
Cytotaxins Alter the Sedimentation Behavior of Human 

Granulocytes 

Abstract. Human granulocytes from the peripheral blood of healthy donors were 
subjected to transient gravity sedimentation analysis in Ficoll density gradient col- 
umns (37?C) containing different concentrations of Escherichia coli endotoxin-acti- 
vated serum and medium 199. A dramatic serum concentration-dependent dis- 
persion of the cells based on changes in sedimentation velocity was observed as a 
function of time, using a new optical scanning instrument. The phenomenon was 
virtually abolished in the presence of cytochalasin B, a known inhibitor of cellular 
chemotaxis. The width (second statistical moment) of the sedimenting cell distribu- 
tion increased in a sigmoid fashion as a function of time regardless of cytotaxin 
concentration. This indicates that a slow and nonlinear response of the granulocytes 
to the cytotaxins occurs. This new kinetic method should be useful in examining an 
alternate manifestation of the chemoresponsiveness of phagocytic cells and of cell 
interactions in general. 

The in vitro response of human gran- 
ulocytes to specific chemical substances 
in their environment is relevant to under- 
standing their function in host resis- 
tance, assessing their potency in trans- 
fusion therapy, and aiding in the diagno- 
sis of certain diseases (1). One of the 
major areas of physiological and clinical 
interest concerns the locomotion of gran- 
ulocytes induced in vitro in the presence 
of certain chemical substances called 
cytotaxins, or chemoattractants. These 
factors can cause migration of the cells in 
the direction of increasing concentration 
of the attractant (chemotaxis) or change 
the speed and turning frequency of the 
cells moving at random (chemokinesis), 
or both (2). Different manifestations of 
these phenomena are measured by mi- 
gration of the cells through micropore fil- 
ters, migration in agarose plates, cine- 
matographic recording of movement in 
special microchambers, and other simi- 
lar methods, which have been reviewed 
recently (2). 

In seeking alternative means of assess- 
ing objectively and dynamically the 
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chemoresponse of granulocytes not 
strictly associated with locomotion, we 
explored the possibility that the reaction 
of cytotaxins with receptors on the gran- 
ulocyte surface may alter the sedimenta- 
tion behavior of the responding cells, 
which depends on cell volume, density, 
shape, and deformability (3). This search 
was aided by the recent development of 
a computerized optical scanning instru- 
ment (4), which is capable of measuring 
precisely and at periodic intervals sever- 
al statistical parameters from the migrat- 
ing distribution of a cell population sub- 
jected to gravity sedimentation in a shal- 
low density gradient (5). Briefly, the 
density gradient is formed in cylindrical 
quartz tubes and the cell sample, usually 
containing 1.5 x 106 cells, is placed on 
top of the gradient. The tubes are 
scanned vertically by a light beam at reg- 
ular time intervals and the light intensity 
is measured by a photometer. The light 
transmission signal is digitized and pro- 
cessed by a computer to estimate the sta- 
tistical moments of the cell distribution 
as a function of time (6). 

Fig. 1. Transient grav- 
ity sedimentation 
analysis of human 
granulocytes in the 
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We now report that human granulo- 
cytes in the presence of widely varying 
concentrations of Escherichia coli endo- 
toxin-activated serum exhibit a time-de- 
pendent and transient alteration of their 
sedimentation behavior in Ficoll-medi- 
um 199 density gradient columns. The 
response depends on the concentration 
of cytotaxin in the medium and is abol- 
ished by the incorporation of cyto- 
chalasin B, an inhibitor of chemotaxis 
(7). These kinetic phenomena are de- 
scribed below in detail. 

Human granulocytes from healthy do- 
nors were isolated from peripheral blood 
samples by dextran settling followed by 
counterflow centrifugation in a Beckman 
JE-6 elutriator assembly (8). The final 
leukocyte preparation contained approx- 
imately 97 percent granulocytes and 3 
percent monocytes. A shallow Ficoll 
(Pharmacia) density gradient (2.5 to 6.25 
percent Ficoll 400) in medium 199 was 
formed in each of the six columns of the 
Transanalyzer instrument (4). The den- 
sity gradients contained different con- 
centrations of autologous serum activat- 
ed by E. coli endotoxin (lipopolysaccha- 
ride B, Difco) (8), except in the control 
columns, which contained autologous 
serum only. In some experiments, cyto- 
chalasin B (Calbiochem) at a concentra- 
tion of 5 ,ug per milliliter of gradient was 
also incorporated in the columns. It 
should be mentioned that the concen- 
trations of activated serum and cyto- 
chalasin B were uniform throughout 
the gradient. The granulocytes (1.5 x 
106 cells in 0.5 ml of 2 percent Ficoll so- 
lution in medium 199) were layered on 
top of the gradient. All solutions were 
maintained at 37?C throughout the exper- 
iment by means of circulating thermo- 
stated water. Gravity sedimentation of 
the cells was followed optically over 5 
hours by repetitive scanning of each col- 
umn at fixed time intervals. 

Typical gravity sedimentation patterns 
as a function of time are shown in Fig. 1. 
There is increasing dispersion of the dis- 
tribution of cells migrating through the 
columns containing cytotaxin in com- 
parison to the control columns. The sedi- 
mentation distribution showed a strongly 
positive skewness toward the high-ve- 
locity cells. To obtain a measure of the 
dispersion, the variance of the asymmet- 
ric peak (second statistical moment, m2) 

(6) was plotted against sedimentation 
time for different concentrations of acti- 
vated serum (Fig. 2). In all the experi- 
ments done in the presence of activated 
serum, the m2 values followed a sigmoid- 
type curve as a function of time (t). The 
same type of curve was obtained when 
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cytochalasin B was also incorporated, 
but was not obtained with the control 
granulocytes, which followed a straight- 
line relationship. This indicates that in 
the presence of endotoxin-activated se- 
rum, the sedimentation behavior of gran- 
ulocytes changes with time. There is an 
initial delay of approximately 1 hour (3.6 
x 103 seconds in Fig. 2) followed by a 
sharp increase in velocity dispersion, 
which reaches an inflection point at 
about 2.5 hours (0.9 x 103 seconds) and 
then decelerates. The dispersion coeffi- 
cient D (5) was estimated from the slope 
of the straightest portion of the sigmoid 
curve by linear regression (D = 1/2 m2t). 
A log-log plot of D against concentration 
of activated serum was linear (Fig. 3). It 
is important to note that changes in D 
were observed even at serum concentra- 
tions 100-fold less than those normally 
used in routine chemotactic assays. The 
control granulocytes exhibited a D value 
of 0.24 x 10-5 cm2/sec, and in the pres- 
ence of cytochalasin B and the maximum 
concentration of activated serum (2.3 
percent), the D value was 0.37 x 10-5 

cm2/sec, which was only slightly higher 
than that of the controls. Thus, cyto- 
chalasin B virtually, but not entirely, 
abolished the cytotaxin effect. 

The physical changes more likely to be 
responsible for the observed phenomena 
are not obvious to us at present. Several 
possibilities exist, such as changes in cell 
density, volume, status of membrane ri- 
gidity, cell shape, and aggregation. The 
latter is less likely because the scanning 
patterns are not consistent with those 
obtained from aggregated cells, which 
produce a smeared migration pattern 
rather than discrete peaks. 

In our judgment, the experiments de- 
scribed above are significant in the fol- 
lowing respects. First, they show that 
human granulocytes exposed to cyto- 
taxins undergo a very slow change of 
certain physical properties governing 
their sedimentation velocity. Second, 
cytochalasin B, an inhibitor of chemo- 
taxis, virtually abolishes this effect. 
Third, very low concentrations of acti- 
vated serum can produce a measurable 
change in D, suggesting that the method 
may be applicable to detect and probably 
quantitate cytotaxins in patients' serums 
using autologous or heterologous gran- 
ulocyte preparations. Fourth, the migrat- 
ing distributions are amenable to ki- 
netic mathematical analysis and model- 
ing, which may provide some insight 
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future experiments this system offers ad- 
ditional advantages because the liquid 
column allows incorporation of reagents 

/. and ligands at gradient concentrations of 
various shapes. The density of the medi- 
um can be made to approximate that of 
the cells, thus abolishing sedimentation 
and allowing chemotactic migration to 
occur. Finally, fractions of the migrating 
cells can be physically removed from the 

|*'^~' column and further analyzed by other 
methods. 
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Fig. 2. Second moment (m2) of the cell distri- 
butions at different concentrations of E. coli 
endotoxin-activated serum plotted as a func- 
tion of sedimentation time. Note the sigmoid 
shape of the curves in the presence of activat- 
ed serum and the straight-line relationship in 
the control. 

into the mechanism of the phenomenon. 
More generally, this work shows, ap- 

parently for the first time, that transient 
gravity sedimentation analysis (5) offers 
a new experimental approach to the ki- 
netic study of cell interactions compara- 
ble to the method of analytical ultra- 

centrifugation of macromolecules. For 
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Fig. 3. Log-log plot of the apparent dispersion 
coefficient D (obtained by linear regression 
from the straightest portion of the curves of 
Fig. 2) as a function of the concentration of 
activated serum. 
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