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SUMMARY

An agarose plate method is described for
measuring the random migration of human T
and B lymphocytes. Migration studies on
separate human T and B lymphocyte populations
demonstrated striking differences in migration
patterns and cell morphologic characteristics.
The technique is suitable for studying the effects
of chemokinetic and chemotactic factors on the
migration of lymphocyte subpopulations.

INTRODUCTION

This report describes a relatively simple technique
for the differential study of human peripheral
blood T and B lymphocyte migration as a
monolayer beneath agarose media. The method
consists of a modification of the agarose plate
technique for the study of granulocyte migration
which previously has been reported to provide
poor support for lymphocyte migration.!
Alteration of serum lymphokinetic factors in the
media appears to have been responsible for
enhancement of mature lymphocyte migration.

METHOD

About 10.0 ml of heparinized venous blood
(20 1.U. heparin/ml) was obtained from six
healthy adult donors. It was mixed with an
equal volume of calcium and magnesium free
balanced salt solution (BSS) by means of a
sterile, wide-tipped Pasteur pipette. Five ml of
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the diluted blood were carefully layered over
3.0 ml of Ficoll-Conray solution in conical
centrifuge tubes. The granulocytes and lympho-
cytes then were separated according to the
Boyum method? using sterile technique.

The lymphocytes were pooled and washed
twice, each time by adding 10.0 ml of BSS
followed by centrifugation at 450 G for 10
minutes at 4C, The supernatant was discarded
and the cells were resuspended in 1.0 ml of BSS.
T and B cell separation was accomplished by
adding 1.0 ml of a 1% suspension of sheep red
blood cells (SRBC - Japanese Biological Materials
Center, Tokyo, Japan) in fetal calf serum (FCS -
Grand Island Biological Co., Grand Island, N.Y.)
to the lymphocyte suspension which then was
divided into 10 aliquots of 0.2 ml each in small
test tubes. After 15 minutes of standing at room
temperature the tubes were spun at 20 G for
5 minutes, then placed in an ice water bath for
1-2 hours. The total contents of all tubes were
carefully drawn intoa fine-tipped Pasteur pipette,
layered over 3.0 ml of Ficoll-Conray solution and
centrifuged for 20 minutes at 400 G at 4C.
The B cell ring was pipetted off, washed twice
with 10.0 ml of BSS followed by centrifugation
at 400 G for 10 minutes at 4C. The T cell-SRBC
pellet was osmotically lysed and the T cells
were washed in the same manner as the B cells
described above.

The degree of monocyte contamination was
evaluated by the use of nonspecific esterase
staining.’> Monocyte contamination of some B
cell preparations was reduced by means of glass
adsorption. The cells were suspended in 3.0 ml
of RPMI (RPMI 1640 - Nissui Seiyaku Co. Ltd.,
Tokyo, Japan) in a glass culture flask which then
was incubated in a CO, incubator at 37C for
30 minutes. The nonadherent cells were pipetted
off and washed twice as described above. All cell
preparations were finally suspended in RPMI at
a concentration of 1 X 10° cells per 10 pl
Viability of the cells following washing was
greater than 97 % by trypan blue exclusion.

The recipe for the agarose (Agarose A45, Nakarai
Chemicals, Ltd., Kyoto, Japan) mixture which
was found to be most satisfactory and which was
used for these experiments is as follows:

1. Agarose solution - 5.0 ml of sterile distilled
water were added to 100.0 mg of agarose in a
250.0 ml Erlenmeyer flask.

FHUMHEE 5 ml 2, MEFORLTES DO Ficoll-
Conray HE#H I ml O LITESZTFE(CERLE., 20
%, BMEHFEAMEHLZ Boyum k2 125857, Wl
BRE A EREGTREL L.

1) »35kE7—-N LT, BSS10.0ml ##0 % 2 miki$
L%, 4°C, 4A0GTI0EELZEL 2. L
HEEEELT, BSS1.0ml b vHilla: HWHL .
*r S B (FCS ) (Grand Island Biological tf %,
Grand Island, N.Y. )tho &7 ¥Rk (SRBC) ([ &
TRy y—, EE) 1%EBHBELOml £ 28
HROBMBEIZMAE, 2h%E10E0/FHETIZ0.2ml
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A LT 155 MR L 2, 20G7T 5 o3 M G G
ME A TRk Afi Iz 1 — 2EFRIR L 2. EO#HIV
RAY =N s By MR RBREONEME &S
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GF/L, 4°C, 400GT205 MELCTHEL 2. B M
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BAZ0 u HA2NHIEE 1 X108 OFREO RPMI
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KoEHizmhbLi:

1. 7HO—2X# 250.0ml Erlenmeyer 7 5 2
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2. Nutrient solution: &
Sterile distilled water #& ¥ 28

RPMI (X10 concentrated) RPMI (10{S @& )
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Pooled Human Serum (PHS - Pentex, Miles Laboratories Inc., Elkart, Indiana)

F— L 2 LG
Antibiotic solution

Glutamine solution L% 3 »{E

........................ 2.0ml

........................ 0.1 ml

Amphotericin B solution (Fungizone, E.R. Squibb-Sons, Inc., Princeton, N.J.)

TLFETYS B

The antibiotic solution consisted of a mixture
of 100,000 units of potassium penicillin in
9.0 ml of sterile BSS and 0.2 g of streptomycin
in 1.0 ml of sterile BSS. The Amphotericin B
solution consisted of 50 mg of Amphotericin
B dissolved in 25.0 ml of sterile BSS, The
glutamine solution was prepared by dissolving
0.3 g of glutamine in 10.0 ml of sterile BSS.

3. The agarose solution was boiled and added
to the nutrient solution. Half (5.0 ml) of the
mixture was poured into each of two small
(60 X 15 mm) plastic disposable Petri dishes
(Falcon, Oxnard, Ca.). They were-Hardened
by refrigeration at 4C.

Three wells, each 3 mm in diameter and 4 mm
apart in a straight line, were cut in the center of
each plate. The core of agarose in the center of
each well was carefully removed by means of
gentle suction through a Pasteur pipette. A
10.0 ul aliquot of lymphocytes suspended in
RPMI (10° cells) was carefully placed in each of
the lateral wells by means of a capillary pipette.

The center well was reserved for substances that
might influence migration. In order to make
histologic observations five to seven separate
plates were prepared for each individual in the
study. These were incubated at 37C in a 5% CO;

incubator for periods up to 7 days. Permanent

preparations were made at intervals of 1 to 2 days
for each individual by covering the agar of one of
the plates with Carnoy’s solution for 30 minutes
following which the agar was removed, the dish
was washed with tap water and the adherent cells
were stained with Giemsa or Wright-Giemsa.
Migration distances on fixed preparations were
measured by means of a table top 35 mm slide
projector with a ground glass screen which
provided 16-fold magnification. The two
migration distances on each plate were averaged
as the end-point for each study.

...................... 0.005 ml

MEHBHOK T, <=3 ¥4 74 100,000
HArEMETE BSS 9.0ml ¢ A RLT hvd ¥
0.2gi MM BSS1.0m OBEHT - 1.
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Figure 1 Separate agar plates were used to determine each point on these graphs. This accounts for
i some of the fluctuations in"migration distances over time. Different symbols have been used
to show the results for each individual in the study.
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RESULTS

T and B cell random migration studies at intervals
of 1 to 2 days for periods of 5 to 7 days were
completed for all six adults (Figure 1). T cell
migration generally was quite rapid during the
first 48 hours and then plateaued or continued
slowly during the next 3 to 5 days. The average
migration distance was 1.3 mm * 0.34 at 48 hours
and 1.5 mm * 0.32 at 5 days. B cell migration
in three individuals plateaued at 48 to 72 hours
at an average of 1.3 mm * 0.33, whereas the cells
of the other three continued to outmigrate
and at 5 days averaged 3.8 mm * 0.37. Monocyte
adsorbed B cell migration distances for the three
persons studied were about 70% those of the
monocyte unadsotbed B cells.

The histologic appearances of the T and B cell
preparations were distinctly different in all stages
of incubation (Figure 2). Generally, the migration
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MONOCYTE-ADSORBED
B LYMPHOCYTES

DIRECTION OF MIGRATION + =+ +

Figure 2 Photomicrographs of representative portions of the migration patterns under agarose gel are
[ shown for T, B, and monodyte-adsorbed B lymphocyte preparations following incubation for
72 hours. A portion of the well from which migration originated is located at the bottom

of each photo (35 X).
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edges of the T cell monolayers were much sharper
and were more regular than were those of the B
cells. T cells tended to be more closely packed
together than were the B cells. Differences in the
morphology of migrating T and B cells were
noted with higher magnification. The T cells
usually had an oval or elliptoid, darkly staining
nucleus with some chromatin clumping but
without nucleoli or mitoses. The cytoplasm
was spongy and often had a tailed appearance
with random directional orientation. The B cells
were larger with granular cytoplasms and long
ribbon-like nuclei which frequently were eccen-
trically located. The appearance of the migrating
B cells resembled band polymorphonuclear
leukocytes.

Both types of preparations were well preserved
without mitosis or evidence of cellular breakdown
during the first 48 to 72 hours. Thereafter in
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the B cell preparations there was variable evidence
of karyorrhexis, phagocytosis of debris, increased
cellular vacuolization, plasmacytoid transfor-
mation, and increasing histiocytic activity. The
T cell preparations showed some increased
evidence of cellular breakdown at the 3rd day
and histiocytic activity which progressively
increased, thereafter. No mitotic activity was
observed in any T or B cell preparation until the
4th or 5th day of incubation at which time only
a few mitoses were noted. Moderate to marked
bacterial contamination was observed after
3 days of incubation in about 20%-30% of the
preparations.

Monocyte contamination of unadsorbed B cell
preparations was estimated to be 15%-20% on
the basis of nonspecific esterase staining, Glass
adsorption reduced the monocytes to less than
5%. Fewer than 1% of the cells in the T cell

preparations were positive for nonspecific esterase.

DISCUSSION

A method has been described for the evaluation
of human T and B cell random migratien as a
monolayer under agarose. Rapid out-migration
occurs for both types of cells during the first
48 to 72 hours without addition of a mitogen or
definite evidence of cell transformation. It seems
very likely, however, that lymphocyte membrane
perturbation or binding by various serum factors
have some influence on the extent of random
migration. The later stages of incubation
frequently show marked cellular reactive and
degenerative change and some evidence of
mitotic activity, Most previous studies have
indicated that appreciable lymphocyte migration
occurs only after mitogenic transformation has
occurred.**S In our studies no mitogen is added,
but the cellular reactive changes may represent
evidence of some transformation. The B cell
studies are less clear, but it has been suggested
that little B cell migration occurs unless there is
membrane perturbation such as occurs with the
binding of anti Ig.®

Another difference between the agarose method
and most other previous methods for the
evaluation of lymphocyte migration is the length
of the observation period. The agarose plate
migration observations are made after many
hours or days of incubation in contrast to most
other methods which follow the cells for only a
few hours or less. One study has indicated that
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stimulated lymphocyte movement is markedly
reduced after a period of less than 1 hour of
observation,” Our studies suggest that both B
and T cells are capable of movement for much
longer periods of time under the proper circum-
stances.

The random migration patterns for human T and
B lymphocytes under agarose are quite different.
The migration distances are similar for 24 to 48
hours, but thereafter the B cells from some
people migrate more rapidly and in a much more
disorganized manner than the T cells. The
morphologic appearance of migrating human T
and B lymphocytes also is quite different. The T
lymphocytes remain small to medium-sized and
retain many of the characteristics of mature
lymphocytes. The B cells, on the other hand,
are larger and become quite reactive in appearance
after the first few days incubation.

The quantitative response of B cells following
removal of the monocytes was moderately
reduced, but it probably is not necessary to
remove the monocytes for studies of B cell
migration. Total B cell yields are appreciably
reduced following glass adsorption. More
importantly, there is little evidence that the
contaminating monocytes appreciably influence
the general characteristics of the pattern of B
cell migration.

The technique described in this report is well
snited to the study of the effects of various
chemokinetic and chemotactic factors in the
random and directional migrations of lymphocyte
subpopulations. Various substances which
influence migration can be incorporated into the
agar and chemotactic gradients can be established
through diffusion into the agarose of substances
which have been placed in the center well.
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