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Chapter 7

Summary



Chaprer 7

To date, syndecan-4 is the best described member of
the syndecan family. Cell signaling events regulated by
ligand binding to the extracellular part of this protein
trigger actin cytoskeleton rearrangement resulting in the
modulation of cell functions, such as cell migration and
proliferation. Furthermore, syndecan-4 trafficking has
been implicated in the uptake of natural ligands, that
include growth factors, cell matrix proteins, LDL, and
infectious agents including retroviruses.

Chapter 1 containsa review of signaling events regulated
by syndecan. It also describes phenotypes of animal
models lacking one of the syndecan family proteins. It
appears that one syndecan subfamily (syndecan-1,-3)
plays a mainly negative role in promotion of growth
factor response, whereas another (syndecan-2,-4)
enhances those responses. The main difference between
syndecan-2 and -4 functions is in the time and location
of their expression. Generally, syndecan-2 plays a major
role in development, while syndecan-4 in acute response
to tissue injury. For this reason, we studied syndecan-4’s
role in tissue injury-induced angiogenesis.

In Chapter 2, we investigated the effect of increased
heparan sulfate mass due to overexpression of syndecan-
4 in cardiomyocytes, on heart microvascular function.
We found that the expressing animals demonstrated
a significant increase in nitric oxide release in the
coronary effluent in response to FGF-2. In witro,
coronary microvessels derived from those transgenic
mice demonstrated increased relaxation response to
FGF2 compared to control mice. Addition of exogenous
heparan sulfate enhanced FGF-2 induced vasodilation in
microvessels from control mice. Thus, we demonstrated
that alteration of heparan sulfate production has a
profound effect on microvascular homeostasis.

Further chapters are almost exclusively dedicated to the
role of syndecan-4 cytoplasmic tail in the cell signaling.

In Chapter 3, the role of different cytoplasmic domains
in FGF-2 signal modulation was investigated. Mutations
in the cytoplasmic tail that either reduced its affinity to
PIP,, or disrupted its PDZ-binding motif, produced
an FGF2-specific dominant-negative phenotype in
endothelial cells that demonstrated a marked decline in
their migration and proliferation rates. Those cells also
exhibited impaired capacity to form tubes on Matrigel.
This molecular mechanism was determined to consist
of a decrease in the syndecan-4-dependent activation of
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Figure 1. Dominant-negative effect of syndecan-4 mutants.
Overexpression of the mutant with disrupted PIP, binding site
(left) results in its accumulation in the Golgi region and leads to
the sequestering of PDZ-interacting protein(s) from the plasma
membrane. In contrast, syndecan-4 with a mutated PDZ-binding
motif (right) forms oligomers with endogenous protein thus
preventing its binding to PDZ-domain containing protein(s).

Thus, PDZ-binding partner(s) of syndecan-4 play
a critical role in the modulation of FGF2 signaling.
Interestingly, a syndecan-4 mutant lacking the PIP,
binding motif failed to be expressed on the cell surface.
The mutant accumulates in the Golgi region, instead.
Therefore, we hypothesized that depletion of the PDZ-
binding partner by competitive binding due to the
overexpression of the Golgi-retained syndecan mutant
resulted in dominant negative cell phenotype (Figure 1).
Indeed, in contrast to single mutations, murations of the
syndecan-4 cytoplasmic tail that resulted in the reduced
affinity of the mutant to both PDZ domain and PIP,,
generated a phenotype that respond normally to FGF-2
stimulation. The role of the PDZ-binding motif as well
as an identification of the critical interacting protein is
further discussed in Chapter 6.

In Chapter 4, we studied the membrane distribution
of the core protein using an Fc receptor (FcR)-syndecan-
4 chimera prior to and following FGF2- or antibodies-
induced clustering. Previously described cholesterol rich
compartments called lipid rafts were shown to contain
a variety of signaling proteins that include syndecan-4
binding partners Src and PKCa. We found that while
unclustered syndecan-4 was present predominantly in
the non-raft membrane compartment, clustering induced
extensive redistribution to the non-caveolae lipid rafts.
Clustering of syndecan-4 also induces its endocytosis.
Interestingly, syndecan-4 positive endocytic vesicles can
travel in tandem with caveolae vesicles. The role of this
interaction remains unknown. FGF2 induced syndecan-
4 uptake may play an important role in modulation of
growth factor signaling.

















