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Effects of Epidermal Growth Factor on Invasiveness through the Extracellular
Matrix in High- and Low-metastatic Clones of RCT Sarcoma in vitro
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We investigated the invasiveness of tumor cells through the extracellular matrix and the influence of
epidermai growth factor (EGF) on tumor cell invasion using in vitro systems in high-[RCT{(+)] and
low-metastatic [RCT(—)] clones established from poorly differentiated murine RCT sarcoma in
C3H/He mice. In the invasion assay using a filter coated with reconstituted basement membrane
(Matrigel) in a Boyden chamber, RCT(+) cells were more invasive than RCT(—) cells. The
attachment of RCT(+) cells to extracellular matrix components and the degradation of type IV
collagen by the cells were significantly greater than with RCT(—) cells. However, there was no sig-
nificant difference in the migration of cells to the extracellular matrix components between cultured
RCT(+) and RCT(—) cells. These findings suggested that the different invasiveness of these clone
cells was associated with the difference.in the ability of attachment to and degradation of the matrix.
The level of laminin receptor expression in RCT(+) cells was about four-fold that in RCT(—) cells
and laminin stimulated the type IV collagenolytic activity of RCT{+) cells, suggesting that RCT(+)
cell attachment to laminin via laminin receptor on the cell surface induced the production of type IV
collagenase by the tumor cells. EGF did not affect the invasiveness of RCT(—) cells, In RCT(+)
cells, EGF stimulated the invasiveness through Matrigel, the attachment to extracellular matrix com-
ponents and the degradation of type IV collagen through high-affinity EGF receptors (EGFR), with
K, of pM order, while the migration to the matrix was not influenced by EGF. These findings suggest
that the stimulatory effect of EGF on invasion is related to the acceleration of cell adhesion, and the
degradative cascade of the extracellular matrix and high-affinity EGFRs play an important role in

the effect of EGF on in vifro invasiveness in this tumor.
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In the process of metastasis formation, tumor cells
must pass through basement membranes and extra-
cellular matrices prior to invasion into and exit from the
lymphatic or blood vessels. Tumor cell invasion of the
extracellular matrix involves three crucial steps: 1) tumor
cell attachment to the extracellular matrix components
via cell surface receptors for matrix glycoproteins such as
laminin, 2) secretion by tumor cells of proteolytic en-
zymes that cause the degradation of the matrix, 3) tumor
cell migration into the region of the matrix modified by
proteolysis."'? Based on these findings, in vitro models
have been developed to study mechanisms of tumor cell
interactions with extracellular matrix barriers. Using an
in vitro invasion assay system, it is well known that
malignant tumor cells have high invasive potential to
peneirate extracellular matrix barriers, and tumor cell
invasiveness in vitro may be correlated with malignant
potential in vive.5 %' Furthermore, a correlation be-
tween invasiveness in vitro and the metastatic potential
has been reported in cell lines with different metastatic
potential derived from a single tumor.'” Systematic anal-
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ysis of extracellular matrix invasion in clones with differ-
ent metastatic potential established from a single tumor is
quite important to determine the mechanism of metastasis.

Epidermal growth factor (EGF) and epidermal
growth factor receptor (EGFR) have been implicated in
malignant behavior of various human neoplasms. The
EGFR is often overexpressed in tumor cells, and signifi-
cantly higher EGFR levels have been found in several
malignant tumors than in normal or benign tumors, '¢-'®
The level of EGFR expression might be associated with
prognostic factors such as the stage of tumor, histologi-
cal malignancy and metastasis, suggesting that the level
of EGFR expression could be a useful marker of tumor
invasion and metastasis.'*** In the RCT (Radiological,
Chiba and Toyama) sarcoma cell line, we have found
that the level of EGFR expression in high-metastatic
[RCT(+)] clone cells was higher than that in low-
metastatic clone [RCT(—)] cells, and pulmonary
metastasis of RCT(+) cells was inhibited by treatment
with anti-EGFR monoclonal antibody in vive®? It has
been reported that EGF stimulated growth, migration
and invasion of brain tumor cells into the host tissue in
vitro.* ™ 1t is suggested that the regulation of extracel-
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lular matrix invasion is closely linked with growth fac-
tors such as EGF.2?"

In the present study, we investigated the characteris-
tics of high- and low-metastatic clone cells established
from RCT sarcoma in terms of invasiveness through the
extracellular matrix using an in vifro system. We also
evaluated the effect of EGF on the invasion process in
these clone cells.

MATERIALS AND METHODS

Cell culture High-metastatic [RCT(+)] and low-
metastatic [RCT(—)] clone cells of RCT sarcoma ob-
tained by the combination of lung passage and the
limiting-dilution method® were cultured in 25 cm? plas-
tic flasks (MS-20050, Sumitomo Bakelite, Tokyo).2 ¥
RCT(+) and RCT(—) cells before the 20th generation
of in vitro passage were used in the present study. These
cells were cultured in RPMI 1640 (Flow Laboratories,
Inc., Irvine, Scotland), supplemented with 100 mg/ml
streptomycin {Meiji Seika, Tokyo), 100 U/ml penicillin
(Meiji Seika) and 109% fetal bovine serum (FBS;
Bocknek Ltd., Toronto, Canada) at 37°C in a humidified
atmosphere of 5% CO, and 95% air. The specificity of
the monoclonal antibody (MoAb, 528IgG,; Oncogene
Science, Manhasset, NY) to EGFR used in this study has
been established by many authors.’'» When the anti-
EGFR monoclonal antibody was used in each assay
system, normal mouse IgG (ICN ImmunoBiologicals,
Lisle, IL) and ascites from immunized mice were used
as the negative control and the positive control, respec-
tively. We have previously found that anti-EGFR MoAb
(528 IgGy) selectively blocks EGF binding to high-
affinity EGFR in RCT sarcoma cells.* To observe the
effect of EGF (Sigma Chemical, St. Louis, MO) on each
assay in the presence of anti-EGFR MoAb, cells were
preincubated with MoAb (20.0 ug/ml) for 2 h prior to
EGY addition to the culture medium.

In vitroinvasion assay The invasiveness of RCT sarcoma
cells was assayed according to the method reported by
Albini er al'V Polyvinyl-pyrrolidone-free polycarbonate
filters (8 um pore size; Nucleopore, Pleasanton, CA) were
coated with 50 pg/filter of reconstituted basement mem-
brane (Matrigel: Collaborative Research Inc., Bedford,
MA). The Matrigel, diluted to 100 mg/ml with cold
phosphate-buffered saline (PBS), was applied to the
upper surface of the filters and dried at room temperature
under a hood. The coated filters were placed in Boyden
chambers. Cells (1X10%) were suspended in RPMI con-
taining 0.1% bovine serum albumin (BSA; Sigma
Chemical), added to the upper chamber and incubated
for 2, 4, 6, 8, 10 and 12 h at 37°C in 5% CO, and 95%
air. At the end of each incubation, the cells on the upper
surface of the filter were completely removed by wiping
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with a cotton swab. The filter was fixed in methanol and
stained with hematoxylin and eosin. The cells that had
migrated to the lower surface of the filter were counted
under 400-fold magnification.

In the study of the effect of EGF on tumor cell inva-
sion, cells (1X 10°) suspended in RPMI containing 0.1%
BSA. were incubated with or without EGF (1.6 X 10}
to 16.0 nM) in the upper compartment of a Boyden
chamber. After 8 h of incubation, the number of cells
which had penetrated through the Matrigel was counted
according to the above-mentioned method. Each assay
was performed in triplicate, and repeated three times.
Attachment assay Assay was performed according to
the method reported by Voldavsky et al.* or Iwamoto et
al’ Subconfluent cultures of RCT(+) and RCT(—)
cells were prelabeled with 18.5 kBq/ml *H-thymidine (74
kBg/mmol, ICN) for 24 h in the culture medium. The
cells were washed twice with cold PBS to remove free
radioisotope followed by resuspension in RPMI with
0.19% BSA. The culture dishes (Diameter: 35 mm) were
coated with Matrigel (5 pg/ml), laminin (20 gg/ml,
Collaborative Research, Inc.) or fibronectin (20 #g/mi,
UCB-Bioproducts S. A., Belgium). After that, each dish
was blocked with 1 mg/ml of BSA for 30 min at 25°C.
The labeled cells (1X10%) were placed on the coated
dishes and incubated at 37°C. For assessment of the effect
of EGF on cell attachment, the cells (1X 10%) suspended
in RPMI with 0.19% BSA were incubated with EGF
(1.6X107* to 0.8 nM) on the coated dishes. After 30-
min incubation, the dishes were carefully washed three
times with PBS to remove unattached cells. The attached
cells were dissolved in 0.1 N NaOH, and the radioactivity
was measured using a liquid scintillation counter (Aloka,
LSC903, Tokyo). The attachment capacity was deter-
mined relative to the radioactivity of seeded cells (1< 10°)
which was considered to be 100%. Each assay was per-
formed in triplicate, and repeated three times.

Type IV collagenolysis assay An aliquot of *H-proline-
labeled type IV collagen (6.0 ug/well; 0.011 GBg/mg,
New England Nuclear, Boston, MA) dissolved in 0.5 M
acetic acid was added to each well of a 96-well tissue
culture plate (n=9) which was then dried in a laminar
air flow apparatus overnight. Cells (1 X 10*) suspended in
200 1 of RPMI containing 0,19 BSA were incubated on
a 96-well tissue culture plate precoated with *H-collagen.
For the study of the effect of EGF on type IV collage-
nolytic activity, cells (1< 10%) suspended in RPMI con-
taining 0.1% BSA were incubated with EGF (1.6 X10?
to 16.0 nM) in *H-collagen-coated wells. After 8 h of incu-
bation, the supernatant was withdrawn, and undigested
materials were precipitated by mixing with 100 yxl of
ice-cold 10% trichloroacetic acid and 0.5% tannic acid,
followed by centrifugation at 18,000¢ for 10 min. Type
IV collagenolytic activity was calculated from the radioac-



tivity in the supernatant, and expressed as the net amount
(ng) of degraded type IV collagen,'® '

Laminin or fibronectin receptor expression and effect of
laminin or fibronectin on type IV collagenolysis The
level of laminin or fibronectin receptor expression in
cultured RCT(+) and RCT(—) cells was analyzed by
the Scatchard method. The confluent cells were incu-
bated with various concentrations of 'I-laminin (0.01
to 10.0 ng/ml, 3.7 kBq/ug, Amersham International plc,
Buckinghamshire, England) in the presence or absence
of a large excess of unlabeled laminin (2.0 #g/ml) in a
final volume of 1.0 ml of RPMI-BSA (RPMI 1640
supplemented with 0.1% BSA) for 90 min at 18°C in the
culture dishes. Cells were dissolved in 1.0 ml of 1 N
NaOH. Radioactivity of the solutions was measured
using a gamma counter (Aloka, ARC-2000, Tokyo), and
Scatchard analysis was subsequently performed.” The
level of fibronectin receptor expression was also assayed
according to the above-mentioned method using '%1-
fibronectin.

To verify the effect of laminin or fibronectin on

the collagenolytic activity, cells (1< 10%) suspended in
RPMI containing 0.1% BSA were incubated with and
without laminin (20.0 ug/ml) or fibronectin (20.0 zg/ml)
in a 96-well tissue culture plate coated with *H-labeled
type IV collagen (n=9 each). Type IV collagenolytic
activity was measured by a procedure similar to that
described above for type IV coliagenolysis assay.
Haptotactic migration assay To investigate the hapto-
tactic activity (directed migration toward a gradient of
substratum-bound attractant), a Boyden chamber with a
built-in laminin or fibronectin-coated filter with no
Matrigel was used.'®*” Polycarbonate filters (8 #m pore
size) were precoated with either 5.0 yg/filter of laminin
or fibronectin on the lower surface of the filter, and dried
overnight at room temperature. The coated filters were
placed in Boyden chambers. Cells (1< 10°) suspended in
RPMI containing 0.19% BSA were added to the upper
chamber of the Boyden chamber, and incubated for 8 h.
To examine the effect of EGF on cell migration, the assay
was performed using EGF (1.6<107* to 1.6 nM). The
subsequent procedure was the same as for the invasion
assay. Each assay was performed in triplicate, and re-
peated three times.
Statistical analysis Values were expressed as means £ SD.
Student’s ¢ test was used to evaluate the significance of
differences between groups, and the criterion of statis-
tical significance was taken as P<0.05,

RESULTS

Invasiveness of tumor cells through Matrigel The
number of cells which penetrated to the lower surface of
the Matrigel-coated filter increased with time with both
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RCT(+) and RCT(—) cells. After more than 6 h of
incubation, the number of RCT(+) cells which had
migrated through the Matrigel was significantly greater
than that of RCT(—) cells (Fig. 1).

EGF stimulated the invasiveness of RCT(+) cells
through the Matrigel compared with the control in a
concentration-dependent manner (Fig. 2). The number
of RCT(+) cells which invaded the Matrigel was
significantly increased at the EGF concentration of
40 pM. As the EGF concentration was raised to 0.8 nM,
the number of RCT(+) cells penetrating the Matrigel
reached a plaieau. In contrast, EGF did not influence the
number of RCT(—) cells passing through the Matrigel
(Fig. 2). EGF did not influence the number of RCT{ +)
cells penetrating the Matrigel in the presence of anti-
EGFR MoAb (528IgG;). The ability to invade the
Matrigel was not affected by anti EGFR MoAb alone in
either clone (Table I).

Cell attachment The mean percentages of RCT(+) cells
which became attached to dishes coated with Matrigel,
laminin and fibronectin were 74%, 82% and 61%, re-
spectively. The corresponding values of RCT(—) cells
were 519%, 48% and 429%, respectively. The ability of
RCT(+) cell attachment to Matrigel, laminin or fibro-
nectin was significantly higher than that of RCT({—) cells

(Fig. 3).
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Fig. 1. Invasiveness of RCT(+) and RCT{(—) cells. The

number of cells which penetrated through the Matrigel-
coated filter increased with time in both clones. Six hours
after incubation, RCT( ) cells showed a significant level of
invasion. *%: P<0.05, **: P<0.01).
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EGF stimulated the attachment of RCT(+) cells to  Table I. Effects of EGF on Cell Invasion in RCT(+ ) and
the extracellular matrix components. The attachment of =~ RCT(—) Cells
RCT(+) cells to Matrigel-, laminin- or fibronectin- Number of invading cells/field
coated dishes was significantly increased at the EGF con- (Matrigel): 50 zg/filter)

) . G i
centration of 80 pM or higher (Table IT). In RCT(—) roup Concentration TReT(+) | RCT(-)
cells with EGF, however, the attachment did not signifi- (meanSD)  (mean:tSD)
cantly differ from the control. In the presence of anti-  Control 2949 106
. EGF® 1.6 pM 2811 J* s 1247
40 pM 48+8 94
0.8 nM 687 13+35
Anti-EGFR MoAb?  20.0 ug/ml 297 1246
1001, — _ Anti-fgg% MoAb 2%.% ;Izlgn/{ml 36+8 147
el : * o ,
iy . % L a) EGF: epidermal growth factor.
i 304" * b) Anti EGFR MoAb: anti EGF receptor monoclonal anti-
o , * body.
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= % *; P<0.05.
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Fig. 2. EGF effects on extracellular matrix invasion. For 0

RCT(+) cells, the number of cells which invaded the
Matrigel was significantly increased at an EGF concentration
of 40 pM or higher. For RCT(—) cells, EGF did not influ- Fig. 3. Attachment ability to extracellular matrix compo-
ence the invasiveness. @ RCT(+) (n=9 each). & RCT(—) nents. RCT{ +} cells showed a significant attachment ability
(n=9 each). *: P<{0.05. to Matrigel, laminin or fibronectin. *: P<0.05.

Matrigel Laminin Fibronectin

Table II.  Effect of EGF on RCT(+) Cell Attachment to Extracellular Matrix Components

Number of attached cells X 107* cells

Group Concentration  Matrigel (5 zg/ml) Laminin (20 ¢#g/ml)  Fibronectin (20 zg/ml)
(mean* 8D) {mean T 8D) (mean*SD)
Control 5.45%0.37 . 6.260.48 o5 5.991£0.69 N
EGF? 1.6 pM 5.9610.46 ] * 6.58£0.39 ] . 6.251T0.54 ] *
80 pM 6.54+0.40 8.54+0.79 7.46X£0.61
0.8 nM 7.4310.45 8.43x0.73 7.67X£0.36
Anti-EGFR MoAbY  20.0 pg/ml 5.03£0.68 5.99£0.58 6.340.49
i-E .
Ant ROt MoAb - 200ue/ml 5 364 57 5.89£0.68 5.32%0.56

a) EGF: epidermal growth factor.
b) Anti EGFR MoAb: anti EGF receptor monoclonal antibody.
*: P<C0.05, sk3k: P<0.01.
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EGFR MoAb, EGF did not affect the attachment to
Matrigel, laminin or fibronectin in either clone (Table 11).
Type IV collagenolytie activity In this assay, the type IV
collagenolytic activity of RCT(+ ) cells was found to be
significantly higher (1.35%+0.16 pg/10* cells at 8 h in-
cubation) than that of RCT( —) cells (0.44:0.12 pg/10*
cells at 8 h incubation) (Table III).

EGF stimulated the type IV collagenolysis compared
with the control in RCT(+) cells. The collagenolytic
activity of RCT(+) cells was significantly enhanced by
80 pM EGF, and reached a plateau at an EGY concentra-
tion of 0.8 nM or higher (Fig. 4). In contrast, type IV
collagenolytic activity of RCT(—} cells showed no sig-
nificant EGF-induced change. In the presence of anti-
EGFR MoAb, EGF did not affect the degradation of
type IV collagen in either clone (Table III).

Laminin or fibronectin receptor expression and effect of
laminin or fibronectin on type IV collagenolysis The
average numbers of laminin receptors in RCT(-+) and
RCT(—) cells were 1.1 10° and 0.3 X 10° per cell, re-
spectively, There was no significant difference in the K
value of laminin receptors between RCT(+) (Ky=1.45
nM) and RCT{—) (Ks=1.38 nM). Laminin signifi-
cantly stimulated the type IV collagenolysis of RCT(+)
cells (2.45+0.39 ug/10° cells at 8 h incubation) com-
pared with the control (1.3430.44 pg/10* cells at 3 h
incubation) (Table I'V). There was no significant acceler-
ation of the type IV collagenolitic activity in RCT(—)
cells induced by laminin (laminin-treated: 0.6220.29
£1g/10% cells, control: 0.44+0.12 ug/10* cells at 8 h
incubation). The average numbers of fibronectin recep-
tors in RCT(+) and RCT(—) cells were 4.8 X 10° and
2.610° per cell, respectively. There was no significant
difference in the Ky value of fibronectin receptors be-
tween RCT(+) (Ki=1.33 M) and RCT () (Ka=1.29

Table III. Type IV Collagenolytic Activity in 8-h Incubation
Type 1V collagenolytic activity
G ¢ trati (12g/10* cells)

roup oncentration RCT(+) RCT(—‘)
{mean =58D) (mean £SD)
Control 1.35X0.16 0.44£0.12
EGF? 1.6 pM 1.54i0.24]**0.56i0.18
80 pM 2.171045 0.621+0.22
0.8 nM 2.5910.56 0.48+0.14
Anti-EGFR MoAb? 20.0 zg/ml 1.28+£0.36 0.62+0.26

Anti-EGFR MoAb 20.0 ¢g/ml

+EGF 0.8 nM 1.44£0.39 0.5710.32

a) EGF: epidermal growth factor.

b) Anti EGFR MoAb: anti EGF receptor monoclonal anti-
body.

*: P<0.05,

Type 1V collagenolytic activity
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(M), However, fibronectin did not influence the type IV
collagenolysis in either clone (data not shown).
Haptotactic migration assay There was no significant
difference in the migration to a laminin-precoated or fibro-
nectin-precoated filter between RCT(+) and RCT(—)
cells. In each clone, the migration ability was not influ-
enced by EGF, irrespective of the presence or absence
of anti-EGFR MoAb (Table V).

DISCUSSION

RCT sarcoma induces pulmonary metastasis 2 to
3 weeks after subcutaneous implantation in C3H/He
mice.”» RCT(+) and RCT(—) were isolated as high-

(ng/ 10* cells/ 8 h)

0 1.6 80 16 40 80 160 0.8 1.6 8.0 16
pM pM pM pM pM pM oM oM nM nM

EGF concentration

Fig. 4. Effect of EGF on the degradation of tritiated type
IV collagen. In RCT{+) cells, type IV collagenolytic activity
significantly increased at an EGF concentration of 80 pM or
higher. In RCT(—) cells, the activity showed no significant
EGF-induced change. ® RCT(+) (n=9 each). B RCT(—)
{n=9 each). *: P<{0.05.

Table IV. Effect of Laminin on Type IV Collagenolysis in 8-h
Incubation

Type IV collagenolytic activity
(ug/10* cells)

Group Concentration RCT(+) RCT(-)
(mean £ 8D) {mean =SD)
Control - 1.340.44 0.52+0.22
Laminin 20.0 gg/ml  2.45£0.39 0.62£0.29
*: P<0.05.
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Table V. Haptotactic Migration Assay

Number of migrating cells/10° cells

) (mean =+ SD)
Group Concentration Laminin (20 z2g/ml) Fibronectin (20 zg/ml)
RCT(+) RCT(—) RCT(+) RCT(—)
Control - 44x6 521k12 487 49+9
EGF 1.6 pM 52+9 51+8 46+9 4811
80 pM 48+7 48t6 5110 5247
1.6 nM 4616 54+8 5249 50+8
Anti-EGFR MoAb  20.0 zg/ml 45+11 56+7 45138 49+£7
i- ) 1
AntrBOER MoAb 200 1g/m 51412 485 4646 52110

EGF: epidermal growth factor.

Anti EGFR MoAb: anti EGF receptor monoclonal antibody.

metastatic and low-metastatic clones in our depart-
ment.’? We have reported that the stromal stickiness and
membrane glycoprotein of cells are closely related to the
difference in the metastatic potential of RCT sarcoma
cells.”* Using the three-dimensional culture invasion
assay with RCT(+) and RCT(—) clones, we previcusly
found a correlation between the metastatic potential in
vivo and the invasion ability of cells into the host tissue
in vitro.® '

Extracellular matrix components such as laminin,
fibronectin, type IV collagen, and other glycoproteins act
as a barrier in the process of tumor cell invasion and
metastasis formation.” The penetration of tumor cells
through the extracellular matrix is necessary for metas-
tasis formation, In the present study, an ir vitro invasion
assay employing a reconstituted basement membrane
(Matrigel) coated on the filter of a Boyden chamber was
performed to elucidate the invasiveness of RCT(+ ) and
RCT(—) cells through the extracellular matrix. This
assay provides a quantitative evaluation of the invasive-
ness of tumor cells through the extracellular matrix.! !V
Using this invasion assay system, Albini et al. reported
that malignant tumor cells show increased invasiveness
compared to normal cells or benign tumor cells, suggest-
ing a correlation between invasiveness through Matrigel
and malignant behavior.'” In the present study, the in-
vasiveness of RCT(+) cells through the Matrigel was
significantly greater than that of RCT(—) cells. The in
vitro invasiveness through the extracellular matrix might
be correlated with the in vivo metastatic potential of this
tumor.

In order to analyze the invasive process into the extra-
cellular matrix, we investigated RCT(+) and RCT(—)
cell attachment, degradation and migration into extra-
cellular matrix components. The attachment ability of
RCT(+) cells to Matrigel or to extracellular matrix
components such as laminin and fibronectin was greater
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than that of RCT(—) cells. Tumor cell attachment to the
extracellular matrix has been shown to be mainly
mediated by cell surface laminin receptors.”*® The level
of laminin receptor expression in metastatic tumor cells
might be higher than that in nonmetastatic cells,*>*» and
laminin-adherent cells selected in vitro have been shown
to be more malignant in vive than either the parent cells
or unattached cells.*" In the current study, the amount of
laminin and fibronectin receptor in RCT(+) cells was
about four-fold and two-fold that in RCT(—) cells,
respectively. These findings suggested that the attach-
ment ability of cells to the matrix is associated with the
level of laminin or fibronectin receptor expression.
Metalloproteases capable of degrading type 1V collagen
have been recognized to play an important role in tumor
invasion and metastasis formation.® %3 %4} Fyurther-
more, an increased type IV collagenase production is
associated with progression of tumor cell growth and
is a good prognostic marker of malignant tumors.*® In
the present study, the type IV collagenolytic activity
of RCT(+) cells was significantly greater than that of
RCT(—) cells. In contrast, there was no significant differ-
ence in the migration ability to the extracellular matrix
components between RCT( + ) and RCT(—) cells. These
findings in vitro suggested that the different levels of in-
vasiveness between RCT(+) and RCT(—) cells might
be due to the differences in the ability of attachment to
the extracellular matrix components and matrix degrada-
tion. No correlation was found between the migration in
vitro and the metastatic potential in vivo in these clone
cells.

It has been reported that extracellular matrix potein
might signal through a protease system, leading to in-
creased matrix synthesis.>**} In the present study, the
type IV collagenolytic activity was stimulated by exoge-
nous laminin in cultured RCT(+) cells. Fibronectin did
not influence the type IV collagenolysis in either clone.



These findings suggest that the tumor cell attachment to
the extracellular matrix, especially to laminin via the cell
surface laminin receptor, may induce production of type
IV collagenase from RCT(+) cells. In RCT({—) cells,
type IV collagenolysis is not influenced by laminin. Also,
the difference in laminin-induced activation of type IV
collagenolysis might be related to the level of laminin
receptor expression. The present results may support a
link between the tumor cell attachment and degradation
of the extracellular matrix. Furthermore, this suggests
that the iriggering of extracellular matrix degradation
might be mediated by the tumor cell attachment to
laminin in the extracellular matrix.

We have observed that the high- and low-affinity
EGFRs were expressed in both RCT(+) and RCT(—)
cells, and the level of EGFR expression in RCT(+) cells
was significantly higher than that in RCT(—) cells. In
RCT(+) cells, EGF-induced phosphorylation of EGFR
and pulmonary metastasis were inhibited by anti-EGFR
monoclonal antibody, which could block EGF binding to
the high-affinity EGFR.” These finding suggested that
EGFR activation has a functional role in the metastatic
property of RCT sarcoma cells, In the present study, the
invasiveness of RCT(+) cells through Matrigel was
significantly stimulated by EGF at the pM level. With
nM concentrations of EGF, there was no further stimu-
lation or inhibition of the invasion. These findings sug-
gest that high-affinity EGFR with a Ky of pM order is
related to the stimulatory effect of EGF on matrix inva-
sion, whereas low-affinity EGFR with a K; of nM order
was not involved in a stimulatory or inhibitory effect of
EGF. In the invasion process, EGF stimulated RCT(+)
cell attachment to the extraceilular matrix and degrada-
tion of type IV collagen, while the migration was not
affected by EGF. Liotta et @l reported that autocrine
motility factor (AMF) may play a major role in the
invasive behavior of tumor cells and the activity of AMF
was not replaced or blocked by growth factors such as
EGF.* Thus, the stimulatory effect of EGF on the
matrix invasion in vitro system might be due to the
acceleration of cell adhesion and the degradative cascade
of the maftrix; the stimulatory effect observed at EGF
concentration of pM order suggests that high-affinity
receptors are involved in the stimulatory effect of EGF
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on tumor cell attachment and matrix degradation. The
amount of high-affinity receptors per cell in RCT(+)
cells was about four-fold that in RCT(—) cells.?® The
sensitivity to the EGF effect on the invasion process
might be associated with the level of high-affinity EGFR
expression in RCT sarcoma cells. In RCT(+) cells, the
average number of laminin receptors or fibronectin re-
ceptors per cell showed a tendency to be increased by
EGF (data not shown). These findings suggested that the
influential effect of EGF on cell attachment to laminin or
fibronectin might be due to a change of expression of its
receptor by EGF.

EGFR expression has been evaluated in many human
neoplasms, and might be an indicator or poor prog-
nosis.”®™ In vitro, EGF induces the expression of
mRNAs for extracellular matrix degradative enzymes
such as stromelysin and type IV collagenase.?” Here,
when high-affinity receptors in RCT(+) cells were
blocked by anti-EGFR MoAb, EGF did not influence the
invasiveness through Matrigel, tumor cell attachment to
the extracellular matrix components or degradation of
type IV collagen. These results also suggest that EGF
binding to high-affinity EGFR mediates the signal trans-
mission for the stimulatory effect of EGF on the matrix
invasion in RCT( +) cells. In metastatic tumor cells, it is
suggested that EGFR expression is useful not only as a
marker of malignancy such as tumor invasion and metas-
tasis, but alse as a target of anti-metastatic therapies,

In conclusion, the present study has provided several
findings to suggest that tumor cell attachment and degra-
dation of the extracellular matrix are important factors in
the invasiveness of RCT sarcoma cells. EGF stimulates
the invasiveness of high-metastatic clone [RCT(+)]
cells in vitro. The stimulatory effect of EGF on invasion
might be closely related to the acceleration of cell ad-
hesion and the degradative cascade of the extracellular
matrix,
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