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HA

High MW extracellular matrix (ECM)
polymer.
Only non-sulfated GAG.
Only GAG not associated with a
core protein to form a proteoglycan.

Only GAG not synthesized in Golgi.



Hyaluronan (HA)

Straight chain of the repeating disaccharide

(B- N-acetylglucosamine- B- glucuronic acid),



Importance of the beta-linkage

beta-glucose polymer = cellulose
alpha-glucose polymer = glycogen
beta-N-acetyl-glucosamine polymer = chitin

beta polymers provide structure
alpha polymers provide food and energy
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HA functions:

hydrates

opens tissue spaces for cell movement
confers cell motility

diminishes cell-cell, cell-matrix interactions

promotes morphogenesis,
Impedes differentiation



The cultured myoblast model.

Cells plated on HA do not undergo
differentiation,

but do so when plated on plastic.



_1: Dev Biol. 1986 Jan;113(1):10-6. Related Articles, Links
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Hyaluronic acid bonded to cell culture surfaces inhibits the program
of myogenesis.

Kujawa MJ, Pechak DG, Fiszman MY, Caplan AL

Primary 1solates of chick leg muscle myoblasts cultured on hyaluronic acid substrates
have been examined by transmission electron microscopy for evidence of myoblast
fusion and subsequent differentiation. Even though these cells form close contacts, no
evidence of multinucleated myotubes 18 found in these cultures. Two-dimensional
SDS-polyacrylamide gel electrophoresis shows that the muscle macromolecular
biosynthetic program 1s not initiated in these hyaluronic acid fusion-blocked cells.
Further, these fusion-blocked myoblasts continue replicating while cultured on
hyaluronic acid surfaces. The inhibition of both fusion and the myogenic expressional
program 15 reversed by replating these myoblasts onto a denatured collagen (gelatin)
substrate; both the synthesis of muscle-specific proteins and the formation of
multinucleated myotubes are observed when these subcultured cells are introduced
onto gelatin substrates. These observations indicate that the hvaluronic acid inhibition
of fusion 1s not permanent and 1s manifested 1n a way different from other fusion
blockers in that hyaluronic acid inhibits both fusion and the myogenic expressional
program.

PMID: 3943658 [PubMed - indexed for MEDLINE|
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Correlation of hyaluronate and hvaluronidase levels with morphogenesis and difter

entiation (adapted from the scheme ot Zwilling [ 1968] for embryvonic hmb-development).



Stem cells are associated with
HA

Both normal and cancer stem cells are
contained within an HA-rich niche.

CD44 is the predominant receptor for HA.

All stem cells to-date express CD44
isoforms on their cell surfaces.



HA and cancer

1. Malignancies are associated
with an HA-rich environment.

2. Levels of HA correlate with poor
prognosis.












HA has a very high rate
of turnover

In the 70 kg individual,
there are 15 g of HA.

5 g turnover dalily.



The hyaluronidase enzymes
are responsible for this rapid
HA turnover.

HA is rapidly degraded, but
reforms very quickly



Vertebrate hyaluronidases
are difficult to isolate.

They require the constant presence
of detergents and protease inhibitors
throughout the isolation procedure.

Until recently, the sperm enzyme, PH-20, was the only
vertebrate hyaluronidase that had been identified.

These were, until recently, neglected enzymes.



Purification of hyaluronidase
from human plasma

Purification Volume | Protein Specific X-fold
Step (ml) (mg/ml) Activity Purification
(NFU/mq)
Starting 2,100 86 0.058 1.0
Material
Detergent 650 1.3 3.62 63
Phase
SP-Sepharose 60 0.85 50 875
Hydroxyapatite 1.0 0.0225 86,355 1.5x10°




HYAL1 (hyaluronidase-1)

55 kDa glycoprotein
49 kDa protein & 6 kDa carbohydrate
ng/ml in blood and urine



Sequencing of HYAL1
peptides

the amino terminal and
an internal tryptic peptide.

Sequences were entered into the Gene Bank



8l UniGene Entrez] 2

Search for; 1

Human tumor suppressor (LUCA-1) mRNA, complete cds
SEQUENCE INFORMATION

e GenBank.entry: U03056

e Sequence length: 2517 bases
e G+C content: 58 %

o Coding sequence: 617..1924
o Product: PID 2532974; LUCA-1.

SEQUENCE DATA

>U03056 Human tumor suppressor ELUCA -1F mRNA, complete cds

TTCCTCCAGGAGTCTCTGGTGCAGCTGGGGTGGAATC TGGCCAGGCCCTGCTTAGGCCCC
CATCCTGGGGTCAGG AAATTTGGAGGATARGGCCCTTCAGCCCCRAGG TCAGEAGGGRCG
AGCGGGCAGACTGGCGGGTGTACAGGAGGGCTGGGTTGACCTGTCCTTGGTCACTGAGGE
CATTGGATCTTCCTCCAGTGGCTGCCAGGATTTCTGCTCGARGAGACAGGAAGECETCCC
CCCCTTGGTCGGETCAGCCTGGGEEGCTGAGGGCCTGGCTGTCAGCCACTC TTCCCAGAAC:
ATATGTCATGGCCTCAGTGGCTCATGGGGAAGC AGGGG TGGGCGAGCTTAGGC TAGAGCA
AGTCCTGTGGGAGATGGC AGAGGCCTGGTC TGAGAGCCAACTCGCATCTCCCCTCCAGTS
GCCATGCTCCCCTCCATGCGTCTCCCCTGCCCTCOTGGAGCCCTGCAGGTCAATGTTTAA
CAGAAACCAGAGCAGCGGTGGATTARTGCGCAAGGGCTCAGCCCCCCAGCCCTGAGCAGT
CGGGGMTCGCAGACT'I"I‘GCAACC'I‘GT'I‘@I‘CAGCTC'I’GCCTCCCC{IY}GGCAGGI'IGTCCT
CGACCAGTCCCGTGCCATGGCAGGCCACCTGCTTCCATCTGCGUCCTCTTCCTGAECTT
ACTCGATATGGCCCAAGGCTTTAGGGGCCCCTTGGTACCCAACCEGCCCTTCACCACEGT
CTGGAATGCARACACCTAGTGGTGCCTGGAGAGGCACGGTGTGGACGTGGATGTCAGTGT:
CTTCpATCTGG"I‘AGCCMCCCAGGGGAGACC'I‘I‘CCGQGGCCCTGACNI‘GACMWI’I‘CTA
TAGCTCCCAGCTGGGCACCTACCCCTACTACACGCCCACTGEGGAGCCTGTETITGS TGS
TCTGCCCCAGAATGCCAGCC TGATTGCCCACCTGGCCCGCACATTCCAGGALATCCTGGE
TGCCATACCTGCTCCTGACTTCTCAGGGCTGGCAGTCATCGACTGGGAGSCATGGCGCCC
ACGCTGGGCCTTCARCTGGGACACCARGGACATTTACCGGCAGCGCTCACGGGCACTGGT
ACAGGCACAGCACCCTGATTGGCCAGCTCCTCAGGTGGAGGCAGTAGCCCAGGACCAGTT
CCAGGGAGCTGCACGGGCCTGGATGGCAGGCACCCTCCAGCTEGGGGGGGCACTGCGTCC
TCGCGGLETCTGGGGCTTCTATGGC TTCCCTGACTGETACARCTATGACTTTCTAAGCCC
CAACTACJ\CCGGCCAG"[GCCCATCRGGC}\TCCG'IGCCCMMTGACCAGCTAGGG'IGGCT
GTCGGGCCAGAGCCGTGCCCTCTATCCCAGCATC TACATGC CCGCAGTGC TGGAGGGCAL
AGGGAAGTCACAGATGTATGTGCAACACCGTGTGGCCGAGGCATTCCGTGTGGCTETGGE
TGCTGGTGACCCCAATC TGCCGGTGCTGCCCTATGTCCAGATCTTCTATGACACGACAAA
CCACTTTCTGCCCCTGGATGAGC TGGAGCACAGCCTGEGGGAGAGTGCGGCCCAGEGEEE.
AGCTGGAGTEGTGCTCTCGGTGAGCTGGGAAAATACARGAACCAAGEAATCATGTCAGGE
CATCAAGGAGTATATGGACACTACACTGGGGCCCTTCATCC TGAACGTGACCAGTSGGGT
CCTTCTCTGCAGTCARGCCCTGTGC I CCGGCCATGGCCGCTGTGTCCGCCGCACCAGCCA
CCCCARAGCCCTCCTCCTCCTTAACCCTGCCAGT T TCTCCATCCAGE TCACGCCTGOTES
mccccccmaecCNCGGGGTGCCCTCTCACT'IGMGATCAGGCACAGATGGC'PGNGA
GTTCRAATGTCGATGCTACCCTGGCTGECAGGCACCGTGGTGTGAGCECARGAGCATGTG
GTGATTGGCCACACACTGAGTTGCACATATTGAGAACCTARTGEACTCTGGGTCTGGCCA
GGGCTTCCTCAAATACATGCACAGTCATACAAGTCATGGTCACAGTAAAGAGTACACTCA
GCCACTGTCACAGGCATATTCCCTGCACACACATGCATACTTACAGACTGGAATAGTGGC
ATAAGGAGTTAGAACCACAGCAGACACCATTCATTCCTGCTCCATATGCATCTACTTGGE
AAGGTCATAGACAATTCCTCCAGAGACACTGAGCCAGTCTTTGAACTGCAGCAATEACAA
AGCCTGACA'I"I‘CACT\SAG’I’GCCTACTCTI'I\:CCAATCCCCG'I‘GCTMGCGT’I’PTA TGG
ACTTA’I'I’CAT'FCC’I‘CACAJ-\’I‘GAGGCTA'ICAGGMAC'ICAGTCAC’I‘C‘ACA"['[‘GAGAG G
CACGTTGCCCAAGGTTGCACAGCARGAAAAGGGAGARGTTGAGATTCAAACCCAGGCTGT
CTAGCTCCGGGGGTACAGCCC TTGCACTCC TACTGAGTTTCTGG TAACCAGCECTGEACG
ACCCCTGAATCTGCTGAGAGEC ACCAGTCCAGC AARTAAAGCAGTC ATGATTTACTT




A new enzyme family

As aresult of Human Genome Project
and the EST (Expressed Sequence
Tags) data banks,

It was possible to identify six members of the
hyaluronidase gene family.
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The hyaluronidase
gene family
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The hyaluronidase gene family

Each member of this gene family is
transcriptionally active, and has a
unique profile of tissue expression.



Human
Mouse

Human
Mouse

Human
Mouse

Human
House

Human
Mousse

Human
HMousas

Human
Mouse

*Human
Mouse

Sequences of human plasma
hyaluronidase and the mouse ortholog

There is 80% identity between the two sequences, even though
divergence between man and mouse occurred 80 million years ago.
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Human HYALI1 and C. elegans Hyaluronidase
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HYALL1 and HYALZ2

hese are the predominant
hyaluronidases in the catabolism
of HA in vertebrate tissues, and

responsible for rapid HA turnover.



Hyaluronidase-1 (HYAL1)

HYAL1, the only active
hyaluronidase in blood and urine.

It is a candidate tumor suppressor
gene product (LuCa-1).
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Activity of HYALL

This enzyme degrades HA down
to tetrasaccharide fragments.



hyaluronidase-2

HYALZ



HYALZ2 i1s GPI-linked on the
surface of plasma membranes

GPI- = glycosylphophatidyl-inositol



GPI-linked hyaluronidases

HYAL2
HYAL4
PH-20
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HY AL?Z2 has size-restricted

reaction products

HYALZ2 cuts high MW HA to about
20 kDa
50 disaccharides
100 sugars



Substrate-specificity of HYAL?Z2

Both HYAL1 and HYALZ2 degrade high MW HA,

but HYALZ2 slows considerably with HA chains
smaller than 50 disaccharides.

This is a matter of conformation of the HA
substrate. Chains smaller than 50 disaccharides are
unable to take on a 3 D conformation.



Size-specific functions of HA chains
(a new concept)

1.Hi MW HA chains reflect healthy tissues, are anti-
angiogenic, anti-inflammatory, immunosuppressant

2. The intermediate-sized chains are highly angiogenic,
very inflammatory and immuno-stimulatory

3. Tetrasaccharides suppress apoptosis and induce
production of heat shock proteins.



A new concept:

Various sizes of HA chains
occur in the vertebrate body.

Each size appears to have a
different biological function.
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Size-specific functions of HA

High MW HA reflects intact healthy
tissues.

Intermediate size HA chains are a
response to stress. (HYALZ2 products)

The smallest fragments ameliorate the stress response
(HYAL1products)



New catabolic scheme

The enzymatic and chemical
catabolism of HA

INn vertebrate tissues.

Degradation occurs in quantum
steps, with different size HA
chains generated at each step.



Catabollc Scheme for HA

HA ™

Cytoplasm

Lysosome

200 DaHA



cell membrane

lipid rafts



SCHEME FOR HYALURONAN CATABOLISM

extracellular
HA 10°-10" Da
(2,500-25,000 disaccharides)
!
cell membrane
inhibitors - { CD44 + Hyal-2 (with NHE1
specific for Hyal-2
caveolae
!
HA 2x10°Da
HA _ _ (50 disaccharides)
HA
HA
!
inhibitors — i Hyal-1 Iysosomes
specific for Hyal-1 plus B-N-acetylglucosaminidase
and B-glucuronidase
HA .
HA .
HA__ HA 800 Da
(predominantly tetrasaccharides)
! B-N-acetylglucosaminidase
and B-glucuronidase
HA 200 Da evtoplasm
(monosaccharides)
] B-N-acetylglucosaminidase
and B-glucuronidase
N-acetylglucosamine
N-acetylglucosamine kinase i
N-acetylglucosamine-6-P
N-acetylglucosamine deacetylase ] i

glucosamine-6-P 4 glucuronic acid
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Examination of platelets:

A new study involving

hyaluronidases and HA in
platelet preparations

with Carol de la Motte of the Cleveland Clinic



Degradation of HA in somatic tissues

Enzyme: HYALZ2 HYAL1
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Degradation of HA by platelets

HYAL2 enzyme only

HA highMW — intermediate size

Anti-inflammatory  highly inflammatory
Anti-angiogenic i
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Hyaluronan Polymers Fragments Oligomers
size (1X106 Da) (~105 Da) (<2X104 Da)
(1000 saccharides) (>100 saccharides) (50 saccharides)
Hyaluronidase +Hyat 1
activity
X XA A
ﬁ X an A
Hyaluronan — X2 ——— Z2C
bryeakdown ﬁ ﬁ ﬁ ﬁ SSZ2
= AR 2222
o~ ekl
Hyaluronan Anti- Pro- Anti-
function inflammatory inflammatory inflammatory

The anti- or pro-inflammatory functions of HA are related to chain size. High
MW polymer is degraded by Hyal2 enzyme to a size that is very inflammatory
and angiogenic, and is further degraded by Hyal1 to tetrasaccharides.



Platelet-rich clots contains HYAL?Z2

The platelet-rich clot, obtained both in vitro
and in vivo, contains HYALZ2 (red) as well as
platelet-specific CD42b, the von Willebrand
receptor (green). These overlap (yellow).



Platelets in a clot
Hyal2 CD42b overla
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Megakaryocytes also contain HYAL?2
HYALZ2 (red) in cytoplasm of
megakaryocytes.

Other cells of bone marrow are negative.

Nuclei stain blue (DAPI).



Bone Marrow Megakaryocytes




Platelets and megakaryocytes

also contain HA !
This has never been shown previously.

1. Platelets contain both HA and HYALZ2.

2. Megakaryocytes may be “mega” cells because of the
HA they contain, and the enormous solvent
volume or water-of-hydration.



Hyaluronan and HyalZ in platelets

Hyaluronan in megakaryocytes




RT-PCR study of HYAL mRNASs In
platelets

Platelet preparations contain HYALZ mRNA
with no evidence for presence of HYALA1.
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Western blot analyses of Hyals
in platelets

Platelets contain Hyal2 protein, with no
evidence for Hyal1.



Platelet Hyal2 protein

mw Std
1 2 (Kda)

412
— 81
~ 50
- 36

—~29



Incubation of hmw HA
with platelets
generates signaling sized
Inflammatory fragments



Figure 8
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Rantes:
MIP 1[:

VEGF:
TNFRII:
IL1Ro:

Inflammatory cytokines

Chemotactic cytokine for memory T cells and
eosinophils, member of 1L8 super family

Macrophage inflammatory protein 1 beta,
member of the C-C subfamily of chemokines

Vascular endothlial growth factor, of PDGF family
Tumor necrosis factor receptor |l

Interleukin 1 receptor alpha
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Angiogenesis

Endothelial cells
bind signaling HA
which promotes
proliferation,
migration and pro-
angiogenic factor
release

Repeats throughout
connected vasculature

— P> rrr
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microvascular endothelial cells

Initial stimuli endothelium Platelets and Hyal-2+ plalelets Mongcytes bind TNF and other
activates produces mononuclear degrade HA cables tgAhignaling HA cytokines activate
endothelium polymeric leukocytes bind generating ragments and HIMEC and re-
(e.g., TNF) HA cables to HA cables signaling sized are activated to initiate the cycle

pro-inflammatory, produce TNF,

pro-angiogenic and other

HA fragments cytokines/

chemokines.

Inflammation

Figure 10



HA fragments are also
Immunogenic



.Biol. Chem., 282, 18265-18275, 2007

ivision -of Dermatology, -UC, -San Diego,
-mail: rgallo@vapop.ucsd.edu.

\-unigue complex of TLR4, MD-2, and CD44
ecognizes hyaluronan. Immunoprecipitation
xperiments confirm the physical association
f TLR4 and CD44. Taken together, our resul
lefine a previously unknown mechanism for
nitiation of sterile inflammation that involves
ecognition of released hyaluronan fragment:
as-an endogenous signal of tissue-injury.



THE HA CABLE STORY



TNF-a stimulates synthesis of
HA cables in endothelial cells

Platelets bind to such HA cables.

At low power, platelets bind at 4°
and degrade these cables at 37°



+plt-37°C

Figure 7



A. CD42b-positive platelets (magenta) bound to HA cables (green) produced in vitro by
TNFa-stimulated smooth muscle cells.

B. High power view of HYAL 2-positive human platelets (red) in contact with HA cables
(green). Nucleus of a smooth muscle cell is stained with DAPI (blue).




Functions of HA cables
are unknown

We propose that these cables, a high MW form of
HA, are deposited at the onset of inflammation.

They may be homeostatic mechanisms to control
intensity of the inflammatory response or an
attempt to hold it in abeyance.



HA cables

HA cables, anomalously, in the attempt to mollify the
inflammatory reaction, may actually lead to chronicity, and in
some cases, participate in prolonging the autoimmune
response.

Mother Nature, in her abundant wisdom, occasionally
over-reacts, creating ever-new disease mechanisms.



WOUND HEALING



Wound healing

Wound healing represents a cascade of
carefully controlled reactions in which the
products of one reaction can provide the
substrates for the subsequent reaction.

This is similar to the coagulation or the
complement cascade.



HA, a critical component of
the wound healing cascade

HA and its attendant metabolic reactions play a central
role in the process of wound healing. HA, its various
size fragments, HA synthases, the Hyals,
hyaluronidase inhibitors, as well as cytokines that
modu- late their expression are previously unrec-
ognized participants in wound healing.



The process of normal wound healing

1.

Clot formation, with a platelet plug and fibrinogen conversion
to fibrin

Wound edema (HA)

Acute inflammatory cells (first line of defense)

Chronic inﬂammatory cells (lymphocytes and monocytes)
Endothelial cell migration, proliferation(angiogenesis)

Fibroblast invasion and proliferation
collagen lll followed by collagen | deposition



Wound healing (con't)

Formation of the platelet plug is the first
step in wound healing.

Inflammatory cells are another component
of normal wound healing.

Platelets may provide the signal for
inflammatory cells to migrate to the wound
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HYALURONIDASE
INHIBITORS



Unopposed hyaluronidase
activity would create
great havoc In tissues.

There must be mechanisms for
modulation of activity. Little is
known about such control
modulators.



Hyaluronidase inhibitors

1. All tissues have such inhibitors.
2. Acute-phase proteins contain such inhibitors.
3. This is a virtually unexplored area of biology.



As is true for many biological systems,
stimulation occurs by release from
Inhibition.

Going faster,not by stepping on the
accelerator, but by taking foot off the brake.

A more prompt increase in HA can occur by inhibiting
HA degradation than by stimulating HA synthesis.

This is a survival strategy and explains rapid
rates of HA turnover under normal conditions.



Circulating HA increases
dramatically under certain
stress situations

1. Sepsis, particularly gram-negative sepsis
2. Shock, blood loss, after major surgery
3. Severe burns



VWe propose that an inhibitor
of HYALZ2 exists in platelets.
We wish to isolate and
characterize this putative
Inhibitor.

That is why | am here In
Bratislava, in addition to
visiting my good friend,
Dr. Laco Soltes



SUMMARY

Platelets are inflammatory cells, in
part, because of fragmentation of
HA by HYALZ2.

Unlike any other tissue, platelets

express HYALZ, with no evidence
for HYALA.



A new patho-physiological
mechanism of disease

Accumulations of platelet aggregates and microthrombi
induce an inflammatory response because of Hyal2-
catalyzed fragmentation of HA.

Systematically, review all human pathologies, identifying those
associated with platelet plugs, and microthrombi, associated with
inflammatory cells.



Disorders associated with microthrombi
and inflammatory cells

1. Inflammatory bowel disease
(ulcerative colitis, Crohn’s disease)

Rickettsial infections
Atypical hemolytic uremic syndrome (HUS)
HELLP syndrome (eclampsia, pre-eclampsia)
Certain autoimmune disorders (lupus, scleroderma)
Psoriasis, and other dermatological disorders
Malignant hypertension, pulmonary hypertension
Atheromatous tears (stroke, M.I.’s)

and many others............
9. Various vasculitis disorders

© N O WD



HA (green) and
fibrinogen (red) in
murine IBD model.




Other aspects:

Additional hyaluronidase-related

phenomena from this laboratory

have not been written, or are not
yet published.



The work is not done until the paper is done.
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Hyaluronidase from fl.'el.h human serum was purified -
to apparent homogeneity in a two-step procedure. Potent

serum inhibitors of hyaluronidase activity were removed
during the course of the purification. Isolation of the en-
‘zyme was expedited by the use of a newly devised ELISA-
like assay. Enzyme activity was measured by following
the rates of hydrolysis of hyaluronan (HA) adsorbed onto
microtiter wells. Following enzymatic digestion, the re-

ining HA was ed using a cartilage-derived bi-
otinylated HA-binding protein and an avidin—peroxidase
r £i Mol I sieve ch
doublet of proteins with apparent molecular sizes of 42

and 50 kDa. The molecular size of the major band of pro-

tein obtained on sodium dodecyl sulfate—polyacrylamide
gel electrophoresis under nonreducing conditions was 59
kDa. Under reducing conditions, however, the size in-
creased to 72 kDa. The pH optimum of the enzyme was
3.7. Sodi chloride entrations greater than 100
mM were inhibitory. Activity of the serum enzyme was
further.characterized with a new HA—substrate gel pro-
cedure. The serum enzyme activity is different from the
liver-derived activity. The tissue source of this circulat-
ing enzyme is unknown.

& 1993 Academic Proes, loc.

Interest has grown recently in the proteoglycans and
the glycosaminoglycans of the extracellular matrix
(ECM),* now recognized to be not only structural moieties

' Present address: Depariment of Pathology, Brown l'ni\-entl_jl-'. Di-
vision of Biology and Medicine, Providence, RI 02912

! Present address: Fachbereich, Zahnmedizin, Philipps: U niversitat,
Marburg/Lahn Hessen. Germany

! To whom correspondence and requests for reprints sh{uld be ads
dressed at Department of Pathology, University of (n];[ofma San
Francisco, CA 941430506

* Abbreviations used: ECM. extracellular matnx; HA, Jvaluronan:
HABP. HA -binding proteihs: C45. chondrestin 4-sulfate. 'C65, chon-
drowin 6osulfate, DS, dermatan suliate; HS, heparan suifate: H. hepann;

34

graphy yielded a .

but also to'be involved in cellular growth control (1-4),
Prominent among the glycosaminoglycans is hyaluronan-
{HA), whose levels are elevated during embryologic de-
velopment (5), in wound healing (6-8), whenever rapid
tissue regeneration and repair occur, and during tumor-

igenesis (9). The turnover rate of plasma HA in verte-
brates is exceedingly rapid, with a median ¢, of 5-7 min
(10): Despite the obvious importance of HA in basic bio-
logical processes, little is known about the reactions in-

"volved in the catabolism of this carbohydrate copolymer,

largely because of the lack of rapid, reliable, nnd sensitive
assays.
* Several assays for hyaluronidase activity have been de-

‘seribed (11-16), but each of these procedures has an in-

herent difficulty, in either a lack of sensitivity or speci- .
ficity or difficulty in generating the appropriate reagents.
We receptly developed an ELISA-like assay for the hy-
aluronidase reaction based on a cartilage-derived biotin- -
ylated HA -binding peptide (17, 18). Hyaluropan adherent

fo microtiter wells is exposed to samples with hyaluron-

idase and the remaining HA measured using the biotin-
ylated HA-binding peptide (HABP) that then reacts with
avidin peroxidase. This technique permits rapid assess-
ment of activity and facilitates development of an isola-
tion procedure. The hyaluronidase present in fresh human
serum was purified to apparent homogeneity in a two-

‘step procedure, The function and mode of action of a

circulating ncxd -active hyaluronidase continues to be an
enigma, as is the tissue source for this activity.

MATERIALS AND METHODS
Materials

DEAE-cellulose {DE-52. Whatman | was obtained from Fisher Sci-
entific. Hyvaluronan prepared from human umbilical cords (ICN [m;:

PBS. phosphate-butfered saline: FPLC. {ast performance liquid chro-
mstography; BSA. bovine serum aibumin: PAGE. polyacrylamide ‘gel
electrophoresis: HAc. acenic acid: SDS. sodium dodecyl sulfate; ELISA.
enzyme-linked immunosorbent assav.

0003-9861,93 §3°00
Copymnght € 1993 by Academuc Press. Inc.
All rights of reproduction i any form ressrved



Tissue distribution of hyaluronidase
paralogs as determined by Northern blot
analysis

Hyal-1 Widely expressed, except in brain.
Not expressed during early development

Hyal-2 Similar expression pattern to Hyal-1.
Highly expressed during early development
Hyal-3 Widely expressed, but at low levels, higher in testis
and bone marrow
(a stem cell connection?)
Hyal-4 Expressed primarily in placenta and in skeletal
muscle. This may be a chondroitinase!
Hyal-5 Wide, but low level expression,
a pseudogene in humans (PHYAL1).
PH-20 Normally expressed only in testis.
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Another mechanism for inhibition
of rapid HA catabolism:

Under conditions of severe stress, as in septicemia, shock, blood loss,
massive burns, major surgery, and inflammation, there is the
appearance of large amounts of HA, in the circulation, and locally, as in
cable formation.

Hyal-2 is not shuttled to the cell surface, as occurs normally, but under
severe stress, remains in endosomes. High MW HA then accumulates,
and normal steady state turnover does not occuir.
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Hyaluronidase is a misnomer

These enzymes are also able to degrade
chondroitin and chondroitin sulfates,
albeit to a slower degree.



Chondroitinases

Are there other sequences in the
Human Genome that code for
pure chondroitinases?
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Genomic structure of the
hyaluronidase genes
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CD44-NHET1 signaling causes pH changes
and activates Hyal-2, and cathepsin B
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Addendum

Halozyme Corporation
founded by Gregory Frost
has expressed hyaluronidases
as their commercial products.

HALO



Commercial success of Halozyme

They have entered into a $680
million dollar agreement with
Roche Corporation, as an adjunct
for drug administration.



Market report:

Last December, Halozyme entered into-a-collaboration agreement with Switzerland-based
Roche, which -makes several leading biologics including the antiviral drug Pegasys-and
the monoclonal antibody-based cancer-drugs-Avastin-and Herceptin, The agreement gave
Roche - an - exclusive - worldwide - license - develop - and - market - co-formulations - of
rHuHyaluronidase and 13 -of its-own dmgs. In return, Roche agreed to pay 520 million up
front, invest 311 million in equity, and pay 3111 million in-milestones for-its first three
targets.

In February this - year, the deal was expanded to -allow -the company to use
rHuHyaluronidase - in -combination with proprietary and non-proprietary -small molecule
drugs. Roche agreed to pay Halozyme 510 million up front, invest 520 million in equity,
and make other milestone payments. The deal could be worth nearly 5630 million; -+

Halozyme seems to be the enviable position-of having no-direct competition. ¥



Jun 12, 2006 - Jun 11, 2007: +7.93 [325%)

Ve
D
|
|
|
_—'-_I
| | |
Jan'07 Ap
[ [ |
....“||.|||.II|I|||
2006 ‘

2005

7

r'd?
|

Ol

T
r__.---EI:III]TI



Wound Healing
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- scar

~/




H Tl W ING -

“Inflammation”

Hyal-2

- fluid + PMN's

H-rl"h - then macrophages
and lymphocytes
injury] | HA fragments lymp oy -
l Irvasion by capillanes
+ fibroblasts
/ -
=
P
/ collagen I, -
,—-\’( , = = Deposition

of collagen 1
and fibrotic scar




Mechanism of platelet Hyal2 generation of signalling fragments of hyaluronan
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