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Four human colon adenocarcinoma cell line variants with different metastatic po-

tential were used to examine whether a correlation exists between actin level, state of

actin polymerization and invasiveness of tumour cells.

Monomeric (G), total (T) and filamentous (F) actin were determined in the cytosolic

fraction of these cells. A statistically significant decrease in G actin level and increase

in the state of actin polymerization (measured by F:G actin ratio) were found in the

cytosol of three cell variants with higher metastatic potential and invasiveness (EB3,

3LNLN, 5W) compared with the parental cell line (LS180).

Our experimental data lead to the conclusion that there is a correlation between the

metastatic capacity of human colon adenocarcinoma cells and the state of actin poly-

merization.

Actin is the most abundant and highly con-

served protein occurring in all eukaryotic

cells. Actin microfilaments are one of the

three major components of the cytoskeleton,

the structure involved in many cellular func-

tions, including cell motility, contractile ring

formation during cytokinesis, maintenance of

cell shape, and signal transduction. The struc-

tural and motile functions of actin are possi-

ble through a dynamic conversion between

monomeric actin (G actin) and filamentous

actin (F actin), a linear polymer of G actin sub-

units (Sheterline et al., 1998).
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Adhesion and locomotion are one of the key

capabilities of cells in tumour growth and me-

tastasis formation. They depend on the archi-

tecture of cytoskeletal elements and especially

on the actin microfilaments system. The alter-

ations in actin organization are known to ac-

company malignant transformation of many

cell types (Ben-Ze’ev, 1985; Hansell et al.,

1995; Button et al., 1995). The disruption of

actin stress fibers, as observed in many can-

cer cells, may result from the changes in actin

content and its ability to polymerize and also

from a lack of physiological equilibrium be-

tween actin assembly and disassembly, so im-

portant for its functions.

Interesting data have accumulated on the re-

lation between actin organization, changes in

actin isoforms expression and the ability of

cancer cells to form metastases (Pokorna et

al., 1994; Janmey & Chaponnier, 1995; Nowak

& Malicka-B³aszkiewicz, 1999). Differences in

actin distribution were observed in popula-

tions of sarcoma cells with different meta-

static potential, in MDCK (Madine Darby Ca-

nine Kidney) cells transformed with Moloney

sarcoma virus (Le et al., 1998) and in human

salivary gland adenocarcinoma (Suzuki et al.,

1998). The invasive variants of these cells con-

tain no stress fibers in contrast to their

noninvasive counterparts, which show high

organization of the actin cytoskeleton. Cyto-

plasmic � actin was identified to appear at the

tips of pseudopodia of invasive cells but not in

noninvasive cells (Le et al., 1998; Shestakova

et al., 1999).

Our former observation of actin during

hepatoma Morris 5123 tumour growth

showed that a remarkable increase in total

and polymerized actin level in tumour cells co-

incides with the first metastasis formation to

the lungs of tumour bearing rats (Malicka-

B³aszkiewicz et al., 1995; Nowak et al., 1995).

In this paper four phenotypically well-chara-

cterized human colon adenocarcinoma LS180

cell line variants — including those with in-

creased motility and metastatic potential —

showing different organ localization of metas-

tasis were used to examine whether a correla-

tion exists between actin level, state of actin

polymerization and invasiveness of tumour

cells.

MATERIALS AND METHODS

Cells. The human colon adenocarcinoma cell

line LS180 was obtained from Deutsche

Krebsforschungzentrum (Heidelberg, Ger-

many). Endothelial cell line HPLNEC.B3 —

human microvascular endothelial cells from a

peripheral lymph node of a patient with Hodg-

kin’s lymphoma — was isolated and character-

ized by Kieda et al. (2002). Cell lines and fur-

ther selected variant sublines were propa-

gated in OptiMEM medium supplemented

with 3% fetal bovine serum (Gibco, Grand Is-

land, NY, U.S.A.). Cells were cultured in 25

cm2 tissue culture flasks at 37�C in 5% CO2/

95% humidified air (Falcon or Costar) and

passaged weekly, using 0.25% trypsin/0.05%

EDTA solution (Gibco, Grand Island, NY,

U.S.A.).

In vitro selection of LS180 cells with in-

creased affinity for human HPLNEC.B3

endothelial cells. HPLNEC.B3 cells were

plated onto the bottom of a 24-well TC plate.

The colon carcinoma LS180 cells (1 � 105

cells/100 �l) were superposed onto the upper

surface of an 8 �m, Matrigel-coated nucleo-

pore Transwell filter (Costar, France). After

48–72 h, LS180 cells which had migrated to

the lower surface of the filter towards the en-

dothelial cell monolayer were removed by a

brief 0.25% trypsin/0.05% EDTA treatment,

washed and propagated in vitro. The manipu-

lation was repeated three times. The obtained

colon cancer subline was named LS180EB3

(EB3).

In vivo selection of colon adenocarci-

noma cells. The in vitro selected EB3 cells

were passaged in vivo by various routes of in-

oculation, to select metastatic variants. For

animal experiments, athymic NCr nu/nu male

mice, obtained from the National Cancer In-
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stitute, Frederic Cancer Research and Devel-

opmental Center (Frederick, MD, U.S.A.)

were used. Animal experiments were per-

formed according to the International Labora-

tory Animal Care Convention. The procedure

of selection was applied essentially as de-

scribed elsewhere for colon adenocarcinoma

HT-29 cells (Opolski et al., 1998). Briefly, EB3

cells were injected intrasplenicaly (i.s.), result-

ing in primary tumours in the spleen and me-

tastasis in the liver. Then a piece of liver me-

tastasis was transplanted orthotopically (into

intestinal wall; i.i.). The implanted tumours

metastasized preferentially to the liver. The

procedure was repeated five times resulting in

a highly metastatic variant subline designed

as LS180EB3 5W (5W). Metastatic cells sus-

pension from the first i.s. passage was also in-

jected intravenously (i.v.) and metastases in

the lymph nodes were collected. In this case

the passage was repeated three times, result-

ing in a variant designed as LS180EB3

3LNLN (3LNLN), metastasizing after i.v. in-

oculation preferentially to peripheral lymph

nodes.

Isolation of cytosolic fractions. Cytosolic

fraction was used as a source of actin. Cells

were homogenized and cytosol was prepared

as described earlier by Malicka-B³aszkiewicz

& Roth (1981). Cells growing on tissue culture

dishes were gently washed with PBS, scraped

with a rubber policeman and suspended in G

actin stabilizing buffer (freshly made) con-

taining 10 mM Tris/HCl, pH 7.4, 0.25 M su-

crose, 1 mM DTT, 0.1 mM ATP, 0.1 mM CaCl2
(buffer A). Cells were centrifuged (100 � g,

3 min, 4�C) and homogenized with 3 volumes

freshly made buffer A in a Dounce homogen-

iser. Homogenates were centrifuged at

105000 � g for 1 h, at 4�C. The high speed

supernatant was used as the cytosolic fraction

and kept frozen (–70�C) before actin determi-

nation.

Actin measurement. Actin was determined

as inhibitor of DNase I from bovine pancreas

under standard assay conditions, as described

by Malicka-B³aszkiewicz & Roth (1981). The

concentration of monomeric actin (G) was es-

timated by DNase I inhibition, directly in

crude cytosol sample. Total actin (T) content

was measured after dilution of samples with

buffer A until maximal inhibition of DNase I

was reached (Malicka-B³aszkiewicz & Roth,

1981; Malicka-B³aszkiewicz, 1986).

Filamentous actin (F) was calculated by sub-

tracting the amount of G actin from total actin

(F = T–G). The state of actin polymerization

was defined by the F actin to G actin ratio

(F:G).

One unit of DNase I inhibitor (actin) is the

amount which decreases the activity of 20 ng

of DNase I by 10% under standard assay con-

ditions (Malicka-B³aszkiewicz & Roth, 1981).

Actin concentration was expressed in units of

DNase I inhibitor per mg of sample protein.

Protein. Protein was determined by stan-

dard Lowry procedure (Lowry et al., 1951).

Statistical analysis. All data are reported as

mean ± standard deviation (S.D.), their signifi-

cance was determined using Student’s t-test.

The significance level was set at P < 0.05.

RESULTS AND DISCUSSION

To investigate if there is any correlation be-

tween actin pool “behaviour” and metastatic

capacity of tumour cells, human colon adeno-

carcinoma cell lines model was chosen. We se-

lected a panel of human LS180 colon adeno-

carcinoma cells by in vitro and repeated in vivo

selections in immunodeficient nu/nu mice

(Opolski et al., 1998). The first in vitro selec-

tion resulted in a variant with increased affin-

ity towards human endothelial cells of second-

ary lymphatic organ origin. The in vivo selec-

tions, performed by serial implantation of se-

lected cell sublines by different routes

(intrasplenic, i.s.; intravenous, i.v.; or intra-

illeal, i.i.) resulted in several cell variants with

higher metastatic activity. They grew prefer-

entially as differentially localized metastasis

after implantation via a given route, as com-

pared with the parental cell line (LS180).
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Monomeric and total actin levels were mea-

sured in the cytosolic fraction of the human co-

lon adenocarcinoma cell variants. Filamentous

actin and the state of actin polymerization

were then calculated as described in Material

and Methods. The data for the adenocarcinoma

selectants (EB3, 3LNLN and 5W) were com-

pared with those obtained for the parental line

LS180. The results of the studies are shown in

Fig. 1 A–D. Total (T) and filamentous (F) actin

levels in the cytosolic fraction of the four cell

lines were almost unchanged (Fig. 1 B and C).

Only a slight, statistically non-significant

(P < 0.05) decrease was observed. However, it

has to be noticed that the amount of G actin in

the three selectants was about two times lower

(statistically significant, P < 0.05) compared

with the parental line LS180 (Fig. 1 A). The

most interesting is the observation of a statisti-

cally significant (P < 0.05) F actin to G actin ra-

tio increase (Fig. 1 D) in the cell variants with

higher metastatic potential and invasiveness

(EB3, 3LNLN, 5W) compared with the paren-

tal cell line (LS180). Special attention should

be paid to the highest value of this ratio in the

5W in vivo selectant, obtained by five passages

and having the highest metastatic capacity.

Our data lead to the conclusion that there is a
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Figure 1. Changes in actin level and its state of polymerization in human colon adenocarcinoma cell lines:

LS180 (parental line) and EB3, 3LNLN, 5W (lines with increasing metastatic potential).

Actin was measured as inhibitor of DNase I from bovine pancreas. The different actin forms and the state of poly-

merization (F:G) were determined as described in Materials and Methods. Bars represent the mean ± S.D. for data

obtained from three independent experiments. *Indicates values significantly different for those for control cells

(line LS180) as calculated by Student’s t-test (P < 005).



distinct correlation between the ability of cells

to form metastatsis and the state of actin poly-

merization as measured by the F:G actin ratio.

The concept that tumour invasion is a dis-

ease of dysregulated cell motility has gained

recognition over the past few years (Kassis et

al., 2001). There are many collected data on

quantitative and qualitative changes of actin

in cancer cells. However, they seem often to

be controversial, which results from the dif-

ferent experimental models and the difficul-

ties to distinguish between polymerized and

monomeric actin level (Katsatonis et al., 1994;

Malicka-B³aszkiewicz et al., 1995; Nowak et

al., 1995; Stournaras et al., 1996).

There is also a lack of studies on actin in can-

cer cells of different invasive potential derived

from the same parental cell line. This would

be convincing model in the respect to evalua-

tion of the results. So far Verschueren et al.

(1994) have observed that increased level of F

actin content is correlated with increased mo-

tility and malignancy of seleced sublines of

T-lymphoma cells. We have shown an in-

creased F:G actin ratio in human colon

adenocarcinoma cell variants with different

metastatic potential and invasiveness com-

pared with the parental cell line (Fig. 1 D).

This supports the view that high level of actin

polymerization is a prerequisite for pseudo-

pod formation — a phenomenon necessary for

infiltration of cancer cells into surrounding

tissues. The availability of similar data for

cells originating from different tumours and

selected in respect to their metastatic capacity

should help in designing actin targeting drugs

to be used in cancer therapy.
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