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Traditional 2D Cell Culture
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2D to Physiological 2D
From 2D to 2.5D

Classic 2D Environment Physiological 2D
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(Biological Coating Chemical Coating
Collagen: growth, Differentiation, Migration Poly-Lysine: attachment
Elastin: provides required resilience Poly-L-Ornithine: attachment
Fibronectin: Adhesion and spreading Cystosoft® plates: biocompatible silicon with
Laminin: growth, motility, signaling various rigidities
Vitronectin: migration, proliferation, differentiation,

spreading



3D Cell Culture
Cell and ECM interaction
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Nature Reviews | Gastroenterology & Hepatology

Hussey, et al. 2017. The extracellular matrix of the gastrointestinal tract: a regenerative medicine platform, nrgastro.
14, pages540-552

Deep relationship between cells and the ECM




3D Cell Culture
Young’s Modulus

Matrix Effects On Different Cell Types
O e—

Loss of functional

phenotype
Normal Dls_rupt_e d Glass/plastic
epithelial
epithelial Fibroblast colony Osteoblast culture
| substrates
HNauron COlonY Adipocyte Muscle Myofibroblast e
(
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Tlssue matrix elasticity, kPa

Cell Type Young’s Modulus (kPa) Cell Behavior

Cells can deform gel, increased

HBUrEnE U252 branching compared to hard surfaces
12 Definitive actomyosin striations
Muscle cells 1 No myosin striations
17 No myosin striations
<1 Small, round, no stress fibers
Astrocytes 1-2 Begins to spread
>2 Spreads well, good adhesion
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3D Cell Culture
Cell and ECM interaction

Young’s Modulus (Matrix Stiffness)

Journal of Cellular and Molecular Medicine

Yielding environment
improved tube length,
area, and Morphology

ing/ml
VEGF
50ng/ml
VEGF i
Rigid Firm Yielding
Matrix Stiffness 650+180 Pa 75+40 Pa 10+2 Pa
Tube Length 130+£3um 140+4um 200+5um

VEGF & substrate mechanics regulate in vitro tubulogenesis of endothelial progenitor cells - John Hopkins University

(RA



3D Cell Culture Focus Areas
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Hydrogels organ on a chip

= Natural and synthetic = Small scale 3D models

= Provides cells with matrix of
proteins/peptides for growth

= Controlled/Optimized
microenvironment

structural scaffolds 3D organoids

= Non-biological .
= Higher order assembly
with in vivo-like
functionality and
phenotypes

= Provides cells with a
structure for growth

= Derived from adult
patient tissues or
induced pluripotent
stem cells (iPSCs)

cell Aggoregates

= Scaffolds and non-binding surfaces

= Promotes cells to grow & adhere to each
other

[RA






Hydrogels
Natural Hydrogels — Drawbacks & Limitations

ECM Gel - Engelbreth-Holm-Swarm murine MaxGel™ - Human natural hydrogel from
sarcoma (EHS) cell basal membranes epithelial basement membrane
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PBMC-derived human iPS cells grown in serum-free media on Stem Cell Rat neural stem cells showed excellent neurosphere formation on
Qualified ECM Gel after 5 passages maintain an undifferentiated cell 1% (w/v) MaxGel™
morphology.

Drawbacks & Limitations

« Highly variable protein composition
« Reproducibility challenges

« Preparation challenges

 Elastic modulus: 0.1 to 0.5 kPa

17

« Can interfere with various assays (animal derived products) M



Hydrogels

Tissue-Specific Decellularized Extracellular Matrix (dECM) Hydrogels
Z 39 &
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Porcine derived organs (bone, heart, intestine, kidney, liver, lung and skin) were decellularized and the
native tissue specific ECM components were solubilized and frozen for future use. These dECM hydrogels
can be used for traditional 2D ECM coatings or to encapsulate cells for 3D cell cultures.
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Primary human hepatocytes and HepG2 hepatocarcinoma liver cells showed
significantly higher 3D structure formation (C), enhanced cytochrome P450 activity
(D), and increased glycogen storage (E) when cultured in Liver dECM Hydrogels
compared to Matrigel® matrix or Collagen I.




Hydrogels

TrueGel3D™ Synthetic Hydrogel

20

@ Backbone Polymer Xyl Crosslinkers
% PVA (Polyvinyl Alcohol): % PEG Polyethylene glycol
non-degradable with thiol (SH) groups

% Dextran: degradable non-cell degradable

sequences cell
degradable
2 & | RGD Peptide
o

% Integrin Adhesion Peptide .‘.‘. User Defined Cells
% Arg-Gly-Asp

Features: A More controllable Hydrogel

Customizable (Rigidity, Gelling Speeds)
Room Temp Preparation

Consistent from Lot-to-Lot

Transparent for imaging

Cell Recovery Option




TrueGel3D™
Selecting the right TrueGel3D™ kit for your application

TRUES TRUEG TRUES TRUEYS

TrueGel3D™
backbone Dextran Dextran Dextran PVA PVA Dextran Dextran PVA PVA
polymer

Allows Cell
Recovery

Allows Cell
Migration v v v v v

Contains
RGD Peptide

Tunable Gel
Stiffness

Eg,:gt'ﬂ" Moderate Fast Fast Fast Fast Slow Slow Slow Slow

Protocols and Support

« Protocol 1: Preparation of TrueGel3D™ hydrogel, CD cell-degradable crosslinker and RGD peptide (TRUE1)
 Protocol 2: Preparation of Fast hydrogels (True2-5)

 Protocol 3: Preparation of Slow hydrogels (True6-9)

« Advanced protocol for hydrogel optimization

Application Notes
» Cyst formation of MDCK cells application note
* Fibroblast spreading

« Co-culture of tumor and stromal cells
 Video: Beating Cardiac Muscle Cells




Hydrogels
TrueGel3D™ Synthetic Hydrogel

MCF-7 Cells Human Fibroblasts Co-culture of MCF-7
Cultured Alone Cultured Alone and Fibroblasts

Red: Actin cytoskeleton; green: nuclei. Scale bar: 100 pm.

24 RA



Hydrogels

TrueGel3D™ HTS Hydrogel Plate

Pre-assembled with
fully synthetic PEG-based
hydrogels

Cross-linking

Special density Patented
inner-well low in-depth
design for cross-linking
facilitated density gradient

pipetting high

Features :

= No Hydrogel Assembly Step Required: Ready

for cell seeding.

= Fully Synthetic: Lot-to-lot consistency and
2g:ontrol over culture conditions. No animal
derived products.

How to use the plates?

TrueGel3D HTS Plate Applications

Step 1: Remove Storage
Buffer.

Step 2: Add Cells and
Media and Incubate
Overnight

Step 3: Establish Co-
Culture (Optional): Add
Secondary Cells and
Incubate Overnight.

= Sequential Seeding: Easily co-culture various cell

populations at different time points.

= Designed for Imaging: Glass bottom 96-well
black polystyrene plates. Precast hydrogel is

optically clear.

[RA


https://www.sigmaaldrich.com/technical-documents/articles/biology/high-throughput-truegel3d-hydrogel-plates.html

Hydrogels
High-Throughput 3D Cell Culture Applications

Max Projection Middle Bottom

- . - - .

Human Mesenchymal Stem Cell 3D cultures

Neuroscience

Neuron-Astrocyte co-
culture. Human iPS cell
derived neurons (grey) and
astrocytes (GFAP, red) were
cocultured

Neural stem cell differentiation.
Differentiated cells show neural
phenotypes with increased TUJ-1

expression (green) and complex
neural networks. M







Structural Scaffolds
Millicell® Microporous Membrane Inserts

Media

Cell Culture Insert -

Apical = Outside

Microporous
Membrane

Plate Well

Cells

With Millicell® microporous cell
culture inserts, cells are given a
three-dimensional environment in
which they can access media from

both the apical & basolateral sides.

Cells grown on filters experience:
= Improved cell morphology
= Better cell differentiation

= More intracellular organelles

= Higher cell densities

Ref: Growth and Characterization of Polarized Monolayers of Epididymal Epithelial Cells and
Sertoli Cells in Dual Environment Culture Chambers, Byers, S.W., Hadley, M.A., Djakiew,
D., and Dym, M., J Androl. 1986 Jan-Feb;7(1):59-68.

|




3D Skin Culture Protocol

1. Culture keratinocytes (PHKs) and

fibroblasts (PHFs) in monolayers. 0

MilliCell® Insert

Sigma.com Protocol Webpage

— —
oo+ Leege eegr—

Keratinocytes Fibroblasts

2. Prepare collagen/PHF bed.

o
Collagen Coat +

5. Change skin culture medium every other

Seed Fibroblasts Il ’ e \

3. Seed PHKs on collagen/PHF bed
and submerge culture for 3 days.

Regular
Well Plate™~

Keratinocyte
~ Medium

Deep Well \L
Plate ~———

10 Days or Longer

<

3dGRO™ Skin Differentiation

day and harvest the culture on day 10.

Medium

4. Lift insert to air:liquid interface to
induce skin differentiation.


https://www.sigmaaldrich.com/technical-documents/protocols/biology/cell-culture/epidermal-skin-culture.html

Structural Scaffolds

3D Organotypic Skin Model - 3dGRO™ Skin Differentiation Media

41

Organotypic 3D Skin Model

Simple 14 day differentiation protocol
Generation of 3 main layers

Lasts up to 12 days

Surrogate to in-vivo skin models

Addresses ethical issues with animal testing
Perform dermal absorption and toxicity assays

YV V V V VYV VY
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SynVivo Microfluidics Platform SYNVIVO
Applications

The SynVivo technology has been extensively validated for multiple
applications:

— Oncology
« Tumor invasion, intravasation, extravasation

— Neuroscience
« Blood-brain barrier, tight junctions, transporter proteins

— Inflammation
« Immune cell interactions, rolling, adhesion, migration

— Other Organs
« Models for liver, kidney, heart, lung,...

>30 scientific publications

22 patents

. [RA



SYNVIVO

SynVivo Microfluidics Platform

Animal/Human Scan Digitized Microfabricated Chip SynVivo Assay

Simple Fabrication Methods

Idealized Networks

Pore

Ar A A

/
X
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Wi [we fw 1
|
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Bi B: Bs

Linear Channels Bifurcating Channels linear design radial design

Simple, Robust Protocols

49



SynVivo Microfluidics Platform SYNVIVO
Endothelial Cell Morphology

EC stretching and
alignment under flow

R s

Z-stack Confocal (100x100) Confocal (100x200)

Complete Lumen Formed With Endothelial Cells







3D Organoids
HFF-hiPSC Derived Human Colon Organoids

<

Pluripotent Definitive Hindgut 3D Domes
Stem Cells Endoderm Endoderm (BME)

Day 20 A Day 48 +

PN N 8

(on day of passage) (on day of passage) (on day of passage) (on day of passage)

63 RA



3D Organoids
HFF-hiPSC Derived Human Colon Organoids - Characterization

N

"'l’

——ty

Mucin5B

Lrg5

Sigma Website: Organoid




3D Organoids
HFF-hiPSC Derived Human Colon Organoids

Stepwise Differentiation Protocol

P

Definitive
Endoderm

Hindgut 3D Domes
Endoderm (BME)

Pluripotent

Stem Cells

Day o Day 4 Day 8 Day 20

www.sigma.com/colonorganoids

SCC271 Simplicon™ Human iPS Cell Line
SCM302 Definitive Endoderm Induction Media
SCM303 Hindgut Induction Media
Differentiation & SCM304 Human Colonic Organoid Media

Expansion SCM301 Human Organoid Freezing Media
SCM300 Human Organoid Dissociation Reagent
SCM104 3dGRO™ R-Spondin-1 Conditioned Media Supplement
SCM162 DMEM/F12 Plus Basal Media

Cryopreserved SCC300 Cryopreserved Colon Organoids




3D Organoids
HFF-hiPSC Derived Human Lung Organoids Mature Alveolar Lung Organoids

Pluripotent Definitive ﬁ:::n:: Lung Bud
Stem Cells Endoderm End dg Organoids
Adherent gacscii Suspension Matrigel
(Fibronectin coat) Culture Sandwich K
Day o Day 4 Day 8 Days 20 - 25 Days 40 - €0

3dGRO™ Lung Organoid Maturation Medium (SCM308)

Insert

4-6 organoids per insert

@ @ @ @ © @ | Matrigel sandwich

24-well
% At days 20-25, select organoids with folded structures (arrows) and transfer 6 to make Matrigel sandwich

% Mature 3-4 weeks changing media every other day
89 I & § ; ; |



3D Organoids
HFF-hiPSC Derived Human Lung Organoids - Characterization

Alveolar Type
IT Cell

Surfactant
Layer

Air Space

‘q o\

> PO

Acetyl-a-tubulin Acetyl-a-tubulin, 8 Muc5AC

-

MscHplige Ann-Charlotte Almstrand

Day 70 mature lung organoids University of Gothenburg

% Surfactant-producing type II alveolar epithelial markers (SFTPC and SFTPB)
% Airway goblet cells marker (Muc5AC)

% Pulmonary endoderm marker (EpCAM, Sox9 and Nkx2.1)
91 % Ciliated cells (acetyl-a-tubulin) M



3D Organoids
HFF-hiPSC Derived Human Lung Organoids

Mature Alveolar Lung Organoids
Stepwise Differentiation Protocol ety : '

Anterior

Definitive
Endoderm

Pluripotent

Foregut

Endoderm Suspension Matrigel Sandwich
Culture

Stem Cells

Adherent
(Fibronectin coat)

Day o Day 4 Day 8 Days 20 - 25

A, e 3 R S
- . g% N
B e -
Day

www.sigma.com/lungorganoids S 40 - 60

Part No. Product Description
SCCc271 Simplicon™ Human iPS Cell Line
SCM302 Definitive Endoderm Induction Media

Differentiation & ) ) )

. SCM305 & SCM306 Anterior Foregut Endoderm Induction Medium I & II
Expansion

SCM307 3dGRO™ Lung Organoid Branching Medium
SCM308 3dGRO™ Lung Organoid Maturation Medium

Progenitor Cell line SCCc301 Cryopreserved Anterior Foregut Endoderm Progenitor Cells

7




NEW Patient Derived Organoids 35 HUB ORGANOIDS

Prep -78-C (scc311) ‘ Prep -87-C (scc321) ) 14-881-CR (scc310)

Biobank Overview

e 57 Patient Derived Organoid Samples

e Multiple Ages and Sex

e Multiple Tissues/Diseases: Colon, Duodenum, Illium, Stomach,
Rectum, Cancer, Ulcerative Colitis, IBS

e RNA-Seq Available

e Low Passage and High Viability

e Cultured in Optimized 3dGRO™L-WRN Conditioned Media

3dGR® organoids were derived utilizing HUB Organoid Technology. The purchaser

)bde vy}@ 8BS
wi,%” R

2T GKAA LINRPRdAzOG akKFftf FINBS G2 1! .Qa GSNI
acknowledged and accepted by such purchaser, prior to transfer of this product to
purchaser.

High quality ready-to-use frozen human colorectal Gl organoids from a variety of
patients with different diseases, locations, expression profiles. [M




Cell Ag grega tes Non PFA-treated PFA-treated

Live/Dead® Cell Viability Assay Kit

= Simultaneous fluorescence staining of live & dead cells

= (Calcein-AM stains live (green)

= Propidium lodide stains dead (red)

» Hoechst 33342 stains all cells blue for total cell . .
% Easy-to-use assay protocol
% Intensity of Calcein-AM and Hoechst 33342 stains
are stronger compared to other assay kits
% Identification of spatial and temporal patterns of

cell death occurring in complex tissues

Calcein-AM

Advantages of the kit include:

Propidium Iodide

% 3D and 2D cell culture and flow cytometry

Hoechst 33342

Figure 16. Live/Dead staining of liver spheroids. Day 7 HepG2 spheroids
embedded in Matrigel® substrate and stained with the Live/Dead assay
before and after selective paraformaldehyde (PFA) fixa li‘/

98



3D Cell Culture Focus Areas

99

Hydrogels organ on a chip

= Natural and synthetic = Small scale 3D models

= Provides cells with matrix of
proteins/peptides for growth

= Controlled/Optimized
microenvironment

structural scaffolds 3D organoids

= Non-biological .
= Higher order assembly
with in vivo-like
functionality and
phenotypes

= Provides cells with a
structure for growth

= Derived from adult
patient tissues or
induced pluripotent
stem cells (iPSCs)

cell Aggoregates

= Scaffolds and non-binding surfaces

= Promotes cells to grow & adhere to each
other

[RA
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Cell culture Tips & Tricks

Short videos can be find in our *‘Merck Life Science’ YouTube channel - search for *‘Merck Cell Culture Tips’

Cell Culture Tips: Master Cell Culture Basics

Merck Life Science

Cell Culture Tips: How to select the right Cells

Merck Life Science

P PLAY ALL

Cell Culture: Tips & Tricks

6 videos * 22 views * Last updated on 18 Apr 2021

Cell Culture Tips: Growing healthy cells

w

Merck Life Science

Cell Culture Tips: Passaging Cells for reproducible results

Merck Life Science

@ Merck Life Science SUBSCRIBE

Cell Culture Tips: Avoiding Transfection Mistakes

Merck Life Science

Cell Culture Tips: Getting Cryopreservation right

6 BN n Merck Life Science
102 :




what you need to knok about our Technical service

« Multi lingual, international
« Highly qualified

 Products and applications
« Biology, Microbiology, Chemistry

Will support with:

« Technical questions

* Product complaints

« Alternative products

* Product & Application training

You can reach us: technicalservice@merckgroup.com M



what you need to knok about our Technical service

« Multi lingual, international
« Highly qualified

« Products and applications
« Biology, Microbiology, Chemistry

Will support with:

« Technical questions

« Product complaints

« Alternative products

* Product & Application training

How to reach us:

In Austria, Germany and Switzerland

« technischerservice@merckgroup.com

« +43(0) 72 03 80 064

« +49 (0)800 62 71 150 or +49 (0)6151 27 43 802
« +41 (0)91 24 79 000

In the Netherlands and Belgium
technischeservicebenelux@merckgroup.com

.+ 431 (0)2 62 00 260
.+ +32(0)2 07 21 98 98

In Italy and Spain/Portugal
serviziotecnico@merckgroup.com

serviciotechico@merckgroup.com

« +3902 33417340
« +34 916 57 20 43
« +3518 006001 21
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