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Flowcytometry – A rapid tool to correlate functional activities of 
human peripheral blood lymphocytes with their corresponding 
phenotypes after in vitro stimulation.
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Abstract
Background: While dealing with mixed in vitro lymphocyte cultures one is faced with the problem
of relative contributions of different populations to the activity being studied. This is especially true
in the controversy relating to the contributions of lymphocyte sub-populations to the Lymphokine
Activated Killer (LAK) phenomenon. Flowcytometry can be used to highlight relative contributions
of lymphocyte subpopulations towards LAK activity without resorting to difficult purification
strategies. We set up long-term in vitro lymphocyte cultures, stimulated them with cytokines IL-2/
IL-12, recorded their phenotypic changes and cytotoxic activity against U-937 tumor targets.

Results: The results indicated that natural killer cells (NK) constituted the predominant
proliferating cell population in the cytokine stimulatedcultures. Flowcytometric evidence revealed
that CD56+ T cells contributed little to LAK activity against U937 target cells as compared to cells
with NK phenotype which were predominantly responsible for spontaneous killing of the tumor
targets. The two cytokines, IL-2 and IL-12, had an additive effect on cell proliferation and
spontaneous cytotoxicity.

Conclusion: Flowcytometry can be used to rapidly delineate phenotypic changes in immune cells
after stimulation and simultaneously correlate them with corresponding functional activity. This
approach may find application as a initial screening tool for studying different types of cells in mixed
cultures and their respective activities under stimulatory / inhibitory conditions.

Background
The in vitro culture of human peripheral blood lym-
phocytes in IL-2 results in the generation of cytotoxic cells
that lyse tumor targets. Natural Killer (NK) cells are the
main lymphocytic population constitutively expressing
p75β chain of the IL-2 receptor and exhibiting up-regula-
tion of LFA-1 (Lymphocyte Function associated Antigen-
1) molecule upon IL-2 stimulation. Consequently, incu-
bation of peripheral blood lymphocytes with IL-2 induces

selective activation of NK cells, rapid increase of NK activ-
ity followed by generation of LAK activity and prolifera-
tion. This has been referred to as the LAK
phenomenon[1]. Similarly IL-12 treatment of peripheral
blood mononuclear cells (PBMC) or pure NK cells within
a few hours, induces, an enhancement of cytotoxic ability.
It was observed that the maximum enhancement ob-
tained with IL-12 is less than that obtained with IL-2 and
comparable to that observed with IFN-γ. However, IL-12

Published: 7 August 2002

BMC Immunology 2002, 3:9

Received: 15 April 2002
Accepted: 7 August 2002

This article is available from: http://www.biomedcentral.com/1471-2172/3/9

© 2002 Nirmala and Narayanan; licensee BioMed Central Ltd. This article is published in Open Access: verbatim copying and redistribution of this article 
are permitted in all media for any non-commercial purpose, provided this notice is preserved along with the article's original URL.
Page 1 of 7
(page number not for citation purposes)

http://www.biomedcentral.com/1471-2172/3/9
http://www.biomedcentral.com/


BMC Immunology 2002, 3 http://www.biomedcentral.com/1471-2172/3/9
was found to be effective at concentrations 2–3 order of
magnitude lower than IL-2/IFN-γ. Maximum enhance-
ment of NK mediated cytotoxicity was observed with a
combination of IL-12 and IL-2, the effect of the two cy-
tokines together being additive[2]. Another study revealed
that cytokine stimulated NK cells use both granzyme/Fas
ligand pathways of apoptotic induction to mediate cyto-
toxicity[3] and it was found that IL-2 and IL-12 both in-
crease induction in mRNA coding for perforin/ granzymes
A and B[4]. Hence the importance of both these cytokines
in enhancing cytotoxicity cannot be overlooked.

However before this picture about the involvement of NK
cells in LAK activity emerged there existed considerable
controversy regarding the type of effector cells mediating
this activity, particularly concerning the relative contribu-
tions by the two lymphocyte populations, NK Vs cytotoxic
T cells [5–9]. Experiments in which, depletion of Asialo-
GM (a glycolipid present on the surface of NK cells) was
carried out, demonstrated, that the generation of LAK cells
followed by IL-2 stimulation was considerably reduced,

thereby confirming that the NK cells are the major con-
tributors of LAK activity[10]. Further, studies with sorted
pure populations of CD3/NK cells also showed that the
LAK phenomenon is predominantly mediated by IL-2 ac-
tivated NK cells. Both precursor and effector cells of this
activity were typically NK cells[11]. Direct evidence that
NK cells are the mediators of LAK activity came from Im-
munotransmission Electron microscopic studies using
colloidal gold labeled antibodies in which CD16 positive
cells were shown to extend their protrusions deep into the
target cells and it was found that the cytoplasmic granules
and vacuoles of CD16 positive LAK cells were concentrat-
ed in the area of the binding site[12]. With the advent of
flowcytometry and immunophenotyping we thought we
could approach this dilemma in a different but simple
and straightforward manner. Therefore we generated LAK
cells by the method of Anita and Hersh[13] and carried
out cytotoxicity experiments with the stimulated cells. For
our cytotoxicity experiments we used the U-937 cell line
which are derived from human histiocytic lymphoma as
tumor targets. U937 cells share many surface markers and
receptors with normal human monocytes and therefore
express many monocyte like characteristics [14–17]. Con-
currently we also assessed the changes in the phenotypic
characteristics by flowcytometry. Flowcytometry is a pow-
erful tool that allows one to study not only freshly isolated
lymphocytes but also cells that have been cultured in Vitro
and allowed to proliferate in the presence of stimulating
factors. This helps to qualitatively as well as quantitatively
assess the phenotypic nature of the proliferating cells in
Vitro. In the present study our aim was to find out the rel-
ative contributions of cells of different phenotypes to
spontaneous cytotoxicity and study the effect of long term
in vitro stimulation of cytokines on mixed lymphocyte cul-
tures.

Results
A study was undertaken to see the effect of IL-2 and/or IL-
12 stimulation on a long term basis and correlate the phe-
notypic changes of the proliferating population corre-
sponding to their cytotoxic abilities after in vitro culture of
the peripheral blood lymphocytes. LAK cells were generat-
ed as described. At regular time points the cells were har-
vested. The chromium release cytotoxic assay was
performed by the standard procedure and compared with
the corresponding phenotypic characteristics of the cells,
by flowcytometry. A dot plot was generated to gate for the
cells after stimulation. A representative dot plot of unstim-
ulated and stimulated cells is shown in Figure 1.

In the Figures 2 to 7, the line graph represents percentage
51Cr release values indicating the percentage NK cytotox-
icity at different time points in response to different stim-
uli. The bar diagrams indicate the corresponding
phenotypic characteristics of the cells as assessed by flow-

Figure 1
Representative scatter plot of basal and stimulated
lymphocytes by flowcytometry : The gate G1 in figure 1a
represents the basal lymphocytes while gate G2 in figure 1b
represents cells after in vitro stimulation with cytokines.
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cytometry. The total cells were analysed after appropriate-
ly applying the gate on the corresponding dot plots.

It can be seen that IL-2 at 50 U/106 cells is very effective in
inducing proliferation of NK cells & simultaneously aug-
menting cytotoxicity (Figure 3). The percentage of NK
cells (blue bar) rises from a basal value of 12 ± 3 % of the
total lymphocytes on day zero to 50 ± 5 % of the total
lymphocytes on day 14. Simultaneously percentage cyto-
toxicity (line graph) also rises from a basal value of 12.7 ±
4.2 % on day zero to 86 ± 7.1 % on day 14 concurring
with the increase in NK cells. When IL-2 at a concentration
of 50 U/106 cells was added along with IL-12 at a concen-
tration of 125 U/106 cells, there was an increase of NK
phenotype up to 47 ± 5.2 % on day 11 and a correspond-
ing maximum NK activity of 91 ± 6.5 % (Figure 5). Equal-
ly impressive augmentation of NK activity was seen even
at lower concentrations of IL-2 and IL-12 in combination.
At IL-2 concentration of 5 U/106 cells along with IL-12
concentration of 25 U/106 cells, there was an increase of
NK phenotype up to 35 ± 3.1 % on day 9 and a corre-
sponding maximum NK activity of 60 ± 9.4 % (Figure 4).
But when IL-2 alone was added at the same low concen-
tration, percentage of NK cells is only 9.4 ± 2.2 % on day
7 corresponding to maximum NK activity of only 35 ± 3.9
% (Figure 2). However IL-12 by itself at concentrations of
25 U or 125 U/106 cells is unable to cause neither an in-
crease in the NK phenotype nor in their cytotoxic ability
(Figure 6 &7).

From Figures 2,3,4,5,6,7 it is evident that initially on day
2 even though there is a transient increase in the CD56+ve
T cells (green bars) up to 25–45% the corresponding in-
crease in the chromium release values against U937 target
cells is negligible even at a high dose of IL-2. In contrast,
at later time points when the cytotoxicity goes up to 86–
91%, there are very few CD56+ T cells as compared to the
NK cell phenotype. The proportion of T cells (red bars)
also has no bearing on the NK activity.

Discussion
Following low dose IL-2 treatment in leprosy patients, NK
cell numbers were found to increase 6-fold and IL-2 ther-
apy of HIV patients resulted in enhanced NK and LAK cell
activity in vitro[18] IL-2 subcutaneously given resulted in,
in vivo expansion of CD16 positive NK cells to very large
numbers which showed LAK activity and ADCC (Anti-
body Dependent Cellular Cytotoxicity) in vitro[19]. In
view of the above mentioned and other reports available
in literature, a pilot study was undertaken to see the effect
of IL-2 and/or IL-12 stimulation on a long term basis and
study the phenotypic changes corresponding to the cyto-
toxic changes after in vitro culture of the peripheral blood
lymphocytes.

The results obtained from these long term stimulation
studies have thrown up interesting points for debate. The
phenotypic analysis of the PBMC cultured in the presence
of IL-2 and/or IL-12 from 0 to 14 days has brought to light
that there is a gradual increase in the percentage of NK
cells suggesting that these cells constitute the predomi-

Figure 2
Stimulation with IL-2 (5 U/106 cells): The line and bar
graphs indicate the NK activity and the phenotypic character-
istics respectively after in vitro stimulation with IL-2 for 0–14
days. The blue filled bar represents NK cells, the red bar rep-
resents T cells and the green bar represents the CD56 posi-
tive T cells. Results are expressed as Mean ± SD (n = 3).
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Figure 3
Stimulation with IL-2 (50 U/106 cells): The line and bar
graphs indicate the NK activity and the phenotypic character-
istics respectively after in vitro stimulation with IL-2 for 0–14
days. The blue filled bar represents NK cells, the red bar rep-
resents T cells and the green bar represents the CD56 posi-
tive T cells. Results are expressed as Mean ± SD (n = 3).
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nant cell population in these cultures. This observation is
consistent with the results of others where they have
shown an increase up to 73% of NK cells on day 9 in re-
sponse to IL-2 and IL-12 [20]. Even at low concentrations
when IL-2 is added along with IL-12, it is able to cause
substantial increase in NK cell proliferation and activity
(Figure 4) comparable to the effect seen when IL-2 is add-
ed alone at higher concentrations (Figure 3). Hence the
two cytokines together appear to have an additive effect as
reported by other workers [21].

The most striking observation from our experiments is
that it provides clear evidence that the "CD56+ T cells"
contribute little to cytotoxic activity against the U937 tar-
get cell line. It is seen from the figures 2,3,4,5,6,7, that
when NK cell number increases, the NK activity also in-
creases. Initially on day 2 even though there is a transient
increase in the CD56+ T cell population a corresponding
increase in the chromium release values is not observed at
a low dose of IL-2 (figure 2) and only a very marginal in-
crease is seen at a higher dose of IL-2 (figure 3) although
the CD56 positive T cells are more than double the basal
level. In contrast, at later time points when the cytotoxici-
ty goes up to 86–91%, there are very few CD56 positive T
cells as compared to the NK cell phenotype reaffirming
that it is the NK phenotype that is mostly responsible for
the spontaneous killing of U-937 tumor targets. Similar studies have been carried out using other tumor targets

such as K562, COLO, WILMS, MELANOMA and P815.
Some researchers have reported the ability of CD56 posi-
tive T cells to exhibit spontaneous killing against some of
the targets such as K562 or P815, upon stimulation with
IL-2 [22–25]. However Lanier and Philips who carried out
extensive studies on the LAK phenomenon have empha-
sised that although CD16+ T cells exhibit non-MHC-re-
stricted cytotoxicity to some targets upon IL-2
stimulation, their contribution was quantitatively and
qualitatively very minimal as compared to the NK sub-
set[7,11]. The differences in the ability of lymphocytes of
different phenotypes to respond to IL-2 stimulation and
carry out spontaneous lysis of different targets could prob-
ably be attributed to the differential expression of inhibi-
tory receptors present on the targets such as KIR and
CD94:NKG2 [26].

Another important observation is that IL-12 by itself at
concentrations of 25 U or 125 U/106 cells is unable to
cause neither an increase in the Natural Killer phenotype
nor in their cytotoxic ability (Figure 6 &7). This is in agree-
ment with the reported literature where it has been report-
ed that IL-12 can act only on pre-stimulated cells and has
little or no effect on resting lymphocytes[27]. IL-12 is a cy-
tokine produced to some degree by B lymphocytes but
mostly by phagocytic cells including monocytes, macro-
phages, neutrophils, epidermal cells, keratinocytes and
dendritic cells which are among the first cells to encounter

Figure 4
Stimulation with IL-2+IL-12 (5 U + 50 U/106 cells):
The line and bar graphs indicate the NK activity and the phe-
notypic characteristics respectively after in vitro stimulation
with IL-2 and IL-12 for 0–14 days. The blue filled bar repre-
sents NK cells, the red bar represents T cells and the green
bar represents the CD56 positive T cells. Results are
expressed as Mean ± SD (n = 3).
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Figure 5
Stimulation with IL-2+IL-12 (50 U + 125 U/106 cells):
The line and bar graphs indicate the NK activity and the phe-
notypic characteristics respectively after in vitro stimulation
with IL-2 and IL-12 for 0–14 days. The blue filled bar repre-
sents NK cells, the red bar represents T cells and the green
bar represents the CD56 positive T cells. Results are
expressed as Mean ± SD (n = 3).
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a foreign antigen during infection in response to bacteria,
bacterial products, intracellular parasites, etc [2]. It was
found that IL-12 induced directional migration of highly
enriched preparations of NK cells and CD3 activated cells
but not resting T cells and monocytes. When NK cells were
treated overnight with IL-12 they showed augmented
binding to epithelial cells (EC) by the LFA /ICAM path-
ways. Thus by inducing migration and interaction with
EC, IL-12 regulates crucial determinants of NK cell recruit-
ment in tissues[20]. It is believed that IL-12 plays an in-
strumental role in tilting the immune response in favor of
T helper type 1 by generation of Th1 cells and consequent-
ly initiates CMI[28]. Since IL-12 enhances cytotoxicity and
augments proliferation by antigen specific T cells and NK
cells, IL-12 may facilitate antigen specific and nonspecific
cytotoxic immune defense against intracellular pathogens
such as M. tuberculosis. An intriguing property of IL-12 is
its capacity to induce proliferation by cytolytic T cell only
upon co-stimulation with antigen. IL-12 may thus be a
candidate to control the cytolytic arm of initial immune
response to pathogens by inducing expansion of cytotoxic
T cell only when antigen is encountered [29]. The biologic
significance of the multiplicity of cytokines which can
stimulate the proliferation of T and NK cells is unclear. It
may be that the various lymphokine growth factors are
differentially produced at different time points during the
ontogeny of the immune system at different stages in the
development of an immune response or at different sites
within the body or lymphoid tissues [30]. Our studies
have confirmed the importance of multiple cytokine stim-

ulation of lymphocytes and how NK cells are crucial to the
development of spontaneous cytotoxicity and are the ma-
jor contributors to LAK activity in vitro when U-937 cells
were used as targets. The use of flowcytometry to under-
stand the in vitro effects of cytokine stimulation makes
one's task easier as studies can be carried out on mixed
lymphocyte populations.

Conclusions
The use of flowcytometry as a tool in correlating the func-
tional capacity of various subpopulations of mixed lym-
phocyte cultures to their phenotype has been
demonstrated. A study was undertaken to correlate the
phenotypic changes corresponding to the cytotoxic poten-
tial of human peripheral blood lymphocytes after long
term in vitro stimulation with IL-2 and IL-12 cytokines. As
reported in literature flowcytometric evidence also point-
ed to the fact that double positive cells constituting the cy-
totoxic T cells contribute little to Lymphokine Activated
Killer activity, reaffirming that in a mixed lymphocyte cul-
ture it is the NK phenotype that is responsible for the
spontaneous killing of tumor targets. Thus flowcytometry
can be easily applied to situations where one needs to
quickly understand the phenotypic changes with respect
to their corresponding functional capacity in response to
various stimulants or inhibitory agents even on mixed
cells populations.

Figure 6
Stimulation with IL-12 (50 U/106 cells): The line and bar
graphs indicate the NK activity and the phenotypic character-
istics respectively after in vitro stimulation with IL-12 for 0–14
days. The blue filled bar represents NK cells, the red bar rep-
resents T cells and the green bar represents the CD56 posi-
tive T cells. Results are expressed as Mean ± SD (n = 3).
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Figure 7
Stimulation with IL-12 (125 U/106 cells): The line and
bar graphs indicate the NK activity and the phenotypic char-
acteristics respectively after in vitro stimulation with IL-12 for
0–14 days. The blue filled bar represents NK cells, the red
bar represents T cells and the green bar represents the
CD56 positive T cells. Results are expressed as Mean ± SD
(n = 3).
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Materials and Methods
Media and reagents
RPMI 1640 culture medium was supplemented with 5%
heat inactivated FCS, 2 mM glutamine, 5 mM HEPES, 5 ×
10-5 M 2-ME, 100 U/ml penicillin, 20 µg/ml gentamycin
(pH 7.2–7.4) (Complete medium). Ficoll hypaque,
RPMI-1640 and all other culture reagents were purchased
from Sigma Chemical Co., St. Louis, U.S.A. 51Chromium
was obtained from BARC, Mumbai, India. Monoclonal
antibodies were purchased from Becton and Dickinson,
San Jose, CA. Some of the monoclonal antibodies were a
kind gift from NIH, Bethesda, U.S.A. U937, tumor target
cell-line was obtained from National facility for animal
tissue and cell culture, DBT, Govt., of India, Pune, India.
rIL-2 cytokine was purchased from Genezyme, USA and
rIL-12 cytokine was a kind gift from Trinchieri G, Philadel-
phia, USA. All plastic ware were obtained from Costar,
Cambridge, MA and Falcon, NJ, USA.

Preparation of human mononuclear cells (PBMC)
Blood was collected from 3 normal, healthy volunteers in
heparinised containers. It was gently layered over equal
quantities of Ficoll-Hypaque density gradient and centri-
fuged at 1800 rpm for 30 min. PBMC from the interface
were washed twice in Hank's Balanced Salt Solution by
centrifugation at 1500 rpm for 15 min. The washed PBMC
were suspended in complete RPMI medium and adjusted
to a volume of 10 × 106 cells/ml.

Long term stimulation studies
2.5 × 106 PBMCs were cultured in a total volume of 500
µl complete medium in 48-well tissue culture plates in the
presence of (1) IL-2 (5 U/106 cells), (2) IL-2 (50 U/106

cells), (3) IL-2+IL-12 (5 U+25 U/106 cells), (4) IL-2+IL-12
(50 U+125 U/10 6 cells), (5) IL-12 (25 U/106 cells) and
(6) IL-12 (125 U/106 cells). The cells were harvested and
washed on days 2, 4, 7, 9, 11 & 14. Chromium release as-
say was performed and samples were also analyzed by
flowcytometer at all time points including day 0 (fresh PB-
MC).

Phenotyping for flowcytometry
0.25 × 106 cells/250 µl medium were added to three tubes
and 5 µl of isotype control, leucogate and monoclonal an-
tibody anti-CD3PE + CD16/CD56 FITC conjugate was
added to the respective tubes. The tubes were incubated
for 15 min at 4°C in dark and washed with cold PBS at
1200 rpm for 5 min. The stained cells were fixed with 0.5
ml 1% paraformaldehyde and kept (covered with foil) at
4°C until further analysis on Flowcytometer (Becton and
Dickinson, San Jose, CA) using Cell Quest software.

Statistical analysis
Statistical analysis (mean, standard deviation and graph-
ics) was performed with Microsoft Excel.

51Chromium release assay
1 × 106 target U937 cells in 100 µl medium were labeled
with 100 µci 51Cr in a sterile screw-capped 4 ml falcon
tube & incubated for 1 hr at 37°C in a CO2 incubator. Tar-
get cells were then washed twice by centrifugation at 1200
rpm for 10 min and suspended in complete medium at a
concentration of 0.1 million cells/ml. 0.01 × 106 radio-la-
beled target cells in 100 µl were mixed with 0.5 × 106 lym-
phocytes in 50 µl to give an E:T ratio of 50:1 in triplicates
in a U-bottom 96-well tissue culture plate. Total volume
was made up with complete medium and adjusted to 250
µl/well. Control wells containing only target cells were
also processed simultaneously. For spontaneous cytotox-
icity, one set of triplicates was set up in which volume was
adjusted to 250 µl with medium alone. In another set, 100
µl of 1% Triton X and 150 µl medium was added and this
was considered as maximum lysis. The 96-well plate was
centrifuged at slow speed (1000 rpm) for 2–5 min to ena-
ble contact between effectors and targets. Incubation was
carried out for 4 h at 37°C in a humidified CO2 incubator.
Plates were then centrifuged & 150 µl supernatant was
carefully removed and transferred to a plastic vial. Counts
were recorded in a Gamma counter and percentage cyto-
toxicity was calculated as follows:

List of abbreviations
LAK – Lymphokine Activated Killer

NK – Natural Killer cells.

LFA-1 – Lymphocyte Function associated Antigen.

PBMC – Peripheral Blood Mononuclear Cells.

ADCC – Antibody Dependent Cellular Cytotoxicity.

EC – Epithelial Cells.

ICAM – Ig superfamily Cell Adhesion Molecule.

CMI – Cell Mediated Immunity.

Authors' contributions
R Nirmala – Planned and executed the experiments.
P R Narayanan – Designed and guided the studies.
Both authors read and approved the final manuscript.

Acknowledgements
We wish to acknowledge the Indian Council of Medical Research (ICMR) 
for the support rendered. We also express our deep sense of gratitude to 
the scientific, clinical, technical, administrative and other staff of the Tuber-
culosis Research Centre (TRC), Chennai, INDIA, for all the help and co-
operation rendered at all times.

%Cytotoxicity
counts in test-counts in spontaneous lys= ×100

iis
counts in maximum-counts in spontaneous lysis
Page 6 of 7
(page number not for citation purposes)



BMC Immunology 2002, 3 http://www.biomedcentral.com/1471-2172/3/9
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMedcentral will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Paul Nurse, Director-General, Imperial Cancer Research Fund

Publish with BMC and your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours - you keep the copyright

editorial@biomedcentral.com
Submit your manuscript here:
http://www.biomedcentral.com/manuscript/

BioMedcentral.com

References
1. Bendall LJ, Kortlepel K, Gottlieb DJ: GM-CSF enhances IL-2-acti-

vated natural killer cell lysis of clonogenic AML cells by up-
regulating target cell expression of ICAM-1. Leukemia 1995,
9:677-684

2. Trinchieri G: Interleukin-12:A proinflammatory cytokine with
immunoregulatory functions that bridge innate resistance
and antigen-specific adaptive immunity. Ann Rev Immunol 1995,
13:251-276

3. Khar A, Pardhasaradhi BV, Varalakshmi C, Ali AM, Kumari AL: Nat-
ural killer cell as the effector which mediates in vivo apopto-
sis in AK-5 tumor cells. Cell Immunol 1997, 177:86-92

4. Deblaker-Hohe DF, Yamauchi A, Yu CR, Horvath-Arcidiacono JA,
Bloom ET: IL-12 synergizes with IL-2 to induce Lymphokine-
activated cytotoxicity and perforin and granzyme gene ex-
pression in fresh human NK cells. Cell Immunol 1995, 165:33-43

5. Ortaldo JR, Herberman RB: Heterogeneity of natural killer cells.
Ann Rev Immunol 1984, 2:359-394

6. Timonen T, Ortaldo JR, Herberman RB: Characteristics of human
large granular lymphocytes and relationship to natural killer
and K cells. Jour Exp Med 1981, 153:569-582

7. Lanier LL, Le AM, Civin CI, Loken MR, Phillips JH: The relationship
of CD16(Leu-11) and Leu-19 (NKH-1) Antigen expression on
Human peripheral Blood NK cells and cytotoxic lym-
phocytes. Jour Immunol 1986, 136:4480-4485

8. Havele C, Bleackly RC, Paetkau V: Conversion of specific to non-
specific cytotoxic T lymphocytes. Jour Immunol 1986, 137:1448-
1454

9. Acha-Orbea H, Groscurth P, Lang R, Stitz L, Hengartner H: Charac-
terization of cloned cytotoxic lymphocytes with NK-like ac-
tivity. Jour Immunol 1983, 130:2952-2959

10. Kim KH, Lee YS, Jung IS, Park SY, Chung HY, Lee IR, Yun YS: Acidic
polysaccharide from Panax ginseng, ginsan, induces Th1 cell
and macrophage cytokines and generates LAK cells in syner-
gy with rIL-2. Planta Med 1998, 64:110-115

11. Phillips JH, Lanier LL: Dissection of the LAK phenomenon. J Exp
Med 1986, 164:814-825

12. Gong YH, Guo X, Zhang XQ: Immunoelectron microscopic
studies on the process of tumor cytolysis mediated by lym-
phokine activated NK cells. Chung-hua-Ping-Li-Hsueh-Tsa-Chih,
1994, 23:17-19

13. Anita S, Chong F, Scuderi P, Grimes WJ, Hersh EM: Tumor targets
stimulate IL-2 activated killer cells to produce Interferon-
gammma and tumor necrosis factor. J Immunol 1989, 142:2133-
2139

14. Czop JK, Kay J: Isolation and characterization of beta-glucan
receptors on human mononuclear phagocytes. J Exp Med
1991, 173:1511-1520

15. Sundstrom C, Nilsson K: Establishment and characterization of
a human histiocytic lymphoma cell line (U937). Int J Cancer
1976, 17:565-577

16. Ralph P, Moore MAS, Nillson K: Lysozyme synthesis by estab-
lished human and murine histiocytic lymphoma cell lines. J
Exp Med 1976, 143:1528-1533

17. Fischer DG, Pide MC, Koren HS, Snyderman R: Chemotactically
responsive and nonresponsive forms of a continuous human
monocyte cell line. J Immunol 1980, 125:463-465

18. Johnson BJ, McMurray DN: Cytokine gene expression by cul-
tures of human lymphocytes with autologous Mycobacteri-
um tuberculosis-infected monocytes. Infect Immun 1994,
63:1444-1450

19. Nieto M, Navarro F, Perez-Villar JJ, del Pozo MA, Gonzalez-Amaro R,
Mellado M, Frade JM, Martinez AC, Lopez-Botet M, Sanchez-Madrid
F: Roles of chemokines and receptor polarization in NK-tar-
get cell interactions. J Immunol 1998, 161:3330-3339

20. Allavena P, Paganin C, Zhou D, Bianchi G, Sozzani S, Mantovani A: In-
terleukin-12 is chemotactic for natural killer cells and stimu-
lates their interaction with vascular endothelium. Blood 1994,
84:2261-2268

21. Chehimi J, Starr SE, Rengaraju M, Jackson SJ, Llanes C, Kobayashi M,
Perussia B, Young D, Nickbarg E, Wolf SF, Trinchieri G: Natural kill-
er cell (NK) stimulatory factor increases the cytotoxic activ-
ity of NK cells from both healthy donors and human
immunodeficiency virus-infected patients. J Exp Med 1992,
75:789-796

22. Doherty DG, Norris S, Madrigal-Estebas L, McEntee G, Traynor O,
Hegarty JE, O'Farrelly CJ: The human liver contains multiple
populations of NK cells, T cells, and CD3+CD56+ natural T
cells with distinct cytotoxic activities and Th1, Th2, and Th0
cytokine secretion patterns. J Immunol 1999, 163:2314-2324

23. Satoh M, Seki S, Hashimoto W, Ogasawara K, Kobayashi T, Kumagai
K, Matsuno S, Takeda K: Cytotoxic gamma-delta or alpha-beta
T cells with a natural killer cell marker, CD56, induced from
human peripheral blood lymphocytes by a combination of
IL-12 and IL-2. J Immunol 1996, 157:3886-3892

24. Pittet MJ, Speiser DE, Valmori D, Cerottini J, Romero P: Cytolytic
Effector Function in Human Circulating CD8+ T Cells Close-
ly Correlates with CD56 Surface Expression. J Immunol 2000,
164:1148-1152

25. Dunne J, Lynch S, O'Farrelly C, Todryk S, Hegarty JE, Feighery C, Do-
herty DG: Selective expansion and partial activation of hu-
man NK cells and NK receptor-positive T cells by IL-2 and
IL-15. J Immunol 2001, 167:3129-3138

26. Valiante NM, Uhrberg M, Shilling HG, Lienert-Weidenbach K, Arnett
KL, D'Andrea A, Phillips JH, Lanier LL, Parham P: Functionally and
structurally distinct NK cell receptor repertoires in the pe-
ripheral blood of two human donors. Immunity 1997, 7:739-751

27. Gately MK, Desai BB, Wolitzky AG, Quinn PM, Dwyer CM, Podlaski
FJ, Familletti PC, Sinigaglia F, Chizonnite R, Gubler U, et al: Regula-
tion of human lymphocyte proliferation by a heterodimeric
cytokine, IL-12 (cytotoxic lymphocyte maturation factor). J
Immunol 1991, 147:874-882

28. Scott P: Initiation cytokine for cell-mediated immunity. Science
1993, 260:496-497

29. Zhang M, Gately MK, Wang E, Gong J, Wolf SF, Lu S, Modlin RL,
Barnes PF: Interleukin 12 at the site of disease in tuberculosis.
Clin Invest 1994, 93:1733-1739

30. Kagl D, Ledermann G, Burki K, Seller P, Oldermatt B, Olsen KJ, Po-
dack ER, Zinkernagel WM, Hengartner H: Cytotoxicity mediated
by T cells and natural killer cells is greatly impaired in per-
forin deficient mice. Nature 1994, 369:31-37
Page 7 of 7
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7723403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7723403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7723403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7723403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1997.1095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9140099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1997.1095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1997.1095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1997.1095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1997.1095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1997.1095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1997.1095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1995.1184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7671323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7671323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1995.1184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1995.1184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1995.1184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1995.1184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1995.1184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/cimm.1995.1184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9525101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9525101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9525101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9525101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3489062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3489062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2493506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2493506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2493506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2493506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1851799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1851799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1851799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=178611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=178611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=178611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1083890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1083890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1083890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7381208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7381208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7381208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7381208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9759849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9759849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9759849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9759849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9759849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7919344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7919344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7919344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7919344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10438977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10438977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10438977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10438977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10438977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8892619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8892619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8892619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8892619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8892619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10640724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10640724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10640724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10640724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11544298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11544298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11544298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11544298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11544298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9430220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9430220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9430220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9430220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9430220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1713608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1713608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1713608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1713608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1713608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8097337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8097337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8164737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8164737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8164737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8164737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8164737
http://www.biomedcentral.com/
http://www.biomedcentral.com/manuscript/
http://www.biomedcentral.com/manuscript/
http://www.ncbi.nlm.nih.gov/PubMed/
http://www.pubmedcentral.nih.gov/

	Flowcytometry - A rapid tool to correlate functional activities of human peripheral blood lymphocytes with their corresponding phenotypes after in vitro stimulation.
	Abstract
	Background
	Results
	Discussion
	Conclusions
	Materials and Methods
	List of abbreviations
	Authors' contributions
	Acknowledgements
	References

