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SUMMARY

The mean electrophoretic mobility of Ehrlich ascites tumor
cell populations varies during growth in vivo. The mean mo
bility reaches a maximum one to two days after tumor inocula
tion and then declines until death of the animals occurs. It is
suggested, from measurements of cells after neuraminidase and/
or ribonuclease treatment, that changes in the density of periph
era! ionogenic groups susceptible to ribonuclease are responsible
for the variations in mobility.

It has been reported that changes in cellular electrophoretic

mobility may be associated with changes in cellular growth
processes (3, 11, 14, 16, 21, 24, 26, 28, 30) and may in some
circumstances be related to differences
malcy between â€œhomologousâ€•
cells (2,
tumor has been used in many studies
eases (8, 15, 22) and has been used

in malignancy and nor
23) . The Ehrlich ascites
of cellular growth proc
extensively in investiga

tions of the nature and properties of ionogenic groups at the
surfaces of cells (5, 13, 18, 27, 31, 33â€”35,37).
This communication
describes experiments
designed to in
vestigate possible changes in the electrophoretic
mobility of
Ehrlich ascites tumor cells during growth in mice or suspension
culture.

@

AND METHODS

Cells
The Ehrlich-LettrÃ© hyperdiploid sublime of the Ehrlich as
cites carcinoma, obtained from Dr. T. Hauschka at Roswell
Park Memorial Institute (RPMI), was used throughout.
Growth in Mice. The tumor was grown in the ascitic form
in 6- to 10-week-old HA/ICR
Swiss mice. Tumor cells
were removed from mice bearing 7-day-old tumors by means
of sterile syringes and were washed twice in Hanks' balanced
salt solution

(HBSS)

intraperitoneally

pH 7.3â€”7.9.Normal mice were inoculated

with 1 x 10@cells. The mice died 15â€”20
days

after tumor inoculation.
cells from tumor-bearing

Microscopic examination
of washed
mice showed that over 90% of the

cells were tumor cells ; the remainder were leukocytes. In 0- to
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1-day-old tumors the proportion
of nontumor cells was 10â€”
20% of the total cell population. Tumor cells extracted from
tumor-bearing
mice were added to an excess of HBSS. Each
mouse was used once only to minimize possible effects of

handling and removal of tumor cells on tumor growth. In
mice bearing

early tumors

the mice were killed, and the peri

toneal cavities were washed with HBSS to remove the cells.
Growth in Culture. Cells
7-day-old tumors and added
taming RPMI medium 1630
serum, at a final count of

were removed from mice bearing
to suspension culture flasks con
(29), supplemented
with 5% calf
approximately
5 x 10@ cells/mi.

Daily cell counts were made by diluting 1 ml of suspension 1:2
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with 1 : 1000 Trypan

blue in HBSS and counting

the cells using

a hemocytometer. When the proportion of stained cells in the
culture reached more than 40%, the cells were washed twice
in HBSS and reinjected

into normal mice. When the tumor

grew in mice the complete procedure was repeated. After sev
eral such in vitro to in vivo passages the tumor cells began to
grow in culture as well as in mice. The procedure has been re
peated on two separate occasions ; in one series in vitro growth
was established after 9 passages and in the other after 4 pas
sages.

Enzyme

Treatment

and Preparation

for Electrophoresis.

Cells removed from mice or culture were washed twice in HBSS

and resuspended in HBSS at 37Â°Cat a final cell concentration
of 2â€”20x 10Â°cells/mI. 1-mi aliquots of the cell suspensions,
equilibrated at 37Â°C, were added to either 50 units neura
in.inidase (Vibrio Cholerae strain Z4, General Biochemical
Corp.) in 1 ml HBSS, 0.1 mg ribonuclease (3 x crystallized,
Worthington Biochemical Corp.) in 1 ml HBSS, or 1 ml neura
minidase solution mixed with 1 ml ribonuclease solution, and
incubated at 37Â°C for 30 minutes with frequent agitation.
Under these conditions a maximum reduction in electrophoretic
mobility was reached after 20â€”25 minutes
either enzyme. Retreatment
or prolongation

incubation
with
of treatment did

not result in any further significant decrease in mobility. Suffi
cient excess of enzyme was present to allow for possible varia
tions in cell concentration. After 30 minutes treatment by either
enzyme, 90% or more of the cells were â€œviableâ€•
as measured
by Trypan blue staining. If cells were treated with neura

minidase at its optimum pH 5.5, the cellular viability decreased
to 70â€”80%as assessed by Trypan blue staining.
After incubation

the cells were washed once in HBSS, twice

in calcium- and magnesium-free Dulbecco and Vogt â€˜s
phosphate
14, 1967; accepted April 20, 1968.

buffered

saline

(PBS)

pH 7.2, and finally suspended
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at a final cell concentration
phoresis.

of 0.5â€”3x 10@cells/ml

The mean mobility of 1-day-old tumor cells was â€”1.169Â±

for electro

0.027 (standard error; 16 mice), 7-day-old tumor cells â€”0.989
Â±0.016 (14 mice), 14-day-old tumor cells â€”0.874 Â±0.022 (11

Cell Electrophoresis

@

@

mice). The mean mobility at zero time is the same as at 7
Cellular electrophoretic mobilities were measured at 25Â°CÂ± days, as mice were always inoculated with 7-day-old tumors.
The presence of a higher proportion of nontumor cells in young
1Â°Cin a cylindrical tube apparatus (4). The times for cells
tumors was not considered to be likely to cause the early in
to traverse 12.5 or 25 in both directions in a 3.2 volts/cm
crease in mobility, as leukocytes have a lower mobility than
gradient when 1.8 ma of current was flowing were recorded.
Ehrlich ascites tumor cells (28).
Between 30 and 205 cells were measured for each cell suspen
Chart 1 also shows that there is a marked variation in mean
sion, and the calculated mobilities were corrected to the viscosity
of water at 25Â°C.In order to check on the reproducibility of mobility between cell populations from mice with tumors of
the same age. These variations are larger than would be ex
the apparatus, the mobility of human Group A Rh+ eryth
rocytes was determined
on each occasion tumor cells were
measured. Under the above conditions, the mean mobility of
erythrocytes
was â€”1.026 sec'
v1 cm (Standard error Â±
0.004, in 38 separate experiments) . The range in mean mobility

pected from experimental variation during the period of study.
Analysis of variance showed that cells from 1-day-old tumors
showed significantly greater variations in mobility than those

of erythrocytes

in mobility

on these 38 occasions was from â€”0.976 to

from 7-day-old tumors (P < 0.01). Due to the large variation
between cells from different mice bearing the same

age tumor, a true decrease in mobility during the in vivo
growth of ascites tumors may not be observed unless a rela
tively large number of determinations are made. Chart 1 shows

â€”1.062.
RESULTS

an example where the mean mobility of a 7-day-old cell popula.

Cells Grown in Mice. Chart 1 shows the mean mobiities of
Ehrlich

ascites

cells treated

with HBSS

only. Each

point

is

tion was higher than that of a 1-day-old tumor.
Chart 2 shows histograms

of the mobility of cells at different

the mean mobility of a tumor cell population from one mouse. tumor ages. At the top is the distribution of mobilities of cells
The standard errors of the means ranged from Â±0.02to Â±0.04. from the tumor cell population injected into the mice ; below
are mobility distributions of cells from this tumor cell popula
It can be seen that after an initial rise in mobility, reaching
a maximum 1â€”2
days after inoculation of tumor cells, the me
bility steadily decreased until death of the animals occurred.
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Chart 2. Distribution of mobilities of Ehrlich ascites tumor
Chart 1. Mean electrophoretic mobility after inoculation of
tumor. Each point is mean mobility of a population of Ehrlich

cells at time of inoculation

ascites tumor cells from one mouse.

cells) ; C, 7 days (4 mice, 200 cells) ; D, 14 days (4 mice, 200 cells).

and 1-, 7-, and 14-day-old tumors.

A, cells inoculated (1 mouse, 200 cells) ; B, 1 day (4 mice, 204
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tion at 1, 7, and 14 days respectively. By one day the modal

followed a curve similarly shaped to that of the controls. The

value has moved to a higher value than mobility of the initial
inoculum, at seven days the distribution is approximately
the
same as in the initial inoculum (which was of a 7-day-old tu

mobility

mor), and at 14 days the modal value is less than at 1 or 7
days.

mobility in the first two days after tumor inoculation. It is
probable, taking into account possible experimental variations,
that the mobility of cells after treatment with ribonuclease have

Cultured

Cells. During

the growth of a tumor

of cells treated

with ribonuclease

were significantly

lower (P < 0.01) than controls at all times. However, cells
after ribonuclease treatment did not show an initial rise in

cell popula

tion in vitro, when the mean generation time was 2.2 days,

a constant mobility throughout the growth of the tumor in mice.
Iii earlier reports (28, 36, 37) when cells were treated with
neuraminidase and ribonuclease, the treatments were made sep
arately. However, it was observed that the same reduction in

determinations
on three different days gave mean mobiities
of â€”0.779 Â± 0.027, â€”0.777 Â± 0.030 and â€”0.803 Â± 0.031 re
spectively. Only 14- to 16-day-old tumor cells grown in mice
may have this low mobility (See Chart 1).
Effect of Neuraminidase
and/or
Ribonuclease.
Chart 3

mobility was found when cells were treated with the enzymes
mixed in the same solution. After treatment with neuraminidase

shows the results of an experiment where the effects of neura
minidase and/or ribonuclease on the electrophoretic mobility
of Ehrlich ascites tumor cells during growth in mice were deter
mined. Two mice were used at each time from 0 to 1.25 days
and at 16 days ; three mice were used at other times. The
electrophoretic mobilities of 30â€”100cells from each mouse were
measured after treatment with HBSS, neuraminidase, and/or

and ribonuclease together, the mobilities of tumor cells were
significantly lower (P < 0.01) than controls at all times during
tumor growth. Further,
the cellular mobilities were signifi
cantly less than after treatment with either enzyme alone at

all times (P < 0.01), except for neuraminidase-treated

ribonuclease. The results from different mice were pooled and
the means calculated. The vertical bars in the control part of
the curve are standard errors of the respective means. The
standard errors were calculated for â€¢
all the other points but

Cultured Cells. In an experiment where the mean mobility
of control cells was â€”0.779 Â± 0.023, after treatment with

are not shown in the chart.
The controls show the same shaped curve as in Chart 1; an
initial rise in mobility after inoculation of the tumor with a
maximum at 1â€”2
days was followed by a gradual decrease. The
mobility of cells treated with neurarninidase was significantly

neuraminidase

less (P < 0.01) than

of these cultured cells was similar to enzyme-treated

control

of neuraminidase-treated

cells

in a 16-day-old tumor (0.1 > P > 0.05). After treatment with
both enzymes, the cellular electrophoretic
mobility remained
constant during tumor growth.

the mobility

was â€”0.587 Â± 0.020, after

treat

ment with ribonuclease the mobility was â€”0.536Â±0.016, and
after treatment with both neuraminidase and ribonuclease, the
mobility was â€”0.406 Â±0.005. These results indicated that after
treatment
with enzymes, the cellular electrophoretic
mobility

cells at all times. The mobility

14- to

16-thy-old tumor cells.

cells, although less than control cells,
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Chart 3. Electrophoretic mobility of Ehrlich ascites tumor cells with or without treatment with neuraminjda@eand/or ribonuclea@e.
@

C

e, controls; 0

â€” â€” â€” 0,

treated with neuraminidase;

@,treated with ribonuclease; jj â€” . â€” . â€” @j,
treated

with neuraminidase and ribonuclease.

1592

CANCER RESEARCH

Downloaded from cancerres.aacrjournals.org on January 24, 2022. © 1968 American Association for Cancer
Research.

VOL. 28

Electrophoretic

Chart 4 shows histograms of mobiities

of cells from a 4-

day-old tumor and from culture

with or without

ment. Although

of the neuraminidase-treated

population

the variance

was slightly

less than the variance

enzyme treat
of the controls,

the difference was not significant at the 5% level. The variance

Mobility

of Ehrlich

Ascites

Cells

Variations in mean mobility of Ehrlich ascites cells extracted
from tumors of the same age have been previously noted (5,

27). These variations are much greater than those found
among erythrocyte

measurements made on different occasions

Measurements
of cellular electrophoretic
mobility made in
physiologic media â€˜ivean indication of the density of ionogemc
groups within 10 A of the cellular electrokinetic surface ( 1, 6).

and arise after injection of cells from a common population.
Neuraminidase,
which specifically
cleaves the glucosidic
linkage joining the keto-group of neuraminic acids to d-galac
tose and d-galactosamine
(20) , has been widely used in inves
tigations of the nature of the cell surface. Reduction in cellular
mobility after neuraminidase
treatment
is considered usually
to be due to removal of ionized carboxyl groups of neuraminic
acid from the electrokinetic surface, although there is not neces
sarily a direct relationship between the amount of neuraminic
acid released and the reduction in electrophoretic
mobility (12,

It is probable that differences in electrophoretic

mobility be

34) . All mammalian cells so far studied carry a net negative

tween different cells, under constant conditions of measurement,
are due mainly to differences in cell surface charge density,
although the need for caution in extrapolating
charge densities

charge at neutral pH, but only a proportion
of them have
their electrophoretic
mobility changed by ribonuclease (28, 36,
37) . Ribonuclease inactivated by the method of Bernard and
Stein (7) has no effect on cellular electrophoretic
mobility
(37) , although this inactivated
enzyme has overall charge
properties very similar to the active enzyme (19) . This data
suggests that changes in mobility of some cell types, including
Ehrlich ascites cells, after ribonuclease treatment are not due
simply to charge neutralization
after nonspecific adsorption
of the enzyme. It is probable that reduction in electrophoretic
mobility of some cells indicates the presence of the specific
substrate of ribonuclease, secondary phosphate ester linkages
of pyrimidine ribonucleosides
( 10), somewhere within the cell
periphery.
Although
the evidence suggests
strongly
that
changes in electrophoretic
mobility of cells after neuraminidase
and/or ribonuclease treatment are due to the specific activities
of these enzymes, data from enzyme treatment
of cells must
be interpreted with considerable caution since there are a mul
titude of factors which may cause changes in mobility (32).

of mobility of the ribonuclease-treated
cell population was sig
nificantly less (at 1% level) than for controls or for those

treated with neuraminidase.
DISCUSSION

from electrophoretic mobility measurements has been empha
sized (9, 25).
The results indicate that the mean electrophoretic mobility
of Ehrlich ascites cells varies with time after inoculation of
tumor, although it has been reported previously that no dif
ferences in mobility between 5- to 9-day-old tumors of this type

were observable (13, 33) . Chart 1 shows that there averages
a decrease of about 10% in mobility during this time. How
ever, if observations were made only on 5- to 9-day-old tumors,
no conclusions could be drawn concerning the possible occur
rence of variations in mean mobility with age of the tumor due
to both the small overall change in this time and the large
variation in mean mobility among cells from different mice.
@dayâ€”oId tumor
40

cells

Cultured

cells
+

NEURAMINIDASE

IBONUCI.EASENEURAMINIDASE
CELLS)@j@JCEL@

30

RIBONUCLEASE
(50

20
10

40
RIBONUCLEASE

RIBONUCLEASE

30
20
10

The results suggest that ribonuclease reduces the electrophoretic
mobility of Ehrlich ascites cells to a constant value, whereas
neuraminidase does not. This may indicate that the density of
ionogenic sites susceptible to neuramimdase remains relatively
constant compared with those susceptible to ribonuclease and
that changes in cellular mobility during growth of the tumor
are mainly mediated by sites susceptible to ribonuclease. It
has been reported
(17, 34) that neuraminidase
reduces the
spread of electrophoretic
mobility values in cell populations,

but, although
2(

NEURAMINI@SE

â€”

NEURAMINIDASE

@(1OOCELLS)

10

neuraminidase

reduced the scatter

in values

slightly in experiments described in this communication,
these
differences were not significant at the 5% level. However, treat

ment of cells with ribonuclease caused a marked reduction in
I
@
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I
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20

.

CONTROLSjLLS)

ic
0.2

@d.6

1.0

Electrophoretic

14

1.8

mobility

(in 0.l mobility

CONTROLS

0.2

0.6

1:0

1'@4

p 5â€¢5..l
v@ cm
unit groups)

Chart 4. Distribution of mobilities of Ehrlich ascites tumor
cells grown in mice or in culture with or without neuraminidase
and/or ribonuclease treatment.

scatter of mobiities,
suggesting that much of the variation
among cells in populations is due to variation in the density
of ribonuclease susceptible sites at the cellular electrokinetic
surface. The decrease in mobility after treatment
with both
enzymes was greater than the decrease after treatment
with
either enzyme separately, possibly indicating loss of both ribo
nuclease- and neuraminidase-susceptible
ionogenic sites from
the cell periphery.
However, the decrease in mobility after
treatment
with both enzymes was less than the sum of the
decreases after treatment with the enzymes separately and may
indicate an association between neuraminidaseand ribonu
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results

Synthesis and the Mitotic Cycle in Ehrlich Ascites Tumour

differ from those obtained using RPMI No. 41 cells (derived
from a human osteogenic sarcoma) where the effects of the

Cells. J. Biophys. Biochem. Cytol., 7 : 273-282, 1960.
16. Eisenberg, S., Ben-Or, S., and Doljanaki, F. Electrokinetic
Properties of Cells in Growth Processes, the Electrophoretic
Behaviour of Liver Cells during Regeneration and Postnatal
Growth. Exptl. Cell Res., 26: 451-461, 1962.
17. Forrester, J. A. Microelectrophoresis of Normal and Polyoma
Virus Transformed Hamster Kidney Fibroblasts. in: E. J.
Ambrose (ed.), Cell Electrophoresis, pp. 115-124. London: J.
& A. Churchill, Ltd., 1965.
18. Forrester, J. A., Dumonde, D. C., and Ambrose, E. J. The
Effects of Antibodies on Cells. II. Changes in the Electro

clease-susceptible

sites in Ehrlich

enzymes on electrophoretic

ascites

mobility

cells. These

were additive

(36, 37).
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