We are IntechOpen,
the world’s leading publisher of
Open Access books
Built by scientists, for scientists

6,100

167,000

185M

Open access books available

International authors and editors

Downloads

Our authors are among the

154

TOP 1%

12.2%

Countries delivered to

most cited scientists

Contributors from top 500 universities

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com
Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Chapter

Cell-Based Assays in Cancer
Research
Biba Vikas and Sukumaran Anil

Abstract
Cell growth is referred to as cell proliferation, that is, the increase in cell numbers during repeated cell division. Cell growth can be defined as the enlargement
of cell volume, which might take place in the absence of cell division. Growth and
reproduction are features of cells in all living organisms. All cells reproduce by
dividing into two, with each parental cell giving rise to two daughter cells each time
they divide. Various genes are involved in the control of cell division and growth.
Reproduction in unicellular organisms are referred to cell division and in multicellular organisms it is tissue growth and maintenance. Survival of the eukaryotes
depends upon interactions between various cell types, that helps in the balanced
distribution. This is achieved through the highly regulated process of cell proliferation. Knowledge in cell cycle is necessary to determine the best time to collect cells,
to harvest cell products, or to move cells to a new growth environment. Cancer cells
do not die at the natural point in a cell’s life cycle. Cancer cells occur as the results
of cellular changes caused by the uncontrolled growth and division of cells. The
chapter focuses on cancer cell maintenance, apoptosis, and its detection assays.
Keywords: cancer cell maintenance, apoptosis, cytotoxicity, cell-based assays

1. Introduction
Cell division and the increase in cell quantity is called cell growth. Cell growth
happens in favorable nutrient conditions. It is the process by which cells accumulate
mass and increase in physical size. The growth of tissues that are not self-renewing
occurs by a combination of increase in number and increase in size of the component cells. Cells will progress unimpeded through the cell cycle and divide; one cell
will become two, two will become four, four will become eight, and so on. Cellular
growth is ensured by the alternation of DNA duplication and cell division cycles [1].
When the cell reaches maximum size, the important point is that the surface area to
the volume ratio becomes smaller as the cell gets larger. When the cell grows beyond
a certain limit, inadequate material will be able to cross the membrane sufficient
to accommodate the increased cellular volume. Increase of size and change in
shape of a developing organism depend on the increase in the number and size of
cells. The increase in cell number is due to cellular reproductive mechanism called
mitosis. Cells are limited to their programmed size because the cell membrane must
transport oxygen and food into the cell, as well as transport waste like CO2 and H2O
out of the cell. As the cell grows, the inside grows faster than the outside. Cellular
growth is ensured by the alternation of DNA duplication and cell division cycles. As
the cell grows, the inside grows faster than the outside. Cellular growth is ensured
1
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by the alternation of DNA duplication and cell division cycles; through transcription the coupling of cell divisions is taking place in metabolic pathways [2].
Cancer cell growth: cancer is a condition where cells grow uncontrollably in
a specific part of the body. Cancerous cells can invade and destroy surrounding
healthy tissue and organs. Cancer cells divide relentlessly, forming solid tumors or
flooding the blood with abnormal cells. Cell division is a normal process for growth
and repair. A parent cell divides to form two daughter cells and is used to build
new tissue, or it is used to replace cells that have died because of aging or damage.
Healthy cells stop dividing when there is no longer a need for more daughter cells,
but cancer cells continue the divisions. They are capable of spreading from one part
of the body to another in a process known as metastasis [3]. Cell proliferation and
cell death are such diametrically opposed cellular fates that are linked and interdependent processes [4, 5].
Cell culture refers to the removal of cells from an animal or plant and their subsequent growth in a suitable artificial environment. In vitro assays are performed
to check the proliferation that reflects cellular responses to various stimuli. These
techniques help to observe cell division and quantity of cells. Cell culture technology shows a good progress in biology and is heavily dependent on cell culture
technology. Chemotherapeutic agent phenoxodiol, a synthetic analog of daidzein, a
well-known isoflavone from soybean (Glycine max) was developed as a therapeutic
agent against cervical, ovarian, prostate, renal, and vaginal cancers. They induce
apoptosis through the inhibition of antiapoptotic proteins [6]. Apoptotic shrinkage,
disassembly into apoptotic bodies, and engulfment of individual cells characteristically occur without associated inflammation. This could then be the consequence
of releasing intracellular contents into tissues. This could be the consequence of
releasing intracellular contents into tissues; the mitochondria remain unchanged
morphologically [7].
1.1 The intrinsic pathway for programmed cell death
The signaling pathway for programmed cell death involves non-receptormediated intracellular signals inducing activities in the mitochondria that initiate
apoptosis. Stimuli for the intrinsic pathway are caused by viral infections or damage to the cell by toxins, free radicals, or radiation. Damage to the cellular DNA
can also induce the activation of the intrinsic pathway for programmed cell death
[8]. Proapoptotic proteins activate caspases to mediate the destruction of the cell
through different pathways. These proteins translocate to the nucleus of cells,
thereby inducing DNA fragmentation which is a hallmark of apoptosis. The members of the Bcl-2 family of proteins and the tumor suppressor protein p53 regulate
proapoptotic event in the mitochondria (Figure 1a). The Bcl-2 family members of
proteins may be pro- or antiapoptotic. Bcl-2, Bcl-x, Bcl-xL, Bcl-XS, Bcl-w, and BAG
are the antiapoptotic proteins. These proteins are currently under investigation as
potential targets for anticancer therapy. Bcl-10, Bax, Bak, Bid, Bad, Bim, Bik, and
Blk are proapoptotic proteins. The upregulation of these proteins or their increased
activation may offer an approach for cancer therapy [9]. Cellular pathways that
modulate the activities of the p53 protein are also currently being evaluated as
targets for potential anticancer therapies [10].
1.2 The extrinsic pathway for programmed cell death
The extrinsic signaling pathway leads to apoptosis that is through transmembrane death receptors, members of the tumor necrosis factor (TNF) receptor
gene super family. Members of this receptor family bind to extrinsic ligands and
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Figure 1.
(a) The intrinsic pathway for programmed cell death. (b) The extrinsic pathway for programmed cell death.

transduce intracellular signals that result in the destruction of the cell [11]. The
most well-characterized ligands of these receptors are FasL, TNF-alpha, Apo3L,
and Apo2L, and its corresponding receptors are FasR, TNFR1, DR3, and DR4/DR5,
respectively [8, 9, 12]. Molecules that stimulate the activity of these proapoptotic
proteins or activate these receptors are currently under the evaluation for their
therapeutic potential in the treatment of cancer, including hematologic malignancies. The signal transduction of extrinsic pathway involves various caspases which
are proteases with specific cellular targets. Once activated, the caspases affect
several cellular functions as part of a process that results in the death of the cells [8].
This visible transformation of apoptosis is accompanied by biochemical changes.
Those at the cell surface include the externalization of phosphatidyl serine and
other alterations that promote recognition by phagocytes. Intracellular changes
include the degradation of the chromosomes of the chromosomal DNA into high
molecular weight and oligonucleosomal fragments and cleavage of a specific subset
of cellular polypeptide [13, 14]. These cleavages are accompanied by a family of
intracellular proteases called caspases (Figure 1b).

2. 2D and 3D cell culture systems
Cell culture is used in vitro in cell biology, tissue morphology, and mechanisms
of diseases, drug action, protein production, and the development of tissue engineering. The stage of the culture after the cells can be isolated from the tissue and
proliferates under favorable conditions until they reach confluency. In this stage,
the cells have to be passaged or subcultured by transferring them to a new vessel
with fresh growth medium to provide more room for continued growth. Various
researches in cancer biology are based on experiments using two-dimensional cell
culture by growing cells in flat dishes, made of plastic. The dish culture system is
mainly used for developing adherent two-dimensional cell monolayers. 3D cell
culture applications are usually beneficial in tissue engineering and regenerative
3
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medicine. 3D cell culture is an artificially created environment in which biological
cells are allowed to grow and interact with their surroundings in all three dimensions. These three-dimensional cultures are grown in bioreactors, small capsules in
which the cells can grow into spheroids, otherwise 3D cell colonies. Approximately
300 spheroids are usually cultured per bioreactor 3D cell culture which allows cells
in vitro to grow in all directions, similar to how they would in vivo [15]. An increasing shift in research is occurring, where 3D cell culture systems are replacing 2D cell
culture systems and translating 2D in vitro research to 3D before or as an alternative
to testing using in vivo animal models [16, 17].
2.1 Preparation of culture media
Culture media provide artificial environment to grow the cancer cells in vitro.
Culture media can be prepared by mixing DMEM powder (glucose, l-glutamine,
pyridoxine, HCl, without pyruvate) in autoclaved triple distilled water. To this
1.95 g of HEPES buffer and 3.75 g sodium bicarbonate can be added. Antibiotics
such as penicillin (500 μl) and streptomycin (500 μl) and fungicide-amphotericinB (750 μl) can also be added. The volume can then be made up to 1000 ml, and
the pH will adjust to 7.2–7.4. The medium will then filter under negative pressure
using 0.22 μm cellulose filter. Sterility of the medium can be tested before use. Ten
percent FCS can be mixed with the medium prior to culture.
2.2 Maintenance of adherent cancer cell lines
Adherent cell lines will grow in vitro until they form a monolayer over surface
area available or medium depleted of nutrients. Adherent cells human oral cancer
cells (KB), lung adenocarcinoma (A-549), and breast cancer (MCF-7) can be
cultured in tissue culture flasks. The cells were disaggregated by trypsinization and
subcultured when the monolayer reaches about 70% confluency. The cells will be
cryopreserved at −80°C. With an inverted microscope, the degree of confluency of
the cell monolayer can be assessed, and the absence of bacterial and fungal contaminants can be confirmed. Spent medium can be removed. Cells can be washed
with PBS-EDTA for removing the traces of serum. Trypsin/EDTA (500 μl) will be
applied onto the cell monolayer, and the flask is swirled to cover the monolayer with
trypsin. The flask will be incubated at 37°C for 2–3 min. The flask can be examined
under the inverted microscope to ensure uniform detachment of the cells. 1–2 ml of
medium can be added to the flask as fast as possible to lessen the trypsin-induced
stress, and the contents of the flask can be transferred to a centrifuge tube. Cells
should be centrifuged at 1500 rpm, for 10 min. The supernatant will be discarded,
and the cells were resuspended in minimum volume of medium. Cells can be
counted using a hemocytometer, and the required numbers of cells can be subcultured in a new flask containing fresh DMEM with 10% FCS. This process can be
repeated as demanded by the growth characteristics of the cell line.
2.3 Maintenance of cancer suspension cell lines
In general terms cultures derived from blood (e.g., lymphocytes grow in suspension) cells may be seen as single cells or clumps. For these types of cell lines,
subculturing is done by dilution in small volume of media before counting. The
culture can be viewed using an inverted phase contrast microscope; cells growing in
exponential phase should be bright, round, and refractive. Cell suspension can be
mixed well and dispersed uniformly by repeated pipetting in order to make singlecell suspension. The cells can be counted, and 1 × 106 cells can be seeded to a fresh
4
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bottle containing 10 ml of DMEM medium with 10% FBS antibiotics and incubated
at 37°C and subcultured every third day. On the day of the experiment, single-cell
suspension will be prepared. The cells will be counted and the viability can be
checked. The concentration can be adjusted with the medium containing 10% FBS
and antibiotics.
2.4 Establishing cell cultures from frozen cells
About 10 ml of growth medium placed in a 15-ml conical tube. Thaw the frozen
cryovial of cells for 40–60 s by gentle agitation in a 37°C water bath. Remove the
cryovial from the water bath, and decontaminate the cryovial by immersing it in
70% (v/v) ethanol at room temperature (RT). Transfer the thawed cell suspension
to the conical tube containing 10 ml of growth medium. Cells can be collected
by centrifugation at 2000 rpm for 5 min at RT. Remove the growth medium by
aspiration, and then resuspend the cells in the conical tube in 5 ml of fresh growth
medium. Add 10 ml of growth medium to a 75-cm2 tissue culture flask, and transfer
5 ml of cell suspension to the same. Place the cells in a 37°C incubator at 5% CO2.
Monitor cell density daily. Cells can be passaged when it will attain 50% confluency.

3. Determination of cell viability by trypan blue exclusion method
Trypan blue is a dye used to determine the viability of a cell. Living cells exclude
the dye, and dead cells will take up the blue dye. The blue stain is easily visible, and
cells can be counted using a light microscope. The reactivity is negatively charged
and does not interact with the cell unless the membrane is damaged. Therefore, all
the cells that exclude the dye are viable. When the cells are confluent, remove the cell
media through aspiration, and add 5 ml of PBS swirl and aspirate. Then add 2 ml of
trypsin/EDTA, and swirl to cover the monolayer of cells. Incubate for few minutes
at 37°C. To remove the cells, strike the side of the plate or the flask with the palm.
Check under a microscope to ensure that all the cells are dislodged. Add 8 ml of cell
media containing fetal calf serum (FCS) to the cells containing the culture flask.
The FCS will neutralize the action of trypsin. Transfer the cell suspension to a sterile
centrifuge tube, and centrifuge the cell suspension at 1000g to pellet the cells. Wash
the cell pellet twice with PBS. Resuspend the cell pellet in appropriate volume of PBS
or cell media. Dilute 10 μl of cell suspension, and place 10 μl on a hemocytometer,
and count the cells under a microscope. There are grid markings on the hemocytometer that can be seen under magnification. Count the cells in all four other quadrants
of the grid. Divide this number by four to determine the average number of cells in
one quadrant. To calculate the number of cells, multiply the average number of cells
per quadrant by dilution factor. Multiply this number by 10,000 to calculate the
number of cells in 1 ml of suspension. The equation is as follows: average number of
cells per quadrant C dilution factor C 10,000 = number of cells/ml. To calculate the
total number of cells, multiply the number of cells per ml by the volume (ml) of the
cell suspension.
Calculating the % of viable cells: The cells (10,000) are suspended in 500 μl
media and treated with varying concentrations of drug and incubate for 24 h.
Centrifuge at 1500 rpm for 10 min. Discard 400 μl medium. Resuspended the
pellet in the remaining medium. Mix 0.5 mg of trypan blue in 1 ml PBS. Take 10 μl
of cell suspension and mix with trypan blue solution. Incubate for 5 min at room
temperature. Count the numbers of unstained cells on the hemocytometer under a
microscope. As mentioned above the dead cells will take up the trypan blue stain.
First count the blue cells in the field and then white cells. Count the total number of
5
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cells. The percentage of viable cells can be determined by dividing the number of
unstained cells by the total number of cells and multiplying by 100. The equation is
as follows: % of Cytotoxicity = [No. of blue cells/Total no. of cells] × 10.
3.1 Evaluation of cytotoxicity using MTT assay
The assay detects the living cells, and it be used to measure cytotoxicity, proliferation, or activation [18]. MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] assay is based on the principle that mitochondrial dehydrogenase
enzyme forms viable cells to cleave the tetrazolium rings of the pale yellow MTT
and forms a dark blue formazan crystal which is largely impermeable to cell membranes, thus resulting in its accumulation within healthy cells. The solubilization of
the cells is by the addition of a detergent that cause in the liberation of the crystals,
which are solubilized. The color can be quantified using a multi-well plate reader
at 570 nm. The cells can be maintained in DMEM medium, supplement with 10%
FCS. Briefly, cells in the log phase of growth can be harvested, counted, and seed
(5 × 103 cells/well in 100 μl) in 96 well titer plates (Axygen), and add PBS to the
outer wells (200 μl/well). After 24 h of incubation at 37°C in 5% CO2 to allow cell
attachment, media will be removed; cultures will be treated with various concentration of compounds diluted with medium. Cells and media are used as the negative
controls. The plates are further incubated for 24, 48, and 72 h. On completion of
incubation, with the extract, media can be removed without disturbing the adherent cells. In the case of suspension cells lines, the media can be removed after the
plates are centrifuge at 2000 rpm for 15 min. To each well, 100 μl of 5 mg/ml stock
solution of MTT dye will be added, and plates can be incubated for 2 h in the dark at
37°C in a CO2 incubator. About 100 μl of lysis buffer can be added to each well, and
the plates can be incubated for 4 h in the dark in a CO2 incubator and absorbance
can be read using ELISA plate reader. Three replicates are set up for each concentration. The concentration required to reduce absorbance by 50% (IC50) in comparison
to control cells is determined. In MTT assay colorless well indicates the cytotoxicity
of KB human oral cancer cells (Figure 2)
Absorbance of treated cells × 100
1 % of Growth inhibition = 100 − _________________________
Absorbance of control cells

(1)

3.2 WST-1 assay
This method is used to detect the cytotoxicity of compound towards various cancer cell lines. The mitochondrial dehydrogenase enzyme cleaves the
tetrazolium salt to formazan. The amount of the dye generated by the activity of

Figure 2.
MTT assay: purple color indicate the viability of cells.
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dehydrogenase is directly proportional to the number of living cells. In the WST-1
assay protocol, add the WST-1 assay reagent to the cell culture media, and incubate
for between 0.5 and 4 h, shake well. The formazan crystals produced by viable cells
can be quantified and can be read in microplate reader at 440 nm. Cellular proliferation represents the ability of healthy cells to divide and create progeny [19].
Therefore, cell viability assays and cell proliferation assays are used to calculate
the number of healthy cells in a population or the rate of growth of a population of
cells [20].
3.3 MTS assay
MTS is a colorimetric method used to quantify viable cells in proliferation assay.
The NAD(P)H-dependent dehydrogenase enzymes in metabolically active cells
reduce the MTS tetrazolium compound and form colored formazan product that is
soluble in cell culture media. It can be used to test cell proliferation, cell viability,
and cytotoxicity. The formazan dye can be quantified by measuring the absorbance
at 490–500 nm.

4. Viability assay in normal cells
Attempts are pursued to develop drugs that are nontoxic to normal cells; meanwhile toxic to cancer cells can be considered as good anticancer agent.
4.1 Isolation of lymphocytes from whole blood
In 1968, Boyum [21] described methods for the isolation of mononuclear cells
from circulating blood and bone marrow. The solution contains Ficoll and sodium
diatrizoate, adjusted to a density of 1.077 ± 0.001. This medium facilitates rapid
recovery of viable lymphocytes from small volumes of blood on centrifugation.
It is usually employed as the initial isolation step prior to enumeration of T, B,
and null lymphocytes. In brief, 3 ml of blood will be taken in heparinized test
tube. About 5 ml of PBS will be added and mixed well by inversion. About 3 ml
of Ficoll Hypaque solution was added in a conical centrifuge tube. Carefully
layered 8 ml of blood-PBS mixture on to the Ficoll Hypaque, keeping the tube in
a slanting position. Centrifuged at 2000 rpm for 30 min. The opaque interface
containing mononuclear cells was aspirated and transferred into a clean conical
centrifuge tube with a Pasteur pipette and discard the upper layer. About 10 ml
of PBS solution was added and mixed by inversion. Centrifuged at 1500 rpm for
10 min and the supernatant was discarded. Resuspend the pellet with 5 ml PBS
and centrifuge at 1500 rpm for 10 min. Repeat the step thrice and resuspend the
lymphocyte pellet in 500 μl PBS.
4.2 Lymphocyte viability assay
In vitro experiments with compounds can be tested in lymphocyte using
lymphocyte viability assay. The lymphocytes were aspirated from the gradient
plasma interfaces and washed twice in PBS, and then the final cell pellets will be
resuspended in RPMI-1640 medium containing 10% FCS and 100 μl streptomycin,
and 100 μl fungicide can be added to avoid contamination; pH 7.4 is ideal. Cells
can be harvested, counted, and seeded (5 × 103 cells/well in 100 μl) in 96 well
titer plates (Axygen). PBS will be added to the outer wells (200 μl/well). After
24 h of incubation at 37°C in 5% CO2 to allow cell attachment, the media will be
7
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removed. Cells will be treated with varying concentration of compounds diluted
with medium. The plates can be incubated for 72 h. After incubation, the media
will be removed without disturbing the cells, and to each well, 100 μl of 5 mg/ml
stock solution of MTT will be added, and the plates can be incubated for 2 h in the
dark at 37°C in a CO2 incubator. About 100 μl of lysis buffer will be added to each
well, and the plates can be further incubated for 4 h in the dark in a CO2 incubator,
and absorbance can be read using ELISA plate. Three replicates will set up for each
concentration.

5. Detection of apoptosis by comet assay
Comet assay can be done for the quantitation of low levels of DNA damage in
individual [22]. Cancer cells except the control cells can be treated with various
drugs. Then it can be centrifuged to get the pellets, and pour 1% NMPA agar on the
base slides using filler pipette and allow to solidify. Then the slides were kept in a
polar ice pack. The pellets thus obtained will be taken and is mixed with 200 μl of
0.5% LMPA agar. About 15 0 μl cells from the above tubes were taken and poured
over the base slides, and allow to solidify after placing a cover slip over it, and then
remove the cover slip and pour a layer of 1% LMPA agar over it, and allow to solidify
and keep these slides in a coupling jar containing lysing solution. It will be kept in
refrigerator for 1:30 h, and subject it to electrophoresis for 20–30 min in electrophoresis apparatus at 25 V. Then the slides were taken and washed with neutralizing
buffer solution for three times. Pour ethidium bromide stain over the slides, and
view through fluorescent microscope. The figure shows the comet assay on KB
human oral cancer cells after treatment with compound for 24 h (Figure 3).

Figure 3.
Comet assay: (a) non-apoptotic cells, (b) comet-shaped apoptotic cells.
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5.1 DNA ladder assay
Breakdown of genomic DNA into multiples of approximately 180 bp is considered
to be a hallmark of apoptosis [14]. This cleavage of chromosomes produces a large
number of DNA breaks, and subsequently a simultaneous amount of new 3′-OH DNA
ends. In normal living cells, only an insignificant number of 3′-ends are present; this
helps to detect apoptosis. The enzyme terminal deoxynucleotidyl transferase (TdT)
has the capability to incorporate individual deoxyribonucleotide triphosphates to the
3′-end of double- or single-stranded DNA. This quality can be detected using 3′-ends
with nucleotides that have been labeled with radioactive, fluorescent, or digoxigenin
labels. Apoptosis can be measured quantitatively by using gel electrophoresis; here the
apoptotic DNA is organized into a typical ladder pattern of multiples of 180 bp. In situ
labeling of 3′-ends can be used to detect qualitatively apoptotic cells (Figure 4).
5.2 Detection of morphological features of apoptotic cells by acridine orangeethidium bromide dual staining
The morphological features of apoptosis induced by the compounds will be evaluated by acridine orange-ethidium bromide dual (AO/EtBr) staining [23]. Briefly, cells

Figure 4.
Apoptotic cells can be seen as fragmented DNA in smear appearance.
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Figure 5.
Acridine orange-ethidium bromide dual staining: (a) and (b) apoptotic cells in orange color, live cells in green
color.

Figure 6.
Hoechst 33342: (a) non-apoptotic cells in blue color, (b) apoptosis cells in fluorescent blue color.

will be seeded in a 96 well plate at a density of 5 × 105 cells and treat with different
concentrations of compound for 24 h. After washing once with PBS, the cells can be
stained with 100 μl of a mixture (1:1) of acridine orange-ethidium bromide (4 μg/
ml) solutions. The cells can be immediately washed with PBS and observed under
fluorescence microscope at 450–490 nm. The effects of the compound treated on
human oral cancer cells (KB) for 24 h can be visualize using fluorescent microscope
(Figure 5).
5.3 Analysis of cell death by Hoechst 33342 staining
Chromatin condensation will be assessed by nuclear staining with Hoechst
33342 [24]. Briefly, cells will be seeded in a 96 well plate at a density of 5 × 105 cells
and then treated with different concentrations of compounds for 24 h. After washing once with PBS, the cells will be stained with 100 μl of Hoechst 33342 (10 mg/
ml stock) and incubate at room temperature for 5 min. Stained cells can be imaged
by fluorescence microscope at 350–460 nm compound induced in KB human oral
cancer cells for 24 h, stained with Hoechst 33342 (Figure 6).
5.4 Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling
(TUNEL) assay
After treatment with the compound apoptosis, induction can be detected by
TUNEL assay using the DeadEnd apoptosis detection kit (dUTP nick-end labeling
10
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Figure 7.
TUNEL assay.

TUNEL assay) from Promega (Madison, USA). Briefly, the cells will be grown in
coverslips and treated with the compound for 24 h. The cells can be washed with
phosphate-buffered saline and fix by immersing the slides in 4% paraformaldehyde
for 25 min at room temperature, washed twice with PBS for 5 min. The cells will be
permeabilized with 0.2% Triton X-100 solution in PBS for 5 min, washed twice in
PBS, and then covered with 100 μl of equilibration buffer and kept for 5–10 min. The
equilibrated areas will be blotted around with tissue paper, and 100 μl of terminal
deoxynucleotidyl transferase (Tdt) reaction mix will be added to the sections on
the slide and incubated at 37°C for 60 min inside a humidified chamber for the
end labeling reaction to occur. Immersing the slides in 2× sodium chloride-sodium
citrate buffer for 15 min terminated the reactions. The slides will be washed thrice by
immersing in fresh PBS for 5 min to remove the unincorporated biotinylated nucleotides. The endogenous peroxidase activity was blocked by immersing the slides in
0.3% hydrogen peroxide. After washing, horse radish peroxidase-labeled streptavidin solution was applied, and the slides incubated for 30 min. After incubation, the
color will be developed with the peroxidase substrate (hydrogen peroxide) and the
stable chromogen (diaminobenzidine). The slides will be mounted and examined in
a light microscope. The apoptotic index (AI) can be calculated as follows: AI = (number of apoptotic cells/total number) × 100%. TUNEL can also be combined with
annexin V to comprise a more robust assay that is capable of distinguishing apoptosis
and necrosis going on in the cells. Since annexin V binding is reported to occur prior
to DNA fragmentation, it is capable of detecting necrotic or early apoptotic cells that
exhibit a negative response from TUNEL [25]. In KB human oral cancer cells treated
with compound for 24 h, apoptotic cells can be seen in green color (Figure 7).
5.5 Annexin V staining by flow cytometry
In most normal, viable eukaryotic cells, the negatively charged phospholipid
phosphatidylserine (PS) is located in the cytosolic leaflet of the plasma membrane
lipid bilayer. Annexin V is a 36 KDa phospholipid-binding protein and has a high
affinity to PS in the presence of physiological concentrations of calcium (Ca2+).
Apoptotic cells which are otherwise undetectable by staining with propidium iodide
(PI) can be directly detected through the staining with fluorochrome-conjugated
annexin V. Dead cells are stained with both annexin V and PI, whereas viable cells
cannot be stained with either annexin V or PI. An early indicator of apoptosis is the
rapid translocation and accumulation of the membrane phospholipid. Phosphatidyl
serine from the cytoplasmic interphase translocated to the extracellular surface. This
loss of membrane asymmetry was detected using the binding properties of annexin
V to phosphatidyl serine. Annexin V FITC is a sensitive probe for identifying the
11
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Figure 8.
Apoptotic KB human oral cancer cells after treatment with compound showing apoptosis.

apoptotic cells which binds to negatively charged phospholipid surfaces. Annexin V
FITC staining precedes the loss of membrane integrity which accompanies the later
stages of cell death resulting from apoptotic or rather necrotic process. Therefore,
staining with annexin V FITC is conjugated to vital dye propidium iodide. The assay
distinguishes between viable cells (annexin V –ve, PI –ve), early apoptotic cells
(annexin +ve PI –ve), late apoptotic cells (annexin +ve PI +ve), and necrotic cells
(annexin –ve PI +ve) (Figure 8). Annexin V is represented in red. An apoptotic cell
stained with annexin V (green) is surrounded by potential phagocytes. The PSR
(orange) might bind to exposed PS that is configured in a recognizable “eat-me” form
by annexin I (bottom) (Figure 8). Alternatively, PSR might bind to a ligand composed
of PS and annexin I (upper left) or PSR might bind annexin I, which serves as a bridge
between exposed PS on the dying cell and PSR on the phagocyte (upper right) [26].
5.6 Assessment of caspase 3 expression by flow cytometry
Caspase-3 is a key protease that is activated during apoptosis. Briefly, the cells
will be treated with various concentrations of compound. After 24 h of incubation,
the cells will be washed twice with cold PBS and prepared for acquisition using
FITC conjugated monoclonal active caspase-3 antibody apoptosis detection kit. The
cells can be fixed in cytofix solution at a concentration of 1 × 106 cells/0.5 ml. The
cells will be fixed in ice for 30 min, resuspended in perm wash buffer containing
antibody, and incubated for 30 min at room temperature. Analyses by flow cytometry. 10,000 cells can be acquired, and the results can be interpreted using DIVA
software analysis (Figure 9).
5.7 Determination of caspase activity by fluorimetry
The ApoAlert caspase assay plates contain the fluorogenic substrates specific
for different caspases immobilized in the wells of a 96-well plate. When cell lysate
containing the active caspase is applied to the wells, caspase will cleave its substrate,
and a fluorescent product will be released that can be detected with a standard
fluorescence plate reader. Caspase assay plates enable the analysis of the apoptotic
caspase response. This assay design is ideal for studies involving multiple cell types
or multiple cell treatments. These plates are provided in two formats: a single
caspase format for studies that focus on a specific caspase or a profiling format for
analyzing several different caspases simultaneously (caspase-3, caspase-8, caspase-9, and caspase-2).

12
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Figure 9.
Caspase 3 cleavage of KB human oral cancer cells.

Figure 10.
Cell cycle analysis showing KB human oral cancer cells.

5.8 Detection of apoptosis by cell cycle analysis
The phase of the cell cycle at which compounds treated cancer cells got arrested
can be determined using a fluorescent-activated cell sorter (FACS—Becton
Dickinson). The cells will be grown in tissue culture flasks and treat with different
concentrations of compounds. After 24 h of treatment, the cells can be harvested
and spun down at 3500 rpm for 7 min. The cells can be then fixed in 70% ethanol
for 30 min. After centrifugation, the pellet can be dissolved in PBS, and 5 μl of
RNAse A (10 mg/ml) will be added and incubated for 30 min at 37°C. About 10 μg/
ml of propidium iodide will be added, and after 15 min of incubation in the dark,
the cells can filtered through 0.75 μm filter and analyzed by flow cytometry. Thirty
thousand cells can be acquired, and the results can be interpreted using CellQuest
Pro software analysis (Figure 10).

6. Conclusions
An ideal compound should possess no toxic effects on normal human lymphocyte but at the same time exhibited cytotoxic activity on tumor cell lines. The
time- and dose-dependent cytotoxic effect of the compound can be tested through
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the various viability assays discussed in this chapter. The compound might have
the potential to induce programmed cell death in cancer cells and can be confirmed
through apoptotic studies. Induction of apoptosis in cancer cells is recognized as
an efficient strategy for cancer chemotherapy. Apoptosis also seems to be a reliable
marker for the evaluation of potential agents to bring out for cancer prevention.
Cell-based assays are useful for the assessment of live cells and apoptotic cells
after treatment with therapeutic agents. The efficacy of compounds in vitro testing before entering into the clinical trials helps to bring out potent drugs into the
limelight for the treatment of diseases. Cell-based assays are useful for evaluating
therapeutic potency of the developing approved drugs and biologics for the clinical
management of cancer.

Conflict of interest
There are no conflicts of interests.

Acronyms and abbreviations
AO/EtBr
KB
KDa
FACS

acridine orange-ethidium bromide dual staining
human oral cancer cell lines
kilodalton
Fluorescent-activated cell sorter

Author details
Biba Vikas1* and Sukumaran Anil2
1 Jawaharlal Nehru Tropic Botanical Garden and Research Institute, Trivandrum,
India
2 Department of Dentistry, Hamad Medical Corporation, Doha, Qatar
*Address all correspondence to: bibavikas@gmail.com

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
14

Cell-Based Assays in Cancer Research
DOI: http://dx.doi.org/10.5772/intechopen.90226

References
[1] Godbey WT. In: Godbey WT, editor.

An Introduction to Biotechnology.
Woodhead Publishing; 2014.
pp. 107-142. DOI: 10.1016/
b978-1-907568-28-2.00005-8

ligand 2/tumor necrosis factor-related
apoptosis-inducing ligand (rhApo2L/
TRAIL). Journal of Clinical Oncology.
2008;26:3621-3630. DOI: 10.1200/
JCO.2007.15.7198. [Epub 2008/07/22]

[2] Holland P, Nielsen J, Mondeel TDGA,

[9] Elmore S. Apoptosis: a review of

Barberis M. Coupling cell division
to metabolic pathways through
transcription. In: Ranganathan S,
Gribskov M, Nakai K, Schönbach C,
editors. Encyclopedia of Bioinformatics
and Computational Biology. Oxford:
Academic Press; 2019. p. 74-93. DOI:
10.1016/B978-0-12-809633-8.20081-2

programmed cell death. Toxicologic
Pathology. 2007;35:495-516. DOI:
10.1080/01926230701320337. [Epub
2007/06/15]

[3] Paweletz N. Walther flemming:

Pioneer of mitosis research. Nature
Reviews Molecular Cell Biology.
2001;2:72-75. DOI: 10.1038/35048077.
[Epub 2001/06/20]
[4] Lowe SW, Cepero E, Evan G.

Intrinsic tumour suppression. Nature.
2004;432:307-315. DOI: 10.1038/
nature03098. [Epub 2004/11/19]
[5] Evan GI, Vousden KH. Proliferation,

cell cycle and apoptosis in cancer.
Nature. 2001;411:342-348. DOI:
10.1038/35077213. [Epub 2001/05/18]
[6] Kamsteeg M, Rutherford T, Sapi E,

Hanczaruk B, Shahabi S, Flick M, et al.
Phenoxodiol—An isoflavone analog—
Induces apoptosis in chemoresistant
ovarian cancer cells. Oncogene.
2003;22:2611-2620. [Epub 2003/05/06].
DOI: 10.1038/sj.onc.1206422

[10] Lane D. Anthony Dipple

carcinogenesis award. P53 from
pathway to therapy. Carcinogenesis.
2004;25:1077-1081. DOI: 10.1093/
carcin/bgh186. [Epub 2004/06/19]
[11] Bazzoni F, Beutler B. The tumor

necrosis factor ligand and receptor
families. The New England Journal of
Medicine. 1996;334:1717-1725. DOI:
10.1056/NEJM199606273342607. [Epub
1996/06/27]
[12] Roy S, Nicholson DW. Cross-talk

in cell death signaling. Journal of
Experimental Medicine. 2000;192:F21F25 [Epub 2000/10/18]
[13] Kerr JF, Wyllie AH, Currie AR.

Apoptosis: A basic biological
phenomenon with wide-ranging
implications in tissue kinetics. British
Journal of Cancer. 1972;26:239-257. DOI:
10.1038/bjc.1972.33. [Epub 1972/08/01]
[14] Wyllie AH. What is apoptosis?

Histopathology. 1986;10:995-998 [Epub
1986/09/01]

[7] Wyllie AH, Kerr JF, Currie AR. Cell

death: The significance of apoptosis,
International Review of Cytology.
1980;68:251-306. DOI: 10.1016/
s0074-7696(08)62312-8. [Epub
1980/01/01]

[15] Fey SJ, Wrzesinski K. Determination

of drug toxicity using 3D spheroids
constructed from an immortal human
hepatocyte cell line. Toxicological
Sciences. 2012;127:403-411. DOI:
10.1093/toxsci/kfs122. [Epub 2012/03/29]

[8] Ashkenazi A, Holland P,

Eckhardt SG. Ligand-based targeting
of apoptosis in cancer: The potential
of recombinant human apoptosis
15

[16] Breslin S, O’Driscoll L. Three-

dimensional cell culture: The missing
link in drug discovery. Drug Discovery

Cell Growth

Today. 2013;18:240-249. DOI: 10.1016/j.
drudis.2012.10.003. [Epub 2012/10/18]
[17] Choi SH, Kim YH, Hebisch M,

Sliwinski C, Lee S, D’Avanzo C, et al.
A three-dimensional human neural cell
culture model of Alzheimer’s disease.
Nature. 2014;515:274-278. DOI: 10.1038/
nature13800. [Epub 2014/10/14]

[24] Porn-Ares MI, Chow SC, Slotte JP,

Orrenius S. Induction of apoptosis
and potentiation of TNF- and Fasmediated apoptosis in U937 cells
by the xanthogenate compound
D609. Experimental Cell Research.
1997;235:48-54. DOI: 10.1006/
excr.1997.3641. [Epub 1997/08/25]
[25] O’Brien IE, Reutelingsperger CP,

[18] Mosmann T. Rapid colorimetric

assay for cellular growth and
survival: Application to proliferation
and cytotoxicity assays. Journal of
Immunological Methods. 1983;65:55-63.
DOI: 10.1016/0022-1759(83)90303-4.
[Epub 1983/12/16]
[19] Yang N, Ray SD, Krafts K. In:

Wexler P, editor. Encyclopedia of
Toxicology. Oxford: Academic Press;
2014. pp. 761-765. DOI: 10.1016/
b978-0-12-386454-3.00274-8
[20] Präbst K, Engelhardt H,

Ringgeler S, Hübner H. Cell Viability
Assays. Springer; 2017. pp. 1-17
[21] Boyum A. Isolation of leucocytes

from human blood. A two-phase
system for removal of red cells with
methylcellulose as erythrocyteaggregating agent. Scandinavian
Journal of Clinical and Laboratory
Investigation. 1968;97:9-29 [Epub
1968/01/01]
[22] Singh NP, McCoy MT, Tice RR,

Schneider EL. A simple technique
for quantitation of low levels of
DNA damage in individual cells.
Experimental Cell Research.
1988;175:184-191. DOI: 10.1016/00144827(88)90265-0. [Epub 1988/03/01]
[23] Kirsch-Volders M, Sofuni T,

Aardema M, Albertini S, Eastmond D,
Fenech M, et al. Report from the in vitro
micronucleus assay working group.
Mutation Research. 2003;540:153-163.
DOI: 10.1016/j.mrgentox.2003.07.005.
[Epub 2003/10/11]

16

Holdaway KM. Annexin-V and TUNEL
use in monitoring the progression
of apoptosis in plants. Cytometry.
1997;29:28-33 [Epub 1997/09/23]
[26] Fadok VA, Henson PM. Apoptosis:

Giving phosphatidylserine recognition
an assist—With a twist. Current
Biology. 2003;13:R655-R657. DOI:
10.1016/s0960-9822(03)00575-x. [Epub
2003/08/23]

