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Abstract

The process of metastasis requires tumor cells to migrate
through the basement membrane which consists of laminin, a
glycoprotein which promotes the adhesion of HT-1080 fibrosarcoma
cells. The present study was designed to test four peptides,
corresponding to short sequences of the intact laminin molecule, for
cell adhesion-promoting activity. By using three different cell
migration assays, the four peptides were monitored for their cell
adhesive-promoting activity.

Results were obtained showing some

cell adhesive-promoting activity from all four peptides.

<
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Literature Review and Introduction

t
Tumor cell metastasis is the leading cause of morbidity
and mortality in cancer patients. During the complex, multi-step
process of metastasis, tumor cells must disseminate from the
primary tumor mass, migrate through the basement membrane,
enter the bloodstream or lymphatic system, and arrest in a capillary
bed. At this point, the tumor cells adhere to the basement
membrane, degrade the membrane, and eventually migrate through
it. They then proliferate and become vascularized. The basement
membrane plays a key role in the metastasis of tumor cells (Liotta et
al., 1986). Basement membrane components, in particular laminin,
are important in phenotypic modulation of various normal and
malignant cells. Laminin potentiates the adhesion, spreading,
migration, and invasiveness of tumor cells (Skubitz et al., 1988).
Laminin, an 850 kD glycoprotein, has a cruciform appearance as
shown by rotary shadowing techniques (Skubitz et al., in press).
Laminin is composed of three chains (A, 400 kD; BI, 222 kD; B2, 210
kD). Two globular domains are located on the ends of the lateral
short arms, three globular domains are located at the end of the
vertical short arm, and one globular domain is located at the end of
the vertical long arm.
1

Several regions of laminin have functional properties ascribed
♦

to them (Skubitz et al., in press). Digestion of laminin with
proteolytic enzymes followed by purification of fragments has led to
the localization of some of the biologically active domains of laminin,
including several distinct cell adhesion domains within the protein.
Only a few peptides corresponding to the active domains of
laminin have been synthesized that have functional activity.
Peptides CDPGYIGSR and PDSGR (See Appendix) from the BI chain of
laminin have been reported to promote the adhesion, but not
spreading, of a variety of cells (Graf et al., 1987). Another peptide
derived from the BI chain of laminin, termed AC15
(RIQNLLKITNLRIKFVK), binds heparin and promotes cell adhesion
(Kouzi et al., 1989). Only one synthetic peptide from the B2 chain of
laminin has been reported to have functional activity. Peptide P20
(RNIAEIIKDI) stimulates neurite outgrowth of both central and
peripheral neurons (Liesi et al., 1989). Two peptides have been
described with functional activity from the A chain of laminin.
Peptides PA21 (CQAGTFALRGDNPQG) and PA22-2
(SRARKQAASIKVAVSADR) promote hepatocyte attachment (Clement
et al., 1990).
Since the amino acid sequence of the laminin A chain has been
deduced from cDNAs of human origin, it is possible to chemically
2

synthesize peptides from the functionally active domains and
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pinpoint the active sequence. The University of Minnesota
Microchemical Facility has synthesized 21 peptides, each of ~20
amino acid residues in length from the published amino acid
sequence of the A chain of laminin (Sasaki et al., 1988). These
peptides were selected from domains of the A chain with reported
cell adhesion promoting or heparin binding activity. Sequences from
these domains were selected for synthesis based on their relatively
low hydropathy indexes (indicative of hydrophilic regions) and
relatively high density of positively charged amino acid residues
(arginines and lysines). Of the 21 A chain peptides synthesized, 14
were derived from the terminal globular domain of the A chain of
laminin, which is one of the major glycosaminoglycan-binding
domains of laminin. In addition, these 14 peptides were selected
from regions at the ends of the five loops of the A chain with the
thought that these domains would be more accessible for the binding
of the cells, proteoglycans, and/or glycosaminoglycans.
One focus of research underway at the Department of
Laboratory Medicine and Pathology at the University of Minnesota
Medical School is the adhesion of metastic tumor cells to laminin,
fibronectin, and other adhesive glycoproteins of the basement
membranes and the extracellular matrix. Preliminary studies at the
3

Department of Laboratory Medicine and Pathology have shown that
<

cells attach to laminin in a dose dependent manner (Skubitz et al.,
1988), and cells selected for their ability to adhere to the laminin
molecule are more likely to metastasize (Terranova et al., 1982).
Human fibrosarcoma cell migration was monitored in the presence of
increasing levels of soluble laminin. Cells migrated in a
concentration-dependent manner with increasing concentrations of
laminin. As the concentration of laminin was increased five-fold, the
cell migration increased from seven to twenty-three times the
background level (Skubitz et al., in press).
In preliminary studies at the Department of Laboratory
Medicine and Pathology, research has shown that several synthetic
laminin peptides can promote the adhesion and partial spreading of
HT-1080 cells. In this study, I have attempted to define other sites
on laminin which promote cell migration in an attempt to further
understand metastasis. I have attempted to identify synthetic
laminin peptides that directly promote HT-1080 cell migration by
use of chemotaxis (in which cells move towards a soluble gradient),
haptotaxis (in which cells move towards a substratum-bound
gradient), and haptotaxis inhibition (whereby exogenous soluble
peptides compete with the substratum-bound gradient) direct cell
migration assays. The precise structural-functional analysis of
4

laminin will permit new insights into the control of metastatic
>

cellular function. These studies should enable the isolation of novel
functional sequences in laminin and lead to a better understanding of
the complex molecular controls operative in the interaction of
metastatic cells with the matrix and the basement membrane
components.
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Materials and Methods
*

Peptide Synthesis and Purification.
Several peptides corresponding to short sequences of the intact
laminin molecule:

R-18 (RPVRHAQCRVCDGNSTNPRERH), R-30

(KQNCLSSRASFRGCVRNLRLSR), R-37 (KATPMLKMRTSFHGCIK), and R38 (KEGYKVRLDLNITLEFRTTSK) were used in this study. They were
all synthesized at the University of Minnesota Microchemical Facility
and were purified by reverse phase HPLC on C-18 columns.
Human laminin and fibronectin were also provided by the
University of Minnesota Microchemical Facility. Ovalbumin (OVA),
grade III, was obtained from the Sigma Chemical Company.

Cells.
HT-1080 human fibrosarcoma cells were kindly provided by
Dr. I. J. Fidler (M.D. Anderson Hospital, University of Texas Health
Science Center, Houston, Texas). This cell line was selected for a
variety of reasons, including: (a) sarcomas have a very high
metastatic capacity and thus will migrate, (b) in the preliminary
experiments described above, these HT-1080 cells migrated towards
intact laminin, (c) in the preliminary experiments, these cells
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adhered to and spread on intact laminin as well as several synthetic
•

laminin peptides, and (d) monoclonal and polyclonal antibodies are
readily available against the integrin receptors of these cells.
These human fibrosarcoma cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) with 10% fetal bovine serum (FBS)
in a 37° C humidified incubator containing 5% CO2.

Direct Cell Migration Assays

The effects of synthesized peptides on HT-1080 cell motility
were determined in 48-well Boyden chambers by chemotaxis,
haptotaxis, and haptotaxis inhibition direct cell migration assays (Fig.
1).
Since the peptides are quite small (2 kD), it is possible that
they would not adhere to the filters and therefore would not be able
to promote HT-1080 cell migration. For this reason, peptides were
coupled to the carrier protein ovalbumin. Carbodiimide was used as
the coupling reagent (McCarthy et al., 1990). Equal amounts (by
weight) of peptide and OVA were solubilized in water and mixed
with a 10-fold excess (by weight) of l-ethyl-3(3dimethylaminopropyl)-carbodiimide hydrochloride dissolved in
water. This sample was then mixed overnight at 4°C on a circular
7
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Modified Boyden Chemotaxis Chamber Schematic
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Figure 1. Schematic of a modified Boyden chemotaxis chamber. Cells are introduced into
the upper chamber. In chemotaxis, cells respond to a concentration gradient created when
a putative attractant placed in the lower chamber diffuses through the filter into the
upper chamber. In haptotaxis, cells respond to a protein or peptide bound to the
undersurface of the filter while both upper and lower chambers contain the same media.
In haptotaxis inhibition, the soluble peptides should compete for the activity of the
homologous sequence in intact laminin. Cells reaching the bottom surface of the membrane
are fixed, stained, and counted using an image analyzer.
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rotator. The coupled peptide was then dialyzed extensively using
<

30,000 M.W. cutoff dialysis tubing in phosphate buffered saline (PBS)
to remove the excess carbodiimide and uncoupled peptide. The
coupled peptide solution was aliquoted and stored at -80°C until
they were used.
For the chemotaxis experiments, various concentrations
(ranging from 0-200 pg/ml) of laminin, fibronectin, OVA, synthetic
peptides, or peptide-OVA were added to the lower wells of the
Boyden chambers. The various concentrations were made by adding
DMEM/HEPES (N-2-Hydroxyethylpiperazine-N-2-ethane sulfonic
acid). A polycarbonate filter with 10 pm pores was placed over these
wells. Late log-phase HT-1080 cell cultures were used. The exudate
was discarded, leaving a monolayer of cells. The cells were then
trypsinized by first adding 5 ml of trypsin. This exudate was then
discarded. To the monolayer of cells remaining, 5 ml of trypsin was
again added. The flask was then tapped briskly to remove the
attached cells. To these cells, 5 ml of DMEM 10% FBS solution was
added. This was centrifuged for 10 min at 2000 rpm. The excess
was poured off leaving a pellet of cells. The cells were resuspended
with 10 ml of DMEM/HEPES. Again this was centrifuged and a pellet
was left. The cells were then made ready by resuspending them
again with 10 ml of DMEM/HEPES. The cells were counted, and as

*
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necessary were diluted to a cell count of 2-3 xlO5 cells per ml. This
•

solution was added to the top wells of the Boyden chambers. These
were incubated for 6 hr in a 37°C humidified incubator containing
5%CO2.
After the incubation period, the polycarbonate filters were
removed and dyed with Diff-quick solutions I, II, and III. The cells
were then counted by use of the Optomax System IV and the
chemotaxis program (© 2/6/89 Sally Palm) on an Apple II computer.
Five fields were counted for each of the three replicates per
concentration.
For the haptotaxis experiments, the polycarbonate filters were
first coated, only on the underside, with the different concentrations
of laminin, fibronectin, synthetic peptides, OVA, or peptide-OVA.
The coating process involved placing 30 pi of the above solutions in
the lower wells of the Boyden chamber. The polycarbonate filter was
placed on top, and nothing was placed in the top wells. These
chambers were incubated overnight at 37° C and 5% CO2. The filters
were then removed, washed in PBS to remove excess peptides, and
allowed to dry at room temperature for 30 min. The cells were
prepared the same as in the chemotaxis assays. DMEM/HEPES only
was added to the bottom wells, followed by the coated filter and the
cells in the top wells. The chambers were incubated for the same
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length of time under the same conditions as the chemotaxis assays.
•

The filters were also dyed and the cells were counted in the same
manner.
For the haptotaxis inhibition experiments, the filters were
coated in the same manner as above, but with 100 pg/ml of laminin.
The preparation of the cells and the peptides differed. The cell
number was doubled because equal amounts of cells and various
concentrations of peptides were mixed. These solutions were
incubated for 30 min at 37° C and 5% CO2 prior to the experiment.
DMEM/HEPES was added to the bottom wells. The coated filter was
placed over the bottom wells, and the cell-peptide solution was then
added to the top wells. These chambers were incubated in the same
way as the above experiments. The filters were also dyed and the
cells were counted in the same manner.
The experiments were repeated four times. In the analysis of
the quadruplicate sets of data, values were occasionally seen which
deviated greatly. In order to systematically remove these deviant
values, the T-test was employed. Any value within a quadruplicate
was dropped if the t-score of that value was greater than 4 with
respect to the other values (allowing a 95% confidence interval).
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Results

HT-1080 cells migrated in a chemotactic manner more towards
peptide R-30 than the other three peptides (Figs. 2 and 3). This
increased migration was seen up to a concentration of 100p.g/ml.
Although this peptide was only half as influential as the positive
controls (fibronectin and laminin), it was effective.
The coupling of the peptides with OVA showed different results
in the chemotaxis experiments. Coupled peptides R-18 and R-37
showed results greater than laminin up to a concentration of
50pg/ml (Fig. 4). Coupled peptide R-30 did not show the same
influential results as seen in its uncoupled state (Fig. 5).
In the haptotaxis experiments, uncoupled R-37 showed similar
results to laminin (Fig. 6). The other uncoupled peptides showed
minimal influence on the haptotactic migration of the HT-1080 cells
(Fig. 7).
As shown in Fig. 8, coupled R-18 had a haptotactic influence on
the HT-1080 cells. Its effect was approximately three times less
than that of laminin. The other coupled peptides seemed to have
minimal effects on the haptotactic migration of the HT-1080 cells
(Fig. 9).
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Figure 2. Relationship between concentrations of uncoupled
peptides R-18 and R-37 and number of HT-1080 cells migrating
per square mm (chemotaxis). Different concentrations of
laminin, R-18, R-37, and ovalbumin were added to the lower
wells of the Boyden chamber. HT-1080 cells were then added
to the top wells of the Boyden chamber. The cells then passed
through and adhered to the filter. The filter was then dyed and
the cells were counted.
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Figure 3. Relationship between concentrations of uncoupled
peptides R-30 and R-38 and number of HT-1080 cells migrating
per square mm (chemotaxis). Different concentrations of
laminin,R-30, R-38, and ovalbumin were added to the lower
wells of the Boyden chamber. HT-1080 cells were then added
to the top wells of the Boyden chamber. The cells then passed
through and adhered to the filter. The filter was then dyed and
the cells were counted.

*

14

mm

square

Cells Migrated per

»

Figure 4. Relationship between concentrations of coupled
peptides R-18 and R-37 and number of HT-1080 cells migrating
per square mm (chemotaxis). Different concentrations of
laminin, R-18, R-37, and ovalbumin were added to the lower
wells of the Boyden chamber. HT-1080 cells were then added
to the top wells of the Boyden chamber.The cells then passed
through and adhered to the filter. The filter was then dyed and
the cells were counted.
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Figure 5. Relationship between concentrations of coupled
peptides R-30 and R-38 and number of HT-1080 cells migrating
per square mm (chemotaxis). Different concentrations of
laminin, R-30, R-38, and ovalbumin were added to the lower
wells of the Boyden chamber. HT-1080 cells were then added
to the top wells of the Boyden chamber. The cells then
passed through and adhered to the filter. The filter was then
dyed and the cells were counted.
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Figure 6. Relationship between concentrations of uncoupled
peptides R-18 and R-37 and number of HT-1080 cells migrating
per square mm (haptotaxis). Filters were precoated with
different concentrations of laminin, R-18, R-37, and ovalbumin.
HT-1080 cells were then added to the top wells of the Boyden
chamber. The cells then passed through and adhered to the
filter. The filter was then dyed and the cells were counted.
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Figure 7. Relationship between concentrations of uncoupled
peptides R-30 and R-38 and number of HT-1080 cells migrating
per square mm (haptotaxis). Filters were precoated with
different concentrations of laminin, R-30, R-38, and ovalbumin.
HT-1080 cells were then added to the top wells of the Boyden
chamber. The cells then passed through and adhered to the
filter. The filter was then dyed and the cells were counted.
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Figure 8. Relationship between concentrations of coupled
peptides R-18 and R-37 and number of HT-1080 cells migrating
per square mm (haptotaxis). Filters were precoated with
different concentrations of laminin, R-18, R-37, and ovalbumin.
HT-1080 cells were then added to the top wells of the Boyden
chamber. The cells then passed through and adhered to the
filter. The filter was then dyed and the cells were counted.
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Figure 9. Relationship between concentrations of coupled
peptides R-30 and R-38 and number of HT-1080 cells migrating
per square mm (haptotaxis). Filters were precoated with
different concentrations of laminin, R-30, R-38, and ovalbumin.
HT-1080 cells were then added to the top wells of the Boyden
chamber. The cells then passed through and adhered to the
filter. The filter was then dyed and the cells were counted.
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In the haptotactic inhibition direct cell migration assays, the
4

fewer the number of cells migrating per square millimeter, the more
influential the peptide is in binding with the HT-1080 cells. As seen
in Fig. 10, R-30 is the most influential peptide, followed by R-38, R18, and R-37. Time did not allow for conducting this experiment
with the coupled peptides.

4

21

Cells Migrated per square mm

------ •-----

R-18

----- o---------a-----

R-37

—

R-38

Figure 10. Relationship between concentrations of uncoupled
peptides R-18, R-37, R-30, and R-38 and number of HT-1080
cells migrating per square mm (haptotaxis inhibition). Filters
were precoated on the underside with 100(ig/ml of laminin.
The HT-1080 cells were incubated for 30 min. with the various
concentrations of peptides. These were added to the top wells
of the Boyden chamber. The cells then passed through and
adhered to the filter. The filter was then dyed and the cells
were counted.
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Conclusion and Discussion

The hypothesis, that cell adhesion to laminin and other
molecules of the basement membrane and extracellular matrix is a
critical process in the arrest and extravasation of metastasizing
tumor cells, is being studied at the Department of Laboratory
Medicine and Pathology at the University of Minnesota. In the
testing of this hypothesis, short peptides of laminin are being
screened for strong cell adhesion-promoting activity. Researchers
think that these peptides, corresponding to the adhesive domains of
the huge laminin molecule, may be used to saturate the laminin
binding sites of tumor cells in the blood to prevent cell extravasation
and secondary tumor growth. Researchers are seeking a short
peptide with strong adhesion-promoting activity and few other
effects.
In the present study, four peptides were monitored for their
binding ability to HT-1080 human fibrosarcoma cells. These
peptides were obtained from regions at the ends of five loops of the
A chain of laminin. Researchers believe these domains are more
accessible for the binding of HT-1080 cells.
In the chemotaxis experiments, uncoupled peptide R-30 and
coupled peptides R-18 and R-37 showed some adhesive-promoting
23

activity. Once again, coupled peptide R-18 showed cell binding
*

characteristics in the haptotactic manner. This finding suggests that
in the chemotaxis experiments, cells may not have migrated
primarily in a gradient manner for the coupled peptide R-18. On the
other hand, uncoupled peptide R-30 and coupled peptide R-37
showed no cell binding characteristics in the haptotaxis experiments,
suggesting that the HT-1080 cells in the related chemotaxis
experiments may have migrated solely from the change in the
peptide gradient.
In the haptotaxis inhibition direct cell migration assays, all
peptides seem to have an inhibitory effect on the migration of the
HT-1080 cells. These results suggest that all four peptides have
some adhesion-promoting activity qualities. The chemotaxis and
haptotaxis experiments suggest that peptide R-18, in the coupled
form only, has the greatest activity. Peptide R-18 seems to be too
small by itself to have this same effect.
Further experimentation must be done to verify these results,
but these preliminary experiments demonstrate the adhesionpromoting activities of these four peptides of laminin.
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Appendix

Code for Amino Acids.
A - Alanine
C - Cysteine
D - Aspartate
E - Glutamate
F - Phenylalanine
G - Glycine
H - Histidine
I - Isoleucine
K - Lysine
L - Leucine
M - Methionine
N - Asparagine
P - Proline
Q - Glutamine
R - Arginine
S - Serine
T - Threonine
V - Valine
W - Tryptophan
Y - Tyrosine
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