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Chapter 1 Introduction

Chapter 1

Introduction

1.1. Hyaluronic acid

1.1.1. Structure and properties

Hyaluronic acid (HA), also known as hyaluronan or hyaluronate, is a high molecular weight
polysaccharide of the extracellular matrix. Commonly, hyaluronan is known as a lubricant
responsible for the viscoelastic properties of tissue fluids and as a stabilizing and hydrating
component of soft connective tissue. The term hyaluronic acid originates from the material
used for the first isolation of hyaluronic acid by Meyer and Palmer (Meyer and Palmer 1934),

namely the vitreous humor (hyaloid) of the eyes, and uronic acid as a constituent.

The chemical structure of hyaluronic acid is simple: a linear, negatively charged, unsulfated
polymer composed of repeating disaccharide units linked by B-1,4 glycosidic bonds. Each
disaccharide unit consists of D-glucuronic acid (GlcUAc) and N-acetyl-D-glucosamine

(GIcNAc) connected by a -1,3 glycosidic bond (Weissmann and Meyer 1954) (Fig. 1.1).

..[T— 4 GIlcUAcB 1 — 3 GIcNAcB 1 — 4],,...

Q0C i
H 'e)
\
'e) HO
HO 0 OH

n = 2000 - 25 000

Fig. 1.1 Hyaluronic acid is built of alternating units of D-glucuronic acid (GlcUAc) and N-acetyl-D-
glucosamine (GlcNAc). Axial H-atoms, marked in red, contribute to the hydrophobic patches in the
polysaccharide. (Modified from Hascall and Laurent 1997).



Hyaluronic acid

The polymer comprises, depending on the source, 2,000 — 25,000 disaccharide units, which
corresponds to a molecular mass of 10° — 10’ Da and a length of 2 — 25 um. The carboxyl
groups of the glucuronic acid (pK, = 3 — 4) (Hascall and Laurent 1997) cause the high

negative charge of the polymer under physiological conditions.

Hyaluronic acid is a member of the family of glycosaminoglycans (GAGs) along with
chondroitin-, keratan- and dermatane sulfate, heparin and heparin sulfate. These linear
polysaccharides are generally composed of repeating disaccharide units of an uronic acid, D-
glucuronic acid (GIcUAc) or L-iduronic acid (IdoAc), and an amino sugar, either N-acetyl-D-
glucosamine (GIcNAc) or N-acetyl-D-galactosamine (GalNAc). Hyaluronic acid is an
exception insofar as it is the only GAG, which is not covalently modified during its synthesis,
especially not sulfated. Furthermore, in contrast to the other GAGs HA is not synthesized as a
proteoglycan, i.e. covalently linked to a core protein, but is transferred during its synthesis

directly through the plasma membrane into the extracellular space (Taylor and Gallo 2006).

Although the structure of hyaluronan is rather simple, the specific arrangement of the
functional groups within the macro-molecule accounts for its unusual properties. In solution
HA adopts an extended, hydrogen-bonded structure with a twist of 180° between each of the
disaccharide units (Scott 1998) (Fig. 1.2.a). This tape-like, two-fold helix exhibits extensive
hydrophobic patches due to the accumulation of axial H-atoms (Fig. 1.1) on alternating sides

of the helix extending over almost three carbohydrate units.

In solution the hydrophobic interactions and H-bonds that can form between HA chains are
counteracted by electrostatic repulsion of the carboxyl groups. Nuclear magnetic resonance
and rotary shadowing electron-microscopy revealed honeycomb-like meshworks with
neighboring HA chains arranged in an antiparallel fashion in very dilute solutions (1 pg/mL)
(Scott 1998, Scott and Heatley 2002). However, the interactions responsible for aggregation
are under physiological conditions insufficient for the formation of a specific tertiary
structure. Moreover, hyaluronan is believed to be organized in a porous, dynamic network,
resembling an expanded random coil with reversible formation and breakdown of tertiary

structures (Sheehan and Almond 2001).
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Fig. 1.2 a) Models of the extended, two-fold hyaluronan helix with hydrogen bonds (dotted lines)
between the neighboring carbohydrate units. The models are shown at right angles to each other.
(Modified from Scott 1998). b) Representation of HA attached to the cell membrane by the hyaluronan
receptor CD44. The repulsion of the negatively charged proteoglycans connected to the HA chains
supports the extended structure of HA. (Modified from Toole 2004).

This dynamic meshwork provides the basis for the viscoelastic and hydrating properties of
hyaluronan. Between the HA chains a huge amount of water can be trapped, which can be
withdrawn upon application of an external pressure causing the resilience and malleability of
substances like synovial joint fluids (Toole 2004). Dependent on the hydrodynamic volume
molecules can move through the pores formed by the HA network, thus forming a diffusion
barrier for some molecules. The constant re-organization of HA chains facilitates cell
migration and tissue remodelling due to the creation of highly hydrated zones separating the

cells from each other (Toole 2001).

In the extracellular matrix the HA chains are non-covalently connected to multiple
proteoglycans, which repel each other due to their high negative charge and thereby facilitate
the extended structure of the HA chain. The interaction between hyaluronan and the
proteoglycans is fostered by the link protein (Hardingham 1998). Additionally, hyaluronan
can be tethered to the cell surface through receptors such as CD44 (Knudson et al. 1993) or
through retention to the hyaluronate synthases located in the plasma membrane (Heldin and

Pertoft 1993) (Fig. 1.2.b).
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1.1.2. Occurrence and metabolism

Hyaluronan is found in the extracellular matrix of all vertebrates and in the capsule of some
bacteria such as Streptfococcus and Pasteurella. Extraordinarily high concentrations of
hyaluronan occur in rooster comb (7.5 mg/mL), in the synovial fluid (3 — 4 mg/mL), in
umbilical cord (3 mg/mL), in the vitreous humor of the eye (0.2 mg/mL), and in the skin (0.5
mg/mL. Both, the dermis and the epidermis of the skin, accommodate the largest amount of
hyaluronan in the body (7 — 8 g, referring to ca. 50 % of the total HA in the body) (Prehm
2002). In cartilage hyaluronan binds a large number of chondroitin sulfate proteoglycans
called aggrecans, and thus forms huge aggregates of several hundred million Dalton

(Hardingham 1998).

Hyaluronan is a rapidly metabolized macromolecule with one third of the whole hyaluronan
present in the human body (ca. 15 g) being turned-over every day (Stern 2004). The synthesis
of HA differs, as mentioned above, distinctly from the synthesis of other GAGs: one of the
three multipass transmembrane proteins, HA synthase-1, -2 or -3, extrudes the nascent HA
chain from the reducing end through the plasma membrane into the extracellular space
(Prehm 1984, Prehm 2006). In contrast to that, other GAGs are synthesized in the Golgi body
from the non-reducing end, and are covalently linked to a protein.

This mechanism of HA synthesis applies to vertebrates and Streptococci, the HA
polymerization in Pasteurella, however, proceeds by a different mechanism (Prehm 2002).
The synthesis of the HA chain on the surface of the intracellular membrane enables the
unrestricted extension of the polymer reaching up to 25,000 disaccharide units, a size

impossible to be synthesized intracellularly (Stern 2004).

The high molecular weight HA chains are released from the synthases by dissociation or
radical degradation (Prehm 1990), but stay in contact with the plasma membrane through
interactions with cell surface receptors such as CD44 (Knudson et al. 1993) and, possibly, the
membrane-anchored hyaluronidase Hyal-2 (Fig. 1.2.b). The concentration of HA in a tissue is
maintained constant by balancing of the synthesis by catabolism. As proposed by Csoka et al.
(Csoka et al. 2001) high molecular weight HA might be cleaved by the hyaluronidase Hyal-2
on the cell surface into fragments of ca. 20 kDa and internalized while still bound to Hyal-2.
The endocytotic vesicles then fuse with lysosomes providing the optimum pH conditions for
the further degradation of the HA fragments through the action of the hyaluronidase Hyal-1.

In addition to the hyaluronidases, two exoglycosidases, B-glucuronidase and [-N-
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acetylglucosaminidase, contribute to the catabolism of HA in lysosomes. Stern (Stern 2003)
suggested the existence of a specialized mini organelle for the location of the HA metabolism,

the so called hyaluronasome, similar to the glycogen granule.

1.1.3. Physiological and pathophysiological role of hyaluronan

The functions of hyaluronan directly originating from its physicochemical properties are well-
known: it acts as a lubricant and shock absorber, regulates water balance and osmotic pressure
and occurs as a structure forming molecule in the vitreous humor of the eye, in Wharton’s
jelly and in joint fluids. Besides these functions, that are long known, hyaluronic acid was
found to interact with other GAGs (Turley and Roth 1980) and a multitude of specific HA-
binding proteins, referred to as hyaladherins (Day 2001). The hyaladherins can be divided
according to their function into three groups: the hyaluronan-binding proteins responsible for
the organization of the extracellular matrix, like the link protein and aggrecan (Hardingham
1998), cell-surface receptors of HA with CD44 (Knudson and Knudson 1999) and RHAMM
(Turley and Harrison 1999) being the best known ones, and intracellular hyaladherins. Since
HA has also been detected intracellularly in proliferating cells (Evanko and Wight 1999)
these HA-binding proteins within the cell, e.g. the intracellular variant of RHAMM, P-32,
Cdc37 and IHABP4, gain importance (Evanko and Wight 2001).

The diversity of interactions of hyaluronan is reflected in the great range of processes
influenced by the polysaccharide. These processes are all involved in cell motility, cell
migration and changes in cell-cell- and cell-matrix-adhesion. HA participates in many
fundamental processes such as embryological development and morphogenesis (Toole 2001),
wound healing (Longaker et al. 1991), inflammation (Weigel et al. 1986, Taylor and Gallo
2006), angiogenesis (Liu et al. 1996) and tumor progression (Paiva et al. 2005, Boregowda et
al. 2006).

The size of the hyaluronan molecules plays a crucial role in the biological activity of the
polysaccharide (Fig. 1.3). High molecular weight HA chains can provide hydrated pathways
for the invasion and migration of cells due to their space-filling properties (Toole 2001). A
hyaluronan-rich pericellular zone separates cells from each other and from matrix
components, and protects cells from lymphocytes and viruses (Laurent and Fraser 1992).

Thus, high molecular weight hyaluronan with a molecular weight of more than 500 kDa was
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described as anti-inflammatory (Wang et al. 2006), immunosuppressive (Delmage et al. 1986)
and anti-angiogenic (Feinberg and Beebe 1983).

HA chains with a molecular weight of 10 — 500 kDa, referred to as low molecular weight
hyaluronan, exhibit effects directly opposing the functions of high molecular weight HA (Fig.
1.3) (Asari 2005). These low molecular weight HA fragments are angiogenic (West et al.
1985) and stimulate inflammation, cellular infiltration and extracellular matrix degradation by
induction of cytokines (El Maradny et al. 1997, Noble 2002) and chemokines (McKee et al.
1996).

While most of the functions described for low molecular weight HA were also observed with
HA fragments smaller than 25 disaccharide units, these oligosaccharides show additional
activities, e.g. the activation of Hsp72 and suppression of cell death under stress conditions
(Xu et al. 2002). These effects are presumably related to size-dependent binding to specific

receptor molecules.
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Fig. 1.3 Hyaluronan changes its biological activity depending on its size. (Modified from Asari 2005).

1.2. The six human hyaluronidase subtypes

According to their catalytic mechanism Meyer classified three major families of
hyaluronidases (Meyer 1971). The hyaluronidases of the first group, endo-B-N-
acetylglucosaminidases, including vertebrate hyaluronidases, catalyze the hydrolysis of the -
1,4 glycosidic bond. The second group, termed [B-eliminases or lyases, include bacterial
hyaluronidases and catabolize HA in a B-elimination of the B-1,4 glycosidic bond, thereby

introducing an unsaturated bond in position 4 of glucuronic acid. The third group of
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hyaluronidases comprises endo-B-glucuronidases found in parasites like leeches and in some
crustaceans.

As this work focuses on the production and characterization of human hyaluronidases the
following section will provide an overview of the characteristic features of the vertebrate-type

hyaluronidases with special focus on the human hyaluronidases.

1.2.1. Properties of mammalian hyaluronidases

Mammalian hyaluronidases (E.C. 3.2.1.35) belong, according to the Carbohydrate Active
Enzyme Database (CAZY) (Coutinho and Henrissat 1999), to the glycoside hydrolase family
56. They cleave the B-1,4 glycosidic bond of hyaluronic acid by hydrolysis in a non-
processive endolytic process producing tetrasaccharides as the major final reaction products
(Stern and Jedrzejas 2006). The process of degradation differs essentially between
mammalian hyaluronidases and bacterial hyaluronate lyases. Lyases degrade HA after an
initial endolytic cleavage step in a processive, exolytic fashion, thereby separating only one
disaccharide unit from the reducing end of the HA chain at a time (Li et al. 2000, Li and
Jedrzejas 2001). The degradation of HA by mammalian hyaluronidases, however, occurs in a
random fashion with each endolytic cleavage step being accompanied by a new binding event

at a random position within the HA chain (Stern and Jedrzejas 2006).

In addition to the degradation of HA, vertebrate-like hyaluronidases are capable of
catabolizing chondroitin, chondroitin-4-sulfate (ChS A), chondroitin-6-sulfate (ChS C) and
dermatan sulfate (ChS B) as alternative substrates (Meyer and Rapport 1952). The conversion
of these alternative substrates, however, is much slower than the degradation of HA.
Furthermore, mammalian hyaluronidases exhibit not only hydrolytic activity but also
transglycosidase activity (Weissmann 1955). During transglycosylation a HA fragment of at
least one disaccharide unit is transferred from the non-reducing end of one oligosaccharide
chain to the non-reducing end of another (Weissmann 1955, Highsmith et al. 1975, Takagaki
et al. 1994) (Fig. 1.4).

Using bovine testicular hyaluronidase preparations transglycosylation was observed to be
favored at neutral pH values and low ionic strength (Gorham et al. 1975, Saitoh et al. 1995).
The transglycosylation activity provides the potential ability to cross-link different GAG
chains as proven in vitro by Saitoh et al. (Saitoh et al. 1995).
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Fig. 1.4 Schematic presentation of the reactions catalyzed by mammalian hyaluronidases. Glycosidic
residues are represented with symbols as indicated in the legend. The oligosaccharide chains are
shown in the direction from the non-reducing terminus (left) to the reducing terminus (right).
Transglycosylation is shown for one disaccharide unit marked in red, but can also occur with larger
fragments.

1.2.2. Structural features and catalytic mechanism of human hyaluronidases

As no crystal structure of a mammalian hyaluronidase is available yet, information about the
catalytic mechanism and the structure of human hyaluronidases can merely be transferred
from the crystal structures of vertebrate-like hyaluronidases, being the bee venom
hyaluronidase (1FCQ.pdb) (Markovic-Housley et al. 2000) and the wasp venom
hyaluronidase (2ATM.pdb) (Skov et al. 2006).

Bee venom hyaluronidase (BVH) and wasp venom hyaluronidase both consist of a single
domain with a (B/a); topology similar to the classical (B/a)s TIM-barrel found in many
glycosyl hydrolases (Henrissat et al. 1995). The barrel formed by seven [-sheets is
surrounded by seven a-helices and contains a large substrate binding groove (ca. 30 A x 10 A)
perpendicular to the barrel axis (Markovic-Housley et al. 2000). A hyaluronan
hexasaccharide, presumably the minimum substrate for BVH, fits into the dimensions of the
binding cleft as concluded from the structure of BVH co-crystallized with a HA
tetrasaccharide (1FCV.pdb).

Based on the gene sequence six human hyaluronidase subtypes were identified with a
sequence identity of ca. 40 %: Hyal-1, Hyal-2, Hyal-3, Hyal-4, PH-20 and a pseudogene,
Phyall (Csoka et al. 2001). In contrast to BVH the human hyaluronidases contain at least one
additional domain of 120 — 150 amino acids C-terminally to the catalytic domain (Fig. 1.5).
Within the hyaluronidase catalytic domain the sequence identity between the human

hyaluronidases and BVH averages 30 %.
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Fig. 1.5 Sequence alignment of BVH (Swiss-Prot code: Q08169) with the human hyaluronidases
Hyal-1 (Q12794), Hyal-2 (Q12891), Hyal-4 (Q9UL99) and PH-20 (Q8TC30). Domains are marked
according to their potential function: signal peptide (light grey), catalytic domain (blue), C-terminal
domain with various function (yellow) and GPI-anchoring signal peptides (dark grey). C residues are
marked in red, potential N-glycosylation sites with green boxes and the residues of the active site of
the BVH are underlined (Botzki 2004). The secondary structural elements indicated above each line
were inserted according to the crystal structure of BVH (1FCQ.pdb, the sequence crystallized is
printed bold). The alignment was generated with Clustal W and the symbols ., : and * refer to the
similarity code used by the alignment program (Chenna et al. 2003).



The six human hyaluronidase subtypes

The occurrence of few gaps in the sequence alignment as well as the conservation of residues
in the active site and of four cysteine residues linked by disulfide bridges in BVH indicate a
similar structural organization of the enzymes (Fig. 1.5). Fold recognition studies revealed a
significantly higher structural similarity than expected from the amino acid sequence enabling
the construction of 3D model structures of the human hyaluronidases (Jedrzejas and Stern
2005) and bovine PH-20, which exhibits a sequence identity of 65 % to human PH-20 (Botzki
et al. 2004). The overall model structures of the human hyaluronidases resemble each other
closely with the typical barrel-shaped catalytic domain exhibiting a broad binding groove for
the substrate and a linker region connecting the catalytic domain to the C-terminal domain

(Jedrzejas and Stern 2005).

In all hyaluronidases the binding groove is lined by electropositive and hydrophobic residues
favoring the binding of substrate molecules with electronegative and hydrophobic patches
such as HA and ChS. Model structures of the C-terminal domains were predicted by an ab
initio approach due to missing similarity to any of the known 3D structures and are therefore
rather unreliable. A common feature found in all human hyaluronidase models is the
formation of a separate C-terminal domain connected to the catalytic domain by a flexible
linker (Jedrzejas and Stern 2005). The C-terminal domains, which exhibit - except for the
presence of an extraordinarily high amount of C residues - low similarity to each other, are
speculated to be involved in either facilitating the HA binding, positioning of the substrate or
in disruption of non-covalent interactions of substrate chains (Jedrzejas and Stern 2005, Stern
and Jedrzejas 2006).

Although the structure of the human hyaluronidases remains speculative, the catalytic
mechanism for the degradation of hyaluronic acid is very likely to follow the double-
displacement mechanism derived from the X-ray structure of BVH co-crystallized with a HA
tetrasaccharides (1FCV.pdb) (Markovic-Housley et al. 2000).

The active site is located approximately in the middle of the binding groove with E145 (BVH
numbering in Fig. 1.5) being the only residue that participates in the catalytic mechanism.
The surrounding amino acids D143, Y216, Y259 and W333 (BVH numbering in Fig. 1.5) that
are highly conserved in the human hyaluronidases contribute to the positioning of the
substrate moiety (Markovic-Housley et al. 2000, Jedrzejas and Stern 2005). Intriguingly,
Y259, which is otherwise strictly conserved in the human hyaluronidases, is replaced in Hyal-
4 by C163 indicating a specialized function of Hyal-4 (Fig. 1.5) (Jedrzejas and Stern 2005,
Stern and Jedrzejas 2006).
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Generally, glycosidases utilize two acid amino acids for cleavage of the glycosidic bond, one
acting as an acid/base catalyst and one as a nucleophile. The mechanism of the hyaluronidases
is an exception insofar as only a single carboxylate of the enzyme acts as an acid/base catalyst
and the substrate itself acts as the nucleophile (Markovic-Housley and Schirmer 2002).

The substrate-assisted mechanism shown in Fig. 1.6 is initiated by distortion of the GlcNAc
residue in position -1 " to a "*B-boat conformation (A). This positioning enables the
nucleophilic attack of the N-acetyl group on the anomeric C-atom and the formation of the
oxazolinium ion intermediate (B). Simultaneously, E145 donates its proton to the sugar chain
in position +1 resulting in the release of the first reaction product. The covalent intermediate
(B) is subsequently hydrolyzed by exchange of the reaction product in position +1 by a water
molecule. The hydrolysis thus results in retention of the configuration of the anomeric C-atom

at the reducing end of GlcNAc (Markovic-Housley and Schirmer 2002).
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Fig. 1.6 Double-displacement mechanism of bee venom hyaluronidase. The GlcNAc residue of the
HA disaccharide bound in position -1 (Davies et al. 1997) forms a boat conformation (A), Glul45 acts
as a acid/base catalyst and the carbonyl group of the N-acetyl-moiety acts as a nucleophile. The
intermediate is an oxazolinium ion (B), that is subsequently hydrolyzed to form the reaction product
(C). (Modified from Markovic-Housley and Schirmer 2002).

1.2.3. Subtype specific differences

The sequence similarity between the six subtypes of human hyaluronidases varies between 33
and 42 % (Stern and Jedrzejas 2006). The genes coding for the hyaluronidase subtypes are
clustered on two different chromosomes: Ayal-1, -2 and -3 are clustered on chromosome

3p21.3, hyal-4, ph-20 and phyall on chromosome 7q31.3 (Csoka et al. 2001).

PH-20, also termed SPAMI (sperm adhesion molecule 1), was the first hyaluronidase

identified by its function as a “spreading factor” in testicular extracts (Duran-Reynalds 1929).

" According to the convention for labelling of an enzymatic substrate the position at the non-reducing end of the
sugar chain is numbered with —n and at the reducing end with +n. Enzymatic cleavage occurs between -1 and +1
(Davies et al., 1997).
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The major role of PH-20 is to facilitate penetration of the sperm through the HA-rich matrix
of the oocyte. It thereby occurs as a multifunctional protein in a membrane-anchored and in a
soluble isoform (Cherr et al. 2001) (cf. Chapter 6). Commercially available PH-20
preparations from bovine testes have been used for many years for experimental and
therapeutic purposes, e.g. in orthopedia, ophthalmology and internal medicine (Baumgartner

and Moritz 1988, Spruss et al. 1995, Menzel and Farr 1998, Muckenschnabel et al. 1998).

Hyal-1, which is alternatively named LUCA-1 (lung cancer protein 1), and Hyal-2, termed
LUCA-2, represent the two major hyaluronidases in somatic tissue. Hyal-1 is an acid-active,
soluble haluronidase found in lysosomes, in plasma and in urine with a high specific
enzymatic activity (cf. Chapter 5). In contrast to Hyal-1, the catalytic activity of Hyal-2, a
GPI-anchored hyaluronidase, is discussed controversially ranging from no hyaluronidase
activity at all to the degradation of high molecular weight HA to fragments of 20 kDa and
smaller fragments at various pH values. Yet, hints accumulate that the main function of Hyal-

2 might not be the degradation of hyaluronic acid (cf. Chapter 7).

Hyal-3 was found to be expressed ubiquitously with extraordinarily high expression patterns
detected in mammalian testis and bone marrow (Stern and Csoka 2000). The stem-cell like
state of these cell types indicates a role of Hyal-3 in embryogenesis and stem-cell regulation
(Csoka et al. 2001). The catalytic properties of Hyal-3 are currently unknown (Stern and
Jedrzejas 20006).

Hyal-4 is probably a GPI-anchored protein like PH-20 and Hyal-2 and is exclusively
expressed in muscle and placenta. It was proposed to be the first vertebrate chondroitinase
with no activity against HA (Csoka et al. 2001). However, experimental evidence is still
lacking, and the only hint for a specialized function of Hyal-4 is the presence of a C residue
(C163) in a position close to the active site and strictly conserved in other hyaluronidases (cf.

Fig. 1.5).

The pseudogene, phyal-1, is transcribed, yet the mRNA contains an internal stop codon
resulting in preliminary abortion of translation. However, translation of phyall into an active

enzyme might occur in other species (Stern 2003).
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Furthermore, MGEAS, a cytoplasmic B-N-acetylglucosaminidase, was described to exhibit an
additional hyaluronidase activity (Comtesse et al. 2001). However, no sequence similarity

could be found between the six human hyaluronidases and MGEAS.

1.2.4. Relevance of hyaluronidases in the development of cancer

There is no doubt about the involvement of both hyaluronan and the catabolizing enzymes,
the hyaluronidases, in tumor development and progression. However, data about the effects of
hyaluronidases on cancer growth, progression, spread and outcome are controversial.

Hyal-1 and Hyal-2 can in some cases like in tobacco-related lung cancers and cancers of the
upper airways function as tumor suppressor genes (Frost et al. 2000, Chang 2002), but were in
other types of tumors described as oncogenes (Novak et al. 1999, Lokeshwar et al. 2001,
Lokeshwar et al. 2005). Hyal-2 is assumed to be responsible for the strong oncogenic
potential of Jaagsiekte sheep retrovirus as it acts as the cell surface receptor for the virus (Rai
etal. 2001).

PH-20 was expressed in a series of malignant tumors, e.g. breast, prostate and laryngeal
cancers and also in cell lines derived from melanomas, glioblastomas and colon carcinomas

(for review see Stern 2005).

Abnormalities in the deposition of HA have been found in the stroma surrounding tumors
indicating an aberrant HA metabolism. However, the contribution of stromal HA to the tumor
mass varies significantly dependent on the kind of tumor. In the course of tumor progression
the HA metabolism is also very likely to change dependent on the different stages of
initiation, growth and metastasis (Stern 2005). At the initial stage of tumor formation high
molecular weight HA can provide hydrated pathways for cell migration and diffusion of
nutrients. If supply by diffusion becomes insufficient low molecular weight HA fragments
(Fig. 1.3) produced through the action of Hyal-2 could promote angiogenesis (West et al.
1985). This phenomenon of the angiogenic switch (Folkman 2002) could account for some of
the anomalies described in literature.

The situation is severely complicated by the fact that HA is under normal conditions turned-
over quickly and abnormalities in the concentration of HA can reflect aberrations both in the
anabolic and in the catabolic pathways. Furthermore, the hyaluronidase activity is controlled

in the tissue by biological inhibitors that are hardly charact