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Antibiotics caused US

deaths to decline by ~220
per 100,000 in 15 years
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Antibiotic resistance happens when bacteria change and become resistant
to the antibiotics used to treat the infections they cause.
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The Human Microbiome is Diverse and Dynamic

Copyright © The McGraw-Hill C Inc.
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In Missing Microbes, Dr.
Martin Blaser invites us into
the wilds of the human
microbiome where for
hundreds of thousands of
years bacterial and human
cells have existed in a
peaceful symbiosis that is
responsible for the health
and equilibrium of our body.
Now, this invisible eden is
being irrevocably damaged by
some of our most revered
medical advances—
antibiotics—threatening the
extinction of our
irreplaceable microbes with
terrible health consequences.



Antibiotics in Early Life Alter the Murine Colonic
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Human Neutrophil vs. Bacterial Pathogen

J. Sullivan “Cells Alive”



S. aureus Subversion of Host Phagocyte Defense
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Seeking alternatives to classical
antibiotics, especially very
broad-spectrum agents, that kill
bacteria or block their growth

* Drugs to block specific pathogen immune resistance factors
Sensitize pathogens to clearance by normal host innate defenses
More targeted therapy, avoid “collateral damage” to microbiome

* Modulation of innate immunity to treat bacterial infections
Can we pharmacologically boost phagocyte function?

* Explore “repurposing” existing drugs for the above properties

* These approaches can work in concert with classical antibiotics



Target for
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First Steps of Staphyloxanthin Biosynthesis Resemble
Those of Human Cholesterol Biosynthesis
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X-Ray Crystal Structures of S. aureus CrtM Together
With Bound Phosphonosulfonate Inhibitors

CrtM X-ray structure
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A Cholesterol-Lowering Agent Blocks
S. aureus Virulence In Vitro & In Vivo

Mouse intraperitoneal
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Neutrophil “NETs”: DNA-Based Extracellular
Traps for Killing Pathogenic Bacteria




Statins

> 40 million users in USA in 2015 pRAVACHIC-
3-Hydroxy 3-Methylglutaryl

Coenzyme A (HMG-CoA)

Reductase Inhibitors

A
Pharmacological Effects &L, .
Treatment of Hyperlipidemia |

Lowers LDL
Raises HDL



Clinical Data: Decreased Risk or Improved Outcomes
of Infection in Patients Receiving Statins

Disease Effect of Statins
Bacteremia Reduced Mortality
Sepsis Reduced Incidence,
Reduced Mortality
Pneumonia Reduced Incidence,
Reduced Mortality

Prevailing Hypothesis: Statin downregulates inflammatory
mediatory release deleterious in sepsis (TNF, iNOS, IL-1, IL-6)

We sought to test an Alternative Hypothesis:
Could statins improves the innate immune function of phagocytes?
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Statins actually REDUCED phagocytosis & oxidative burst;
rather, they boosted NET production & killing
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Mice Treated With Statin Have Increased ET Production and

NET Production
(% extracellular DNA)
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Tamoxifen Induces NETs By Increasing
Intracellular Ceramide Levels

NET Production
(Relative fluorescence)
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Tamoxifen Boosts Host Defense Against
Staphylococcal Infection in vivo
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Proc Soc Exp Biol Med, 48: 330-333 (1941)

A Protein-Free Medium for Primary Isolation of the Gonococcus
and Meningococcus.

J. Howarp MUELLER AND JANE HINTON.

From the Department of Bacteriology* and Immunology, Harvard Medical School,
and School of Public Health, and the Boston Dispensary, Boston, Mass.

{14 “T‘c,
30.0% Beef infusion ‘“""" "

1.75% Casein hydrosylate
0.15% Starch

1.70% Agar

pH to neutral at 25°C

Later — cation-adjusted
(for Pseudomonas)
Calcium 20-25 mg/L
Magnesium 10-12.5 mg/L




A SINGLE TEST, MIC/MBC TESTING IN BACTERIOLOGIC
MEDIA (i.e. CA-MHB), EFFECTIVELY DELIMITS
PHARMACOTHERAPY OF HUMAN BACTERIAL INFECTIONS

ANTIBIOTIC DISCOVERY AND DEVELOPMENT

WHICH DRUGS CHOSEN FOR HOSPITAL FORMULARY

WHICH INFORMATION IS PROVIDED TO DOCTORS WHEN THE
PATHOGEN IS CULTURED FROM THE PATIENT
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CRAMP-KO Mouse Has Immune Defect
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Reintroduction of -Lactam Antibiotics in
Refractory M.R.S.A. Bacteremia — With Surprising

Results
Day 1 Day 12 Day 17 Day 21 Day 22 Day 23-76
% (] L (Q
_ N
VAN MIC 1 Persistent (+) blood VANMIC 40  Bacteremia Cure
DAP MIC 0.5 cultures for MRSA DAP MIC 2.0 Resolved
(isolate D592) (isolate
Vancomycin Daptomycin Daptomycin D712)
dosed for 6 mg/kg 8 mg/kg +
serum trough Gentamicin Daptomycin
15-20 mg/L 10 mg/kg
+ Nafcillin
2glV q4hr

George
Sakoulas, MD

Sakoulas et al. J Mol Med 2014



Nafcillin Increases Binding to MRSA by
Rhodamine-Labeled Cathelicidin LL-37

MRSA + LL-37 MRSA + LL-37
+ Naf 10

Sakoulas et al. J Mol Med 2014



% survival (1 h)

Sublethal Nafcillin Sensitizes MRSA/VISA Strains
to Whole Blood, Neutrophil & Keratinocyte
Killing

Whole Blood Killing Neutrophil Killing Human Keratinocyte
60 , Il No Abx ~ 150, I No Abx (HSaCat) Sg;‘;I‘I,\ITIIR;tAZh
| 0] NAF 2 £ | NAF2 2D 200 anger
£ S E
J = O i
40 { o 100 S 8 150 P<002 _ P<005
Kk * L © ’i FrE 7 f__’ 100 = =
20 ; - - 2 504 - g = - -
e = O 50
©c O
= - .
0 V) g o
- ° -
VISA VISA MRSA VISA VISA Abx 5 20 Abx 5 20
MOI = 1.0 MOI = 0.1

Sakoulas et al. J Mol Med 2014



Sublethal Nafcillin (Monotherapy) Influences MRSA Lesion
Development in Mouse Skin Infection Models

Antibiotic pretreatment of Sanger 252 MRSA Representative gross appearance of skin

followed by mouse subcutaneous challenge lesions at 48 h time point
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Pseudomonas aeruginosa, Klebsiella pneumoniae, | Acinetobacter baumannii,
ANTIBIOTIC P4 (MDR) K1100 (MDR, KPC) AB5075 (MDR)
MIC Interpretation MIC Interpretation MIC Interpretation

Ampicillin >32 R >32 R >32 R
Amoxicillin/Clavulanate >32 R >32 R >32 R
Ampicillin/Sulbactam >32 R >32 R >32 R
Ticarcillin > 128 R > 128 R
Ticarcillin/Clavulanate > 128 R
Pipericillin > 128 R > 128 R > 128 R
Pipericillin/Tazobactam > 128 R > 128 R > 128 R
Cefalotin > 64 R > 64 R > 64 R
Cefazolin > 64 R > 64 R > 64 R
Cefuroxime > 64 R > 64 R > 64 R
Cefuroxime Axetil > 64 R > 64 R > 64 R
Cefotetan > 64 R 8 *R > 64 R
Cefoxitin > 64 R 32 R > 64 R
Cefpodoxime > 8 R > 8 R > 8 R
Cefotaxime > 64 R 8 R > 64 R
Ceftazidime > 64 R > 64 R > 64 R
Ceftizoxime > 64 R 4 *R > 64 R
Ceftriaxone > 64 R > 64 R > 64 R
Cefepime > 64 R 4 *R > 64 R
Aztreonam > 64 R > 64 R > 64 R
Doripenem >8 R >8 R >8
Ertapenem >8 R
Imipenem >16 R 8 R >16 R
Meropenem >16 R >16 R > 16 R
Amikacin 32 I > 64 R > 64 R
Gentamicin 8 1 > 16 R >16 R
Tobramycin <1 S > 16 R 8 1
Nalidixic Acid >32 R >32 R >32 R
Ciprofloxacin >4 R >4 R >4 R
Levofloxacin > 8 R > 8 R 4 I
Moxifloxacin >8 R >8 R > 8 R
Norfloxacin 8 1 >16 R > 16 R
Tetracycline >16 R 4 S <1 S
Tigecycline >8 R 4 I <0.5 S
Nitrofurantoin > 512 R 128 R > 512 R
TMP/SFX > 320 R 40 S > 320 R







Dramatic Differences in Azithromycin Activity vs.
Multidrug-Resistant Gram-Negative Rods in
Tissue Culture Media vs. Bacteriologic Media

Azithromycin Azithromycin
Bacterial Strain MIC in Ca-MHB MIC in 5% LB-RPMI
(ug/ml) (ug/ml)
MDR Pseudomonas aeruginosa — P4 >64 4
Pseudomonas aeruginosa — PAO1 >64 2
Carbapenemase-Producing Klebsiella 32 1
pneumoniae (KPC) - K1100

Klebsiella pneumoniae — K700603 64 2

MDR Acinetobacter baumanii — AB5075 32 0.5

Acinetobacter baumanii — AB19606 64 0.25

Leo Lin
(UCSD MSTP)

Lin et al. eBiomedicine 2015



Azithromycin is Cidal for MDR Gram-Negative Rods
at low Concentrations in RPMI + 5% LB

MDR K. pneumoniae MDR A. baumannii
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Lin et al. eBiomedicine 2015
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Azithromycin Synergy with LL-37: Increased Cell
Wall Permeability and Azithromycin Entry
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Azithromycin Monotherapy Reduces CFU, Lung Inflammation
and Mortality in Mouse Model of A. baumannii Pneumonia
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THERE IS NEW AMMUNITION
IN THE WAR AGAINST

CANGER.

THESE ARE THE BULLETS.

Revolutionary new pills like GLEEVEC
combat cancer by targeting only the

diseased cells. Is this the breakthrough
we've been waiting for?
CED " |
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Novel Therapeutics Targeting Classical

the Host-Pathogen Interface Antibiotics
" Immune Immune
Boosters Sensitizers
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Innatt_a Virulence
Immunity Mechanisms
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. Agents Inhibitors <

Munguia & Nizet Trends Pharm Sci 2017



Concept: The Collaborative to Halt
Antibiotic-Resistant Microbes

CHARM

@ UC San Diego
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New NIH/NIAID U01 (Palsson/Nizet/Pogliano/Sakoulas/Dorrestein/Knight/Feist)

“Systems Biology Approach to Redefine Susceptibility Testing and
Treatment of MDR Pathogens in the Context of Host Immunity”
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Establish UC San Diego and its La Jolla Mesa

Partners as a global leader In innovative,

paradigm-shifting, research-driven solutions

to combat the Antibiotic Resistance Crisis,
which will inevitably become a public health
and national security emergency for the

coming generation.
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Selected to move forward - new Health Sciences Strategic, with
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potential for Institute of Engineering in Medicine to partner

Fundraising strategy to be developed — meetings this week w/

Ruben Flores (Office of Innovation & Commercialization)
Working with CARB-X (NIH/DOD/Wellcome Trust) Accelerator — 3
projects already funded with UCSD investigators
International Partners lined up (CCCID-China, Amrita U-India,
Utrecht, Queensland, Pasteur, Karolinska)

Launch website and social media presence by Winter Quarter 18
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FORMER LAB http://nizétlab.chd.edu

Yung-Chi Chang (National Taiwan U.)
Ismael Secundino (UNAM-Cuernava)
Nina van Sorge (Utrecht Univ.)
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Cheryl Okumura (Occidental)
George Liu (Cedars-Sinai)

Kelly Doran (San Diego State)
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Annelies Zinkernagel (U. Zurich)
Laura Crotty Alexander (UCSD)
Amanda Lewis (Wash. U. St. Louis)
Shauna McGillivray (Texas Christian U.)
David Gonzalez (UC San Diego)
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