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Colorectal cancer
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Colorectal cancer

CHEMOTHERAPY /
SURGERY RADIOTHERAPY IMMUNOTHERAPY

- RN AN /

INSTITUTO
DE INVESTIGAGCAO
E INOVACAO
EM SAUDE
UNIVERSIDADE

4 DO PORTO



Colorectal cancer i ;‘l
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Treatment regimens

FOLFOX: leucovorin, 5-FU, and oxaliplatin

FOLFIRI: leucovorin, 5-FU, and irinotecan

CAPEOX or CAPOX: capecitabine and oxaliplatin

FOLFOXIRI: leucovorin, 5-FU, oxaliplatin, and irinotecan

One of the above combinations plus either a drug that targets VEGF (bevacizumab,

ziv-aflibercept or ramucirumab) or a drug targets EGFR (cetuximab or panitumumab)
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Colorectal cancer o ;‘I
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- Anti-cancer chemotherapic drugs are, nowadays, highly effective. Cancer have high
cure rates when detected early and treated according to best practices
- But:
* The lack of selectivity compromise the viability of normal cells
* Most of anticancer drugs present solubility or permeability issues, requiring

excipients with toxicological drawbacks

Nanotechnology has provided the possibility of delivering drugs to specific cells in a

INSTITUTO

. . DE INVESTIGACAO
tailored and engineered manner E INOVACAO
EM SAUDE
UNIVERSIDADE

DO PORTO



Nanomedicines for modulating cancer B ;‘I
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Cell surface receptor overexpression

In need of advanced technologies for drug/diagnostic delivery
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Polymeric micelles for oral chemotherapy to
treat colorectal cancer
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Polymeric micelles for oral chemotherapy to I ;‘I
treat colorectal cancer LT A

Size Zeta potential
Pdi DL (%) AE (%)
(nhm) (mV)
Unloaded
137 =5 0.233 £ 0.025 +33.7 £ 18 0.0 -
MPEG-CS-0OA
CPT-loaded
146 =3 0.229 £ 0.005 +41.8 = 3.0 5.0 776 £ 77
MPEG-CS-0OA
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Polymeric micelles for oral chemotherapy to

treat colorectal cancer

3D systems coated
with an enteric polymer
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Almeida, A, et al, Eur J Pharm Biopharm, 167, 48-56, 2021
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Colorectal cancer 3D models

\

Tumor-on-a-chip

Castro et al., Advanced Drug Delivery Reviews 175 (2021) 113824

Tumor & blood

samples

Drug & Nanomedicines
Screening
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CRC multicellular tumor spheroids model

1) Develop model closer 2) Study interaction of NPs and 3) Study macrophage
to TME antiproliferative ability polarization

M2 M1

- Tumor associated Epithelial Cancer associated Co-loaded NPs
\ macrophages (TAMs) { macrophages & colon cancer fibroblasts (CAFs) @
cells (HCT116)
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CRC multicellular tumor spheroids model I <
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__Fibronectin
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Polymeric micelles for oral chemotherapy to
treat colorectal cancer - CRC spheroid
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Cell viability after 72 h of incubation with (left) free CPT and (right) CPT-loaded micelles against Caco-2, HT29-MTX and HCT116 cell lines

Cytocompatibility on a 3D spheroid model

Bl Free CPT
[ CPT-loaded micelles

Empty micelles
No treatment

150
100
s T
-
50 J
0- M
0.025 0.25 250 25.00 250.00
Concentration (ug/mL)

Metabolic activity (%)

Cytocompatibility of free CPT, CPT-loaded micelles and
empty micelles against PBMCs

Diameter (um)

600

400
200
0- T T T
24 h 48 h 72 h
Time (h)

Size reduction on spheroids after 72 h in contact

with free CPT, CPT-loaded micelles

15

INSTITUTO
DE INVESTIGACAO
E INOVACAO

EM SAUDE

UNIVERSIDADE
DO PORTO



A11/00

Anti-human CD44v6
antibodies

Engineered HUCAL® Fab
& Antigen

. -binding
Non-specific domain
u Sed as Mild TCEP treatment to reduce

Fluorescent, PEGylated
PLGA nanoparticles

/ PLGA-

FKR648-
PEG-Mal

cysteines (Fab) or

negative controls  ninge disulfide bridges (mAb)

Commercial mAb

Kennedy et al, Pharmacology and Therapeutics, 2017;177:129-45

PLGA-
FKR648-

CD44v6 as target for functional nanoparticles = “
W
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CD44v6 as target for functional nanoparticles I “
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PLGANPs | PTX Z-average | polydispersity | Zeta Potential
(size, nm) | index (Pdl) | (charge, mV)
- + + - +
V6 Fab-PLGA 379 +48 0.40 £ 0.05 199+0.4
+ 293+15 0.32+0.04 -20.0+0.4
- 234 +27 0.21+0.04 -18.2+2.0
(-) Fab-PLGA 3
+ | 234+34 0.22 +£0.06 -19.6+0.1
bare PLGA - 205+6 0.16 £0.01 -15.6+0.8
+ 217 +10 0.24 £0.03 -17.4+£0.1

Kennedy et al, Acta Biomaterialia, 81, 208-218, 2018

TEM images of the v6 Fab- (a and b)
and bare (c and d) PLGA NPs. a and c =
25,000X magnification (scale bar = 0.5
um). b and d = 120,000X magnification
(scale bar = 100 nm).
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CD44v6 as target for functional nanoparticles = “
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Kennedy et al, Acta Biomaterialia, 81, 208-218, 2018

PLGA NP binding on azide-treated cells
100 W GP202
2 90 ® MKN28-CD44v3-v10
g 80
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-FBS +FBS
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CD44v6 as target for functional nanoparticles

Phalloidin-A546 PLGA-FKR648

v6 Fab
PLGA
NPs

Bare
PLGA
NPs

Kennedy et al, Acta Biomaterialia, 81, 208-218, 2018
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CDA44v6 as target for functional nanoparticles = “
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Confocal microscopy of vé Fab-PLGA NP binding to MKN74-CD44v6 tumor sections
v6 Fab-PLGA NPs (-) Fab PLGA NPs

v6 Fab only
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CD44v6 as target for anti-angiogenic nanoparticles B “
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Produce PLGA-PEG nanoparticles loaded with
bevacizumab and functionalized with a human
antibody fragment with specificity for CD44v6

PEG-Mal

‘/ Biodegradable
/ Biocompatible

‘/ Safe

A X

Bevacizumab

_—

PEG-Mal

Baido et al, Biomater. Sci., 8, 3720-3729, 2020 PLGA-PEG NPs v6 Fab v6 Fab PLGA-PEG NPs
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Formulation Z-:s\verage Polydispersit Zeta Potential
(size,nm) ylIndex(Pdl) (charge, mV)
Bare PLGA-PEG 1241 % 01 0'8,%?5 -45 % 02
NPs 1835+ 49 00" 6.4 % 11
(-) Fab-PLGA-PEG 1672 £ 25 05(3)%51 61+08
NPs 535+ 14 O3 9.8 01
v6 Fab-PLGA-PEG 2454 = 29 08%61; 82 +£05
NPs 34156?4i Oggézi -120 = 09

Dilution 1:100 NaCl pH 7.4

Functionalization and bevacizumab encapsulation
increases size and Pdl

Baido et al, Biomater. Sci., 8, 3720-3729, 2020

Empty PLGA-PEG NPs

Empty v6 Fab-PLGA-PEG NPs

CD44v6 as target for anti-angiogenic nanoparticles l
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CD44v6 as target for anti-angiogenic nanoparticles
Q

A.U.

Fluorescence intensity (A.U.)

Maintenance of bevacizumab structure after encapsulation
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F. Sousa et al., Sci. Rep. 2017, 7, 3736
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CD44v6 as target for anti-angiogenic nanoparticles B “
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Bevacizumab bioactivity after encapsulation
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Biological activity of bevacizumab was maintained even with a
slow release profile from PLGA NP.

F. Sousa et al., Sci. Rep. 2017, 7, 3736
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CD44v6 as target for anti-angiogenic nanoparticles l

MKN74-CD44std

MKN74-CD44v6+

z
C

1204

Metabolic Activity (%)
Metabolic Activity (%)

Empty PLGA-PEG NPs

5 50
[PLGA-PEG NPs] (ug/mL)

G}
El

120+
1004
80+
60+

Metabolic Activity (%)
8
1

»n
o
1

2

Loaded PLGA-PEG NPs
Metabolic Activity (%)

5 50
[PLGA-PEG NPs] (pg/mL)

5 50
[PLGA-PEG NPs] (pg/mL)

ns ns

.....

5 50
[PLGA-PEG NPs] (pg/mL)

mm PLGA-PEG NPs
Em (-) Fab PLGA-PEG NPs

Baido et al, Biomater. Sci., 8, 3720-3729,

Em v6 Fab PLGA-PEG NPs
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CD44v6 as target for anti-angiogenic nanoparticles B “
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Intracellular levels of bevacizumab Intracellular VEGF

“%Intracellular VEGF

MKN74-CD44v6+ cells
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Immunosuppressive mechanisms in the CRC n ;“
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Immunosuppressive
& N 10 TGRg

Immunosuppressive
properties of cancer cells
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Silveira et al, Biomater. Sci., 9, 3228-3243, 2021
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In summary... LT A

- Nanotechnology is a key enabling technology with potential to modulate the
biopharmaceutics of anticancer drugs

- Nanoparticles can be proposed to encapsulate and delivery a wide variety of
anticancer drugs with solubility/permeability issues, relevant in cancer
treatment, namely in colorectal cancer

- Nanoparticles can be easily functionalized in order to develop target

nanosystems, with superior ability for specific cellular moieties

Nanotechnology has provided the possibility of delivering drugs to specific cells in

a tailored and engineered manner
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