
Dear Editor
We read with great interest the article by 
Molaee et al entitled “Evaluating the prolif-
eration of Human Peripheral Blood Mono-
nuclear Cells Using MTT assay” that was re-
cently published in the International Journal 
of Basic Science in Medicine.1

The findings described in this publication 
have utilized the colorimetric 3-(4,5-dimeth-
ylthiazol2yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) assay.2 As we have previously 
reviewed,3 the MTT assay was described in 
the early 1980s with multiple subsequent 
modifications4,5 to enhance assay conditions. 
Currently it is a prominent, sensitive, quan-
titative, and reliable colorimetric assay that 
measures viability, proliferation, and activa-
tion of cells. In order to appreciate the data 
generated by Molaee et al using the MTT 
assay, the readers should understand some 
fundamentals regarding the nature of the 
assay. In drug research and development, 
utility of the assay in preclinical testing in-
cludes, in particular, its use as an early in 
vitro oncology-related drug assessment as-
say and a method to assess immune-stim-
ulation. The assay principle is simply based 
on the capacity of the cellular mitochondrial 
dehydrogenase enzyme in living cells to re-
duce the yellow water-soluble substrate MTT 
into a dark blue/purple formazan product 
which is insoluble in water. The amount of 
formazan produced is directly proportional 
to the cell number in a range of cell lines.2 
The MTT assay has greater application in the 
detection of cells which are not dividing but 
are still metabolically active. It can, therefore, 
be used to distinguish between proliferation 
and cell activation.6 An additional advantage 
to the assay is that it can be used in suspend-

ed or monolayer cell preparations.7,8 Unfor-
tunately, during the conduct of the test, cells 
die making it impossible to do follow-up cell 
culture assessments. 
The authors utilized a Ficoll-Hypaque den-
sity gradient9 to isolate the peripheral blood 
mononuclear cells (a mixture of monocytes 
and lymphocytes) from whole blood and 
tested the effect of various mitogens on the 
rate of cell proliferation using the MTT 
assay.3,7 The Ficoll-Hypaque gradient is a 
standard, rapid and simple centrifugation 
method used for the separation of periph-
eral blood mononuclear cells (PBMC). The 
assay utilizes density differences to separate 
formed blood elements such as leukocytes 
and erythrocytes from mononuclear cells.10 
The primary endpoint of the Molaee et al 
study was to quantitate the concentration 
of cell-secreted tumor necrosis factor al-
pha (TNFα) into culture medium. TNFα is 
a pro-inflammatory cytokine secreted by 
activated macrophages and monocytes that 
exhibits pleiotropic activity in a number of 
physiological and pathophysiological re-
sponses and may be either inflammatory or 
immunological.11 TNFα is found as a 26 kDa 
membrane-associated protein that under-
goes subsequent proteolytic cleavage in vivo 
producing a 17 kDa homotrimeric, biologi-
cally active mature TNFα protein complex.12 
TNF may also be proteolytically cleaved by 
TNFα converting enzyme (TACE) produc-
ing a trimeric soluble 51 kDa TNFα (sTN-
Fα). TNFα is produced in many cells where, 
at low physiological levels, it regulates mac-
rophage and neutrophil chemotaxis.13 How-
ever, at high levels associated with disease, 
TNFα produces marked changes in physi-
ology including hypotension, coagulation in 
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the microvasculature, fever, and direct cytotoxic damage 
to cells or tissues. Thus, a causative role for TNFα is insin-
uated in many diseases including Crohn disease, inflam-
matory bowel disease, obesity, and type 2 diabetes.13-15 

TNFα mediates these responses by interaction with at 
least two distinct receptors ubiquitous to most cells, the 
high affinity TNF receptor 1 (TNFR1 or CD120a) and 
the low-affinity TNF receptor 2 (TNFR2 or CD120b).16 
Because of its role in disease, a multitude of therapeutic 
monoclonal antibodies to TNFα have been developed in-
cluding infliximab (Remicade), adalimumab (Humira), 
golimumab (Simponi), or the circulating receptor fusion 
protein etanercept (Enbrel).16 
The mitogens used by the authors include the lectins (or 
carbohydrate-binding proteins), Concanavalin A (Con 
A), phytohemagglutinin (PHA), and lipopolysaccharide 
(LPS). These mitogens stimulate signal transduction 
pathways that involve mitogen-activated protein kinase 
(MAPK) and result in mitotic cell division. The prima-
ry target of both Con A and PHA is their binding to the 
carbohydrate moiety of lymphocyte membrane glycopro-
teins. Con A binds to non-reducing terminal D-manosyl 
and N-acetyl-D-glucosamine groups while PHA binds to 
complex oligosaccharide containing galactose, N-acetyl-
glucosamine, and mannose.17 LPS is a component of the 
Gram-negative bacterial cell wall which is a potent mono-
cyte stimulant and results in copious production of proin-
flammatory cytokines, including TNFα.18 While these 
mitogens were used in this paper, other reagents that can 
be used to stimulate cytokine production in diluted whole 
blood or PBMCs, include pokeweed mitogen (PWM), 
PMA/ionomycin, purified protein derivative of tubercu-
lin (PPD), and anti-CD3 as well as anti-CD28 antibodies. 
In order to fully investigate the optimal stimulation con-
ditions applicable to the MTT assay, all possible mitogens 
that can be used in such an assay should be tested with the 
cell type most relevant to the nature of the investigation.
However, true optimization requires appropriate experi-
mental design19 including appropriate group sizes for sta-
tistical evaluation, conduct of a power analysis, replicates, 
randomization and blinding to both study groups and 
data analysis. Thus, while the study was conducted using 
multiple stimulatory concentrations of each mitogen and 
variable cell incubation times, these other critical aspects 
of the experimental conditions were not described. Only 
through rigorous investigation of diverse mitogens using 
such experimental design and analysis, some convincing 
data can be derived that would allow the determination 
of optimized conditions for the use of the MTT assay and 
cell-mediated TNFα release and quantification. Optimiz-
ing all assay components is important since stimulated 
lymphocytes can produce a myriad of diverse cytokines 
when activated and the type of cytokine markedly de-
pends on the nature of the stimulating reagent as well as 
assay study conditions.20 
The authors evaluated a combination of four different 
mitogens, alone and in combination, over a range of con-
centrations with four incubation periods (24, 48, 72, 96 

hours) in cultured PBMCs. Upon completion of the stud-
ies and quantifying the cell stimulation index and levels 
of TNFα, it was concluded that the optimal conditions for 
induced cell proliferation were a medium supplemented 
with a mixture of PHA:Con A (at a concentration of 5 µg/
mL each) for an incubation period of 72 hours. It is inter-
esting to note that the authors do not describe why they 
cultured PBMCs at a concentration of 1 × 105 cells/well. 
Should it be presumed that this is the optimal cell con-
centration used in such an assay? Similarly, while a range 
of mitogen concentrations were used, it does not appear, 
upon visual inspection of the data presented, that the stim-
ulation index of PHA is truly distinct from PHA:Con A. 
Although there is a statistical significance assigned to the 
5 µg/mL mitogen concentration, there are concerns about 
the nature of the statistics used. Usually non-clinical stud-
ies of the nature conducted by Molaee et al are prospec-
tive (or planned) hypothesis-driven studies. When studies 
are complete, the stochastic (randomly determined) data 
variables are presumed to have a Gaussian distribution 
and are usually subjected to analysis of variance (ANO-
VA) or analysis of covariance (ANCOVA) statistical anal-
ysis methods.19 Such tests determine if the group means 
are similar or not by comparing all means simultaneous-
ly. If they are not similar (i.e., the F value is statistically 
significant), then a post hoc test should be undertaken. 
The P value from either an ANOVA or ANCOVA test is 
a probability estimate of whether the groups are from a 
similar or different populations. However, should there 
be only two study groups, the ANOVA is actually a t test 
and provides a direct comparison between each of the two 
groups.19 Thus, the nature of the study advises that the t 
test (and by implication, multiple t tests) should not have 
been used to render a decision on significance. This is not 
sufficient because beyond 2 groups it has to be repeated 
which increases the likelihood of ‘significance’ by incor-
rectly rejecting the null hypothesis (a type I error). The 
use of ANOVA maintains the type I error probability at 
the designated level. 
In the paper of Molaee et al , the authors mention that the 
TNFα cytokine assay was used to quantify the levels of the 
cytokine from the supernatant of cultured splenocytes. 
Splenocytes can be a composite of a number of highly 
different white blood cell types and can be called such, 
as long as these cells are either derived from the spleen 
or isolated and purified from splenic tissue.21 However, 
the authors did not discuss the nature of the ‘splenocytes’ 
used in the validation of the cytokine assay. Perhaps is not 
this an incorrect terminology describing the PBMC cul-
ture supernatant described in the paper? This confusion is 
unfortunate as it does not provide the reader with import-
ant study details for implementation and use.
After isolation of human PBMCs, the authors determined 
the optimal stimulation conditions for activation of the 
PBMCs by the various mitogens and then measured the 
TNFα secreted in the supernatant using a commercial 
ELISA (enzyme linked immunosorbent assay) kit. The 
ELISA commercial kit used by the authors permits the 



     International Journal of Basic Science in Medicine. Volume 2, Issue 2, 2017 75

Vega-Avila and Pugsley

measurement of human TNFα protein levels from sam-
ples including serum, plasma, and supernatant from cell 
cultures. This assay uses a monoclonal antibody (mAb) 
for human TNFα, immobilized on a microtiter plate, that 
binds with the secreted human TNFα in the study sam-
ples (and the assay standards). During the first incubation 
phase, cell culture medium samples and assay standards 
along with a biotinylated mAb specific for TNFα are in-
cubated simultaneously. After washing the unbound sub-
stances away, a streptavidin enzyme (conjugated to horse-
radish peroxidase) is added. Streptavidin is incubated 
with the biotinylated human TNFα antibody and washed. 
Furthermore, a substrate solution is added and incubated 
for a brief period and then followed by the addition of a 
stop solution. The reaction produces a color change and 
absorbance of the color generated is read on a plate reader 
at a wavelength of 450 nm. The absorbance of the colored 
product is directly proportional to the concentration of 
TNFα present in the samples.
Recently there has been developed novel, non-radioiso-
tope, high throughput (HT) screening assays for mea-
surement of secreted human TNFα from THP-1 (human 
leukemia monocytic cell line) cell culture media.14 The 
HTRF (Homogenous Time-Resolved Fluorescence) assay 
combines measurement of standard FRET (fluorescence 
resonance energy transfer) technology with time-resolved 
fluorescence which can be added and incubated for a brief 
period and this is followed by the addition of a stop solu-
tion. The reaction produces a color change and absor-
bance of the color generated is read on a plate reader at a 
wavelength of 450 nm.14,15 The absorbance of the colored 
product is directly proportional to the concentration of 
TNFα present in the samples.
Another assay, although less convenient method to quan-
titate TNFα, is the radioisotope labeled immune assay.14 
This assay is as cumbersome as the ELISA method, be-
cause it involves numerous protracted incubation periods 
and requires wash steps and generates vast quantities of 
radioactive waste. As a result, there is less usage as an HT 
method in drug screening programs eliminating short-
lived background fluorescence. In this assay, two TNFα 
mAb’s are labeled with Europium(III) trisbipyridine 
cryptate (the donor fluorophore) and the phycobilipro-
tein allophycocyanin (APC or XL655, the acceptor fluo-
rophore), respectively. In the absence of TNFα, there is 
no FRET between these two labeled mAb’s, which can 
produce a fluorescent signal at 615 nm.22 However, in the 
presence of TNFα, the two labeled antibodies are moved 
into close proximity and this allows for a FRET transfer 
to occur between the donor and acceptor fluorophores.14

 
This reaction produces a florescence signal at 665 nm. 
The increase of FRET levels is proportional to the con-
centration of TNFα. Unlike previous assays, HTRF maxi-
mizes the signal-to-noise ratio of the findings.
The AlphaLISA® (Amplified Luminiscent Proximity Ho-
mogenous) immunoassay (PerkinElmer, Waltham, MA) 
is a bead-based assay that was developed from a diag-
nostic assay technology known as LOCI (Luminescent 

Oxygen Channeling Assay).23,24 In this chemiluminescent 
assay, singlet oxygen molecules generated by high energy 
laser irradiation (at 680 nm) of donor beads excite accep-
tor beads. This results in a chemical cascade that yields 
an emission signal at 615 nm.25 AlphaLISA® assays use 
streptavidin-coated donor beads that capture the bioti-
nylated anti-TNFα antibody and acceptor beads conju-
gated with a TNFα specific antibody.24 All are coated in 
a layer of hydrogel that provides the necessary functional 
groups for bio-conjugation if the beads are within 200 nm 
from one another due to the capture of the analyte by the 
mAb’s.24 The change in light emission is proportional to 
the concentration of TNFα present.
Thus, the use of HTRF and AlphaLISA® assays regarding 
the mitogen stimulation of PBMCs may provide greater 
resolution of stimulation indices when used in conjunc-
tion with the MTT assay for cellular quantitation of cyto-
kines such as TNFα. Only through integration of rigorous 
study design and data analysis, elimination of untoward 
sources of variance and complete examination, and op-
timization of each aspect of the experimental study con-
ditions can the MTT assay be truly optimized for use in 
research and discovery as well as drug safety.
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