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THE CELLOMICS UNIT

Who are we and what do we do:Who are we and what do we do:
• The Cellomics Unit is a core facility at CNIC
• Provides the CNIC with the two principal cell analytical 

techniques; flow cytometry and high content screening (HCS)
• Supports quantitative image-based research. 

– Flow Cytometry

– High Content Screening

– Image Analysis. 
– HCS

Biomedical Imaging– Biomedical Imaging



WHAT WE DO

Flow CytometryHigh Content Imaging

Adh t/ i C ll • Cells in suspension• Adherent/suspension Cells 

•Quantitable•Quantitable Quantitable
•Automatable
•Medium-large throughput
•Cell population studies
•Fast 

•Quantitable
•Automatable
•Medium-large throughput
•Cell population studies
•Spatial Information (subcell Localization)

Cellomics Unit CNIC: Cell quantitative Analysis



Loss of function genomic screening: Identify gene function through inactivation of a gene or its corresponding

GENOMIC (siRNA) SCREENING
Loss of function genomic screening: Identify gene function through inactivation of a gene or its corresponding 

mRNA 

Genome Wide siRNA libraries; Large scale screens 

Approaches to RNAi mediated gene knock down
•Human On target Plus Genome Wide Collection 
(sets of 4 individual siRNAs/gene) 

Approaches to RNAi mediated gene knock down 
in mammalian cells

•Mouse  siGenome wide collection (sets of 4 
individual siRNAs/gene

(Dharmacon)  

Echeverri & Perrimon. Nature Reviews Genetics;
published online 11 April 2006 | doi:10.1038/nri1836



GENOMIC (siRNA) SCREENING



iRNA id ll ti (H / )siRNA genome wide collection (Human/mouse)
18300 genes (sets of 4 siRNAs Dharmacon)

High content Imaging

Substrates

Transfection 
T f  iRN   reagentTransfer siRNA + 
transfection 
reagent + 
substrates to 
assay plates

Plate processing: 
Fix/Perm/Stainy p

Dry assay 
plates 

(Speed-vac)( p )

Plate cells on top of 
dryed assay plates

Incubate 24-96h
To allow transfection

Image analysis (Definiens)Image analysis (Definiens)
Data Mining (KNIME)



Plate Well Field Cell

CELL LEVEL ANALYSIS
384 X 10 X 10-20 XPlate Well Field Cell384 X 10 X 10 20 X

Cell level analysis GFP+Cell
GFP Cell100 X

Cell classification
& Evaluation

Feature extraction: Phenotypic
descriptors

GFP-Cell

data volume per plate 6 X 106 



IMAGE ANALYSIS AT CELLOMICS
Established in 2011 with the aim of providing analysis solutions for image-based 

scientific applications by developing computational techiniques that extract 
information from biological images. 

• Group of Image Analysts based at the Cellomics Unit
– María Montoya Coordinator
– Hind Azegrouz

G l K– Gopal Karemore
– Microscopy Unit (Antonio Manuel Santos)



IMAGE ANALYSIS AT CELLOMICSIMAGE ANALYSIS AT CELLOMICS

Support scientific projects that require image analysis• Support scientific projects that require image analysis
– Image acquisition requirements
– Use of standards/controls…

• Train and support use of image analysis software available
– Metamorph
– Volocityy
– Imaris
– Definiens

• Develop image analysis tools using different programming• Develop image analysis tools using different programming
eviroments
– Opensource software (Image J/Cell profiler)

Specific programming environments (Definiens Acapella– Specific programming environments (Definiens, Acapella, 
Matlab, Amira)



Optical microscopy
•Fluorescence:Confoc•Fluorescence:Confoc
al/Wide field/High
Content 
•Bright field :Histology



COMPUTATIONAL TOOLS FOR IMAGE ANALYSIS

• Image processing
– We use Definiens: The output data in csv files make it easy to 

process afterwards 
– It has several algorithms that allows fast processing of the imagesIt has several algorithms that allows fast processing of the images



COMPUTATIONAL TOOLS FOR IMAGE ANALYSIS

• Image processing
– We also use Matlab: It allows for fast prototyping, 

deployment of GUI in different workstations 



COMPUTATIONAL TOOLS FOR IMAGE ANALYSIS

• Data mining
– Mainly performed using Knime open-source softwareMainly performed using Knime open source software
– It allows simple data handling, machine learning, 

clustering, visualization, encompasses use of other g, , p
languages: R, matlab, java …

– At CNIC, we developed in house nodes to handle p
specific data from HCS



IMAGE PROCESSING-CELLOMICS UNIT

• Biomedical image – High Content Screening
processing

g g
– Rc regulation

– Rc internalization



ZebrafishZebrafish as a as a modelmodel in cardiovascular in cardiovascular 
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TelomereTelomere lengthlength

• Different 
nucleus 
classes

DAPI
Telomeres

BrdU (+)
Myocardium



TelomereTelomere lengthlengthgg

DAPI
Telomeres

BrdU (+)
Myocardium



NA GENOMIC SCREEN FOR REGULATORS OF CAVEOLIN-1 IN P
Hoechst -tubulin Cav1 mHoechst                               tubulin Cav1 m

Aquí me falta la imagen de Integrina q g g
(sin segmentar), que se podría 
sustituir por el merge. O añadirla 

Cellular Assay: PC3. Cav1 siRNA as control

Image capture: Opera automated confocal microscope. 20X magnification.

Image Analysis: DefiniensImage Analysis: Definiens

Why High Content Analysis?
• Pilot screen for genes that up/downregulate Cav1 expression
• To have a better understanding of the Cav expression pathway we also looked at• To have a better understanding of the Cav expression pathway, we also looked at 

other properties:
– Localization of Cav/Int in the different cellular compartments
– Colocalization of Cav and Integrin

1ary Readout: proportion of cells 
with decreased cav intensity 

CtrlCtrl Cav1Cav1

CtrlCtrl Cav1Cav1

CtrlCtrl Cav1Cav1

Teijo Pellinen, MA del Pozo



Analysis of gene expression in cardiac myocytes
Dapi                     Autofluorescence GFP antibody WGA+ Cy3 

Cell type: cardiac myocytes; adult heart cryosections

Image capture: Nikon A1R Confocal microscope with the 40x magnification

Image Analysis: Definiens 
Project background
• see whether the cells have recombined one or two of the nuclei by analyzing the 

intensity of the fluorescence, as the induction is random in cardiac myocytes.

Readout: Intensity and size of the 
different cells 

Cristina Villa Del Campo, Miguel Torres



Quantification of MCSF chemotactic factor effect on monocyteS
Phalloidin-FITC Control TreatmentPhalloidin FITC Control Treatment

Image Analysis: Definiens

Project background
• MCSF, monocyte colony stimulating factor, 15 min treatment Readout: Number of filopodia per cell 

in Control versus treatment cells

Tamas Roszer, Mercedes Ricote ct
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Assay development siRNA screening for genes that promote progerin production by 
activating aberrant LMNA splicing 

H h t GFP D R dHoechst                                          GFP DsRed

Cellular Assay:  Hela cells expressing progerin splicing reporter (GFP‐RFP)
Image capture: Opera automated confocal microscope. 20X magnification. Stopg p p p g

Image Analysis: Acapella

1ary Readout: proportion of green+ in 
red+
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Assay development: siRNA HCS for stromal genes in tumor cell invasion
Hoechst                               GFP Cav1AbStaining    

Cellular  assay: Hela
Image capture: Opera automated confocal microscope. 10X magnification. More than 60 z‐layers captured

Image Analysis: DefiniensImage Analysis: Definiens

Biological background
• Quantify tumor cell invasion in 3D collagen matrices
• Assess transfection (posCtrl(Cav1)‐siRNA) efficiency in 3D• Assess transfection (posCtrl(Cav1)‐siRNA) efficiency  in 3D.

Silvia Fernández Soriano, MA Del Pozo



TRAINING ORGANIZATIONTRAINING ORGANIZATION

EXTERNAL INTERNAL

• 2010. Definiens
symposium

• 2011. Image
cytometry coursesymposium

• 2011. HCS workshop
(Perkin Elmer)

cytometry course

(Perkin Elmer)



IMAGE CYTOMETRY WORKSHOP: MICROSCOPY IMAGE-BASED CELL AND 
SUBCELLULAR STRUCTURE IDENTIFICATION AND QUANTITATION.

í Q i i ll I iMaría Montoya. Quantitative cell Imaging. 
Hind Azegrouz and Antonio M Santos‐Beneit. Open source software for quantitative cellular image analysis (Cellprofiler/Image J).
Antonio M. Santos‐Beneit. Imaris applications for cell identification and analysis.
Hind Azegrouz. Custom development of automated cell image segmentation and analysis routines with Definiens.

ImageJ/FIJI



NETWORKINGNETWORKING

• REMOA (Spanish advanced light microscopy
network)

• SDDN (Spanish drug discovery network)
• EUROBIOIMAGINGEUROBIOIMAGING
• EU-OPENSCREEN


