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Abstract
Background: Chromium release assay is the standard method for evaluation of cell-mediated
cytotoxicity, including that of mast cells. Although this is a reproducible method, it has more
drawbacks than even radioactivity. In addition to the shortcoming of measuring only necrotic
killing, some non-radioactive methods have not been widely used either. The numerous limita-
tions of these methods led researchers to develop other techniques. This study describes a new
flow cytometric approach that measures human mast cell-mediated cytotoxicity by marking
target cells with monoclonal antibody alongside annexin V/ PI co-labelling.
Methods: A colony forming unit - mast in vitro was developed from human bone marrow
mononuclear cells in serum-free methylcellulose medium. Six-week-old human bone marrow-
derived mast cells were used as effectors, and malignant B-lymphoblastoid cell lines like Daudi
/ Raji cells as targets. Effectors and targets were both co-incubated for short and long-term
durations, and experiments were repeated several times. Cytotoxicity was calculated by flow
cytometric mast cell-mediated cytotoxicity assay.
Results: This method was able to clearly show mast cell-mediated cytotoxicity against human
tumours. It is well-known that some lymphokine-activated killer-sensitive cells are resistant
to mast cell-mediated cytotoxicity. However, a different type of lymphokine activated killer-
sensitive cell in this study was found to be very sensitive to mast cell-mediated cytotoxicity.
Moreover, this technique also allowed us to separate killing into different stages: early and
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late apoptosis.
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ntroduction

hromium -51Cr release assay (CRA) has been the standard
nd most popular method to study cell-mediated cytotoxi-
ity (CMC) including mast cell-mediated cytotoxicity (MCC)
n vitro.1. Although this method has the benefits of being
eproducible and relatively easy to perform, it has several
rawbacks: difficulty in labelling cells with low cytoplasm
o nucleus ratios such as Daudi and Raji cells; increased
pontaneous release of 51Cr from target cells (≥15%) over
ime, especially in long-term assays; a delay between actual
ell damage and release of 51Cr -bound intracellular pro-
eins into the supernatant; and the inability to measure
ytolysis beyond the population level to the single-cell
evel. Moreover, there is a need for specific care and han-
ling associated with radioactive isotope usage because of
he high cost and the short half-life of the radioisotope.
on-radioactive methods have also been used, such as the 3-
4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
MTT] assay, Hoechst 22147 dye to determine the DNA frag-
entation and the electron microscopic evaluation of target

ells. In addition to the shortcoming of only being able
o measure necrotic killing, these non-radioactive meth-
ds also have not been widely used, accepted, or become
vailable.1—3 The numerous limitations of these methods
ave thus led researchers to measure CMC by other tech-
iques.

A number of groups first developed multicolour flow
ytometry (FCM)-based methods using fluorescent mem-
rane and nuclear dyes like DIOC18 and propidium iodide
PI) to study CMC. These methods measure killing by increas-
ng target cell membrane permeability, sufficient to allow
ccess of DNA-binding dyes to the target cell nucleus.1—3

owever, the essential element of FCM assays is their ability
o discriminate effector cells from target cells by further
haracterising the fate of the target cell. Recently, several
ifferent methods have been suggested to identify target
nd effector populations, such as the use of differences
n light scattering properties. In later studies, researchers
tilised monoclonal antibody (mAb) staining for marking tar-
et or effector cells in combination with either PI or annexin
(AnnV). AnnV-binding to phosphatidylserine expressed on

ells undergoing apoptosis has been successfully used to
etect apoptotic cells on FCM.1,2 The addition of AnnV to PI
taining further helped with the isolation of different stages
f apoptosis taking place in CMC, as demonstrated in our
arlier method,1 since PI is retained in cells that had lost
heir membrane integrity. Thus, the FCM approach seems
o have several advantages, including detecting both early
nd late apoptosis at an individual level with specific target
abelling, compared to CRA and non-radioactive methods.

Several years ago, we described a three-colour FCM
ethod to measure CMC1 and called it a ‘‘flow cytometric

ell-mediated cytotoxicity assay’’ as well. These established
ethods have been utilised successfully in our extensive
MC related research.1—11 Based on our earlier experience,
he first two-colour FCM assay to elucidate MCC has been
Please cite this article in press as: Özdemir Ö. Measuring huma
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ecently defined by us.3 The basic strategy of this two-colour
CM assay involves labelling target cells with a fluores-
ent membrane dye DIOC18, in addition to staining with
I, to identify dead cells. Afterwards, we developed this
ssay further and used it to determine in vitro human
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CC against human tumours. This new three-color FCM
pproach, called ‘‘flow cytometric mast cell-mediated cyto-
oxicity assay (FCM-MCMCA)’’ in this article, entails target
ell marking with specific mAb (CD19) and with AnnV/PI co-
abelling to identify apoptotic/dead target cells. Briefly, a
ew in vitro human MCC evaluation against human tumours
sing mAb staining for target cells with AnnV/PI co-labelling
n three-colour FCM is described in this study.

aterial and Methods

ast (effector) cell development in
ethylcellulose and maintenance in suspension

ulture

e used a modified method to produce a colony form-
ng unit (CFU) -mast in vitro. From several discarded
atient samples, human bone marrow mononuclear cells
≥5x104) were obtained and suspended in 0.3 ml Iscove’s
odified Dulbecco’s Medium (IMDM) containing 1% Foetal
ovine Serum (FBS) after Ficoll (Sigma, St. Louis, MO, USA).
ells are put into 3 ml serum-free methylcellulose medium
MethoCultTM SFBIT H4236, StemCell Technologies, British
olumbia, Canada], supplemented with 200 ng/ml of SCF,
0 ng/ml of IL-6 and 1ng/ml of IL-3 (only at the beginning).
ll cytokines were purchased from Biosource, Camarillo,
A, USA. We inoculated 0.3 ml of the mixed medium in the
2-well plate with a 16 gauge blunt needle and placed it
n an incubator. Every two weeks, the cells were fed with
.3 ml of new medium including 100 ng/ml of SCF and 50
g/ml of IL-6. Thirty or more cells were scored as CFU
n situ on an inverted microscope after four weeks. Mast cell
MC) colonies are retrieved from the medium and dissolved
ith > 2-fold volume of phosphate buffer solution including
0% FBS at the fourth week. Cells are centrifuged at 250xG
or five minutes. They are suspended and cultured in com-
lete IMDM supplemented with 100 ng/ml of SCF, 50 ng/ml
f IL-6, and 2% FBS in a 25 cm2 flask up to six weeks for pro-
iferation. The culture was started with ≥104 cells/ml and
ccumulated up to 2x106 cells/ml. The suspension culture
as hemi-depleted every week and supplemented with 100
g/ml of SCF and 50 ng/ml of IL-6. Some MCs from this
tudy are shown during conjugate formation with tumour
ells (Fig. 1A-B).

taining for verification of effector human mast
ells

erification of MCs was done by May-Grunwald-Giemsa,
right-Giemsa, acid Toluidine Blue staining and immunophe-
otyping on FCM. In brief, a colony was lifted with an
ppendorf micropipette and spun down at 600 rpm for five
inutes at the fourth and sixth weeks. Viability was checked
ith a trypan blue exclusion test. Cells from colonies
ere stained with May-Grunwald-Giemsa and Wright-Giemsa
n mast cell-mediated cytotoxicity against human tumour
y target staining with annexin V / propidium iodide co-
.1016/j.aller.2010.07.007

tains for verification purposes (Figs 1A- B). MCs were fix-
ted with a Carnoy solution and incubated for 2 minutes with
cid toluidine blue to confirm their tryptase content. MCs
ere immunophenotyped for all related markers in FCM at

he 4th and 6th weeks. CD14, CD15, CD34, CD38, CD45, and

dx.doi.org/10.1016/j.aller.2010.07.007
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Figure 1 A-B. Wright- Giemsa slides showing conjugate formation between mast cell and both tumour cells (effector-target
doublets).
1A shows conjugate formation between mast and Daudi cells. 1B depicts conjugate formation between Mast and Raji cells.
C-E. Phenotyping of four-week-old human bone marrow-derived mast cells on flow cytometry is shown in a representative sample.
1C shows CD117 (c-kit) expression vs. SS (granularity) of mast cells. 1D demonstrates ≥98% of cells already stained with CD117 and
became CD34 negative. 1E illustrates 93% of cells stained with CD33 and 76% of cells were positive for CD49d. [The human effector
(mast) cells produced from bone marrow were absolutely negative for CD19 in this study.]
1F-I. Target (Daudi) cell kill, caused by mast cell-mediated cytotoxicity, is demonstrated by flow cytometric mast cell-mediated
cytotoxicity assay (FCM-MCMCA) at 12 hours in a representative sample.
Quadrant gating and determination of populations in (fig. 1F1-I2) were defined by control samples consisting of target/effector
alone tubes. The histograms in (fig. 1G2-I2) were achieved from gating accordingly on target cell populations. 1F1 shows location
of effector-mast cell in the histograms of FCM-MCMCA. Effector cells are seen as CD19 negative (effector alone sample). 1F2
demonstrates spontaneous kill in effector cell population in control tube. 1G1 shows target-tumour cells location. As expected,
target cell population is well-marked with CD19 in the histogram and there is no effector cell (target alone sample) in the tube.
1G2 shows spontaneous kill in target cell population of control sample. It shows 92% viable (Annexin / PI-) target (Daudi) cells with
total 8% spontaneous killing including early apoptotic plus necrotic kill. 1H1 demonstrates co-incubated effector and target cells at
1:1 ratio after 12 hrs (co-incubation sample). It reveals the changes in the target cell population in the quadrant J of Fig. 1G1 in
co-incubated samples after cytotoxic kill. Compared to Fig. 1G1, decrease in size and amount of the target cell population of 1H1
indicates killing due to mast cell—mediated cytotoxicity. Effector cells in this sample are not stained with CD19 and they are in a
different area. However; it is hard to say anything about conjugate formation between target and effector cells (effector-target
doublets) in the co-incubation sample and it seems to probably be happening earlier. The doublets probably form and immediately
dissolve during the beginning of this process. Thus, there is no reflection of conjugate formation in Fig. 1H1. 1H2 histogram of
co-incubation sample was acquired after gating on the population in the quadrant J of Fig. 1H1 and reflects the alterations in that
co-incubated target population, after cytotoxic kill. It depicts obvious decrease in viability of the target cells from 92% to 48%. It
shows increased death up to 52%; 6% of killing was necrotic-late apoptotic (Annexin+/PI+) and 46% of killing was early apoptotic
(Annexin+/PI-). Obviously, decline in viability of the target cell population from 92% to 48% strongly reveals significant killing due to
human mast cell-mediated cytotoxicity in vitro. Similarly, 1I1 shows further decrease in size and amount of the target cell population
of 1G1 and 1H1 due to augmented cytotoxic kill at 2:1 ratio. And figure 1I2 demonstrates decrease in viability of the target cell
population from 92% to 37%, but death increased up to 63% at a higher ratio.

dx.doi.org/10.1016/j.aller.2010.07.007
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Table 1 The phenotypic characterisations of 4-to 6-
week-old human bone marrow-derived mast cells by flow
cytometry.

Surface Marker Expressions 4th-week 6th-week

CD14 0% 0%
CD15 93% 3%
CD19 0% 0%
CD33 93% 25%
CD34 7% 1%
CD38 0% 0%
CD44 93% 85%
CD45 0% 0%
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CD49d 76% 12%
CD117 (c-kit) 91% 95%
HLA-DR 0% 0%

LA-DR markers were detected to be negative. The cells
ere also negative for CD19 expression. Conversely; CD33,
D44, CD49d, and CD117 (c-kit) expression was positive
Figs 1C- E and Table 1). All mAbs were purchased from
mmunotech, Inc. (Westbrook, ME, USA). In this study,
lthough we did not aim to study the mechanisms of MCC;
hymase, tryptase, TNF-� and other cytokine expressions
ere not tested on FCM.

arget tumour cells

he human malignant B-lymphoblastoid cell lines, Daudi and
aji, are known to be lymphokine activated killer (LAK)-
ensitive and used as the reference cells in CMC studies.
ll cell lines were obtained from ATCC (Manassas, VA, USA)
aintained in RPMI 1640 culture media, and supplemented
ith 10% FBS. Before co-incubation, target and effector cell
iability were determined by the trypan blue exclusion test;
viability of ≥90% was required to proceed. CD19 as a mAb
as used successfully for marking both target cells, similar

o our earlier CMC studies.1

low cytometric mast cell-mediated cytotoxicity
FCM-MCMCA) assay setup

CM-MCMCA was developed from modifications of our
Please cite this article in press as: Özdemir Ö. Measuring huma
cells: three-colour flow cytometry using monoclonal antibod
labelling of death. Allergol Immunopathol (Madr). 2011. doi:10

arlier established methods known as flow cytometric
ell-mediated cytotoxicity assay and two-colour DIOC18/PI
ethod on FCM.1,3 Compared to our earlier two-colour FCM
ethod, a more specific agent (CD19-PE as mAb) was used

or target cell marking instead of DIOC18 and AnnV was
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Table 2A The distribution of mean percentage-based killing in
co-incubation times.

Cell Types Human Mast Ce

12 hours

Early Apoptotic Late Apoptotic Total Killi

Daudi 7% 50% 57%
Raji 8% 18% 26%
 PRESS
Ö. Özdemir

ombined with PI to detect early apoptosis in addition to
ate apoptotic/dead target cells in this new three-colour
CM approach. Briefly, we performed the following stepwise
pproach for analysing the samples:

o-incubation

uman bone marrow-derived MCs at six weeks of age, with-
ut any stimulation (PMA etc.), and human tumour targets
ere co-incubated at certain effector (E) /target (T) ratios

1:1, 2:1, 4:1). Tubes were centrifuged at 115xG for five min-
tes and incubated at 37 ◦C in 5% CO2 for short and long-term
12 and 24 hrs). Since MCC is well-known to be happening in
ong-term (>12hrs), 12 hour, and 24 hour co-incubation times
ere especially selected, as shown in Tables 2A and 2B.

n the earlier literature, there has been a tradition of co-
ncubating murine tumour cells, e.g. WEHI-164, and murine
eritoneal MCs for these cytotoxicity assays.12,13 In this
tudy, human bone marrow-derived MCs were co-incubated
n vitro with human LAK-sensitive tumour targets for the
valuation of human MCC for short and long-term periods.

abelling target cells and detection of death

his technique is based on labelling the targets after co-
ncubation with 10 �l of mouse anti-human PE conjugated
D19 mAb (Immunotech, Westbrook, ME). Detection of
poptosis/death in target cells was done by staining with
nnV and PI (TACSTM Annexin V-FITC; R&D Systems, Min-
eapolis, MN, USA) for 20 minutes before acquisition. AnnV+

nd/or PI+ events were analysed from gating on the events
n target population of control as well as co-incubation
amples. AnnV+/ PI- events represent an early apoptotic pop-
lation, and AnnV+/ PI+ dead (necrotic, late apoptotic) cells
Figs 1F2- I2). Thus, this method gives us an advantage of
eing able to differentiate between late apoptotic/ necrotic
ells and early apoptotic cells, compared to CRA.

low cytometry acquisition and running

CM was performed using an EPICS-XL MCL (multicarousel)
Coulter, Miami, FL, USA) equipped with an argon laser (15
W) source operating at 488 nm. The emission of three flu-

rochromes was recorded through specific band pass filters:
n mast cell-mediated cytotoxicity against human tumour
y target staining with annexin V / propidium iodide co-
.1016/j.aller.2010.07.007

25 nm for FITC (FL1), 575 nm for PE (FL2), 620 nm for fluo-
ospheres (FL3), and 675 nm for PI (FL4). The instrument was
et for four-colour analysis. As the emission spectra of the
hree different dyes utilised in this bioassay interfere with
ne another, appropriate electronic compensations were

human LAK-sensitive tumour cells at 2:1 ratio on different

ll-Mediated Cytotoxicity

24 hours

ng Early Apoptotic Late Apoptotic Total Killing

23% 40% 63%
27% 40% 67%

dx.doi.org/10.1016/j.aller.2010.07.007
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Table 2B In vitro human mast cell-mediated cytotoxicity % (percentage based killing) measured by FCM-MCMCA against human
LAK-sensitive tumour cells at different ratios and time periods (12 hours- 24 hours) are shown.

Cell lines Effector:Target 12 hours 24 hours

Effector (Mast cell) control Alone (spontaneous kill) 4 ± 1 5 ± 2
Target (Daudi cell) control Alone (spontaneous kill) 3 ± 1 6 ± 2
Co-incubation 1:1 (cytotoxic kill) 42 ± 2 50 ± 3

N = (9) (9)
P = 0.009 0.005

Effector (Mast cell) control Alone (spontaneous kill) 3 ± 2 4 ± 2
Target (Daudi cell) control Alone (spontaneous kill) 3 ± 1 5 ± 2
Co-incubation 2:1 (cytotoxic kill) 51 ± 2 60 ± 3

N = (9) (9)
P = 0.009 0.004

Effector (Mast cell) control Alone (spontaneous kill) 3 ± 2 4 ± 2
Target (Daudi cell) control Alone (spontaneous kill) 4 ± 1 6 ± 2
Co-incubation 4:1 (cytotoxic kill) 55 ± 2 63 ± 3

N = (9) (9)
P = 0.003 0.002

Cell lines Effector:Target 12 hours 24 hours

Effector (Mast cell) control Alone (spontaneous kill) 3 ± 1 6 ± 1
Target (Raji cell) control Alone (spontaneous kill) 4 ± 1 8 ± 3
Co-incubation 1:1 (cytotoxic kill) 12 ± 1 43 ± 3

N = (9) (9)
P = 0.048 0.010

Effector (Mast cell) control Alone (spontaneous kill) 3 ± 1 4 ± 1
Target (Raji cell) control Alone (spontaneous kill) 5 ± 1 9 ± 3
Co-incubation 2:1 (cytotoxic kill) 21 ± 1 62 ± 3

N = (9) (9)
P = 0.019 0.008

Effector (Mast cell) control Alone (spontaneous kill) 6 ± 1 5 ± 1
Target (Raji cell) control Alone (spontaneous kill) 7 ± 1 8 ± 3
Co-incubation 4:1 (cytotoxic kill) 25 ± 1 62 ± 3

N = (9) (9)
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All values are given as mean ± SEM. P values reflect the significanc
target cell killing. N denotes the number of experiments which w

adjusted by running individual cell populations stained with
each dye consecutively through the EPICS. Once the com-
pensations had been set, a gating was done on forward
scatter (FS) (ordinate) versus log-scale red fluorescence of
mAb CD19 (abscissa) to separate target cells from effec-
tor cells (Figs 1F1- I1). The different cell populations were
gated with the use of control samples. To measure target-
cell death and apoptosis, CD19-positive events were gated
on, and analysis of log green fluorescence (AnnV) vs. log red
fluorescence (PI) was performed (Figs 1F2- I2).

Flow cytometric data analysis

An average of 10,000 total events and 3,000 target cells were
Please cite this article in press as: Özdemir Ö. Measuring huma
cells: three-colour flow cytometry using monoclonal antibody
labelling of death. Allergol Immunopathol (Madr). 2011. doi:10

collected per sample. Data were re-evaluated with list mode
analysis using Coulter System IITM Version 3 software for the
EPICS XL-MCL. The gating for the target cells was based
on the target-alone analysis and kept constant through-
out all tubes to avoid exaggeration of the counts due to

P

0.018 0.007

differences between spontaneous and human mast cell-mediated
peated in each series.

poptotic body contamination. Cytotoxicity calculations
ere based on viable populations in target-alone (sponta-
eous kill in control tube) and co-incubation tube (cytotoxic
ill) analysis results. Viable target-cell percentage was
etermined, and calculations were based on the control-
ube values (spontaneous kill). We defined the MCC as
ercentage cytotoxicity:

ercentage based (cross-sectional) cytotoxicity

ytotoxicity calculations were based on viable populations
n target-alone and co-incubation tube analysis results, as
een in Table 2A- B. We expressed the MCC as percentage-
ased (%) cytotoxicity.

ercent Cytotoxicity (PC)
n mast cell-mediated cytotoxicity against human tumour
target staining with annexin V / propidium iodide co-

.1016/j.aller.2010.07.007

= [Control−viable cell%]−[Co−incubation − viable cell%]
[Control − viable cell%]

dx.doi.org/10.1016/j.aller.2010.07.007
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Our in vitro experiments were repeated several times
n = 27) with the same set of MC colonies. Samples were
ested in duplicates for reproducibility and reliability (mean
oefficients of variation (CV) of 1.1% (95% CI, 0.8% -1.7%);
2 = 0.93, and p < 0.001).

ell staining for microscopy with Wright/Giemsa

t the end of the co-incubation period, the sample was
ently mixed and 10 �l was used to prepare slides at
oom temperature without cytospinning. The slides were
hen stained with Wright/Giemsa. A conjugate formation
etween tumour cells and MCs was seen (Figs 1A- B).

omparison with chromium- 51Cr release assay
CRA)

standard assay was performed as previously described.4

riefly, the assay is a standard 4-hour CRA using target
ells that have been pre-labelled with 100 �Ci 51Cr (Perkin
lmer, Boston, MA, USA) for one hour. Several concentra-
ions of MCs were added to a fixed number of target cells
5,000) in a round-bottom microtiter plate to a total vol-
me of 0.2 ml. Following four hours of incubation, 0.1 ml
f the supernatant was carefully harvested and counted on
scintillation counter (Packard, Downers Grove, IL, USA).
aximum release was determined from wells including tar-
et cells and 10% sodium dodecyl sulphate (SDS) in the
edium. The PC was calculated using the following equa-

ion: (E—S) / (M—S) x100, where E is the experimental
ounts/minute, S is the spontaneous counts/minute and M
s the maximum counts/minute. In the end, when we used
ur experimental data in comparing FCM-MCMCA with CRA
esults, there was a significant correlation for PC (n = 18;
= 0.95; P < 0.001), similar to our earlier CMC studies.1

tatistical analysis

nless otherwise specified, all data are presented as
eans ± SEM. The significance of differences between spon-

aneous kill and cytotoxic kill was determined using the
aired Student’s t-test and/or Wilcoxon test. The corre-
ation between PC and the CRA results was studied using
earson’s correlation analysis. Significance was considered
s < 0.05. All statistics were done using the Statistical Pack-
ge for Social Sciences (SPSS-13 for Windows; Chicago, IL,
SA).

esults

ince human MCs were used instead of murine effector cells,
his study has more convincingly demonstrated MCC against
uman tumour cells, by a better technique, compared to our
arlier DIOC18 method.3 Both Daudi and Raji cell death were
tatistically significant at 12 hours as well as 24 hours, com-
Please cite this article in press as: Özdemir Ö. Measuring huma
cells: three-colour flow cytometry using monoclonal antibod
labelling of death. Allergol Immunopathol (Madr). 2011. doi:10

ared to spontaneous apoptosis/killing in control samples.
n vitro human MCC (%) at different ratios and co-incubation
imes are shown in Table 2B. These findings were consistent
ith previous murine studies showing murine MCC against

ysis-sensitive murine cells, e.g. WEHI-164 and L929.12—14 As

d
s
l
l
s
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hown in these studies, most of the total killing of both
uman target cells was necrotic kill and it increased over
ime. Like murine cells, Daudi and Raji are also known to
e essentially lysis (TNF-�) —sensitive. Although we did not
im to study the mechanisms, MCC is thought to be hap-
ening through pronecrolytic mediators and membranous
omponents of MCs.

In the literature, murine and human MCC did not seem to
e very effective against some types of LAK-sensitive cells,
uch as K562 and YAC-1.14 However, human MCC was found
o be very effective against a different type of LAK-sensitive
ells, such as Daudi and Raji, as demonstrated in this study.

Moreover, FCM-MCMCA allowed us to separate cyto-
oxic killing into different stages, early and late apoptotic
necrotic) kill. Distribution of apoptotic type killing accord-
ng to the cell lines at 12 hours was shown at 2:1 ratio in
able 2A. As expected, total killing of both cells increased
n due course. Interestingly Raji killing, especially necrotic
aji killing, apparently increased at 24 hours, even though
audi cell killing stayed almost stable. Apoptotic cell death
p to 52% was also detected in the samples (Fig. 1H2), indi-
ating the role of pro-apoptotic components of MC granules
n MCC. These results seem to confirm the recent literature
howing apoptosis induced by MCs in smooth muscle cell,
ardiomyocytes and endothelial cells.15,16

Concurrently, short term MCC (≤12hrs) was observed as
ell, although MCC in the long term is well-known. This is
onsistent with our earlier results showing short term kill
y MCC in DAMI and Meg-01 cells.3,8—11. These results also
upport the possible contribution of a secretory (exocytosis
f pro-apoptotic granules) pathway to MCC that is especially
ffective in short-term cytotoxicity.

Furthermore, Wright—Giemsa slides showed conjugate
ormation between MCs and tumour cells (MC-target cell
oublets), probably indicating the initial step of MCC with
ell-to-cell contact through their membranous components
Fig. 1A-B).

iscussion

n this study, FCM-MCMCA was demonstrated as having some
dvantages over DIOC18 and the CRA, e.g. showing early
poptosis with AnnV; better target cell labelling with mAb;
nd the ability to study long-term MCC as well as identify
illing at an individual vs. population level of CRA. More-
ver, FCM-MCMCA is also certainly less expensive and specific
ith mAb marking, without any troubles of radiation and

pontaneous release of CRA and dye leakage of DIOC18.1—3

AnnV-binding to phosphatidylserine expressed on cells
ndergoing apoptosis has been successfully used for a couple
f decades to detect apoptotic cells on FCM.1,2,4—8 The addi-
ion of AnnV to PI staining further helped with the isolation
f different stages of apoptosis, early and late (necrosis)
poptosis. These two states take place in CMC since PI is
etained in cells which lost their membrane integrity, as
n mast cell-mediated cytotoxicity against human tumour
y target staining with annexin V / propidium iodide co-
.1016/j.aller.2010.07.007

emonstrated in our earlier method.1 Thus, FCM-MCMCA
eems to have an upper hand with detecting early as well as
ate apoptosis at an individual cell level with specific target
abelling, compared with CRA and non-radioactive methods
uch as DIOC18.

dx.doi.org/10.1016/j.aller.2010.07.007


 IN

s
t
a
r
a

h
t
l
o
t
a

C

T

A

D
W
d
O
M

R

ARTICLE+Model
ALLER-211; No. of Pages 8

Human mast cell-mediated cytotoxicity measurement

While AnnV binds almost irreversibly to the membrane
via two C18 alkyl chains, DIOC18 is always questioned with
the possibility of dye leakage and consequent labelling of
other cells in the environment during co-incubation. In some
former studies using target-cell labelling with dyes, cell
elimination involving cell membrane disruption or perme-
abilisation through cytolytic pathways, such as killing by
necrolytic granules of MCs, resulted in dye leakage into the
medium and artificial staining of other populations in the
co-incubation. The use of mAbs does not pose such a disad-
vantage due to their specificity for either effector or target
cells.1,2

An additional aspect of using dyes such as DIOC18 is
the need for cell labelling prior to the initiation of co-
incubation. Thus, there is also the possibility of affecting
the vitality of target and/or cytotoxic activity of the effec-
tor cells. Although this may not influence the effector- or
target-cell function, this needs to be studied carefully in
every new application of this approach. Again, this poten-
tial risk is not an issue for our approach due to the addition of
mAb at the end of co-incubation, just before using AnnV and
PI. Since we did not fixate the cells for mAb staining, surface
binding of mAb did not appear to influence cell functioning
or staining with other dyes.1,2

The ability to study MCC in longer co-incubation times
(≤24 hrs), in addition to shorter co-incubation times (12
hrs), is another advantage of FCM-MCMCA. This appears to
be a drawback for CRA, as well as for the methods utilising
dyes like DIOC18, due to increased risk in release of 51Cr or
dye leakage which results in staining of the other popula-
tions. This application is potentially important for studying
certain apoptotic pathways that take longer to become
operational, such as membrane-bound TNF-�-induced apop-
tosis, which is believed to be one of the most important
components of MCC. For instance, membranous TNF- �- has
been shown to kill WEHI-164, L929, and Raji cells in 24 hour
assays.12—14,16

More importantly, these results verify the anti-tumour
role of MC as a contributory effector cell to other cytotoxic
cells in immunosurveillance within human innate immunity.
Nevertheless, current literature is very confusing regarding
the relation of MCs with tumour cells.17—26 This in vitro study
helps elucidate its interactions with tumour cells and may
trigger new explanatory studies, such as the delineation of
the killing mechanisms of MCC. Contrary to the findings of
this study, MC availability in the tumour stroma was assumed
to be a stimulator of tumour progression in some recent
papers.17—21 Nevertheless, and consistent with this research,
increased MC counts were also found to be indicative of
a good prognosis in breast, stomach and colorectal cancer
in the earlier literature.20—26 Although it is hard to explain
these conflicting results, they may be associated with differ-
ent methodologies, timing of biopsy (performing the biopsy
in the early instead of late stage of tumour), the tumour
type, and environmental factors surrounding that tumour.
Another point is that increased MC density could be a pri-
mary and/or secondary result since MC numbers are also
Please cite this article in press as: Özdemir Ö. Measuring huma
cells: three-colour flow cytometry using monoclonal antibody
labelling of death. Allergol Immunopathol (Madr). 2011. doi:10

found to be physiologically increased around healing tissue,
scars, and ovulation. In addition, MCs might be just a reflec-
tion of generalised inflammatory reaction of the immune
system.20,21 As a result, only observing increased MCs in
tumour tissue with good or bad prognosis on pathological
 PRESS
7

pecimens is not enough to explain the role of MCs in the
issue, since they are multifunctional, and research results
re conflicting. With regard to explaining the relations and
ole of MCs in tumour cells, further clarification with in vitro
nd in vivo studies is needed.25,26

In conclusion; FCM-MCMCA convincingly demonstrated
uman MCC against human tumour targets in this study. Fur-
hermore, FCM-MCMCA is a more definitive, descriptive, and
ess hazardous approach than our earlier DIOC18 assay and
thers. However, it is obvious with the known FCM methods
hat we are still far away from a complete assay which is
ble to evaluate all components of CMC simultaneously.
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Savaşan S. Melatonin cytotoxicity in human leukemia cells:
relation with its pro-oxidant effect. Fundam Clin Pharmacol.
2006;20:73—9.

8. Özdemir Ö, Ravindranath Y, Savasan S. Evaluation of long-term
liquid culture grown human bone marrow mast cell cytotoxicity
against human leukemia cells. Blood. 2002;100:45b [abstract].

9. Özdemir Ö, Moore C, Ravindranath Y, Savasan S. Can mast cells
mediate natural cytotoxicity in short term culture? Ann Allergy
Asthma Immunol. 2004;94:185 [abstract].

10. Özdemir Ö, Savasan S. Short and long-term mast cell mediated
n mast cell-mediated cytotoxicity against human tumour
target staining with annexin V / propidium iodide co-

.1016/j.aller.2010.07.007

cytotoxicity against NK/LAK-sensitive and -resistant cells. PAS.
2005;57:1531 [abstract].

11. Özdemir Ö. Human Mast Cell Cytotoxicity Against Human Lym-
phoma and Myeloid Leukemia Cells. J Allergy Clin Immunol.
2006;117:S17 [abstract].

dx.doi.org/10.1016/j.aller.2010.07.007


 INA

8

ARTICLE+Model
LLER-211; No. of Pages 8

12. Clarke GR, Shirzadeh H, Pang G, Beagley KW, Burton RC, Smart
YC. TNF-alpha is not the sole mediator of WEHI-164 tumour cell
killing in natural cytotoxicity. Cytokine. 1997;9:254—62.

13. Bissonnette EY, Hogaboam CM, Wallace JL, Befus AD. Poten-
tiation of tumor necrosis factor alpha- mediated cytotoxicity
of mast cells by their production of nitric oxide. J Immunol.
1991;147:3060—5.

14. Benyon RC, Bissonnette EY, Befus AD. Tumor necrosis factor-
alpha dependent cytotoxicity of human skin mast cells
is enhanced by anti-IgE antibodies. J Immunol. 1991;147:
2253—8.

15. Hara M, Matsumori A, Ono K, Kido H, Hwang MW, Miyamoto T,
et al. Mast cells cause apoptosis of cardiomyocytes and pro-
liferation of other intramyocardial cells in vitro. Circulation.
1999;100:1443—9.

16. Latti S, Leskinen M, Shiota N, Wang Y, Kovanen PT, Lindst-
edt KA. Mast cell-mediated apoptosis of endothelial cells in
vitro: a paracrine mechanism involving TNF-alpha-mediated
down- regulation of bcl-2 expression. J Cell Physiol. 2003;195:
Please cite this article in press as: Özdemir Ö. Measuring huma
cells: three-colour flow cytometry using monoclonal antibod
labelling of death. Allergol Immunopathol (Madr). 2011. doi:10

130—8.
17. Aromando RF, Pérez MA, Heber EM, Trivillin VA,

Tomasi VH, Schwint AE, et al. Potential role of mast cells in
hamster cheek pouch carcinogenesis. Oral Oncol. 2008;44:
1080—7.
 PRESS
Ö. Özdemir

18. Xiang M, Gu Y, Zhao F, Lu H, Chen S, Yin L. Mast cell tryptase
promotes breast cancer migration and invasion. Oncol Rep.
2010;23:615—9.

19. Wasiuk A, de Vries VC, Hartmann K, Roers A, Noelle RJ. Mast
cells as regulators of adaptive immunity to tumours. Clin Exp
Immunol. 2009;155:140—6.

20. Özdemir Ö. Mast cells and the tumor-associated neoangiogen-
esis. Med Sci Monit. 2006;12. LE 9—11.

21. Özdemir Ö. Mast Cell Density, angiogenesis and their signifi-
cance in tumor development. Gynecol Oncol. 2006;100:628—9.

22. Sinnamon MJ, Carter KJ, Sims LP, Lafleur B, Fingleton B,
Matrisian LM. A protective role of mast cells in intestinal
tumorigenesis. Carcinogenesis. 2008;29:880—6.

23. Özdemir Ö. Immunosurveillance function of human Mast cell?
World J Gastro. 2005;11:7054—6.

24. Della Rovere F, Granata A, Monaco M, Basile G. Phagocytosis
of cancer cells by mast cells in breast cancer. Anticancer Res.
2009;29:3157—61.

25. Özdemir Ö. Can chymase-positive mast cells play a role in the
n mast cell-mediated cytotoxicity against human tumour
y target staining with annexin V / propidium iodide co-
.1016/j.aller.2010.07.007

progression of gastric cancer via angiogenesis? J Surg Oncol.
2006;94:260—2.

26. Özdemir Ö. Can a mast cell subtype (MC(T)) play a role in the
progression of endometrial cancer through angiogenesis? Am J
Obstet Gynecol. 2006;195:e24.

dx.doi.org/10.1016/j.aller.2010.07.007

	Measuring human mast cell-mediated cytotoxicity against human tumour cells: three-colour flow cytometry using monoclonal a...
	Introduction
	Material and Methods
	Mast (effector) cell development in methylcellulose and maintenance in suspension culture
	Staining for verification of effector human mast cells
	Target tumour cells
	Flow cytometric mast cell-mediated cytotoxicity (FCM-MCMCA) assay setup
	Co-incubation
	Labelling target cells and detection of death
	Flow cytometry acquisition and running
	Flow cytometric data analysis
	Percentage based (cross-sectional) cytotoxicity
	Cell staining for microscopy with Wright/Giemsa
	Comparison with chromium- 51Cr release assay (CRA)
	Statistical analysis

	Results
	Discussion
	Conflict of Interest
	Acknowledgement
	References


