 2017; 72: 1355-1358 All:hmlCLOblUl
doi:10.1093/jac/dkx008 Advance Access publication 3 February 2017 c emot erapy

In vitro activity of the novel echinocandin CD101 at pH 7 and 4 against
Candida spp. isolates from patients with vulvovaginal candidiasis

Dina A. Boikov?, Jeffrey B. Locke?*, Kenneth D. James>, Ken Bartizal? and Jack D. Sobel*

'Division of Infectious Diseases, Wayne State University School of Medicine, 540 E. Canfield St., Detroit, MI 48201, USA; ’Cidara
Therapeutics, Inc., 6310 Nancy Ridge Dr., Suite 101, San Diego, CA 92121, USA; 3Seachaid Pharmaceuticals, 801 Capitola Dr. # 5,
Durham, NC 27713, USA

Activity of a Long-Acting Echinocandin
(CD101) and Seven Comparator
Antifungal Agents Tested against a
Global Collection of Contemporary
Invasive Fungal Isolates in the SENTRY
2014 Antifungal Surveillance Program

March 2017 Volume 61 Issue 3 e02045-16 Antimicrobial Agents and Chemotherapy




SAN DIEGO, Feb. 21, 2017 (GLOBE NEWSWIRE) -- Cidara
Therapeutics, Inc. (Nasdaq:CDTX), a biotechnology company
developing novel anti-infectives including immunotherapies, today
reported that the randomized, controlled Phase 2 RADIANT
clinical trial in acute vulvovaginal candidiasis (VVC) did not show
sufficient efficacy to justify further development of the tested
topical formulations. RADIANT was designed to evaluate gel and
ointment topical formulations of the novel echinocandin antifungal
CD101 in women with moderate-to-severe acute VVC.

The study found that the gel and ointment topical formulations of
CD101 evaluated in RADIANT were similar in efficacy to each
other but lower in clinical and mycological cure rates compared to
oral fluconazole.

CD101 IV development program in candidemia and invasive
candidiasis
(including Phase 2 STRIVE ftrial) continuing and remains on
track

——
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Pharmacodynamic Target Evaluation of a Novel Oral Glucan Synthase
Inhibitor, SCY-078 (MK-3118), Using an In Vivo Murine Invasive
Candidiasis Model

Change in Logq1g CFU/kidneys
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(A) C. albicans SC5314

(B) C. auris 31102
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May 2017 Volume 61 Issue 5 e02396-16
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Blood clots halt Scynexis’ trial of antifungal
injection

\- 3
N

Shares in Scynexis went into a tailspin yesterday after a trial of lead
antifungal drug SCY-078 was halted by order of the FDA on safety grounds.

The regulator ordered the suspension of the study after three healthy
volunteers in a phase 1 trial of an intravenous formulation of SCY-078
developed blood clots, and asked the company not to start any further trials
until a safety review has been completed.

Scynexis was quick to point out that two phase 2 trials of an oral
formulation are still proceeding as planned, but the news gave investors the
jitters and its shares lost around a quarter of their value in after-hours
trading.

In a statement, the biotech said there had been "three mild-to-moderate
thrombotic events in healthy volunteers receiving the |V formulation of SCY-
078 at the highest doses and highest concentrations in a phase 1 study.”

by Phil Taylor | Mar 3, 2017 9:28am



Pharmacokinetics and Pharmacodynamics in
Patients from a Phase 2, Multicenter, Open-
Label, Randomized, Comparative Study of
Oral SCY-078 vs. Standard-of-Care Following
Initial Intravenous Echinocandin Therapy in
the Treatment of Invasive Candidiasis
(Including Candidemia) in Hospitalized Non-
Neutropenic Adults

“Population PK analysis of the oral SCY-078

1250mg/750 mg qd dosing group predicts that
greater than 80% of patients will achieve the target

AUCO0-24hr of 15.4 yM:-hr.
This dose was well-tolerated and achieved

favorable global response rate”

2 asim ™

» | @ microbe
B June 2, 2017, 12:45 - 2:45 PM Q@ Exhibit Hall D, Exhib

5 » NEW ORLEANS



Where are we going...?

v Improving available formulations



NANOMEDICINE:

THE FUTURE OF MEDICINE

Nanomedicine, refers to highly specific medical intervention at the
molecular level for curing disease or repairing damaged tissues.
Though in its infancy, could we be looking at the future of medicine?
Early clinical trials certainly look promising.

HOW
NANUMED'C'NE Nanomedicine works

by injecting

nanoparticles into

the body
~ Q @ -
| 80,000 Moo

Deliver Find and treat Repair nanometers 1 and 100
medicine disease damaged cells wide nanometers

One human hair
is approximately

in diameter

APPLICATIONS OF

N AN 0 M E D I c I N E Nanotechnology is

already commonly
used in sunscreen

& and to make tennis
Y balls more bouncy

' DRUG DELIVERY

Using nanotechnology to deliver medicine,
diabetic rats kept stable blood sugar levels
for 10 days after injection


http://www.associates-degree-in-nursing.org/nanomedicine/

International Journal of Nanomedicine Dovepress

8 Cron e REVIEW

Fungal diseases: could nanostructured drug
delivery systems be a novel paradigm for therapy?

Liposame :::::r:iaﬁlt?cles
63-300nm 80-300 nm
Polymeric Silica; magnetic
nanoparticles nanoparticles
<1 ugm 100-300 nm

. Carbon
AU panoparticles
1-5 nm diameter

International Journal of Nanomedicine 2016:1 |



Amphotericin B-entrapping lipid nanoparticles and their in vitro and in vivo

characteristics
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European Journal of Pharmaceutical Sciences 37 (2009) 313-320



Table 3 Antifungal drugs-loaded nanoparticles based on solid lipids (SLNs) and nanostructured lipid carriers (NLCs)

Disease/microorganism Treatment Delivery systems Size Category
Candidiasis Miconazole nitrate (MN) MN/SLN 206.39+9.37 nm* Rats
Cutaneous candidiasis Fluconazole (FLZ) SLN/FLZ 178 nm Rats
NLC/FLZ 134 nm Rats
Fungal vaginal Clotrimazole (CTZ) CTZ-NLC-gel NA In vitro
C. albicans Miconazole Encapsulation of miconazole in 200 nm In vitro
the NLC
Cutaneous candidiasis FLZ-loaded SLN FLZ/SLN 178.9+£3.8 nm? In vitro/in vivo
C. albicans SLNs of terbinafine SLNs were incorporated into 300 nm In vivo
hydrochloride (TH) Carbopol gel
Vaginal infection — Ketoconazole (KTZ) and CTZ  SLNSs based on polyoxyethylene-  NA In vitro
C. albicans 40 stearate (PEG-40 stearate) for
the administration of such as KTZ
and CTZ antifungal agents
Aspergillus flavus Itraconazole into solid lipid ITZ/SLNSs stearic acid and palmitic  139—199 nm In vitro
nanoparticles (SLNs) for acid (stearic acid)
topical ocular delivery 126—160 nm

(palmitic acid)

Solid lipids
+

liquid lipids
(oil)

Solid lipids |:>

SLN NLC

Figure 3 Nanoparticles based on solid lipid nanoparticles (SLNs) and nanostructured

lipid carriers (NLCs).

International Journal of Nanomedicine 2016:1 |



Nanostructured antifungal delivery systems:
future prospects

v" In the near future, the use of nanosystems for drug
delivery can be attractive strategies for delivery peptides,
nuclear acids (beside drugs)

v" Mucoadhesive systems could promote a more specific
targeting and retention of the delivery systems in humans,
such as mucosal surfaces, Gl tract, genitourinary tract,
nasal and ocular systems (but also many other places)

v If combined with execellent technological platforms (...),
nanotechnological strategiess could increase the
bioavailability of antifungal drugs

International Journal of Nanomedicine 2016:1 |



% Where are we going...?

v’ Repurposing old drugs



OPEN @ ACCESS Freely available online @ PLOS | parrocens

Antifungal Drug Discovery: Something Old and
Something New

Table 1. Compound libraries are represented as new synthetics, repurposed, natural products,

or tailored and development is indicated as drug discovery steps.

Drug discovery step /,——fompo\u\ nd libraries

New synthetics" Repurposing\l‘, Natural products Tailoring
Purification - \\-\__ o+ -
Lead optimization + + + +
In vitro cytotoxicity assays + o} + +
PK/PD + + + *
Antifungal target identification + + 4 -
Efficacy in vivo, survival and tissue loads + - B -
+: A need to complete each specific step; +: Sufficient information may be available; -; Not required; PK/PD: Pharmacokinetic/
pharmacodynamics (the temporal effects of a drug administration on the body and microbes).

- Calderone, Future Microbiol 2014 -



Compound Molecular target

Compounds that could be repurposed

Cyclosporine, mTOR or calcineurin

tacrolimus or

rapamycin

Rifampin RNA polymerase
Sertraline Serotonin reuptake
Tamoxifen Oestrogen receptor
Verapamil Calcium channel

Target species or relevant disease

* Broad spectrum
* To be used alongside existing
antifungals

* Broad spectrum
* To be used alongside existing
antifungals

» Cryptococcal meningitis
* To be used alongside existing
antifungals

* Cryptococcosis
* To be used alongside existing
antifungals

* Broad spectrum
* To be used alongside existing
antifungals

Development stage

Approved for
post-transplant
immunosuppression

Approved for bacterial
infections

Approved for depression

Approved for oestrogen
receptor-positive breast
cancer

Approved for cardiac
conditions (including
hypertension and
arrhythmias)

v" Most of these compounds will need to be manipulated to reduce their
primary effect (i.e. Immunosuppression)

v' These drugs are unlikely to be effective given alone. Rather, they could

potentiate the activity of available antifungal agents.

- Perfect, Nature Rev Drug Disc 2017 -



From Antidiabetic to Antifungal: Discovery of Highly
Potent Triazole-Thiazolidinedione Hybrids as Novel

Antifungal Agents
St I
s

—_——

N=\ 1 OH3 /=N
N N S4
L\ ’ 2 N\, o
N F N

s

S3
fluconazole (1, antifungal)

7
|
< 0\/\N/QNj
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CH

rosiglitazone (7, antidiabetic) _}

13a

F R = phenyl or heterocycles

- Wu, Chem Med Chem 2014 -



0.03-0.15 um. Moreover, compounds 15j and 15r were found
to be effective against four fluconazole-resistant clinical iso-
lates; these two compounds are particularly promising antifun-
gal leads for further optimization. Molecular docking studies
revealed that the hydrogen bonding interactions between thia-
zolidinedione and CYP51 from C. albicans are important for an-
tifungal activity. This study also demonstrates the effectiveness
of molecular hybridization in antifungal drug discovery.

Table 3. Inhibitory activities of compounds 15j and 15r against flucona-
zole-resistant clinical isolates of C. albicans (all MIC values in um).

Clinical 15j 15r Fluconazole
isolate MIC, MIC,, MIC, MIC, MICg, MIC,,
100 74.00 4.62 37.00 231 >3343.45 >3343.45
103 148.01 9.25 74.00 18.50 >3343.45 >3343.45
805 18.50 0.58 7400 0.8 >3343.45 >3343.45
0710922 >148.01 =>148.01 7400 1.16 >3343.45 >3343.45

- Wu, Chem Med Chem 2014 -



% Where are we going...?

v Novel pathways and targets
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- Perfect, Nature Rev Drug Disc 2017 -



% Where are we going...?

v New agents (in development)
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, Rifampin L\
[ | Cellwall
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|
| : ; :
F901318 ———— Dhodh (, Pyrimidines ||
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Pentamidine — 1 { e Sertraline )
k‘ > Tamoxifen
ASP2397
== == T-2307
Calcineurin Hsp90 inhibitors
inhibitors (e.g. efungumab )
(e.g. tacrolimus) and geldanamycin) ~ Fungus-specific
transporters
HOG pathway inhibitors Trehalose
(e.g. fludioxonil, ambruticins)  inhibitors

- Perfect, Nature Rev Drug Disc 2017 -



Table 2 | Antifungal compounds with novel targets in development

Compound

Molecular target

Unapproved compounds with novel structures

APX001

AR-12

ASP2397

Aureobasidin A

Cloudbreak
molecules (bispecific
antibodies)

Glycosyl phosphatidylin-
ositol synthesis (prevents
attachment of mannose
proteins to the outer cell wall)

*» Probably blocks fungal
acetyl-CoA synthetase 1

* Increases hostimmune
response by downregulating
host chaperone proteins

Unknown, but taken up by
Sitl

Inositol phosphorylceramide
synthase

Binds to granulocytes and
thereby concentrates the
antifungal at the infection

Target species or relevant disease

* Broad-spectrum potency against
pathogens, including Mucorales
order, Candida spp., Aspergillus spp.,
Fusarium spp. and Scedosporium
spp.

* Synergizes with approved
antifungals

* Cryptococcus neoformans

* Candida albicans

* Mucorales order moulds

* Hyalohyphomycosis, including
those caused by Fusarium spp. and
Scedosporium spp.

* Aspergillus fumigatus
* Some Candida spp.

* Fusarium spp.

e Trichosporon spp.

Broad spectrum

Could have focused or
broad-spectrum antifungal activity

Development stage

Phase |; phase Il planned

Completed phase | for
oncology indications

Preclinical but potentially
approaching clinical
studies

Preclinical

Preclinical

- Perfect, Nature Rev Drug Disc 2017 -



Table 2 | Antifungal compounds with novel targets in development

Compound Molecular target Target species or relevant disease Development stage

Unapproved compounds with novel structures

Efungumab (also Hsp90 Candida spp. Phase Il
known as Mycograb)
F901318 Dihydroorotate » Aspergillosis spp. Phase ll
dehydrogenase * Scedosporidium spp.
Geldanamycin-like Hsp90 Broad spectrum Completed phase | for
agents oncology indications
MGCD290 Hos2 * Broad spectrum Phase ll
* Synergizes with approved
antifungals
Nikkomycin Z Chitin synthase * Coccidioidomycosis, histoplasmosis  Phase |
and blastomycosis
» Synergizes with approved
antifungals
T-2307 Mitochondrial membrane » Candida spp. Phase | (see Further
potential * Cryptococcus spp. information for details)

* Aspergillus spp.

- Perfect, Nature Rev Drug Disc 2017 -



RESEARCH HIGHLIGHTS

Nature Reviews Microbiology | Published online 21 Nov 2016; doi:10.1038/nrmicre.2016.179

=J ANTIFUNGALS

Uncovering new drugs and targets

new avenues Andrea Du Toit
that could ORIGINAL ARTICLES Van Arnam, E. B. et al.
be explored

Selvamicin, an atypical antifungal polyene from

for the novel two alternative genomic contexts. Proc. Natl Acad.

jcherapeufcm Sci. USA http://dx.doi.org/ 10.1073/
Inteérvention pnas.1613285113 (2016) | Bauer, I., Varadarajan, D.
of fungal

et al. A class 1 histone deacetylase with potential

infections as an antifungal target. mBio 7, e00831-16 (2016)

NATURE REVIEWS | MICROBIOLOGY www.nature.com/nrmicro




Discovery of Ibomycin, a Corhplex Macrolactone that
Exerts Antifungal Activity by Impeding Endocytic
Trafficking and Membrane Function

Graphical Abstract Authors
Nicole Robbins, Michaela Spitzer,
Wenliang Wang, ..., Obi Ejim,
Mike Tyers, Gerard D. Wright

Co-culture screen with
actinomycetes
unveils specific antifungal Correspondence
Sctivities wrightge@mcmaster.ca
In Brief
4 A co-culturing screen identified a
\A HR-ESI-MS. 1-D and molecule termed ibomycin with
- Li L % 2-D NMR used to preferential activity against
- ! solve the structure .
. ooy o2 ofalarge Cryptococcus neoformans. The specific
P Jf :““’“’:‘““’ called | action was due to the ability of ibomycin
/ ' to cross the cell wall to affect membrane
function. Thus, natural products remain a
o Ibomyein (ugimbL) o 00 Uniresied Domycia rich source of antimicrobials.
C. nodomum
S. ccnvr‘sin
C. albicans

Preferential killing activity against Ibomycin disrupts membrane
Cryptococcus neoformans function

I

Cell Chemical Biology 23, 1383-1394, November 17, 2016




Discovery of Ibomycin, a Potent Antifungal Weapon

J. Andrew Alspaugh:%*

1Department of Medicine

2Department of Molecular Genetics and Microbiology

Duke University School of Medicine, Durham, NC 27710, USA
*Correspondence: andrew.alspaugh@duke.edu
http://dx.doi.org/10.1016/j.chembiol.2016.11.001

In this issue of Cell Chemical Biology, Robbins et al. (2016) identify ibomycin, a unique compound with anti-
fungal activity. Microbial physiological and genetic studies suggest that endocytic trafficking might be the
site of action for this lead antifungal compound.

Despite the elegance of these studies,
the limitations of this type of screening
approach include target specificity and
the potential for “collateral damage.” In
order to proceed with investigations for
any potential antimicrobial agent, studies
must first demonstrate that the com-
pound is not excessively toxic against
the host.




Antifungal drug discovery: the process
and outcomes

Table 1. Compound libraries are represented as new synthetics, repurposed, natural products,

or tailored and development is indicated as drug discovery steps.

Drug discovery step Compou nd,ljbxar're‘r-\\\
New synthetics Repurposing ('Natural product;:. Tailoring

Purification - . \1\\_ __,/' -
Lead optimization + + + T +
In vitro cytotoxicity assays + 2 + +
PK/PD Rs + - 2
Antifungal target identification + + s -
Efficacy in vivo, survival and tissue loads + - B -

+: A need to complete each specific step; +: Sufficient information may be available; -: Not required; PK/PD: Pharmacokinetic/

pharmacodynamics (the temporal effects of a drug administration on the body and microbes).

- Calderone, Future Microbiol 2014 -



Table 1 Natural compounds
with antifungal activity against

Cryptococcus spp.

Plants (family)

Plants (species)

Activity (range of MIC)

Apiaceae
Araliaceae
Sapindaceae
Myrtaceae
Ericaceae
Lauraceae
Clusiaceae
Menispermaceae
Leguminosae
Celastraceae
Verbenaceae

Fabaceae

Apium graveolens L.

Panax ginseng

Dimocarpus longan Lour.

Eugenia uniflora
Vaccinium macrocarpon
Laurus nobilis
Hypericum perforatum
Cissampelos mucronata
Tephrosia villosa
Maytenus ilicifolia
Lippia lupulina

Pterogyne nitens

0.04-0.64 pl/ml
250-1,000 pl/ml
15.63—-16,000 pg/ml
0.1-3.75 mg/ml
<1.0 pg/ml
31-1,000 pg/ml
39.1 pg/ml
>250-0.195 mg/ml
62.5-0.195 mg/ml
0.48-7.81 png/ml
>250-31.25 pg/ml
250-1,000 pg/ml

- Gullo, Eur J Microbiol Infect Dis 2013 -
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Scaffold hopping of sampangine: Discovery of potent antifungal lead @ i
compound against Aspergillus fumigatus and Cryptococcus

neoformans

Table 1

In vitro antifungal activity (MICgp, pg/mL) and kinetic solubility (pg/mL) of D-ring modified sampangine analogues®
Compounds A. fum. C neo. C. alb. C par. C. gla.
51 1 2 >b4d >64 0.125
S2 1 0.25 ! 8 =
S3 >64 >64 >64 >64 >64
sS4 32 16 32 >64 32
S5 32 3 32 >G4 64
S6 64 8 64 >64 32
Sampangine 16 2 0.5 4 0.125
Fluconazole >64 0.25 0.5 2 0.25

Sampangine is an azaoxoaporphine alkaloid extracted from the stem bark of Cananga
odorata. Although the molecular target of sampangine was still unknown, inhibition of
heme biosynthesis and production of reactive oxygen species (ROS) was reported to
be its primary mode of action
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Can agricultural fungicides accelerate
the discovery of human antifungal
drugs?

Kyung Myung, kmyung@dow.com and Carla J.R. Klittich

Twelve drugs from four chemical classes are currently available for treatment of systemic fungal
infections in humans. By contrast, more than 100 structurally distinct compounds from over 30
chemical classes have been developed as agricultural fungicides, and these fungicides target many modes
of action not represented among human antifungal drugs. In this article we introduce the diverse aspects
of agricultural fungicides and compare them with human antifungal drugs. We propose that the
information gained from the development of agricultural fungicides can be applied to the discovery of
new mechanisms of action and new antifungal agents for the management of human fungal infections.



TABLE 1

Major agricultural fungicides and their modes of action [10,11]

Chemical group/FRAC

Examples of commonly

Mode of action

classification used agents
Triazoles/demethylation Difenoconazole Inhibition of C-14« demethylase in ergosterol biosynthetic pathway
inhibitors (DMI) Epoxiconazole
Fenbuconazole
Myclobutanil
Prothioconazole
Tebuconazole
Strobilurins/quinone Azoxystrobin Binding to quinol oxidation (Qo) site of cytochrome b, a part of cytochrome bc,

outside inhibitors (Qol)

Fluoxastrobin
Kresoxim-methyl
Picoxystrobin
Pyraclostrobin
Trifloxystrobin

complex, blocking electron transfer between cytochrome b and cytochrome ¢,

Pyrazole carboxamides/succinate
dehydrogenase inhibitors (SDHI)

Benzovindiflupyr
Bixafen
Fluxapyroxad
Isopyrazam
Penflufen
Penthiopyrad
Sedaxane

Inhibition of succinate dehydrogenase (respiratory Complex II), disrupting TCA cycle

Morpholines/amines

Aldimorph
Dodemorph
Fenpropimorph
Tridemorph

Inhibition of A" reductase and A®-A7 isomerase in ergosterol biosynthetic pathway

Benzimidazoles/methyl
benzimidazole carbamates (MBC)

Benomyl
Carbendazim
Fuberidazole
Thiabendazole

Thiophanate-methyl

Inhibition of microtubule (B-tubulin) assembly in mitosis

Anilinopyrimidines (AP)”

Cyprodinil
Mepanipyrim
Pyrimethanil

Inhibition of cystathionine lyase or synthase in methionine biosynthetic pathway

Phenylpyrroles (PP)"

Fenpiclonil
Fludioxonil
Pyrrolnitrin

Interference with osmotic signal transduction pathway leading to abnomal
accumulation of glycerol
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A Randomized, Blinded, Multicenter Trial
of Lipid-Associated Amphotericin B Alone
versus in Combination with an Antibody-Based
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Table 3. Assessment of efficacy in the modified intention-to-treat population.
No. (%) of patients who
received lipid-associated
amphotericin B
Plus placebo Plus Mycograb
Variable (n = 61) (n = 56) OR +:8E 95% ClI R
Primary efficacy variable
Complete overall response by day 10 29 (48) 47 (84) 5.762 + 1.561 2.408-13.787 <.001
Supportive analyses® 29 (48) 47 (84) 6.960 + 1.273 2.698-17.954 <.001
Receipt of Abelcet or Ambisome 29 (48) 47 (84) 5.846 + 1.251 2.428-14.077 <.001
Secondary efficacy variable
Complete clinical response by day 10 32 (52) 48 (86) 5437 + 1.584 2.207-13.393 <.001
Mycological response by day 10 33 (54) 50 (89) 7.071 = 1.653 2.640-18.938 <.001
Candida-attributable mortality by day 33 11 (18) 2 (4) 0.168 + 2.211 0.036-0.797 .025

Clinical Infectious Diseases 2006;42:1404-13



Review Article

Human Monoclonal Antibody-Based Therapy in the Treatment

of Invasive Candidiasis

“Mycograb is a human recombinant monoclonal antibody against Hsp90
that was revealed to have synergy when combined with fluconazole,
caspofungin, and amphotericin B against a broad spectrum of Candida
species. Furthermore, recent studies have established an important role
for Hsp90 in mediating Candida resistance to echinocandins, giving to
this antibody molecule even more attractive biological properties.

Straints Agents

MIC (pg/mL) for each agent

Alone In combination

C. albicans (FLC-S) ELE

C. albicans (FLC-R) FLC

Mycograb

Mycograb

1.56 0.4
128
50 12.5

256 100

- Bugli, Clin Develop Immunol 2013 -

...but precise control of immune reconstutition might neeed

some fine-tuning...



In conclusion...(or as starting point)

Invasive fungal infections will not go away anytime
soon. Therefore, we need to circumvent resistance to
treatment by continued discovery and development
of new antifungal agents and strategies. Hopefully,
these new fungicidal agents will meet the management
challenges of an enlarging population of susceptible
‘human Petri dishes’ as we attempt to manage serious
underlying diseases.
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The antifungal pipeline: a reality check

John R. Perfect
doi:10.1038/nrd.2017 .46
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