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t o NTreato t he

A Antibiotics
I Kill or inhibit bacteria
A Probiotics
I Replace a deficiency of one or more bacteria
I Take advantage of a benefit provided by certain bacteria
A Fecal microbial transplant (FMT)
I Who is normal?
A Genetically engineered bacteria
I Produce a product that can treat human disease or promote health
A ADrugs for bugsbo
I Not meant to kill but rather affect the production pathways of bacteria



Bugs as Drugs

A. Probiotics

- Finding bacteria that
naturally produce something
that is beneficial
(e.g. anti-inflammatory)

- Finding bacteria or sets of
bacteria that restore balance

\

Simple No magic bullets yet
Promising basic science FDA hurdles

Too many products




What Probiotic Should | Use?

A 64 different probiotics listed
EEI\V!E A Refridgerated/dessicated
A $19.99-69.99




Some of the Benefits

Reduces TNF

Enhances mucosal IL-10 (anti-inflam)
Diminishes LPS

Affects toll receptors

Inhibits pathogenic bacteria
Improves epithelial tight junctions
Promotes MMCOSs
Increased acetate production
Inhibits biofilm production
Increases CD4+ T cells
Decrease CD4+/CD8+ cells
Many other effects

Bifidobacter




Bugs as Drugs

B. Fecal Transplant

-Replacing the
Awhol e gut mi

Pros Cons

Very promising (e.g. C diff) FDA hurdles




SER-109

A Not FMT but a cocktail of T
spores isolated from normal MARKET INSIDER s soms

Gut check: Seres Therapeutics
h u man StOOI shares plunge after microbiome

drug fails in trial

Berkeley Lovelace Jr. | @BerkeleyJr

A To establish normal florain  © ==
the treatment of recurrent
C. difficile infection

A Then 2016 happened




Bugs as Drugs

C. Genetically modified bacteria

-Contains -Incorporates in
desired gene ) gut microbiome
(eg anti-TNF il to produce
biologic) o product

-Also needs kill (absorbed or
switch Cell local)

Simple Complications
Very promising (e.g. C diff) FDA hurdles

What is normal feces?




Kill Switches

1. Deficiency Switch

Probiotic

=P Benefici t/effect

Engineered suc
produce an esse



Kill Switches

2. Deadman Switch
Probiotic

== Beneficial Product/effect

Inhibitor

Blocks the production of toxin



Kill Switches

3. Passcode Switch

Probiotic

=P Beneficial Product/effect

Multiple
agents

Very complex because its like a combination lock
All the agents need to be there or the bacteria dies
Benefit: Hard to imagine the environment might figure it out and all the bacterium escape



Elafin Producing Bacteria

AVi Thera Pharmaceuticals developin
disease

A Engineered Lactococcus lactis and lactobacillus caseii to
produce elafin

A Elafin is a protease inhibitor that is produced by normal human
epithelium and deactivates elastase and proteinase-3

A In IBD elafin is reduced and this could allow elastase and
proteinase to damage the gut wall

A Success in animal models

Motta JP, et al. Sci Trans| Medicine, 2012



Bacterial Injection

Injecting solid tumor
with bacteria

Strong quorum sensing

Bacteria are microaerophilic so
die when in oxygen so stay in
blood starved tumor

Bacteria draws inflammation
and kill of tumor cells

Zheng, et al. Sci Translat Med, 2017



Pr ot ect |

Iv antibiotics

Gut penetration
Beta lactamase

SYN-004

Simple B-lactams only

Proven effective




Why Is Rifaximin a Microbiome Drug?

1. Not systemic

2. Soluble in bile in small bowel,
precipitates in the colon

3. Works only in the small bowel
4. No yeast accumulation

5. 98% of stool flora unchanged after
3 courses of rifaximin

6. No development of bacterial resistance

Kim, et al. Dig Dis Sci 2013
Pimentel, et al. Dig Dis Sci 2017



TARGET 1 and 2 Trials for IBS

Efficacy Odds
Outcome Study Ratio (95% CI) p-value
) T TARGET 1 ' < 1 1.53 (1.10,2.12) 0.0125
Primary Weekl TARGET 2 ; < i 1.45 (1.05,2.01) 0.0263
y Combined ! < i 1.49 (1.18,1.88) 0.0008
Ke . TARGET 1 ' & { 1.62 (1.16,2.27) 0.0045
Secondary {/I\BISeEIIoatmg TARGET 2 ' < i 1.49 (1.08,2.06) 0.0167
Yy y Combined f Pe " 1.56 (1.23,1.96) 0.0002
Other I TARGET 1 ' * i 176 (1.26,2.47) 0.0009
SGA-IBS Daily TARGET 2 b ® i 1.59 (1.13,2.24) 0.0072
Secondary Combined I & | 1.61 (1.28,2.04) <0.0001
. TARGET 1 PR | 1.41 (1.01,1.97) 0.0486
:ES'I Bloating TARGET 2 ' * | 1.76 (1.26,2.44) 0.0008
ey Combined 0 . ] 1.52 (1.21,1.92) 0.0004
. TARGET 1 . . ] 1.45 (1.05,2.02) 0.0255
:E’S_I Ab Pain TARGET 2 0 * ] 1.46 (1.05,2.03) 0.0232
Yy Combined 0 * ] 1.42 (1.13,1.78) 0.0028
. TARGET 1 f DS i 1.40 (1.02,1.92) 0.0401
FDA gg“Pa(nng';)Stool TARGET 2 ! DS i 1.55 (1.12,2.13) 0.0077
Proposed y Combined : - : 1.47 (1.17.1.84) 0.0009
. : TARGET 1 f * " 1.48 (1.08,2.03) 0.0157
A;:bDIZaln LIl TARGET 2 f N " 1.46 (1.06,2.00) 0.0194
( ) Combined \ . , 1.46 (1.17,1.83) 0.0009
- TARGET 1 " P 11.80 (1.25,2.59) 0.0015
ES)ZIOI ((E:%rlks)lst. TARGET 2 " - i 1.57 (1.12,2.21) 0.0096
Y Combined \ . : 1.67 (1.31,2.14) <0.0001
0.0 0.5 1.0 1.5 2.0 2.5
Odds Ratio and 95% CI
— Favors Placebo | | Favors Rifaximin ——

Pimentel, et al NEJM, 2011



TARGET 1 and 2 Durable IBS Response

Efficacy
Outcome

Primary \?vGeél_(II?/S

Key IBS Bloating
Secondary | Weekly

Other .
Secondary SGA-IBS Daily
IBS Bloating
Daily
IBS Ab Pain
Daily

FDA | Ab Pain & Stool
Proposed | Daily (FDA)

Ab Pain Daily
(FDA)

Stool Consist.
Daily (FDA)

Pimentel, et al NEJM, 2011

Odds

Study Ratio
TARGET 1 < 1.35
TARGET 2 > 1.52
Combined ————————— 1.44
TARGET 1 e 1.28
TARGET 2 - 1.56
Combined —_— 1.42
TARGET 1 * 1.60
TARGET 2 < 1.47
Combined —_——————— 1.48
TARGET 1 < 1.50
TARGET 2 <> 1.67
Combined g 1.53
TARGET 1 g 1.35
TARGET 2 *> 1.35
Combined e 1.31
TARGET 1 * 1.36
TARGET 2 e 1.44
Combined —_—e————————————i 1.40
TARGET 1 * 1.31
TARGET 2 - 1.37
Combined —————— 1.33
TARGET 1 * 1.70
TARGET 2 * 1.48
Combined g 1.58
T T T T 1

0.0 0.5 1.0 1.5 2.0 2.5

|——Favors Placebo

Odds Ratio and 95% CI

Favors Rifaximin ———]

(95% CI)

(1.00, 1.82)
(1.13, 2.03)
.17, 1.77)

(0.95, 1.73)
(1.16, 2.09)
(1.15, 1.75)

(1.18, 2.18)
(1.09, 1.99)
(1.20, 1.83)
(1.10, 2.04)
(1.24, 2.25)
(1.24, 1.89)
(1.00, 1.83)
(1.01, 1.81)
(1.06, 1.61)

(1.01, 1.83)
(1.08, 1.92)
1.14, 1.72)
(0.98, 1.75)
(1.03, 1.83)
(1.09, 1.64)
(1.24, 2.33)
(1.09, 2.00)
1.27, 1.97)

p-value

0.0477
0.0053
0.0007

0.1042
0.0031
0.0011

0.0025
0.0127
0.0003
0.0103
0.0008
<0.0001
0.0495
0.0435
0.0118

0.0396
0.0141
0.0014
0.0725
0.0298
0.0058
0.0009
0.0114
<0.0001



Effect of Rifaximin (10 years later)

Previous Rifaximin Use Proportion of IBS-D within all IBS patients

0.00
2005 2007 2009 2011 2013 2015 2017 2005 2007 2009 2011 2013 2015
Year Year

Increasing rifaximin use 40% reduction in D-IBS

Oh SJ, et al DDW 2017



Drugs for Bugs

-Proteins
-Gases
-Toxins
-Adhesins
-Flagellae
-Sterols

-Obesity
-IBS

-IBD
-Constipation
-Others

Block pathway for these human harmful byproducts

Pros Cons

Very promising (e.g. C diff) FDA hurdles




Non-Antibiotic Drugs

Block adhesion
(Prevent retention)

Dozens of products that
could affect host



Statins and Methane

Akiro Endo (1971) 7 discovered
mevastatin which is a chemical
produced by certain fungi to

defend against other organisms

Mevastatin was toxic to humans

Lovastatin was later discovered
from Asperqgillus spp



How Lovastatin Would Help

Hydrogen (H,)

- Lovastatin

\ Methane (CH,)

M. smithii

F420 is the key enzyme in path that
makes methane in M. smithii



Lovastatin Lactone and F420 Enzyme

Muskal SM, et al. F1000 2016;5:606.



