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Background: AFN-1252 (AFN), a novel antibiotic currently in ciiical development for
staphylococal infections, blocks type 2 fatty acid synthesis (FAS ) by inhibiting enoyl-ACP
reductase in S, aureus. The current study describes the effects of AFN on bacterial gene
expression in S. aureus lab cultures, and the pharmacokinetics (PK) and efficacy of AFN in a
matse granuloma (G) mace of 5. aureus nfecton

Methods: Afymelrx gene aray and GRT-PCR were used to dolermine gen exprossion
changes in AFN treated S. aureus cultures. Expanenl\s\ phase aborsory cluresof S,

were eated with ither soent contol o1 50 nGL of APN fo 15 minutas, and otal RNA was
extracted from the calls for analysis. I vivo experiments nvoved inoculating S. aureus into 5-
day-0ld granulomas that were formed in the subcutaneous area of CD-1 mice, and oraly dosing
100 mglkg of AFN at 2 hours or at 2, 24, and 48 hours after inoculation. Granuloma fluid was
collected at multple time points over a 24- or 96-hour period following AFN treatment for CFU
counting, mRNA profiling and determining AFN concentration.

re of AFN in S. aureus cultures resulted in the anticipated upregulation of
genes involved in the FAS Il pathway associated with the FapR regulon and the unpredicied
downregulation of virulence genes that are controlled by the SaeRS two-component regulator.
In the MG infection model, the relative exposure (AUC) of AFN in granuloma fluid when
compared to plasma ranged from 69% - 75%, with a calculated Tmax of 4 hours. A single dose
of AFN at 100 mg/kg at 2 hours postnfection resulted in mean log,, GFU reductions of 2.9 -
3.1 between 24 - 48 hours, while consecutive doses of AFN (100 mgikg) at 2, 24, and 48 hours
resulted in a maximal log,, CFU reduction of 5.3 at 72 hours.

Conclusions: AFN exposure had the unexpected effect of decreasing the expression of S.
aureus genes encoding virulence factors that belong to the SaeRS regulon. In the MG model,
AFN had favorable penetration in granuloma fluid and high efficacy against flid-associated S.
aureus.

Introduction

Staphylococcus aureus has the ability to produce a number of virulence factors (toxins) that are
thought to be important during the infection process and resulting disease state in the host.

aureus coordinates the expression of virulence factors through a network of regulators that
includes agr, sar, and the two-component regulator, saeRS. Other investigators have explored
ways to disrupt this coordinated expression in S. aureus, which have included evaluating a
number of antibiotic classes in their abilty to modulate the expression of several staphylococcal
vience factrs.  Antbiotic dasses previously investigaled fo this modualng effect rave
included betarlact ults from
hese stuice auggest that anibiotes could Ipact the severty of ecsse. o moduating
virulence factor expression in S. aureus, even at sub-inhibitory levels.

The focus of our work was 1o evaluate the modulating effects of AFN-1252, a novel fatty acid
synthesis inhibitor, on . aureus virulence factor expression in lab cultures and in a
subcutaneous granuioma pouch animal model infected with S. aureus. Here, we describe the,
results from the gene expression studies, as well as the pharmacokinetic (PK) and efficacy
results of AFN-1252 in the granuloma pouch model

Methods and Materials

Bacterial strains. S. aurous strain RN4220 employed for in vitro work was oblained from the American
P (ATCC), and strain b an intron
info the sacR gene. The USA300 and Woodd6 strains were obtained through the Network of
Antimicrobial Resistance in Staphylococcus aureus (NARSA) program supported under NIAIDINIH
Kindly provided by Dr. Mark Hart (NCTR,

Jefferson, AR)
Culture conditions and inoculum preparation. For n viro studies, S. aureus sirains were grown in
nutrent-ich broth (TB) to mic-log phase, and then spit into 2 aliquots for reatment with solvent control
(DMSO) or treatment with formulated AFN-1252, cerulenin, or clarthromycin ,
aureus Wood46 was cultured overnight on TSA (ryptic soy agar), and plate growth was suspended in
S8 (trypic soy broth) o generate an infecting inoculur of 8.0 ag, CFUJML.

ffymetrix array analysis. iscrpts was analyzed using the S. aureus
Aftymetrix array technology. RNA was isolated from conirol and reated bacteria; cDNA was prepared.
Iabeled and dzed o e cip. | The compe dalasel i deposted under accessn umber

taba
Measiramant of mRNA lovele. MRNA eves wero quanifed by RT-PCR using gone-specifc primer
o of
Mouse subcutancous granuloma pouch model (MGP). Subcutancous (SC) ai pockels were
asepically formed on the dorsal aspect o anesthelized female, CD-1 mice (6-8 weeks of age) 5 days
prior to inection. _Alr pockets were immediately injected with 0.4% croton ol (iiant), and 1 mL of
sirle IV saln soion was rfeced no pouchos 3 days ltr. Fivs-day o pouches wee fecied
5
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anel 1: Chemical Structure of AFN-1252

Panel 2: Affymetrix® Expression Array,
AFN-1252 Decreases the Transcription of
Virulence Factors Gene Governed by SaeRS

Virulence-Related Genes DSWAregUIated by AFN-1252

LocusTag Gene _ Fold _Function
SA1752 f-Hemolysin
SA2208  higB vHemolysin
SA2209  higC y-Hemolysin
SAB62  saeQ Hypothetical
SA0B63  saeP Hypothetical
SA2207  high v-Hemolysin
SA2206 sbi 19G binding protein
SA1811 hib p-Hemolysin
SA1000  ehp Fibrinogen binding protein
SA1000 e Fibrinogen binding protein
SA1812 y-Hemolysin
SA0B6T  saeR 2-Component regulator
SA1750 Map-w
SA0B60  saeS 2-Component regulator
SA1007 a-Toxin
SA2462  icaC Intracellular adhesion
SA0309  geh Lipase

SA2461 icaD Intracellular adhesion

Panel 3: Depression of Virulence Factor mMRNA

Levels in S. aureus Treated with Fatty Acid
Synthesis Inhibitors
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Panel 4: Levels of Virulence Factor & fabH mRNA in S.

aureus Strains Treated with AFN-1252
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Panel 5: Single Dose of AFN-1252 Reduces S. aureus

CFU in Mouse Pouches for up to 48 hrs
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Arrow respresonts a singlo PO doso of AFN-1252 administored 2 hours after]
ranuioma pouches were infocted with 7.5 log,, CFU of Wood6. (LOD=2.05)

Panel 6: Multiple Doses of AFN-1252 Reduce S.
aureus CFU in Mouse Pouches for up to 72 hrs

== Untreated — AFN-1252 @ 100 mglkg —- Linezolid @ 100 mglkg

in Pouch Fluid
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Panel 7: Pharmacokinetics of AFN-1252 in the Mouse Pouch
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versus Plasma Following a Single PO Dose at 100 mg/kg
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Summary and Conclusions

“In lab cultures of S. aureus RN4220, AFN-1252 inhibition of fatty acid
synthesis results in the strong induction of fabH transcription (Panel 3).
AFN-1252 regulation of fabH is tied to the activation of the FapR
transaription factor.

data identified a marked repression of a group of
virulence factor genes in lab cultures of RN4220 after AFN-1252 treatment
(Panel 2). Specifically, the array data identified virulence genes that are
governed by the 2-component regulator, SaeRS.

“qRT-PCR quantification of 4 virulence genes (saef, ehp, efb, and higC
identified a noficeable repression in lab cultures of RN4220 and Wood46

AFN-1252 (Panel 4).
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Panel 8: Virulence Factor & fabH Expression Levels

Following Treatment of Infected Pouches with AFN-1252
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+The re: (AUC) of AFN-1252 in

pauches was 85% whan compared o plasma Ieve\s (Penel 7). AP 1252
penetration into pouches occurs relatively fast (T, ug
70 el 1 hal o m poush fid appeats o be Sty Iunger hanie
plasma half-ife (4.9 hrs vs. 4.4 hrs).

“When compared to untreated controls, @ single dose of AFN-1252 resulted
in a~3.010g,4 reduction in pouch fluid GFUs at 24 and 48 hours after
dosing (Panel 5). Multple doses of AFN-1252 (2, 26, 50 hs afte infection)
resulted in the reduction of pouch fluid CFU to near detection limits within
72 hours of the inital dose (Panel 7).

“qRT-PCR analysis of pouch flid RNA extracts revealed that AFN-1252
strongly stimulated fab, but the repression of virulence factor mRN)
levels was less pronounced as compared to unireated controls (Panel 8).

“The results of this investigation indicate that AFN-1252 modulates S.
aureus virulence gene expression both in vitro and in vivo, suggesting that
AFN-1252 could alter disease otcome by affecting the virulence of S.
aureus during the infection process.
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