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SUMMARY

This report describes alterations in the agarose
mononuclear leukocyte migration technigue and
the method of cell fixation which resulted in
the satisfactory nonspecific esterase staining of
human mononuclear leukocytes following 1 to 3
days of in vitro migration, Modifications in
technique made it possible to properly fix the
migrating cells on to glass slides without
significant loss of enzyme activity. Differences
in the nonspécific esterase staining characteristics
of T lymphocytes, B lymphocytes, and mono-
cytes during in vitro migration are described.

INTRODUCTION

This report describes a technique for the non-
specific esterase (NSE} staining of human
peripheral blood monocytes and lymphocytes
following in vitro random migration under
agamse.“2 The method developed solves the
difficult problem of the loss of leukocyte NSE
activity which invariably occurs during the usual
migration study fixation period of 30 minutes.2
A satisfactory fixation period was achieved
through reduction in the thickness of the layer of
agarose which overlies the cells during migration.
The desirability of making permanent prepara-
tions with Permount necessitated the use of a
glass rather than a plastic surface for the migra-
tion studies. The NSE staining of these
preparations was found to be very useful in the
differential identification of several types of
mononuclear leukocytes at any time during the
usual study period of cell migration.
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MATERIALS AND METHODS

The agarose technique for the study of
lymphocyte migration has been described
previously in some detail.? In order to stain for
NSE activity it was necessary to modify the
previously described procedure as follows:
Heparinized venous blood from healthy adult
volunteers was separated into granulocyte and
mononuclear fractions by means of the Boyum
technique.® The morionuclear cells then were
separated into T and B cells by means of a
modification of the method of Greaves and
Brown.* The number of contaminating mono-
cytes was estimated on smears made from each
preparation by means of NSE staining. The
monocytes in some B cell preparations were
removed by means of glass adsorption. Repeat
NSE stain preparations were used to evaluate the
adequacy of the glass adsorption procedure in
the removal of the monocytes. Allcell prepara-
tions were resuspended in RPMI (Medium
RPMI 1640, Nissui Seiyaku Co. Ltd., Tokyo,
Japan) at a concentration of 1 X 10° celis per
10 pl. Viability of the cells following washing
and suspension in RPMI was more than 97% as
judged by means of trypan blue exclusion.

An agarose mixture containing antibiotics and
other nutrients was prepared according to the
method previously described.> A sterile 76 mm
X 26 mm glass microscopic slide was placed on
the bottom of a sterile glass petri dish. The
warm agarose mixture then was layered over
the surface of the glass slide to a thickness of
about 2 mm by means of a sterile Pasteur
pipette. The agarose was hardened by refrigera-
tion at 4C for 30 minutes to 1 hour into a
semisolid level gel which firmly adhered to the
surface of the slide. Just prior to use, three
circular wells, each 3.0 mm in diameter, 4.0 mum
apart, and in a straight line were cut with a
stainless steel template. The core of agarose in
the center of each well was carefully removed
by means of gentle suction through a Pasteur
pipette, care being taken nof to disturb the
adherence of the adjacent agarose-slide interface.

A 10 pl aliguot (1 X 10° cells) of T, B, or
monocyte-adsorbed B cells suspended in RPMI
was carefully introduced into the wells by
means of a capillary pipette. The petri dishes
then were placed In a humidified, 5% CO,
incubator at 37C for periods of 24-72 hours
during which time the leukocytes migrated out
from the wells as monolayers in the interface
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between the agarose gel and the glass surface.
The petri dishes were removed from the
incubator at appropriate intervals and covered
with the NSE fixative solution at 4C for
10 minutes following which they were removed
with forceps and dipped once in distilled
water before the agarose gel was gently
peeled off with the aid of a thin glass cover
slip. The slides again were immediately
dipped into distilled water, three times,
and allowed to air dry before staining for
NSE by the method previously described.'
Unincubated fresh control smears from the
T, B, and monocyte-adsorbed B cell preparations
were also stained for comparison. Thin cover
slips were mounted over the stained cells on
each slide by means of Permount.

RESULTS

Differences in the NSE staining characteristics
of T and B lymphocytes in separated T and B
lymphocyte preparations which have migrated
for 72 hours under agarose are readily dis-
tingnishable. The sparse, discrete, small areas of
cytoplasmic stain of the T cells are in sharp
contrast to the intense cytoplasmic staining of
the monocytes and the virtual absence of
cytoplasmic staining in the majority of B
lymphocytes (Figures 1-3). These cell staining
characteristics are reflected in the low power
microscope appearance of each preparation
(Figure 4). A large number of monocytes which
are strongly positive for NSE are identified in
the unadsorbed B cell preparations. The B cell
preparations contain only an occasional cell
with intense NSE staining characteristics follow-
ing removal of the monocytes by means of
glass adsorption (Figure 5). Occasional contami-
nating polymorphonuclear leukocytes are easily
identified by their unique nuclear morphology
in association with their negative NSE staining
characteristics.!

DISCUSSION

A recently described adaptation of the agarose
granulocyte migration technique has made it
possible to define certain in vitro migration
characteristics of human Iymphocyte sub-
populations.®® The contamination of separated
T and B cell preparations with monccytes and
other cells, however, frequently complicates

interpretation of microscopic observations. This

is a particularly troublesome problem with the
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FIGURE 1. Discrete cytoplasmic sites of nonspecific esterase activity are stained in T
Iymphocytes following 72 hours of migration under agarose ( X 1000).

Ml. 7HU—ATFCTREEMEEGOT Y ¥ BRITTREL 22 Mo RS 275 & h, FEIF AT
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FIGURE 2. B lymphocytes following 72 hours of migration under agarose show only a
diffuse trace of cytoplasmic nonspecific esterase activity ( X 1000).
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FIGURE 3. Intense cytoplasmic staining for nonspecific esterase activity is demonstrated in a
monocyte in a B lymphocyte preparation following 72 hours of migration under agarose
( X 1000).
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FIGURE 4. A: The discrete cytoplasmic areas of nonspecific esterase activity in T lymphocytes
are easily demonstrated following 72 hours of migration under agarose ( X 400). B: Cluster of
monocytes which have stained intensely for nonspecific esterase are easily identified in this B
lymphocyte preparation following 72 hours of migration under agarose ( X 400).
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FIGURE 5. Only one monocyte is identified in this B lymphocyte preparation by means of
nonspecific esterase stain following glass adsorption and migration under agarose for 72 hours

[ X 400).
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B cell preparations which usually are quite
heavily contaminated with monocytes. B
lymphocytes frequently assume a somewhat
monocytoid appearance during random migration
under agarose which adds to the difficulty in
their morphologic identification. = Monocyte
adsorption techniques are not a satisfactory
solution to this problem since they usually are
associated with heavy losses of B lymphocytes.

The precise histochemical identification of all
lymphocyte subpopulations and monocytes in
the peripheral blood is not possible at this time,
but differences in NSE activity of these cells
contribute to their identification. Recognition
of the abundant NSE activity in monocytes has
made the histochemical staining technique for
this enzyme of value in research and in the
histologic classification of certain leukemias.®”
Recently, the NSE staining characteristics of T
and B lymphocytes has been defined.?

Adaptation of NSE staining techniques to the
study of lymphocyte subpopulations during
various stages of random migration by means of
the agarose plate technique was associated with
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several problems. Preliminary studies with fresh
blood smears revealed that virtually all NSE
activity disappeared from the cells following
fixation for the usual period of 30 minutes.
It was observed that after 4-5 minutes of fixation
there was partial loss of NSE activity and virtually
complete loss occurred if the period of fixation
exceeded 8-10 minutes, On the other hand,
fixation of the cells under agarose gels in petri
dishes for shorter periods of time was inadequate
and resulted in partial or complete loss of
surface adherent cells during the process of
removing the agarose. Another minor problem
was that it was not possible to use plastic petri
dishes to make permanent preparations with
Permount.

A satisfactory solution to these problems was
achieved through the use of a thin layer of agar
on glass microscopic slides. This permitted
reduction of the fixation time to 10 minutes, a
duration for which NSE activity appears
unchanged and cell loss is minimal. The
migration of T and B lymphocytes on glass
was observed to be comparable to migration
on plastic so that the use of acetone during
the staining process was no longer a problem.

Another point that deserves emphasis is that
the fixative solution should not be reused as
this results in poor fixation of postmigratory
mononuclear leukocytes. Reuse appears to
result in dilution or other alteration of the
fixative by substances in the agarose gel.

The use of multiple wells on a single glass slide
makes it possible to compare the histochemical
characteristics of different cell types with the
reassurance that variations in stain technique are
not a problem. The use of duplicate preparations
on the same slide may be of value for comparing
the effects of various substances on certain types
of cells. Studies of enzyme generation or loss
during migration also are possible through the
utilization of this slide technique.

The NSE staining characteristics of the migrating
lymphocytes and monocytes appear stable with-
out significant change in NSE activity for periods
of incubation up to 72 hours when compared
with control fresh smears. The method
described in this report should prove to be
quite useful in the identification of T and B
Ilymphocytes and monocytes in a mixed popula-
tion of migrating mononuclear cells.
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