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“Cell culture refers to the isolation of cells from an organism and 
their subsequent growth in a favorable environment”

What is cell culture? 

For studying:

• normal physiology and 
biochemistry

• effects of drugs and toxic 
compounds

• mutagenesis and carcinogenesis
• drug screening and development
• large scale manufacturing of 

biological compounds (e.g., 
vaccines, therapeutic proteins)

CELL CULTURE BASICS, Handbook

2D cell culture 
(monolayer)



3D cell culture: An artificially-created environment in which cells are 

capable of interacting with their surroundings in three dimensions, and

forming morphofunctional structures

“Goodbye flat biology”
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Response to drugs is

different 2D vs 3D



Shamir and Ewald, 2014, Nature Reviews – Molecular Cell Biology

Different systems of 3D cell culture

3D cell culture can be done from:

• Primary cells

• Immortalized cells

• Stem Cells (enriched, ESC and iPSC)

• Organ slices or whole organs

• On or in different substrates, usually ECM
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Most 3D cultures are done in a laminin-rich ECM gel (Matrigel)

Hohenester e Yurchenco, 2013, Cell Adh Migr

laminin

Purified from Engelbreth-

Holm-Swarm (EHS) mouse 

sarcoma cells

Composition:

60% Laminin, 

30% collagen IV, 

8% entactin 

Perlecan (heparan sulfate 

proteoglycan)



Simian and Bissell JCB, 2016

Historical timeline of 3D cell culture



3D epithelial acinogenesis assay

Arnandis and Godinho, 2015



3D epithelial acinogenesis assay

Arnandis and Godinho, 2015

Gaiko-Shcherbak et al., 2015 Plos One



Schematic based on: Barcellos-Hoff et al. 1989, JCS; Ren, Streuli et al. 1991 
e 1995, JCB; Muschler et al. 1999, Mol Biol Cell; 

A 3D-cell culture model for functional

differentiation of the mammary gland

Cells on 2D: monolayer, 
undifferentiated and proliferative

Cells in 3D: polarized, quiescent and 
differentiated→ synthesis of 
lactoferrin, β-casein and whey acidic 
protein

Basal culture medium + 
lactogenic hormones

Basal Culture medium + laminin-
rich gel + lactogenic hormones



3D-mammary acinus – confocal microscopy (Streuli lab)

Nucleus basement membrane β-casein



Antonio Manucci et al, in preparation

A laminin-rich ECM is necessary for beta-casein expression

Antonio Manucci, PhD candidate



“Branching assay” : a 3D assay that reproduces

epithelial branching and invasion

Individualized Mouse 

mammary epithelial 

cells

4 days in collagen type I gels
FGF2 or 

EGF



Branching/invasion assay in collagen gels

Nuclei    

F-actin cytoskeleton Images by Giovani Genesi (Masters student in the e-Signal lab)



Mammary organoid:  a 3D assay that reproduces

epithelial alveologenesis or invasion

Shamir and Ewald, 2014, Nature
Reviews – Molecular Cell Biology



3D organoid

Nuclei

F-actin cytoskeleton Bruni-Cardoso, in preparation



Organoids are a subtype of 3D culture
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“(…) “in the field of mammary gland biology, the 

term organoids refers to primary explants of 

epithelial ducts into 3D extracellular matrix (ECM) 

gels. 

Conversely, in studies of intestinal biology, 

organoids can refer to clonal derivatives of 

primary epithelial stem cells that are grown 

without mesenchyme or can refer to epithelial–

mesenchymal co-cultures that are derived from 

embryonic stem cells or induced pluripotent 

stem cells” 

(Shamir and Ewald, 2014)

Lancaster et al, 

2013, Nature



"The journey, not the destination matters“  T.S. Eliot



"The journey, not the destination matters“  T.S. Eliot



Video maker: Rebeka Tomasin

"The journey, not the destination matters“  T.S. Eliot



single cell acinus

4D microscopy



Tanner et al, 2012

non-malignant cells



malignant cells







Air

Membrane

Organ

Medium

Bruni-Cardoso et al., 2010, Dev Dyn

Whole organ (or organ slice) culture



Silvya Stuchi Maria-Engler (FCF-USP)

3D models for skin

Used for testing cosmetics

Melanoma model



Cox and  Erler (2011), Disease Models & Mechanisms 

Stiffeness matters!



The ECM stiffness influences cell fate

Schematic from Halder et a., (2012 Nat. Rev. Mol. Cell Biol.). Based on Watt et al.  

PNAS ( 1988), McBeath et al. Dev. Cell (2004), Engler, et al, Cell (2006)



Physical properties of the ECM modulates malignant

transformation in 3D cultures

Pazsek et al., Cancer Cell (2005)



Shamir and Ewald, 2014, Nature Reviews –
Molecular Cell Biology

Stem cell-derived organoids

Pluripotent stem cell (PSC)-derived organoids.

PSCs [embryonic stem cells (ESCs) or induced PSCs

(iPSCs)]

Adult stem cell (AdSC)-derived organoids

.

Huch and Koo, 2015, Development

Huch and Koo, 2015, Development





Cugola et al., 2016



Modeling Neurological Diseases With 

Human Brain Organoids

Wang, 2018, Front Synaptic Neurosci. 



Marusyk et al., 2012

Cancer Heterogeneity



Gastroesophageal cancer organoids
GEORGE VLACHOGIANNIS

https://www.the-scientist.com/news-opinion/tumor-organoids-predict-how-well-patients-
respond-to-cancer-drugs-30086

Patient-Derived Organoids (PDO)

https://www.the-scientist.com/news-opinion/tumor-organoids-predict-how-well-patients-respond-to-cancer-drugs-30086


Wetering et al, 2015, Cell



Vlachogiannis, et al 2018. Science



Aboulkheyr et al 2018, Trends in Biotechnology



What´s next?

Organs on a chip Humans on a chip

Aboulkheyr et al 2018, Trends in 
Biotechnology



“You are as good as your model” 

Mina J. Bissell

“There is no perfect model”

Arthur Lander (UC Irvine)



3D cell culture does not require fancy equipment

• Cell culture hood (i.e., laminar-flow hood or biosafety 

cabinet)

• Incubator (humid CO2 incubator recommended)

• Water bath

• Centrifuge

• Refrigerator and freezer (–20°C)

• Cell counter (e.g., hemacytometer)

• Inverted microscope

• Liquid nitrogen (N2) freezer or cryostorage container

• Sterilizer (i.e., autoclave)

• Cell culture vessels (e.g., flasks, Petri dishes, roller bottles, 

multi-well plates) 

• Pipettes and pipettors 

• Syringes and needles  

• Waste containers 

• Media, sera, and reagents 

www.ecm-signaling.com
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