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What Is Theranostics (Theragnosis)?

Theranostics (Therapy + Diagnosis)

- Integrating Therapeutic Function in Imaging Agent

- Prediction or Monitoring of Response to Therapy

Targeting ligand ——/ .‘ Radionuclide
(e.g. Antibody) — r.

Contrastreagent
(e.g. MRI, Gold
reflection etc.)

Theranostic Formulation Biodistributionand PK
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Outline

« Microbes: Finding and curing cancers with bu
gs
« Repebody: Artificial antibody targeting EGFR

+ Peptides: Novel peptide for cancer targeting
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The First Practice for Bacteriolytic
Therapy a Century Ago

William B. Coley (1862-1936)
Coley’s toxin (S. pyogenes)

“I had found one case of very malignant round-celled sarcoma of the neck, four times recurrent, in
which an attack of erysipelas had accidentally occurred shortly after the last operation by Dr. Bull.
During these attacks of erysipelas, the tumour of the neck entirely disappeared and the patient left
the hospital in good health. After great effort | finally succeeded in tracking the after history of this
patient and found him alive and well, 7 years later.” (Clin Orthop 1893)

» Coley deliberately infected one of his own sarcoma patients with Streptococcus pyogenes, and
G within weeks his patient made a dramatic recovery.

 Coley began using a heat-killed bacteria to make the treatment safer. L OVMI




Great Expectations in Cancer Therapy

(SARAH DEWEERDT. Nature 2013; 504: S4-S5)

*  Coley’s cases (897) vs. Matched controls (1,675) from NCI-SEER
(NCI’s Surveillance Epidemiology End Result database)

e Controls: treated with modern Tx.

 “What Coley did for his sarcoma patients back then was better than
what we’re doing for these patients today”

Sarcoma NCI-SEER database

(n=1,675)

Median survival 89y 7.0y

50% 38% 1950-54: 35%
1992-98: 63.8%

cancer survival

10-y-survival rate

10-y survival rate NCI-SEER database

(n=1,675)
Kidney cancer 33% 23%

Ovarian cancer 55% 29%
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Why Coley’s vaccine pushed out of favor?

* Hard to standardize: requires careful
calibration and bed-side care for each patient

e Scientists didn’t understand the underlying
mechanisms

 Some doctors couldn’t replicate the results
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Bacteria Returned!
Strengths over other therapies

e Attenuated strain available: 1/100,000 ~ 1/1000,000-fold
e Targeting & Proliferation: T/N ratio > 1,000
* Self propelling: entropically unlimited

* Toxic to cells

 Modern technology to genetically engineer bacteria

20 min 4h Day 1 Day 2 Day 4 Day 6 Day 8
Tumor 9.52x102 1.54x103 5.11x108 8.96x107 3.53x108 5.62x 108 6.85x108
+3.18 +221 +2.83 +2.54 +357 +4.61 +2.86
Lver 7.10x10° 2.24 x106 5.48 x103 1.40 x102 0 0 0
+1.68 +0.78 +0.45 +0.60
Soleen 1.60 X107 1.52 x108 1.12 X103 8.15 x10% 0 0 0
P +0.24 +0.79 +0.62 +3.84
2.00 X104 1.13 X103
Lung +0.23 +0.93 0 0 0 0




Advantages of BC over other therapies

Bacterid  Chemotherapy
therapeutic !
molecule Bood !

' Bacterium

‘Active
bacterial
therapy

‘Passive’

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Tumour System
Digal Proximal
() Time + 1 Time ) Time

‘ — Chemotherapy — Bacteria therapy ‘
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Programming for Theranostics
Combined Imaging & Therapy

Bioluminescence @D

Enhanced targeting: (Nature Protocols 2008) —
Surface engineering (Mol Img Biol 2008)

(sub prep) _ (Molecular Therapy 2011)

Enhanced drug production: Fluorescence

promoter engineering PET(18F-PCA, 18F-FDS) _—
(Cell Cycle 2014) MRI

Photoacoustic Imaging

»llll

Psap Cytolysin A
(Cancer Res 2010) (Cancer Res 2010, Molecular Therapy 201
Piet FlaB (sub prep)

(Molecular Therapy 2013) Asparaginase
Ara mutant (Molecular Therapy 2014)
(Cell Cycle 2014) Noxa

(PLOS One 2014) —




Triggering Drug Production in Bacteria

FlaB: Flagellin B of Vibrio Vulnificus
Peap Promoter: inducible by L-arabinose

L-Arabinose

C AraC protein

Jinhai Zheng
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TLRS5 expression: Not tumor surface, But macrophage
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FlaB effect on TLRS5 signaling knock-out mice
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Effect of FlaB expressing Salmonellae on Orthotopic
Colon Cancer and Metastasis

PBS

SL pBAD-empty

SL pBAD-pelB-FlaB
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Programming for Theranostics
Combined Imaging & Therapy

Enhanced targeting: Surface
engineering

(sub prep)

Enhanced drug production:
promoter engineering

(Cell Cycle 2014)

I:)BAD
(Cancer Res 2010)

I:)tet

(Molecular Therapy 2013)
Ara mutant

(Cell Cycle 2014)
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Bioluminescence

(Nat Protoc 2008) —
(Mol Img Biol 2008)

(Molecular Therapy 2011)

Fluorescence

PET(8F-PCA, 18F-FDS) —

MRI
Photoacoustic Imaging

Cytolysin A
(Cancer Res 2010, Molecular Tharp
FlaB (sub prep)

Asparaginase

(Molecular Therapy 2014)

Noxa

(PLoS One 2014)
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Optical Imaging of Tumor Targeting

E.coli K-12 MG1655 Metastatic LN of ASPC1-RFP

B16F10 C6  SNU-C5 CT26 (pancreatic cancer)
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Salmonella typhimutium defective in ppGpp synthesis
(SLAppGpp)

CT26 SNUC5 ASPC1 ARO Hep3B 4T1 CT26-lung metastasis 471 U87MG
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Min JJ et al. Nature Protocols 2008
Min JJ et al. Molecular Imaging and Biology 2008



Melanin Biosynthesis

L-phenylalanine

Fhenylalanine
hydroxylase

L-t . Inhibition
-lyrosine _ of the enzyme
Tyrosinase tyrosinase
helps
in skin
L-dopa ——®= Dopamine = |ightening
Tyrosinase "h:i““ﬂ"'d
recuce
melanin
Dopaguinone production.
/T'_-.rrnsinase\\ + Cysteine
Quinones 5-5-, and

2-5-cysteinyldopa

'

Eumelanin Fhaeomelanin
black pigment (red pigment)
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Tyrosinase, melanin-producing enzyme; @
As a reporter gene for bacteria v

Hong, Hyun

1 13 14 19 20

PET (Al-18F-PCA)

||||||||

Groups A B C
LB media | LB, L-Tyr | LB, L-Tyr,

1. SLAppGpp/pUC19 (empty)

2. SLAppGpp/pUOM19.3

3. Only media
e =

5
ERD
TI




Photo(opto)acoustic Imaging
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Photoabsorption
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PAIl of Melan-Producing Salmonella (in vitro)
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Photoacoustic Tomography (PAT) in Tumor

Before injection of Melanin

OxyHemoglobin DeoxyHemoglobin

After injection of Melanin

OxyHemoglobin DeoxyHemoglobin

Melanin

Melanin

Merge image

Merge image




Photoacoustic Tomography (PAT) in Tumor
Melanin peak

Before After
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Knowing 1s not enough; we must apply.
Willing is not enough; we must do. -Goethe-

AT
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Toxicity of FlaB expressing Salmonellae

ALT (1U/1) AST (1U/)
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