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SUMMARY

The effect on the migration of subpopulations of
human lymphocytes of variations in a number of
factors known to influence granulocyte migration
in the agarose plate system is described. The
number of cells and the concentration of serum
in the media had a profound effect on the
migration of all lymphocyte subpopulations.
However, the characteristics of the migration
surface and various constituents of the agarose
such as the type of serum or the addition of
antibiotics or glutamine appeared to have little
effect. Factors associated with homologous and
heterologous sera which significantly affect
granulocyte migration had little influence on the
extent of lymphocyte migration, suggesting that
there is some difference in motility mechanisms
among these cells.

INTRODUCTION

The agarose plate method for the study of
granulocyte and monocyte migration in vitro!™
has recently been extended to the study of
Iymphocyte motility.’ The morphological
appearance and migration patterns of T and B
cells using this technique have been described.>”
In this report, attention is focused on several
variables which are of great practical importance
in the use of this method for studying lymphocyte
motility,  Alteration of some variables had a
profound effect on the extent of lymphocyte
migration. In addition, some factors found to
influence granulocyte migration in prior studies
failed to appreciably influence Iymphocyte
migration.
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MATERIALS AND METHODS

Materials

Agarose A-45 (agarose) was purchased from
Nakarai Chemicals, Ltd., Kyoto, Japan; sheep
red blood cells (SRBC) from the Japanese
Biological Materials Center, Tokyc, Japan;
Medium RPMI-1640 (RPMI) from Nissui Seiyaku
Co., Ltd., Tokyo, Tapan; and Ampho-
tericin B as Fungizone from ER Squibb and
Sons, Inc., Princeton, New Jemsey. Pooled
human serum (PHS) and human serum albumin
(HSA) as Pentax were purchased from Miles
Laboratories, Inc., Elkhart, Indiana, and fetal
calf serum (FCS) as well as horse serum (HS)
from Grand Island Biological Co., Grand Island,
New York. Plastic petri dishes 60X 15 mm
were obtained from Falcon, Oxnard, California;
Conray 400 (Conray) from Daiichi Seiyaku Co.,
Tokyo, Japan, and Ficoll- 400 (Ficoll) from
Pharmacia, Uppsala, Sweden.

Separation of Cells

Ten ml of heparinized venous blood (20 IU
heparin/ml) was obtained from each of several
healthy adult donors, and mixed with 10ml of
calcium- and magnesium-free balanced salt
solution (BSS). Five ml of the diluted blood was
layered over 3.0ml of Ficoll-Conray solution in
conical centrifuge tubes. Granulocytes and
mononuclear cells were then separated according
to the method of Boyum,® using sterile
technique.

The mononuclear cell suspensions were pooled
and washed twice, each time by adding 10.0ml
of BSS followed by centrifugation of 450 G for
10 minutes at 4°C. The cells were suspended in
1.0ml of BSS and the T lymphocytes were
separated using a modification of the method of
- Greaves and Brown.” One ml of a 1% suspension
of SRBC was added to the mononuclear cell
suspension, which was then divided into 10
aliquots of 0.2 ml each in small test tubes. After
standing at room temperature for 15 minufes,
the tubes were centrifuged at 20 G for 5 minutes
and placed in an ice water bath for 1-2 hours.

The total contents of all the tubes were layered
over 3.0ml of Ficoll-Conray solution and
centrifuged at 400 G for 20 minntes at 4°C. The
nonrosetting mononuclear cell ring was pipetted
off and washed twice, each time with 10.0 ml of
BSS followed by centrifugation at 400 G for
10 minutes at 4°C. The T cell-SRBC pellet was
lysed with sterile distilled water, and the T cells
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were then washed in the same manner as
described above for the nonrosetting cells.

Moenocyte contamination in the nonrosetting cell
fraction in some experiments was reduced by
glass adsorption to less than 5% as estimated by
nonspecific esterase stain.>® The procedure for
monocyte adsorption involved resuspension of
the nonrosetting cells in 3.0ml of RPMI in a
glass culture flask at 37°C for 30 minutes in a
5% CO, incubator. The nonadherent cells in
the supernatant were pipetted off, and washed
twice in the same manner as described above.
The T cells, nonrosetting cells, and monocyte-
adsorbed preparations then were suspended in
RPMI at various concentrations ranging from
1 x 10° to 2 X 10° cells per 10u1. Viability
of cells following washing was greater than 97%
by trypan blue exclusion.

Preparation of Agarose Plates

The agarose mixture was prepared by mixing
equal amounts of an agarose solution and a
nutrient solution. To prepare 10ml of agarose
mixture, 5 ml of agarose solution was prepared
by adding 100.0mg of agarose to 5.0ml of
sterile distilled water, and disscived by heating.

Approximately 5cc of nutrient solution was
prepared by mixing 0.8 ml RPMI (10X concen-
trated), 0.1 ml glutamine solution (consisting of
0.3 g glutamine in 10.0 ml sterile BSS), 0.005 ml
Amphotericin B solution {consisting of 50.0 mg
Amphotericin B in 25.0 ml sterile BSS), 0.025 ml
antibiotic solution (consisting of a mixture of
100,000 units of potassium penicillin in 9.0 ml of
sterile BSS and 0.2g streptomycin in -1.0ml
sterile BSS), and 4.2 cc of a serum-sterile distiiled
water mixture,

The serum concentration in the agarose mixture
was varied by changing the serum:sterile distilled
water ratio of the nutrient solution, which
permitted preparations containing up to 40%
serum. For some experiments, the glutamine
solution or antibiotic solution was omitted.
Either PHS, FCS, HS, or autologous serum was
used as the serum component in the nutrient
solution. One percent HSA was used instead of
serum in some studies. In some experiments,
heat inactivation of autologbus sera was
accomplished by heating the sera at 56°C for
30 minutes prior to incorporation inio the
nutrient solution.

The heated agarose solution was added to the
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nutrient solution, and 5ml of the resulting
agarose mixture was poured into a plastic petri
dish. In experiments designed to study migration
on a glass surface, a sterile 76 X 26 mm glass
microscopic slide was placed onto the bottom
of a sterile glass petri dish. The warm agarose
mixture was then layered over the surface of the
glass slide to a thickness of about 2 mm using a
sterile Pasteur pipette. The agarose was hardened
by refrigeration at 4°C. Circular wells, each
3.0mm in diameter, and the edges of which were
at least 10.0 mm apart, were cut in the hardened
semisolid agarose down to the aparose-glass or
-plastic interface. The agarose plug was then
carefully removed by gentle suction through a
Pasteur pipette.

Migration Procedure

A 10ul aliquot, containing from 1x 10° to
2x 10% cells suspended in RPMI, was carefully
placed into the wells by means of a capillary
pipette and the dishes were placed into a
humidified 5% CO, incubator at 37°C. At the
end of 72 hours, the dishes were removed and
fixed with Camoy’s solution for approximately
30 minutes. The agar was gently peeled off
from the glass or plastic surface with a thin glass
coverslip; then, the preparation was washed with
tap water and stained with Wright-Giemsa stain.

Quantitation of Migration

Migration distances on stained preparations were
measured using a tabletop 35 mm slide projector
with a ground glass screen which provided
20-fold magnification. The pattern of lympho-
cyte migration under agarose gel has been
previously described in detail.>™ The cells
migrate outward from the well radially along the
interface of the agarose gel and surface of the
slide or petri dish as a4 monolayer. After 48-72
hours, the cells in most preparations have achieved
maximum migration, and the majority of cells
appear viable and morphologically intact. For
each well, the distance from the edge of the well
to the outer zone of migration was measured in
four directions, at 90° intervals, and the average
was calculated as the distance for that well. For
each individual studied, at least two migration
wells were used for controls and each variable
under study, and the average values were taken
as the final endpoint.

Statistical Analysis
Statistical analysis was performed using the
paired t-test and regression analysis.
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FIGURE 1 INFLUENCE OF SERUM TYPE IN MEDIA ON MIGRATION OF HUMAN
MONONUCLEAR CELLS, 72 HOURS OF INCUBATION
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The results of using various sera as well as HSA
incorporated into the agarose medium are shown
in Figure 1. Twenty percent PHS, FCS, and HS,
as well as 1% HSA, were compared. Each well
contained 1xX 10° cells, and studies were
completed on six individuals. No significant
difference in migration distance for either the
T or nonrosetting cells was observed based on
type of serum used; for the nonrosetting cells,
however, when PHS and FCS were compared,
the results were of borderline significance
(.05<p<.10). No migration occurred in any of
the preparations when HSA was substituted for
serum,

The results of varying the serum concentration in
the agarose medium are shown in Figure 2. PHS
was used, with 1% 10° cells per well, and studies
were completed on four individuals. The serum
concenirations tested ranged from 5%40%.
The achieved migration distance increased as a
function of increasing serum concentration over
the range tested. The results were highly
significant for both T cells (p<.001) and non-
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FIGURE 2 HUMAN MONONUCLEAR CELL MIGRATION AT 72 HOURS IN FOUR SUBJECTS
AS A FUNCTION OF PERCENT PHS IN MEDIA
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rosetting cells (p<.001). Nonrosetting cell
migration exceeded T cell migration at each
concentration tested.

The value of adding glutamine to the agarose
mixture was studied. The migration distances for
T. and nonrosetting cells, with and without
additional glutamine, were compared for six
subjects. For all studijes there was 20% PHS
in the agarose, and 1X 10° celis were placed in
each well, The average migration distances were
nearly identical for each subject (results not
shown).

The influence of both heat labile and heat stable
autologous serum factors, as well as antibiotics,
on the extent of T lymphocyte migration was
studied in four subjects, and the results are
shown in Figure 3. Heat inactivated autologous
serum with and without antibiotics, autologous
serum with antibiotics, and PHS with and without
antibiotics were compared. The serum concen-
tration was 20% and the number of cells per well
was 1% 10%. No significent difference was noted
for any of these variables, indicating that results
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FIGURE 3 EFFECT OF AUTOLOGOUS SERUM, ANTIBIOTICS, & HEAT-INACTIVATED SERA
ON THE MIGRATION OF HUMAN T CELLS, 72 HOURS OF INCUBATION
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using autologous serum with or without heat
inactivation are comparable to PHS, and further,
that the results are not significantly influenced
by antibiotics.

The effect on the migration distance of varying
the number of cells in the well was evaluated for
four subjects (Figure 4). Cell number was varied
from 1x 10° to 2 X 10° in a constant volume of
101 of suspending medinum. Variation in the
number of cells placed into the wells significantly
influenced the results obtained. The increase in
migration observed with an increase in cell
number from 1x 10° to 1x 10% was significant
for both T cells (p<.01) and nonrosetting cells
(p<.01). No further increase was observed,
however, for the cells in either preparation, when
the number of cells per well was increased from
1x 10% to 2x 10%. T cell migration was erratic
when fewer than 5x 10° cells were used, with
virtually no migration occurring with less than
3% 10° cells. In contrast, the nonrosetting cells
migrated further than the T cells at the lower cell
concentrations. Detectable nonrosetting cell
migration consistently occurred with 1 x 10° cells.
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FIGURE 4 EFFECT OF CELL NUMBERS ON EXTENT OF HUMAN MONONUCLEAR CELL
MIGRATION IN FOUR SUBJECTS, 20% PHS IN AGAR, 72 HOURS OF INCUBATION
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To compare migration on glass and plastic
surfaces, preparations on both glass microscope
slides and plastic petri dishes were made simul-
taneously from six individwals. T cell, non-
rosetting cell, and monocyte adsorbed non-
rosetting cell populations were studied (Table 1).
No significant difference in migration distance by
type of surface was demonstrated for any of the
three cell populations studied. Although the T
cells from most subjects migrated further on glass
than plastic, the results of paired t-testing were
not statistically significant (p>.10).

Variation in T cell and nonrosetting cell
migration distances was determined for seven
persons (Table 2). For each individual in the
study, both T and nonrosetting cells were tested
at different times under the same experimental
conditions, using the basic method previously
desctibed.® The time between the individual
experiments (A-E) varied from several days to
several weeks. Experiments A-E were done
sequentially so that A, B, and C preceded D and
E. Some variation was seen in the same subject
as well as groups consisting of the same subjects

HIARETTAF v 7z MEEZ KBTS
ki, F7AHNOMMBRARAZIFETIAF 7
oty MOREFTCEBIZIEADEFREME- L.
THIE, o+ 7, HRBHIRTL s 7HIE
@ % population 22V THEHAAL (1) IDR=2D
population @V F R IZH W T HEEEREO ML
ko THEEBIFE2EREIRs e, o
BEAYOWRBIISWT, THORETT T A
FyrENLHFFADEPERT O, o BE
DERRHEHEMCHETIEA D o (p>.10).

TADHBREIZS>WT, THEREUTIEDE v 7z
OWEHEBoOTEMELE (FE2). EHRFLC
DVT, FIRL AEENRES FHWT, B—0ER

CEMOLETHEEATTHREED Y FAKO

WiEEFANA FRAFhOER(A-E)GHEEDIS
HEMOREBTIThh . EBRADILERE £ T,
A, B, C, D, E®RIRETIT»7. EREHIFHLS
CHECHRER SO RA TR A—NHRBLC
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TABLE 1 HUMAN MONONUCLEAR CELL MIGRATION (mm) ON GLASS
AND PLASTIC SURFACES, 72 HOURS OF INCUBATION
#1 HFIARUVTIAF 9 7HELEDE F UKD
HeE (mm), 7203 MR

T Cells Nonrosetting Cells h’;?;‘:ﬁ;z tﬁsgflfsd
Subject

Glass Plastic Glass Plastic Glass Plastic
1 0.8 1.0 1.5 1.5 - -
2 1.0 0.7 2.0 2.0 1.2 1.0
3 1.2 0.9 1.5 1.0 14 1.5
4 1.4 14 2.0 3.0 1.8 1.5
5 1.3 1.0 2.5 2.0 1.8 1.9
6 1.2 0.5 1.5 1.2 - -

T cells, p>.1; nonrosetting cells, p>.8; monocyte adsorbed nonrosetting cells, p>.4
THE, p>.1; kot » 7R, p>.8; BIRWFEDY » 7HM, p>.4

TABLE 2 HUMAN MONONUCLEAR CELL MIGRATION DISTANCE (mm)
BY SUBJECT AND EXPERIMENT, 72 HOURS OF INCUBATION

#2 b FEEEERE (), H3E
RUEERR, 7T2RFHER

Subject
Experiment
1 2 3 4 5 6 7
T Cells
A 1.0 - 1.3 1.4 1.4 - 0.8
B - - 0.8 1.0 1.1 - -
C 1.1 - 1.3 1.2 1.1 - -
D 0.6 04 0.8 0.7 - -
E - - 04 - 0.5 0.2 0.5
Nonrosetting Mononuclear Cells
A 11 - 1.0 1.0 1.1 - 1.3
B - - - - - - -
C 1.5 - 1.2 2.0 1.5 - -
D 1.0 1.9 20 11 - - -
E - - 1.3 - 1.1 1.0 0.8

when tested at different times. In experiments D
and E, the T cell migration distances were
generally shorter than in experiments A-C, even
though the lymphocytes in many cases were
obtained from the same subjects. The mean T
cell migration for experiments D and E was
0.51%0,19 mm, and for A-C 1.13%0.21 mm.
The difference is statistically significant (p<.001).
For nonrosetting cells, the mean of experiments
D and E (1.28x0.44mm) is not significantly
different (.8<p<.9) from the mean of A-C
(1.30+0.32 mm).

FOUTHLERFRE A, BEDRUPEIRSVTIE,
L OBER—HEEISTENL LY ¥ R TH - 12
Cbadrhsd, THIIROEERBEEL THR
A-CLobEMd oA EBRDECFEICHTSTHI
O IGHEE N EEL0.5120.19mm, EERA-COT M
131,13+ 0.21mTH Y, T OEREHAENIIHRE
TH-% (p<.001). oty FHIREONEE, HE
DEUVE®FH{E (1.2820.44om ) & HE A-CO
E{1.30+0.32m ) E DM ICHEZ I 4da 0
(.8<p<.9).
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DISCUSSION

The results of these preliminary experiments
indicate that the extent of mononuclear ceil
migration under agarose is profoundly influenced
by the serum concentration in the supportng
medium and the number of cells placed in the
wells. T cells were more influenced by both of
these factors than were the nonrosetting cells.
T cells showed an almost linear response of
increasing maximum migration distance achieved
as the serum concentration was increased over
the range of 5%40%, with relatively little
migration occurring in the 5%-10% range. In
contrast, the nonrosetting cells migrated much
better in the presence of serum concentrations
in the range of 5%-10% than T cells, but the
degree of increased migration thereafter as a
function of increasing serum concentration was
similar tc that observed for T cells. None of the
cells migrated in the absence of serum, or when
1% HSA was substituted for serum. The
percentage of sernm used in the agarose media
in these experiments was varied by substituting
PHS for distilled water in the nutrient soluticn
which allows the concentration to be varied
from 0%-40%. In view of the enhanced migration
observed when serum concentration is increased,
experiments in which alteration of the medium
preparation procedure will permit serum
concentrations higher than 40% are planned for
the future,

Variation in the number of cells placed in the
wells affected the extent of migration for both
types of cells. Within a limited range the extent
of T cell migration varied directly with the
number of cells in the well. Below 5 X 10° cells,
however, little or no migration occurred and
above 1x 10° cells no additional migration was
observed. Like T cells, nonrosetting cells did not
increase migration above a finite number of cells
in the well, In contrast to T cells however,
nonrosetting cell ' migration occurred in the
presence of relatively few cells in the well
(<1x 10°).

Variation of several factors appeared to have
little effect on lymphocyte migration. The
addition of glutamine did not enhance migration,
indicating that levels already present in RPMI
medivm and serum are sufficient. This finding
also implied that increased glutamine was not the
factor producing the increased migration found
with increasing serum concentration. The type
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of serum wsed produced no consistent effect,
implying that there are no species-specific
chemokinetic or migration inhibition factors
among the autologous serum, PHS, HS, or FCS
used in these studies, The studies with heat-
inactivated serum provided evidence that heat-
labile factors do not affect the extent of T
lymphocyte migration.

Preparations from which antibiotics and
Amphotericin B were omitted showed no
differences in the extent of T cell migration
when compared with controls. Migration on
glass or plastic surfaces was comparable for T
cells, nonrosetting cells, and the monocyte-
adsorbed preparations, so that either glass or
plastic surfaces may be used for migration
studies by this technique.

The experiments for this study were carried out
over a2 period of several weeks during which time
some variation in T and nonrosetting cell
migration was observed in the same individuals
tested at different times. Variation in the
average mononuclear cell migration distance for
groups of individuals tested at different times
also was observed. These types of variations
probably result from both normal individual
variation and technical factors which are as yet
poorly understood, and emphasize the need for
incorporating controls as an essential part of each
experiment.

Several differences in the random migration
characteristics of granulocytes and lymphocytes
in the agarose system are evident from these and
prior studies. Granulocytes rapidly migrate
outward within an hour or two of being placed
in the well, whereas several hours or days are
required for comparable lymphocyte migration
to occur. ™57

Factors associated with heterologous sera, when
compared to homologous sera, did not appear to
significantly affect the extent of lymphocyte
migration. The chemokinetic activity of
granulocytes, however, is profoundly influenced
by heterologous serum factors.>*® Granulocytes
show markedly enhanced chemokinesis in the
presence of either fresh or heat inactivated
autologous serum or PHS when compared with
HS, which in turm, is significantly more
chemokinetic than FCS. Granulocytes are
similar to lymphocytes, however, in that no
significant alteration in chemokinetic activity is

11

RERF TR 16-80

CHhSOEBRTHW/HECAFH, PHS, HSHEL (X
FCS 2, ffEIT & 3 (b5 R Ib 3 i 20 & % M
THARFFE L EE®RLTVS, ok 3 RN
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found in the presence of either fresh or heat
inactivated autologous serum.

Granulocytes, in contrast to Ilymphocytes,
migrate under agarose when 1% HSA is substituted
for serum in the media.»*'® In addition,
previous studies have shown that granulocyte
migration is increased when the medium serum
concentration is increased from 0%-10%, but
that no further increase occurs with higher
concentrations.’®  In contrast, lymphocytes
appear to be markedly sensitive to serum
concentrations in the range of 5%40%, with T
cells more significantly affected than nonrosetting
cells at concentrations in the 5%-10% range.

The extent of both granulocyte and lymphocyte
random migration is profoundly influenced by
the number of cells placed in the well. For
granulocytes, this has been demonstrated not
only in the agarose plate S}rstem,l""’m but
also in filter and capillary tube assay systems.11
Following instillation into the wells, leukocytes
tend to marginate along the side of the well at
the agarose surface interface. When smaller
numbers of cells are instilled, fewer cells are seen
at the margin. Even at low lymphocyte numbers,
however, when no migration occurs, there is
evidence of cell margination at the agarose
surface interface. The reason why migration is
impaired in these instances is not well understood.
These preliminary observations provide additional
evidence that there are basic differences in
granulocyte and lymphocyte motility mechanisms
in view of the differences in in vitro migration
response of these cells to different exogenous
factors.!™ More widespread application of the
agarose plate method for the study of lymphocyte
motility may be expected to yield additional
information on the underlying motility
mechanisms of these cells.
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