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How the Gut Microbiome Contributes to Drug-Induced Intestinal Toxicities
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Symberix’s Solution
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Chemotherapy-Induced Diarrhea (CID): An Unmet Medical Need

Al CID

88% of glucuronidated anti-cancer drugs are associated with diarrhea as » >300,000 patients/year in US (all CID)
a common side effect » Hospitalization alone: $1B/year

» No FDA-approved products

Drug-Class Gl Toxicity
Consequences of CID
~30-95%

(TKI)
Delay chemotherapy 70%
Histone Deacetylase 11200 o
Inhibitors (HDAC) 11-69% Decrease dose strength 45%
IV fluid and electrolytes 35%
Camptothecin ~90% o
Hospitalization 10%
Death 3%
Taxanes ~37-40% eat ?

Tyrosine Kinase Inhibitors

ALL CID:
US Market ~S2B

Global Market ~S5B




GUSome Diversity

GUSome = 279 unique microbial GUS orthologs + 1 human GUS ortholog



UGT-GUS Axis of Metabolism
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Irinotecan Induces Gut Dysbiosis

IRINOTECAN
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Restoring Symbiosis with Symbiotic Drugs

IRINOTECAN

4% 46% 13% 0.3%

GUS
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Disease Relevant Bacterial Drug Target

Proteobacteria phylum, Enterobacteriaceae
family, and/or Escherichia genus

C%I:rr‘ﬁgtral Tre.'!l?nen

Swidsinski, 1998 T -
Stringer, 2008 - T
Shen, 2010 T

Arthur, 2012 T -
Lin, 2012 - ™
Wang, 2012 T

Wu., 2013 T -
Lin, 2014 - ™
Redinbo (unpublished) - ™

= Species bloom

E. coli GUS is a relevant target é

1.2

0.8
0.6
0.4
0.2

Metabolism of
SN-38G to SN-38
by GUSome Enzymes
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SBX-1 (Scaffold-1) and SBX-2 (Scaffold-2) Analogs

Crystal structure, SBX-1 and SBX-2 bound to E. coli GUS



Drugging the Relevant E. coli GUS Target
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% Survival Rate
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Non-Antibiotic Activity

Control

10 nM
Tetracycline

100 uM
SBX-1

% Cell Viability

Non-Cytotoxic Activity

100%
80%
60%
40%
20%

0%

Control

mwHCT116
= CaCO02
uCMT93

Triton X-100 100 uM SBX-1
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Efficacy of GUS Inhibitor

Protection from IRI-induced diarrhea GUS inhibitor reduced SN-38 levels in stool
10,000
IRI 100%
oo
IRl + GUS Inhibitor E ¥ Vehicle Control
58% E ¥ GUS inhibitor
.‘g ,000 -
% of mice with 2
severe diarrhea E
18% 3
o
5% None @
e o 100 . :
24 hr 48 hr 72 hr
Day 8 Day 9 Day 10

Histologic preservation of intestinal cells

THERAPEUTIC GOAL
Prevent IRI-induced diarrhea without
compromising survival outcomes

Control IRl + GUS Inhibitor

Wallace BD, et al., Science 330:831-835 (2010)



Plasma Level of Analyte (ng/mL)

SBX Treatment: Does Not Compromise IRl Anti-Tumor Efficacy

GUS inhibitor does not alter GUS inhibitor does not reduce

SN38 levels in plasma IRI anti-tumor efficacy
_ Untreated
1.E+04 140
m SN38
= SN38+GUS Inhibitor —120
1.E+03 €
g100 IRI + SBX-1
1.E+02 g 80
2 60
1.E+01 S 40
(]
N
> 204 =-IRI(N=5)
1.E+00 o LRI 58X (N=a)
0 025 05 075 1 3 6 24 0 2 4 6 8 10
Time (hrs) Day



SBX Treatment: More Frequent IRl Dosing & Improved IRI Efficacy

C3-Tag Triple Negative Breast Cancer GEMM Mice

IRl Dosing Scheme

Week 1: Two treatments/week
Week 2 & 3: Three treatments/week
Week 4+:

Five treatments/week

Doses (Weekdays Only)

GUS Inhibitor: 0.5 mg/kg, oral, twice-daily

IRI: 50 mg/kg, intraperitoneal injection, once-daily
Vehicle: Saline (no GUS inhibitor)

POTENTIAL UPSIDE

Improve chemotherapy survival
outcomes

Unpublished Data

Percent Without

Diarrhea

Protection from diarrhea

Tui Th M, VIV, F M, Tu, )N, Th, F ]‘lRI Dosing
Ll L1 r 1
'L
IRI + GUS
Inhibitor
0 _I
IRI I
| p<0.001
0 T T T T
0 10 20 30 40
Days Since First Treatment
Improved IRI efficacy
_ ~ p<0.01
g 159 | p<0.002 I
2 ! |
£ 104 - p<0.02
5 : - !
g | —E.E— _E A
Y = A
AAA A4
e 0 r = T —— 2
Control GUS IRI IRI + GUS
Inhibitor Inhibitor
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GUS Inhibitors: SBX-1 (Scaffold-1) and SBX-2 (Scaffold-2) Analogs

Crystal structure, SBX-1 and
SBX-2 bound to E. coli GUS

Increasing Potency
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One Target — Multiple Therapeutic Applications

Gut
Bacteria

Prevention of CID Prevention of
V Colorectal Cancer (CRC

Improvement of IRI
efficacy

Can this be applied to other Chemotherapeutic drug classes?




Tyrosine Kinase Inhibitors - Gl toxicity

Targeted Cancer | % of Patients Two TKis:
h ith Diarrh . .
Therapy WIEIBIarea Sorafenib and Regorafenib
Sorafenib 55%
Regorafenib 40% 1
Erlotinib 54%
Gefitinib 54% DISEASE RELEVANT
Bortezomib 51% Bacterial Drug Target
Imatinib 49%
NOT HARMFUL SELEC
Sunitinib 66% N D VE
@ To Microbiome) [For|Drug Target
Afatinib 95%
Vandetanib 79%
Dasatinib 31%
TKI AgainstjTarget
Bosutinib 84% 4

Diarrhea §
20



Mining the GUSome for TKI-G Cleavage

GOAL: Identify GUS orthologs that cleave regorafenib-glucuronide (R-G)

Regorafenib Detected (%)

110

Regorafenib
Control

©
o

70 Only H11G11 cleaves R-G

H11G11 GUS

Other GUS (14
total)

Regorafenib-Glucuronide



GUSome Diversity

Ul
WL
: » \\}Lg'ﬂl
Canonical (E. coli-like) GUS ——
I GH2 Catalytic Domain I \
Avg. Length = ~600 Residues /

H11G11-like GUS

I GH2 Catalytic Domain RS

Avg. Length = ~800 Residues
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H11G11-like Enzymes Cleave Multiple TKI-Gs

Lactobacillus rhamnosus
Faecalibacterium prausnitzii (1)

Ruminococcus gnavus (1)

Clostridium perfringens (1)

jum eligens

Escherichia coli

No cleavage of TKI-G

Bacteroides uniformis (1)

Bacteroides uniformis (3)
|: Bacteroides dorei
Bacteroides uniformis (2)

Bacteroides fragilis (2)

u Regorafenib-G

" Sorafenib-G
Axitinib-G

Faecalibacterium prausnitzii (2) | Imatinib-G

Roseburia hominis (2) ]

Clostridium sp. CAG:217 ]
H11G11 |

—————————— g

Increased TKI-G Cleavage 23 g

Bacteroides ovatus

Ruminococcus gnavus (2) .-




Is the Identified GUS Target Relevant to Human Health?

Ex vivo fecal protein extracts tested for activity against regorafenib-G

Human Samples

vy

Increased GUS Metabolism

,//

ARSI MUV MW Rat Samples

[ ]

24 g



0 == b | 51

Bacteroides uniformis (1)
Butyrivibrio sp. CAG:318
Faecalibacterium prausnitzii (1)
Ruminococcus gnavus (1)
Lactobacillus rhamnosus
Clostridium perfringens
Eubacterium eligens

Bos taurus

Escherichia coli
Salmonella enterica
Bacteroides uniformis (3)
Bacteroides dorei
Bacteroides stercoris
Bacteroides uniformis (2)
Ruminococcus gnavus (2)
Faecalibacterium prausnitzii (2)
Roseburia hominis
Clostridium sp. CAG:217
H11G11

Akkermansia muciniphila
Bacteroides fragilis (2)
Dorea longecatina
Bacteroides fragilis (1)
Bacteroides ovatus

i

Increasing GUS Activity of
Drug - Glucuronide
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GUS activity (normalized)

Time

Purified GUS

Buffer Control
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Profiling GUS Activity from Human Stool
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GUS Activity

Data from Human Stool-Derived Microbiota

Total GUS activity against an enterotoxic drug-glucuronide

Human Stool Sample #1 Human Stool Sample #2

+ GUS Inhibitor

= GUS Inhibitor

...........
..........
""""
¥

= GUS Inhibitor

+ GUS Inhibitor

Time

Time

Companion Diagnostic / Personalized Medicine

.



Clinical Relevance of GUSome

Current Focus Platform Expansion

»Prevention of chemotherapy-induced > Other drug-induced toxicities
diarrhea = NSAIDs

" [rinotecan/camptothecins = Immunosuppressant toxicity post-

= TK|’s organ transplant

= Other target anti-cancer drugs »1BD (Ulcerative colitis, Crohn’s)
»Improve cancer drug efficacy > Intestinal bacterial pathogenesis

®* |[rinotecan and beyond = Salmonella, Shigella, Klebsiella

»Chemoprevention of colorectal
cancer
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