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Activities in the lab (1)
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Biocompatible polysaccharide Transparent, permeable (pore size, 15 nm)



Activities in the lab (2)

Hepato-toxicity assays (for cosmetic industry)

Liver pearls ... for high throughput
screening of « drugs »

CFDA accumulationn active
canaliculi from equatorial plane



Activities in the lab (3)

Cell therapy for Parkinson disease

b3-tubulin HCM DAPI
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Activities in the lab (4)

Oncological physics

The Multicell Spheroid Model

ROBERT M. SUTHERLAND 8 APRIL 1988
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Pétri dish(2D) Animal testing (3D)

3D pancreatic carcinoma spheroids induce a
BMC  matrix-rich, chemoresistant phenotype offering a
Cancer better model for drug testing
Longati et al. BMC Cancer 2013, 13:95



Tumor microenvironment
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Tumor Microenvironment:
A New Treatment Target for
Cancer

Molecule Target Molecule type Company Status (reference)

ECM/fibroblasts

Marimastat MMP — broad spectrum Small molecule British Biotech Phase lll negative for NSCLC, SCLC and breast cancer
(NCT00002911, NCTO0003010, NCTO0003011)

Prinomastat MMP2,3,9,13and 14 Small molecule Agouron/Pfizer Phase [l negative for NSCLC and prostate cancer
(NCTO0004199, NCTO0003343)

Tanomastat MMP 2,3 and9 Small molecule Bayer Phase lll terminated (NCIC-CTG trial OV12)

Neovastat VEGFR2, MMP 2,9, 12 Small molecule AEterna Laboratories Phase lll negative for NSCLC (NCTO0005838)

Rebimastat MMP 1,2,8,9and 14 Small molecule Bristol-Myers Squibb Phase lll negative for NSCLC (NCT00006229)

Vismodegib ~ SMO Small molecule Genentech/Roche Phase Il negative for CRC and ovarian cancer and phase Il for
PDAC (NCT00636610, NCTO0739661, NCT01064622)

Saridegib SMO Small molecule Infinity Pharmaceuticals Phase Il terminated for PDAC (NCT01130142, NCT01310816)

Sonidegib SMO Small molecule Novartis Phase Il (NCT01708174)

Vasculature

Bevacizumab VEGFA Antibody Genentech/Roche FDA-approved ((BLA) 125085)

Vandetanib VEGFRs, PDGFRs, EGFR Small molecule AstraZeneca FDA-approved ((NDA) 022405)

Sunitinib VEGFRs, PDGFRs, FLT3, CSFIR  Small molecule Pfizer FDA-approved ((NDA) 021938)

Axitinib VEGFRs, PDGFRs, KIT Small molecule Pfizer FDA-approved ((NDA) 202324)

Sorafenib VEGFRs, RAF, PDGFRs, KIT Small molecule Bayer FDA-approved ((NDA) 021923)

Pazopanib VEGFRs, PDGFRs, KIT Small molecule GlaxoSmithKline FDA-approved ((NDA) 022465)

Cabozantinib VEGFR2, RET, MET Small molecule Exelixis FDA-approved ((NDA) 203756)

Ziv-aflibercept VEGFA, VEGFB, PIGF Receptor-Fc fusion  Regeneron FDA-approved ((BLA) 125418)

Cilengitide Integrins a,B,, a,fs and asB, Small molecule Merck Serono Phase lll negative for GBM (NCT00689221)

AMG386 ANG2 RP-Fc fusion protein Amgen Phase lll (NCT01281254)

Parsatizumab EGFL-7 Antibody Genentech/Roche Phase Il (NCT01399684, NCT01366131)

Enoticumab  DLL4 Antibody Regeneron Phase | (NCTO087 1559)

Demcizumab DLL4 Antibody OncoMed Phase | (NCTO0744562, NCTO1 189968, NCT01189942,
NCT01189929)

Nesvacumab ANG2 Antibody Regeneron Phase | (NCT01688960, NCT01271972)

Immune

Ipilimumab CTLA-4 Antibody Bristol-Myers Squibb ~ FDA-approved ((BLA) 125377)

Sipuleucel-T  PAP DCvaccine Dendreon FDA-approved ((BLA) 125197)

Aldesleukin IL-2 RP Prometheus FDA-approved ((BLA) 103293)

IFN a-2b IFN-a receptor RP Merck FDA-approved ((BLA) 103132)

MK-3475 PD1 Antibody Merck Phase lll (NCTO1866319)

Nivolumab PD1 Antibody Bristol-Myers Squibb Phase lIl (NCT01668784, NCT01673867, NCT01642004,
NCT01721772,NCT01721746,NCT01844505)

Nivolumab 0X40 Antibody Bristol-Myers Squibb Phase lIl (NCT01668784, NCT01642004, NCT01673867,

and PPMC NCT01721772,NCT01721746,NCT01844505)

MPDL3280A PDL1 Antibody Genentech/Roche Phase Il (NCT01846416)

PLX3397 KIT, CSF1R, FLT3 Small molecule Plexxikon Phase Il (NCT01349036)

BMS-663513 CD137 (4-1BB) Antibody Bristol-Myers Squibb  Phase Il (NCT00612664)

Blinatumomab CD3 and CD19 Bi-specific scFv Amgen Phase Il (NCT01741792, NCT01466179, NCT01207388,
NCT01471782, NCT00560794, NCT01209286)

AMG 820 CSF1R Antibody Amgen Phase | (NCT01444404)

AMP-224 PD1 Antibody GlaxoSmithKline Phase | (NCT01352884)

TRX-518 GITR Antibody GITR, Inc. Phase | (NCT01239134)

IMC-Cs4 CSFIR Antibody ImClone/Eli Lilly Phase | (NCT01346358)

CP-870,893 CD40 Antibody Pfizer Phase | (NCTO0711191, NCT01008527, NCTO0607 048,

NCT01456585, NCT01103635)

References listed pertain to the molecule as a stromal-modifying agent, either the FDA application, where approved, or the national clinical trial identification of the oncology trial in the latest phase is listed (note
that in some cases the drug may also be tested or approved for an indication for which it acts directly on the tumour cell compartment, which will not be referenced here). ANG2, angiopoietin 2; BLA, biological

licerse
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factor 1 receptor; CTLA-4, cytotoxic T-
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Chemical and physical interactions between stromal and cancer cells

Carcinoma in situ Invasive lesion

Key: (& Tumorcells 7. Soft matrix
28~ Myoepithelial cells = Stiff matrix
@&1 Endothelial cells —> Compression

.~ Basement membrane —> Tension
> Soluble factors ~»  Shear forces




Realistic cellular model of
tumor and micro-environment




Naive intuition

hweako stroma = | ow pfiesswmgo stroma =
Tumor grow Tumor shrink



ECM stiffening (in the vicinity of the tumor)
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Kaufman et al. BJ 2005



ONCOGENESIS
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Lopez, 2011.In situ force mapping of mammary gland transformation

Mammary tumor epithelia, tumor-associated vasculature and ECM all contribute to
mammary gland stiffening as it transitions from normal to invasive carcinoma.



Physical interactions and mechanical forces
... are key regulators of cell differentiation

A
Blood  Erain Muscle Collagenous Bone
fluid 1 kpa 10 kPa 100 kPa

B 10% serum Collagen-I

' 5 B e R = x x4 s (Engler, 2006)
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Summary:

1. Tumorogenesis is a complex process!

2. There are mutual interactions between cancer

cells, stromal cell and ECM

migration barrier @m:gratlon ack @ f;g::oir

T
changes in“"
cell behavior
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-y functlonal L
e frjigents S target cell

Question: Can we design a minimal in vitro system in which different cues
are decoupled in order to investigate or mimic the sole mechanical
influence of ECM on tumor cells, tumor growth and cell invasion?



Formation of multicellular spheroids (current techniques)
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Compression of a non-growing multicellular spheroid
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(Marmottant, PNAS 2009)

A spheroidis aviscoeelasticeplasticmaterial

Note: timescale<1 hour

(Foty, Dev. 1996)



Cellular Capsules Technology

Microfluidics-assisted production of sub-millimetric aqueous core capsules
made of an alginate permeable and elastic membrane
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Microfluidic Capsule Production oms |[ @
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0.5mm

t=2.8 5.6 10 15.6 23.9 337 To make micro-capsules,
operate in a jetting regime






Capsule structure

50 um

Capsule radius isfixed:
R~ 100 pm

Shell thickness can be tuned :
5 um<h<35 pm




Control experiment: Growth kinetics of free spheroids

120h 160h 185h 270h 300h 485h

Short times : bulk growth

R@exp(t/3,) 1000 ¢

Fig. 1. Anillusi of h l I cellular tumour spheroid, with an ¢
of proliferatin 1. II d umcr ncgn ; these are se -pm‘alcd bya Iu\ erofq
cells. The spheroid d is [R p d ced f S therland et al. (Can

46, 5320-5329, l‘)sb)h_v l h e publisher and h uthors].

Long times : surface growth 10
Necrotic core + proliferative rim D 0 2 4 6 8 10 12

R@v € Time (days)



In capsulo cell growth - Formation of confined spheroids

CT26 mouse colon carcinoma cells

« Thick » capsule h~35um

00h D

institutCurie

100pm




Growth kinetics of confined spheroids

1000 ¢
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Time (days)

10

12



Post-confluent spheroid evolution

0.0 h @

institutCurie

[Same size, _——
larger field of view ]

« Thin » capsule h~7 um
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Capsules can be soft and

Pressure (kPa)
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used as pressure Sensors




Post-confluent spheroid growth
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Influence of confinement
on the internal cellular organizationof spheroids

2-photon microscopy

SulforhodamimB :labels dead cells and extracellular proteins

oh sh T  26h  144h



Influence of confinement
on the internal cellular organizationof spheroids
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Peripheral cells exhibit long protrusions and acquire
enhanced motility upon confinement
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Fixed spheroid

PhalloidirAlexad88
(Actin bundles) iy



Invasion assay

Barespheroid

(after incubation for 5 min in PBS) Collagen! matrix (2mg/ml)



