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Abstract

The proliferation of antigen-specific lymphocyte clones, the initial step in acquired immunity, is vital for effector functions.
Proliferation tests both in immunology research and diagnosis are gaining attendance gradually, while the use of adult healthy
individuals as controls of pediatric patients is a question. This study aimed to investigate and compare mitogen-stimulated
proliferation responses of total lymphocytes and T- and B-lymphocyte subsets in adult and children healthy donors. Nine-
teen children and 20 adult healthy donors were enrolled in this study. Peripheral blood mononuclear cells (PBMCs) purified
from peripheral blood samples of the donors, by Ficoll gradient centrifugation, were stained with CFSE and were cultured
in a 37 °C CO, incubator for 120 h with the absence or existence of polyclonal activators: PHA and CD-Mix. After cell
culture, PBMCs were stained with monoclonal antibodies against CD4 and CD19, and proliferation percentages of CD4*
T and CD19* B cells, together with total lymphocytes were determined by flow cytometry. This study revealed similarities
between children and adult age groups, concerning mitogenic stimulation of the lymphocytes. The only difference was a
significantly high proliferation of pediatric CD4" T cells in response to PHA. CD4" T cell responses against PHA were
inversely correlated with altering age. When pediatric individuals were distributed into age groups of 0-2 years, 3-5 years,
and 6-18 years, PHA responses of CD4" cells were found to be diminished with advancing age. These findings propose the
possibility of enrollment of adult healthy individuals as controls for pediatric patients.

Keywords Cell culture - Flow cytometry - Lymphocyte - Mitogen - Proliferation

Introduction

The proliferation assays are gaining attendance in immunology
studies [1]. In recent times, proliferation assays are applied to
monitor the function of T and B lymphocytes in response to
stimulants such as mitogens and are becoming a part of clinical
practice. Furthermore, novel methodologies are being devel-
oped to provide easy, safe, and non-radioactive approaches and
to render laboratory work reliable and easier [2].

T cell functions are extremely important for the avoidance
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of viral and fungal infections and for the provision of help to
B cells for isotype switching of antibodies against protein anti-
gens [3, 4]. The cells of adaptive immunity respond via anti-
gen-specific receptors, and they clonally proliferate and rapidly
differentiate into activated effector cells. Mitogen, a trigger to
induce in vitro responsiveness, initiates mitotic activity through
intracellular signaling that is transformed into cell division [5].

At present, besides laboratory screening tests,
functional evaluation of T lymphocyte disturbance is
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essential for the investigation of combined T/B cell
immunodeficiencies, most of which are commonly
related to children. Proliferation assays have been
exploited for the screening of patients with primary and
secondary immunodeficiency disorders. The conven-
tional method for the assessment of lymphocyte pro-
liferation is accomplished by tritiated (H?) thymidine
incorporation into recently divided cellular DNA [6].
However, this method is hard to exploit in routine labo-
ratory practice due to some technical difficulties such
as the usage of radioactivity and lack of information on
proliferating lymphocyte subsets [7]. Lymphocyte prolif-
eration analysis in vitro via dilution of a cytoplasmic dye
called carboxyfluorescein succinimidyl ester (CFSE),
which can enter the cell and integrate itself into the cell
membrane and emit fluorescence, is efficient for prac-
tical work. CFSE attached to intracellular proteins is
equally distributed between each divided daughter cell
during mitosis, which causes a 50% drop of fluorescent
signal in each cell division, that can be recognized via
flow cytometry [8]. CFSE has been found effective for
the investigation of lymphocyte division in many labo-
ratories since its initial description by Lyons and Par-
ish in 1994 [7, 9]. Research in immunology also uses
CFSE proliferation assays to investigate cell functions
and properties [10-14].

Flow cytometry has progressed during the last three
decades, from being a laboratory technique to a routinely
used tool for both basic and clinical immunologists, in
a wide area from routine diagnosis to highly advanced
research [15]. Flow cytometry has applications in molec-
ular biology, cancer research, microbiology, and virol-
ogy [16]. Additionally, flow cytometry is relevant to
evaluate T cell functions by quantification of responses
to mitogens. The utilization of flow cytometry for T cell
proliferation analysis was reported to be applicable in
the diagnosis and management of immune deficiency
diseases [17, 18].

Proliferation analysis requires healthy controls both for
the accuracy of the experiments and also for the compari-
son of the responses of the diseased individuals. Gener-
ally, the controls for the proliferation assays during clini-
cal laboratory practice are adult healthy donors, which
could be due to limitations in obtaining blood samples
from healthy children. Together with this, proliferation
tests were reported to be more relevant for neonates and
elder children in the investigation of immune dysfunc-
tion [19]. However, antigen response in vitro may vary
depending on the period and age of the patient, disease
history and vaccination, and the absolute number of lym-
phocytes [20].

This study investigated and compared total, CD4" T-
and CD19* B-lymphocyte proliferation values of adult and
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children healthy individuals in response to two major mito-
gens, by CFSE dilution method. The results of this study
suggest that healthy controls in adults can be used in place
of healthy controls in children and that pediatric individuals
could be excluded as healthy controls, which could help to
prevent children from blood sampling without any medical
necessity.

Materials and methods
Study groups

Blood samples were obtained from 19 healthy children
with ages between 0 and 18 and 20 healthy adults with ages
between 26 and 46. Both participant groups were healthy with
no chronic health problems. Individuals with allergic disor-
ders, chronic inflammatory diseases, autoimmune diseases,
primary and secondary immune deficiencies, and also with
any infection during blood sampling were excluded from the
study. The children’s samples were provided from Istanbul
University-Cerrahpasa, Cerrahpasa Faculty of Medicine,
Department of Pediatrics, Division of Pediatric Allergy and
Immunology. Istanbul University, Aziz Sancar Institute of
Experimental Medicine provided the blood samples of the
adult volunteers. This study was approved by the local ethi-
cal committee of Istanbul University, Istanbul Faculty of
Medicine. The signed consent forms were obtained from all
participants.

Blood collection and purification of PBMCs

Peripheral blood was collected in lithium heparin tubes
(3—5 ml vacutainer; BD Vacutainer, UK), and peripheral
blood mononuclear cells (PBMCs) were purified by the
Ficoll density gradient centrifugation method. Briefly, the
blood sample was diluted with an equal volume of phosphate
buffer saline solution (PBS) with a ratio of (1:1) and then
layered over Ficoll-Hypaque (Capricorn, USA) with a ratio
of (2:1) and centrifuged at 800G at 20 °C for 20 min. The
mononuclear cell layer was collected with a Pasteur pipette
and washed twice with PBS for 5 min at 20 C at 300G.
If necessary, erythrocytes were depleted with the addition
of 2 ml of NH,CI solution and incubation for 10 min and
a washing step for 5 min at 20 C at 300G. PBMCs were
counted under light microscopy by trypan exclusion method.

CFSE staining and cell culture

Up to 2x 107 cells were suspended in 1 ml of RPMI-1640
culture medium enriched with fetal bovine serum (FBS),
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Fig. 1 Proliferation of total
lymphocytes with the absence
and existence of mitogens:
PHA and CD-Mix. PBMCs
were stimulated for 120 h in
the absence and existence of
PHA and CD-Mix mitogens,
and proliferation was assayed
by flow cytometry by gating of
lymphocytes. A Demonstrative
histogram of cell proliferation;
graphs indicate proliferation
percentages of PBMCs both
unstimulated and in response to
mitogens. B Cumulative data
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penicillin, streptomycin, L-glutamine, non-essential amino
acids, sodium pyruvate, and minimum essential medium
(MEM) vitamins (All from Gibco, Paisley, UK). A 1 pl of
5 mM CFSE solution (Molecular Probes, Eugene, USA) was
added to the PBMC suspension, incubated in the dark for
6 min at 4 °C, and then washed twice for 5 min at 800G at
4 °C. Following CFSE staining, cells were counted under light
microscopy with the trypan exclusion method and were cul-
tured in 48-well, flat bottom culture plates (NEST Biotechnol-
ogy, China) for 120 hat37 ‘Cina 5% CO, environment, with
the absence and existence of 5 pl/ml phytohaemagglutinin
(PHA, Thermo Fisher, USA) and 1/500 monoclonal antibody
cocktail encompassing anti-CD2, anti-CD3, and anti-CD28
(termed as CD-Mix; Stem Cell, USA). No specific agents
for triggering B cell proliferation were used. Instead, the B
cell proliferation following T cell activation was investigated.
The doses of mitogens and the incubation time point of 120 h
were either defined by preliminary experiments or previously
described in several previous studies [11-13, 21-23].

Analysis of cell proliferation

After 120 h of incubation with the absence and presence
of mitogens, 100 pl cell suspension was taken from the

T T
PHA CD-Mix

respective well (US, unstimulated; PHA, phytohemagglu-
tinin-stimulated; CD-Mix, stimulated with CD-Mix) in
three separate flow cytometry tubes. A 2.5 pl of anti-CD4
phycoerythrin-cyanin 7 (PE-Cy7) (BD Biosciences, USA)
and 1 pl of anti-CD19 allophycocyanin (APC) (BD Bio-
sciences, USA) fluorescent-labeled monoclonal antibodies
were added to each tube and incubated at dark and room
temperature for 20 min. After incubation, 5 ml of FACS
buffer was added to each tube, and PBMCs were washed
at 20 °C for 5 min at 300G. Following the washing step,
supernatants were removed, and PBMCs were resuspended
in 500 pl of FACS buffer and were analyzed in a FACSCal-
ibur flow cytometry running CellQuest software (BD Bio-
sciences, United States). Analysis of data was performed
with CellQuest software. The obtained data were evaluated
as (proliferation %). The percentages of total lymphocyte,
CD4* T- and CD19" B-cell proliferation were evaluated
separately for two different mitogens.

Statistical analysis
The group’s concordance to a normal distribution was evalu-

ated by Kolmogorov—Smirnov test. Differences between nor-
mally distributed groups were evaluated by Student’s 7-test, and
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Fig.2 Proliferation of CD4" T

cells in response to mitogens: A US PHA CD-MIX
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differences between groups with no normal distribution were
evaluated by Mann Whitney U test. Multiple groups’ statistical
differences were evaluated by ANOVA followed by Tamhane’s
test as post hoc. The correlations between age and proliferation
levels were evaluated by Pearson test. The scatter plots reveal the
means and values of each individuals. A p <0.05 was accepted
as the statistical significance level. S.P.S.S. version 19.0 was
used for statistical analyses. GraphPad Prism 7.0 software was
used for the construction of graphics.
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Results

Nineteen healthy children (11 female and 8 male, age:
7.16 +6.07) and 20 healthy adult volunteers (8 female and
12 male, age: 35.95+5.56) were enrolled in this study. Adult
healthy volunteers were aged between 26 and 46 years, while
children were aged between 0 and 18 years. All of the controls
enrolled in this study were healthy during blood sampling.
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Fig.3 Proliferation of CD19* A
B cells in response to mitogens:
PHA and CD-Mix. PBMCs
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and CD-Mix mitogens for 120 h
and CD19" T cells in lympho-
cytes gate were demonstrated
by surface staining with a
fluorescent-labeled anti-CD19
monoclonal antibody. Cell pro-
liferation was assayed by flow
cytometry. A Demonstrative dot
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viduals in response to mitogens.
Lines in the scatter graphs
reveal the mean values of
relevant groups. Circles indicate
adult volunteers and triangles
indicate child counterparts
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Proliferation of total lymphocytes

In this study, the proliferation of total lymphocytes was
initially investigated. Lymphocytes were gated according
to forward scatter (FSc) and side scatter (SSc) properties.
Spontaneous proliferation was marked on the unstimu-
lated cells, and same marker was used for both stimulants
(Fig. 1A). No significant differences were observed among
adult and children healthy subjects. In other words, both
children and adult healthy subjects displayed similar prolif-
erative capabilities, in response to both PHA and CD-Mix
(Fig. 1B).

Proliferation of CD4™ T cells

Next, we investigated the proliferation of CD4* T cells.
A density plot was used for the presentation of CD4*
T cell proliferation. Proliferating cell percentages were
used as data. The quadrant was set according to the
unstimulated condition and was used for PHA- and CD-
Mix-stimulated conditions (Fig. 3A). CD4* T cells of
children were observed to respond significantly stronger
to PHA than those of adult controls (40.35+11.23% vs
29.66 + 10.85%, respectively, p=0.012). CD-Mix-induced
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proliferative responses of children and adult healthy sub-
jects were observed to be similar (43.66 +10.15% vs
49.32 +14.26%, respectively) (Fig. 2B). The analysis of
the relation between PHA-induced CD4" T cell prolifera-
tion and age revealed an inverse and significant correla-
tion (r= —0.504, p<0.001) (Fig. 2C) that exposed the
declination of PHA-stimulated CD4* T cell proliferation
with advancing age.

Proliferation of CD19 B cells

A density plot was used for the exhibition of CD19* B
lymphocyte proliferation. The gate was set according to
the unstimulated condition and was used for PHA- and
CD-Mix-stimulated conditions (Fig. 3A). When prolifera-
tion levels of CD19% B cells were investigated, heteroge-
neous B cell proliferation was observed both in adult and
children control groups in response to both mitogens. No
significant differences were observed among the adult and
children healthy groups in response to both PHA and CD-
Mix stimulations. In other words, B cell responses follow-
ing cell culture with PHA- and CD-Mix were concordant
in adult and children healthy individuals (Fig. 3B).
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Fig.4 Proliferation values of
children healthy control groups
with respect to age. Nineteen
children volunteers enrolled in
this study were grouped accord-
ing to age groups as <2 years,
2-5 years, and > 5 years (A).
Cumulative data graphs demon-
strate proliferation percentages
of total lymphocytes, CD4*

T cells, and CD19% B cells of
pediatric individuals in response
to mitogens (B). Lines in the
scatter graphs reveal the mean
values of relevant groups.
Circles indicate <2 years age
group, up-triangles indicate
2-5 years age group, down-
triangles indicate > 5 years

age group, and angled squares
indicate adult age group
(*p=0.021, **p <0.0001)

Proliferation in age groups of healthy children

The healthy children were grouped with respect to ages
as <2 years (n=4), 2-5 years (n=6), and 5-18 years
(n=9) (Fig. 4A). The investigation of the responses of
total lymphocytes, CD4* T, and CD19* B cells to two
polyclonal activators, PHA and CD-Mix, in different age
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PHA-stimulated CD4" T cells. Accordingly, the children
within the 0-2 years age group had the strongest prolifera-

groups of healthy children revealed variations only in
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tion values, which were significantly higher in comparison
both with the 5-18 years group and with healthy adults. No
significant differences were observed in the proliferative
values of PBMCs as well as CD19* B cells (Fig. 4B) among
different age groups.
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Discussion

The proliferation of the antigen-specific lymphocyte
clones is the initial step in acquired immunity, which is
important for developing the effector functions of the
immune cells. Proliferation tests both in immunologic
research topics such as studies investigating immune
tolerance, antigen responsiveness and determination of
the efficacy of inhibitory molecules, and diagnosis of
immune deficiency diseases is gaining attendance day
by day, while the use of adult healthy controls for com-
parison with pediatric patients is an important yet unan-
swered question. No previous study used CFSE staining
to determine the proliferation levels of total lymphocytes
and CD4* T- and CD19" B-lymphocytes in response to
CD-Mix and PHA, and compare those levels in children
and adult healthy control groups.

In this study, no specific agents for triggering B cell pro-
liferation such as IgM, IL-4 +IL-21, nor TLR-9 agonists
were used. Instead, this effect was dependent on T cell acti-
vation in response to PHA or CD-Mix, which in turn trig-
gered B cells. The proliferation of B cell works normally by
CD40-CD40L as co-stimulation following T cell activation
by TCR-MHC II linking, and this signal is enough for secre-
tion of lymphokines like IL-4 and sufficient expression of
IL-21R which could initiate the B cell proliferation, together
with the possibility of minimal cross-linking of B cell recep-
tor with the mentioned mitogens. Although we demonstrated
that healthy adults have similarities in proliferation function
that can be used as the control for diseased pediatrics that
suffer from primary immunodeficiencies, we did not use B
cell-specific stimulants because that would not evaluate the
dysfunction of combined deficiency for each T and B cell
proliferation. At the molecular level, all diseases related to
primary immune deficiencies have defects in receptors of
the lymphocytes such as gamma chain receptors and CD40-
CDA40L defect in severe combined immune deficiency and
hyper IgM syndrome [24-26].

In this study, the rates of mitogen-induced prolifera-
tion of total lymphocytes as well as CD4* and CD19"*
lymphocyte sub-groups were evaluated in adult healthy
individuals and different age groups of pediatric individu-
als. Our results revealed similar proliferative properties of
the lymphocyte subsets in all pediatric age groups. All but
one parameter were concordant in adult and child groups,
while PHA-responsiveness of CD4" T cells was observed
to be stronger in children, compared with adult healthy
individuals. This variability could be attributed to some
facts. A previous study reported diminished PHA- and
anti-CD3-triggered proliferative responses of CD4* T
cells in elder adults with ages over 65 years old, compared
with young adults aged between 20 and 30 years [27].

While another study reported a slightly decreased growth
of CD4" T cells in elder adults following PHA stimula-
tion, which was observed to be completely similar among
elder and younger adults under anti-CD3 stimulation. The
counts of activated cells in both age groups that continue
to live and proliferate in the culture were observed to be
similar [28]. The downregulated proliferative responses
could be attributed to the decreased efficiency of the signal
transduction, which was assayed by the mobilization of
intracellular free calcium activity in response to stimula-
tion with PHA. Calcium was measured in CD4" T cells of
young and older adults and compared with that of young
adults, by a flow cytometry assay with the dye indo-I.
Accordingly, CD4* T cells from older adults showed a cal-
cium response that was up to ten percent lower following
PHA stimulation. This appeared to be related to decreased
calcium channel activity in older adults, rather than the
mobilization of intracellular calcium stores. The reduced
proliferation of T cells in older adults was not related to
the decreased efficiency of transmembrane signal trans-
duction [27]. Also, in a study investigating the expression
of co-stimulatory molecules CD27 and CD28 on CD4*
T cells, no functional differences were observed between
healthy young and elder persons [29]. In our study, the
adult population (35.95 +5.56 years, range: 26—46 years)
fits in the young adult group; therefore, the observed vari-
ability of CD4" T cell responses could be a property of the
pediatric age group.

Overall, our data support the hypothesis that healthy
blood samples of relatively young adults could be used as
control samples for pediatric patients, in lymphocyte prolif-
eration studies, which use PHA and CD-Mix as polyclonal
activators. This may avoid unnecessary blood sampling
from healthy children to be used as a control for a diseased
counterpart. Diminished responses of adult CD4% T cells in
response to PHA should be kept in mind and should further
be investigated. The most important limitation of our study
was the limited number of individuals, especially at younger
ages. This was both due to ethical reasons and also hardness
in obtaining blood samples from children at several months
of age.

In conclusion, the results of this study have presented
the similarities between healthy adults and healthy chil-
dren in terms of mitogen-stimulated lymphocyte prolif-
eration. Here, the usage of healthy adult blood samples
for comparison with pediatric patient values will be pos-
sible. A conclusion that comes out alternatively is that this
study revealed the necessity and importance of forfeiting
attention to the age group of healthy controls in terms of
proliferation. An increasing number of studies will use
proliferation tests in the near future, and an answer to the
healthy control issue arose from this study.
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