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Chapter 2     
 
 
 
 

Hyaluronan: its regulation and function within the 
pericellular matrix  
 
 
 
The macromolecule hyaluronan plays a crucial role in the proper functioning of the 
pericellular matrix. In this chapter regulation and function of HA will be described in more 
detail. Emphasis is put on its structure and synthesis, its interaction with the cell 
membrane and with non-cell bound proteoglycans, and its potential to provide structure to 
the PCM.  
 
 
2.1 Structural aspects of hyaluronan 
 
HA has a simple linear structure, consisting of repeating disaccharides. Each disaccharide 
is build up of D-glucuronic acid linked to N-acetylglucosamine (-β(1,4)-GlcUA-β(1,3)-
GlcNac-) and is negatively charged due to the carboxyl group as illustrated in Figure 2.1. 
Depending on the number of disaccharides, HA can be 0.5−25 µm long, with HAS1 and 
HAS3 synthesizing chains with  molecular weights of  ~ 2×105 - ~2×106 Da , and HAS2 
synthesizing the largest chains  with molecular weight > 2×106 Da  [1] as depicted in 
Figure 2.1. This difference in chain lengths indicates different roles for the HAS isoforms. 
Of the three, HAS2 seems to be the most important for cell migration and cancer cell 
invasiveness [2, 3], with less invasive cells  expressing HAS3 [3].  HAS2 is required for 
embryonic development; mice deficient in HAS2 are not viable while mice deficient in 
HAS1 and HAS3 are [4]. Furthermore reduction of HAS2 expression in osteosarcoma 
cells leads to a decrease in cell proliferation which cannot be re-attained with exogenous 
high molecular weight HA. Over-expression of HAS3 could, however, again restore cell 
proliferation. Over-expression of HAS3 in several types of cells results in the formation of 
long microvillus- like protrusions [5], that might facilitate cell proliferation. The longer the 
HA chains the thicker the PCM can be, which could make cell-detachment easier by 
forming a thick compartment in between cell and extracellular matrix. 
 
 
2.2 Production and breakdown of  hyaluronan 
 
Growth factors can stimulate HA production by activation of protein kinase C which 
directly or indirectly phosphorylates and activates already present hyaluronan synthases 
[6]. Another signal transduction pathway is via extracellular-signal-regulated kinase, ERK,  
activation that directly phosphorylates and activates the enzymes [7].  The synthesis of 
new HAS proteins can also be induced [6, 8, 9] with the ERK’s mitogen-activated protein 
kinase, MAPK,  and phosphoinositide 3-kinase, PI3K,  as identified signaling pathways for 
the PDGF (platelet-derived growth factor)-BB induced HA production [9].  PDGF-BB 
induces HAS2 protein up-regulation but has no effect on HAS3  levels [9].  Again this up- 
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regulation of HAS2 indicates the possibility of the involvement of a thick mechanical PCM 
in facilitating cell detachment. 
 

 
 
Figure 2.1: Schematic of HA synthesis by the HA synthases HAS1, HAS2, HAS 3. A cross-section 
of a cell with in the center the nucleus is depicted. The synthases are multipass transmembrane 
enzymes. They produce HA chains consisting of disaccharides. The HA disaccharide unit has a 
molecular weight of ~ 400 Da, and a length of ~ 1 nm, as shown on the left and right of the figure. 
In the center two disaccharides are shown to indicate that the largest HA chains (> 106 kDa) are 
synthesized by HAS2. 
 
 
 Apart from HA synthesizing molecules there are also HA degrading molecules: the 
hyaluronidase (HAases). There are several human HAases (Hyal-1, Hyal-2, Hyal-3, PH-
20) which degrade HA by cleavage of the β1,4 glycosidic bond. Hyal-2 is a 
glycosylphosphatidylinositol- (GPI-) anchored protein which reduces high molecular 
weight HA to a size of ~ 20 kDa. The internalized and reduced HA is further degraded by 
Hyal-1 to small oligosaccharides, mostly tetrasaccharides. Although Hyal-1 is a lysosomal 
enzyme, it can also be found in circulating plasma [10]. It has, however, a sharp pH 
optimum of 3.7, and is thus expected not to have much activity outside the lysosomes. 
Hyal-2 has a pH optimum of 6-7 and can degrade HA extracellularly [11].  HA expressed 
by invasive breast cancer cells is degraded by this enzyme, but a HAS2 synthesized PCM 
is still present during cell growth [3]. The HA synthase(s) and hyaluronidase(s) are both 
present and active in HA-synthesizing cells, regulating the size of the HA polymers. HA 
polymers of different size have different functions. For instance, HA oligosaccharides 
induce angiogenesis [12, 13], and thus tumor neovascularization. HA oligosaccharides, 
however, have been shown, for several cell types, to reduce cell proliferation and 
migration [14, 15]. That this is not the case for endothelial cells, could be due to the role of 
the EG in shear sensing for which an intact layer is necessary [16, 17]. Replacing 
endogenous high molecular weight HA with HA oligosaccharides could impair the layer’s 
functionality, resulting in intracellular signaling inducing cell proliferation and migration.  
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This has been shown to occur when the EG is degraded by heparinase III, which 
abolishes the suppression of endothelial cell proliferation and migration under flow [18]. 
Intracellular present reactive oxygen species (ROS) can  increase endothelial cell motility 
by regulating actin cytoskeletal network reorganization [19]. Furthermore ROS reduces 
HA polymer length [20] and degrades the EG [21, 22, 23]. This degradation of the EG 
could thus be caused by degradation of extracellular HA. For extracellular degradation by 
Hyal-2, the HA receptor CD44 needs to be expressed [11]. Furthermore CD44 is involved 
in the internalization of HA [24], where it can be further degraded by Hyal-1 [11]. The 
regulation of HA polymer size is thus a complex process involving various HA synthases 
and HAases, with HA polymer size playing an important role in cellular functioning. 
 
 
2.3 Hyaluronan binding to the membrane 
 
CD44 is not the only cell-membrane anchorage point for HA. HA can remain attached to 
its synthase or can be bound by another HA receptor, for instance the Receptor for HA-
Mediated Motility, RHAMM. CD44 is the most abundantly expressed HA-receptor. It is a 
transmembrane glycoprotein with carbohydrate side chains (chondroitin sulfate, heparan 
sulfate, keratan sulfate), and exists in different isoforms [25, 26]. This makes it a diverse 
molecule that does not only interact with HA but can also, via its carbohydrate side chains, 
interact with other extracellular matrix macromolecules like fibronectin, laminin, collagen 
[27, 28], and with growth factors, cytokines [29], and metalloproteinases [30]. The 
transmembrane region is thought to be responsible for CD44-lipid raft association [31], 
while the C-terminal cytoplasmic tail can indirectly  interact with the cytoskeleton  [32, 33, 
34, 35].  HA-CD44 binding can induce intracellular signaling promoting proliferation [36, 
37], cell survival [38], and cell motility [39, 40].  In some cell types expressing CD44, 
however, the RHAMM receptor is required for cell motility [41, 42]. Like CD44, RHAMM 
has several isoforms [43, 44]. It is expressed on the cell surface [45] but can also be 
found intracellularly [46]. Intracellular RHAMM can interact with the cytoskeleton (actin, 
microtubules) [46], and with signaling proteins [47, 48]. Cell surface RHAMM and CD44 
co-localize in invasive breast cancer cells and a signaling pathway induced by HA and 
RHAMM-CD44 interaction is a requirement for the highly motile behavior of these cells 
[49]. The same mechanism is required for fibroblast motility [50]. Thus HA coupling to 
CD44 or/and RHAMM leads to down-stream signaling that results in cytoskeletal 
rearrangement necessary for cell motility. HA can also remain attached to one of its 
synthases, but HAS-cytoskeletal interactions have not been reported.   
 
 
2.4 HA binding proteoglycans  
 
Cell-surface HA receptors like CD44 and RHAMM are not the only hyaldherins (HA 
binding proteoglycans). There is a family of proteoglycans that are not linked to the cell 
surface but bind to HA along its chain length. To this family belong the two 
macromolecules aggrecan and versican [51]. Aggrecan is synthesized by chondrocytes 
and consists of a core protein with mostly chondroitin sulfate side chains and some 
keratan sulfate chains (Figure 2.2) [52]. The core protein (~ 250 kDa) consists of three 
globular domains (G1, G2 and G3) interlinked with two non-globular domains.  The largest 
non-globular domain contains most of the GAG side chains: one aggrecan molecule can 
have ~ 100 chondroitin sulfate chains attached. The N-terminal G1 domain can bind to HA 
[53]. It contains the same link module as the other hyalectins and CD44. This link module 
is also present in a so-called link protein (~ 45 kDa), that binds to both HA and aggrecan, 
stabilizing the HA-aggrecan bond [54].  



Hyaluronan 

 20 

  
 

 
 
Figure 2.2: Structure of aggrecan and the four isoforms of versican. All express the HA-binding 
domain G1, and the G3 domain. The versican isoforms, however, lack the G2 domain and do have 
any keratan sulfate side chains. Of the four versican isoforms, V0 is the largest, having the most 
chondroitin sulfate side chains. In contrast, V3 does not have any chondroitin sulfate side chains 
and is the smallest of the four isoforms. 
  
 
 Versican is expressed by a variety of cells: from vascular endothelial and smooth 
muscle cells [55, 56, 57] to fibroblasts [58]. It is similar to aggrecan: it contains both the N-
terminal G1 and C-terminal G3 globular domain but lacks the G2 domain (Figure 2.2). 
Versican exists in four isoforms: V0-V3, which vary in core protein length and number of 
chondroitin sulfate side chains. V3 is the smallest of the isoforms and has no side chains 
while V0 is the largest with the most GAG-attachment sites: 17-23 [59]. All of the versican 
variants, however, are capable of binding to HA via the G1 domain. Again, as is the case 
for aggrecan, stable bonds are formed when link protein is present. Interestingly versican 
can also, via its chondroitin sulfate chains, bind to CD44 [60]. The combination of versican 
and HA leads, like aggrecan and HA for chondrocytes [61], to an extended PCM in other 
cell types: prostate cancer cells incorporate versican synthesized by prostatic fibroblasts 
in their PCM, promoting motile cell behavior [62]. Prostate cancer cells can up-regulate 
versican synthesis by prostatic fibroblasts via transforming growth factor β1, TGF-β1 [63]. 
Smooth muscle cells synthesize versican, where it is needed for an extended PCM, motile 
cell behavior and proliferation [14]. Furthermore upon growth factor treatment, PDGF, not 
only the synthesis of high molecular weight HA was up-regulated but also that of versican 
and link protein, resulting in extended pericellular matrices [64]. Furthermore, PDGF 
increases the length of the chondroitin sulfate chains [65]. It is clear from the above that 
the mechanical function of versican in inducing a thick extended PCM is an important 
factor in cell adhesion-events.  
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2.5  PCM Structure 
 
The HA-aggrecan (versican) containing PCM is thought to be structured in a brush-like 
manner with the HA chains extending from the cell surface [66]. An extended HA chain 
can be longer than 20 µm depending on the molecular weight of the chain. The chains are 
expected to follow conformational behavior as described for end-grafted neutral polymers 
in good solvent [67]: at low density (distance between tethered chains > radius of 
gyration), HA chains take up a ‘mushroom’ conformation with a thickness of < ~ 1 µm, 
depending on chain length. When the distance between the chains becomes less than the 
radius of gyration, chain conformation is expected to change to an extended form. The 
density of the chains depends on the number of HA binding sites on the cell surface. 
When the HA chain density is not high enough, the presence of HA binding proteoglycans 
like aggrecan and versican can have the same extensional effect [68]. Versican or 
aggrecan might even be able to cross-link HA via G3 domain-tenascin-G3 domain 
interactions [69]. 
 Recently, however, it has been shown that cells producing a high amount of HA, 
intrinsically or up-regulated due to transfection with HAS3, express not only a thick PCM 
but also long (3 - 20 µm) microvillus like protrusions [70]. These protrusions are not visible 
with phase contrast microscopy, contain actin, and express HAS3 in the cells that were 
transfected with GFP-labeled HAS3. When actin is disrupted with latrunculin A, the 
microvilli and the coat around A6 epithelial cells disappear [71].  This brings forward 
another possible model for the structure of the PCM in which the long microvilli provide a 
scaffold for the HA chains. In chapter 5 it is shown that the presence of aggrecan in the 
culture medium of HA-producing PC3 cells induces the appearance of similar long 
microvillus like protrusions.  
  Furthermore, HA conformation can be effected by serum. The presence of serum can 
induce PCM formation [72, 73] by up-regulating HA and versican synthesis [73]. Serum 
can also play a structural role: fibroblasts and mesothelial cells form a PCM in the 
presence of the serum component IαI (inter-alpha trypsin inhibitor) [74]. The heavy chains 
(HC) of IαI can bind to HA and possibly crosslink the HA chains via HC-HC interactions 
[75]. Fixed bladder carcinoma cells with functional HA receptors, however, were able to 
form an extended coat in the absence of serum when HA and aggrecan were 
administered [76]. Thus, although HA is the backbone of the PCM, various other 
molecules are involved in the structuring of this extracellular layer, but as can be seen in 
chapter 4, HA is the dominating mechanical component.  
  
 
References 
 
 [1] Itano N et al., Three isoforms of mammalian hyaluronan synthases have distinct 

enzymatic properties. J Biol Chem 274:25085-25092, 1999 

 [2] Li Y et al., Silencing of hyaluronan synthase 2 suppresses the malignant phenotype 
of invasive breast cancer cells. Int J Cancer 120:2557-2567, 2007 

 [3] Udabage L et al., The over-expression of HAS2, Hyal-2 and CD44 is implicated in 
the invasiveness of breast cancer. Exp Cell Res 310:205-217, 2005 

 [4] Camenisch TD et al., Disruption of hyaluronan synthase-2 abrogates normal cardiac 
morphogenesis and hyaluronan-mediated transformation of epithelium to 
mesenchyme. J Clin Invest 106:349-360, 2000 

 



Hyaluronan 

 22 

 

 [5] Kultti A et al., Hyaluronan synthesis induces microvillus-like cell surface protrusions. 
J Biol Chem 281:15821-15828, 2006 

 [6] Suzuki M et al., Stimulation of hyaluronan biosynthesis by platelet-derived growth 
factor-BB and transforming growth factor-beta 1 involves activation of protein kinase 
C. Biochem J 307 ( Pt 3):817-821, 1995 

 [7] Bourguignon LY, Gilad E, and Peyrollier K, Heregulin-mediated ErbB2-ERK 
signaling activates hyaluronan synthases leading to CD44-dependent ovarian tumor 
cell growth and migration. J Biol Chem 282:19426-19441, 2007 

 [8] Turley EA, Noble PW, and Bourguignon LY, Signaling properties of hyaluronan 
receptors. J Biol Chem 277:4589-4592, 2002 

 [9] Li L et al., Growth factor regulation of hyaluronan synthesis and degradation in 
human dermal fibroblasts: importance of hyaluronan for the mitogenic response of 
PDGF-BB. Biochem J 404:327-336, 2007 

[10] Frost GI et al., Purification, cloning, and expression of human plasma hyaluronidase. 
Biochem Biophys Res Commun 236:10-15, 1997 

[11] Harada H and Takahashi M, CD44-dependent intracellular and extracellular 
catabolism of hyaluronic acid by hyaluronidase-1 and -2. J Biol Chem 282:5597-
5607, 2007 

[12] West DC et al., Angiogenesis induced by degradation products of hyaluronic acid. 
Science 228:1324-1326, 1985 

[13] Sattar A et al., Application of angiogenic oligosaccharides of hyaluronan increases 
blood vessel numbers in rat skin. J Invest Dermatol 103:576-579, 1994 

[14] Evanko SP, Angello JC, and Wight TN, Formation of hyaluronan- and versican-rich 
pericellular matrix is required for proliferation and migration of vascular smooth 
muscle cells. Arterioscler Thromb Vasc Biol 19:1004-1013, 1999 

[15] Hosono K et al., Hyaluronan oligosaccharides inhibit tumorigenicity of osteosarcoma 
cell lines MG-63 and LM-8 in vitro and in vivo via perturbation of hyaluronan-rich 
pericellular matrix of the cells. Am J Pathol 171:274-286, 2007 

[16] Mochizuki S et al., Role of hyaluronic acid glycosaminoglycans in shear-induced 
endothelium-derived nitric oxide release. Am J Physiol Heart Circ Physiol 285:H722-
H726, 2003 

[17] Florian JA et al., Heparan sulfate proteoglycan is a mechanosensor on endothelial 
cells. Circ Res 93:e136-e142, 2003 

[18] Yao Y, Rabodzey A, and Dewey CF, Jr., Glycocalyx modulates the motility and 
proliferative response of vascular endothelium to fluid shear stress. Am J Physiol 
Heart Circ Physiol 293:H1023-H1030, 2007 

[19] Moldovan L et al., Reactive oxygen species in vascular endothelial cell motility. 
Roles of NAD(P)H oxidase and Rac1. Cardiovasc Res 71:236-246, 2006 

  



  References 

 23 

 

[20] Soltes L et al., Degradative action of reactive oxygen species on hyaluronan. 
Biomacromolecules 7:659-668, 2006 

[21] Vink H and Duling BR, Identification of distinct luminal domains for macromolecules, 
erythrocytes, and leukocytes within mammalian capillaries. Circ Res 79:581-589, 
1996 

[22] Vink H, Constantinescu AA, and Spaan JA, Oxidized lipoproteins degrade the 
endothelial surface layer : implications for platelet-endothelial cell adhesion. 
Circulation 101:1500-1502, 2000 

[23] Constantinescu AA, Vink H, and Spaan JA, Elevated capillary tube hematocrit 
reflects degradation of endothelial cell glycocalyx by oxidized LDL. Am J Physiol 
Heart Circ Physiol 280:H1051-H1057, 2001 

[24] Culty M, Nguyen HA, and Underhill CB, The hyaluronan receptor (CD44) 
participates in the uptake and degradation of hyaluronan. J Cell Biol 116:1055-1062, 
1992 

[25] Screaton GR et al., Genomic structure of DNA encoding the lymphocyte homing 
receptor CD44 reveals at least 12 alternatively spliced exons. Proc Natl Acad Sci U 
S A 89:12160-12164, 1992 

[26] Greenfield B et al., Characterization of the heparan sulfate and chondroitin sulfate 
assembly sites in CD44. J Biol Chem 274:2511-2517, 1999 

[27] Jalkanen S and Jalkanen M, Lymphocyte CD44 binds the COOH-terminal heparin-
binding domain of fibronectin. J Cell Biol 116:817-825, 1992 

[28] Faassen AE et al., A cell surface chondroitin sulfate proteoglycan, immunologically 
related to CD44, is involved in type I collagen-mediated melanoma cell motility and 
invasion. J Cell Biol 116:521-531, 1992 

[29] Hamada J, Sawamura Y, and Van Meir EG, CD44 expression and growth factors. 
Front Biosci 3:d657-d664, 1998 

[30] Yu Q and Stamenkovic I, Localization of matrix metalloproteinase 9 to the cell 
surface provides a mechanism for CD44-mediated tumor invasion. Genes Dev 
13:35-48, 1999 

[31] Neame SJ et al., CD44 exhibits a cell type dependent interaction with triton X-100 
insoluble, lipid rich, plasma membrane domains. J Cell Sci 108 ( Pt 9):3127-3135, 
1995 

[32] Bourguignon LY et al., Rho-kinase (ROK) promotes CD44v(3,8-10)-ankyrin 
interaction and tumor cell migration in metastatic breast cancer cells. Cell Motil 
Cytoskeleton 43:269-287, 1999 

[33] Tsukita S et al., ERM family members as molecular linkers between the cell surface 
glycoprotein CD44 and actin-based cytoskeletons. J Cell Biol 126:391-401, 1994 

 

 



Hyaluronan 

 24 

 

[34] Bourguignon LY, Singleton PA, and Diedrich F, Hyaluronan-CD44 interaction with 
Rac1-dependent protein kinase N-gamma promotes phospholipase Cgamma1 
activation, Ca(2+) signaling, and cortactin-cytoskeleton function leading to 
keratinocyte adhesion and differentiation. J Biol Chem 279:29654-29669, 2004 

[35] Bourguignon LY et al., A CD44-like endothelial cell transmembrane glycoprotein 
(GP116) interacts with extracellular matrix and ankyrin. Mol Cell Biol 12:4464-4471, 
1992 

[36] Singleton PA and Bourguignon LY, CD44 interaction with ankyrin and IP3 receptor in 
lipid rafts promotes hyaluronan-mediated Ca2+ signaling leading to nitric oxide 
production and endothelial cell adhesion and proliferation. Exp Cell Res 295:102-
118, 2004 

[37] Nikolic-Paterson DJ et al., De novo CD44 expression by proliferating mesangial cells 
in rat anti-Thy-1 nephritis. J Am Soc Nephrol 7:1006-1014, 1996 

[38] Misra S et al., Hyaluronan constitutively regulates activation of COX-2-mediated cell 
survival activity in intestinal epithelial and colon carcinoma cells. J Biol Chem 
283:14335-14344, 2008 

[39] Bourguignon LY et al., Hyaluronan-CD44 interaction with neural Wiskott-Aldrich 
syndrome protein (N-WASP) promotes actin polymerization and ErbB2 activation 
leading to beta-catenin nuclear translocation, transcriptional up-regulation, and cell 
migration in ovarian tumor cells. J Biol Chem 282:1265-1280, 2007 

[40] Kim Y et al., CD44-epidermal growth factor receptor interaction mediates hyaluronic 
acid-promoted cell motility by activating protein kinase C signaling involving Akt, 
Rac1, Phox, reactive oxygen species, focal adhesion kinase, and MMP-2. J Biol 
Chem 283:22513-22528, 2008 

[41] Turley EA et al., Ras-transformed cells express both CD44 and RHAMM hyaluronan 
receptors: only RHAMM is essential for hyaluronan-promoted locomotion. Exp Cell 
Res 207:277-282, 1993 

[42] Masellis-Smith A et al., Hyaluronan-dependent motility of B cells and leukemic 
plasma cells in blood, but not of bone marrow plasma cells, in multiple myeloma: 
alternate use of receptor for hyaluronan-mediated motility (RHAMM) and CD44. 
Blood 87:1891-1899, 1996 

[43] Crainie M et al., Overexpression of the receptor for hyaluronan-mediated motility 
(RHAMM) characterizes the malignant clone in multiple myeloma: identification of 
three distinct RHAMM variants. Blood 93:1684-1696, 1999 

[44] Zhang S et al., The hyaluronan receptor RHAMM regulates extracellular-regulated 
kinase. J Biol Chem 273:11342-11348, 1998 

[45] Hall CL et al., Overexpression of the hyaluronan receptor RHAMM is transforming 
and is also required for H-ras transformation. Cell 82:19-26, 1995 

[46] Assmann V et al., The intracellular hyaluronan receptor RHAMM/IHABP interacts 
with microtubules and actin filaments. J Cell Sci 112 ( Pt 22):3943-3954, 1999 



  References 

 25 

  

[47] Hall CL et al., Hyaluronan and the hyaluronan receptor RHAMM promote focal 
adhesion turnover and transient tyrosine kinase activity. J Cell Biol 126:575-588, 
1994 

[48] Lokeshwar VB and Selzer MG, Differences in hyaluronic acid-mediated functions 
and signaling in arterial, microvessel, and vein-derived human endothelial cells. J 
Biol Chem 275:27641-27649, 2000 

[49] Hamilton SR et al., The hyaluronan receptors CD44 and Rhamm (CD168) form 
complexes with ERK1,2 that sustain high basal motility in breast cancer cells. J Biol 
Chem 282:16667-16680, 2007 

[50] Tolg C et al., Rhamm-/- fibroblasts are defective in CD44-mediated ERK1,2 
motogenic signaling, leading to defective skin wound repair. J Cell Biol 175:1017-
1028, 2006 

[51] Iozzo RV and Murdoch AD, Proteoglycans of the extracellular environment: clues 
from the gene and protein side offer novel perspectives in molecular diversity and 
function. FASEB J 10:598-614, 1996 

[52] Kiani C et al., Structure and function of aggrecan. Cell Res 12:19-32, 2002 

[53] Watanabe H et al., Identification of hyaluronan-binding domains of aggrecan. J Biol 
Chem 272:28057-28065, 1997 

[54] Neame PJ and Barry FP, The link proteins. Experientia 49:393-402, 1993 

[55] Morita H et al., Aortic endothelial cells synthesize a large chondroitin sulphate 
proteoglycan capable of binding to hyaluronate. Biochem J 265:61-68, 1990 

[56] Bjornson A et al., Primary human glomerular endothelial cells produce 
proteoglycans, and puromycin affects their posttranslational modification. Am J 
Physiol Renal Physiol 288:F748-F756, 2005 

[57] Lemire JM et al., Versican/PG-M isoforms in vascular smooth muscle cells. 
Arterioscler Thromb Vasc Biol 19:1630-1639, 1999 

[58] Zimmermann DR and Ruoslahti E, Multiple domains of the large fibroblast 
proteoglycan, versican. EMBO J 8:2975-2981, 1989 

[59] Dours-Zimmermann MT and Zimmermann DR, A novel glycosaminoglycan 
attachment domain identified in two alternative splice variants of human versican. J 
Biol Chem 269:32992-32998, 1994 

[60] Kawashima H et al., Binding of a large chondroitin sulfate/dermatan sulfate 
proteoglycan, versican, to L-selectin, P-selectin, and CD44. J Biol Chem 275:35448-
35456, 2000 

[61] Knudson CB, Hyaluronan receptor-directed assembly of chondrocyte pericellular 
matrix. J Cell Biol 120:825-834, 1993 

[62] Ricciardelli C et al., Formation of hyaluronan- and versican-rich pericellular matrix by 
prostate cancer cells promotes cell motility. J Biol Chem 282:10814-10825, 2007 



Hyaluronan 

 26 

  

[63] Sakko AJ et al., Versican accumulation in human prostatic fibroblast cultures is 
enhanced by prostate cancer cell-derived transforming growth factor beta1. Cancer 
Res 61:926-930, 2001 

[64] Evanko SP et al., Platelet-derived growth factor stimulates the formation of versican-
hyaluronan aggregates and pericellular matrix expansion in arterial smooth muscle 
cells. Arch Biochem Biophys 394:29-38, 2001 

[65] Schonherr E et al., Effects of platelet-derived growth factor and transforming growth 
factor-beta 1 on the synthesis of a large versican-like chondroitin sulfate 
proteoglycan by arterial smooth muscle cells. J Biol Chem 266:17640-17647, 1991 

[66] Lee GM et al., The dynamic structure of the pericellular matrix on living cells. J Cell 
Biol 123:1899-1907, 1993 

[67] Degennes PG, Polymers at An Interface - A Simplified View. Adv Colloid Interface 
Sci 27:189-209, 1987 

[68] Hellmann M, Weiss M, and Heermann DW, Monte Carlo simulations reveal the 
straightening of an end-grafted flexible chain with a rigid side chain. Phys Rev E Stat 
Nonlin Soft Matter Phys 76:0218022007 

[69] Lundell A et al., Structural basis for interactions between tenascins and lectican C-
type lectin domains: evidence for a crosslinking role for tenascins. Structure 
12:1495-1506, 2004 

[70] Rilla K et al., Pericellular hyaluronan coat visualized in live cells with a fluorescent 
probe is scaffolded by plasma membrane protrusions. J Histochem Cytochem 
56:901-910, 2008 

[71] Cohen M et al., Hyaluronan in the pericellular coat: an additional layer of complexity 
in early cell adhesion events. Soft Matter 3:327-332, 2007 

[72] Deyst KA and Toole BP, Production of hyaluronan-dependent pericellular matrix by 
embryonic rat glial cells. Brain Res Dev Brain Res 88:122-125, 1995 

[73] Kastner S et al., Hyaluronan induces the selective accumulation of matrix- and cell-
associated proteoglycans by mesangial cells. Am J Pathol 171:1811-1821, 2007 

[74] Blom A, Pertoft H, and Fries E, Inter-alpha-inhibitor is required for the formation of 
the hyaluronan-containing coat on fibroblasts and mesothelial cells. J Biol Chem 
270:9698-9701, 1995 

[75] Yingsung W et al., Molecular heterogeneity of the SHAP-hyaluronan complex. 
Isolation and characterization of the complex in synovial fluid from patients with 
rheumatoid arthritis. J Biol Chem 278:32710-32718, 2003 

[76] Knudson W and Knudson CB, Assembly of a chondrocyte-like pericellular matrix on 
non-chondrogenic cells. Role of the cell surface hyaluronan receptors in the 
assembly of a pericellular matrix. J Cell Sci 99 ( Pt 2):227-235, 1991 

 
 
 


