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Abstract. Flow cytometry has become a valuable tool in cell biology. By
analyzing large number of cells individually using light-scatter and fluorescence
measurements, this technique reveals both cellular characteristics and the levels
of cellular components. Flow cytometry has been developed to rapidly enumerate
cells and to distinguish among different cell stages and structures using multiple
staining. In addition to high-speed multiparametric data acquisition, analysis and
cell sorting, which allow other characteristics of individual cells to be studied,
have increased the interest of researchers in this technique. This chapter gives
an overview of the principles of flow cytometry and examples of the application of
the technique.
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1. Introduction

Flow cytometry (FCM) is a technique used to rapidigtect and count microscopic particles such
as cells, suspended in a stream of fluid. It all@ivsultaneous multiparametric analysis of the
physical and/or chemical characteristics of upghtmusands of particles per second. FCM is used in
the diagnosis of health disorders, and has manlcagipns in both research and clinical practice.
Some instruments can physically sort particles dasetheir properties, so as to purify populations
of interest. An impedance-based flow cytometry deviwas patented in 1953; the first
fluorescence-based flow cytometry device was d@eglan the late 1960’s [Shapiro, 2003].

1.1. Principle of flow cytometry
One or more beams of light (usually laser lightdisected onto a hydrodynamically- focused
stream of fluid. A number of detectors are placetha intersection of the stream with the light
beam, to detect scattered light (forward scattdfQC, in line with the light beam, and side scatter
or SSC, perpendicular to it) and one or more flsoeat detectors. Each suspended particle -from
0.2 to 150 micrometers- passing through the beaattess the light, and fluorescent chemicals
found in the particle or attached to it may be &d;iemitting light at a longer wavelength than the
light source.

This combination of scattered and fluorescent light

is recorded by the detectors and, by analyzin ,L-“aml’“
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microscope, but instead of producing an image ©
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(for a large number of cells) automated
quantification of set parameters. To analyze solid

tissues, a single-cell suspension must first bgjgure 1. Schematics of a flow cytometer
prepared [Robinson, 1993; Darzynkiewicz, 1994.]
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sorted cells
waste

2. Metodology

A flow cytometer has several components: 1) a fiil - liquid stream (sheath fluid), which
carries and aligns the cells so that they passeadighrough the light beam; 2) an optical system,
with at least one light source (usually laser) digtht collection devices (photodetectors or
photomutiplier tubes); 3) an electronic system \Wwitgenerates and amplifies electrical signals from
light. Acquisition and analysis of data is done d&ygomputer connected to the flow cytometer.
[Ormerod 1999, Ormerod 2000, Ormerod 2008].

Modern instruments usually have multiple lasers #odrescence detectors. Increasing the
number of lasers and detectors allows for multipleelling. Certain instruments can even take
digital images of individual cells, allowing fordtanalysis of fluorescent signal location.
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Data generated by flow-cytometers can be plotted Histogram, or in two-dimensional dot
plots or even in three dimensions. The regionshase plots can be sequentially separated by
creating a series of subset extractions ("gateBBcause different fluorescent dyes' emission
spectra overlap, signals at the detectors have tmtmpensated. Data accumulated can be analyzed
once the data are collected using appropriate aodtw

2.1. Fluorescence-activated cell sorting

Fluorescence-activated cell sorting (FACS) is acsjieed type of flow cytometry. It provides a
method for sorting a heterogeneous mixture of éettstwo or more containers, one cell at a time,
based upon the specific light scattering and flsoeat characteristics of each cell. It is a useful
scientific instrument, as it provides fast, objeetiand quantitative recording of signals from
individual cells as well as physical separatiorelfs of particular interest. The first cell sortesis
invented in 1965 [Shapiro, 2003]

The cell suspension is entrained in the centreradreow stream of liquid. The flow is arranged
so that there is a large separation between cdlsive to their diameter; a vibrating mechanism
causes the stream of cells to break into individiralplets. Just before the stream breaks into
droplets, the flow passes through a fluorescenasoreg station where the fluorescent character
of interest of each cell is measured. Charge isiegpgirectly to the stream, and the droplet retain
charge of the same sign as the stream; the stie#imen returned to neutral. The charged droplets
then fall through an electrostatic deflection systlat diverts droplets into containers based upon
their charge [Shapiro, 2003; Longobardi, 2001].

2.2. Fluorescent labels

A wide range of fluorophores can be used as labellw cytometry, with a characteristic peak
excitation and emission wavelength. Also, the eimisspectra of the labels often overlap.
Consequently, the combination of labels which cam$ed depends on the wavelength of the light
used to excite the fluorochromes and the deteatmasable [Haugland, 2010].

Depending on the specificity of the fluorochromestedted, very different measurable
parameters can be analyzed by flow cytometry: pigmeontent (chlorophyll, phycoerythrin...),
total DNA or RNA content (cell cycle analysis, célhetics, proliferation, etc.), chromosome
analysis and sorting (library construction, chroome paint), protein expression and localization,
phospho-proteins, transgenic products in vivo {paldrly the green fluorescent protein (GFP) or
related fluorescent cell surface antigens (Clusfedifferentiation (CD) markers), intracellular
antigens (various cytokines, secondary mediatdcs), ewuclear antigens, enzymatic activity, pH,
intracellular ionized calcium, membrane potentimémbrane fluidity, apoptosis (measurement of
DNA degradation, mitochondrial membrane potenpalmeability changes, caspase activity), cell
viability, monitoring electro-permeabilization oélts, oxidative burst, multidrug resistance (MDR)
in cancer cells. These parameters can be detertaddiually or combined, as far as fluorochromes
used in detection can be spectrally resolved.

3. Applications
3.1. Clinical applications

3.1.1. Haematology

The distributed nature of the hematopoietic systegikes it amenable to flow cytometric analysis.

Applications in haematology include DNA content lgses, leukemia and lymphoma phenotyping,

immunologic monitoring of HIV-infected individualend assessment of structural and functional
properties of erythrocytes, leukocytes, and plételéntibodies against intracellular proteins such
as myeloperoxidase and terminal deoxynucleotidyidferase are also commercially available and
permit the analysis of an increasing number obizgtlular markers [Bollum, 1979].
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e Cluster of differentiation antigens on leukocytes. Cell identification is involved in flow
cytometry. In order to identify blood cells, it rsecessary to define sets of cellular
parameters, which include intrinsic (such as cilé,scytoplasmatic granularity...) and
extrinsic parameters. The cluster of differentiat{@€D) is a homenclature used for the
identification of cell surface molecules presentieukocyte cells. CD molecules can act in
numerous ways, often acting as receptors or ligamtie International Workshop on
Human Leukocyte Differentiation Human Cell Diffetiion Molecules names and
characterises CD molecules [Zola et al., 2006].

* Reticulocytes. The reticulocyte count reflects the erythropoietictivity of the bone
marrow and is thus useful in both the diagnosianamias and in monitoring bone marrow
response to therapy. Starting in the mid-1990spraated flow-cytometric analysis has
replaced traditional microscopic quantitation ofia@ocytes. Reticulocyte analysis now
includes measurements of the mRNA content and thtunty of reticulocytes, cell
volume, hemoglobin concentration and content [Rival. 2010].

« Hematopoietic stem cells. The use of flow cytometry in stem cell researefuires high
levels of stringency and as “fool-proof” techniggsl as possible, because often the number
of cell populations of interest are relatively sinabmpared to those in other fields of
study. Because of these small numbers of celisuseful to take advantage of the benefits
of contemporary instruments and multiple reagemhhlioations to learn the maximum
possible about these populations. CD34, Hoesct&t233CD105, CD90, CD117, CD133,
Sca-1, CD150 are some of the antigens and furadtioarkers which have primarily been
useful in the study of human and murine hematopogetd other stem or progenitor cells
[Preffer et al. 2009]. CD34 is a stage-specificigart that is expressed on human
hematopoietic stem and progenitor cells whose aspya decreases with differentiation of
the cell. Side population (SP) cells are stem aady gprogenitor cells identified as a
subpopulation by their low Hoechst blue and reddrbscent emission signature. The
characteristic Hoechst fluorescence SP “tail” [f8lell et al. 2005; Petriz 2006 ] is
attributed to a highly active efflux of Hoechst @23 via a p-glycoprotein multidrug/ATP
binding cassette transporter Bcrp/ABCG2 protein.

3.1.2. Immunology

Characterization of lymphocyte subtypes and cy®ldignalling is essential for understanding the
complex nature of the immune system. Activationdnyigens, suppression of normal immune
activation, and disease states can affect the pye® of lymphocytes. Multiparametric
phenotypic analysis by flow cytometry allows totitiguish one subpopulation of cells within a
heterogeneous mixture, and thereby enables thg #taddynamics of immune signalling in intact
cells.

« HIV infection. Infection with the human immunodeficiency virudl{) and acquired
immunodeficiency syndrome (AIDS) represent the mamsthmon clinical application of
flow cytometric immunophenotyping of peripheral ddblymphocytes. CD4+ T cells are
the main cellular targets of HIV infection; theyeattestroyed by several mechanisms and
their number decreases with progression of dis@asmrding to certain organizations, the
clinical decision concerning initiation of antivirtherapy or prophylaxis of opportunistic
infections are based on the numbers of CD4+ T ,dilésefore, accuracy and precision in
measuring lymphocyte subsets are crucial during fibleow-up of these patients
[Chattopadhyay et al., 2010].

» Lymphocyte activation. Lymphocyte response to mitogens is a habituadsdutest in the
evaluation of the immune system. The old usual oetith [3H]thymidine yielded
results which were difficult to interpret. The id#ication of cell surface structures
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(e.g.,CD69), minimally expressed on resting PBM@ &noadly expressed on activated
lymphocytes very early following the addition ofinstili, enhances the potential for
detection of low-frequency responses [Vernon etl8B5]. CD69 is expressed on all
activated lymphocytes, so it represents a generacken to monitor individual subset
responses to provocative stimuli. This assay allthesstudy of the activation at the level
of specific T, B, and natural killer (NK) cells. D expression is a good marker of cells
capable of cytokine production, which itself isiadicator of activation.

To monitor an immune response, it is importantaeehprocedures that can follow lymphocyte
proliferation, both in vitro and in vivo. The int@llular fluorescent dye, CFSE, has been found to
be particularly effective at monitoring lymphocydeision in many experimental situations. The
method is based on the ability of CFSE to covajetabel long-lived intracellular molecules.
Following each cell division, the equal distributtiof these fluorescent molecules to progeny cells
results in halving of the fluorescence of daughedis [Parish et al., 2001].
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Figure 2. Cell proliferation indicated by dilution of CFSi& stimulated and unstimulated CD8
lymphocytes

3.1.3. Cancer biology and clinical oncology

In the last decade the main oncology applicatiorcygbmetry has been the measurements of
abnormalities of DNA content in tumor cells and twiperturbation of the cell cycle by
chemotherapeutic agents. By measurements with fegblution, the demonstration of abnormal
cellular DNA content in several types of tumors banof definite diagnostic value when combined
with conventional diagnostic procedures.

Attempts to monitor cancer treatment by studyirtgrat cell cycle distribution have not been
successful, although some applications are of piatevalue. The main reasons for this are the
complexity of tumor tissue as well as difficultiegith interpretation of altered cell cycle
distribution caused by drug combinations. For fergprogress in this field more emphasis on other
cell constituents than DNA measured by flow cytaymes desirable, either as single or as
multiparameter measurements. Interest remainstarmdaation of drug sensitivity of tumor cells,
or determinations of kinase activities in cells.eThppreciation that various oncogenes are
expressed in many human cancers has led to thdogewent of cytometric techniques for
detecting oncogenes by immunofluorescence.
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3.2. Non-clinical applications

3.2.1. Flow cytometry of plant cells.

Flow cytometry on plant material is usually done ¢ ==

protoplast or cell suspensions. Chromosomes anat p

subcellular organelles such chloroplasts and mindha ™

have also been subjected to flow cytometric anslysi .
The main area of application of flow cytometry et *

measurement of DNA content for systematic, evoharg

or breeding purposes [Garcia et al., 2006; Tortehle

2001]. A reference standard of known DNA content . S i

used (Fig. 3, Pisum sativum ‘express long’, where

2C=8.37 pg). Propidium iodide, which has no biasA® Figure 3: fluorescence distribution

or G-C-rich sequences within the genomes is comynonl of propidium iodide stained nuclei

used as fluorescent stain. The measured fluorescisnc fo standard (P. sativum, mode=57)

directly proportional to DNA content. Using this compared to problem plant (mode=

procedure, up to 3.7% differences in DNA contens ha 62)

been resolved [Dolezel et al, 1995].

Measurements of the fluorescence of chlorophyll atber natural pigments as well as

measurements of protein and nucleic acid contetditspecific antigens have been made in plant

cells. Galbraith [Galbraith et al., 1995] has us#eP and its variants to study gene expression in

plants.

3.2.2. Microbiology

Detection of microorganisms has been done from \different perspectives: biotechnology,
environmental, clinical, food, sanitary or evenitaily; the interest of a technique such as flow
cytometry in microbial detection is clear sincalibws the detection of microbes at a single-cell
level.

DNA or protein content, membrane potential and imafluorescence measurements of algae,
bacteria, fungi and protozoa using flow cytometag lbeen reported in the literature by the mid-
1980’s, as had autofluorescence due to photosynithied other pigments. Differences in cell wall
composition and in the outer membrane of bacterddch are the basis of classical stains like the
gram staining, can be detected by FCM. Commeragaéation kits like the LIVE/ DEATHO©
BacLightTM bacterial counting and viability kit pridles rapid and reliable assessment of bacterial
viability in multiple applications [Haugland et @2010].

* Environmental applications and marine biology. Marine microorganisms detected by FCM
include bacteria, phytoplankton, zooplankton andruseés. New species like
Prochlorococcus, which is responsible almost of a third of theatdbacterioplankton
turnover of aminoacids, have been discovered ubi@i (fig 4). DNA content and
photosynthetic pigments are the most common pammeheasured in oceanography.
Specific organism (like the infective protoz@iardia or Microsporidium) had been
detected on water by flow using immunofluorescarcéniques.

e Clinical microbiology. Blood, urine or spinal fluid have been used asical specimens
when searching pathogens by flow. But FCM providetsol not only for detection and
identification of microbes, but measuring antimlbied susceptibility testing, providing
results in 2 to 7 hours, rather than in 15 to 24rbpas it is the case when traditional
culture methods are used. Bactericidal and thecteffé bacteriostatic agents can be
monitored by flow on cultures, measuring cell meamgr permeability or membrane
potential.
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* Food industry. Food microbial anasis is routinely performed by colony counti
However, platesulturing techniques are time consuming and thely oeveal a smal
proportion (viable and cultivable) of the true naicial population. The application of FC
to foods is related to a corresetting of discriminator gates to select microb@lints fromn
background particles. FCM has been applied on nhitewing and oenology industrie
and has been used for measurement of spoilage atkogen microorganis
contamination, starters and prolics. [Comas and Rius, 2009Reported sensitivity ¢
flow cytometry is<104 total bacteria/mL, and 103cells/mL for ye

3.2.3. Pharmacology and toxicology
Flow cytometric analysis of drug effects on cefisvivo has been considered as an alternati
animaltesting. DNA content analysis has been used tamete effects of anticancer drugs on
cell cycle. In other case#,is possible to study drug uptake directly, usfhuprescent drugsuch
asanthracyclines or labeled analogs. Even when dasstsment of drug uptake on a c-by-cell
analysis is not possible, FCM can provide quaiiiaanalyses of the effects of different d
doses on cell's metabolism over time courses. Thlmasurement of apoptos—the genetic
controlled ablation of cells- imutinely done by flow cytometry using multiparanetpproache
Standard tests of clastogenic agesuch abone marrow and blood erythrocyte micronucl
assays are performed by FCM detecting [-containing micronuclei in relative immature ce
anddistinguishing them from immature erythrocytes wheontain RNA [Derringuer et al., 199

=)

3.2.4. Biotechnology L
Industrial uses of flow cytometrinclude on-line -
monitoring of bioreactors or selection of yeasis -

1o

expressing antibodies. Flow cytometers witt z
sorting capability are used for h-throughput _355—-
screening; sample handling hardware has red G

the time needed to process a single sarto under
two seconds. Sorters are used to isolate frac
from highly heterogeneous mixed populatic
based on ligand binding and metabolic acti
[Hewitt et al., 2001].
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, Figure 4. Prochlorococcus: FCM
4. Practical examples detection according to scatter ¢

_ chlorophyll content. (D. Vaulot, CNR!
4.1. Human Regulatory Telt analysis

Regulatory T cells (Tregglay a critical role in maintaining immune modiga and are present
normal peripheral blood in low numbers. Cell cyttitpean be used to evaluate the proportio
Tregs and memory T cells in peripheral blood. Acdgsion of the method used toentify and
isolate these cells by flow cytometry is provd here.

Recipient peripheral heparinized blood samples wetkected and PBMC were obtained
standard Ficoll density gradient centrifugationcigient PBMC were stained with the followil
monodonal Abs: APC antiCD3, Per(-Cy5.5 anti-CD8, FITC antcD4, APC an-CD25, PerCP-
Cy5.5 anti-CD127, PE ankexp3, APC an-CD45RA), all stains were carried out following
instructions of the manufacturt

Flow cytometric experiments were carried otsing a FACSCalibur (BD Bioscience
Excitation of the sample was done using a stand@8hm and 635n laser.The instrument wa
set up with the standard configuraticFSC and SSGwvere used to gate lymphocytes ¢
population. As negative control, samj were incubated with corresponding isotype contrAl:
representative dot plot is shown in Fic
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Figure5. Representative dot plot used for the cytometmgdysis of Foxp3+Tregs. Negative
controls are also shown. Lymphocytes are identifigidg a routine scatter gate procedure. Events
from the later gate are then transposed to the\8SCD4 dot plot to obtain CD4+cells (R2) and
CD4- cells (R3). CD4- (R3) cells were used as tieg@&ontrol. Finally, the cells from R2 or R3

gate are transposed to the CD127 vs. FoxP3 doaptbthe CD25 vs. FoxP3 dot plot.

In conclusion, the evolution of memory/effector aedulatory T cells can be analyzed by cell
cytometry in response to different treatmentsis fossible identify and sort Tregs within a CD4+
lymphocyte population based upon high expressiealdeof CD25. As an alternative, CD127 can
be used to identify Tregs as CD127low events within CD4+CD25+ lymphocyte population.
More details can be found elsewhere [Bestard 2011]

4.2. Detection of apoptosis induction in B-celtahic lymphocytic leukemia cells without effect

in T lymphocytes

B-cell chronic lymphocytic leukemia (B-CLL) is clzaterized by the accumulation of long-lived B
lymphocytes. Most of the circulating cells appeabé nondividing and the clonal excess of B cells
is mainly caused by defects that prevent programoa#iddeath rather than by alterations in cell
cycle regulation. Glucocorticoids and other cherambeutic agents used clinically, including the
nucleoside analogues 2-chloro-2-deoxyadenosine flaigdrabine, induce apoptosis in B-CLL
lymphocytes, suggesting that apoptosis is the nmesimaof their therapeutic action. New apoptotic
drugs can be alternative therapeutic option for @htients.

Experimental procedures: Seventy samples from matieith B-CLL who had not received
treatment in the previous 6 months were studie€LB-was diagnosed according to standard
clinical and laboratory criteria. Cells were obtinfrom the Hospital Clinic, Barcelona, Spain.
Mononuclear cells from peripheral blood samplesewisolated by centrifugation on a Ficoll-
Hypaque (Seromed, Berlin, Germany) gradient andmm®served in liquid nitrogen in the presence
of 10% dimethyl sulfoxide (DMSO).

Apoptosis was measured by annexin V binding. Inpamtic cells, the membrane phospholipid
phosphatidylserine (PS) is translocated from timerino the outer leaflet of the plasma membrane,
thereby exposing PS to the external cellular emwirent. Annexin V is a 35-36 kDa Ca2+
dependent phospholipid-binding protein that hadgh laffinity for PS, and binds to cells with
exposed PS. Annexin V staining precedes the lossavhbrane integrity which accompanies the
latest stages of cell death resulting from eithgpdotic or necrotic processes. Therefore, staining
with FITC Annexin V is used in conjunction with atal dye such as propidiumiodide (PI) to
identify early apoptotic cells (Pl negative, FITGhiexin V positive). Viable cells with intact
membranes exclude Pl, wheras the membranes ofasiebdamaged cells are permeable to PI.
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To analyze apoptosis in T cells from the sampl@§, B00 cells were incubated for 24 hours
with the indicated factors. Cells were then washdeBS, and incubated in annexin-binding buffer
with allophycocyanin (APC)—conjugated anti-CD3 aotycoerythrin (PE)— conjugated anti-CD19
for 10 minutes in the dark. Cells were then dilutgth annexin-binding buffer and incubated with
annexin V-FITC for 15 minutes in the dark. Themein-binding buffer and Pl were added just
before flow cytometric analysis. Data were analyasithg Cell Quest software (Becton Dickinson,
Mountain View, CA).

The precursor of nucleotide biosynthesis acadegine5-aminoimidazole-4-carboxamide
(AICA) riboside has various effects in several tymé eukaryotic cells. Because acadesine blocks
glucocorticoid-induced apoptosis of quiescent thgytes, it was examined whether glucocorticoid
induced apoptosis in B-CLL cells was also blockgdabadesine. The effect of several doses of
acadesine on the viability of B-CLL cells was asaly (data not shown). Unexpectedly, acadesine
induced apoptosis. To determine whether the indnatif apoptosis in B-CLL cells was selective
to B population, the number of apoptotic Tcells Lxells) in CLL blood samples was analysed.

CONTROL 24h DRUG 24h

31 % = 62 % 36 %

AnnexinV-FITC

- T
1 102
chag

CD 3-PE CD 3-PE

- B-CLL cells - T lymphocytes

Figure 7: Acadesine effect on lymphocytes viability. Lymglgtes are identified using a routine
scatter gate procedure (data not shown). Lymphe@ute then transposed to the CD3 vs AnnexinV
dot plot to quantify apoptosis in B cells (CD3-dan T cells (CD3+)

In conclusion, acadesine, 5-aminoimidazole-4-cafdomide (AICA) riboside, induced
apoptosis (62% in treated cells vs 22% in contiolB-cell chronic lymphocytic leukemia (B-
CLL) cells, whereas T cells (CD3+) from these pasewere not affected (31% in treated cells vs
36% in control). Flow cytometry is a practical aedsy technique to analyse the induction of
apoptosis in treated cells.
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4.3. Flow cytometric detection of Plasmodium Kadcum in malaria-infected erythrocytes

Malaria is a parasitic disease caused by unicelluiganisms of the genus Plasmodium. A large
part of the life cycle of these parasites takesglm the blood circulation, where Plasmodium
invade red-blood cells (RBC) in which they grow andltiply; this blood stage infection causes
clinical symptoms and are targets for a numberrafyjsl The demonstration of the presence of
parasites in the blood is used for diagnosticstegatment of the disease.

The analysis and detection of malaria infectiorflow cytometry makes almost exclusive use
of fluorescent dyes which are specific for nucleads. Since RBC do not contain DNA, DNA-
specific fluorescence from infected RBC can onlydie to the parasite DNA. In addition, since
parasites multiply within the RBC, the fluorescemuensity of stained particles increases during
the development of the parasites. As long as thé Dbhtent of a parasite is 100-200 times less
than the nucleated blood cells, they can be edsljnguished on the basis of their fluorescence
intensity.

Most of the reported flow citometric studies on amgl parasites used A/T specific DNA dyes
(Hoechst 33258, Hoechst 33342). Others non DNAiipestains (Acridine orange, Propidium
iodide) had also been successfully used. In theepted example, the Syto-11© fluorescent dye
(Molecular Probes) has been used because 1) tsdeig) membrane permeability, that allows to
stain samples without fixation or permeabilizatipmocedures, 2) its high-intensity green
fluorescence, which is strongly enhanced when bedrtd DNA or RNA. Syto-11 is excited at
488nm, which is the most commonly light source tbimthe commercial flow cytometers.

Cultures of Plasmodium falciparum 3D7 were grown in vitro in group B human RBCs
(provided by the Banc de Sang i Teixits at the \WiHebron Hospital in Barcelona) using
previously described conditions. Briefly, parasifthawed from glycerol stocks) were cultured in
RPMI complete medium in a gas mixture of 94% N2, 6@2, and 3% O2. The cultures were
contained in Petri dishes, and parasites wereredltat intervals of 2 days at ca. 3% hematocrit.
For flow-cytometry analysis, non-infected RBCs d@ldsmodium-infected RBCs samples were
diluted to a final concentration of 1-10x106 cel/ffihe cell suspension is stained with 1 uL Syto
11 (0.5 mM in DMSO) to a final concentration of WM. Samples were incubated from 5-10
minutes prior to flow cytometric analysis.

Flow cytometric experiments were carried out usimg Epics XL flow cytometer (Coulter
Corporation, Miami, Florida). Excitation of the spi® was done using a standard 488nm air-
cooled argon-ion laser at 15mW power. The instrume&rs set up with the standard configuration.
FSC and SSC were used to gate red blood cell pigrul&reen (525 nm) fluorescence for syto-11
was collected in a logarithmic scale. The singlé-pepulation was selected on a forward-side
scatter scattergram, and the green fluorescengetfiis population was analyzed.

Figure 8 shows the gating on RBC to exclude agdesgand cell debris (A), and how
fluorescence of infected RBC can be detected img#ted population (B).
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Figure8. A: RBC population gated according to its scattgnal (horizontal, Forward Scatter;
vertical: Side Scatter). B: Fluorescence histogodi@yto-11 obtained from an infected sample
(horizontal axis: intensity of green fluorescengertical axis: frequency of cells). R4: region

defined on Plasmodium infected cells.
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In Fig. 9, a typical dotplot obtained combining F8& green fluorescence can be seen; A has
been obtained from a non-infected sample, whileaB been obtained from an infected sample.
Region R2 is used to quantify the percentag®laémodium infected cells. Its position is fixed
according to the control (uninfected) sample, wh2enust be <0.1%.
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fluorescence intensity). R2:
infected cells.
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In conclusion, detection d¢flasmodium falciparum by flow cytometry using sytoll has proven
to be a simple and fast procedure. As long asi@iRednd washing steps are not necessary when
using this stain, the total time needed for stginimd analyzing 50.000 RBC is less than 10
minutes. Flow cytometry has been a valuable topteslly for long batches of samples, where the
alternative technique of microscopic counts is lamgl tedious. High correlation were found
between microscopic and flow cytometry counts; mimin values of parasitemia detected by flow
cytometry were about 0.5%

4.4. Stem cell identification and isolation on reeuntestine

Colorectal cancer (CRC) is the second cause ofhdegtcancer; a frequent complication is

regeneration of the tumour after therapy. Therarisevidence that specific gene signature of
intestinal stem cells (ISCs) predicts disease selap CRC patients. A description of the method
used to identify and isolate these cells by flowoayetry is provided.

Small mouse intestine samples were disaggregated comdi-enzymatic and mechanical
methods; population of single, live cells were sidd according to their scatter parameters and
Propidium lodide exclusion. A FacsARIA | SORP (Bexk Dickinsion, Ca, USA) was used for
cytometric analysis and sorting. ISCs were idesdifby their high expression of the EphB2
receptor, which becomes gradually silenced as déflsrenciate. Using EphB2 expression, mouse
ISCs, crypt proliferative progenitors and diffeiated cells were FACS-purified to define a gene
program specific for normal ISCs. Epithelial ce{EpCAM+, CD45-, CD31-, CD 11b-) were
sorted according to their different EphB2 surfagpression; Paneth cells were removed using
lectin marker (Fig. 10).

In conclusion, flow cytometry and sorting is a poluk technique to identify and purify
intestinal stem cells and the stem-like cell popotaof the tumour, population which has been
suggested to play a central role in colorectal earglapse.
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Figure 10: identification of intestinal stem cells by flowtometry: live, single cells were
identified combining scatter parameters (A) andwig by propidium iodide exclusion (B).
Epithelial cells were then selected according &rtpattern of antigen expression: exclusion of
CD45+ CD11b+ CD31+ cells (C), and expression of &p(E); Paneth cells were also removed
from the analysis (D). Remaining cells were themesbaccording to their FSC and EphB2
expression (F); the profile of the sorted fractiansording on their EphB2 expression can be seen
on G. The profile of high EphB2, low FSC (dark bldor) corresponds to the stem cell
population.
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