Sysmex Journal International VVol.10 No.1 (2000)

TECHNICAL
REPORT

SERIES
9

Reagent Characteristics in

the XE-2100 NRBC Channel

Takashi SaAkaTa

R&D, Sysmex Corporation,

4-4-4 Takatsukadai, Nishi-ku, Kobe 651-2271, Japan.

Key Words

Flow Cytometry (FCM), Semiconductor Laser, NRBC, Polymethine Dye

INTRODUCTION

The measurement of nucleated red blood cell (NRBCs)
not only provides important information for determining
treatment in cases such as thalassemia, etc. but can aso
give useful information in diagnosing chronic myelopro-
liferative disorders such as myelofibrosis and chronic
myeloid leukemia®. However, in the conventional
(manual microscopic) method, the number of cells counted
is usually as few as 100 cells, causing problems in accu-
racy and precision®. In addition, with a typica routine
automated hematology analyzer, it is difficult to com-
pletely distinguish between NRBC and WBC, and NRBC
tends to interfere in the WBC count. To resolve these
problems, NRBC counting methods using various FCM
have been developed?, but few satisfactory results have
been obtained.

The XE-2100 has made it possible to accurately count
NRBC by using a newly developed NRBC measurment
reagent, “STROMATOLY SER-NR” and the FCM detec-
tor using a red semiconductor laser.

In this report, the NRBC measurement reagent “ STRO-
MATOLY SER-NR” and the measurement principle of
the XE-2100's NRBC channel will be described. In
addition, a new NRBC reference method using FCM wiill
be introduced.

NRBC MEASUREMENT REAGENT
STROMATOLYSER-NR

The NRBC measurement reagent “STROMATOLY SER-
NR” comprises a stain containing polymethine dyes, and
an acid-hyposmotic diluent containing surface active
agents. The composition and mechanism of the reagent
will be described as follows.

Stain solution (Polymethine Dyes)

For cell staining, various dyes are used depending on the
objects to be stained;but generaly speaking, in order for a
dyeto stain acell and measure it using FCM, the following
characteristics are required:

1) Fluorescent capabilities: The ability to absorb beams
of light (e.g. red semiconductor laser, A = 633 nm for
XE-2100).

2) To have cell membrane permeability and specifically
associate with the desired cell component.

3) To fluoresce only when associated with the targeted
cell component.

4) Chemically stable.

5) Low toxicity.

We have developed a polymethine dye that satisfies these
conditions and that can be excited with a semiconductor
laser (633 nm). Polymethine is typically used as the
functional dyes that supports latest industrial technolo-
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Fig. 1 General structural formula of polymethine dyes

gies such as near-infrared absorbing dyes, dye lasers, LB
membranes, and color photo film sensitizers®. In the
cytometry field, polymethine dyes are known for measur-
ing cell membrane potential ™9, but they have rarely been
used for staining in hematologic or pathological tests.
However, polymethine dyes following provide the fol-
lowing properties that are well-suited for cell staining:

1) Polymethine dyes are structurally characterized by the

binding of a heterocycle (cyclic compound containing
nitrogen, sulfur, and oxygen) and a methine chain
(-CH2=). These heterocyclic structures are known as
fluorescent chromophores, and many dyes having
these structures fluoresce (Fig. 1).
Polymethine dyes are able to have the wavelength of
the light absorbed theoretically designed by changing
the kind of heterocyclic nucleus, binding side chain,
length of the methine chain. For example, as the num-
ber of “m” for the methine chain -(-CH=CH-),- to
which the heterocyclic nucleus is joined is increases
by 1, the absorption wavelength of the dye shifts
toward the longer-wavelength side by about 100 nm.
In this way, polymethine dyes have an advantage in
that dyes of desired absorption wavelength are devel-
oped comparatively easily by changing the structure
of dye molecules?.

2) It is comparatively easy to control the cell membrane
and nuclear membrane permeability of polymethine
dye. As well as its affinity to cell components by
changing molecular structure. In general, polymethine
dyes have positive charges in the molecular structure,
and are easily linked by nucleic acids and anion. It is
also possible to be bounded by intercalation in double
helix of DNA2,

Cell membrane permeability will be described in the
discussion of the diluent.

3) Polymethine dyes existing in aqueous solution provide
unique features in that they do not fluoresce because
the light energy absorbed is converted to heat energy
by intramolecular diffusion motion, but when bound to
cell membranes or nucleic acids, they increase light
absorption and intensify fluorescence because
intramolecular diffusion motion is interfered witht 12,

4) Polymethine dyes are rather chemically unstable sub-
stances, and are easily decomposed by water, light,
and oxygen. However, in STROMATOLY SER-NR,
the dyes are stabilized by using ethylene glycol (a

nonaqueous solvent system) as a storage solvent. On
the other hand, the chemical instablity in turn becomes
an advantage, because it is able to be decomposed
when discharged into the environment as waste.

5) It is reported that polymethine dyes are safe, with far
less mutagenicity as compared to specific fluorescent
dyes binding to nucleic acid (such as ethidium bro-
mide)3.

In these ways, polymethine dyes provide excellent prop-
erties as dyes. In the XE-2100, by developing and using
optimum polymethine dyes not only for the NRBC chan-
nel, but also the 4 DIFF and RET channels, a wide vari-
ety of normal and abnormal cells can be classified and
counted™.

Diluent (Hemolytic agent)

When WBC measurement is carried out by an automated
hematology analyzer, the anticoagulated peripheral blood
must be treated with a suitable diluent.

The diluent provides several functions as shown below.

1) Dilution of whole blood
If whole blood is measured without dilution, the num-
ber of cells is far too numerous to be counted by the
detector. The sample therefore must be diluted to a
suitable concentration so that cells pass through the
detector one by one. In general, to measure WBC, the
whole blood is diluted anywhere from10 times to hun-
dreds of times.

2) Lysisof RBC
RBC number more than 1,000 times that of WBC in
the peripheral blood, and will hinder NRBC measure-
ment. In order to eliminate the influence of RBC, the
RBC must be selectively lysed.

3) Treatment of cells
In order to stain specifically and distinguish the cells
to be measured, physiochemical conditions such as pH
and ion intensity must be set to optimum conditionsin
accordance with the cell to be measured. In
STROMATOLY SER-NR, an acidic hypotonic solu-
tionis used.

4) Adjustment of dye permeability
Polymethine dyes provide comparatively good cell
membrane permeability. In STROMATOLY SER-
NR, a dye permesability accelerator is added to com-
plete staining in a shorter time (A littel over ten sec-
onds).

Diluent is required to provide various functions such as
lysing of RBC, adjustment of staining capability and pro-
motion of dye permesability, while maintaining the form
of other blood cells.

This section describes the lysis of RBC in detail.

There are four primary methods of lysing RBC: 1)
change of osmotic pressure, 2) lowering of surface activity
in the suspension solution, 3) decomposition of mem-
brane constituents, and 4) strong physicochemical inter-
action between membrane substances and other sub-
stances™. A variety of RBC lysing methods have been
reporteds-2n,

Hemolytic agents used in automated hematology analyzers
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Tablel

Hemolytic agent

Main constituents

Advantages

Disadvantages

Remarks

Hypotonic
solution

Little damage to leukocytes.
Ableto maintain cell form and
features close to in vivo.

RBC are able to be selectively
lysed by adjusting the pH of the
solution to acidic.

RBC are lysed; but since
erythrocytic membranes remain as
ghosts, it is not well suited for
electric resistance measurement
method.

« Popularly used for optical

measurement method.

Cationic surface
active agents

Extremely quick hemolysis
reactions.

Comparatively small RBC ghosts.

Damage to cellsis comparatively
large and cell formislikely to
chang.

« Popularly used for electric

resistance measurement method.

Nonionic surface

Extremely quick hemolysis

Damage to cellsis comparatively

« Applied as an intermediate method

active agents reactions. small. between above two methods.
* RBC ghosts can be completely
dissolved.
Hemolysis Stain Size Fluorescence
WBC Large Strong
NRBC Small Weak
RBC Tiny -

Fig. 2 NRBC channel measurement principle
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fall into the following three general categories (Table 1),
and an optimum hemolytic agent is used depending on
the cell to be measured.

Because in STROMATOLY SER-NR diluent RBC must
be nearly completely dissolved and the staining capabili-
ties differentiated between WBC and NRBC, the acidic
hypotonic solution containing cationic surface active
agent is used.

NRBC measurement principle (Figs. 2 and 3)

Mixing of blood with the NRBC measurement reagent
“STROMATOLY SER-NR” diluent dissolves the mem-
brane lipid constituents of RBC and forms osculums in
the cell membrane. The RBC effuses its hemoglobin, and
shrinks to a cell membrane only, becoming optically
transparent. NRBC generates pores in the cell membrane
in the same mechanism of action, effuses hemoglobin and
at the same time, accelerates the dye permeability. The
WBC generates pores in the cell membrane as in the case
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Fig. 4 NRBC scattergram

of NRBC and has the dye permeability accelerated.
Organelles of WBC, however, are not effused but remain
in the cell. Allowing the “STROMATOLY SER-NR”
stain to act on under this condition stains nucleic acids,
organelles, nuclei inside the WBC with the polymethine
dyes. On the other hand, the nuclei of NRBCs are diffi-
culty binding dyes and stain weakly because the nuclear
chromatin condenses.

The stained cells are directed into the flow cell and illu-
minated with the 633nm of red laser beam. The forward
scattered light intensity and side fluorescence intensity
produced from the cells are detected. The information of
side fluorescence intensity is plotted on the abscissa and
the forward scattered light intensity on the ordinate in the
two-dimensional scattergram.

1) Since RBC turn to become cell membranes (ghosts) by
the action of the diluent (lysis), light is minimally
scattered; therefore, the forward scattered light inten-
sity is low. Since RBC membranes are scarcely
stained, they appear in the vicinity of origin at the
lower left where the side fluorescence light intensity is
low, that is, in the ghost area.

2) Since WBC maintain their form despite pores are gen-
erated in cell membranes by the action of the diluent,
they scatter light strongly. WBCs are also strongly
stained with polymethine dyes; thus the forward scat-
tered light intensity is high, and these cells appear in
the WBC area at the upper right (or middle) where flu-
orescence intensity islarge.

3) Because NRBCs become nearly bare nuclei by the
action of the diluent, the forward scattered light inten-
sity is low. Since the cells are weakly stained with
polymethine dyes, they appear in the NRBC area
located in between the ghost area (with low fluores-
cence intensity) and the WBC area.

As described above, because NRBC and WBC can be
clearly distinguished from each other by the difference in

both of the forward scattered light intensity and the fluo-
rescence intensity, NRBCs can be accurately classified
and counted (Fig. 4). The NRBCs counted in this way
are indicated as NRBC% (/100WBC) and NRBC# (/pL)
in conformity to the evaluation standard NCCLS H20-
A2 when 20 or more counts/pL appear.

NRBC REFERENCE METHOD

In generdl, to evaluate the WBC differential performance
of the hematology analyzer, NCCLS H20-A, which is a
standard method using a microscope, isused. The manual
method is an excellent method that can evaluate various
types of blood cells al at once, but it is known for its sta-
tistical problems due to the small number of cells counted.
Also, individual differences in judgment of the technolo-
gists performing the count is an issue; the manual differ-
ential is not always an accurate or objective method. Our
company has devised a flow cytometry-based reference
method of evaluating the performance of the hematology
analyzer®). Recently, an NRBC reference method using
FCM has been newly devised for evaluating NRBC
counting performance of the hematology analyzer?
(Figs. 5 and 6). This method stains each of the cells
using the monoclonal antibody (FITC labeled CD45 anti-
body) for recognizing the WBC common antigen and
nucleic acid staining dyes (propidium iodide), and specifi-
cally detects and counts NRBC. Consequently, WBC,
NRBC, and erythrocytic ghosts can be clearly identified,
and NRBC% is able to be accurately counted. This
method measures 10,000 cells (as compared to the WBC-
100 count of the manua method) and provides superior
accuracy.

The following figures show the evaluation results of
NRBC measurement performance of XE-2100 and a
measurement example with the previously described
method used as areference.
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CONCLUSION

The technologica capabilities of multi-parameter hema-
tology analyzers are continually expanding. Instruments
are now measuring and differentiating cell types that
were previously thought to be impossible to distinguish
“electronically.” In this report, the XE-2100 NRBC
counting principle has been described with emphasis
placed on the STROMATOLY SER-NR reagent capabili-
ties. Thisinformation may help to confirm the accuracy
of the XE-2100 NRBC count and its subsequent clinical
utility.

We believe the automated blood cell counter will continue
to bring tremendous clinical advances to healthcare in the
future, and it is our everlasting assignment to explain and
present our new technology to you. We hope this will

allow you to understand and develop confidence in our
ability to count all types of cells-including, in the future,

cells now considered “impossible” to count.
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