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CFU and HALO®
The Facts 

The colony-forming unit (CFU) or colony-forming cell (CFC) assay was published in 1966 to 
describe the growth of colonies derived from granulocyte-macrophage (GM) progenitor cells 

in the mouse as a result of stimulation with a factor now known to be colony-stimulating 
factor (CSF). The assay was adapted to work with human cells in 1971 and the methylcellulose 
version of the assay was introduced in 1973. Although image analysis algorithms have been 

introduced, most users rely on subjectively counting colonies with a microscope. The assay was 
completely rebuilt so that it could be performed in a 96-well plate with an instrument-based, 

ATP bioluminescence readout. Further development removed the methylcellulose component to 
produce the HALO® Platform

The Differentiation Assay:
CFU/CFC Concept & Principle

Differentiation occurs as the result of proliferation. The 
CFU/CFC assay is a “clonal” differentiation assay. It relies 
on the stimulation of primitive hematopoietic cells 
to first proliferate and then differentiate and mature 
into colonies of functionally mature cells that can be 
identified under the microscope.  The identification 
of the colonies requires a 12-14 day incubation period 
and indicates the cell type and lineage from which the 
colonies originated. Although proliferation is required, 
it is not measured in the assay. Instead, differentiation 
ability is detected. The ability of the cells to differentiate 
allows the downstream indication that neutrophils, 
platelets and red blood cells will be produced as a 
result of hematopoietic reconstitution.  

The Proliferation Assay:
HALO® Concept & Principle

Proliferation occurs prior to differentiation. HALO® is a 
non-methylcellulose assay that relies on the stimulation 
of primitive hematopoietic cells to proliferate. Cell 
proliferation requires the chemical energy in the 
form of adenosine triphosphate (ATP) produced in 
the mitochondria. If ATP cannot be produced, the 
cell is metabolically  dead. Increase in proliferation 
correlates directly with an increase in intracellular ATP 
(iATP), which can be detected between 24 to 48 hours 
after induction. Cells are incubated for 5-7 days after 
which the iATP is measured using a luciferin/luciferase 
reaction. This produces bioluminescence as light, 
which is measured in a luminescence plate reader. The 
potential and ability of cells to proliferate is used as an 
upstream biochemical marker to predict engraftment 
and reconstitution.

The Science
Two Assays Detecting Two Different Biological Processes: 

Proliferation and Differentiation
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CFU and HALO®
A Direct Comparison

HALO® CFU/CFC Assay
Type of assay: Proliferation Differentiation
Cell system detected: Lympho-hematopoietic Lympho-hematopoietic
Used for: All applications involving the 

measurement of cell proliferation, 
including stem cell primitiveness 
that indicates “quality”, potency and 
engraftment and progenitor cell 
reconstitution

All applications involving cell 
differentiation and maturation, including 
hematopoietic reconstitution of 
neutrophils, megakaryocytes and red 
blood cells

Type of culture matrix: Suspension Semi-solid medium (e.g. methylcellulose)
Cell growth: Expansion Clonal
Assay format: 96- or 384-well plate 35mm Petri dish
Number of replicates/sample: Flexible. 6-8 recommended 2
Number of samples/kit or 
reagent

16 - 64, depending on kit size 33 / 100mL

Time to learn assay: 1 - 2 days 6 - 12 months
Assay setup: Uses normal pipettes Requires syringe or positive displacement 

pipette to dispense methylcellulose
Parameter or marker measured: Intracellular ATP as µM ATP Colony number
Readout: Luminescence plate reader Manual / microscope
Subjectivity: Non-subjective Subjective
Number of replicates: Flexible. 6-8 recommended
Incubation time: 5 - 7 days 12 - 14 days
Assay enumeration time: 30 minutes for a 96-well plate, 

including calibration and 
standardization

Up to 10 minutes/Petri dish depending on 
colony counting ability

Assay sensitivity: 0.001µM ATP or 20-25 cells/well “Growth” or “No Growth”  / 1 colony
Assay calibration: Yes, using controls included No
Assay standardization: Yes, using standards included No
Assay validation: Yes. Compliant with FDA Bioanalytical 

Method Validation Guidelines (2002)
No

Proficiency testing: Performed every time the assay 
is calibrated and standardized. 
Results compared directly with pre-
determined values and ranges

Performed irregularly and not against pre-
determined values and ranges

FDA Master Files available: Yes No
Compliant with: Statutes, regulations, guidelines, 

recommendations and standards
Guidelines, recommendations and 
standards


