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Hypoxia — poor oxygenation

Exploit hypoxia to direct treatment

Air: 21% 02
Tissue normoxia: 5-7% 02
Tissue hypoxia: < 3% 02

Physiology
+ Development
+ Exercise
* Altitude

Pathology
* Wound
+ Stroke
+Solid tumors
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Heterogeneity in hypoxia amongst patients
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The clinical importance of tumor hypoxia

Relative frequency (%)

1. Resistance to radiotherapy
2. Resistance to chemotherapy
3. Contribution to ‘malignancy’

Relative frequency (%)

ol




Treatment Resistance

Radiotherapy Chemotherapy

b Prolitaration

Surviving fraction

Hypoxic

Drug concentration

9001 -

L] L] w1 20 28 30

Radiation dose (Gy)

The concept of hypoxia tolerance

“Persistence of hypoxia in tumors is a reflection of the fact that hypoxia can act as a net positive factor
in tumor growth”
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Hypothesis: the amount of hypoxia is a direct reflection of the degree of hypoxia tolerance

Cellular responses to hypoxia promote

malignancy

Hypoxia causes biological changes that promote
* angiogenesis

*+ metastasis
* genetic instability

These changes are due to changes in gene expression
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Hypoxia is a prognostic factor

Hypoxic tumors are more malignant

- Cervix tumors have larger
extensions, more frequent
parametrial spread, more lymph-
vascular space involvement
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— recurrent tumors are more hypoxic ’ .
than primary tumors et ek s o Nt
- predicts for the likelihood of distant Overall survival
metastases in soft tissue sarcomas 07+
— hypoxia is a strong prognostic factor o o oo
(Independent of primary mode of 08 il
treatment) o
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Hypoxia tolerance varies amongst tumors

Hypoxia response pathways
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Hypoxia as the Grim Reaper

* Hypoxic cells more radioresistant
* Hypoxic cells more chemoresistant
* Hypoxic cells drive neovascularization

* Hypoxic cells drive disease progression

Efforts to beat tumor h)}pobxi'a'

Exploit Xia to direct treatment
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* Hypoxic cells can reoxygenate/get killed
* Hypoxic cells die

* Hypoxic cells express different genes

» Hypoxic cells are specific to tumors
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Hypoxia as cancer’s Achilles’ Heel

2.

3.

Exploit hypoxia

Strategies for overcoming tumor hypoxia
1.

Restore/replace oxygen
EPO
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Target biological responses

requires a good understanding of
these responses at the molecular
level

Bioreductive drugs
Anaerobic bacteria

Wei et al., EJC, 43, 490-496, 2007
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Bacteria in cancer therapy: early history Clostridia '”Tfmao’;‘ggnruﬂferz%fa”y history

) . Malmgren & Flanigan, 1955
1813 Cancer patients suffering from gas gangrene 9 9
- tumor regressions
non tumor-bearing mice tumor-bearing mice
1890 “Coley’s toxins” (eams, heatiiea genes & Gram-, het kiled Seratia marcescen
- reproducible therapeutic effects q
i O
1935 sterile filtrates of Clostridium histolyticum F / n_{ _ . & '/}* ) D_{ ) .
- proteolysis of neoplastic tissue TeE i.v. injection of C. tetani Lo i.v. injection of C. tetani
1 spores l spores
1947 direct injection into mouse sarcomas of Clostridium histolyticum
- extended survival times (co-treat penicillin and antitoxin) /-) f') Proliferation of C.
p- e} tetani in tumor
1955 intravenous injection of Clostridium tetani #
e -‘.-f/ mice are unaffected LR 1
- direct injection into tumor not necessary =
DEATH from tetanus
0 0

Clostridial tumor oncolysis Clostridial Directed Enzyme Prodrug Therapy (CDEPT)

Combination therapy
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Addition of genes encoding anticancer agents
Human cytokines (TNFa, IL2) Minton (2003) C ol Rev 1: 237-242
+ Prodrug-converting enzymes (NfnB, CodA, CPG2) therapyFront Bio e

Administration (recombinant)
clostridia to tumor-bearing
animals

s the vegetative form of Clostridium (metabolically

active) specific for tumors? &
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Tumor colonization 11: effect of vascular targeting

2
g 10
2 g
£
g
26
2
2 4
g
-2

0

large small very small

Tumor volume group

Is it possible to express therapeutic gene products in

Clostridium?

Radiation-induced promoter in Clostridium?
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Nuyts et al, Gene Ther. 2001
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Tumor colonization | |: effect of antibiotic treatment

Treatment duration

Direct cytotoxic agents: cytokines
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CDEPT Clostridium-directed enzyme prodrug therapy

Administration recombinant bacteria to

& -bearing animals -

& tumor-bearing animals @
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—

1. CDase
2. NTR
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Non-invasive evaluation of bacterial-mediated prodrug conversion:

CDEPT: CDase

Non-invasive evaluation of bacterial-mediated prodrug conversion:

MRS

Feasibility in vivo: detection conversion 5-FC/5-FU by recombinant bacteria

Enzyme-prodrug combination

In vitro In vivo
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CDEPT: clostridium-directed enzyme prodrug theral

Administration recombinant bacteria to
tumor-bearing animals

2. NTR
"9F MRS of tumour
—  injection of bacteria P?:';‘g 02341.2?4' (5-azi|idin;;;¥l-
)  4-dinitrobenzam
- injection of prodrug 5-FC (t = 0) ~ ﬂ | Mw\ 5-FU + 2- and 4-hydroxylamino derivatives
~ 13 min/spectrum ““‘\ I ““‘ / N
I M“ A O « Cellular coenzymeA converts the latter into
} y powerful bifunctional alkylating agent
—
G2 +Molecular level: induction of interstrand
Noz O DNA cross links and apoptosis
CgHgN4Os5

252.18

€ 42.9% H 3.29% N 22.29% O 3L.7%

= @
[Se— [Se— =

1. E. coli CDase: 5-FC — 5-FU

Enzyme-prodrug combination

DT Diaphorase (RAT Walker Cell Line NfnB - Escherichia coli B N ‘o
- 3
— < HNOC = Non-Toxic
| NO, ' NO, / NHOH
©/ ©/ 2-hydroxylamine
HNOC HNoC
No, \ <~ No, \ —
N N
| __NHOH |__NHOH
CB1954 NADH @ CB1954 NADH f\ @
NAD* HNOC ~ 1000-fold NAD* HNoe 1000-fold
No, more toxic No, more toxic
ENZYME Km Kcat dehy ENZYME Km Kcat 4
DTD - Rat 826 0.07 DTD - Rat 826 0.07
NfnB - E.coli 862 6.0




Enzyme-prodrug combination

YwrO - Bacillus amyloliguefaciens

Non-Toxic

CB1954 ©/
NADH NAD* HNOC

NoZ

ENZYME Km Kcat 4hy

DTD - Rat 826 007 1000-fold more toxic
NfnB - E.coli 862 6.0

YwrO - Bacillus 617 20

Optimizing therapeutic gene product
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- produced only the 4HX derivative from CB1954
-K,, =690 M and k, = 56.2 s

Quantitative in vivo evaluation
one treatment cycle
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Enzyme-prodrug combination

NTR-Haemophilus influenzae

Non-Toxic

Y \ NHOH
CB1954 NADH /@(
H,NOC

NAD*
No2
ENZYME Km Kcat 4
DTD - Rat 826 007 1000-fold more toxic
NfnB - E.coli 862 6.0
YwrO - Bacillus 617 20
NTR- Haemophilus 680 56.2

Improving levels of recombinant bacteria in the tum

Transfer of recombinant constructs to C. sporogenes

- .
e .f s

Method to transform clostridia: conjugation

— Donor strain: E. coli HB101 (R702, shuttle vector containing oriT site =
mobilizable vector)

- Acceptor strain: C. sporogenes

Quantitative in vivo evaluation

multiple treatment cycles

Theys etal, BJC, 2006




Quantitative in vivo evaluation
multiple treatment cycles

P Two major hurdles to clinical trial

1. Poor NTR expression
2. Gene has to be in the chromosome

Theys et al, BJC, 2006

1. More effective expression

Synthetic Gene: Clostridial Codons + Increased Plasmid Stability

Plasmids inC. sp by from E. coli donors
Levels of recombinant NTR in lysates measured after 8 hours (ODg,, 1.5) growth by enzyme assay and
densiometric scanning of Comassie stained SDS Gels
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SDS-PAGE analysis of effect of plasmid stability on HinNTR
cc. NCIMB 1 lones.
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1. More effective expression
Synthetic Gene: Clostridial Codons

+ gene re-sythesised using preferred clostridial codons

+ analysis of gene indicated the presence of numerous infrequently used codons

2. Gene integration:

ClosTron Gene Knock-out System )
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Dang et al., 2001; Bettegowda et al., 2003; Agrawal et al., 2004; Cheong et al., 2006; Bettegowda et al., 2006




10/14/2008

Clostridium novyi-NT Prokaryotic vectors as tumor-specific delivery system

COBALT “Combination Bacteriolytic Therapy”

Dang et al., 2001; Bettegowda et al., 2003; Agrawal et al., 2004; Cheong et al., 2006; Bettegowda et al., 2006
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Attenuated Salmonella as tumor-specific delivery system Attenuated Salmonella; 2" generation
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bacteria to
tumor-bearing animals
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Tumor-specific localization of
recombinant bacteria
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= Need for extra targeting:
hypoxia-inducible promoter
(HIP)
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Hip-1 promoter drives hypoxia specific gene expression In vivo validation of HIP-1 promoter activity.
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Bacterial vectors versus replication competent viral vectors Timeline

Table 2 - Bacterlal vectors versus replication competent
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