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The Role of Syndecan-2 and Heparan Sulfate in Metastasis and
Invasion of Mouse Lewis Lung Carcinoma Cells

Yasuo YOSHITOMI

Abstract

Syndecans, a family of transmembrane heparan sulfate proteoglycans that are implicated in the signal
transduction of a variety of growth factors via their heparan sulfate side chains, participate in cell adhesion
by acting as extracellular matrix (ECM) receptors.

We have previously demonstrated thatithgitro selection of diferent metastatic clones from Lewis
lung carcinoma cells resulted in the selection of clones exhibiting distindiigrdint ECM-dependent
tumorigeneses. The low-metastatic P29 clone with stroma-inducing capacity shows tumorigenesis de-
pendent on the fibronectin-rich interstitial-type matrix formed by the induced stromal cells, whereas the
highly metastatic LM66-H11 clone, lacking such a capacity, shows tumorigenesis dependent on the base-
ment membranes formed by tumor cells themselves. Th&geatices are reflected in the actin cytoskele-
tal organization of cells which adhere to the fibronectin substratuwtro. P29 cells form actin stress
fibers, whereas LM66-H11 cells form cortex actin. We have shown that thffseedices depend on the
expression level of syndecan-2.

In this study, we observed an inverse correlation between the metastatic potential and expression
level of syndecan-2 in Lewis lung carcinoma cells. In order to clarify the causal relationships underly-
ing this correlation, we investigated (1) whether signaling via syndecan-2 would participate in metastasis
of the tumor cells, and (2) whether tumor-cell adhesion to endthelial basement membrane via its hep-
aran sulfate would correlate with metastasis. The following results were obtained. (1) Overexpression
of syndecan-2 in high-metastatic H11 cells with a low level of syndecan-2-expression (H11-SN2 cells)
caused a significant suppression of tumor metastasis. Analyses of matrix metalloproteinases (MMPSs),
which are known to be involved directly in metastasis, showed that Lewis lung carcinoma-derived clones
expressed only MMP-2 as a major species among those of the MMP family at a similar level regardless of
their metastatic potential. However, it was observed that MMP-2 was activated only in highly metastatic
H11 cells, but not in low-metastatic P29 cells. Interestingly, this activation was suppressed by an over-
expression of syndecan-2 in H11 cells, suggesting that syndecan-2 exerts a regulatory function in the
activation of MMP-2. Moreover, we found that the suppression of MMP-2 activation by syndecan-2 may
be mediated by its heparan sulfate chains. In addition to their role in regulating the enzyme, syndecan-2-
overexpressing H11-SN2 cells exhibited stromal induction and increased the formation of capillary blood
vessels in its primary tumor, strongly suggesting that the tumor architectures associated with the expres-
sion levels of syndecan-2 are involved in the regulation of metastatic potential. (2) Heparin and chemically
modified heparin with reduced anticoagulant activity strongly suppressed experimental lung metastases
of various tumor cells, suggesting that the suppression of tumor metastases by heparinoids was not due to
their anticoagulant activity, but rather to their competition with cell-surface heparan sulfate in tumor-cell
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adhesion and invasion to basement membrane.

Although there was a significantftrence in metastatic potential between P29 and H11 cells, the
survival time of mice injected with these tumor cells was similar. Thus, we next examined the reasons
for this, and found that both P29 and H11-SN2 cells with low-metastatic potential exhibited strong inva-
siveness into peripheral connective tissues. In association with this phenotype, P29 and H11-SN2 cells
expressed MMP-3, the expression of which positively correlated with the expression levels of syndecan-
2. Although this finding did not provide direct evidence to confirm whether MMP-3 is involved in the
invasion, it strongly suggests that the invasiveness of low-metastatic cells into the surrounding connective
tissues might be attributed to the dissolution of ECM by MMP-3.

In this study, we demonstrated that a metastatic potential is not necessarily associated with an invasive
capacity. Based on this observation, we propose here that, at least in the metastatic models of mouse Lewis
lung carcinoma, the invasive activity of the tumor cells appears to be attributable to a potential independent
of their metastasis, and that these individual processes might be mediateffebyrdiMMPs. We also
propose that the activities of these MMPs are regulated by syndecan-2.

Keywords. metastasis, invasion, heparan sulfate, syndecan, matrix metalloproteinases



