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A B S T R A C T  

The interactions of tumorigenic cells with the extracellular matrix play 
a critical role in the establishment of metastases. Thrombospondin (TSP) 
is prominent at sites of tissue injury and promotes the attachment, spread- 
ing, and motility of several cell types. We have investigated the relation- 
ship between human carcinoma cell metastatic potential and TSP-medi- 
ated cell motility by comparing highly metastatic l lB  carcinoma cells with 
a nonmetastatic counterpart, 22B carcinoma cells, l lB  cells demonstrated 
motility in response to soluble TSP with a maximal effect observed at 1 laM 
TSP. Checkerboard analysis indicated that motility was directional with a 
significant chemokinetic component. Monoclonal antibody C6.7, specific 
for the distal COOH terminus of TSP, inhibited chemotaxis by 60%. 
Studies with TSP fragments demonstrated that the Mr 140,000 COOH- 
terminal domain (140K) supported chemotaxis to the same extent as intact 
TSP. The NH2-terminal heparin-binding domain was ineffective in stim- 
ulating chemotaxis. Substrate-bound TSP also elicited l lB  cell motility 
with a maximal response at 100 nM TSP. Directionality of this response was 
confirmed by checkerboard analysis. Interestingly, as in chemotaxis, hap- 
totaxis was mediated exclusively by 140K as demonstrated by TSP frag- 
ment studies and inhibition with monoclonal antibody C6.7. Therefore, 
140K appeared to mediate both chemotaxis and haptotaxis. Compared 
with l lB  cells, 22B carcinoma cells are nonmetastatic and synthesize and 
secrete low levels of TSP. Immunoprecipitation and Northern blot analysis 
confirmed that l lB  cells expressed much higher levels of TSP than 22B 
cells. Although 22B cells are able to attach to TSP, they did not exhibit 
either chemotaxis or haptotaxis in response to TSP or TSP fragments. 
Similarly, an antisense TSP cell line responded poorly in chemotaxis assays 
to TSP and 140K. These data suggest that the ability of metastatic cells 
in vivo to establish secondary sites of proliferation may be related to their 
ability to migrate in response to extracellular matrix proteins such as TSP 
incorporated into basement membranes or interstitial matrices. 

INTRODUCTION 

The ability of cancerous cells to metastasize to distal organ systems 
and establish secondary sites of tumor formation poses a serious 
obstacle in the treatment of malignancy. The processes involved in 
metastatic spread include movement of cells through interstitial and 
subendothelial matrices, migration through the circulation or lympha- 
tics, and the establishment of a favorable proliferative environment at 
the secondary site (1-3). At several points in metastatic dissemination, 
the interaction of tumorigenic cells with the ECM 3 is critical (1). Cell 
attachment to ECM in concert with proteolysis of ECM constituents 
may facilitate the escape of metastatic cells from primary tumor sites 
and subsequent invasion into the stroma of distal organs (4-7). In- 
creased levels of extracellular proteases as well as alterations in cell 
adhesion have been documented when comparing metastatic cells 
with their nonmetastatic counterparts (8-11). Additionally, several 
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studies report that metastatic cells express altered levels of ECM 
components and ECM cell surface receptors as compared to nonmet- 
astatic cells (12-15). 

The directed movement of metastatic cells through interstitial ma- 
trices and across the subendothelial matrix represents another crucial 
step in the establishment of metastases (1). As a first step, cells may 
attach to and/or proteolyze components of the ECM since there is 
evidence for the necessity of both cellular attachment and proteolysis 
prior to motility (16--19). Cell migration may possess components of 
both directed cell migration and random motility (20). Additionally, 
some ECM proteolytic fragments support cell motility as well as or 
better than intact ECM components (21, 22), suggesting that ECM 
proteolysis may also modulate cell motility via the generation of ECM 
protein fragments. Chemotaxis, motility in response to a gradient of 
soluble attractant, and chemokinesis, random motility, have been de- 
scribed for several types of tumorigenic cells in response to fibronec- 
tin (23, 24), collagen (22), laminin (19), and TSP (18, 25). Similarly, 
haptotaxis and random motility in response to substrate-bound attrac- 
tants such as laminin (19, 26), fibronectin (19), and TSP (18) have also 
been reported. Therefore, the ability of metastatic cells to interact with 
ECM components or fragments in several distinct ways may enhance 
the ability of these cells to cross extracellular barriers and establish 
tumorigenic foci in distal organs. 

TSP, a Mr 450,000 homotrimeric glycoprotein, is incorporated into 
the ECM of a variety of tissues and cell lines (27, 28). Most often TSP 
has been associated with proliferating cells; for example, quiescent 
smooth muscle cells and fibroblasts synthesize very low levels of TSP 
but levels increase rapidly following serum or growth factor stimula- 
tion (29, 30). In vivo, TSP has been localized to regions of cell 
proliferation and migration, such as the intima of atherosclerotic ves- 
sels (31) and the pathway of neural crest cell migration in the mouse 
embryo (32). Several carcinoma, melanoma, and leukemic cell lines 
have been reported to synthesize high levels of TSP (33-35), and it 
has been shown that the injection of TSP into mice potentiates lung 
tumor formation by metastatic sarcoma cells (36). These results sug- 
gest an important role for TSP in cell motility, and metastatic migra- 
tion in particular. A parallel mode of TSP action may involve its ability 
to complex with both plasminogen and plasminogen activator, thereby 
generating high local concentrations of plasmin (37, 38). The ability 
of TSP to support cell attachment and spreading may also contribute 
to its role in cell migration (33, 35, 39, 40). Finally, TSP fragments 
mediate motility in melanoma cells (18), endothelial cells (41), and 
neutrophils (42) with the NH2-terminal HBD and the 140K mediating 
different aspects of cell motility. Overall, the data suggest that TSP 
plays an important role in cell motility and, more specifically, meta- 
static spread. 

The relationship between squamous carcinoma cell metastatic po- 
tential and TSP-dependent cell processes has been examined by com- 
paring highly metastatic 11B with nonmetastatic 22B carcinoma cells. 
l iB squamous carcinoma cells are highly metastatic, forming undif- 
ferentiated, invasive, vascularized tumors in nude mice, whereas 22B 
squamous carcinoma cells form encapsulated tumors that are well 
differentiated and relatively nonvascularized (33, 43). The interactions 
of these two cell lines with TSP parallel their metastatic activity. 
11B cells express high levels of cell surface TSP receptors, use TSP 
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as an at tachment and spreading factor, and possess  significant cell- 

associated TSP (33, 34, 44-46) .  I1B cells also secrete high levels of  

plasminogen activator (47). In contrast, 22B cells express low levels 

of  TSP receptors, cell-associated TSP, and plasminogen activator 

(33, 34, 47). Interestingly, although 22B cells readily attach to TSP- 

coated substrates, they subsequent ly  fail to spread to the extent of  11B 

cells (40, 44). Other work has demonstrated that when 1 I B cells stably 

express TSP antisense mRNA,  the cells '  highly metastatic phenotype 

is lost and that tumors formed in nude mice are similar in many 

respects to those formed by 22B cells (43). From these data it appears 

that the metastatic potential of  l i B  and 22B squamous  carcinoma 

cells is proportional to their ability to interact with TSP. 

In this report, we have examined the motility of  l i B  and 22B cell 

lines in response to TSP and TSP functional domains.  The 11B cells 

demonstrated both chemotact ic  and haptotactic motility in response 

to TSE  Interestingly, the 140K domain mediated both responses,  

whereas  the H B D  was unable to support  cell movement .  The 22B 

cells, on the other hand, did not exhibit  either chemotaxis  or hapto- 

taxis in response to TSP or TSP fragments.  Both immunoprecipi tat ion 

and Northern blot analysis demonstrated that endogenous  expression 

of  carcinoma cell TSP  paralleled cell responsiveness  to exogenous  

TSP, suggesting that functional interactions with TSP  were intrinsic to 

the carcinoma cell phenotype.  Thus, it appears that the metastatic 

potential of  these two cell lines is related to their capacity for directed 

migration in response to TSP  and TSP fragments. 

MATERIALS AND METHODS 

Materials. Human platelet TSP was purified from releasates of thrombin- 
treated platelets using heparin affinity and gel filtration chromatography as 
previously described (48). The M~ 140,000 TSP fragment was generated by 
digesting purified TSP with 16 units/mg of thrombin for 8 h at 37~ The 
reaction was stopped with 10 }ag/ml of aprotinin and t m,v phenylmethylsul- 
fonyl fluoride, and passed over a heparin-Sepharose affinity column to deplete 
it of HBD and intact TSP (45). The HBD was purified as described previously 
(49). TSP and TSP fragments were concentrated with an Amicon ultrafiltration 
stirred cell (Danvers, MA) and stored at -70~ The homogeneity of TSP and 
TSP fragments was confirmed by SDS-PAGE on 5 to 20% minigels using a 
discontinuous buffer system (50). 

Characterization of the anti-TSP mAbs A2.5, D4.6, A6.1, and C6.7 used in 
this study has been previously published (51, 52). Other mAbs used in chemo- 
taxis assays are as follows. LM609, which recognizes the 0~v/33 integrin 
complex, and LM142, which recognizes only the o~v subunit, both used at a 
1:20 dilution, were gifts of Dr. David Cheresh (Scripps Clinic, La Jolla, CA); 
mAb 30 used at 5 }ag/ml, which recognizes GPIV, was a gift from Dr. Graham 
Jamieson (American Red Cross, Rockville, MD): both OKM5, used at 5 }ag/ml 
(Ortho Diagnostics, Raritan, N J), and anti-CD36, used at 20 tag/ml (AMAC, 
Westbrook, ME), recognize GPIV as well; anti-/31, used at a dilution of 1:20, 
was a gift of Dr. Caroline Damsky (University of California, San Francisco, 
San Francisco, CA); anti-cw, used at 10 ~g/ml, and anti-/33, used at 20 }ag/ml, 
were purchased from AMAC (Westbrook, ME). The amount of antibody used 
reflected inhibitory concentrations determined for other cell systems. 

Heparin (porcine intestinal mucosa, Grade I) and BSA (fatty acid and 
globulin free) were purchased from Sigma Chemical Co. (St. Louis, MO). The 
peptides GRGDSP and GRGESP were purchased from Calbiochem (La Jolla, 
CA) and Penninsula Labs (Belmont, CA), respectively. Fibronectin was a gift 
from Dr. John McDonald (Washington University, St. Louis, MO). TSP was 
iodinated by the lodogen method as detailed by Suchard et al. (53) by incu- 
bating 0.6 mg of TSP with 200 }aCi of carrier-free Na~251 (ICN, Irvine, CA) for 
40 min at room temperature. Iodinated TSP was typically radiolabeled to a 
specific activity of 1 to 3 • 105 cpm/}ag. HBD and 140K were iodinated with 
Bolton-Hunter reagent (New England Nuclear. Boston, MA) as previously 
described (45). 

Cells. UM-SCC-11B and -22B squamous carcinoma cells were grown in 
monolayer culture in EMEM supplemented with 10c} bovine calf serum, 
nonessential amino acids, 100 units/ml of penicillin, and 100 }ag/ml of strep- 
tomycin. The stable TSP antisense clone 6d and vector control cell lines (43) 

were cultured in l iB cell medium, The TSP antisense clone 6d is similar to 
clone 7 (43) in that it grew slowly in vitro and expressed very low levels of TSP 

and cell surface TSP binding sites (data not shown). Cells were harvested at 

approximately 80% confluency by washing monolayers once with ice-cold 

PBS. followed by a 10-rain incubation with PBS containing 1 mM EDTA. Cells 

were pipetted off plates, pooled, and centrifuged at 1000 rpm for 6 min at 4~ 
Cells were washed twice in PBS and a final time in EMEM. Cell pellets were 
resuspended in EMEM containing 0.1% BSA, counted, and allowed to recover 
for 1 h at room temperature prior to addition to the assay chamber. 

Chemotaxis Assays. Assays were carried out in 48-well chambers (Neuro- 
probe, Cabin John, MD) (54) using 8-}am polyvinylpyrrolidone-free polycar- 
bonate filters (Nuclepore, Pleasanton, CA). Filters were soaked in 100 rag/ml 
of gelatin overnight at 37~ in 0.1c~ , acetic acid (19). Before assembly into 

chemotaxis chambers, the filters were washed 5 times in PBS and once in 
EMEM plus 0.1% BSA. Initial experiments revealed that coating filters with 

gelatin significantly enhanced chemotactic responsiveness without directly 

promoting cell motility, presumably due to increased cell adhesion (18, 19). 
TSP or TSP fragments were diluted into EMEM plus 0.1% BSA and added to 
the lower wells of the chemotaxis chamber (42). Cells (1.0 • 105/well) were 

added to the upper wells of the chamber and incubated at 37~ for 7.5 h. Filters 
were fixed with propanol and stained with hematoxylin. Three replicate wells 

were prepared for each concentration tested. Five fields were scored for each 
well by counting the number of cells that had migrated through the filter under 
high power magnification (• Data were expressed as a chemotactic index 
+ SEM by dividing the score obtained in the presence of chemoattractant by 

the score obtained in the presence of buffer alone. Checkerboard assays 
(55, 56) were used to differentiate between directed and random motility 
stimulated by TSR In these experiments, varying concentrations of TSP were 

added to the upper well only, the lower well only, or both the upper and lower 
wells. In this manner a positive, negative or null gradient of TSP was estab- 
lished. For inhibition experiments, antibodies or inhibitors were added with 

TSP to the lower wells of Boyden chambers before the start of the assay. 
Haptotaxis Assays. Assays were also carried out in modified Boyden 

chambers (Guy Duremberg, Pasadena, CA) using 8-pm polycarbonate filters 

(42). Filters were coated with TSP or TSP fragments by floatation on PBS 
containing 1 mM Ca2+; 1 mM NAN,, and the appropriate dilution of attractant 
for 16 h at 37~ (57). Before assembly into chambers, filters were washed 
5 times in PBS and once in EMEM with 0.t% BSA and blotted to get rid of 
excess liquid. Initially, filters were placed into the chambers with the coated 
side facing the lower wells. Lower wells contained EMEM plus 0.1% BSA, 
and upper wells contained 6.6 • l0 s cells in the same buffer. Assays were 
carried out for 7.5 h at 37~ Filters were fixed and stained as described for 
chemotaxis assays. Three replicate filters were examined for each sample, and 
five high-magnification fields (• were scored for each filter. Scores 
represented the number of cells that traveled through the filter (10 }am thick) 
and are expressed as a haptotactic index + SEM derived by dividing the score 
observed in the presence of attractant by the score observed in the presence of 
buffer alone. A modified checkerboard assay was used to determine whether 
cells responded to TSP with directional or random motility. Filters coated with 
TSP were assembled into chambers with the coated side facing the lower wells 
to provide a positive gradient, facing the upper wells to provide a negative 
gradient, or immersed instead of floated for a null gradient. Assays were 
conducted as described above. For experiments with antibodies and other 
inhibitors, TSP and antibodies or inhibitors were incubated at 37~ for 2 h 
prior to filters being floated on the mixture overnight. In some cases inhibitors 
(such as GRGDSP) were preincubated for 30 min at room temperature with 
cells before addition of the mixture to the upper wells of the chamber. 

Filter Binding Assays. ~25I-labeled TSP, 140K, or HBD was combined 
with unlabeled attractant so that the specific activity of the mixture was 
1 }aCi/mg. Triplicate filters were coated with attractant as described in hapto- 
taxis assays above. After incubation, the amount of radioactivity bound to each 
filter was determined by counting filters in an LKB Multigamma gamma 
counter (LKB, Bromma, Sweden). Specific activity was used to calculate the 
nanograms of attractant bound/filter so that haptotaxis data could be evaluated 
with regard to pmol of TSP or TSP fragment bound as well as to the coating 
concentration of attractant. 

Immunoprecipitation. l iB and 22B cells were labeled for 6 h with 
100 }aCi/ml of [35S]cysteine/methionine (> 1000 Ci/mmol; ICN, Irvine, CA) in 
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cysteine/methionine-free EMEM plus 1% BSA. A cocktail of protease inhib- 
itors (final concentration, 10 lag/ml of soybean trypsin inhibitor and 1 lag/ml of 
aprotinin, ieupeptin, and pepstatin) was added to the medium before collection. 
The cell layer was harvested by lysing rinsed monolayers in PBS containing 
1% Triton X-100, 0.5% deoxycholate, 0.1% SDS, and protease inhibitors (lysis 
buffer) and sonicating on ice for 30 s followed by clarification at 14,000 rpm 
for 15 min at 4~ (32). The extent of 35S incorporation was determined by 
measuring 10% trichloroacetic acid-precipitable counts. Samples containing 
identical trichloroacetic acid-precipitable counts were incubated with a 1:100 
dilution of anti-TSP polyclonal antibodies at 4~ ovemight with rotation. 
Protein A-Sepharose (200 lal of a 10% slurry; Sigma, St. Louis, MO) that had 
been preincubated in 10 mg/ml of BSA to reduce nonspecific binding was 
added, and samples were incubated for 2 h at room temperature with rotation. 
Immunoprecipitates were washed 5 times in lysis buffer, followed by 3 washes 
in PBS, before being solubilized in sample buffer containing r 
anol and analyzed by SDS-PAGE on a 10% acrylamide gel. Gels were stained, 
destained, and processed for fluorography with Entensify (NEN, Boston, MA) 
before drying and autoradiography at -80~ 

Northern Blot Analysis. Total RNA from 11B and 22B cells was prepared 
as described, and l0 lag of each were run out on a high percentage formalde- 
hyde agarose gel (58). Transfer of RNA to nitrocellulose (Schleicher and 
Schuell, Keene, NH) was accomplished by passive capillary transfer overnight 
with 10• SSC (1 • SSC contains 0.15 M NaCl and 0.015 M sodium citrate) as 
the transfer buffer. The blot was prehybridized for 4 h at 42~ in 50% forma- 
mide, 5• Denhardt's, 0.1% SDS, 5x SSPE (1x SSPE contains 0.18 M NaCl, 
0.01 M NaPO4, and 1 m_~ EDTA), and 100 lag/ml of salmon sperm DNA. The 
777-base pair TSP I probe and 746-base pair TSP II probe were derived from 
the 3' untranslated region of human TSP I or TSP II complementary DNA, 
respectively, cloned into the pBSIIK+ vector, and cut out with BamHI/EcoRI 
(a gift of Dr. Peter Byers, University of Washington, Seattle, WA). Random 
primed labeled probe at 5 • 10 s cpm/ml (59) was added to blots in fresh 
hybridization buffer and incubated overnight at 42~ The blot was washed at 
high stringency (0.1 • SSC:0.1% SDS at 65~ and exposed to film for 3 days 
at -80~ 

RESULTS 

Chemotaxis  of l l B  Cells to TSP. Soluble TSP elicited a motile 
response from l lB carcinoma cells in a dose-dependent manner 
(Fig. 1). No response was observed at TSP concentrations between 
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Fig. 1. Dose response of 11B cell chemotaxis to TSE Filters were soaked in 100 lag/ml 
of gelatin overnight at 37~ TSP was added to the lower well of modified Boyden 
chambers at the indicated concentration. Cells (1 x 105/well) were added in EMEM plus 
0.1% BSA to the upper well. Chambers were incubated at 37~ for 7.5 h. Control wells 
contained EMEM + 0.1% BSA in the lower well. Data are presented as the average 
chemotactic index with the chemotactic index determined by dividing the number of cells 
migrating to TSP by the number of cells migrating to buffer. Points, mean for five 
high-magnification (• fields from each of three filters from three experiments; bars, 
SEM. 

3 and 50 nM but, at concentrations above 50 aM, l lB  cells exhibited 

increased motility with a maximal response at 1 laM. Above 1 ~M TSR 

11B cell motility decreased. In order to distinguish between a chemo- 

tactic and chemokinetic response, a checkerboard assay was carried 

out. As seen in Table 1, the response of 11B cells to TSP was direc- 

tional in nature. Motility was greatest when TSP concentrations in the 

lower wells exceeded those in the upper wells (compare values below 

the diagonal to those above), demonstrating that 11B cells responded 

best to a positive gradient of soluble TSR In addition, l lB cells 

demonstrated random migration to increasing TSP concentrations as 

evidenced by increasing values along the diagonal. 

In order to determine which domain of TSP mediated chemotaxis, 

monoclonal antibodies specific for different domains of TSP were 

evaluated for their ability to inhibit 11B cell motility. Of the mAbs 

tested, only mAb C6.7, specific for the distal COOH terminus of TSE 

significantly inhibited l lB cell chemotaxis. At 100 lag/ml, mAb C6.7 

inhibited 11B cell chemotaxis by 50% (data not shown), and at 200 

gg/ml chemotaxis was inhibited by 63% (Fig. 2), whereas other mAbs 

tested had no significant effect at either concentration. Heparin, which 

inhibits interactions with TSP mediated through the HBD (42, 45), did 

not inhibit chemotaxis when added at 100 lag/ml. Additionally, syn- 

thetic peptides containing the RGD sequence, shown to be inhibitory 

for fibronectin-mediated processes (19), or the control RGE sequence, 

at 1 mM did not significantly inhibit chemotaxis. 

11B cell chemotaxis was examined in response to TSP fragments to 

extend the antibody inhibition studies. The Mr 140,000 fragment of 

TSP supported 11B cell chemotaxis to the same extent as intact TSP 

(Fig. 3). Chemotaxis increased linearly as the concentration of 140K 

exceeded 100 nM with a maximal response at 1 laM. Intact TSP also 

elicited a maximal chemotactic response at 1 ~M as seen in cells 

exposed to 1 gM TSP in parallel and included for comparison (also see 

Fig. 1). The chemotactic response to either 1 laM TSP or 140K was not 

significantly different, suggesting that all the information necessary 

for 11B cell responsiveness to TSP is contained within this fragment. 

Consistent with this conclusion, HBD did not support 11B cell chemo- 

taxis at any concentration tested. Therefore, with regard to both dose 

dependence and extent of motility, 140K elicited a response nearly 

identical to that seen with intact TSR 

Haptotaxis of l i B  Carc inoma  Cells to TSP. In metastatic dis- 

semination, cells may also respond to substrate-bound attractants 
which can promote either random motility or directed migration 

(haptotaxis). 11B cells demonstrated increased motility to substrate- 

bound TSP in a dose-dependent manner (Fig. 4). No TSP-mediated 

motility was observed below coating concentrations of 10 nM TSP 

(equivalent to 0.8 pmol of TSP bound, data not shown). A linear 

increase in motility occurred between 10 and 100 nM TSP with a 

maximal response at 100 aM. Above 100 nM TSP (equivalent to 3.3 

pmol of TSP bound), the response appeared to plateau or decrease 

slightly. 
In order to determine whether 11B cell motility in response to 

substrate-bound TSP was random or directed, a modified checker- 

board assay was conducted. Filters were coated on one side or sub- 

merged in the presence of 20, 50, or 100 nM TSP or buffer alone. The 

results shown in Table 2 suggested that l lB  cells demonstrated a 
strong haptotactic response to substrate-bound TSR Cell migration 

was greatest when the coated side of the filters faced the lower wells 

(left column). Only a minimal response was observed when the coated 

side of the filters was in contact with the cells (uppermost row). In 

addition, cells exposed to filters that had been submerged (values 
along the diagonal) did not respond significantly even at 100 nM TSR 

the concentration at which a maximal motile response was previously 

elicited (compare with Fig. 4). The data indicated that in the Boyden 
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Table 1 Checkerboard analysis o f  11B cell chemotaxis  to TSP 

C h e m o t a x i s  a s s a y s  were  carr ied out  as described in "Materials and Methods." Values shown represent the average chemotactic index derived by dividing the number of cells 
migrating in response to T S P  by the number of  cells migrating in response to buffer. 

TSP in 
lower well (riM) 

TSP in upper well (riM) 

0 50 150 500 

1.0 • 0.3 a 0.7 + 0.1 0.4 • 0.3 2.4 • 0.4 

50 2.6• ~ 3.0• ~ 4.4• 2.7• 

150 8.1• 8.1• ~ 10.3• ~ 4.7• 

5 ~  14.1• 11.7• 14.0• ~ " ~ - - - . . . . 8 . 4 •  
" Mean _+ SEM for five high-magnification (• fields from each of three filters for each treatment. 
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E Fig. 2. Inhibition of 11B cell chemotaxis by anti-TSP monoclonal antibodies, heparin, 
arid RGD peptides. TSP (0.5 IJM) in the absence or presence of mAbs A2.5, D4.6, A6.1, 
or C6.7 (200 iag/ml), heparin (100 Iag/ml), GRGDSP (1 mM), or GRGESP (1 mM) was 
added to the lower well of modified Boyden chambers. Cells (1 • lOS/well) were added 
to the upper well, and chambers were incubated at 37~ for 7.5 h. Control wells contained 
EMEM + 0.1% BSA in the lower well. Data are expressed as an average chemotactic 
index with the chemotactic index determined by dividing the number of cells migrating to 
TSP (with or without inhibitors) by the number of cells migrating to buffer alone. 
Columns, mean for five high-magnification (x400) fields for each of three filters from two 
experiments; bars, SEM. "A', P < 0.01. 

chamber assay 11B cells exhibited haptotaxis in response to substrate- 

bound TSP but, in contrast to the response to soluble TSP, only 

minimal levels o f  random migration. 

The ability o f  various anti-TSP mAbs to inhibit haptotaxis was 

investigated in order to pinpoint the TSP domain(s) responsible for 

supporting motility (Fig. 5). Only mAb C6.7, specific for the distal 

COOH terminus, significantly inhibited l i B  cell haptotaxis, mAb 

C6.7 inhibited haptotaxis by 60%, whereas the other mAbs tested 
either had no effect or enhanced motility slightly (mAb A6.1).  Addi- 

tionally, heparin and the synthetic peptides G R G D S P  and GRGESP 

did not significantly inhibit haptotaxis, suggesting that neither the 

H B D  nor the TSP RGD sequence was involved in 11B cell motility. 

! Haptotaxis assays were conducted with purified TSP fragments to 

confirm the involvement of  the Mr 140,000 domain in haptotaxis. 

140K mediated 11B cell haptotaxis in a dose-dependent manner, sim- 

ilar to the response seen with intact TSP (Fig. 6). Motility increased 

between 30 and 200 nM 140K (coating concentration) and then de- 
creased as the concentration exceeded 200 nM. No  significant motility 
above background was observed below 30 nM 140K. The amplitude o f  
the response was very similar to that seen with intact TSP (the re- 

sponse to 100 nM TSP of  parallel samples is shown for comparison). 

In contrast, the H B D  was not able to support haptotaxis above back- 

ground levels in the range o f  10 to 300 nM HBD. 

To rule out that these results were due to differences in the binding 

capacity o f  filters for TSP ver sus  TSP fragments, t25I-TSP, -HBD,  and 

-140K were incubated with filters as in haptotaxis assays, and the 

level o f  bound TSP or TSP fragments was determined by gamma 

counting. Intact TSP and the H B D  bound to filters with almost iden- 

tical affinity; if  the pmol of  TSP bound were set at 100%, the amount 

o f  H B D  bound was 96% (data not shown).  On the other hand, the 

amount of  140K bound to filters represented only 10% of  the TSP 

bound (data not shown).  Therefore, differences in the ability o f  TSP 

fragments to stimulate 11B cell haptotaxis could not be accounted for 

by differential binding o f  fragments to filters. In fact, the data indi- 

cated that 5- to 10-fold lower levels o f  140K, as compared with intact 

TSP, elicited a maximal 11B cell haptotactic response. Based on this 

evidence, it appeared that not only was the Mr 140,000 domain of  TSP 

able to support l i B  cell haptotaxis, but that 140K on a mol-to-mol  

basis was nearly a log-fold more potent in stimulating haptotaxis when 

compared with intact TSP. These data along with the mAb data con- 

firmed that the region o f  TSP responsible for 11B cell haptotaxis was 

located at the distal COOH terminus o f  TSP. 

20 

r 140 kD Fragment I~ 
,I, HBD 1" 

- - - ! ' - - -  TSP 

. 1  1 

' . . . . . . .  i 
10 

TSP Fragment Concentration (uM) 

Fig. 3. Dose response of l l B cell chemotaxis to TSP fragments. Filters were soaked in 
100 iag/ml of gelatin overnight at 37~ 140K (O) or HBD (A) was added to the lower 
wells of a modified Boyden chamber at the indicated concentration. Cells (1 • 10S/well) 
were added to the upper wells in EMEM + 0.1% BSA. Chambers were incubated for 
7.5 h at 37~ Control wells had EMEM + 0.1% BSA in the lower well. Positive control 
wells had I laM intact TSP (11) in the lower well. Data are expressed as an average 
chemotactic index derived by dividing the number of cells migrating to TSP, 140K, or 
HBD by the number of cells migrating to buffer alone. Points, mean for five high- 
magnification (• fields for each of three filters from three experiments; bars, SEM. 
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Fig. 4. Dose response of 11B cell haptotaxis to TSP. Polycarbonate filters were coated 
by floatation overnight at 37~ with TSP at the indicated concentration in PBS containing 
1 mM Ca 2+ and 1 mM NAN3. Filters were washed and blotted prior to assembly into 
haptotaxis chambers with the coated side facing the lower wells. The lower wells con- 
tained EMEM + 0.1% BSA, while the upper wells contained 6.6 • 105 cells in the same 
buffer. Assays were carried out at 37~ for 7.5 h. Data are expressed as a haptotactic index 
determined by dividing the number of cells migrating to TSP by the number of cells 
migrating to buffer alone. Points, average of five high-magnification (x400) fields from 
each of three filters from two experiments; bars, SEM. 

Effect of Anti-lntegrin and Anti-GPIV Antibodies on TSP- 
mediated Chemotaxis. The nature of  TSP receptors on cells remains 

controversial with several candidates, such as o~v/33 and GPIV, 

appearing to mediate TSP functional responses in some cell types 

(35, 60). Accordingly, we used a panel of  antibodies to determine if 

/31-, /33-, or av-containing integrins or GPIV mediated l lB cell 

chemotaxis (Table 3). The ow/33-specific mAb LM609, as well as 
other c~v- or/33-specific antibodies, did not inhibit 11B cell chemo- 

taxis significantly. Similarly, anti-/31 antibodies had no effect on mo- 
tility. In addition, 2 of  3 anti-GPIV antibodies did not inhibit 11B cell 

chemotaxis,  while a third (anti-CD36) enhanced motility slightly. 

Therefore, these results suggested no role, or a very minor  one, for/31 

or /33 integrins or GPIV in mediating l i B  cell motility to TSP. 

Currently, the lack of  inhibitory antibodies to the 11B carcinoma cell 

Mr 80,000/105,000 receptor (46) prevents an assessment of its role in 
TSP-dependent  motility. 

Motility of 22B Carcinoma Cells in Response to TSP. Unlike 

11B carcinoma cells, 22B cells form highly differentiated, noninva- 

sive tumors in nude mice and possess lower levels of  cell-associated 

TSP as determined by radioimmunoassay (33, 34). Although 22B cells 

adhere to TSP as well as 11B cells, 22B cells spread only minimally 

on TSP-coated substrata, suggesting that the two cell lines can differ- 

entially modulate their interactions with TSP (40, 44). 

Consequently, we examined the ability of  22B carcinoma cells to 

migrate in response to TSE The level of  22B cell motility in response 

to soluble TSP in the range of  10 nM to 2 ~tM was not significantly 

above background (Fig. 7A). Similarly, 22B cells did not migrate 

in response to substrate-bound TSP in the range of  10 to 300 nM 

(Fig. 7B). Microscopic examination of the filters showed that 22B 

cells adhered tightly to the filter surface but were much less spread out 

than 11B cells (data not shown). Thus, differences in adhesion of  11B 

and 22B cells to the filter surface were not responsible for their 

differential responses to TSE Motility of  22B cells to another ECM 

component ,  fibronectin, was assayed to determine if these cells could 

respond to alternative stimuli. 22B cells migrated in response to 

100 nM soluble fibronectin with a motility index of  6.5 versus 1.0 for 

100 nM soluble TSP (data not shown). This response is similar to 

11B cell chemotaxis to 100 nM TSP (a chemotactic index of  - 1 0 ;  see 

Fig. 1). Therefore, the lack of  a TSP-specific response in 22B cells 

was not solely the reflection of  a nonmoti le  or nonadhesive pheno- 

type. 

Several recent studies have demonstrated that chemotactic or hap- 

totactic responses to fragments of  ECM proteins can be greater than 

the response to the intact molecule (21, 22). Since no response was 

observed with intact TSP, the response of 22B cells to TSP fragments 

was investigated. Motility assays were carried out with the HBD and 

140K at concentrations that had elicited a maximal  response with 11B 

cells. The results, shown in Fig. 7C, demonstrated that 22B cells did 

not exhibit a significant haptotactic response to either the HBD or 

140K. Results from chemotaxis assays with soluble TSP fragments 

were identical (data not shown). Thus, 22B carcinoma cells did not 

undergo either directed or random motility in response to TSP or TSP 

fragments. 

To further evaluate the relationship between carcinoma cell motility 

to TSP and invasive behavior in vivo, chemotaxis assays were carried 

out on a cell line stably expressing high levels of antisense TSP (43). 

The resulting abrogation of  TSP expression has been shown to result 

in significant loss of  invasive behavior, slower in vitro growth, and the 

formation of  well-differentiated, encapsulated tumors. Table 4 shows 

that, whereas there is little difference in the chemotactic response to 

TSP between the 11B and vector control cell lines, the TSP antisense 

cell line demonstrated a much poorer chemotactic response to TSP 

( - 2 0 %  of  normal). Similarly, the TSP antisense clone was unable to 

readily migrate to the Mr 140,000 fragment. These results paralleled 

those observed with the 22B cells and suggest a close relationship 

between TSP expression and TSP-mediated motility. 

Table 2 Checkerboard analysis of l IB cell haptotaxis to TSP 

Haptotaxis assays were conducted as described in "Materials and Methods." Values shown represent the average haptotactic index derived by dividing the number of cells migrating 
in response to TSP by the number of cells migrating in response to buffer. 

TSP coated on upper surface of filter (nM) 
TSP coated on lower 
surface of filter (nM) 0 20 50 100 

0 0•  a 

20 23.2 • 8.2 

50 46.7 • 2.8 

100 37.8 • 6.9 

0•  

0•  

a Mean _+ SEM for five high-magnification fields (x400) from each of three filters for each treatment. 
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Fig. 5. Inhibition of 11B cell haptotaxis by anti-TSP monoclonal antibodies, heparin, 
and RGD peptides. TSP (final concentration, 100 riM) was mixed with monocional anti- 
body A2.5, A6.1, D4.6, or C6.7 (all at 100 Iag/ml) or heparin (100 pg/ml) and preincubated 
for 2 h at 4~ Polycarbonate filters were coated by floatation overnight on TSP/inhibitor 
mixtures or TSP alone (100 riM) at 37~ Filters were washed and blotted prior to 
assembly, coated side down, into haptotaxis chambers. For testing inhibition with the 
GRGDSP and GRGESP peptides, ceils were preincubated for 30 min at room temperature 
with the peptide (at 1 mM) before addition to upper wells. Cells (6.6 • l(P/well) were 
~dded to the upper well in EMEM + 0.1% BSA, and the assay was carried out for 7.5 h 
~t 37~ Controls were filters prepared by floating on buffer before placement into the 
hamber. Data are expressed as a mean haptotactic index determined by dividing the 

mber of cells migrating to TSP with or without inhibitor by the number of cells 
igrating to buffer alone. Columns, average of five high-magnification (• fields 
m each of three filters from two experiments; bars, SEM. "k', P < 0.05. 

Jia Xprpe Si~ .bmYtolltBeaEd 2M,2BcelCl_a::inffa~ ff::esn ~ 

cretion into the medium and/or differential gene expression could 
modulate the distinct motility responses of carcinoma cells to TSP. In 
order to directly assess levels of TSP secretion and association with 
the cell layer immunoprecipitations were performed on 35S-labeled 
cells using a polyclonal anti-TSP antibody. The autoradiograph in 
Fig. 8A demonstrated that 11B carcinoma cells expressed higher levels 
0f both cell-associated and secreted TSP (Lanes 1 and 3) when com- 
pared to 22B cells (Lanes 2 and 4). TSP synthesized by both cell types 
appeared to be distributed equivalently between the cell layer and 
medium, although total TSP synthesis in 22B cells was approximately 
10-fold lower than in l iB cells. The recent discovery of a second 
murine and human expressed TSP gene (61-63) suggested that dif- 
ferences in TSP-mediated motility might be a result of the differential 
expression of TSP I versus TSP II. To determine if 11B and 22B cells 
expressed identical forms of TSP, Northern blot analysis was carried 
out on RNA isolated from these cells. Probes were prepared from the 
3' untranslated region of human TSP I or TSP II complementary DNA 
to unequivocally distinguish between the two forms of TSP. Fig. 8B 
revealed that 11B cells (Lane 1 ) expressed much higher levels of TSP 
I mRNA than 22B cells (Lane 2), roughly proportional to TSP ex- 
pression at the protein level (approximately a 10-fold difference). 
interestingly, neither cell type expressed TSP II mRNA at significant 
levels (Fig. 8C). That the same probe was used to examine changes in 
TSP II mRNA levels in cytokine-treated keratinocytes confirms its 
usefulness in distinguishing TSP I from TSP II (data not shown). 
Therefore, it appeared that both highly metastatic 11B cells and poorly 
metastatic 22B cells expressed human TSP I exclusively, proportional 

DISCUSSION 

In this paper we have examined whether human carcinoma cells 
with established differences in metastatic potential demonstrate com- 
parable differences in cell motility in response to the ECM protein 
TSP. A strong link was demonstrated between endogenous TSP ex- 
pression and directed cell migration in vitro. The results demonstrated 
that the highly metastatic l iB carcinoma cells responded to both 
soluble and substrate-bound TSP with directed migration. In contrast, 
noninvasive 22B carcinoma cells were unresponsive to either TSP or 
TSP fragments in motility assays. Additionally, the contribution of 
distinct TSP functional domains to cell motility was also evaluated. 
The 140K domain mediated chemotactic and haptotactic responses 
without any apparent contribution from the HBD. The capacity of the 
two cell lines to respond to TSP was also positively correlated with the 
level of TSP expression by these cells as demonstrated by immuno- 
precipitation and Northern blot analysis. These results suggest that the 
ability to interact with and respond to ECM proteins may be an 
essential characteristic of highly metastatic cells and that this ability 
may reflect endogenous levels of ECM protein synthesis. 
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Fig. 6. Dose response of 1 IB cell haptotaxis to TSP fragments. Filters were coated with 
140K ( l l )  or HBD (Q), concentrations as indicated, by floatation overnight at 37~ in 
PBS plus 1 mM Ca 2+ and 1 rnM NAN3. Filters were washed and blotted prior to assembly 
into haptotaxis chambers with the coated side down. Cells (6.6 X 105/well) were added 
in EMEM + 0.1% BSA, and the assay was carried out for 7.5 h at 37~ Control wells 
were fitted with filters that had been floated overnight on buffer alone. For direct com- 
parison with 11B cell haptotaxis to intact TSP (A), a set of filters was prepared by floating 
on 100 nM intact TSP and run in parallel with TSP fragment-coated filters. Values shown 
are the average haptotactic index determined by dividing the number of cells migrating to 
TSP, 140K, or HBD by the number of cells migrating to buffer. Points, mean from 
counting cells in five high-magnification (x400) fields from each of three filters from two 
experiments; bars, SEM. 

Table 3 Inhibition of  11B cell chemotaxis to TSP by antibodies to cell 
surface molecules 

Antibody Chemotactic index a 

None 15.9 • 0.6 b 
Mouse IgG 16.9 • 2.4 
mAb LM609 15.8 _ 0.9 
mAb LM142 14.7 _+ 1.2 
Anti-av 17.9 _+ 0.9 
Anti-/33 15.0 • 2.1 
Anti-El 17.2 • 1.0 
OKM5 17.7 • 2.2 
mAb 30 17.9 • 4.2 
Anti-CD36 21.1 • 1.2 

o Chemotaxis assays were carried out as described in "Materials and Methods." TSP 
was added to lower wells at 500 riM. 11B cells were preincubated with antibodies for 30 
min at room temperature before addition to the upper wells of the chemotaxis chamber. 

b Mean • SEM for five high-power fields from triplicate filters for each antibody 

l 
o TSP protein levels observed for each carcinoma cell line. treatment. 
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Fig. 7. Motility of 22B carcinoma cells to TSP and TSP fragments. A, chemotaxis of 
22B cells to TSE TSP in EMEM + 0.1% BSA was added at the indicated concentrations 
to the lower wells of modified Boyden chambers. 22B (0)  or 11B (m) cells (1 x 105/well) 
were added to the upper wells in the same buffer, and chemotaxis was allowed to proceed 
for 7.5 h at 37~ Points, the chemotactic index derived by dividing the number of cells 
migrating to TSP by the number of cells migrating to buffer alone; bars, SEM. B, 
haptotaxis of 22B cells to TSE Filters were prepared by floating on a solution of TSP at 
the indicated concentration overnight at 37~ After washing and blotting, filters were 
assembled into haptotaxis chambers with the coated side down. 22B (0)  or l lB (m) cells 
(6.6 • 10S/well) were added, and the assay was allowed to proceed for 7.5 h at 37~ 

384 

Table 4 Chemotaxis of TSP antisense cell lines to TSP and TSP fragments 

Chemotactic index a 

Cell type TSP 140K 

l iB parental 20.3 _ 3.6 b 11.6 -+ 1.8 
Antisense vector control 17.3 __. 8.4 ND c 
Antisense clone 6d 3.7 + 0.2 0.3 _+ 0.1 

"Chemotaxis assays were carried out as described in "Materials and Methods". TSP 
and 140K were both tested at a concentration of 500 riM. 

b Mean __. SEM for five high-power fields from triplicate filters for each treatment. 
c ND, not determined. 

The classic model of cellular metastasis as described by Liotta and 
coworkers (1, 2) involves at least three steps: adhesion to interstitial 
or subendothelial ECM components, proteolysis of ECM proteins to 
establish a cell migratory pathway through the normally impenetrable 
matrix; and cell motility composed of varying proportions of random 
and directed cell migration. Therefore, the ability of cells to interact 
with and respond to various ECM components could be an important 
regulatory point in metastatic dissemination. It has previously been 
shown that l lB carcinoma cells adhere and spread on TSP-coated 
substrates (33). Additionally, 11B cells synthesize high levels of plas- 
minogen activator (47), which may complex with TSP and plasmino- 
gen to increase plasmin production (38), thereby leading to enhanced 
proteolysis of ECM components. We examined the third aspect 
of cellular metastasis by evaluating 11B cell motility in response to 
TSP and comparing l lB cells with the similar but nonmetastatic 
22B cell line. 

Proteolysis of the ECM at sites of tumorigenesis may result in the 
accumulation of intact or fragmented ECM proteins in soluble form. 
11B cells exhibited a high level of chemotaxis in response to soluble 
TSP or TSP fragments. There also appeared to be a significant com- 
ponent of chemokinesis in this response as demonstrated by checker- 
board analysis. The Mr 140,000 domain of TSP mediated l lB  cell 
chemotaxis without any apparent contribution from the HBD. 140K 
has been implicated in 11B cell attachment and spreading (33) and in 
TSP binding to both 11B cells (45, 46) and platelets (64). Interestingly, 
it is the HBD and not 140K which mediates chemotaxis in melanoma 
cells (18). In neutrophils, both domains are required for chemotaxis 
(42). Altogether, these disparate data suggest that it is the nature of the 
TSP receptor(s) on each cell type, not the intrinsic structure of TSP 
domains, that dictates the motile response to TSP or TSP fragments. 
Although it cannot be ruled out that distinct regions of 140K deter- 
mine l lB cell v e r s u s  melanoma cell haptotaxis, the inhibition of 
motility by mAb C6.7 in both cell types makes this explanation 
unlikely. The l lB cell TSP receptor for the Mr 140,000 domain has 
been identified as a Mr 80,000/105,000 complex (46), but the identity 
of the receptor(s) for TSP on melanoma cells and neutrophils remains 
to be characterized. Candidate receptors include the av/33 integrin 
receptor (35), sulfated glycolipids or proteoglycans (65, 66), and 
GPIV (CD36; 60), as well as the aforementioned Mr 80,000/105,000 
receptor. Using a panel of mAbs directed against /31, /33, and av 
integrins, as well as mAbs against GPIV, we have shown that TSP- 
mediated motility in 11B cells does not involve these particular re- 
ceptors. Currently, antibodies specific for the Mr 80,000/105,000 re- 
ceptor are not available, so it is not possible to directly test its 

Points, the haptotactic index derived by dividing the number of cells that migrate to TSP 
by the number of cells that migrate to buffer alone; bars, SEM. C, haptotaxis of 22B cells 
to TSP fragments. Filters were prepared by floatation on a solution containing 100 nM TSP, 
140K, or HBD overnight at 37~ After washing and blotting, filters were assembled into 
chambers with the coated side facing the lower wells. 22B (t-q) or l iB  t ~ )  cells (6.6 x 
105/well) were added, and the assay was allowed to proceed for 7.5 h at 37~ Columns, 
haptotactic index determined by dividing the number of cells migrating to TSE 140K, or 
HBD by the number of cells migrating to buffer; bars, SEM. 
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Fig. 8. Comparison of TSP expression in liB and 22B carcinoma cells. A, immuno- 
precipitation of TSP from metabolically labeled IIB and 22B cells, l IB cells (Lanes I and 
3) or 22B cells (Lanes 2 and 4) were labeled for 6 h with 100 pCi/ml of [3SS]cysteine/ 
methionine. A 1:100 dilution of polyclonal rabbit anti-TSP antibodies was added to the 
lysed cell layer (Lanes I and 2) or to the collected medium (Lanes 3 and 4) and incubated 
overnight at 4~ Immunoprecipitates were collected by the addition of Protein 
A-Sepharose after an incubation of 2 h at room temperature, washed, and solubilized in 
sample buffer containing/3-mercaptoethanol for analysis on 10% SDS-PAGE. The TSP 
band is indicated by an arrow. The band above TSP and the Mr 200,000 marker in the cell 
layer (Lanes I and 2) represents fibronectin (FN) nonspecifically bound to Protein 
A-Sepharose (indicated by an arrowhead). Molecular weight standards are as indicated 
(in kD). B and C, Northern blot analysis of TSP expression in 11B and 22B cells. Ten pg 
of total RNA prepared from liB cells (Lane 1) or 22B cells (Lane 2) were run on a 
1% agarose gel before transfer to nitrocellulose. The nitrocellulose blot was probed with 
a random-primed, labeled probe specific for either human TSP I (Fig. 8B) or TSP II 
(Fig. 8C). After high stringency washes, the blot was exposed to film for 3 days at -80~ 
The 28S and 18S rRNA bands are indicated. 

involvement in motility. It is intriguing that the maximal response for 
chemotaxis in all these cell types was elicited between 0.2 and 1 

TSE a concentration that could be accumulatively attained in vivo by 
the release of TSP from the ECM through proteolysis, by activated 
platelets at sites of vascular damage, by synthesis and secretion of TSP 
by local stromal cells (such as fibroblasts), and by secretion of TSP by 
invasive cells themselves (18, 27, 67). That chemotaxis is observed in 

vitro within this same TSP concentration range suggests a key role for 

TSP in metastatic invasion and normal physiological processes such 
a s  l e u k o c y t e  d i a p e d e s i s .  

Initial movement of metastatic cells out of the primary site and into 

a secondary area of tumorigenesis may also be dependent on directed 

cell migration in response to substrate-bound ECM proteins. High 

levels of TSP may be found incorporated into interstitial or subendo- 

thelial matrices surrounded by regions of accelerating cell prolifera- 
tion (68) or platelet activation (31), respectively. Additionally, meta- 

static cells such as l lB carcinoma cells could contribute to TSP 

incorporation into the ECM by endogenous synthesis and secretion. 
l lB  cells demonstrated a very strong haptotactic response to sub- 

strate-bound TSP with only minimal random motility. However, it 
cannot be ruled out that, under different conditions, such as in an agar 

drop motility assay (69), I 1B carcinoma cells would not demonstrate 

significant random migration. These data suggest that initial direc- 

tionality of metastatic cell migration could be provided by substrate- 

bound TSP with subsequent augmentation by soluble TSP or TSP 

fragments. In keeping with this line of reasoning, it is worth noting 
that 11B cell haptotaxis was observed in response to as little as 1.5 

pmol of bound TSE As in chemotaxis, the Mr 140,000 fragment 
mediated haptotaxis with no apparent involvement of the HBD. These 
results are similar to those seen with neutrophils and melanoma cells 

(18, 42); in both cases the M~ 140,000 fragment mediated motility in 
response to substrate-bound TSP, although only random motility was 

observed in neutrophils. The 11B cell haptotactic response also ap- 

peared to be more sensitive than TSP-mediated random motility in 
neutrophils since I 1B cells responded to a 15-fold lower concentration 

of TSP (maximal response at 3.3 pmol versus 50 pmol of bound TSE 

respectively). On the other hand, the response of  melanoma cells was 

very similar to that of carcinoma cells. Whereas circulating leukocytes 
may require higher levels of TSP in order to initiate a response (such 
as might be found in areas of vascular damage), it could be advanta- 

geous for metastatic cells to respond to very low concentrations of 
TSP in order to establish secondary sites of proliferation. 

The ability of the Mr 140,000 domain of TSP to mediate both 

chemotaxis and haptotaxis is especially interesting in light of infor- 
mation available on the nature of the receptors for TSP on I 1B cells. 

Although l l B  cells express nearly 10-fold more receptors for the 
HBD than 140K (45), the HBD did not stimulate cell motility. This 

result is also consistent with data from ligand binding studies sug- 
gesting that no cooperativity exists between the HBD and 140K with 
regard to cell surface receptor binding. In addition, there is good 

agreement between the Ko of 140K binding (36 riM) and the concen- 
tration of TSP which promotes 11B cell haptotaxis (20 riM). Similarly, 
chemotaxis increased above background levels at approximately 
50 nM TSP, although maximal chemotaxis was not attained until 1 p_M 
TSE perhaps reflecting the small proportion of TSP that actually 

diffuses into the upper wells. These data taken together with response 
saturation at high ligand levels and threshold levels below which no 
response is observed are consistent with a receptor-mediated mecha- 
nism for TSP-specific 11B cell motility (20). In melanoma cells and 
neutrophils the HBD and 140K mediate different aspects of cell mi- 

gration, perhaps allowing functional coordination of cell motility be- 

tween two receptor types (18, 42). It is interesting that the same 
receptor on 11B cells may be mediating differing aspects of motility, 
this raises the question of whether identical or distinct secondary 
messenger pathways may be involved. 

Previous work has characterized differences between 11B and 22B 
carcinoma cells with regard to their metastatic potential and interac- 
tions with TSP and other ECM components (33, 34, 44). The 22B cells 
form highly differentiated, encapsulated tumors which are noninva- 
sive. Although 22B cells adhere to TSP-coated substrates, they spread 
poorly. Additionally, 22B cells proliferate much more slowly than 1 IB 
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cells, a trait possibly associated with increased cell-substratum adhe- 
sive contacts. 4 Given the strong correlation between tumor cell inva- 
s;.veness and plasminogen activator levels (8, 16), the low levels of 
plasminogen activator expressed by 22B cells (47) may further inhibit 
the ability of 22B cells to break focal contacts in preparation for a 
proliferative or motile response. 22B carcinoma cells did not demon- 
strate either a chemotactic or haptotactic response to TSP at any 
concentration tested. TSP fragments were also evaluated since some 
cells respond better to ECM protein fragments than to the intact 
molecule (21, 22). Neither the HBD or 140K elicited any motility 
response. Immunoprecipitation experiments demonstrated that 22B 
cells synthesize and secrete much less TSP than their 11B counter- 
parts. In addition, Northern blot analysis revealed that both cell types 
expressed TSP I but not TSP II. Therefore, differences in motility were 
not attributable to either differential distribution of TSP between the 
medium and cell layer or expression of human TSP I versus TSP II. 
Based on this evidence, it appeared that 22B cells expressed lower 
levels of endogenous TSP and, furthermore, were incapable of re- 
sponding to exogenous TSP. These data imply a receptor-based defect/ 
modulation in 22B cells since it is feasible that cells expressing low 
levels of TSP might possess functionally competent TSP receptors. 
Although 22B cells appear to express fewer TSP receptors than 11B 
cells (34), no information beyond the present study is available re- 
garding the functional integrity of these receptors. Recent work has 
shown that 11B cells stably expressing TSP antisense mRNA express 
very low levels of TSP, proliferate more slowly in vitro, and are less 
invasive in vivo (43). We used one of the TSP antisense cell lines, 
expressing TSP levels similar to 22B cells, to further examine the 
relationship between TSP expression and TSP-mediated motility by 
assessing migration in response to TSP. These cells demonstrated a 
poor response to TSP and 140K. Since TSP is commonly found at sites 
of tissue injury and cell proliferation (31, 68), the inability of 22B 
carcinoma ceils to migrate in response to TSP may partly explain its 
noninvasive phenotype. 

The establishment of metastases is undertaken by only a small 
fraction of cells forming a primary tumor mass (2, 26). How these 
tumorigenic, aggressive cells escape from the primary site and estab- 
lish supportive environments at secondary sites in distal organs is of 
major importance in seeking therapeutic solutions in the treatment of 
malignancy. In examining the interactions of metastatic cells with the 
ECM and comparing them with nonmetastatic or normal counterparts, 
it may be possible to target certain aspects of tumorigenic cell function 
as an approach to blocking metastatic spread. The accessibility of 
ECM proteins makes them good candidates for such an approach. 
increasingly, evidence points to the fact that not only TSP but other 
matrix proteins such as fibronectin, collagen, laminin, and proteogly- 
cans play critical roles in the etiology of disease as cells deviate from 
normal pathways of differentiation and function. 
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