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SUMMARY

The effect of colchicine on the random migration
of human peripheral blood mononuclear cells
under agarose gel was studied. Separated T cell
and nonrosetting sheep red blood cell fractions
were incubated in the presence of colchicine at
concentrations ranging from 1073M to 107%M,
and then allowed to migrate for 72 hours.
Significant inhibition of migration was not
observed at colchicine concentrations less than
1073M. At 107 3M, significant impairment of
voth T cell (P <.01) and nonrosetting ce]l
(P <.001) migrations was observed. At 1072M
colchicine, migration was completely inhibited.
‘Enhancement of migration of any type of
human mononuclear cells by colchicine was
not observed at any concentration. The results
were consistent with the hypothesis that micro-
tubules are not required for the random
migration of these cells.

INTRODUCTION

Colchicine, a microtubule disrupting agent, has
been shown to affect the motility of certain
human leukocytes in vitro, It has been reported
to inhibit granulocyte chemotaxis'™ and
chemokinesis,®® but to have little effect on
random migration. 3% In contrast, colchicine has
been reported to enhance the motlhty of
monocytes cultured B lymphocytes and
human peripheral blood T and B lymphocytes

Most prior studies of colchicine effects on
leukocyte migration have used the Boyden
chamber,” or similar microfilter techniques.
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Preliminary experiments in our laboratory
previously had failed to demonstrate any
enhancement of lymphocyte migration in the
presence of colchicine by an agarose plate
technique.'® In addition to confirming these
early results, we wished to examine the effects
of a broader range of colchicine concentrations
on lymphocyte subpopulation migration using
the agarose plate method.

MATERIALS AND METHODS

Agarose A-45 (agarose) was obtained from
Nakarai Chemicals, Ltd., Kyoto; Medium RPMI
1640 (RPMI) from Nissui Seiyaku Co., Ltd.,
Tokyo; sheep red blood ceils (SRBC) from the
Japanese Biological Materials Center, Tokyo;
pooled human serum (PHS) as Pentex from Miles
Laboratories, Inc., Elkhart, Indiana; and
colchicine, from Wako Pure Chemical Industries,
Ltd., Osaka. Plastic petri dishes, 60 X 15mm,
were purchased from Falcon, Oxnard, California,
Ficoll400 (Ficoll) from Pharmacia, Uppsala,
Sweden, and Conray 400 (Conray) from Daiichi
Seiyaku Co., Tokyo.

The agarose plate technique for studying of
lymphocyte migration has been previously
reported.m Heparinized venous blood was
obtained from several healthy adult volunteers,
and the mononuclear fraction was isolated by
Ficoll density centrifugation using the Boyum
technique,'! T cell separation was accomplished
by SRBC rosetting, using a modification of the
method of Greaves and Brown.!? Both the T
cell fraction, and the remaining mononuclear
cell fraction consisting mostly of B cells and
monocytes (nonrosetting fraction), were adjusted
to a concentration of 1 x 10°% cells/10ul in

' RPMI. Cell viability was greater than 97% by
trypan blue exclusion.

Agarose media supplemented with 20% PHS was
prepared as previously described,m and colchicine
was added to achieve concentrations ranging
from 10~%M to 107%M. The agarose was poured
into the plastic petri dishes and hardened by
refrigeration. A linear series of holes 3 mm in
diameter, the edges of which were 4 mm apart,
were punched in the agarose using a stainless
template. A 10l aliquot (1 x 10% cells) of
either T or nonrosetting cells was introduced into
each well, and the plates incubated at 37°C ina
humidified 5% CO, incubator for 72 hours, In
some studies, plates were removed at various
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intervals during incubation and the distance from
the edge of each well to the leading front of the
migrating cells was measured with an inverted
microscope using an ocular eyepiece grid. The
distance was measured in four directions, and the
results averaged. The plates were removed after
72 hours and fixed with Carnoy’s solution for
30 minutes, then the agarose was removed and
the plates stained with Wright-Giemsa stain.

The stained image was displayed on a ground
glass screen using a projector which provided
20-fold magnification, and the distance from the
edge of the well to the advancing front of cells
was measured. For a single well, the distance in
four directions was measured and averaged.
Control studies using T and nonrosetting cells,
as well as studies in the presence of various
concentrations of colchicine were performed in
triplicate using three wells, and the resuits
averaged as the endpoint for each study.
Statistical analysis was performed using the
Student’s t test.

RESULTS

Effect of 10"8M - 10~4M Colchicine. The
effects of colchicine at concentrations ranging
from 107*M to 107*M on T cell migration are
shown in Table 1, and on nonrosetting cell
migration in Table 2. For both T and non-
rosetting cells, no definite effect was observed
following 24, 48, or 72 hours of incubation.
At 107*M, however, a suggestive (.10>P>.05)
effect was noted for T cells at 48 and 72 hours,
and for nonrosetting cells at 72 hours of
migration. The migration distance at 72 hours
for untreated T cells averaged 1.13 % .18mm,
and 0.90 * 30mm for cells treated with 10-*M
colchicine, an inhibition of 20.4%. For non-
rosetting cells, the migration distances at 72 hours
for untreated cells averaged 1.72 £ .27mm, and
for cells treated with 10~*M colchicine 1.29 *
.46mm, an inhibition of 25.0%.

Effect of 10~3M and 10~2M Colchicine. The
effect of 107®M and 10™2M colchicine on T and
nonrosetting cell migrations following 72 hours
of incubation is shown in Table 3. At 107°M,
significant impairment of both T cell (P<.01)
and nonrosetting cell (P<.001) migrations was
observed. The average migration distance for the
untreated T cells was 1.27 =.39 mm, and for the
107*M treated cells was 0.82%.39mm, an
inhibition of 35.4%. For untreated nonrosetting
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TABLE 1 HUMAN T CELL MIGRATION AS A FUNCTION OF TIME AND
COLCHICINE CONCENTRATION
#1 RERBEMEBEUILEF BREOMEELTOL THllRE

>

Colchicine Concentration

Control
1078M 107"M 107%M 107°M 107%M

24 Hours
Subjects 6 5 5 6 6 5
Range (mm) 105-045 120-045 1.00-0.50 1.00-045 100-0.20 1.05-0.30
Mean £SD 0.76 £0.26 0.69%0.32 0831020 0.80+0.23 0.75%029 0.70£0.33
P value TI>P>.6 8>P>.7 9>P>.8 9>P>.8 T>P>6
48 Hours
Subjecis 6 ] 6 6 .6 6
Range {mm} 140-095 1.50-090 155-035 1.50-0.70 1.50-0.70 1.20-0.70
Mean = 3D 1.16 £0.17 1.17%0.27 114043 111%0.30 1132028 0.96+0.20
P value P>.9 P>.9 B>P>7 I9>P>.8 A1>P>.05%
72 Hours
Subjects 6 - 6 5 6 6 6
Range (mm) 140-090 1.50-0.88 1.55-1.05 1.50-0.70 1.30-0.75 130-0.75
Mean £ SD 1.13%0.18 114 %027 127%0.21 1.07£0.33 1.08*023 0.90%0.30
P value P>.9 3>P>2 I>P>.6 I>P>.6 A>P>.05%

*Suggestive 5IEHY

TABLE 2

HUMAN NONROSETTING MONONUCLEAR CELL MIGRATION AS A FUNCTION
OF TIME AND COLCHICINE CONCENTRATION

H2 HAEBNRUINEFVBEOMEELTOE FETY v 7 HEEREEE
Colchicine Concentration
Control
107%™ 107"M 107%M 107°M 1074M
24 Hours
Subjects 6 5 6 6 6 6
Range (mm) 1.75-065 1.75-0.75 2.00-0.85 2.00-0.70 1.75-0.70 1.75-0.65
Mean £ SD 128040 1.20%041 128%046 1331051 1.28+044 1.15+048
P value 8>P>.7 P>.9 9>P>8 P>.9 I>P>.6
48 Hours
Subjects [ 5 6 6 6 6
Range (mm) 200-100 1.80-0.85 200-0.85 200-075 200-070 2.00-0.70
Mean £ SD 1.57*0.35 1.38+043 145%042 144042 141048 1.28+0.47
P value 5>P>4 T>P>.6 £>P>.5 6>P>.5 3>P>.2
72 Hours
Subjects 3 5 6 6 6 6
Range {mm) 200-140 190-1.00 200-1.00 200-100 200-0.75 200-0.75
Mean 8D 1722027 148037 1.58+0.34 1442038 1.50+045 1.29+046
P value 3>P>2 S>p>4 2>P>.1 4>P>.3 A>P>.05%

*Suggestive KM
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TABLE 3 EFFECT OF COLCHICINE ON HUMAN T CELL AND NONROSETTING
MONONUCLEAR CELL MIGRATION FOLLOWING 72 HOURS OF INCUBATION
# 3 TGRSR L v b THEfRR UME T o 7 BUEEOEE 1 RIES
TNk F ORI

Colchicine Concentration
Control
107%™ 10~*M 107°M 107M

T Cells
Subjects 9 6 6 5 5
Range (mm) 200-0.75 1.50-1.10 145-0.60 1.50-0.55 *E
Mean 18D 1.27%0.39 1.20*0.22 1.09 +0.31 0.82%0.39 *¥
P value bL>P>5 2>P>.1  .01>P>.001%*
Monrosetting Mononuclear Cells
Subjects 9 7 7 3 5
Range {(mm) 240-1.50 2.40-1.70 240-190 1.65-1.00 **
Mean 8D 2.03£030 2.10%0.25 2.09£0.30  1.26 £0.28 k¥
P value 6>P>.5 H>P>5 P <.001*

*Significant i
**No deiectable migration fEmwiEaiE s L

cells, the average migration distance was
2.03£.30mm, and for the 1073M treated cells,
was 1.26%.28mm, an inhibition of 37.9%.
Concurrent studies with 107*M and 107%M
colchicines again revealed no significant
inhibitory effect, consistent with the results
presented in Tables 1 and 2. At 107%*M
colchicine, motility appeared completely
inhibited, and no migration was observed in any
of the preparations. '

Microscopic Observations of Stained Preparations.
Nonspecific esterase stain studies have revealed
that as many as 20% of the cells in the non-
rosetting cell preparations are monocytes.'® . To
determine whether colchicine exerted a selective
inhibitory effect on lymphocyte or monocyte
migration, the stained nonrosetting cell
preparations following 72 hours of incubation
were microscopically examined. In contrel and
colchicine preparations from 1078M to 1073M,
phagocytic cells and cells with a monocytoid
appearance were evenly distributed throughout
the migration zones, with no evidence of a
selective inhibitory effect. Monocytoid and
phagocytic cells were also seen evenly distributed
among the lymphocytes which had remained in
the wells. At 1072M colchicine, no cells were
observed outside of the wells.
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DISCUSSION

The results of these studies indicate that the
random migration of T lymphocytes and non-
rosetting mononuclear cells in the agarose system
. is not significantly inhibited by colchicine
concentrations of 107*M or less. At 107°M
colchicine, some evidence of impairment of both
T and nonrosetting celt migrations was manifest,
although the inhibition was only of borderline
significance (.10>P>.05) and not consistently
observed in all the groups treated with this dose.
At 107*M colchicine, significant impairment of
both T cell (P<.01) and nonrosetting cell
(P<.001) migration was observed. At 107%M
colchicine, no out-migration of cells was
observed in any of the preparations.

The concentrations of colchicine required to
inhibit lymphocyte migration in these experi-
ments were much higher than those which have
previously been shown to inhibit mitosis or
depolymerize microtubules. Exposure of cells to
10""M colchicine has been shown to block
mitosis,!* and concentrations of from 107" M to
107°M hdve been shown to both deplete the
microtubules of migrating cells'*!® and to
induce a change from a gliding to an amoeboid
type of movement.’® This suggests that micro-
tubules are not required for the random migration
of lymphocytes. Our results are consistent with
previous studies which failed to demonstrate any
effect of 107*M to 107°M colchicine on the
migration of cultured B lymphol:tlasts'I or
peripheral blood T and B lymphocytes.®

In our studies, the effect of colchicine on
monocyte migration appeared to be similar fo
that observed for lymphocytes. Microscopic
examination of the stained nonrosetting cell
preparations revealed that phagocytic cells and
cells with a monocytoid appearance were evenly
distributed throughout the migration zone in
both the control and colchicine-treated samples,
with no evidence of selective inhibition of
enhancement of migration. Cris;:ua6 also was
unable to demonstrate inhibition of monocyte
migration in the presence of 10~7M to 1075M
colchicine.

The effect of colchicine on the migration of
monocytes and lymphocytes in the agarose
system appears to differ from that observed in
the micropore filter systems in at least' one
important respect. Enhanced migration of

# =
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these cells into a micropore filter in the presence
of colchicine in concentrations between
approximately 1077M and 1075M has been
demonstrated.® This enhanced migration has
been attributed to easier penetration of the filter
by the colchicine-treated cells, due to easier cell
deformability from the antitubulin effects on the
microtubule (;ytosl(ele'c011.6’8 No increased cell
migration was observed in any of our colchicine-
treated samples. In our studies, however, the
cells migrate on 2 flat surface through a semisolid
gel of uniform consistency, and easier deform-
ability of the cells would not necessarily be
expected to result in increased migration.lf‘

Colchicine probably is generally quite toxic to
many cells at concentrations at which impairment
of migration was observed in our studies. At
colchicine concentrations of 1073M or more,
microtubules are undoubtedly affected but also
there is interference with several other leukocyte
functions, such as adhesiveness,!” oxygzen
consumption,'® .and protein and nucleic acid
synthesis.'?

The absence of significant inhibition by
approximately 1073M colchicine on the random
migration of T lymphocytes and nonrosetting
cells in the agarose system is in sharp contrast
to the transient impairment of granulocyte
migration which occurs under similar conditions.®®
The slowing of granulocytes in the presence of
1075M colchicine suggests some impairment of
the microtubular response to chemokinetic
factors™ in the agarose media, since the random
migration of granulocytes in the absence of
significant amounts of these factors is unaffected
by colchicine.®®  Chemokinetic factors for
granulocytes are present in sera and serum
albumin, and also may result from serum-agar
interactions.?>* Their presence is unavoidable
since in the agarose system granulocyte migration
does not occur in the absence of serum or serum
albumin.?>?% Several previous studies by others
have demonstrated colchicine inhibition of
stimulated granulocyte random migrations.a’s’m

The failure to observe microtubule-dependent
" activated migration of T and B lymphocytes in
the present study does not necessarily indicate
that this phenomenon does not occur, however.
1t is quite possible that other factors, not already
present, if added might induce activated,

microtubule-dependent migration of lympho--

cytes. The results do imply, however, that if
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such factors exist they may differ from those
which stimulate granulocytes, or if already
present, may require different conditions to
manifest the effect. This is especially true
since direction finding, or chemotaxis, by
lymphoblasts appears to be colchicine-sensitive
and probably microtubule-dependent,” as with
granulocytes.3’4’2°
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