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LASER FLOW CYTOMETRY: PHYSICAL BASIS AND ITS APPLICATION
IN THE PHAGOCYTIC PROCESS ASSESSMENT

This article reviews the physical principles of the laser flow cytometry method, and shows
its possibilities for medical and biological science. The method is effective to solve important
tasks in the phagocytic process assessment. It is significant to study phagocytic parameters
for the comprehensive analysis of diagnosis, either for primary or secondary im-
munodeficiency conditions — frequent recurrent inflammations, predisposition to postoperative

complications.
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Introduction

Flow cytometry is an effective approach to
solve many important issues arising in medicine,
cell biology and cell engineering. The flow
cytometry method is used for examination of the
dispersed media in the mode of item-by-item
analysis of the disperse phase elements by light
scatter and fluorescence signals. This method is
based on the following: a hydrofocusing system
is used, which ensures that one cell passes
through the flow; the cells are irradiated with the
beam of laser; light scatter and fluorescence sig-
nals are registered from each cell in cell suspen-
sion with velocity up to 3000 cells per second [1].

Suspension of the cells which are pre-stained
with fluorescent dyes (monoclonal antibodies
conjugated with fluorescent labels are generally
used as such agents) is blown under pressure
through the capillary. The cells, picked up by the
fluid flow, are arranging in turn one after the
other, forming such a «chain» — hydrodynamic
focusing principle, whereby the laminar flow
conditions are provided, non-mixing the suspen-
ded cells with surrounding liquid. When the
stream crosses the focused laser beam, usually
only one cell being detected at once at the point
of the stream and beam crossing, thus avoiding
artifacts associated with different remoteness of
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the cells from the point of intersection of the laser
beam with the flow. Highly sensitive sensors lo-
cated closely to the flow, register the light
scattering angle of 2 to 19 °, called forward, or
small-angle light scatter (FSC), and sidelight
scatter (SSC) at 90 °. At the same time the fluo-
rescent labels (FL1, FL2, etc.) irradiation is regis-
tered, which has a certain wavelength for each
fluorochrome.

Immune cytofluorometric cell analysis is
performed by the following parameters:

* FSC (forward side scatter) is the parameter
of forward light dispersion, which characterizes
the size of cells;

* SSC (side scatter) is the parameter of side
light scattering that reflects optical heterogeneity
of cell cytoplasm, specific cellular inclusions and
cellular granularity. The term «granularity», re-
presenting SSC parameter, has a specific cyto-
fluorometricmeaning, and doesn’t reflect a mor-
phological concept of «granularity». This para-
meter used allows to determine the size ratio of
the nucleus and the cytoplasm;

* FL1, FL2 — channels for detecting specific
signal of fluorescent dye at different wavelengths.
The analysis of the information obtained through
the light scatter channels allows to specify the
peripheral blood leukocytes into three popula-
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tions — lymphocytes, monocytes and granulocytes.
Lymphocytes are characterized by the smallest
size, granulocytesare the largest cells, mono-
cytesare intermediate by the FSC parameters.
Lymphocytes show the lowest SSC indices, mo-
nocytes— intermediate, and granulocytes — high.

Several fluorescent labels applied allow to
realize simultaneous two—, three—color analysis,
since each fluorochrome, when passing through
the laser beam, emits light of different wave-
lengths. The most commonly used fluorescein
isothiocyanate (FITC) detected by the FL-1
detector (the first fluorescence channel) (green
spectrum), the phycoerythrin (PE), the FL-2
detector (yellow spectrum), the less often the
tandem cyanine-5 / phycoerythrinand pyridine
chlorophyll (PerCp, Cy5/ PE) — FL-3 detector
and allophycocyanin (APC) — FL-4 detector.
Current models of the devices can be equipped
with two or more lasers and four or more
photomultipliers, that allows to register various
fluorochromes at different wavelengths. When
choosing combinations of fluorochromes for si-
multaneous determination of several cell mar-
kers, it is necessary to consider the wavelength
of the light source and the ability of the optical
system of the device to specify and record the
signals from the used fluorochromes simul-
taneously. The basic model of cytometer con-
tainsblue (488 nm) argon air-cooled laser as a
light source. Perfect stability and homogeneity
of the gas laser beam provides high class measu-
rements. When the output power of the laser is
20 mW, the sensitivity of the measurements is
sufficient to study even the poorly expressed cell
markers.

Cell biology developed along with the impro-
vement of analytical basis for the quantitative
research and methodology of the study of cells
and cellular organelles. Development stages
included optimization of microspectrometry, uto-
radiographymethods, and more recently — laser
flow cytometry. Phagocytosis system can be
defined as a set of cells and humoral factors
which provide the basal level of structural ho-
meostasis [2-5]. Phagocytes are the center of pha-
gocytosis. This term reflects one of the most
outstanding functional features of these cells,
which is the ability to absorb and destroy foreign
material. The ultimate variant of any immune
response is the destruction of pathogenic or
defective structures, and their elimination.

The main mechanisms of destruction in hu-
moral and cellular variants of immune response
are associated with phagocytosis. Phagocyte

function failure can significantly impair the ef-
ficiency and adequacy of any variant of the im-
mune response. Being a highly sensitive indicator
both of norm and pathology, phagocytes serve
as a useful tool either for immunological or ge-
neral clinical diagnosis. Study of phagocytic indi-
ces is important in comprehensive analysis of
diagnosis of primary immunodeficiency states
such as chronic granulomatous disease, Chediak—
Higashi syndrome, myeloperoxidase, glucose—6—
phosphate dehydrogenase deficiency, «lazy
leukocytes» syndrome, disorders of serum opso-
nic activity (complement component deficiency,
hypogammaglobulinemia), and secondary im-
munodeficiency conditions — frequent recurrent
inflammatory processes, predisposition to post-
operative complications [6—13]. But at the same
time, methodological approaches to the assess-
ment of phagocytosis are quite labor-consuming
and long-lasting, that prevents their wide ap-
plication in clinical laboratory practice.

Flow laser cytometry is a modern approach
to examination of the structure and function of
cells, and its possibilities allow to study the stages
of phagocytosis, as well. Analysis of phagocy-
tosis with automatic laser flow cytometryis
characterized by high accuracy, objectivity, rapid
analysis, easy set up of reactions.

Phagocytic activity of neutrophils was esti-
mated by flow cytometry [14]. The required vo-
lume of cells was added to the flow cytometry
tubes. 30 ul of Dulbecco’s phosphate-buffered
saline (DPBS) were added to the control tube to
the cell suspension. 10 pl of Staphylococcus
aureus Cowan (200 million / ml) labeled by Fluo-
resceinSisothiocyanate and 20 pl of DPBS were
mixed into the test tubes, and stirred. The tubes
were incubated for 30 minutes at 37 °C, after
which the cells were centrifuged at 250 g for
5 min and washed by centrifugation in 2 ml of
cooled DPBS with added 0.02%EDTA. The
specimens were fixed in 400 pul of DPBS-EDTA
with 0.04% paraformaldehyde, theflow cytofluo-
rimeter in the FL1 fluorescence channel was used
for the assay. The results were presented as the
percentage of phagocytic cells (phagocytic
number) and phagocytic index (PI), which were
determined by the formula:

[G-mean pos/ P-pos | — [ G-mean neg/ P-neg],
where P —pos is the percentage of positive (fluores-
cing) cells in the experimental sample;

G-mean pos is the mean fluorescence of po-
sitive cells in the experimental sample;

P-neg is the percentage of positive cells in
the negative control sample;
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G-mean negisthe mean fluorescence of the
negative control.

The intracellular production of reactive oxy-
gen species (ROS) was assessed by flow cyto-
metry [15]. The desired volume of cells was
added to the flow cytometry tubes. 30 ul of DPBS
was added to the suspended cells into the control
tube. 4.2 pl of dichlorofluorescein (Sigma, USA)
and 25.8 ul of DPBS were mixed into the test
tubes, and stirred. The tubes were incubated for
30 minutes at 37 °C, and then the cells were
centrifuged at 250 g for 5 min and washed by
centrifugation in 2 ml of cooled DPBS with added
0.02% EDTA. The specimens were fixed in
400 pl of DPBS-EDTA with 0.04% paraformal-
dehyde, the assay was carried out on a flow
cytofluorimeterin the FL-1 fluorescence channel.
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The percentage of cells producing ROS was
assessed, as well as the mean fluorescence inten-
sity (MFI) per the cell number that reflects the
level of intra cellular ROS production.

Conclusion

Immune status assessment, including the
phagocytic process evaluation, is a part of a com-
prehensive laboratory study of the patient and,
as any laboratory test, is used to confirm the cli-
nical diagnosis. In some cases, the clinical picture
of the disease is so marked that on its basis it is
possible to make preliminary diagnosis of the
impaired phagocytic immunity. Chronic granu-
lomatous disease can serve as an example. How-
ever, the final diagnosis can be based only on a
detailed study of phagocytic process with the aid
of laboratory methods.
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JABEPHA MPOTOYHA IUTOMETPIS: ®I3UYHI OCHOBMU 1 ii 3BACTOCYBAHHS B OIIHIII
DATOLIUTAPHOI'O MPOLECY

VY naniif cTaTTi po3WISHYTI (i3UUHI NPUHIUIN METOAY JIa3epHOi MPOTOYHOI IIUTOMETPii H MoKa3aHi
MOYJIMBOCTI JTAHOTO METOMY JUIsl MEAMYHOI W O10JI0TIYHOI HayKu. MeTon e(eKTHBHUIA NP BHPIIICHH]
Ba)XXJIMBUX 3aBJIaHb B OLIHII (parouTapHOro nporecy. BUBYCHHS MOKa3HUKIB (ParoruTo3y Mae 3HaYCHHS
B KOMILIEKCHOMY aHaJli31 IIarHOCTHKY K IEPBUHHUX IMYHOAE(DIIUTHUX CTAHIB, TAK 1 BTODUHHHX, a CaMe
PEIMINBHUX 3aMajbHUX MPOIECIB, CXHILHOCTI JIO MiCISONEPAiiHUX YCKIIaTHCHb.

Knwwuosi cnosa: npomouna yumomempis, Hempo@inu, pazoyumos, peakmusHi ¢popmu KUCHO.

M.O. Heanenko

JIABEPHASI TIPOTOYHAS IATOMETPUS: ®PU3NUYECKHE OCHOBHI M EE IPUMEHEHUE
B OIEHKE ®AT'OIIUTAPHOI'O NIPOLECCA

B nanHOI! cTaThe pacCMOTPEHBI (hH3HUUECKHIE IPHHIIUIBI METO/A Ta3€PHON POTOUHON IUTOMETPUH U
MOKAa3aHbI BO3MOXKHOCTH JAHHOTO METOA JIsl MEAUIIMHCKOM 1 Ononorndeckoil Hayku. Meton a3 exTrBeH
IIPU PELICHUH BaXKHBIX 3a]a4 B OIEHKE (harolUTapHOro npoiecca. M3ydenue nokasareneit aromnurosa
MMeeT 3HaYeHHe B KOMIUIEKCHOM aHaJi3e AUarHOCTHUKH KaK IepBUYHBIX IMMYHOIE(QUIINTHBIX COCTOSHHH,
TaK U BTOPUYHBIX — YaCTO PELMIUBHUPYIOIINX BOCHAIUTEIBHBIX IPOLECCOB, CKIIOHHOCTH K MOCIEONe-
PALIMOHHBIM OCIIOXKHEHHSIM.

Knrwouesvie cnosa: npomounas yumomempus, neiumpoduisl, azoyumos, peakmusHvle Gopmbl
Kuciopooa.
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