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Implants that make drugs inside your body

Inactive Active Drug

Prodrug
Implantable f
Catalytic Device ’

KINDER MULTIPLE
TREATMENTS DRUGS




Glioblastoma. An incurable disease

Glioblastoma multiforme is the
most frequent and deadly form
of brain cancer

Locally infiltrates into the
healthy tissue >> surgery is not

enough

Chemo / radiotherapy applied to
control cancer remnants

Survival from diagnosis with the
best available treatments is
merely 14 months

Releases carmustine in the brain

Modest 2-month survival advantage

POS: Targets local recurrence
CONS: increases risk of infection
/ limited cargo




Early Prostate Cancer. Untreated tumour

Radiation is delivered directly into the

50-70% of newly diagnosed prostate cancer. Healthy tissue nearby
cases of prostate cancer will fall gets reduced dose

within this category

Managed with active
surveillance due to adverse
effects of current therapies,
leading to increased mortality
risk

Available treatments: surgery
and radioactive seeds into the
prostate tumour

POS: targets local cancer growth
CONS: lacks prolonged activity



Focal Therapies in the Clinic

BRACHYTHERAPY CONTROLLED DRUG RELEASE

Radioactive seeds e Carmustine wafers
Well established surgical insertion * Well established implantation
Prostate cancer * Glioblastoma multiforme

One radionuclide // Limited half-life One drug // Limited cargo




FOCAL MULTIDOSE CHEMOTHERAPY

Catalyst
Safe
Palladium
Gold
Implantation

etc.

Doxorubicin
5FU
Floxuridine
Vorinostat
Irinotecan

etc.



Heterogeneous Pd catalysis In vivo

SOLID SUPPORT: Tentagel resins (used in conventional solid-phase synthesis)
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Fluorescent signal from the area surrounding the Pd°-resin in the yolk sac confirm that the

palladium-functionalized device is catalytically active in vivo

Nat. Commun. 2014, 5, 3277



How to make a bioorthogonal prodrug

OBJECTIVE: Control the activation of prodrugs exclusively by implant-localized palladium catalysis

“x
The highly specific design of such prodrugs need to be addressed to achieve 3 goals:
(i)  Eliminating drugs’biological properties (>100-fold);
(i) Minimizing their susceptibility to metabolic cleavage; and
(i) Rendering them “cleavable” by Pd in conditions compatible with life
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5FU Prodrug Design

GOAL: To increase prodrug stability using masking groups that are not recognized by hydrolytic enzymes while
being labile to Pd chemistry
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CHEMICAL CHALLENGE!! According to the literature, palladium-mediated N-dealkylations in water typically require
temperatures incompatible with cell survival (>80 °C)

Nat Commun 2014, 5, 3277




Drugs as “leaving groups”

CHEMICAL CHALLENGE!! According to the literature, palladium-mediated N-dealkylations in water typically require
temperatures incompatible with cell survival (>80 °C)
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LACTAM LACTIM TAUTOMERY: Endocyclic NH groups of 5FU possess relatively low pK, values due to its unique
properties.

Nat Commun 2014, 5, 3277




Prodrug deprotection

Non-biological
Conversion Assay

PRODRUG

37°C

in PBS
(PH = 7.4,
Isotonicity)
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Pd-mediated depropargylation

0 @ B 0 ] 0
F NH PdO-resin F NH 2 H,0 F NH
PN - P — |
"Q PBS (pH=7.4), 37 °C N™ =0 N O
H
N | \\
N H—O \ 5FU
Pro-5FU L Pd° _
HO.
Pd° O p g2 H,O Pd2*
x _F XH A —— HO
H,0 HYC H o
H H T H Ao
H [M + Na]*
HO< [, v . OH { T
L 0 ﬁ) XH ' i o -
Pd°

Analisis HPLC

0]

)K/OH

1-Hydroxyacetone

J Med Chem 2014, 57, 5395



Prodrug Safety and Activation

Alkylation of the N1 position of 5FU (cytotoxic drug used to treat colorectal and pancreatic cancer) resulted in

biochemically-stable inactive derivatives (reduction of cytotoxicity >500 fold).
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Visualizing inactive prodrug and devices

Chemical masking of 5FU (drug used to treat colon and pancreatic cancer) results in a

completely inactive derivative (reduction of cytotoxicity >500 fold).

Palladium

PRODRUG

Real-time visualization (5 days) of cell
proliferation (colorectal cancer cells)

Nat. Commun. 2014, 5, 3277



Visualizing prodrug activation

Combination of inactive Pro-5FU and Pd-devices mediated strong cytotoxic activity,
equivalent to that of 5FU, demonstrating the in situ manufactured of the drug

PRODRUG
==

Palladium

jimgfliptfcom

Real-time visualization (5 days) of cell
proliferation (colorectal cancer cells)

Nat. Commun. 2014, 5, 3277



Pd?%-Labile Gemcitabine Prodrugs
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Pd°-Labile Floxuridine Prodrugs
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Bioorthogonal release of hydroxamic acids
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Bioorthogonal release of hydroxamic acids

EC
125- A549 » u87G
g 100- e 1 4.8 uM 11.0uM
O-alkylated derivatives of 5 4 22 >500uM  >500uM
5 hb/ / Il l‘-; 754 ¢ 2b 155.0pM  283.8uM
vor{nostat exhi {t ow/nu N e 2 >0M  >500uM
anticancer activity in lung cancer E v 2d >500uM  >500uM
cells 5 257 2 >500uM  >500 uM

0 T

T T T
10¢ 10° 10* 103

Drug Concentration (M)

- .

| _ oH FeCl,
o Pd-resins o i -
RJJ\N/O - = RJJ\H”O acidic pH
H
3
Ze OH
(b ) “ pH=17.4 HO¢©/
W :
N !

r O 0O
0 © Hﬁ _ RJJ\N,OH
R oD > N
N ®
H

_____________________________ ! 1

J. Med. Chem. 2016, 59, 9974



Platform Technology

Palladi
afladium 16w in mice

Safe*

*Classified as Biocompatible metals

Gold 84d in rats

RELELLLLEER

Pd-devices (¢ in um)
@ @ DD

- U oildil C C - U C J
mplantation 5EU Colorectal, Breast, Pancreatic, Oesophageal, Vaginal,
reece Cervical, Anal
Gatalytc Irinotecan Colorectal, Lung, Pancreatic, Head & Neck
. Breast, Pancreatic, Gl, Bladder, kidney, Bone, CNS,
Doxorubicin
Colorectal

Palladium devices filling tumour
Post injection

Needle inserted into tumour
Pre injection Devices dO

not “move”
from the point

of injection

Devices are echogenic >> intratumoural insertion guided
by ultrasound imaging

Chem. Sci. 2018, 9, 7354-7361




Beyond Palladium

» Gold catalysis has received enormous attention in organic synthesis
over the last decades

 Among the chemical properties of gold stand out its preference to
coordinate with alkynes in the presence of other functional groups
including alkenes

» Solid supported gold nanopatrticles have also attracted the interest of
chemists searching for greener catalysts due to their recyclability, the
safety of gold and its remarkable catalytic properties to mediate
oxidative reactions at or even below ambient temperature.




Our work in the News

Role E’ound
for gold In
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TINY flecks of gold could be used in the
fight against cancer, new research has

Scientists at Edinburgh University
have just completed a study which
shows Lhe precious metal ncreased the
effectiveness of drug s used to treat lung
cancer calls.

Minute fragments, known as gold
nanoparticles, were encased in a
ehemical device by the research Leam

Whie this hasnot yet been tested an
humans, it is hopedit could one day be
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Gold I8 a safe element and has the
ability to accelerate chemical
reactions

Researchers at the university
discovered pro ies of the metal that
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accessed In Iving things without any
side-effects.

The device was shown to be effective
after being implanted in the brain of a
zebrafish. suggesting it can beused In
Uving animals

The study was carried oot In
collaboration with researchers at the
University of Zaragoza's Institute of
Nanoscienee of Aragon in Spain, with
funding coming fom Cancer Research
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UK (CRUK). and the Engineermg and
Physical Sciences Research Council.
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The new weapon in the
fight with cancer... gold

Study shows tiny flecks of metal can boost effectiveness of drugs

By Daily Mail Reporter
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research has sug:
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study which shows the
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Gold ‘could be used in cancer treatment’
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Tiny flecks of gold could be used in the fight against cancer, new research
has suggested.

Scientists at Edinburgh University found the precious metal increased the
effectiveness of drugs used to treat lung cancer cells

Minute fragments, known as gold nanoparticles, were encased in a chemical by the
research team.

The research involved zebrafish but the team are hopeful the technique could be
used to develop human treatments.

Gold is a safe element which can accelerate - or catalyse - chemical reactions.
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better way to treat some
cancers.
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Gold could
aid cancer
treatment

TINY flecks of gold could be used
in the fight against cancer. new
rescarch has suggested.

Scientists at Edinburgh
University have completed a study
‘which shows the precious metal
increased the effectiveness of drugs
used to treat lung cancer cells.

Minute fragments, known as gold
nanoparticles. were encased in a
chemical device. While this has not
yel been tested on humans, it is
hoped such a device could one day
be used to reduce side effects of
current rhmmnm'apt treatments
by precisel diseased cells

without dnwdnu healthy tissue.

The device was shown to be
effective after being implanted in
the brain of a zebrafish, suggesting
it can be used in living animals.

The study was carried out in
collaharation with the University of
Zaragoza, with funding coming
from Cancer Research UK and the
Engincering and Physical Sciences
Research Council,



Gold-Functionalized Devices

Because of the high affinity of thiols for gold and their ubiquitous presence in peptides and proteins,
the attractive catalytic properties of gold nanoparticles have not been accessible in living
environments.

We envisioned that embedding Au-NP in a solid support would serve to protect the metal
nanostructures from large thiol-rich biomolecules, while allowing the free entry of alkyne-
functionalized small molecules to undergo gold-mediated chemistries even in biological systems.

GOLD .

NANOPARTICLES

Angew. Chemie 2017, 10.1002/anie.201705609



Prodrug Activation Studies
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As expected prodrugs 4a-c did not elicit any effect on their own. On the contrary, potent anticancer

activity was displayed in combination with [Au]-resins, unequivocal evidence that the active drugs
are released in situ by heterogeneous gold chemistry.




Bioorthogonal chemistry in the brain

First example of heterogeneous metal-catalyzed release of a chemical reporter performed in

the brain of a living animal
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Angew. Chemie 2017, 56, 12548



Palladium activated prodrugs
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Ex vivo activation of chemotherapy

Pd-devices (21 day-in-tumour) + Pro-DOX (100 pM) DOX (100 uM)
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distribution

Ex vivo Pd-mediated release of DOX from an inactive precursors in a prostate tumour explant

Chem. Sci. 2018, 9, 7354-7361



Bioorthogonal Uncaging of SN-38
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Fluorescence Intensity (RFU)

Bioorthogonal Uncaging of SN-38

Palladium-functionalized o/
microdevices were used to CNC 5 Q
uncage newly developed ”“(UL | O-sn.as
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Targeted Bioorthogonal Catalysis

Cancer-derived
exosomes loaded with
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Exosome-directed catalyst prodrug therapy

Nat. Catalysis 2019, 10.1038/s41929-019-0333-4



