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Abstract  
Background: Determination of the division history of T cells in vitro is helpful in the study of effector mechanisms against 
infections. Technique described here uses the intracellular fluorescent label carboxyfluorescein diacetate succinimidyl ester 
(CFSE) to monitor the proliferation.  
Methods: In a cross sectional study, blood samples were collected from 7 volunteers with history of cutaneous leishmania-
sis (CL) and one healthy control from endemic areas in Isfahan province who referred to the Center for Research and Train-
ing in Skin Diseases and Leprosy (CRTSDL), then CD4+/CD8+ lymphocytes and CD14+ monocytes were isolated from 
peripheral blood mononuclear cells (PBMC) using mAbs and magnetic nanoparticles. CFSE labeled CD4+ or CD8+ lym-
phocytes cultured with autologous monocytes in the presence of PHA, SLA, live Leishmania major or as control without 
stimulation. Cells were harvested after 7 days and were analyzed using flow cytometry. 
Results: Five consecutive divisions were monitored separately. Stimulation of CD4+ or CD8+ lymphocytes from CL sub-
jects with SLA showed a significant difference in proliferation comparing with unstimulated cells (P< 0.05). The signifi-
cant difference in the percentages of CD4+ cells stimulated with SLA was revealed at different divisions for each subject. In 
CD8+ lymphocyte, significant stronger stimulation of SLA was evident later in the proliferation process. The mean number 
of divisions in both CD4+/CD8+ lymphocytes stimulated with SLA was significantly greater than when stimulated with live 
L. major (P=0.007 / P=0.012, respectively) 
Conclusion: The percentage of divided cells might be calculated separately in each division. The cells remained active fol-
lowing CFSE staining and there is possibility of functional analysis simultaneously. 
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Introduction 
 

mmune cells when encounter foreign anti-
gens experience remarkable expansion and 

differentiation. The proliferation by itself is not 
a specific effector function of immune cells, the 
ability to determine the division history of cell 
population undergoing proliferation is particu-
larly useful in the study of effector mechanisms 

of immune cells against infections (1). There 
are a number of techniques available for deter-
mining cell division both in vivo and in vitro; 
however most of the techniques are only able to 
identify the proliferation of the cells through a 
limited number of divisions. By using incorpo-
ration of titrated thymidine technique, the over-
all division is quantified but it is not applicable 
to assess the division history of single cell. The 
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new technique described here uses the intra-
cellular fluorescent label carboxyfluorescein 
diacetate succinimidyl ester (CFSE) to monitor 
proliferating sorted lymphocytes. Covalently 
bound CFSE is partitioned equally between 
daughter cells, allowing discrimination of up to 
8 rounds of cell divisions, before the fluores-
cence is reach to background fluorescence of 
unstained cells (2). The method is applicable to 
in vitro cell division as well as to in vivo divi-
sion of adoptively transferred lymphocytes (3).  
In the recent years, this technique is used in 
some studies preferentially on basic immunol-
ogy in animal models (4). In the current study, 
CD4+ and CD8+ lymphocytes were purified 
from human PBMC of volunteers recently re-
covered from cutaneous leishmaniasis (CL) and 
the possibility of using flow cytometry method 
for monitoring the proliferation of CD4+ and/or 
CD8+ T cells in response to Leishmania anti-
gens was explored in vitro.  
 
Materials and Methods 
 
Patients and sampling 
In a cross sectional study, seven volunteers (M=5, 
F=2) with history of CL caused by L. major 
with a positive Leishmanin skin test (LST) who 
had recovery from CL between 2-24 months 
before sampling and one healthy male volunteer 
with no response to LST as control from an en-
demic area in Isfahan province, who referred to 
CRTSDL were included in this study 
SLA preparation 
Soluble Leishmania antigen (SLA) was pre-
pared from L. major (MRHO/IR/75/ER) using 
Scott method (5). Briefly, L. major was cul-
tured on RPMI 1640 supplemented with 10% 
FCS, and promastigote were harvested at sta-
tionary phase and adjusted to 1x109 promasti-
gotes/ml. Parasites were washed with cold PBS 
(pH 7.2), and then protease inhibitor cocktail 
enzyme (Sigma, USA) was added and repeat-
edly freeze-thawed followed by sonication at 4 ºC 
with ten 20-s blasts. Parasite suspension was 

centrifuged at 30,000 g for 20 min, the super-
natant was collected and re-centrifuged at 
100,000 g for 4 h. Finally the supernatant was 
sterilized using 0.22 µm membrane filter.  
Isolation of CD4+/CD8+/CD14+ cells  
Twenty ml of heparinized blood sample was 
collected from each volunteer; PBMCs were 
isolated using Ficoll–Hypaque density gradient 
centrifugation. CD4+/CD8+ lymphocytes isola-
tion from PBMC were performed using mag-
netic nanoparticles system (StemCell Technol-
ogies Inc., Canada) by positive selection using 
anti-CD4 and anti-CD8 coated magnetic beads. 
Monocytes (CD14+) isolated from autologous 
PBMC using magnetic beads by negative se-
lection using monocyte enrichment cocktail 
antibodies according to manufacturer’s instruc-
tion. Monocytes freshly used as antigen pre-
senting cells (APCs) and cultured with sorted 
CD4+ or CD8+ lymphocytes (1:10 ratio). The 
purity of yielded lymphocytes and monocytes 
were found to be between 85-96% by flow cy-
tometry using conjugated mAbs.  
CFSE staining 
For proliferation assay, purified CD4+ or CD8+ 
T cell subpopulations were adjusted to 1x105 
cells/ml in pre-warmed PBS + 0.1% BSA. 5 
mM stock CFSE (5 and 6-carboxyfluoescein 
diacetate succinimidyl ester) (Molecular Probes, 
Eugene, USA) solution in DMSO was added at 
2 µl per milliliter of cells for a final working 
concentration of 10 µM followed by incubation 
at 37 ºC for 10 min. The staining was quenched 
by adding (5 fold to cell volume) of ice-cold 
RPMI 1640 + 10% FBS to the tube. After 3 
times washing with RPMI 1640, the cells were 
resuspended in fresh medium and cultured.  
Purified lymphocyte culture  
The culture medium used was RPMI 1640 sup-
plemented with 10% heat-inactivated human 
AB Rh+ serum, 10 mM/L Hepes, 2 mM L-
glutamine, 100 U/ml penicillin G and 100 
µg/ml streptomycin. CFSE labeled CD4+ or 
CD8+ lymphocytes were adjusted to 1-2 x105 
cells/well in the medium and dispensed in a 96-
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well plate with 1:10 of autologous monocytes 
in the presence of 2 µg/well PHA, or 20 
µg/well of SLA or 5x104 /well live L. major or 
as control without stimulation in a final volume 
of 200 µL. The medium was replaced every 
other day with fresh medium. The plates were 
incubated at 37 ºC with 5% CO2 in a humidi-
fied atmosphere up to 7 days.  
Flow cytometric analysis 
Cells were harvested after 7 days of culture, 
washed with PBS and fixed with 1% PFA (Pa-
raformaldehyde), and were analyzed using Par-
tec flow cytometer with 488 nm excitation. 
Green fluorescence was collected with a 525-
nm band-pass filter. A minimum of 20,000 events 
were acquired for each sample. Two sets of 
controls were used, one control was the cells 
activated under the same conditions but not la-
beled with CFSE which served as autofluores-
cence (background) control. Events with green 
fluorescence above this background were col-
lected. The second control was unstimulated 
but stained cells. Using an unstimulated CFSE 
stained control sample, the parent generation 
was set (see Fig. 1). FACS data analysis was 
performed using FloMax (DAKO cytomation, 
Denmark) and ModFit (Verity Software House, 
USA) software. The numerical values for pro-
portions of proliferated cells at each cell divi-
sion were obtained by ModFit analysis and 
used for statistical analysis (Fig. 1).  
Statistical analysis 
Non-parametric tests of Mann-Whitney and 
Kruskal-Wallis were used for comparison of 
different proliferation values induced in CFSE 
cell culture. Data were analyzed using SPSS 
(version 11.5) software (SPSS Inc., USA). P 
value of <0.05 is regarded as significant.  
Ethical Considerations 
The proposal was approved by Institutional 
Ethical Committee as well as Ethical Commit-
tee of Tehran University of Medical Sciences.  
Potential candidates were informed about the 
study and those who were willing to participate 
and sign an informed consent were recruited. 

Results 
 
Fig. 2 (a-h) and Fig. 3 (a-h) show the percen-
tage of sorted CD4+ and CD8+ in serial divi-
sions after 7 days of stimulation in culture in 
volunteers recently healed from cutaneous 
leishmaniasis and healthy control volunteer. 
The proportion of proliferating cells at each 
generation determined using ModFit analysis. 
Figures summarize the percentage of cells at a 
total of 5 cell generations for each stimulation. 
Under the stimulation of SLA, purified CD4+ 
and CD8+ lymphocytes from all volunteers with 
history of CL showed a significantly (P<0.05) 
higher cell divisions in comparison with unsti-
mulated cells.  
There was a significantly (P<0.05) higher per-
centages of CD4+ cells stimulated with SLA 
compared to unstimulated cells in culture from 
generation 3 to generation 5 for patients 1 and 2 
and from generation 2 to generation 4 for pa-
tients 3, 4, 6 and 7. Patient 5 (Fig. 3-e) showed 
a significantly (P<0.05) higher CD4+ cells in gen-
eration 3 and 4 compared to unstimulated cells. 
In CD8+ lymphocyte culture stimulated with 
SLA, the significantly higher number of cells 
(P<0.05) compared to unstimulated cells are 
evident later in the culture at final cell divisions 
(generation 4 or later). 
The results of all CL volunteers were pooled 
and the mean division number of stimulated 
and unstimulated CD4+/CD8+ lymphocytes was 
calculated (Table 1). When CD4+ or CD8+ lym-
phocytes stimulated with SLA, a significantly 
greater number of divisions was induced compared 
with unstimulated control cells (P=0.002 and 
P=0.003 for CD4+ and CD8+, respectively); no 
significant difference was seen when the cells 
were stimulated with live L. major and the 
mean division number was not significantly 
different from that of unstimulated cells for 
both CD4+ and CD8+ lymphocyte in culture.  
The purified CD4+ and CD8+ lymphocytes 
from healthy control volunteer were undergone 
up to 3 divisions (g3) upon SLA or live L. ma-
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jor stimulation (Fig. 3-h and Fig. 4-h) that was 
higher than unstimulated cells which undergone 
just one division (g1).  
In both CD4+ and CD8+ lymphocytes culture, 
stimulated with live L. major no significant dif-
ference was seen compared to unstimulated 
cells in proliferation analysis.  
Comparing between the two antigens, the mean 
number of divisions of CD4+ lymphocytes sti-
mulated with SLA (4.1±0.64087) was signifi-

cantly (P=0.007) greater than that of stimulated 
with live L. major (2.125±1.3562).  
In regard to CD8+ lymphocytes, the mean num-
ber of divisions induced by SLA stimulation 
(3.75±0.88641) was significantly (P=0.012) 
greater than that of live L. major stimulation 
(1.875±0.83452).  
No significant difference was seen in overall 
mean number of divisions between CD4+ and 
CD8+ lymphocytes in culture. 

 
 

 
 

Table 1: Mean number of divisions of purified CFSE stained lymphocytes after culture. Purified lymphocytes 
were labeled with CFSE and cultured under the stimulation of PHA, SLA, live L. major or without antigen. Data 

obtained from CL volunteers by analysis of ModFit software were pooled and summarized. 
 

 
Type of anti-

gen 

CD4+ T cells P value CD8+ T cells P 

value 

 Mean 95% Confidence In-

terval 

 Mean 95% Confidence Inter-

val 

 

PHA 4.0 3.5531-4.4469 0.002 3.625 3.1923-4.0577 0.002 

SLA 4.1 3.5892-4.6608 0.002 3.75 3.0089-4.4911 0.003 

Live L. m 2.125 0.9912-3.2588 0.777 2.25 1.3846-3.1154 0.473 

Unstimulated 1.875 0.9336-2.8164  1.875 1.1773-2.5727  
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a a)                                                                     b) 
 

 
 

c) 

 
 

d) 

 
 

Fig. 1: CFSE labeled proliferation profile of lymphocytes using ModFit software analysis.  
a) Setting unstimulated CFSE-labeled control. b) Setting unstained PHA stimulated control. 
c) Histogram shows CFSE stained cell as seen in FloMax analysis software.  
d) Analysis result using ModFit software based on data obtained from FloMax histogram of CFSE stained cells. The peak 
on the right corresponds to the unstimulated CFSE-labeled control cells. The unfilled peak on the left corresponds to the 
autofluorescence of unstained stimulated cells. The percentage of cells in each division is seen on the right. 
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Fig. 2: Proliferation of CFSE stained CD4+ lymphocytes after culture. Purified lymphocytes were labeled with CFSE and 

cultured with PHA, SLA, live L. major or without antigen. Cells were harvested after 7 days of incubation and analyzed 
using Partec flow cytometer. A minimum of 20,000 events were acquired for each sample. The numerical values for pro-

portions of proliferated cells at each cell division were obtained by ModFit software analysis. “a” to “g” show Patients 1 to 
7, respectively. “h” shows Healthy control. 

 



Iranian J Parasitol: Vol. 3, No.4, 2008, pp. 9-18 
 

15 
 

a)                                                     b)                                            c) 

0

10

20

30

40

50

60

Parent g1 g2 g3 g4 g5

Generation

C
el

l N
o 

(%
)

0

10

20

30

40

50

Parent g1 g2 g3 g4 g5
Generation

C
el

l N
o 

(%
)

0
10
20

30
40
50
60

70
80

Parent g1 g2 g3 g4 g5

Generation

C
el

l N
o 

(%
)

 
 

d)                                                     e)                                           f) 

0

10

20

30

40

50

60

70

Parent g1 g2 g3 g4 g5

Generation

C
el

l N
o 

(%
)

0

10

20

30

40

50

Parent g1 g2 g3 g4 g5
Generation

C
el

l N
o 

(%
)

0

20

40

60

80

100

Parent g1 g2 g3 g4 g5

Generation

C
el

l N
o 

(%
)

 
 

g)                                                  h) 

0

10

20

30

40

50

60

Parent g1 g2 g3 g4 g5
Generation

C
el

l N
o 

(%
)

0

20

40

60

80

100

Parent g1 g2 g3 g4 g5

Generation

C
el

l N
o 

(%
)

 
 
Fig. 3: Proliferation of CFSE stained CD8+ lymphocytes after culture. Purified lymphocytes were labeled with CFSE and 

cultured with PHA, SLA, live L. major or without antigen. Cells were harvested after 7 days of incubation and analyzed 
using Partec flow cytometer. A minimum of 20,000 events were acquired for each sample. The numerical values for pro-

portions of proliferated cells at each cell division were obtained by ModFit software analysis. “a” to “g” show Patients 1 to 
7, respectively. “h” shows Healthy control. 

 
 
Discussion 
 
Techniques currently available to evaluate cell 
proliferation (Thymidine incorporation, BrdU 
assay) only show a limited number of cell divi-
sions without giving any information about the 

division history of individual cells (6). The 
combination of flow cytometry and CFSE (or 
CFDA-SE) labeling techniques is used to study 
cellular proliferation, including measurement of 
the percentage of proliferated lymphocytes and 
the number of cell divisions undergone by pro-
liferated cells (7, 8). 
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T cell subtypes are heterogeneous in their abil-
ity to proliferate in response to antigens. In the 
case of CD4+  and CD8+  T cells, the two sub-
populations represent diverse lineage of lym-
phocyte which is distinguished by the expres-
sion of different markers and functions (9, 10). 
The functions include class-specific MHC-re-
stricted recognition of antigens, capacity to pro-
liferate and produce a range of cytokines. Dif-
ferent features of proliferation might be seen in 
response to the same antigen by CD4+ vs CD8+ 
lymphocytes. In this study the proliferation his-
tory of both CD4+ and CD8+ lymphocytes in 
response to Leishmania antigens using a flow 
cytometry based method was successfully mo-
nitored. Both CD4+ and CD8+ T cells were ana-
lysed concerning the proportion of cells in each 
division. As CD8+ T cells might respond weak-
er to soluble antigens, either SLA or live L. ma-
jor was used to stimulate lymphocytes. CD4+, 
lymphocytes of CL volunteers responded to 
SLA with significantly more number of divi-
sions (compared to unstimulated cells) and 
more percentage of the cells undergone divi-
sions early in the proliferation (from g2-so on, 
compared to CD8+ cells). Previously, the role 
of CD4+ cells in the proliferation to killed 
Leishmania antigens was showed when deple-
tion of CD4+ cells before stimulation interfered 
with the Leishmania specific proliferative re-
sponse (11). Most of CD8+ lymphocytes of CL 
volunteers reached g4 of division and signifi-
cance of difference was divulged in this late 
step of division process. In leishmaniasis, anti-
gen specific-CD8+ lymphocytes were reported 
to be present around the lesions (12) and in pe-
ripheral blood (10) during acute phase and dur-
ing healing process of the lesion. Although it is 
believed that the main function of Ag-specific 
CD8+ T cells is to contribute in cytokine and 
especially IFN-γ production (13), it is not clear 
whether these cells proliferate upon exposure to 
Leishmania antigens (9). 
In this experiment, either SLA or live L. major 
was used to stimulate cell proliferation. The 

percentage of CD4+ and CD8+ lymphocytes in 
generation 3 and 4 of divisions showed that 
SLA induced expansion of the lymphocytes in 
culture condition. Unlike SLA, live L. major 
did not stimulate lymphocytes when compared 
with unstimulated cells. In agreement with this 
observation, results of another study showed 
that live and dead promastigotes differ in their 
ability to induce proliferation and cytokine pro-
duction (14). Nylen et al. reported that there 
was apparent difference in the immune re-
sponse evoked by dead and live L. aethiopica, 
so that killed promastigotes preferentially in-
duced proliferation rather than cytokine secre-
tion. It was proposed that live Leishmania may 
inhibit presentation by MHC molecules, so that 
interfere with lymphocyte proliferation (15). 
The cells from healthy control also showed a 
limited proliferation in response to Leishmania 
antigens. As expected, stimulation of purified 
lymphocytes with SLA provoked a weaker re-
sponse and as such the cells were undergone up 
to three divisions (g3). It was demonstrated that 
cells from healthy individuals without prior ex-
posure to Leishmania may proliferate following 
stimulation with Leishmania antigens in vitro (16). 
While using common well-known method of 
3H-thymidine incorporation the overall prolife-
ration of cultured lymphocytes is quantified, 
this technique showed the advantage that the 
percentage of the cells undergone proliferation 
could be calculated separately in each division; so 
that in some points of division’s progression dif-
ferential proliferation capacity of cells was seen 
in response to different stimulations. The cells re-
mained alive and active following CFSE staining 
and the proliferation kinetics could be followed 
at different days of extended culture (17). 
Conclusively, by using flow cytometry method 
the proliferation history of both CD4+ and 
CD8+ T cells in response to Leishmania anti-
gens was monitored in volunteers with history 
of CL. The percentage of divided cells might be 
calculated in each division. Using flow cyto-
metry technique provides an opportunity to 
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analyze surface marker(s) or function of the 
cells simultaneously.  
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