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Cell proliferation assays – insights to help you choose the optimal one
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1

What is the right option for me to determine cell growth & proliferation: direct
versus indirect methods?

Determining the cell proliferation rate is of outmost importance in many cellular applications e.g. as
➢ Key readout in cytotoxic and apoptosis applications
➢ Monitoring of cell viability
➢ Determination of genotoxicity
➢ Evaluation of anti-cancer drugs
➢ Cell Cycle analysis
➢ REACH evaluation of chemicals
➢ …
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There are several living cell assays out there that are helping you to determine the number of dividing cells
in a sample, all of them having strengths but also limitations:
CLONOGENIC ASSAYS: Tedious, unpractical for large number of samples, possible underestimation
GROWTH CURVES: Time consuming and laborious
INDIRECT METHODS: Assays based on
➢ cell viability / metabolic activity, e.g.
•

Tetrazolium salt reduction (MTT, XTT, WST-1, Cyto-X)

•

Alamar blue reduction

•
Oxygen biosensor system
➢ Determination of antigens associated with cell proliferation
➢ ATP concentration measurement
➢ …
Though these reagents are mostly simple to use, fast and inexpensive they still only give a hint on cell
proliferation. Their detection nature is an indirect measurement of a cellular conversion /
consumption of intrinsic substances. Therefore, no differentiation between cells actively dividing and
those that are quiescent (healthy but not proliferating cells) can be made. The often-unstable
reactants are hard to store and need a large number of cells when low metabolic activity is present.
Moreover, a decrease in viability can be interpreted as result of either cytotoxicity of a particular test
compound or sub-optimal assay condition.
Thus, indirect methods can give you a fast and cheep hint on the proliferation, but real and reliable
readouts can only be guaranteed by using direct methods.
DIRECT METHODS: Assays based on DNA synthesis:
➢ 3H- Thymidine incorporation
➢ Bromodeoxyuridine incorporation (BrdU)
➢ Ethynyldeoxyuridine incorporation (EdU) / Next Generation EdU Assays (DetectPro)

2

Direct cell proliferation: Why click chemistry improves your cell proliferation
assays. BrdU vs. EdU

So far, the most common direct methods used are based on the detection of the newly synthetized DNA,
by incorporation of a thymidine analogue such as 5’-bromo-2’-deoxyuridine (BrdU) or H3-thymidine during
cell division. The detection of these nucleobases is then obtained by antibody conjugation or by its intrinsic
radioactive activity. Some time ago, a third option entered the stage using click chemistry as core
technology for the detection.
It´s not always easy to choose which option is the right for you and your experimental setup. We therefore
try to discuss the differences herein shortly to support you in this decision.
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Your lab can handle radioactivity: 3H- Thymidine incorporation is an option!

2.1

This is maybe the most sensitive way to detect the cell proliferation of a
sample. This is due to the power of radioactivity. But this strength also inherits
its main drawbacks: The method is not compatible for multiplexed analyses
and needs long incubation time. Additionally, the cells have to be collected by
aspiration upon membrane filters for detection. But worst are the radioactivity
and waste issue: 3H (beta emitter) will be adsorbed by the body and potentially
incorporated in the DNA. Its half-life is about 12 years.
If you are equipped with a lab approved for radioactive handling and are
searching for high sensitivity, then this method could be an option. Anyhow,
the other direct methods are catching up and are continuously improved to gain higher sensitivity with
less cells used and to allow for more convenient read-outs.

2.2

Radioactive-free, but limited alternative: Bromodeoxyuridine incorporation (BrdU)

BrdU assays have thus been invented to circumvent the need of radioactivity. The procedure uses a
bromine-labeled uridine (5-bromo-2-deoxyuridine, BrdU) in an enzyme-linked
immunosorbent (ELISA) based assay for the determination of cell proliferation.
BrdU is incorporated as a thymidine analog into the newly synthesized DNA
during active cell division. The BrdU content is subsequently measured by an
ELISA reaction using an anti-BrdU antibody labeled with a peroxidase. As soon
as the substrate suitable for the peroxidase is added, the reaction of both
partners takes place and a colored product is formed whose absorption and
thus the amount (see Lambert Beer Law) can be determined via a microtiter
plate reader. This determined BrdU content is an indicator for the proliferated
cells. Alternatively, BrdU antibody can be labeled fluorescently and the readout then performed e.g. by FACS.
While this assay is standard in many laboratories, as such kits have been commercially available since the
'90s, also this method has limitations:
•

Laborious and only the detection part takes about 2 hours.

•

Harsh DNA denaturation conditions are required to enable antibody binding. If the denaturation
process is not timed correctly it can lead to a complete loss of cell integrity

• Not linear over a large logarithmic range of cells due to the ELISA readout
If you are a good planner, time is not your limiting factor and you have enough cell content, then this option
is without doubt a valid choice. Valid, but with room for improvement.
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Simple, fast and reliable: Ethynyldeoxyuridine (EdU) based assays

Baseclick and other companies like Life Technologies and many academic researchers have further
developed the cell proliferation method and thus significantly improved its detection ability. The mode of
operation essentially corresponds to that of the BrdU assay with the difference
of the detection reaction. In summary, the thymidine analog, in this case the
EdU (5-ethynyl-2'-deoxyuridine), is also added to the cells and incorporated
into newly synthesized DNA during active cell divisioni. This nucleoside
contains a reactive alkyne group (instead of the bromine group in BrdU) and is
thus capable of undergoing a so-called click reaction. After an incubation
period corresponding to the type of cell (which is comparable to the BrdU
procedure), the cells are washed, fixated and permeabilized in order to
subsequently be able to take up the detection reagents. The detection is then
carried out via the so-called copper-catalyzed click reaction (CuAAC)ii. Click
reactions are generally reactions which show, among other criteria, high
quantitative yields, run under mild reaction conditions, are easy to handle and contain simple starting
products. The reaction type was classified by the Nobel Prize laureate (2001) B.K. Sharpless from the
Scripps Research Institute, among others, and further applied on nucleic acids by the Gottfried-WilhelmLeibniz Prize Winner Prof. Dr. T. Carell, Ludwig Maximilian University and co-workersiii. In order to start the
detection reaction, a so-called click cocktail is added to the cells which, in addition to buffer and catalytic
reagents, also contains a fluorescent marker. This marker is equipped with an azide group that undergoes
a specific reaction with the incorporated EdU. Only the cells that are actively dividing or have divided
already contain EdU bases and can be marked by this method (Figure 1).

Figure 1: Schematic representation of click chemistry-based EdU cell proliferation assays. A) Incubation of cells with EdU. B) EdU
is incorporated during active DNA synthesis. C) Detection of cell proliferation via click chemistry, wherein the use of a range of
different fluorescent dyes is possible.
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It is important to note that both functional groups undergoing the detection reaction, alkynes and azides,
do not occur in natural cell systems and do not react without catalytic reagents. Therefore, the reaction is
called bio-orthogonal. Thus, no undesirable further cell compartments or components are falsely marked
using this procedure. This results in the high selectivity, sensitivity and reproducibility of the click
chemistry-supported EdU cell proliferation method. Furthermore, the technology allows for an almost
unlimited selection of different and easy to synthetize fluorescent dyes and offers maximum flexibility for
the choice of the detection mode. But not only the "detection color" is selectable, but also the readout
equipment. Cell proliferation can be detected by fluorescence microscopy, flow cytometry, and high
throughput screening. Currently, commercial assays exist for the application of the assay in these three
analytical procedures, and four standard dyes (FITC, Cy3, Texas Red, Cy5 and their analogs) are offered
worldwide.

2.4

Increased selectivity and sensibility: A comparison between EdU & BrdU

The EdU based proliferation test has already gained acceptance in research and development in many
institutes and scientific facilities. Significant scientists have expressed the functionality and benefits of
the EdU method in relation to the predecessor BrdU-based method in many highly cited and peer-review
journals and can also be seen in Figure 2.

Figure 2: Proof of cell proliferation using the BrdU Assay, respectively the Click-iT® Plus EdU Kit from Thermo Fisher Scientific. (A,
B) Erk2-GFP-expressing A375 melanoma cells were treated with HCl and then incubated with the Alexa Fluor® 594 anti-BrdU
antibody (clone MoBU-1). No to moderate detection of the proliferated cells (in pink) at an exposure duration of (A) 8msec and
(B) 80 msec. (C) In opposition to the EdU method which already showed a distinct bright signal at 8msec (pink, 8 msec exposure).
All cellular samples were treated with the Hoechst® 33342 nucleic acid stain reagent (blue) which dyes the cell nuclei.

The permeability of the fluorescent dye azides in the alike prepared tissue also allows a reliable application
of the assay in cell sections as well as in “whole mount“ samplesiv,v . This easy tissue penetration paired
with the bio-orthogonality of the reactants, as there are neither azide nor alkyne groups in natural systems
which virtually excludes side reactions, leads to high detection sensitivity. By avoiding harsh denaturation
conditions, tissue and protein structures are able to stay intact and allow multiplexing with standardised
immunofluorescent techniquesvi,vii,iv.
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Chehrehasa et al.viii presented a comparative study in 2009 on the selectivity of BrdU and EdU in
proliferation studies. Among other things, the study examined to what extent both methods are able to
label the same cells. For this purpose, both EdU as well as BrdU i.p. were administered to pregnant mice
in vivo via a single injection. After the incubation the EdU was labelled with click chemistry using Alexa
Fluor® 488 azides (Figure 3, green) during the analysis step, and in the case of the BrdU an Alexa Fluor®
594 labelled detection antibody (Figure 3, red) was utilized. Dividing cells were co-labelled in the
neurogenic zones with both "markers" (Figure 3 A-D) and analysed. To show that the label actually existed
selectively on the new DNA, the cell nuclei were dyed blue using a DAPI reagent. It turned out that the
EdU method recognized more cells that the BrdU method was not able to detect. The number of cells
labelled by EdU per examined segment were 114.25 ± 10.06 and for the BrdU method only 101.5 ± 10.00
(Measured Average ± Standard Deviation). The difference between the groups was significant. As shown
in Figure 3 E-H, cells labelled by both EdU and BrdU as well as cells labelled only by EdU were found in the
cells examined.
The EdU assay can therefore detect proliferating cells more effectively and is therefore also more sensitive
than the BrdU assay.
Important note: With the low levels of concentration as used in the assay, neither EdU nor BrdU show
any signs of toxicity.
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Figure 3: Fluorescence microscopy recordings of cross-sections of the rostral migratory current (RMS) after administration and
detection of EdU (green) and BrdU (red) (A_D). EdU labels cells more robustly than BrdU (Arrows). (E-H) Cross-section through
the olfactory epithelium showing cells labelled with EdU (green) and BrdU (red) at P30 after EdU injection at P7 and BrdU
injection at E16 (P30, P7, and E16 are timestamps in the experiment. Cells that were labelled twice are marked by arrow tips,
whereas cells that were labelled only once are displayed by full arrows. A: apical layer M: middle layer Scale: 20 µm

The observed difference in sensitivity between the two methods can also be found in the functional
differences. While the EdU proliferation method, as mentioned above, is a bio-orthogonal chemical
reaction, the BrdU assays utilize the binding of antibodies as a method of verification. In the case of the
Edu method, a click-chemistry based covalent detection reaction can only occur if both reaction partners
are present. As long as no EdU was incorporated into the cells, the cell will not be labelled. This is different
for the BrdU method because it exploits the none-covalent binding of a first and second antibody to the
BrdU. But despite the high specificity of antibodies there is always a remaining risk of misrecognition.
Though the relative size of the antibodies is certainly more significant for the limited sensitivity of the BrdU
cell proliferation method. Antibodies are not able to bind BrdU lying in close proximity of one another in
nucleic acid due to steric hindrance which leads to a general reduction in the sensitivity of the method.
The fluorescence azides utilized in the EdU assay, in comparison, are classified as “small molecules” and
are therefore able to reach notably more or even all of the incorporated EdU nucleic acids, which leads to
a maximization of the fluorescence yield and therefore also to a maximization of the sensitivity.
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Examples of application from scientific literature and own experiments

The EdU method is currently routinely being used for research. (at the moment, PubMed lists 430
publications incorporating EdU). These applications are various from flow cytometry in vivo / in vitroix to
in vivo applications in Arabidopsisx, C-elegansxi, chickenxii,xiii, cricketsxiv, micexv and ratsxvi, xvii . Salic and
Mitchisoni were able to successfully achieve proof of the DNA synthesis in mice using the incorporation of
EdU. To do this, the group injected dissolved EdU i.p. into adult mice. 96 hours after the injection, parts of
the tissue were removed and fixated. The paraffin sections prepared during the further process were
labeled with the Alexa568 dye according to the protocol on click chemistry, washed and then evaluated
by fluorescence microscopy. The high intensity of the fluorescence enabled a fast and simple analysis of
the proliferated cells. (Figure 4, red cells) Even a simple dissecting microscope equipped for fluorescence
was sufficient for an analysis. The Edu method has proven to be suitable for detecting proliferated cells in
the intestines ex vivo after tissue removal (Figure 4, A and B). Additionally, cell proliferation was able to
be proven effectively in tissue with little to no cellular growth (Figure 4 C and D).

Figure 4: Labelling of DNA in vivo inside of a model mouse utilizing EdU by Salic and Mitchinson: 100 µg EdU i.p. were injected
into an adult mouse. After the incubation, tissue was removed, fixated, divided into sections and treated with the Alexa568
azides and Click Cocktail for 10 minutes. The images shown are overlays of a DIC-image of a tissue section, a fluorescent image of
the cellular DNA (Hoechst Stain, blue) and the fluorescence image of EdU-labelled DNA which had previously reacted to
Alexa568-azide (red). (A and B) The small intestine of a mouse. Villi are shown A) as a cross-section and B) as a longitudinal
section. (C and D) The brain of a mouse.

In the experiment described above by Salic et al. the tissue samples from the brains of the EdU positive
animals (not shown here) confirmed, that as intended, the Edu only labels dividing cells and not the DNA
of non-dividing brain cells.

We have also done our own internal studies on sensitivity and handling. We used EdU proliferation assays
to determine the IC50 values of different substances (results not published).
HeLa cells were incubated for 48 hours with different concentrations of Staurosporine (Stauro),
Actinomyn-D (Actino) or Flavopyridol (Flavo). Afterwards, the effect the substances had on the rate of
cellular division was determined with the EdU test. For this the cells were incubated with 10 µM EdU for a
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time period of four hours and labeled with 5-TAMRA-PEG3-Azide via click reaction. The fluorescence signals
of the cell samples were measured by high-throughput screening in a fluorescent plate reader. Measured
averages and standard deviations of duplicates are given as percentages with the control cells (treatment
only with PBS over the same time period). Untreated cells were included as a “low control” (0%). As shown
in Figure 5, the EdU based method is a simple, fast and efficient way to perform IC50 measurements.

Figure 5: IC50 measurements of Staurosporine (Stauro), Actinomycin-D (Actino) or Flavopyridol (Flavo) on HeLa cells via EdU cell
proliferation measuring. The IC50 values were calculated based on the GraphPad Prism software using a nonlinear regression
with variable tilt with either constant values for bottom (= 0) and top (= 100) or no constraints.

2.6

High sensitivity paired with very low toxicity

When using cell proliferation assays the chosen method and reagents may on its own influence cellular
division or the vitality of the cells. To ensure this, we have conducted our own in vitro cell toxicity studies
together with an independent partner on EdU and BrdU for four different representative cell lines: Raji
(Burkitt-lymphoma), HEK-293 (human embryonic kidney), HeLa (Epitheliodcervix carcinoma) and U-937
(monocytic). Our studies have shown that at low EdU concentrations (<0.1 mM), no significant cell toxicity
occurred in the experimental cell lines for both test substances even over longer periods of incubation (72
hours). It should be acknowledged that the toxicity of EdU was lower than that of BrdU for the selected
cell lines. Only at higher concentrations of EdU (2 mM and 20 mM), which exceed the standard
concentrations for proliferation measuring by a factor of about 1000, a small but significant cellular toxicity
due to concentration could be measured if the incubation period exceeded 24 hours. Notable in the test
series using 20 mM EdU is the measurement of the longest incubation time of 72 hours. It shows minimally
higher toxicity in comparison to BrdU in the same concentration and incubation period for the cells used.
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But this is irrelevant for most applications because the standard incubation period of the EdU proliferation
method for similar cell lines is only few hours.
The study shows that EdU can be used on all tested cells without reducing their vitality if used in
concentrations meant for application and for an incubation period of up to 24 hours. Exemplary for this
behavior is the Raji cell line shown in Figure 6. The BrdU based cell proliferation test was used for
controlling and comparison as the traditional method (Figure 6B).

Figure 6: The cytotoxic effect of EdU (A) and BrdU (B) on Raji cells with increasing incubation period (0-72 hours) and increasing
concentration (0-20 mM EdU or BrdU) measured by determination of the rate of cell death. After 48 hours the measured values
in percent were normed to the complete lysis of the cells (100% cell death). The cytotoxicity was determined by the CellTox Green
Cytotoxicity Assay (Promega). The test uses a dye that binds exclusively to the DNA of dead cells.

In addition to the cytotoxic attributes of the EdU method, the sensitivity at lower concentrations was also
examined. After an incubation period of 24 hours there was already a significant EdU concentration
dependent signal in the cell sorter (FACS = fluorescence activated cell sorting), (Figure 7). For this, the
influence of relatively low EdU concentration (0,001 mM-0,1 mM) on a comparison in small cell counts
(about 500 cells per experiment) was examined. The control sample (BrdU) showed no signal in the
corresponding FACS region. These results prove that the EdU based cell proliferation test is, in addition to
the low cytotoxicity, able to achieve a high sensitivity.
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Figure 7: FACS analysis of HeLa cells that were incubated with 0mM EdU (A), 0,001mM EdU (B), 0,01 mM EdU (C) and 0,1 mM
EdU (D) for 24 hours showed a significant EdU concentration dependent signal. (Data not published)

2.7

Application in vivo

Furthermore, we are not only interested in testing the toxicity of the EdU in cell assays but also in securing
the safety of the recommended dose and the simplicity of the application in test animals. It was particularly
important to us that the reaction required for the test works in the lymph nodes, so that the EdU is almost
exclusively incorporated into the lymph node cells that divide during the observation period thus lowering
the burden on the other organs of the animals, since nothing is to be incorporated there. These studies
were once again executed and publishedib with an independent research laboratory (formerly Aurigon Life
Sciences GmbH).
Four NMRI-female mice were chosen as suitable for toxicological tests. EdU was administered i.p. in
different concentrations (0, 5, 25, 50 mg EdU / kg). Four hours after the injection 200 µL blood samples
were taken. One mouse accounts from one concentration dose. Liver, brain and lymph nodes were taken
post mortem, flash frozen and, like the blood samples, analytically examined. For this the cells were, as
required by the protocol, first fixated and permeabilized before the detection and quantification of cellular
division through the labelling of the cells with incorporated EdU using 6-FAM-azide fluorescence was
executed by FACS analysis. The qualitative analysis of the cell proliferation of different cell types is shown
in Figure 8. As expected, a significant signal was only received in the case of the cell population of the
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lymph nodes dividing quickly (during the time period the measurement took place). As expected, in healthy
mice the cell division only took place in the lymph nodes and no other organs. An amount of about 25 mg
per kg of mouse weight, i.e. about 10 µM EdU has proven itself to be a useful concentration.

Figure 8: EdU in vivo studies on selectivity: 4 hours post i.p. there was no significant EdU signal to be measured in the liver, blood
or brain. Lymph nodes: A clear, EdU specific signal was only measured in the region of the lymph nodes where active proliferation
was occurring for a specific cell type (for SSC, Region 3 in the FACS-Scatter-Plot (FSC) (EdU-IV-FC-S-Kit from Baseclick)

The EdU cell proliferation kits therefore allow an in vivo application on mouse animal models without
toxic effects up to a concentration of 25 mg / kg of mouse weight.

3

You are having low content probes? You need even higher sensitivity? Then
our Next Generation EdU Assays (DetectPro) might be the right choice for you.

While the standard EdU cell proliferation assay is already very strong in detecting cell proliferation by
various readouts, in some occasion the standard EdU assay can still be a limitation:
Not always one has a great number of cells available for all the experiments planed. This could become a
limiting factor when e.g. biopsies are examined. We have had troubles, when cell numbers of less than
about 5.000 cells per well (96 well plate) were analysed. Thus, we realized the room and need for
improvement of the standard kit system.
First, we asked a simple question: is the current protocol able to click the total amount of ethynyl groups
introduced during the EdU incorporation? If still ethynyl groups are not reacted and “free” from
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fluorescent dyes after the standard procedure this would give options for improvement! To test this
concept, three consecutive click reactions were performed on the same sample using three different dyes
(in three click cocktails).

Interestingly, this was really the case. When detecting the fluorescence in the different channels of each
dye, the cells light up (see Figure 9).
1°) 3-azido-7-hydroxycoumarin
2°) FAM-azide
3°) Et-Red-azide

Bright field

Figure 9. Brightfield image of the HeLa cells after treatment as well as in the 3 fluorescent channels corresponding to the
consecutively clicked dyes that were used to detect the proliferated cells.

But of course, offering a new protocol with three more click steps is not really complying to an easy and
effective working procedure. But with these results it came to our knowledge, that if possible to tune the
click reaction on this biological sample, it must result in higher reliability by increased sensitivity and thus
the needed minimum number of cells used per assay could be reduced.
Thus, we set out for improving the conditions of the reaction, optimizing the reaction partners, testing
additives supporting the reaction still trying to keep the assay as simple and fast as before.
After quite some experimental challenges we are very excited to have found an optimized formulation of
reagents and new compounds that fit perfectly the set goal: increase in fluorescence signal in imaging (see
Figure 10) or accordingly better of the background to signal ratio in FACS (Figure 11).
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Old EdU cell proliferation assay
New EdU Detect Pro

Figure 10. Incubation of HeLa cells for 30minutes with EdU followed by click labeling using Eterneon Red dye (left) and 6-FAM dye
(middle) using the new conditions of the EdU DetectPro Kits as well as the old setup (on the right) and microscopy; exposure
time=15ms.

Exposure time 15 ms

Figure 11. FACS analysis of EdU fed cells that have been clicked with 6-FAM dye. Left: The standard EdU labeling kit; Right: The
enhanced EdU DetectPro Kit

5

This amelioration in signal intensity and signal-to-background ratio enabled us further to allow for analyses
of lower cell numbers as the HTS test revealed (see Figure 12). Where the standard test had to give up,
the new version was indeed able to detect reliable cell contents down to 500 cells per well (in a 96 well
plate setup)

Figure 12. HTS analysis (fluorescence plate reader) of HeLa cells after EdU feeding (2 hours) and click reaction using a 6-FAM dye.
Comparison study of different EdU cell proliferation kits when varying the number of cells analyzed. Using the EdU DetectPro Kit,
it is possible to reduce background and to enhance the sensitivity of the assay.
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Summary – are you now prepared for your cell proliferation experiments?

We hope you have got a few new insights into the current cell proliferation methods out there and some
help to choose the right one. If you have further questions on our kits and their procedures, then please
to not hesitate to check our FAQs and descriptions online or get in touch directly with us. We are looking
forward to helping you getting the best cell proliferation studies.
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