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Background

* The emergence of multidrug resistant (MDR) bacteria
including methicillin resistant Staphylococcus aureus (MRSA)
is the inevitable outcome of indiscriminate use of
antibiotics by mankind.

* Recently, community-associated methicillin resistant
Staphylococcus aureus (CA-MRSA), known for their ability
to cause infections in healthy individuals living in the
community due to the intrinsic hyper-virulent properties of
CA-MRSA, has elicited much concern in the society.

* Asthe World Health Organization (WHO) has declared
antimicrobial resistance (AMR) one of the biggest threats to
global health, alternate therapeutic strategies to fight
against MDR bacteria including MRSA and CA-MRSA are
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Community-associated MRSA, Hong Kong
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Affected persons without healthcare risks; new types of MRSA with unique
Genotypic features (e.g. PVL positive)
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A notifiable disease in Hong Kong since 2007



CA-MRSA
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Fatal co-infection with swine origin influenza virus A/H1N1

iral pneumonltls

Fatal co-infection with swine origin influenza
virus A/H1N1 and community-acquired
M/42y, ill for 5 days methicillin-resistant Staphylococcus aureus

Died 48h after admission despite
aggressive treatment (Tazocin,

vancomycin, Klacid) J of Infect 2009



Important virulence factors of MRSA
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Damage red blood cell membranes and endothelium
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Virulence factors contributing to
Staphylococcus aureus pathogenesis
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The Greek
mythology of
Hercules and
the Nemean
Lion

(Adopted from Wikipedia)

The Nemean lion was a vicious monster in Greek mythology that lived in Nemea. Its claws

were sharper than mortals' swords and could cut through any armor and its golden fur was
impervious to attack by mortals’ weapons.

In the Greek myth, Hercules with his divine power won the fight and killed the Nemean
Lion.

The MRSA today is in some way similar to the mythical creature Nemean lion — vicious and

difficult to kill. The problem is that MRSA is not a mythical creature but a real pathogen and
we are not Hercules but humans.



Virulent state of MRSA
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Avirulent state of MRSA
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The big question is: Can this beast (MRSA) be tamed?

We believe that as it is difficult to abolish MRSA virulence by
targeting any single virulence factors or regulators. The
simultaneous suppression of multiple virulence genes may offer
promising therapeutic potentials.

If a non-antibiotic compound can be identified to suppress all
or most of the important virulence factors of MRSA, it will offer
promise in the treatment of staphylococcal infections.

f@= LI KA SHING FACULTY OF MEDICINE
EJH’J THE UNIVERSITY OF HONG KONG

Yl

GLOF B K B F A R R B R




10

11
12
13

14
15
16
17
18

19

20

Virulence-associated gene promoters
-—_—_

spa
map

hla
lukF-PV, lukS-PV

Psms
Psmf
Cap5

Cap8

agr
RNAIII

/hld

sarA

SaeP1
Sae P3
Ami
sigBR
sigB
EAP
rot
fnbA
fnbB
coa

sarS

clfA

Protein A
methionine aminoprptidase

a-toxin
Panton-Valentine leukotoxin

phenol-soluble modulins

capsular polysaccharide
Accessory gene regulator
regulator/ 6-hymosin

Staphylococcal accessory
regulator

S. aureus exoprotein expression

aminopterin resistance operon
sigB regulator
RNA polymerase sigma B

Extracellular Adhesion Protein
repressor of toxin
fibronectin binding protein A
fibronectin binding protein B
coagulase

Staphylococcal accessory
regulator

clumping factors A

Surface adhesions

Post translational
modification

Exotoxins
Exotoxins

Exotoxins

Exopolysaccharidees
Regulator

Regulator /Exotoxins
Regulator

Regulator

Control
Regulator
Regulator

Adhesion
Regulator
Adhesion
Adhesion
Enzyme

Regulator

Clumping factors A

Inhibits opsonophagocytosis

Cell lysis

Inhibit opsonophagocytosis
Quorum sensing
Quorum sensing / cell lysis

Regulation agr and extracellar and
surface-associated virulence factor

Regulation of exotoxins

Regulation of exotoxins
Regulation of exotoxins

Adhesion: fibrinogen

Adhesion: collagen

regulate spa

Adhesion: fibrinogen, Nasal colonization,
Evasion of phagocytosis



Construction by genetic engineering of a GFP-Lux dual reporter
system monitoring the virulence genes expression in S. aureus
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Insertion of virulence gene spa2 promoter into the GFP-Lux
dual reporter system
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Insertion of virulence gene hla promoter into the GFP-Lux
dual reporter system
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Identification of inhibitors of virulence expression by HTS
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Promoter modulating effects of selected hit compounds

Enhanced promoter activity e H Repressed promoter activity
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CA-MRSA USA300 can grow in the presence of M21
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M21 selectively suppresses the expression of
major secreted toxins in CA-MRSA
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M21 rescues mice infected with CA-MRSA

M21 rescues infected mice
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M21 prevents kidney infections CA-MRSA in mice

Without treatment, Gram stain H&E
CA-MRSA causes
kidney infection and
inflammation

M21-0.076/dose

No infection or
inflammation with
M21 treatment



The new era of anti-virulence drugs:
Suppressing the virulence of MRSA without killing them

Can the beast be
tamed?

YES!

" Past and present



Discovery of Non-antibiotic Lead Compound to Suppress Virulence in

Methicillin Resistant Staphylococcus aureus (MRSA)
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