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Lyme Disease

« Transmitted by Ixodes carrying Borrelia burgdorferi
« Estimated number of cases 500,000 (CDC)

« Treatment: Doxycycline, Amoxicillin, Cefuroxime Axetil, i ey AN o s K

Ceftriaxone

If untreated, Lyme arthritis and neuroborreliosis develops

10% develop PTLDS (Aucott et al., International Journal of
Infectious Diseases 2022)

http://www.cdc.gov/lyme/



PTLDS Microbiome Signature
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A Distinct Microbiome Signature in Posttreatment Lyme Disease Patients
Madeleine Morrissette, Norman Pitt, Antonio Gonzalez, Philip

Strandwitz, Mariaelena Caboni, Alison W. Rebman, Rob Knight, Anthony
D’Onofrio, John N. Aucott, Mark J. Soloski, Kim Lewis



Antibiotic history alone does not explain the distinct signature observed in PTLDS
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Gut Microbiome Signature — a PTLDS Diagnostic
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Bacteroides relative abundance

Two thirds of patients (G1 and G3) have a dysbiotic microbiome characterized primarily by high
levels of Blautia (A) or Enterobacteriaceae (B).



Working Hypothesis

B. burgdorferi ———|Immune system » Long Lyme
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Microbiome alteration

Treatment with broad-
spectrum antibiotics



B. burgdorferi
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Microbiome

Sparing The Microbiome

Allergies
Asthma
upus
IBD

Cancer

—Cardiovascular diseases

Autism

Multiple sclerosis

Depression/Anxiety

Role of the microbiome in human

development.Dominguez-Bello MG,

Godoy-Vitorino F, Knight R, Blaser
MJ.Gut. 2019 Jun;68(6):1108-1114.

Antibiotics in the pathogenesis of diabetes

and inflammatory diseases of the
gastrointestinal tract. Fenneman AC,
Weidner M, Chen LA, Nieuwdorp M, Blaser
MJ.Nat Rev Gastroenterol Hepatol. 2023



https://pubmed.ncbi.nlm.nih.gov/30670574/
https://pubmed.ncbi.nlm.nih.gov/36258032/
https://pubmed.ncbi.nlm.nih.gov/36258032/
https://pubmed.ncbi.nlm.nih.gov/36258032/

Selective Compounds to treat Lyme Disease



Peptide Peptide
ATP l
CIpA/CIpXJ U ‘
- ADEP &
ClpP

CIpA/CIpX

Conlon et al., Nature 2013

OH

-

"
NH2
Iig ]
Dynobactin

HgN

ZT
/:

I=z

o, NH2

A

Teixobactin =
N

Wall Peptidoglycan
Teichoic bt

e ;

4 2

‘....00..'00'......00 ...OOI....O...

.O0.00...O...0'0..0'0"0."

Ling et al., Nature 2015
Shukla et al., Nature 2022

Miller et al., Nature
Microbiol. 2022

\SL,
Imai et al.,
Kaur et al.,
HNYNHZ
NH
0 )/
HLN/YO oH
O« NH HN;\HO
QX e
NH OH 07N /k
o)\) c|> 0" o
o NHH HN ﬁ\
N /HN o
0° 7 N/\f NH
HO N=/ | NH f s
~
HN NH ° (0] H °
HO
NH .
* Evybactin

Darobactin A

Porins

Nature 2019
Nature 2021

o9
EVY
°

DNA gyrase

M. tuberculosis

Imai et al., Nature
Chem. Biol. 2022



A search for selective anti- B. burgdorferi compounds

1D NMR
2D NMR
Soil Bacteria Fermentation and HRMS
\ 800 isolates Media optimization | MS/MS
|| :
screen for activity
I
B. burgdorferi i [T T [T |

GFP reporter strain
e BB BB EAREBRERRELR]

[M+H]*513.17 Da

\\\o
ji'j \\\\\ \ \\O>

////o

e AL LLLELLELLL)
<A LALALLALELLELET B)
(L L del X X XX XXX J
CL X A X L X X X )
9006 _600000000
X LX XX XX XX LX)
e A A LALLLELLLELL)

OIIII

HygromycinA

Mann et al., 1953. Hygromycin. Il. Isolation and properties. Antibiot

S. aureus counter screen Chemother (Northfield) 3:1279-82. (Selman Waksman S. hygroscopicus)



Hygromycin A - Spectrum of Activity

MIC
Others (ug/mi)
Staphylococcus
aureus 32
Salmonella . MIC
Typhimurium >256 Spirochetes (ng/ml)
Shigella sonnei >256 Treponema pallidum 0.03
Enterobacter cloacae >256 Borrelia burgdorferi 0.2
Escherichia coli 1000 Borrelia afzelii 0.2
Pseudomonas Borrelia garinii 0.2
aeruginosa >1000 Borrelia bavariensis 0.2

Borrelia turcica 0.5

Symbiotic Gut MIC Alkalispirochaeta
Bacteria (ug/ml) americana 0.5
Bifidobacterium
longum 8
Lactobacillus reuteri 32
Bacteroides fragilis 128
Enterococcus faecalis 128

Cytotoxicity >256 pg/ml

Leimer et al. A selective antibiotic for Lyme disease. Cell 2021
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Hygromycin A Mechanism of Selectivity
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Yury S. Polikanov,1,2,9 Agata L. Starosta, 3,9
Manuel F. Juette,4,9 Roger B. Altman,4 Daniel
S. Terry,4 Wanli Lu,5 Benjamin J. Burnett,4
George Dinos,6 Kevin A. Reynolds,5 Scott C.
Blanchard,4,7,* Thomas A. Steitz,1,2,* and
Daniel N. Wilson. Mol. Cell 2015.
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Hygromycin A Mechanism of Selectivity
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Mechanism of hygromycin A selectivity
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Hygromycin A Efficacy in a Mouse Model of Lyme Disease

Mouse Egumt%iosftration Compound (E%I/ig%z;) Culture positive (%)
C3H Intraperitoneal injection  Saline 0 100
Hygromycin A 100 0
Ceftriaxone 312 0
C3H Oral gavage Hygromycin A 500 0
Hygromycin A 140 0
Hygromycin A 100 0
Hygromycin A 50 50
Amoxicillin 200 0
Doxycycline 100 0
C3H Bait Hygromycin A 200 0
Doxycycline 100 0
Peromyscus Oral gavage Hygromycin A 200 0

leucopus _
Hygromycin A 100 100




A Single Dose of Hygromycin A Eradicates B. burgdorferi in mice

Treatment group Culture Positive

1500 mg/kg 0/12
1200 mg/kg 5/6
800 mg/kg 5/6
400 mg/kg 6/6

0 mg/kg 8/8



Hygromycin A Does not Disrupt the Mouse Gut Microbiome

%

Relative Abundance Change,

100 7
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Uninfected, untreated
Infected, Untreated
Hygromycin A Oral (50 mgl/kg)
Amoxicillin Oral (100 mg/kg)

Ceftriaxone Subcutaneous

(100 mgl/kg)
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FP-100 (Hygromycin-A)
Formal IND-enabling Studies

{;

Analytical and Bioanalytical Methods

Rat and dog bioanalytical method and validation (complete prior to 7-day dog) In-Process
Human bioanalytical method and validation with short-term stability prior to clinical analysis Planned (EQY)
Dose formulation method In-Process
In Vitro Studies
Plasma stability, CYP inhibition, Protein binding, Caco2 permeability, CYP induction, CYP Complete
phenotyping, RBC partitioning, Hepatocyte stability, Hepatocyte MetID, Preliminary solution
solubility, Preliminary cell viability, Vesicular transporter inhibition, Uptake transporter inhibition
Pharmacokinetic Studies
Rat PK; 2 studies Complete
Rat excretion Complete
Dog PK Complete
Toxicology and Safety Pharmacology Studies
Range-finding in rat and dog Complete
Pivotal 7-day rat Complete
Pivotal 7-day dog Planned (July)
hERG method development + validation & assay In-Process
CNS rat safety pharmacology Complete
Cardiovascular / respiratory dog safety pharmacology Complete
Gene toxicity: Ames test and rat micronucleus Complete
Gene toxicity: In vitro micronucleus, comet study In-Process
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