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An antisera altering rat mid-facial development reacts with cartilage
proteoglycan and other matrix proteins.

Abstract
by

FRANK HUNG TUAN NGUYEN

In order to determine whether extracellular matrix proteins are involved in
the transformation of nasal cartilage during growth and development, the present
study was designed to assess the reactivity of a rabbit anti-rat nasal cartilage
antisera (Hans, 1981) which causes midfacial abnormalities to occur in developing
Sprague-Dawley rats.

Dot blot analysis, 3%-16% gradient SDS-PAGE electrophoresis, 2D-gel
electrophoresis, and Western Blot analysis were used to identify reactive matrix
antigens.

The protein patterns of nasal septum and condyle matrix proteins were
grossly similar but some differences in guantity and quality between the two
cartilage sites were identified.

The antisera was reactive with large proteoglycan and link protein. Small
proteoglycans which contained dermatan suifate by virtue of their reactivity with
monoclonal antibody 2B6 after chondroitinase ABC digestion were also reactive, in
addition to their reactivity with anti-nasal septum Ig G. Other specific monoclonal
antibodies ( 8A4, 3B3, 5D4 ) were also used to characterize the reactive bands.

2D electrophoresis confirmed the results seen with 1D gels and in addition
identitied at least five proteins with the following pl,Mr: (6.9-7, 49-59), (6.85-6.92,
37), (6.4, 54), (6.2-6.3, 53), (6.1, 53), (5.9, 51), (5.9-6, 46). These have yet to be
characterized.

This study provides the impetus for developing additional specific reagents
(i.e. monoclonal antibodies) to define the potential extracellular matrix interactions
required for normal nasal cartilage development.
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INTRODUCTION

Therapeutic modification of facial growth has historically been one of
the treatment goals of the clinical orthodontist. Because understanding the
mechanisms that control facial growth 1s cnitical to the effective therapeutic
modification of the process, craniofacial researchers have championed many
different and sometimes competing theones of facial growth. The tacial
sutures, craniofacial carntilages, along with gronasal function have all been
implicated at one time or another as primary centers controlling facial growth.
In addition, the relative contributions of genotype along with environmental
effects on phenotypic expression have also been debated. Advances in
protein biochemistry as applied to general somatic growth demonstrated that
hormones, chalones, and secondary messengers such as cyclic amp are

also involved in the growth process.

Ultimately, control of growth in general and facial growth in particular
must happen at the cellular level. Therefore, effective therapeutic modulation
of the process would also be most effective at the cellular level. Arguably, the
ability to modify the facial growth process at the molecular level to improve
facial aesthetics and achieve facial balance would change the way clinical
orthodontists practice. However, in order to achieve this goal more studies
on the basic mechanisms that result in changes in cell activity (proliferation,

quiescence, and senescence) are needed.

Cartilage 1s unique in the musculoskeletal system. Capable of both



appositional and interstitial growth with a pressure resistant extraceilular
matrix this tissue is ideally suited as an interface between growing bones.
Because of the physical properties of cartilage early investigators
hypothesized that the craniofacial cartilages (synchondrosal, nasal septal,
and condylar) acted as centers for controlling growth of the cranial base,
midface and mandible, respectively. Although the concept of "growth centers”
has been largely disproven by extirpation and ablation experiments, the
precise role of craniofacial cartilage in the growth process remains open to
debate. Current facial growth theories generally recognize input from the
genome, intrinsic and extrinsic growth factors, along with local and global

environmental influences.

The first researcher to examine the possibility of protein differences
among craniofacial growth cartilages was Brnigham in 1976. Using indirect
immunofluorescent techniques Brigham was able to detect antigenic
differences (i.e. unique protein or proteins) between condylar, synchondrosal
and nasal septal cartilage. The functional significance of these differences
was not determined. However, Brigham and his coworkers speculated that
these antigenic differences among cartlages may be used by the body to
selectively control facial growth. Following up on Brigham's work, Palmer in
1978 injected growing rats with anti rat nasal septum cartilage antisera raised
in rabbits. Palmer reported histologic evidence of cytopathic effects on the
injected rats nasal septum chondrocytes. In 1981, Hans injected a similar
anti-nasal septum antisera into growing rats from birth to 30 days. He

observed a reduction in midfacial growth in the rat injected with the antisera.



These earlier studies were important because they allowed for the possibility
of controlling facial growth by targeting individual growth cartilages within the
face with specific antibodies. However, the specific proteins involved in
growth modification seen with the anti-nasal septum antisera were not

identified.

Recent advances in molecular biology have allowed the precise
identification of proteins within centain tissues. In particular, new techniques
allow researchers to separate the protein components of a particular tissue
based on their molecular weight or charge. A separate set of techniques then
allows antibodies directed against individual protein groups (Polyclonal) or
even a single protein (monoclonal) to be used to identify specific proteins that
may be found in a tissue such as cartilage. Because Hans had demonstrated
that a polyclonal antisera could be used to change midfacial growth in the rat,
the question remained as to what protein components were reacting with
Hans' antisera. The proteins that reacted with Hans' antisera are most likely
the proteins that are involved in controlling facial growth. It is to this end that
this research was directed. Using rat nasal septum and condylar cartilage
obtained from rats this study examined the protein structure of these two
cartilages. After the protein components of the tissues were separated, the
antisera used by Hans was tested against these proteins to determine which
proteins reacted with the antisera. In addition to using the antinasal septum
antisera, monocional antibodies directed against known structural proteins of

cartilage will also be tested.



Using these biochemical techmiques, the protein structure of two
craniofacial cartilages, and the antigenicity of nasal septal cartilage will be

studied.



LITERATURE REVIEW

Cartilage is a rigid and firm tissue and provides three basic functions.
First, cartilage acts as a flexibie support in various anatomic places (the nasal
tip, ear lobe, thoracic cage, tracheal rings). Second, cartilage is a pressure
tolerant tissue found in skeletal areas where compression occurs (articular
cartilage). The third function of cartilage is as growth cartilage in conjunction
with certain enlarging bones (synchondroses, condylar cartilage, epiphyseal
plate, nasal septum)

The role of cartilage in the growth of bone has prompted researchers

to manipulate cartilage in an attempt to control subsequent bone growth.

CARTILAGE HISTOLOGY AND BIOCHEMISTRY

Cartilage is an avascular connective tissue consisting of a large. highly
organized, extracellular matrix which surrounds each chondrocyte. Hyaline
cartilage is responsible for active growth in pressure areas by interstitial cell
division of chondrocytes and by additions to its non-calcified intercellular
matrix (Enlow, 1990). It is denved from condensation of mesenchymal cells.

The most important component of cartilage 1s water, approximately 60-
80%. The remaining 20-40% of carilage 1s composed of collagen,
proteoglycans, cells, glycoproteins and lipids. The majority of the solid matnx

is collagen, which makes up about 65% of the dry weight in articular



cartilage. Proteoglycans constitute another =25% of the dry weight, and the
various other components of the solid phase make up the remaining fraction

(Myers and Mow, 1983).

-Celis of cartilage:

Chondroblasts synthesize extracellular matrix. As chondroblasts divide
and secrete matrix, cartilage expands and compresses the surrounding
mesenchyme resulting in the development of a fibrous envelop called the
perichondnum. The perichondrium has a tough fibrous outer layer and a
cellular inner {ayer. The inner layer is made up of prechondroblasts which will
later differentiate into chondroblasts. The deposition of perichondral
chondroblasts is outward and results in surface apposition. These
chondroblasts surround themselves with their own secretions and become
chondrocytes. Chondrocytes can also divide and synthesize new matnx
during growth, development or for repair.

Cartilage therefore, retains the potential to increase in size by two
mechanisms:

1. Interstitial expansion.
2. Peripheral apposition.

Chondrocytes of mature hyaline cartilage are often seen in smail
clusters suggesting that some mitosis occur when the matrix is more rigid
and unable to accommodate the separation of the daughter cells.

Although, chondrocytes like osteocytes reside in lacunae, they do not

have processes which radiate out in canaliculi.



Two cell types are involved in cartilage resorption: multinuclear
"chondroclasts™ are responsible for resorption of calcified cartiiage, and
mononuclear cells are responsible for the resorption of uncalcified cartilage.
While the multinuclear chondroclasts seem to have an origin similar to that of
the osteoclasts, the origin of the mononuclear resorptive cell 1s still
unresolved. While it is known that they are of perivascular ongin, it is unclear
whether they are derived from histiocytes, mesenchymal cells, macrophages,

or monocytes. (Moss et al., 1983)

Collagens of cartilage:

Collagens consist of triple helical and globular protein domains mixed
in various ways. Their role 1s predominantly structural reinforcement and their
functional form 1s that of a fiber. Collagens have been designated by numbers
(type | through XV) in chronolcgical order of their molecular description.
Another protein that is now considered a collagen, is presently called 1o 2a 3
o designating its three different chains. The nomenclature for designation of
the collagens for a given collagen type with single chains is as a1, a2 and a
3, if three different chains are known, foilowed by the type number in
parentheses. Thus, the chains of type | collagen are a1(l) and o2(1) and the
molecule is [ a1(l) ]o a2(l). Collagen types Il, IX, X and 1o 200 3 are unique
to cartilage.

Type Il collagen 1s the major collagen found in hyalin cartilage forming
a three dimensional network of small diameter fibnls (Miller et al., 1976;
Mayne, 1983). Aggregates of proteoglycans are entrapped within this

meshwork, and the resiliency of cartilage 1s considered to arise from the



restraining effect of the collagen fibrils on these aggregates (Hascall and
Hascall, 1981). Type Il collagen is a homotrimer and has the formula [ a1
(I)]s, each chain has a molecular weight of 95 kilodaltons (Mr -95 kD). In
addition to cartilage, type Il collagen has been identified in the vitrous humor
of the eye and in the nucleous pulposes of the vertebral disk { Piez, 1987).
These tissues are similar to cartilage in that they are avascular and have a
high proteoglycan content.

Type I1X collagen is found in cartilage but its tfunction is unknown at the
present time. Some investigators specuiate that type IX could be involved in
organizing and stabilizing the meshwork of type |l collagen fibrils in hyaline
cartilage. It consists of three triplets and has the formula [ a1(I1X) a2(IX} «
3(1X) ]. In addition each chain has an Mr ~70 kD. It is both disulfide
crosslinked and contains hydrolysine-denved crosslinks ( Wu et al., 1984). lts
aggregates are generally distributed throughout the cartilage matrix (lrwin et
al., 1985).

Type X collagen is a short homotrnimer, its formula 1s [ al(X) I3 . In
addition to being unique to cartilage, it is synthesized only by hypertrophic
cartilage. This has been confirmed by immunolocalization with monoclonal
antibody {(Schmid and Linsenmayer, 1985). Moreover, it was found that only
the hypertrophic chondrocytes destined to calcify and to be replaced by bone
initiate the synthesis of type X collagen (Gibson et al, 1984, 1985). This
would suggest that Type X collagen is potentially involved in cartilage
hypertrophy and caicification.

1a 2a 3a collagen has been identified as pepsin-resistant bands on

gels having molecular weights of about 100 kD (Burgeson and Hoilister,
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1979). These bands apparently do not belong to other collagen. The matrix of
hyaline cartilage does not appear to contain type V collagen and it is possibie
that the 1a, 2a, 3a collagens may function in cantilage in the same way that
type V collagen functions in other tissues (Mayne et al, 1284). The 3a chain
appears to be identical to ai(ll) and differs only with respect to elevated
levels of hydrolysine-linked carbohydrate moieties (Furoto and Miller, 1983).
The 1a and 2a chains possess compositional features very similar to type V

chains (Burgeson et al , 1982).

Cartilage proteoglycans:

Proteoglycans which are macromolecules with significant viscoelastic
properties are also largely responsible for the swelling pressure of articular
cartilage (Mow at al., 1984). This is due to the glycosaminoglycans whose
structure gives them negative charges and allows them to bind large amounts
of water. When cartilage 1s subjected to compressive force, water is forced
out of the tissue. When the compressive force 1s removed, water is drawn
back into the tissue by the glycosaminoglycans chains, and the tissue regains
its shape. This capacity of the glycosaminoglycans to absorb water,
combined with the structure and properties of the fibrous composite formed
when the proteoglycans at high concentrations are enmeshed with and
constrained by a dense network of collagen fibers, enhance the cartilage
capacity to resist wear and damage caused by cyclical loading.

In cartilage, most of the 75-90% of proteoglycans exist in the form of
protecglycan aggregates formed by the noncovalent association of

protecglycans monomers, hyaluronate and link protein (Hascall, 1977). As
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many as 100 proteoglycan monomers are bound to a single central
hyaluronate filament via the hyaluronate-binding region ot proteoglycan
monomer core protein. The link protein appears to bind simultaneously to
hyaluronate and to the hyaluronate-binding region of the proteoglycan
monomer core protein. Link protein stabilizes the proteoglycan aggregate
against dissociation. Aggregation of proteoglycans 1s @ means of enhancing
the concentration of non diffusible negative charges in the tissue (Kimura et
al., 19886). In effect, the sulfate and carboxy! groups from the repeating
disaccharide units of the glycosaminoglycans become charged in solution
thus conferring a high concentration of negative charges to the proteoglycan
molecules. These negative charges repel each other and bind water
molecules, creating a high osmotic pressure, thus enhancing water
absorption. Kopp (1992) has emphasized the use of high molecular weight
sodium hyaluronate for intra-articular injection in the treatment of some
temporomandibular arthntis, especially cases with chronic nonsystemic
arthritis of the TMJ. The high molecular weight sodium hyaluronate would
favor the formation of larger proteoglycans aggregates. thus restoring soft
tissue lubrication and reducing friction and pain.

Proteoglycan monomers consist of chondroitin sulfate and keratan
sulfate chains covalently bound to a protein core. The size of the core protein
corresponds to M, ~200 to 300 kD and exhibits considerable polydispersity
(Heinegard et al., 1984). The protein core is composed of three main regions
or domains. The portion of the protein core that extends penpherally in the
proteoglycan aggregate i1s the C-terminal part which contains most of the

chondroitin sulfate chains and i1s called the chondroitin-suifate-nch region.
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The chondroitin sulfate chains are attached through O-glycosidic covalent
linkage to the hydroxyl groups of serine residues. The opposite end of the
protein core, the N-terminal part, consists of a portion of the polypeptide
chain that is essentially devoid of glycosaminoglycans chains. This region
contains the binding site of the proteoglycan monomer for hyaluronate and a
few N-linked oligosaccharides. This region is called the hyaluronate-binding
region {Hascall and Kimura, 1982) which is about 60 kD in molecular weight
and devoid of glycosaminoglycan chains. Between the chondroitin-sulfate
rich region and the hyaluronate-binding region is located a third domain
called the keratan-sulfate-rich region which 1s approximately 20-30 kD (
Heinegard et al., 1977). This is the area where the keratan sulfate chains and
a few O-linked oligosaccharides are attached to serine or threcnine residues
of the core protein through O-giycosidic bonds. Polydispersity in the newly
synthesized proteoglycans is due to the vanation in chondroitin-sulfate side
chains (Fellini et al., 1984), while the core proteoglycan is monodisperse at
this stage. With time and exposure to proteolytic activity in the tissue matrix,
the core proteoglycan will decrease in size thus increasing in polydispersity.
Two populations of large aggregating proteoglycans are found in
cartilage, showing discrete but clear differences with respect to size of protein
core and proportions of side-chain substituents (Heinegard et al., 1985).
These proteoglycans are best separated by agarose/polyacrylamide gel
electrophoresis. They are characterized as having high contents of
chondroitin sulfate chains with about 100 chains per proteoglycan molecule
having a molecular weight of 18-20 kD. They also contain 40-50 keratan

sulfate chains, 60-70 O-linked oligosacchandes, and 6 to 8 N-glycosidically
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linked oligosaccharides. They are polydisperse, showing what appears as a
continuous variation in molecular size expressed as broad bands on 1D gel
electrophoresis. The molecular weights of the two types of aggregating
proteoglycans are 3.5 x 108 and 1.3 x 108 respectively.

Large non-aggregating proteoglycans can also be found in cartilage.
They appear to represent a distinct family with some structural similarities to
the large aggregating proteoglycans (Heinegard et al., 1985).

Smali proteoglycans exist in cartilage. Their molecular weight is less
than 100 kD and they have a high content of aspartic acid, glutamic acid and
leucine (Heinegard et al, 1981). The small proteoglycans from the nasal
cartilage contain chondroitin suifate chains with M, -36 kD, while those from
the articular cartilage contain dermatan sulfate with a similarly high molecular
weight. Also the core proteins are of similar size, M, ~45 kD on SDS-PAGE

after chondroitinase digestion, but differ when studied by peptide mapping.

Changes in proteoglycans with maturation and aging:

Some studies suggest that changes occur in the chemical
composition and size of articular cartilage dunng maturation and aging.
Specifically, these studies suggest there may be a progressive decrease in
the length of chondroitin-sulfate-rich region of proteoglycan monomer with
increasing age {Bayliss et al., 1983, 1984, Hascall and Kimura, 1982).
Studies have compared proteoglycan monomers from fetal epiphyseal
cartilage to proteoglycan monomers from mature aricular and nasal
cartilage. Based on sedimentation velocity and electron microscopic studies,

fetal cartilage proteoglycan monomers were found to be more uniform in
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length, and less polydisperse. Similar studies of proteoglycan monomers
show that fetal epiphyseal cartilage and immature articular cartilages differ in
chemical composition from monomers of mature articular cartilages. Fetal
and immature articular cartilages contain more chondroitin sulfate, have
longer chondroitin sulfate chains, and contain much less keratan sulfate.
Controversy still exists about whether the increase in keratan sulfate content
that occurs during postnatal maturation is due to keratan sultate chain
elongation or to an increase in the number of keratan sulfate chains (Sweet
et al., 1979; Thonar et al, 1981). What is clear is that proteoglycan
monomers from fetal and immature cartilage contain an undeveloped
keratan-sulfate-rich region with a relatively low keratan sulfate content. It is
also clear that the keratan sulfate content of this region increases during
postnatal maturation. It has been suggested that the polydispersity, decrease
In size, and changes in chemical composition of proteoglycan monomers that
occur during postnatal maturation are most likely due to cleavage of the
chondroitin-sulfate-rich region of the proteoglycan monomer core protein.
This fragmentation of the chondroitin sulfate-rich region is probably due to
proteolytic degradation of the core protein monomers which are thought to
have resided in the extracellular matnx for a relatively long period of time

(Rosenberg al. 1986).

Link Proteins:
The normal structure and speciai properties of mature articular
cartilage and developing epiphyseal cartilage depend on the formation of

large stable proteoglycan aggregates in extracellular matnx. It 1s these



14

aggregates that give cartilage its potent viscoelastic properties (Mow et al.,
1984). Link proteins stabilize the binding of proteoglycan monomers to
hyaluronate in these aggregates and increase aggregate size. The prevailing
view IS that each link protein contains an identical polypeptide chain into
which are fused two binding sites. One binding site is for hyaluronate and one
is for the hyaluronate-binding region of the proteoglycan monomers core
protein . In the native aggregate, a molecule of one of the link proteins binds
simultaneously to hyaluronate and to the hyaluronate-binding region to
stabilize the aggregate (Rosenberg et al., 1986).

Mort, Poole and Roughley (1983) have shown that in some
individuals, link protein is cleaved into fragments during aging. Using 4M
guanidine containing protease inhibitors, link proteins were extracted from
macroscopically normal human articular cartilages of different ages. The
dissociative extracts were then subjected to equilibrium density gradient
centnfugation under dissociative conditions (4M GdmCI). This process
extracted both functional bound link protein and nonfunctional unbound link
protein. Both types of link protein were concentrated with other matrix
proteins in the low buoyant density fraction i.e. the top of the gradient. The
proteins were then subjected to sodium dodecyl sulfate polyacrylamide gel
electrophorasis {SDS-PAGE) under reducing and non-reducing conditions.
Proteins were then electrophoretically transferred from the gels to nitro-
cellulose sheets. Link proteins were identified using a monospecific
antiserum to link proteins, obtained from bovine nasal cartilage. Samples
from fetal, neonatal, 2, 10, 22, 58 and 65-year-old human articular cartilage

were then assayed. All samples contained three ink proteins with molecular
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weights of 48k, 44k, and 41k. However, mature and aging adult cartilages
contain less 48K link protein and more 44K and 41K link proteins.
Interestingly, under reducing conditions, additional link protein fragments
ranging from 26K to 30K were present in the link protein preparations from
mature and aging cartilages with the relative amounts of these fragments
increasing with age. Under non-reducing conditions, the fragments could not
be demonstrated by SDS-PAGE. These findings indicate that the link
fragments are covalently bound to the 48K, 44K, or 41K link proteins by
disulfide bonds. The authors suggested that fragmentation of link proteins

results from limited proteolytic cleavage in vivo, which increases with age.

ANTIGENIC DETERMINANTS OF CARTILAGE

It has been known since the early days of modern plastic surgery that
cartilage could be grafted between individuals to reconstitute cartilaginous
defects, with iittle or no resorption. There was little difference in the short
term results obtained using foreign {or allogeneic) cartiiage and those using
heterotopically transplanted autologous cartilage (Gibson et al., 1960).
Although such grafts did enjoy some initial succes they invariably failed in the
long term. Recent interest in the immunology of cartilage, and in particular
articular cartilage, has been stimulated by the finding that the immune system
is involved in diseases such as rhumatoid arthntis, other inflammatory
arthritides, and relapsing polychondritis. All these diseases involve cartilage

damage.
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Ihe immune response:

An immune response may ensue if a foreign material gains entry to
the body. Three important requirements must be met. First, the host must be
competent to mount an immune response. Second, the material must have
antigenic sites on it in order to stimulate the immune system (i.e., have
antigenicity). And third, those antigenic sites must be accesible or "visible”
to the immune system (i.e., be immunogenic).

It is also important to distinguish between immune response and
inflammatory response. In the latter case, phagocytes are the principal celis
invoived. Phagocytes destroy foreign matenals inside or outside of the cell,
by producing and secreting hydrolytic enzymes. Multiple exposures to the
same foreign material stimulate new inflammatory responses. Each response
is similar to the last, or to the response against an unrelated foreign body. In
contrast, the immune response principally involves lymphocytes and other
related cell types. The immune response also involves antibodies produced
by plasma cells, "killer" lymphocytes, and a group of molecules collectively
called the lymphokines. Aithough the inflammatory and immune responses
can be separately described, reactions to immunogenic foreign matenals
usuaily have both inflammatory and immunologic components.

There are three components of canilage that are possible sources of
antigenic matenal: chondrocytes, collagen, and proteoglycans of the

extracellular matrix.



17

Chond .

As integral parts of their surface membranes, the cells of most tissues
contain a variety of antigenic sites. These antigens may be uniquely
characteristic of that tissue (i.e., tissue-specific antigens), occur on all cells of
the body but unique to that individual (i.e., individual-specific) or show
common characteristics of all individuals of a given species (i.e. species-
specific). Individual-specific antigens are most important when considering
tissue transplantation. While tissue-specific antigens may be of importance in
determining cellular differentiation having some role in the development of
autcimmune disease or cancer.

Malseed and Heyner, 1976, used isolated chondrocytes from bone
rudiments of fetal rats to immunize either rabbits (heterogenic) or an
allogenic strain of rats. Cytotoxic antichondrocyte antibodies were detectable
in the sera of immumzed animails.

Antigens of the major histocompatibility system have been
demonstrated on articular carilage ch- -~drocytes (Elves. 1974). Cells
enzymatically isolated from sheep articular cartilage were used in cytotoxic
assays with antisera against varous antigens of the major sheep
histocompatibility system. Lymphocytes from cartilage donor sheep were
tested in parallel. There was a good correlation in the reaction with these
antibodies in the antisera between chondrocytes and lymphocytes. The only
difference observed was an increase in the time required by the antibody to
kill chondrocytes compared to lymphocytes. This was almost certainly due to
the presence of adherent proteoglycan matrix around the chondrocytes

which impeded antibody access to the ceil surface. Removing this remnant



18

matrix using enzymes (collagenase or trypsin) reduced the time required for
serum to kill chondrocytes. These findings also demonstrated that certain
antigens of interest were membrane bound and not matrix antigens.

In 1981, Glant et al. reacted chondrocytes from human, bovine, and
canine articular cartilage with antisera against human and calf chondrocytes,
human thymocytes, and bovine lymphocytes. These reactions showed the
distribution of the tissue specific chondrocyte antigens over the entire cell
surface. Bound antibody was visible as isolated particles on the side of
microvilli. They also pointed out the existence of histocompatibility antigens
on the cell membrane of human articular chondrocyte as well as the species-
specific chondrocyte antigens on the surface of bovine aricular
chondrocytes.

In 1983, Burmester et al. used monoclonal antibodies and indirect
immunofluorescence to identify surface antigens on chondrocytes. They
pointed out the strong expression of la antigens on single cells lacking a
pericellular matnx. In contrast, cells having an intact pericellular matrix did not
have detectable la antigens. There was a good correlation between the
occurence of la-antigen positive chondrocytes and the severity of the
cartilage destruction as determined by gross appearance and histopathology.
It was proposed that when cartilage cells are activated by a variety of stimuli,
they may release enzymes capable of degrading their own local periceliular
matrix. This aitered state of the cell membrane revealed the presence ot the
la antigens.

In 1988, Mollenhauer et al. used sera from osteoarthritic patients to

examine the immune reaction in inflammatory and degenerative cartilage
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diseases. The immune reactivity of osteoarthritis sera was tested in a dot blot
assay. Further, patient and control sera were tested in an Enzyme-Linked
Immunosorbent Assay (ELISA), using chick cartilage cell membranes as
substrate. Finally, the target antigens were characterized by western blot
analysis of the membrane proteins. The authors reported that the

predominant reaction was directed against cartilage cell surface epitopes
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Eotential antigens in collagen: (Elves, 1983}

The collagen molecule consists of three polypeptide chains (o chains)
each of which is helically twisted on itself and is also twisted with the other
two. Thus, the three « chains form a triple helix. There are at least five types
of a chains, each of which has glycine in every third position in the amino
acid sequence. This glycine is responsible for the coiled configuration of the
molecule. The four major types of collagen found in cartilage tissues have
unique a chain characteristics.

Collagen possesses at least three categones of antigenic sites.
Sequential sites are found on the terminal non-helical regions. It is known
that rabbits produce antibodies against bovine collagen. However, these
same antibodies would not react with pepsin-treated collagen. Other
expenments used cyanogen bromide (CNBr) to obtain peptides from both C-
and N-terminal ends which have been shown to possess antigenic sites.
Another feature of the non-helical terminal antigenic determinations is that
they show little interspecies cross-reactivity i.e. they are species-specific.

A second type of antigenic site is found on the central portion of the a
chain which does not depend on the two other o chains. Because helix
formation masks the central portion antigens, experiments were conducted
with denatured collagen and with a chains having the C- and N-terminal ends
removed. Results of these studies demonstrated that the collagen molecules
still reacted with the anticollagen antibodies. In contrast to sequential antigen
sites, the central region a-chain antigens are not species-specific.

The third potential for antigens on the collagen molecule is the

presence conformational sites on the intact triple helix. It was found that anti-
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collagen antibodies raised in rats against calf collagen would not react with «
chains separated by denaturation. If the chains were reassociated, the
reactivity with the antibody was restored. If the wrong a chains were used to
produce artificial helices, then they would not react with the antibody. Like
central region antigenic sites, conformational (helical) antigens are species-
specific and show little interspecies cross-reactivity.

These results demonstrated that collagen might have the potential to
elicit an immune response in rheumatoid arthntis or other auto-immune

diseases.

The introduction of monoclional antibody technology (Kohler & Milstein,
1875) has allowed investigators to examine the primary structural features of
the proteoglycans. Monoclonal antibodies recognize single epitopes on
complex molecules such as proteoglycans and allow specific studies even
with the inherent heterogeneity and polydispersity.

Monocional antibodies can be used as analytic tools for both
quantitative and qualitative analyses of proteoglycans. Using monoclonal
antibodies, Dorfman et al., 1980, have shown the existence of at least two
antigenic determinants in the core protein structure. Monoclonal antibodies
directed against carbohydrate etpitopes on proteoglycans have been
produced that specifically recognize each of the three isomers of chondroitin
sultate (0-, 4-, and 6-sulfated) and dermatan sulfate (Caterson et al., 1981;

Couchman et al., 1984). These antibodies require that the glycosaminoglycan
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chains be pretreated with chondroitinase in order to generate the epitope
recognized by each monocional antibody. This finding showed that the
antigens used for immunization were similarly pretreated, or the epitopes for
the antibodies are normally sequestred in the proteoglycan aggregate
interaction.  All of the antibodies recognize an epitope containing an
unsaturated glucuronic acid moiety at the non-reducing terminus of the
carbohydrate chain. Differential digestion with either chondroitinase ABC or
chondroitinase ACIl prior to immunostaining can be used to distinguish
between chondroitin-4-sulfate and dermatan-sulfate-containing proteoglycans
(Couchman et al, 1984). Radioimmunoassays using monoclonal
antibodies, in a sandwich {a second antibody coupled to an isotope is used to
tag the monoclonal antibodies binding to the antigens), are then used to allow
for qualitative and quantitative analysis. Monoclonal antibodies against
epitopes present in the hyaluronic acid binding region, as well as the epitopes
present on the link proteins, have been produced and used in peptide
mapping of the proteoglycans (Caterson et al., 1986).

Affinity chromatography using monoclonal antibodies has been
used for proteoglycan separation. The earliest successful use of monoclonal
antibodies coupled with a beaded agarose column was in the purification of
alpha interferon (Secher and Burke, 1980). Caterson et Al, 1986, used
monoclonal affinity chromatography to demonstrate the occurence of two
distinct proteoglycan subpopulations in young and old rat knee articular
cartilage.

Monoclonal antibodies have also been used for topographical

localisation of antigens. Burmester et al., 1983, used monoclonal antibodies
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and indirect immunofluorescence for surface antigen identification on
articular chondrocytes. They pointed out the presence and expression of la
antigens on single cells lacking a pericellular matnx. The preceding studies
demonstrate that proteoglycans may also be potentially unique antigenic

sites within cartilage.

CONTROL FACTORS IN CHONDROGENESIS

Environmental requlation

Mature cartilage chondrocytes, embedded in extracellular cartilage
matrix, are resting ceils with no mitotic rates and a very low activity of matrix
production and degradation. After enzymatic release from cartilage and
transfer to cell culiure, even chondrocytes from older individuals can be
reactivated to divide and to produce cartilage matrx. Therefore,
chondrocytes can be controlled by their microenvironment; the cartilage
matrix. Studies of osteoarthrosis found that changes in the composition of
the extracellular matrix, such as degradation and loss of proteoglycans.
initiate chondrocyte proliferation and increase collagen and proteoglycan
production in chondrocytes (Nimni et al., 1973). Furthermore, chondrocytes
in culture maintain their chondrogenic phenotype, i.e. preserve their ability
to produce cartilage-specific collagens. This occurs only it the culture
conditions allow the cells to maintain a sphetical cell shape and prevent
spreading, outgrowth of cell processes and development of stress fibers

(Benya et al., 1986). Certain culture conditions cause chondrocytes to spread
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and to develop cell processes, focal contact and stress fibers. Chondrocytes
seeded on tissue cufture, plastic or glass {(Dessau et Al., 1978), or those
treated with hyaluronidase (Solursh et Al., 1975), can reject the pericellular
matrix or "glycocalyx”. Instead of matrix, these cultures deposit a fibronectin
network that seems to develop an inhibitory effect on chondrogenesis. Such
flattened and matrix-free chondrocytes are labile and may continue to
produce cartilage-specific collagens and proteoglycans tor some time.
However, they will eventually lose these properties and begin to synthesize
type | collagen and non-cartiiage proteoglycans, eventually becoming
fibroblastic or "dedifferentiated” chondrocytes.

Culture conditions that maintain chondrocyte phenotype include:
culture on agar (Horwitz et al., 1973), in agarose (Benya et al., 1982), high
density monolayer culture (Solursh et al., 1974), or high density suspension
culture {(Deshmuskh et al., 1976). The common feature of these culture
conditions is the ability of the chondrocytes to encapsulate themselves in a
pericellular matrix consisting of type 1l collagen and_chondroitin sulfate
proteoglycan (CSPG). This cuitured cartilage matnx is apparently very similar
to the native cartilage matrix. Von der Mark et al. (1986) showed that the
binding of extracellular type Ii collagen to chondrocytes is mediated by a
membrane bound glycoprotein of MW 34,000 daltons called Anchorin Cil.
The binding of radioactively iabelled type Il collagen to chondrocytes as well
as the attachment of chondrocytes to type i collagen substrates is reduced,
but not completely inhibited by antibodies to Anchorin Cll. The same
antibodies label Anchonn Cll at the surface of chondrocytes |n situ and in cell

culture. The function of Anchorin CIl is stifl unclear, but it might serve to
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anchor the cell in the extracellular matrix without further consequences of the
collagen-cell binding on cell functions. It could also be involved in endocytosis
of collagen or secretion of procollagen. Anchorin Cll may provide nucieation
sites for the assembly of periceliular collagen fibrils or bundles as suggested

by the punctate distribution of Anchonn Cll on the chondrocyte surface.

Environmental effects on chondrogenesis

Caplan, A.l. ,1970, has found that in tissue culture, limb mesenchymai
cells will readily differentiate into cartilage if the cells are plated at densities
greater than confluency. Solursh et Al. ,1982, have shown that single,
dissociated limb mesenchyme cells from chick embryos can be converted
into chondrocytes. Chondrocytes are identified by the appearance of
immunologically detectable type Il collagen or the presence of an alcian-blue-
stainable extracellular matnx. To stimulate conversion to chondrocytes, the
limb mesenchyme cells are bnefly maintained in suspension cuiture, cultured
on or in agarose, methyl celiulose, or type | collagen gels. or briefly exposed
to cytochalasin D (Zaneth et al., 1984). One noticeable feature of all these
culture conditions is that they maintain the mesenchymal cells in a rounded
configuration which is consistent with the normal role for cell shape in the
initiation of chondrogenesis. Typically round shaped cells are found in the
precartiiage blastema in_sity. Furthermore, localized differences in the
extracellular matrix seem to play a role in establishing chondrogenic and
non-chondrogenic regions (i.e. in difterentiation). This is seen in the
mesenchymal cells of the limb bud of chick embryos in situ. The normally

non-chondrogenic regions of the early limb bud can form carilage in explant
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cultures and high density cell cuitures (Ahrens et al., 1979). The addition of
limb ectoderm appears to nhibit chondrogenesis and promote Ioose
connective tissue formation (Solursh et al., 1381). In contrast, removal of iimb
ectoderm from the explant promotes more chondrogenesis. Iits eftects would
be produced through the extracellular matrix. since collagen gels but not
agarose gels can be preconditioned by ectoderm. Preconditioning is done by
alterating the shape of mesenchymal cells. Cytochalasin D treatment
alleviates the inhibitory effect of the ectoderm on chondrogenesis (Zanetti et
al. 1986).

Modification of cell shape seems to influence the onset of
chondrogenesis. This may be caused by aitered gene expression through the
cytoskeleton which 1. turn might influence the translation, and indirectly the
transcription of specific messenger RNA (mRNA) populations. Zanetti et al.,
1984 found that the actin skeleton is involved in controlling the shape of chick
limb mesenchyme cell, Lenk et al., 1977 showed that the actin skeleton is
intimately involved in mRNA translation. As mentioned, chondrocytes in
culture maintain therr chondrogenic phenotype only if centain culture
conditions are met. Conditions must allow for the maintainance of a round
cell shape, prevent spreading and outgrowth of cell processes, and prevent
stress fibers from developing. Solursh et al. (1975) found that treatment of
chondrocyte cultures with hyaluronidase removes the pencellular matrix,

leading to cell flattening and reduced chondrogenic expression.
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Modulation of the Chondrocyte phenotype jn vitro

The collagen in cartilage is mostly type {l. The remaining collagen s
distributed between 1a, 2a, 3a-chain collagens, and type IX collagen. In
growth cartilage, type X collagen appears during the hypertrophy stage. Most
phenotypic modulation results in the cessation of type 11 collagen synthesis.
Non-equivalent replacement of type Il coliagen occurs with synthesis of
collagen type | or type | trmer, type Illl, type V and one or two
uncharactarized smaller collagens (Benya et al., 1978). Thus, different
experiments involving modulation of chondrocyte gene expression have been
done in vitro. These in vitro studies include serial subculture (Benya et al.,
1978), growth to senescence (Mayne et al, 1976), viral transformation
(Gionti et al., 1983), growth in the presence of bromodeoxyuridine (BrdU)
(Mayne et al., 1975), embryo extract (Mayne et al., 1976), retinoid acid
(Benya et al., 1983), and phorbol mynstate acetate (PMA) (Finer et al.,
1984).

Modulation of chondrocyte phenotype has led to the following
important findings. First, the process is not due to overgrowth by another cell
type. This is clearly demonstrated by the fact that cultures derived from a
single clonal chondrocyte exhibit the moduiated phenotype at senescence
(Mayne et al., 1976). Additionally, 80% of the modulated chondrocytes in
masse culture and in fourth or fifth monolayer culture can be induced to
reexpress the differentiated phenotype during subsequent agarose culture
(Benya and Shaffer, 1982). Secondly, the cell morphology, which is polygonal

or fibroblastic, does not necessarily correlate with the expressed collagen
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phenotype. This has been shown by simultaneous immuno-iocalization of
both collagen type | and Il in the same field of partially modulated chick
chondrocytes (Von der Mark et al., 1977).

Subcultured-modulated chick chondrocytes were shown to reexpress
the differentiated phenotype during a 2-week period of anchorage-
independent agarose culture by Benya et al., 1982. One possible stimulus for
reexpression could be the change in cell shape from spread to spherical. No
changes were made (n the culture environment or in the agarose medium to
achieve a change in phenotypic expression. The change in shape from
spread to spherical leads to a loss of stress fibers and to fewer spread cells,
accompanied by a reorganization of the cellular cytoskeleton. it has been
suggested that cytoskeletal reorganization (microfilament modification) might
be involved in the transduction of shape information into interpretable signals
for gene expression. This intracellular communication may occur by way of
connections between the cytoskeleton and the nuclear matrix.

Phenotype modulation and reexpresion experiments have shown that
chondrocyte phenotype in_vitro can be highly variable. Phenotype expression
could be modulated by powerful drugs and it may also be modulated by
subculiture which has been previously perceived as a relatively minor
modification to the cellular environment. Another important possibility is that

experimental designs 0 witre that do not control for phenotype modulation
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could be using cells that have diverged significantly from their in vivg state.
In paricular, the experimental requirements for essentially complete
reexpression of a differentiated phenotype in chick chondrocytes include:
microfilament modification, the presence of 10% fetal bovine serum, and the
absence of a requirement for cell division (Benya et al., 1981).

Handley et al., 1986, showed that it is possible to maintain bovine
anticular cartilage, from both young and old animals, in culture for up to 3
weeks with no change in the phenotype. The matrix surrounding the
chondrocytes was also unchanged. When bovine cartilage is placed in a
medium containing 20% fetal calf serum, the rate of S35-labeled
proteoglycan synthesis by bovine cartilage increases. The rate of loss of $35-
labeled proteoglycan from the tissue is low. The net result of these factors is
the maintenance of the concentration of proteoglycans in the extracellular
matrix. The primary role of serum 1n promoting tissue growth in vitrg is to
provide hormones and hormone-like factors. Fetal calf serum has been
shown to contain activity corresponding to insulin-like growth factors or
somatomedins (IGF/Sms). More precisely, IGF-/SmC. IGF-I/'SmC at
20ng/ml in the culture medium has the same effect as 20% fetal calf serum in
the medium. Both substances dramatically increase the rate of synthesis and

loss of proteoglycans.
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The proliferation and differentiation of animal cells are influenced by a
variety of local substances, including a group of protein growth factors which
are hormone-like in both structure and function. However, their synthesis,
release, mechanism ot action, and regulation are still unknown. The signal
induced by most protein factors is mediated through specific cell surface
receptors. These changes in cellular activities are associated with the
cytoskeleton and therefore with morphological changes of the cell. Growth

factors stimulate cell replication and metabolism .

1- Insulin-hke growth factors ( Somatomedins ):

They include the insulin-like growth factors | and Il (IGF-f, IGF-Il)
(Rinderknecht and Humbel, 1976), and the homologous rat protein,
multiplication stimulating activity (MSA} (Moses et al., 1980). They are low
molecular weight proteins (= 7.5kd) that circulate in plasma and they are also
bound to high molecular weight carrier proteins (Zapf et al., 1975). In their
bound form , the IGFs do not appear to have significant biological activity
(Zapf et al., 1979). In vitro, they can be released from their carrier proteins by
dissociating agents like guanidine or by acid treatment.

Cartilage derived tactor (CDF) (Kato et al., 1980) was suggested to be
most probably IGF-l1 (Kato et al., 1981b), whereas skeletal growth factor
(SGF) (Kato et al. 1982) was believed to be IGF-ll (Mohan et al., 1988). CDF
was identihed by its ability to stimulate 3H-thymidine incorporation into DNA

and 35S-sulfate incorporation into proteoglycans by chondrocytes.
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Interactions of CDF and MSA with other growth factors were
evaluated. Both have synergistic activities with either EGF or FGF and DNA
synthesis (Osborn et al., 1389). This is crucial since cells do not see only one
growth factor at a time in vivo, and it is normal that several factors would act
together to exert concerted biological activity.

Injecting IGF-I (100ng/day) into the growth plate of rats caused a
significant increase in epiphyseal width (Russel and Spencer, 1985).
Hypophysectomized rats showed a significant reduction in circulating 1GF-|
levels which were restored upon administration of growth hormone (GH)
(D'Ercole et al., 1988). These results demonstrated the role of IGF-] in
promoting cartilage growth, and aiso suggested that GH may act directly on

chondrocytes to stimulate chondrocyte production of IGF-1.

2- Fibroblast growth factors:

Cartilage-denved growth factor (CDGF) which i1s distinct from the IGF-
like cartilage derived factor (CDF) discussed above, is closely reiated to
fibroblast growth factor (FGF). SDGF is able to bind tightly to hepann-
Sepharose (Sullivan and Klagsbrun, 1985), and has a basic pl, and a
molecular weight around 18,000 Daltons.

Sachs et al. (1982) found that FGF inhibited 35S0, incorporation in
48-hour cultures, but stimuiated incorporation after 72-hour cultures. These
findings suggest that treatment with FGF resuilts in a short term decrease,
but-long term increase in proteoglycan synthesis by isolated chondroblasts.

Other molecuies related to FGFs are endothelial cell growth factors

(ECGF) and macrophage-denved growth factor (MDGF). Both have been
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shown to be mitogenic for osteoblasts and chondroblasts in vitro (Rifas et al.,
1984). In vivo studies by Cuevas et al., 1988, demonstrated the potent effect
of FGF on canilage healing. FGF was administrated via minipumps to knees (
=~ 200ng over 2 weeks ) with intrachondrial lesions . After 20 days, the lesions
were filled in with clusters of chondrobiasts surrounded by extracellular
matrix. The mechanism by which FGF exers this healing response is not
clear but FGF seems to stimulate both cell replication and matrix production
in vitro as well as in vivo. FGF appears to be an attractive molecule to utilize

in cartilage repair.

3- Transforming growth factor-3 (TGF-B):

TGF-B is a 25 kd homodimer. It was originally studied as cartilage
inducing factors A and B (CIF-A, CIF-B). CIF-A and CIF-B are now known to
be identical to TGF-B1 and TGF-p2 respectively (Seyedin et al., 1986, 1987).

TGF-B1 and TGF-f2 have been reported to either stimulate or inhibit
cell proliferation. Their action depends on the cell type, the experimental
growth conditions and the presence of other biological factors (e.g. serum
factors, Vivien et al., 1991). Skantze at al., 1985, demonstrated a decrease in
both collagen and glycosaminoglycans production by chondroblast cultured
with TGF-B in agarose culture. In contrast, Redini et al. (1988) found a
stimulation of synthesis of both collagen and glycosaminoglycans. Synergism
between TGF-B and EGF with mitogenic effects has also been observed in
agarose culture (Skantze et al., 1985). O'Keefe et al., 1988, noted a biphasic
mitogenic response of chick chondroblasts grown in monolayer when assays

were done using Dulbecco’s modified Eagle’'s medium (DMEM).
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Recent studies by Morales et al., 1986, on the effects of TGF-3 on
organ cultures of bovine cartilage showed that TGF-J increased proteoglycan
synthesis and inhibited catabolism of proteoglycans with no changes in the
DNA or collagen content of the cultures. TGF-B1 has been shown to
stimulate the synthesis of more anionic proteoglycan aggregates which
presumably have a beneficial effect on tissue function as far as cartilage
matrix resiliency is concerned ( Morales et al., 1990).

Morales et al. (1991) showed that the predominant isoform of TGF-B is
TGF-B1 (60-85%) and the total TGF-B1 + TGF-p2 was in excess ot the
amount required for maximail activation of proteoglycan synthesis. It was
suggested that much abundance of the polypeptide might be sequestred in

the matnx awaiting release upon demand.

4- Platelet-derived growth factors (PDGF):
POGF is under the form of hetero and homodimer from 28-32 kd. It
has been found to elicit a mitogenic response In vitro with increased 35S0,

incorporation in chondroblasts (Prins et al., 1982).

5- Epidermal growth factors (EGF):

EGF is a 16kd monomer with potent mitogenic effects for
chondroblasts (Hiraki et al., 1987) and which acts synergistically with FGF to
stimulate DNA synthesis but at the same time reduce 35SQ, incorporation in

chondroblasts by both FGF and IGFs.

6- Interfeukin-1 (IL-1):
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IL-1 is a 17.5kd monomer. It has been associated with cartilage
degeneration of diseased joints (Nowi et al., 1984). It has been shown to
cause a decrease in 35S0, incorporation and type Il collagen synthesis in
chondroblasts, to provoke an increase in the release of proteoglycan from
cartilage explants (Benton et al., 1988), and to stimulate prostaglandin
production and secretion of proteases, including collagenase and elastase

(Redini et al., 1988).

ROLE OF CARTILAGE IN FACIAL GROWTH

Growth cartilage plays a crucial role in facial growth. This cartilage
functions 1n conjunction with certain enlarging bones in the form of
synchondroses, condylar cartilage, epiphyseal plate, or nasal septum.
Several theones have been developed to explain the close association
between bone growth and cartilage. Early theorists believed craniofacial
cartilages were primary growth centers. Later theories centered on cartilage
as important growth sites in facial development.

Woltf's law of bone transformation, introduced in 1839, stated
that bone adapts its structure to its functions. However, most attempts to
apply Wolff's law have not distinguished between the physical forces acting
on a bone and forces acting on the osteogenic connective tissue (periostum,

growth cartilage). It is these later forces that actually form and remodel the
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bone (Enlow, 1968). Enlow has also pointed out that areas of muscie
attachment in the mandible are sometimes found on histologically resorptive
bony surfaces. This finding would not be expected from Wolff's law.

Beginning in the 1930's, and flounshing in the 1940's and 1950's, a
more complex model for growth control emerged. The new theory was based
on the belief that growth of bone followed an intrinsic genetic program. The
genetic program was stored by the bone producing cells of the periosteum.
sutures, and related cartilages. Sutures, synchondroses, as well as the
mandibular condyles were considered autonomous growth centers. These
growth centers provided the tissue separating force that resulted in
enlargment and displacement of bones. The downward and forward growth
changes in the maxillary complex were thought to be due to the innate growth
of the frontomaxillary, zygomaticomaxillary, and pyramido-sphenoid sutures
(Weinman and Sicher, 1955 ).

The nasal septum theory (Scott, 1953), proposed that sutures are
traction-adapted rather than pressure adapted. Scott suggested that the
cartilagenous nasal septum provided the tissue separating force to displace
the midface downward and forward. He believed that growth of maxillary
complex as well as the adjacent organs was pnmarly driven by endochondral
growth of the nasal septum.

Moss, 1962, 1968, developed the concept of a Functional matrix
from the original concept of Functional Cranial Components of Van der
Klaauw. In the Functional Matrix theory, the head and neck consist of
independent yet integrated functions (i.e. digestion, respiration, speech,

smeli). Each function is carned out by a functional cranial component.
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Each functional cranial component consists of a functional matrix and a
skeletal unit. The mandible, for example, consists of several independent
functional cranial components with associated functional matnx/skeletal units.
The teeth and alveclar process are one such pair, the temporalis muscle and
the coronoid process is another. The concept of a functional matrix is
intended to describe what happens to achieve the combination of actions,
eactions, and feedback interplay that occur. The functional matrix is primary
while the associated skeletal unit is secondary. The skeletal unit is
compensatory to the functional matrix which it supports and protects.

The composite concept, supported by Van Limborgh, 1972,
surmised that growth control is achieved by a variety of factors. He proposed
that intrinsic genetic factors, local epigenetic factors and environmental
factors combine to control the facial growth process. In Van Limborgh's
model, cartilage receives the most input from intrinsic genetic factors. In
contrast, bone receives most of it modulation from local epigenetic factors
such as hormones and local environmental factors such as oxygen. Cantilage
and bone growth might generate epigenetic factors that will influence other

surrounding cephalic structures.

USE OF CARTILAGE ANTIBODIES IN FACIAL GROWTH STUDIES

Early investigators have tried to venfy the different theories of facial
growth by surgical removal of craniofacial cartilages from experimental

animals. Surgical trauma results 1n a destruction of the local environment and
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introduces experimental error. It would be more elegant and convincing if the
proposed cephalic cartilage could be rendered non-functional without surgical
intervention. Anti-cartilage antibodies may be useful for that purpose.

Bngham (1976) deveioped antibodies in rabbits against bovine
cephalic cartilage. Using indirect immunofluorescent labeling, he showed that
antigenic differences exist between bovine condylar and nasal septum, or
epiphyseal plate cartilages.

Working in the same laboratory, Palmer (1978) raised antibodies in
rabbits against rat nasal septum components. Paimer injected growing rat
from bith to 30 days with anti-RNS (rat nasal septum) antisera. He
demonstrated that rat nasal septum antibodies are bound to the rat nasal
septum cartilage jn vivo. He also observed some histologic disturbances in
the chondrocytes of the nasal septum which he termed cytopathic effects.

Hans (1981) also used a polyclonal antisera raised in rabbits to rat
nasal septum cartilage extracts to inject growing rats from birth to 30 days.
Hans showed that nasal septum antisera inhibits midfacial growth in rat. In
addition, Hans developed an jn vitrg cell culture system to study anticartiiage
antibodies. Using nasal septum chondrocytes, Hans demonstrated that the
nasal septum antisera was cytotoxic to chondrocytes in cuiture. Using indirect
immunofluorescence, Hans showed that anti-nasal septum antisera localized
to both the cell surface and the matrix of the cuitured chondrocytes.

Perih (1989) prepared antibodies against cultured rat nasal septum
chondrocytes and proved that in_vivo and in vitrg cell surface antigens and
cartlage matrix antigens are for the most part identical in ther

immunofluorescent staining pattern.
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Using SDS-PAGE electrophoresis and comparing the protein profiles
of different cantilage extracts from whole cartiage and from cultured
chondrocytes, Slodov, 1991, showed that unique proteins of different
cartilages {nasal septum, condyle, epyphiseal plate) are most likely localised
in the cartilage matrix rather than in the chondrocyte membranes.

Isolation and punfication of proteins unique to cartilage and
chondrocyte cephalic cartilage could be used for mouse immunization. These
could then be used for hybndization, clomng and characterization of
monoclonal antibodies directed against specific cartilage components.
Monospecific anticartiiage antibodies would be a powerful experimental tool.
Thus antibodies could be used to begin to understand the complex

mechanism involved in growth control.



STATEMENT OF THESIS

The first goal of this research was to determine the matrix antigens
reactive with a cartilage antisera that aiters the growth of the nasal septum in
growing rats. This study will ultimately result in a better understanding of the
factors affecting and controlling midfacial growth. Nasal septum matrix
proteins will be reacted with this antisera that was shown previously to
significantly alter the growth of the midface in 11-day rats (Hans, 1981). Dot
blotting will be used as a preliminary exploration tool and to fine tune the
analysis in order to characterize reactive species after 1D and 2D
electrophoresis. Monospecific monoclonal antibodies (3B3, 2B6, 5D4, 8A4)
will be used as probes to identify antigens common to these reagents and to
the anti-nasal septum antisera.

The second goal of this study is to identify the matrix proteins
components of 11-day nasal septum cartilage in relation with cartilage
characteristics found in the literature.

The third goal of this study is to discriminate between nasal septum
and condyle matrix antigens at the protein level. This would verify the results
found by other investigators that existence of unique protein of nasal septum

or condyle cartilage is likely possible.
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Material and methods.

Sample dissection of cartilage:

Eleven litters of 11-day old Sprague-Dawley rats were sacnficed by
Pentobarbital injection ( 2 ml ). Access to the nasal septum was made by a
longitudinal incision from nasion to the tip of the nose with a #15 blade. This
incision was then emphasized by dissection with surgical scissors, starting
from one of the nares exposed by slight amputation of the snout. Dissection
pliers were used to separate the nasal septum from its base of insertion on
the palatal bone. Excision of the condyle samples was much simpler. A
lateral incision from the commissure of the mouth to the ear allowed access
to the condylar head, which was the size of the tip of a pencil. The samples
were then washed in cold Geys's Balanced Salt Solution (GBSS) to remove
blood and surrounding tissue debris, then stored in Gey's solution at 40C
until the end of the session. The conservation of the samples in cold isotonic
media was crucial at this stage in order to minimize cartilage degradation by
endogenous tissue proteinases.

At the end of each dissection, the samples were kept at -750C for a

few weeks before proceeding with tissue extraction.

Cartilage matrix extraction:

The following extraction strategy was employed for this investigation.

1-Freezing and milling:

40
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The surface area of tissue matenal avallable for extraction can be
increased by slicing, grinding or pulverising. Therefore, the dissected nasal
septum and condylar cartilage samples were frozen with liquid nitrogen and
milled into powder, using a Spex freezer/mill apparatus (Spex Industries Inc,
NJ). During this manipulation, care was taken to place the impactor chip in
the center of the sample tube and to avoid contact with the wet cartilage
samples that would stick to the chip and would result in an incomplete

milling.

2-Guanidine hydrochloride extraction:

Four M guanidine HCI in 0.1M sodium acetate buffer, pH 5.8
containing protease Inhibitors ( 100 mM 6-aminchexanoic acid, 5 mM
benzamidine hydrochlonde, 10 mM Nas EDTA, 20ug/ml ovomucoid ) was
then added to the milling powder. The samples were thus left for extraction
for 24 hrs on a magnetic stirrer at 40C. The extracts were then centrifuged for
10 minutes at 2,400 ppm (Sorvall J6-B ) to eliminate any unextracted residue.

Salt solutions which promote solubilisation (as a consequence of
dissociating intermolecular non-covalent interaction between proteoglycans,
soluble collagens, glycoproteins and other molecules in connective tissues)
have been termed dissociative extractants by Sadjera and Hascall {1969).
They found that maximal extraction of proteoglycan (about 80% of tissue
hexuronate) was obtained with high concentration of guanidine HCI;
extraction at pH 5.8 resulted in optimal reaggregation after dilution of the
guanidine HCI, and that a period of 20 hrs at 250C was optimal. The action of

guanidinium salt 1s as a protein denaturant and its action on cartilage
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proteoglycan complexes involves denaturation of Iink proteins (which are
associated with proteoglycans) as well as denaturation of any secondary or
tertiary structure which the proteoglycan subunit may contain. The viscosity
of proteoglycan aggregates may be decreased by reduction with 2-
mercaptoethanol, however this could inhibit the reaggregation of

proteoglycans, link proteins and hyaluronate (Sadjera and Hascall, 1969).

3-Dialysis:

To remove guanidinium and to allow the proteoglycan aggreggates to
reform, the extracts were then dialysed exhaustively against double distilled,
deionized water for 24 hrs, at 49C, on magnetic stirrer, using porous
membrane tubing with molecular weigh cut-off of 6,000 to 8,000 daltons.

Water was changed every 6 hrs.

4- 15 K fractions:
A precipitate formed during dialysis. The dalysates were then
centnfuged at 15,000 rpm (SS-34 rotor, Sorvall centrifuge), for 10 minutes to
generate the 15-K supernate and the 15-K pellet fractions ( precipitated

material ). These samples were assayed for hexuronic acid and protein.

5- Lyophilisation:
The 15-K supernatant (which contained most of the proteins) was
frozen with dry ice in ether and lyophilized overnight. The 15-K pellet was

kept at -40C for later comparison with other samples.
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6- Cesium chloride density gradient separation:

The 15-K lyophilized supernatant was then solubilised in 12 mlof 4 M
guanidinium HCI in 0.1M sodium acetate buffer, at pH 5.8, and centrifuged at
2,400 rpm for 10 min, yielding gradient pellets and gradient supernates. The
gradient pellets were kept at -200C . Cesium chionde was added to the
gradient supernate (2.6 g of cesium chloride to every 4 mi of solution). The
density was then adjusted to1.5+ 0.0049 g/ml, using micropipets calibrated
for 100ul and weighed on a precision balance ( Mettler H20 analytical
balance). The samples were then centrifuged at 35,000 rpm (gravity =
105,000 g) for 45 hours at 49C, yielding four density fractions D1-D4, bottom
to top.

7- Dialysis:

To remove CsCl and guarmidinium HCI, the extracts were then dialysed
exhaustively against double distiled deionized water overmight, at 4°C, on
magnetic stirrer, using porous membrane tubing with a molecular weigh cut-
oft of 6,000 to 8,000 daltons{ Medical Spectrum Industnies, LA, CA). Water

was changed twice. This yielded the final four gradient fractions (D1-D4).

8-Uronic acid analysis and protein analysis:
Quantification assays were performed on different fractions: the 15-K
supernates and pellets, the gradient supernates and pellets, and the final

extracts.
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Uronic acid analysis was performed to determined the concentration of
proteoglycan. The carbazole method for uronic acid after Bitter and Muir
(1962) was used.

Bradford micro-assay for protein was performed to quantify the

amount of protein extracted in each fraction (Bradford, 1976).

Screening:
Further fractionation and characterisation of the extracts was done

based on their molecular weight, charge and immunologic properties.

1- By molecular weight and charge:

iD(one dimensional) 3-16% gradient SDS-PAGE electrophoresis
(Laemmli procedure) stained with Coomassie blue and silver nitrate allowed
for separation based on molecular weight and companson of nasal septum
and condyle protein patterns.

2D 3-16% gradient SDS-PAGE gels { O'Farrell procedure )} was then
performed to discriminate between proteins migrating with poor resolution on
1-D gels. Additional resolution was obtained by the addition of reducing agent

(1mM of dithiothreitol ) to break the disulfide bonds.

2- By immuno-reaction:
Dot blot analysis was used to probe the different fractions, especially

D3 and Dg4, with rabbit antirat polyclonal antisera (Hans, 1981) raised against
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rat nasal septum and condyle , and with monoclonal antibody 8A4 ( specific
to link protein of proteoglycan).

Western blot analysis with specific rabbit anti-rat polyclonal antisera
(anti-NS 1gG and anti-CON IgG) and monoclonai antibodies (8A4, 3B3, 2B6,
5D4) was used for further characterisation of matrix proteins on 1D and 2D
gels. 8A4 which is specific to link protein was used as a positive reaction
control.

Anti-NS IgG and anti-CON IgG were extracted from antirat polyclonal
antisera ( Hans, 1981) by selective elution from DEAE-cellulose column (
Whatman DE-52 ) following the technique described by Mac Donough and
Inman (1970).

Comments:

1-Extraction conditions:

The surface area of tissue available for extraction can be increased by
slicing, grinding or pulverising. Sadjera and Hascall (1969) used a Stanley
surform. Brandt and Muir (1971) pulverised cartilage by hammering in a steel
die cooled in liquid nitrogen. Prolonged high speed homogenisation of
bovine cartilage in water permits extraction of 80% of the proteoglycan
(Sandson et al., 1966), however the material extracted this way is degraded.
Furthermore, proteases active at neutral pH have also been found in
cantilage proteoglycans prepared by high speed homogenisation. Sonication
Is another technique that has been used, but it may, in addition to creating
shearing forces, give nse to free radicals which could degrade protein or

carbohydrate moities of proteogiycans. As shown by Sadjera and Hascall
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(1969), very marked reduction of sedimentation value (8) occurs on
sonification of proteoglycans, thus this technique shouid be aveoided if intact

proteoglycans are to be isolated.

2-Extractants:

Exposure of embryonic cartilage to water has been found to resuit in
the release of lysosomal proteases ( Lucy et al., 1961). Thus, it is preferable
to avoid hypotonic conditions and protease inhibitors shouid be included
during extraction.

Various substances have been used to extract the matrix proteins:
urea, detergents (Triton X-100, SDS), salt (potassium salt, lithium salt),
organic solvents (chloroform-methanol, aqueous butanol..), and proteolytic
enzymes. The predominant problem encountered in using these substances
was low extraction yield or denaturation of the proteins.

A breakthrough came when Sadjera and Hascall (1969) introduced
extraction with chaotropic solvents like guanidine HCl combined with
purification by sedimentation equilibrium centrifugation in CsCl gradients.
This technique provided a high degree of separation of proteoglycans and
matrix proteins. The authors observed that there was specific aggregation of
cartilage proteoglycans to much larger structures and that guanidine HCI
induced the dissociation of such aggregates present in the tissue. This
dissociation facilitated the extraction of the proteoglycans from the cartilage.
When the guanidine HC| was removed by dialysis, the aggregates reformed.
A protein factor with a higher buoyant density than the proteoglycans in CsCl

was required for the reaggregation. Keiser et al. (1972 ), later characterized
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a class of proteins involved in aggregation that actually contained three
similar components with apparent molecular weight of about 45,000. They
are now known as link proteins. Hardingham and Muir (1972) showed that a
third component, hyaluronic acid, could mediate aggregation by binding
several proteoglycans. It was found that link proteins appeared to be an
important factor in stabilizing the interaction between proteoglycan and
hyaluronic acid (Hardingham,1979).

Sadjera and Hascall (1969) determined that 4M guanidinium HCl s the
preferred concentration for extraction, since at this concentration most
intermolecular non-covalents bonds appear to be broken. At lower
concentrations, the denaturing effect of the guanidine hydrochlonde is less
pronouced and extraction is less efficient At higher concentration, the
extraction yield may become lower, possibly an effect in the alteration of the
collagen network as a result of denaturation. The ratio of extraction solvent to
tissue wet weight should be kept at 15 to 20, to give optimal yield. It is
important to use as small pieces of tissue as possible , to minimize extraction
time. The optimal pH was found around 5.8, where the activity of lysosomal
acid proteases as well as neutral proteases is low . A number of protease
inhibitors have also been included in extraction solvents. Examples include
the serine protease inhibitors diisopropy! fluorophospate (5 mM) and
phenylmethylsulfonyl fluoride (1mM) which should be dissolved in small
volumes of organic solvent, for instance n-propanol before addition. Other
suitable inhibitors (Oegema et al., 1975) include 10mM benzamidine
hydrochionde  (inhibits  arylsulfatases), 50 mM EDTA  (inhibits

metalloproteases), 100 mM 6-aminohexanoic acid (inhibits serine proteinases
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such as plasmin and its activators) and 10 mM N-ethyimaleimide (NEM)
(inhibits sulfhydryl-dependent proteases) which also prevents disulfide
exchange. The addition of reducing agents such as 2-mercaptoethanol or
dithiothreitol might help to solubiize microfillar component and therefore yield
additional material, however reaggregation of proteoglycans, link proteins

and hyaluronate could be inhibited (Sadjera and Hascall, 1969).

3- Cesium chloride density gradient centrifugation:

This technique separates molecules of different buoyant density.
Before centrifugation, solid CsCl is added directly to the 4M guanidine
hydrochioride extract or homogenate. Guanidine hydrochloride promotes
solubilisation by dissociation of intermolecular interaction between highly
charged proteoglycans and other molecules in connective tissue (Sadjera
and Hascall, 1968). The starting density 1s adjusted between 1.35 to 1.50
g/ml, depending on the type of proteoglycan and preparation that is to be
fractionated.

The amount of CsCl to be added to 4M guanidine extract to obtain
certain density is calculated from the equation:

CsCi (g/ml) = 1.3468 p - 1.4750
p is the desired density in grams per millliter, which may vary depending on
the purity of CsCl used. Usually, addition of 0.7 g CsCl (anaiyticai grade) to 1
g of extract gives a density of 1.58 g/ml, while addition of 0.35 g of CsCl /g of
extract gives a density of about 1.35 g/ml.
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Centrifugation should be performed at 100,000 g or higher for an
extended period (24-96 hrs). Steeper gradient and faster equilibration times
are obtained with higher speeds.

In this present study, we used the Beckman SW 50.1 rotor (83.5mm),
on L8-55 Beckman ultracentrifuge, at 35,000 rpm (115,000 g) for 45 hrs.

As described by Heinegard et al (1987), after centrifugation small
proteoglycans (PG-Sm) will be recovered at densities between 1.30 and 1.40
g/ml in 4M guanidine Hydrochloride. Heparan suifate proteoglycans from
basement membrane show bands at 1.3-1.4 g/ml (low density) and at
densities above 1.55 g/m! (high density). Large protecglycans have high
buoyant densities and those from cartilage will sediment at the bottom of the
tube using various concentrations of CsCl. Proteins will be recovered at the
top of gradients of most density ranges. Glycoproteins having a large number
of negatively charge oligosacchande chains will have a somewhat higher
buoyancy density than most proteins and are recovered between the bottom
and top fractions. Proteoglycans containing heparan sultate chains or
proteoglycans of the small type containing few galactosaminoglycan chains
have low buoyant densities, the heparan sulfate ones usually having the
lowest buoyancy. Hyaluronate will band in in 4M guanidine HCI at densities of
1.40-1.50 g/ml.

After centrifugation, the gradient can be emptied using a Beckman
tube slicer and by upward displacement, with the tube into 4 fractions.
Densities of different fractions (Dq-D4, bottom to top) can be measured by
pycnometry, using constnction pipets which are calibrated for 100 ul weighed

on a precision balance.
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Proteoglycans prepared in gradients containing 4M guanidine HCI are
usually referred to as D (dissociative), D1 1s the bottom ftraction. Those
prepared in gradients with non-denatuning conditions where proteoglycans
aggregates can be recovered ( e.g. dialysis to 0.4M guanidine HCI) are
referred to as A (associative). Thus A1.Dy 1s a proteoglycan punfied in two

sequential gradients, the first associative and the second dissociative.

4- Uronic acid analysis:

The uronic acids in proteoglycans are D-glucuronic acid and L-iduronic
acid. One or both may be present in a single polysaccharide chain. Keratan
suifate and animal glycoprotein (with a few exceptions) do not contain uronic
acid. Therefore assays for uronic acid can be used for the detection of most
proteoglycans as well as for the analysis of their composition. However, with
extracts from major tissues, a major probiem is the presence of large
proportions of nucleic acids which can band from very high to intermediate
densities in CsCl gradients. Unfortunately they react both in the carbazole
and in the orcinol procedures to give color (Beeley, 1985).

We have used the Carbazole method for uroric acid after Bitter and
Muir (1962) with some vanations: sodium borate ( for color stabilisation),
0.025M, 12504l is dissolved in 1250ul of concentrated sulfuric acid (analytical
grade) for every tube. To avoid losses due to excess heat formed when water
and sulfuric acid mix, the latter should be cooled, preferably on dry ice before
the assay, or the tubes should be on ice during the mixing. Then for the
standard tubes, 200u! of standard solutions {20-200umoles uronic acid) is

added to each. For each sample tube add 50! of sample and 150ul distilled
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demineralised H20, thus the samples are 1/4 diluted. For the blank just add
200u! distilied demineralised H20. The tubes were heated in a boiling water
bath for 10 min then cooled to room temperature. Carbazole reagent, with
100ul of 0.125% Carbazole in absolute ethanol was added. The resulting
solution is then heated for 15 min in a boiling water bath and allowed to cool
to room temperature. The absorbance s read at 530 nm.

The absorbance of the blank read against sulfuric acid should be
below 0.025. Dermatan sulphate or iduronic acid derivatives give
approximatively 80% of the colour obtained from an equivalent amount of
glucuronic acid. Neutral sugars give some colour in the assay when present
in large amounts. Oxidizing agents ( e.g. nitrites) give a green colour which

interteres in the assay.

5- Bradford microassay for protein (Bradford, 1976):
Total volume of each tube is 1ml.
1) Add to each tube 200u! of dye concentrate ( Bio-Rad Protein assay,
cat.500-0006).
2) For Blank tube, add 800ul of ddH20. Vortex.
3) For Sample tube, add 50ul of sample and 750ul of ddH20. Vortex.
4) For Standards tubes, Bovine serum albumine (BSA) was prepared
at 100ug/ml at kept at 40C. The standards tubes will be loaded following this
chart.
STDS (BSAin ug) ul (of 100ug/mi BSA) ddH»0 in i
1 10 790
2 20 780
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4 40 760
6 60 740
8 80 720
10 100 700
12 120 680
14 140 660

5) Read optical density (O.D.) after 5 min, on spectrophotometer at
595 nm, visible light.

6) Compute standard regression function.

7) From standard regression function, compute sample protein for 50ul

and deduct sample concentration.

6- IgG purification from rabbit anti-rat polyclonal antisera:

We followed the procedure of Mac Donough and Inman (1969). Their
technique utilizes ion-exchange material, DEAE-cellulose, for separation of
the serum immunoglobulins.

1) Proteins in rabbit antisera were precipitated with saturated
ammonium sulfate (antisera/ammonium sulfate, volume per volume); this
causes most of the immunoglobulins to become insoluble and leaves albumin
in solution.

2) The precipitate was centrifuged at 8000 g for 10 min, using a
Sorvall RC-5B, rotor SS-34.

3) The precipitate was resuspended in a volume of about 20% that of

the original volume.
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4) In order to remove the ammonium sulfate, the material was dialyzed
in porous membrane tubing with 6000-8000 molecular weight cut-off,
overnight against 0.0175M sodium phosphate butfer, pH 6.9.

5) The dialysate was fractionated by elution from DEA-cellulose
column (DE-52). Fractions were eluted with 0.0175M sodium phosphate
bufter, pH 6.9 and spectrophotometrically monitored at 280 nm until the
elution passed the first peak, peak A, described by Mc Donough and Inman
as containing mostly Ig G's.

. 6) The Ig G's fractions were then assayed for protein concentration

through the Bradforg micro-assay.

7- Electrophoresis:

(Hoefer Scientific Instruments, Techniques and exercises,1991)

Electrophoresis is used to study the properties of single charged
species and also to separate charged molecules in solution, chiefly proteins
and nucleic acids, based on their migration response to an electrical field.

In electrophoresis, one electrical parameter (current, voltage or power)
is always held constant. Most of the time, the resistance increases with the
run with the following consequences, dependina on the constant mode
selected. In constant current, the velocity is maintained (velocity is directly
proportional to current) but heat is generated (P=12R, Pis power in watts, |
is intensity in amperes, R is resistance in ohms). In constant voltage, the
velocity slows, but no additional heat is generated during the course of the
run(l=E/Rand P =El, E is voltage in volts). In constant power, the velocity

slows but heating is kept constant. Sample diffusion and loss of activity
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caused by heat or time can thus be minimized by modifying these
parameters.

The net charge of proteins is determined by the pH of the medium.
Proteins are amphoteric compounds, i.e. containing both acidic and basic
residues. Their net charge is determined by the pH of the medium they are
in. Most of the charge of the proteins comes from the pH dependent
ionization of carboxy! and amino groups:

COOH" == COO" + H* NHo™ + H* == NH3*

Therefore, each protein has its own charactenstic charge properties
depending on the number and kinds of amino acids carrying amino or
carboxyl groups. it must be emphasized that nucleic acids, unlike proteins,
are not amphoteric. They remain negative at any pH wused for
electrophoresis.

There is a pH at which there is no net charge on a protein: this pH is
called the isoelectric point or pl. In a solution with a pH above its isoelectric
point, a protein has a net negative charge and migrates toward the ancde in
an electric field. Below its isoelectric point, a protein is positive and migrates
toward the cathode. Thus, the pH of a solution in an electrophoresis system
must be kept constant to maintain the charge, and, hence, the mobilities of
the proteins. To accomplish this requires the used of buffered solution in
electrophoresis.

Temperature regulation is another factor to consider. Polymerisation of
the gels is exothermic and if not regulated, it will set up convections that
cause irregulanties 1n the pore size of the gel. Gels should be surrounded by

a liquid coolant held at a constant temperature. During electrophoresis,
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constant temperature 1S essential to avoid denaturing heat labile proteins and
variation in velocity between samples in the center and the edges of the gel,
giving a "smile” effect and making the comparison of bands difficult. For
precise regulation, the electrophoresis tank must include a system for cooling
and circulating bufter, with the lower buffer chamber large enough to allow
the gel tubes or sandwiches to be immersed in temperature regulated butfer.

The most commonly used support matrices are agarose and
polyacrylamide both of which make porous gels which act like a sieve. This is
accomplish by retarding, or in some cases, by compietely obstructing the
movement of macromolecules while allowing smaller molecules to migrate
freely. Because the pores of an agarose gel are large, agarose is used to
separate macromolecules such as nucleic acids and large proteins and
protein complexes. Polyacrylamide, which makes a small pore gel, is used to
separate most proteins and small oligonucleotides.

The pore size in agarose gels may be predetermined by adjusting the
concentration of agarose in gel: the higher the concentration, the smaller the
pore size. Working concentrations are frequently in the range of 0.4 to 2%
w/v. In polyacrylamide gels, the long chains are covalently linked by a
crosslinker. The most common one is N'-methylene-bis-acrylamide, or bis for
short. The pore size in a polyacrylamide gel may be predetermined in either
two ways. One way is to adjust the total percentage of acrylamide, that is the
sum of the weights of the acrylamide mci:omer and the cross-linker. This is
expressed as %T (e.g. a 20 %T gel would contain 20 % w/v of acrylamide
plus bis). As the %T increases, the pore size decreases. The other way to

adjust pore size 1s to adjust the amount of crosslinker, expressed as the
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percent of monomer and crossiinker or %C. Thus a 20%T 5%C gel would
have 20% w/v of acrylamide plus bis, and the bis would account for 5% of the
total weight of the acrylamide. It has been found that at any single %T, 5%
crosslinking creates the smallest pores in a gel. Above and below 5%, the
pore size increases.

When there is a wide range in the molecular weights of the matenal
under study, the researcher may prepare a pore gradient gel, where the pore
size is larger at the top of the gel than at the bottom. The gel becomes more
restnctive as the run progresses. This enable proteins of widely different
sizes, which would otherwise require runs at two or more different values of
T, to be separated on a single gel, and particularly superior separation of
relatively small components.

Polyacrylamide gel is chemically complex, and so also is the
production and the use of the gel, with some technical requirements having to
be observed. Because oxygen inhibits polymerization, the monomer mixture
must be deaerated. This may be done by purging the mixture with an inert
gas or by evacuating the mixture with a vacuum. When the gel is poured,
either in a tube or in a slab, the top of the gel forms a meniscus. If ignored,
this will cause a distortion of the banding pattern. To eliminate the meniscus,
a thin layer of water or water saturated n-butanol is carefully floated on the
surface of the gel mixture before it polymerizes. After polymerisation, the
water or butanol layer is poured off, leaving a flat upper surface on the gel.
This layer of water or n-butanol excludes oxygen that would inhibit

polymerisation on the cell surface.
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Polymerisation of a polyacrylamide gel is accomplished either by a
chemical or a photochemical method. The photochemical method 1s used
when a lower ionic strength is to be maintained in the gel. It 1s also used
when the protein studied is sensitive to ammonium persulfate or the by-
products of chemical polymerisation. Besides these special considerations,
chemical polymerisation with ammonium persulfate and the quaternary
amine. N, N, N', N'-tetramethylethyienediamine or TEMED, are used as the
initiator and the catalyst respectively. To prevent excessive heating, the
concentration of initiator-catalyst should be adjusted to complete
polymerisation in 20 tc 60 minutes.

In 1D SDS-PAGE electrophoresis, separation and migration is
determined not by intrinsic electrical charge of polypeptides, but by molecular
weight . The technique was introduced by Shapiro et al. in 1967. When
proteins are heated to 100°C for 2-5 min in the presence of SDS ( sodium
dodecylsulfate ) and reducing agents, they unfold and bind ~ 1.4 grams SDS
per gram of protein, approximately one SDS molecule for each two amino
acids. The exact mechanism of binding is still poorly understood. SDS is an
anionic detergent which denatures proteins by wrapping around the
polypeptide backbone, giving a net strong negative charge to the proteins, in
proporttion to their length, and dominating their native charge. Thus treated,
the polypeptides become rods of negative charges with equal charge
densities or charge per unit length. A linear relationship exist between the
log1g of the molecular weight of a polypeptide and its R¢, which is the
distance from the top of the gel to the polypeptide divided by the distance

from the top of the gel to the dye front { Andersson et al (1972),
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Lorentz(19786) ). A standard curve can thus be generated and would allow to

determine the molecular weight of the studied proteins:

logigMW = AR{+B

A and B are the slope and the intercept respectively of the linear
regression line.

2D gel electrophoresis is used to separate compiex mixtures of
proteins into many more components than is possible in conventional one-
dimensional electrophoresis. The first dimension is run in a tube gel
{(isoelectric focusing) which 1s then grafted horizontally onto the top of a
polymensed slab gel. A small amount of agarose is used in the grafting
process to bond the gels together. The second dimension is run on a vertical
slab gel. After the run, the proteins appeared as spots in the slab.

Isoelectric focusing 1s a method in which the proteins are separated in
a pH gradient according to their iscelectric points, that 1s the pH at which the
net charge of the protein molecule is zero. At this pH, the protein molecules
have no electrophoretic mobility. Iscelectric focusing is estabhshed in two
stages. First, the pH gradient is formed. A mixture of highly mobile
amphoteric compounds called ampholytes is mixed to the gel during its
preparation. To generate the gradient, the current is turned on, and the
ampholytes arrange themselves according to their own isoelectric points, the
most acidic moving toward the anode, the most basic toward the cathode. In
the second stage, the protein sample is layered on top of the gel, although it

could be added in the first stage to the polymensation mixture, betfore
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establishment of the gradient. When a protein reaches its 1soelectnic point (pl)
in the pH gradient, it carries a net charge of zero and will stop migrating. if it
diffuses and moves away from its 1soelectric point in the pH gradient, it will
immediatly become charged and move back to its isoelectric pH and remain
focused there. This gives a very high resolving power, in comparison with
other separation methods where there is no force to counteract diffusion.

We have run SDS-3-16% gradient-PAGE electrophoresis with and

without dithiothreitol as reducing agent used at 1 mM.

9- Dot blot: (Campbell, 1984)

We have used the dot blot assay based on the ELISA (Enzyme Linked
immuno Sorbent Assay) assay on nitrocellulose membrane { Trans-Blot
Transfer Medium, Bio-Rad ). ELISA 1s usually used for screening and
quantitating an antibody.

In this assay, the antigen is bound to the plate or the membrane and
incubated with the antibody which is piggy-backed by a second enzyme-
linked antibody, with the enzyme dnving a colometric reaction for detection .
The second antibody could also be radioiodine labelied.

Most protein and nucleic acid antigens are passively adsorbed onto
the solid surface by non specific hydrophobic interactions. The chemical
nature of the solid support could be glass, nylon, sepharose ... or
nitrocellulose paper. The plates or membranes are generally coated with
material that encourages the binding of antigen. The capacity of the various

supports vary widely and the amount of antigen adsorbed wili depend on the
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diffusion coefficient of the protein, the surface area to volume ratio and the
time and temperature of the adsorption incubation. However, the binding 1s
non covalent and in most systems, protein wil leach off the plate during
subsequent incubation with antibody, this can complex the antibody and
reduce its binding. Consequently. there is no particular advantage to be
gained from binding a large amount of antigen to the solid support and there
may be disadvantages in binding too much. The incubation time with the
antibody is balanced against the tendency of the antigen to leach off the plate
during the incubation.

To avoid the adsorption of antibody by the support, once the antigen
has been bound, it is usual to block any other sites { termed quenching ) on
the support using bovine serum albumin (1% w/v), gelatin (0.2-0.5% wi/v),
non-specific serum (1%v/v) or bovine y-globulin (1% v/v) dissolved in
phosphate buffered saline. The use of 0.01% Tween 20 or Tnton X-100 in
subsequent buffers also reduces the background as it discourages the
formation of further hydrophobic interactions between the solid support and
first and second antibodies. Additionally, it glutaraldehyde has been used, it
is advisable to wash the plates or membrane with 100 mM glycine in the
buffer to biock off any remaining reactive glutaraldehyde sites.

The bound antibody is usually detected with a second antibody
directed against it, usually against the total Ig G of the spectes in which the
antibody has affinity. Covalently linked to this second antibody can be an
enzyme with a chromogenic substrate. Sheep anti mouse or goat anti mouse
enzyme-linked anti Ig G ‘s are available from a large number of commercial

companies (Miles, Flow, Sigma, Bio-Rad, ..etc.)
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Three types of enzymes could be used for color development with the
second antibody. The eariest was alkaline phosphatase and currently
horseradish peroxidase is commonly used. The third 1s B-galactosidase from
E. coli which is active at the higher pH values preferred for antigen
adsorption. Phosphatase and galactosidase are used In situations where
there may be endogenous peroxidase activity in the antigen. The substrates
generally employed for alkaline phosphatase and B-galactosidase are p-
nitrophenylphosphate and o-mitrophenyl B-D-galactopyranoside respectively.
In the case of horseradish peroxidase, several substrates are marketed
although 0-phenylenediamine (OPD) 1s most commonly used.

Although it is usually possible to judge positive samples by eye, most
ELISA are read in a spectrophotometer adapted for microtitre plates.

We have used the chequerboard ELISA as an initial screening test for
determining the reactivity of the antisera. ELISA was used to determine the
adequate antigen / antisera and antigen / antibody concentration, the signal
to noise ratio ( background ) and some preliminary exploration of the density
fractions ( Dq-Dg4 ). The system consisted of a 96-well microtitre plate with a
constant concentration of antigen in every well, increasing serial diution of
antibody from column left to right, and repartition of the density fractions ( D1-
D4 ) by row. Control with no antigen occupies the last column, and control

with no antibody occupies the last row.
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10- Western blot: { Andrews, 1986)

A Western blot refers to the electrophoresis of the antigen followed by
its subsequent transter to nitrocellulose paper and incubation with specific
antibody and with a labellied second antibody. The name onginates from the
use of Southern blots (Southern, 1975) for the analysis of DNA fragments on
gels by labelled RNA probes and which consists of transfernng DNA to
nitrocellulose paper by a solvent flow procedure. When diazotized
aminobenxyloxymethy! (DBM) paper was introduced, still employing soivent
flow, the method became known as " Northern biotting”. Inevitably, the
transfer of proteins and nucleic acid to nitrocellulose was then known as
"Waestern blot” { Towbin et al., 1979).

Wastern blot may be performed on conventional nitrocellulose matrix.
The antigenic proteins will attach firmly but not covalently. Another alternative
is the use of DBM paper which gives a covalent binding of the antigens,
however DBM paper has limitations due to its extreme fraguiity.

The electrophoretic elution of the proteins or electroblotting consists of
wetting a sheet of transfer membrane and placing it on the gel to be blotted
which n turn is supported by a porous pad ( e.g. 'Scotch Brite' scouring pads,
foam sponge material or layers of wet blotting paper) mounted on a stift
plastic grid. To avoid trapping ar bubbles between the layers, the
manipulation could be done under transfer buffer. A second porous pad and
plastic grid are then added above the transfer membrane, and rubber bands
or a mechanical locking system are used to hold the grids together so that
the gel and membrane are held tightly in close contact. The ‘'sandwich’ is then

placed in a tank of transter buffer between two electrodes.
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The transfer buffers used are of ilow ionic strength and buffers of many
different compositions and pH have been used. Glycine and other
constituents  containing Amino  groups react with  diazotized
aminobenxyloxymethyl (DBM) and diazophenylthioether (DPT) papers.
Therefore, compounds containing glycine and Amino groups must not be
present in transfer buffers with these papers. For the same reason. if glycine-
containing buffer is used in the gels, glycine should be washed out of the gels
with phosphate buffer before transfer. The incorporation of methanol
increases the binding capacity of nitroceliulose for protein but it reduces the
efficiency of protein elution from the ge!, especially from SDS-PAGE geis.
Long electroelution time, 12 hours or more, may be required for efficient
transfer of large proteins. If methanol is omitted, gels may swell a little in low
ionic strength buffers which can lead to band distortion on the blot. However,
this can be overcome by presoaking the gel in transfer buffer for about 1 hour
before transter.

The transfer membrane must be on the correct side of the gel, so it is
important to know the net charge on the molecules to be transferred. SDS-
PAGE gels use approximately neutral or weak basic buffers and therefore the
proteins migrate as anions and the nitroceliuiose membrane should be on the
anode side.

immunological detection of proteins could be done through an ELISA
assay as described in the dot blotting technique. Other traditional stainings (

Amido Black, Coomassie Bnlhant Blue, silver staining ...) have been used.
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11- Coomassie blue staining:

Staining solution: 0.025% Coomassie Biue R250
10% acetic acid
25% isopropanol

overnight

Destaining solution: 10% methanol
10% acetic acid
overnight

Storage solution : 7% acetic acid

In this procedure, bands containing as little as 0.1ug of protetn can be

detected. The gels are soaked in the staining solution for 2-12h or overnight if
more convenient.
Some small proteins may not be adequately fixed in the gel and can leached
out during staining and destaining. If this is suspected, a prefixing step
consisting of immersing the gel for 30 min in 10 % sulphosalicylic acid before
staining should be included.

In the destaining procedure, we have found that adding a paper tissue

greatly helps to absorb the dye.

12- Silver staining:
We have used the procedure described by Oakley et al., 1980,
This staining procedure s claimed to be 100 times more sensitive than

the Coomassie Blue staining procedure, and extends staining methods down



65

to the sensitivity levels of radioactivity procedures. A key factor for successful
application appears to be removal of SDS pror to staining. Various washing
regimes with solvent mixtures are used and as long as the washing is
thorough and virtually all the SDS has been removed, the precise technique
is clearly not cntical. According to Oakley et al., with polyacrylamide gels of T
> 10% the background may be unacceptably high and such gels should be
prefixed in gel fix { 50% methanol. 10% acetic acid. in glass distilled water )
for at least 30 min followed by overnight washing in gel rinse { 5% methanol,

7.5% acetic acid ) before beginning the staining procedure.
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EXPERIMENTS AND RESULTS.

ning:
All the samples were used at full strength: 10ug of protein/100ml for
D3 and D4 gradients, and10pg of uronic acid/ 100ml for Dy and Dj
gradients. Then at 1/10, 1/100 and 1/1000 dilutton. 300ul of samples were

used for each well. 8A4 was utilized at 1/1000 dilution, and anti-PG diluted at
1/500.

Gradient samples (Dy to Dg) of 11-day rat nasal septum and
condyle cartilage were blotted against monoclonal antibodies 8A4 and
anti-PG (courtesy Dr. Mehbaran).

8A4 showed a positive reaction with nasal septum D3 and Dg4, and
condyle D3, from full strength until 1/10 dilution. These results indicated the
presence of the link proteins in these fractions.

Anti-PG, specific for proteoglycans, did not show any positive reaction.

Chondroitinase ABC-pretreated gradient samples (Dy to Dg) of
11-day rat nasal septum and condyle cartilage were blotted against
monocional antibody anti-PG. Only full strength samples were used.

The results confirmed that chondroitinase ABC pretreatment was
necessary to expose the specific proteoglycan epitopes. Murine anti-human

PG ascites reacted with nasal septum D4, D3, Dp, and D4y fractions.

66
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Interestingly D4 and D3 fractions were more reactive than Do, and D4
fractions for condyle.

We found that the nasal septum proteoglycans in the 11-day rat are
located in all the gradient fractions (D4 through D4) of the nasal septum
cartilage, and that they are more abundant in the gradient fractions D4 and

D3 than D2 and Dy of the condyle cartilage.

Chondroitinase ABC-pretreated gradient samples (D1 to Dg) of
11-day rat nasal septum and condyle cartilage were blotted against
Rabbit Anti Rat Nasal Septum antisera (RARNS) and Rabbit Anti Rat
Condyle antisera (RARC) (Hans, 1981) respectively. Samples were
tested at full strength, 1/10 and 1/100 dilution.

Raw antisera were tested at full strength for reactivity with the different
gradient fractions. These antisera did show positive reactivity with their
respective targets. Nasal septum reacted stronger with D4, D3, and D4 than
with Do from full strength to 1/100 dilution. Condyle showed more reactivity
with D4 than D3 and only at sample full strength, reactivity with Do and D
were not higher than the background. For nasal septum, sensitivity was down

to 1/100 dilution, while for condyle it did not pass 1/10 diiution.

Gradient samples (D¢ to Dg) of 11-day rat nasal septum and
condyle cartilage were blotted against Rabbit Anti Rat Nasal Septum
antisera (RARNS) and Rabbit Anti Rat Condyle antisera (RARC)
respectively. Samples were tested at tull strength, 1/10 and 1/100

dilution.
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This experiment is the same as the above, but none of the samples
were treated with chondroitinase ABC. This experiment also confirmed that
predigestion with chondroitinase ABC is required to expose the antigenic
proteoglycan epitopes. Reactivity was weaker at Diand D2 than at D3 and
D4 . For nasal septum, sensitivity was down to 1/100 dilution, while for

condyle it did not pass 1/10 dilution.

Chondroitinase ABC-pretreated gradient samples (D1 to Dg) of
11-day rat nasal septum and condyle cartilage were blotted against
Rabbit Anti Rat Condyle antisera (RARC) and Rabbit Anti Rat Nasal
Septum antisera (RARNS) respectively. Samples were tested at full
strength, 1/10 and 1/100 dilution.

This expenment tests the cross-reactivity of the full strength antisera
between nasal septum and condyle. Cross-reactivity exists between nasal
septum and condyle antisera and sensitivity is down to 1/10 dilution ot the
sample. In particular, the nasal septum gradient fractions exhibited positive
reactivity at all gradient levels, while condyle samples showed more reactivity
at Dg, D3, and D¢ than Dy . The resulting cross-reactivity is substantial
especially when the nasal septum fractions were reacted against rabbit anti

rat condyle antisera (RARC).

Chondroitinase ABC-pretreated gradient samples (Dq to Dg) of

11-day rat nasal septum and condyle cartilage were blotted against
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Rabbit pre-immune sera. Samples were tested at full strength and 1/10
dilution.

This experiment was designed to test the background noise and
assessed the signal to noise ratio. Condyle full strength D4 sample did react
very lightly. Accounting the pre-above dot blots, the background noise ( Pre-
immune sera, Chondroitinase ABC ) does yield some coloration, enough to
make 1/100 dilution for the sample unreadable or negative. Thus, substantial
amounts of material would be saved if dot blotting in the future were limited to

full strength to1/10 dilution of the samples.

Full strength and 1/10 dilution samples of different gradient
levels from nasal septum and condyle were assayed against Rabbit Anti
Rat Nasal Septum IgG ( ANS-lgG ) used at full strength, 1/10, 1/100/
1/500, and 1/1000 dilutions.

This test was designed to assess the sensitivity of the cartilage
samples versus the ANS-IgG and vice versa. The Dz and Dy fractions were
chondroitinase ABC-predigested. Assuming that the protecglycans are
located mostly in Do and D4 fractions, the enzyme predigestion would allow
the epitopes to be uncovered.

The ANS-IgG reacted with the nasal septum samples at Dy which
indicates reactivity mostly with the proteoglycans, and at D3 and D4 with the
matnx proteins and proteoglycans. Some cross-reactivity was seen with the
condyle samples at Dy, Do, and D4 which confirmed the cross-reactivity test

done with the raw antisera. The ideal concentration antigen versus antibody
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appeared to be full strength to 1/10 dilution of sample versus 1/100 dilution of
ANS-IgG.

Full strength and 1/10 dilution samples of different gradient
levels from nasal septum and condyle were assayed against Rabbit Anti
Rat Condyle IgG ( AC-IgG ) used at full strength, 1/10, 1/100/ 1/500, and
1/1000 dilutions.

This assay showed that AC-IgG is not very specific for condyle as
cross-reactivity with nasal septum samples was substantial at all gradient
fractions. This would again emphasize that condyie and nasal septum do
share many common antigens as was found above with the cross-reactivity
assay of raw antisera. The practical concentration for dot blot would be full

strength to 1/10 of cartilage sample versus 1/10 to 1/100 diiution of AC-IgG.

ning of 1D electrophoresis:

Samples of different gradient levels from nasal septum and
condyle were subjected to 1D 3-16% gradient SDS-PAGE
electrophoresis, then stained with Coomassie Blue. Chondroitinase
ABC predigested sample of Dy and Dg gradients from both nasai
septum and condyle were included in the run. Sample concentration of

10ug of protein/well was used.
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Based on our dot blot results, it was decided to start the1D SDS-PAGE
with 10ug of protein/well (full strength in dot blot) as sample concentration.

Track A received sample buffer and was quite blank.

Track B (the rainbow standard marker) showed regular bands, from
top to bottom, and expressed the apparent molecular weight in kilodaltons:
200, 97.4, 69, 46, 30, 21.5, 14.3, 6.5 kD.

Track C, with Chondroitinase ABC (Capc) alone as control, stained
bands can be attributed to the proteins present in the CAc preparation.
discrete and diffuse bands above and below 200 kd, a dark band around 97.4
kd, a dark thick band around 66 kd {most likely bovine serum albumin used in
the enzyme preparation) other discreet bands above and below 46kd.

Track D, nasal septum Dq gradient non-Capc predigested was
virtually blank.

Track E, nasal septum D4 gradient Cagc predigested: in the high
molecular size above 200 kd appeared two adjacent bands, most likely L|
and L;j large core proteins of the proteoglycans which presented an apparent
molecular weigh of about 300,000-450.000kD (Sommarin et al. {1986)), the
width of the bands reflected the polydispersity of the proteoglycans. The band
pattern belonging to the proteins present in the preparation of CaAgc was
superimposed here as the samples were Cagc predigested. Right below 46
kD there was a light band, Sp, that seemed to correspond to the core protein
of small proteoglycans (Heinehard and al., 1981), liberated by CaBC
digestion. The protein background of Cagc could be removed by
chromatography on a column of Sepharose CL-4B as descnbed by Oike et
al., 1982.
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Track F, nasal septum Do gradient non-Cagc predigested: a broad
feeble smear extended above 200 kD, a very discreet band showed at 69 kD,
another broad medium dark smear bndged 46 to 30 kD, and several
individual bands appeared between 21 and 6 5 kD. The latter are proteins
other than proteoglycan as they were unchanged in track G where the same
sample was CAgC predigested.

Track G, nasal septum Dp gradient Cagc predigested: enzyme
digestion aliowed the bulky proteoglycan to penetrate the gel by severing the
glycosaminoglycans, a heavy core protein was located discreetly above 200
kd, at the same level as heavy core proteins in D4. As in D¢ but much more
prominent, a small core protein, Sp, appeared below 46 kD. A broad smear
above 30 kD and stained bands between 21 and 6.5 kD were believed to be
non-proteoglycans proteins tor reasons cited above.

Track H and |, nasal septum D3 and D4 gradient non-CApc
predigested: no core protein of proteoglycan was seen here, but a prominent
band of matnx protein was seen between 97 4 and 200 kD. The rest of the
matnx protein was scattered as visible sharp bands below this prominent
band in D3, and below and above this band in D4 . One of the bands around
45 kD in both tracks might be the link protein.

Track J, sample buffer, virtually blank.

Track K, condyle D¢ gradient CAgC predigested: much more reduced
appearance of large core protein was found here than n the nasal septum
where only L| was seen. Light core protein Sp was not spotted.

Track L, condyle Do gradient non-Capgc predigested, showed a 69-kD

smear that did not exist in the nasal septum. The 46-t0-30-kD smear was
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equivalent {o the nasal septum, but slightly different in quality though, with
two central and adjacent bands. The qualty and the qualty of the proteins
scattered below 30 kD were obviouly different from those in the nasal
septum.

Track M, condyle D> gradient Capc predigested A few more bands
were spotted and they responded to the pattern of the proteins involived in
CABC preparation (Track C) No large core protein appeared as in the nasal
septum. The quality and the quantity of the proteins bands below 30 kd were
similar to the non-digested sample and different from the nasal septum.

Track N, condyle D3 gradient. Track O, condyle Dg4 gradient. They
both showed prominent bands, between 200 and 97 4 kD, and 46 and 30 kD,
and scattered bands below 30 kd which differe. from the nasal septum in

both quality and in quantity.

Samples of different gradient levels from nasal septum and
condyle were subjected to 1D 3-16% gradient SDS-PAGE
electrophoresis, then stained with silver staining. Chondroitinase ABC
predigested sample of Djand D5 gradients from both nasal septum and
condyle were included in the run. Sampie concentration of 1ug of
protein/well was used.

This gel confirmed the findings shown above with Coomassie Blue,
however it opened prospects for screening with minute amount of protein. 1 y

g instead of 10 ug or more usually used with Coomassie Blue
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1D SDS-PAGE electrophoresis:

Samples of different gradient levels from nasal septum were
subjected to 1D 3-16% gradient SDS-PAGE electrophoresis, then
Western blotted with monoclonal antibody 8A4 (1/1000), specific for link
protein. Djand D2 gradient samples were Chondroitinase ABC
predigested . Sample concentration of 10ug of protein/well was used.

This gel shows a positive reactivity especially in the matnx fraction (
D3 and D4 ). D4 contains a high number of link protein aggregates (46 kD)
and fragments (97, 30, 21 and 14 kD) which are normally found in high
turnover tissues like cantilage matrix. These aggrgates could be formed
during the dissociative extraction procedure. An increasing concentration
gradient of link protein is apparent from Dy to D4 . which is consistent with

the previous conclusion found with dot blotting.

Samples of different gradient levels from nasal septum were
subjected to 1D 3-16% gradient SDS-PAGE electrophoresis, then
Western blotted with monoclonal antibody 2B6 (1/500), specific for
chondroitin-4-sulfate. Dyjand D5 gradient samples were Chondroitinase
ABC predigested . Sample concentration of 10ug of protein/well was
used.

The positive reactivity shows presence of Chondroitin-4-sulfate in
abundance in the large core protetn of D¢ ( > 200 kD), which 1s very subtle at
the same level of Do . Positive reactivity was found at So ( < 46 kD, small

core protein ), and less intense in D¢ than in Dp . The reactivity with 2B6
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after cleavage with chondroitinase ABC suggests that these core proteins are

Chondroitin-4-sulfate proteoglycans. No reactivity was found in D3 and Dy .

Samples of different gradient levels from nasal septum were
Subjected to 1D 3-16% gradient SDS-PAGE electrophoresis, then
Western blotted with monoclonal antibody 3B3 (1/5000), specific for
chondroitin-6-sulfate. Dyand D2 gradient samples were Chondroitinase
ABC predigested . Sample concentration of 10ug of protein/well was
used.

Broad dark bands of 383 positive material in Dy extending largely
above 200 kd showed that the nasal septum contains a lot of chondroitin-6-
sulfate. Positive reactivity also identified two core protein fragments { < 200
kd, and 2 96 kD ). In Dy, only a light reactivity appeared as one of the large
core protecglycans. There was no reactivity in D3 . D4 was not CABC-
treated and revealed a 3B3 minus epitope having approximately the apparent
molecular weight of the large core proteoglycans. D1 and Dy are routinely
treated by chondroitinase ABC before SDS-PAGE electrophoresis in order to
remove the glycosaminoglycans that would have Impeded the aggregate to
enter the gel. Three other positive bands were identified in the D4 fraction,
extending from 69 to 30 kD, they might be proteoglycan fractions or matrix

proteins.

Samples of ditferent gradient levels from nasal septum
were subjected to 1D 3-16% gradient SDS-PAGE electrophoresis, then
Western blotted with monoclonal antibody 5D4 (1/10,000), specific for
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keratan sulfate. Djand D5 gradient samples were chondroitinase ABC
predigested . Sample concentration of 10.g of protein/well was used.
Positive reactivity appeared in the high molecular weight core protein
in both D4 and D>. No reactivity was observed in D3 , as was seen with
3B3. D4 shows a positive broad band, same as with 3B3. and indicates that
this core protein containing 5D4 epitope is likely the same as the one with
3B3 minus epitope. D4 also revealed three scattered positive bands in the
range 69-30 kD. Superimposition of these patterns on Coomassie staining or
on the 3B3 experiment above would allow discrimination between the

proteoglycans fractions and matrix proteins.

D4y and D3 gradient sampies from nasal septum were
chondroitinase ABC and keratanase predigested then subjected to 1D
3-16% gradient SDS-PAGE electrophoresis and Western blotted with
Rabbit Anti Rat Nasal Septum IgG ( ANS-IgG ) at 1/100 dilution. Sample

concentration of 10ug of protein/well was used.

D¢ shows that the antisera contains an antibody that reacts with the
core protein (300-450 kD) and a fragment in the 69 kD which might be
associated with the hyaluronate binding domain ( 70-80 kD, Heinegard et al.,

1987). Do does not show any reactive epitope.

Samples of different gradient levels from nasal septum and
condyle were subjected to 1D 3-16% gradient SDS-PAGE
electrophoresis, then Western blotted with rabbit preimmune sera.

Djand D3 gradient samples were chondroitinase ABC predigested .
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Sample concentration of 10ug of protein/well was used.

This expenment afford the opportunity to check the background. There

was no reactivity.

Samples of different gradient leveis from nasal septum and
condyle were subjected to 1D 3-16% gradient SDS-PAGE
electrophoresis, then Western blotted with Rabbit Anti Rat Nasal
Septum IgG ( ANS-IgG ) at 1/100 dilution. Dy and D2 gradient samples
were chondroitinase ABC predigested . Sample concentration of 10ug
of protein/well was used.

This biot shows that D¢y and Do needed to be Capc-treated in order to
give positive reactivity. In the nasal septum, substantial reactivity exists at all
level of D4 which appeared rich in antigenic matenal, at all gradient level the
matrix proteins between 46 and 21 kD were reactive, and in D4 the large core
proteoglycans were also reactive. Cross-reactivity with the condyle was

apparent and confirmed the dot blot findings.

Samples of different gradient levels from nasal septum and
condyle were subjected to 1D 3-16% gradient SDS-PAGE
electrophoresis, then Western blotted with Rabbit Anti Rat Condyle IgG
( AC-lgG ) at 1/50 dilution. Dy and Do gradient samples were
chondroitinase ABC predigested . Sample concentration of 10ug of
protein/well was used.

There was more reactivity in the nasal septum than in the condyle,

with substantial cross reactivity. In addition the anti rat condyle Ig G was not
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very specific to the condyle. The salient reactive sites in the nasal septum are

in the D4 large core proteoglycans and througout the matrix protein of Dy .

Only 20ug of protein sample was needed for silver staining.

Nasal septum gradient D3 was subjected to 2D SDS-PAGE
electrophoresis under non-reducing condition, then silver stained. 20ug
of protein sample was used.

The gel shows superior resolution of low molecular weight proteins.
There is a typical pattern of the binding region fragments and the link protein

(marked). A group of proteins appeared below 46 kD, they are still undefined.

Nasal septum gradient D3 was subjected to 2D SDS-PAGE
electrophoresis with 1 mM dithiothreitol, then Coomassie blue stained.
50ug of protein sample was used.

Staining was very faint, it would be interesting to increase the sample

concentration two to three-fold for the next expenment.

Nasal septum gradient D3 was subjected to 2D SDS-PAGE
electrophoresis with 1 mM dithiothreitol, then silver stained. 50ug of
protein sample was used.

There was some better separation than without reducer.
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Nasal septum gradient D4 was subjected to 2D SDS-PAGE
electrophoresis under non-reducing condition, then silver stained. 20.g

of protein sample was used.
This blot shows an abundance of 97-66-47-30 kD matrix proteins i Dy
of nasal septum, some of them are undefined. The next logical attempt would

be to use 2D biot to locate the protein reactive with the antisera.

Nasal septum gradient D4 was subjected to 2D SDS-PAGE
electrophoresis with 1 mM dithiothreitol, then silver stained. 20ug of

protein sample was used.

There was much better resolution than without dithiothreitol.

QOur testing revealed that 50ug of protein sample i1s the minimum to
obtain readable reaction. The concentration of antibody was the same as for

1D Western blot.

Nasal septum gradient D3 was subjected to 2D SDS-PAGE
electrophoresis under non-reducing condition, then Western blotted
with rabbit preimmune sera(1/10). 50ug of protein sample was used.

There was no reaction.
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Nasal septum gradient D3 was subjected to 2D SDS-PAGE
electrophoresis with 1mM dithiothreitol, then Western blotted with

rabbit preimmune sera({1/10). 50ug of protein sample was used.

No reaction was seen.

Nasal septum gradient D3 was subjected to 2D SDS-PAGE
electrophoresis under non-reducing condition, then Western blotted
with monoclonal antibody 8A4 (1/1000). 50ug of protein sample was
used.

Link protein appeared around and under 46 kD. In addition several
fragments exist as seen in 1D gel. No reaction with the matnx proteins under

46 kD was spotted in the 2D silver staining.

Nasal septum gradient D3 was subjected to 2D SDS-PAGE
electrophoresis with 1mM dithiothreitol, then Western blotted with
monoclonal antibody 8A4 (1/1000). 50u.g of protein sample was used.

Microheterogenity of link protein 1s very well demonstrated here.
Several streaks were seen parallel to each other, and were well defined after

cleavage of the disulfide bonds by the reducer.

Nasal septum gradient D3 was subjected to 2D SDS-PAGE
electrophoresis under non-reducing condition, then Western blotted
with Rabbit Anti Rat Nasal Septum IgG ( ANS-IgG ) at 1/100 difution. 50
ug of protein sample was used.
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There was reactivity with link protein and with the proteoglycan binding
fragments. There was no antibody against the undefined matnx proteins that

were seen in the silver staining.

Nasal septum gradient D3 was subjected to 2D SDS-PAGE
electrophoresis with 1 mM dithiothreitol, then Western blotted with
Rabbit Anti Rat Nasal Septum IgG( ANS-igG ) at 1/100 dilution. 50ug of
protein sample was used.

Same reactivity pattern as on the blot without dithiothreitol, but in

addition some resolution of the microheterogenity of link protein was shown.

Nasal septum gradient D4 was subjected to 2D SDS-PAGE
electrophoresis under non-reducing condition, then Western blotted
with rabbit preimmune sera (1/10). 50.g of protein sample was used.

No positive background reaction was seen.

Nasal septum gradient D4 was subjected to 2D SDS-PAGE
electrophoresis with 1 mM dithiothreitol, then Western blotted with
rabbit preimmune sera (1/10). 50ug of protein sample was used.

No background reactivity was seen.
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Nasal septum gradient D4 was subjected to 2D SDS-PAGE
electrophoresis under non-reducing condition, then Western blotted
with monoclonal antibody 8A4 (1/1000). 50ug of protein sample was
used.

This blot reflects what was seen on 1D blot with link protein appearnng

under 2D as streaks at 97, 46, 30 kdD and under.

Nasal septum gradient D4 was subjected to 2D SDS-PAGE
electrophoresis with 1 mM dithiothreitol, then ¥’'<stern blotted with
monoclonal antibody 8A4 (1/1000). 50ug of protein sample was used.

Microheterogeneity of link protein is better visualised here than with

the Western blot without reducer

Nasal septum gradient D4 was subjected to 2D SDS-PAGE
electrophoresis under non-reducing condition, then Western blotted
with Rabbit Anti Rat Nasal Septum IgG ( ANS-IgG ) at 1/100 dilution. 50
g of protein sample was used.

Streaks of positive reactivity with ink protein were seen above and
below 46 kd. Some undefined matrix proteins spotted in the silver stained gel
showed positive reactivity with ANS-IgG, they are localised with their pl, Mr:
(6.9-7, 49-59), (6.85-6.92, 37), (6.4, 54), (6.2-6.3, 53), (6.1, 53), (5.9, 51),
(5.9-6, 46).

Nasal septum gradient D4 was subjected to 2D SDS-PAGE
electrophoresis with 1 mM dithiothreitol, then Western blotted with
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Rabbit Anti Rat Nasal Septum IgG ( ANS-IgG ) at 1/100 dilution. 50ug of
protein sample was used.
The reducer did improve the resolution of link protein without

enhancing the separation of the undefined proteins.
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Isotype

Reactive Site

5-D-4

IgG1{x)b

Recognizes an epitope present in the disaccharide structure
common to both skeletal and corneal keratan sulfate.

3-B-3

IgM(x)

Recognizes delta-unsaturated or saturated tetrasaccharides
derived from chondroitin-6-sulfate but not chondroitin-4-
sulfate. These sites can be generated by either
chondroitinase or testicular hyaluronidase digestion of
chondroitin sulfate proteoglycans. Reactivity with non-enzyme
digested proteoglycan suggest presence of atypical terminal
chondroitin-6-sulfate.

8-A-4

IgGop(x)

Recognizes a chondroitin-6-sulfate epitope common to link
protein isolated from proteoglycan aggregate from a wide
variety of anmimal species (i.e., rat, bovine, human, and
chicken hyaline cartilages). This determinant is present on all
subpopulations of the link protein(s) 1.e., link protein 1, 3, or 3
as observed after SDS-polyacrylamide gel electrophoresis of
the link protein.

2B6

IgG1

Anti-chondroitin-4-sulfate.  Requires  predigestion  with
chondroitinase to generate its epitope consisting of a non
reducing terminal delta 4,5 unsaturated uronic acid residue
adjacent to N-acetylgalactosamine-4-sulfate. Both
chondroitinase ABC and ACIl generate this epitope in
chondroitin sulfate glycosaminoglycan chains, but only
chondroitinase ABC generates the epitope from dermatan
sulfate glycosaminoglycans. Differential enzyme digestion
with chondroitinase ABC or ACIl can be used to distinguish
the occurence of chondroitin sulfate and dermatan sulfate in
samples.

Caterson et al. (1985, 1990)
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200kD
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69kD
46kD

30kD

21.5kD
14.3kD

Coomassie Blue Staining, 1D 3-16% gradient SDS-PAGE Electrophoresis
Nasal septum and condyle cartilage samples were both used at 10 micrograms/well.

Differences in quality and quantity exist between Nasal septum and Condyle.
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200kD
97.4kD

Silver Staining, 1D 3-16% gradient SDS-PAGE Electrophoresis
Nasal septum and condyle cartilage samples were both used at 1 microgram /well.
Differences in quality and quantity exist between Nasal Septum and Condyle.
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D2 without Chondroitinase ABC digestion
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Western Blot, 1D 3-16% gradient SDS-PAGE Electrophoresis

Nasal septum and condyle samples were used at 10micrograms of protein/well,
Anti Rat Condyle IgG at 1/50 dilution.

Cross reactivity is substantial, Anti Rat Condyle IgG is not very specific to the Condyle.
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ConD2 with Chondroitinase ABC digestion
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200kD

97.4kD
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21.5kD
14.3kD

Western Blot, 1D 3-16% gradient SDS-PAGE Electrophoresis

Nasal septum and condyle samples were used at 10micrograms protein/well,
Anti Rat Nasal Septum IgG at 1/100 dilution.

Cross reactivity with the condyle is apparent. D4 of the nasal septum shows
substantial reactivity at all molecular weight level.




D1 with Chondroitinase ABC digestion
D2 with Chondroitinase ABC digestion
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200kD

Chondroitin-6-Sulfate.
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Western Blot, 1D 3-16% gradient SDS-PAGE Electrophoresis

Nasal septum samples were used at 10micrograms of protein/well,
mAB 3B3 at 1/5000 dilution.

D4, non Chondroitinase ABC treated, suggests the existence of a subset of
Chondroitin-6-sulfate proteoglycans.
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Western Blot, 1D 3-16% gradient SDS-PAGE Electrophoresis

Nasal septum samples were used at 10micrograms of protein/well,
mAb 5D4 at 1/10,000 dilution.

Rat proteoglycans react with mAb 5D4. Superimposition with Coomassie Blue
would allow to discriminate the proteoglycans fractions from matrix proteins.
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Chondroitinase ABC

:

Rainbow

200kD

97.4kD

69kD

46kD

30kD

21.5kD
14.3kD

Western Blot, 1D 3-16% gradient SDS-PAGE Electrophoresis

Nasal septum samples (10micrograms protein/well) were Chondroitinase ABC
and Keratanase digested. Anti Nasal Septum IgG was used at 1/100 dilution.

The antisera contains an antibody that reacts with the heavy core protein (300-450kD)
and a fragment in the 69kD which might be associated with the hyaluronate binding domain.




D1 with Chondroitinase ABC digestion
D2 with Chondroitinase ABC digestion

Chondroitinase ABC

:
;

D3
D4

200kD
Emphasize a possibility
hat represents self-associated
974kD lLink PFr)otein ;ggregates :
69kD
46kD «— Link Protein
30kD } Link Fragments
21.5kD .
1 43kD } Link Fragments

Western Blot, 1D 3-16% gradient SDS-PAGE Electrophoresis

Nasal septum samples were used at 10micrograms protein/well. mAb 8A4 at 1/1000 dilution.

Increasing concentration gradient of Link Protein is apparent from D1 to D4.
Link aggregates and fragments are normally found in high turnover tissues
like cartilage matrix.
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D2 with Chondroitinase ABC digestion

Sample Buffer

D3
D4

Chondroitin-4-Sulfate
-« —] / Dermatan Sulfate
large proteoglycans core protein.

200kD

97.4kD
69kD
Chondroitin-4-Sulfate
46kD <«€— /Dermatan Sulfate
small proteoglycans core protein.
30kD
21.5kD
14.3kD

Western Blot, 1D 3-16% gradient SDS-PAGE Electrophoresis
Nasal septum cartilage sample were used at 10micrograms protein/well. mAB 2B6 at 1/500.

Positive reactivity shows presence of Chondroitin-4-Sulfate / Dermatan Sulfate
D3 and D4 show no reactivity.




BASIC + ACID —

Isoelectric pH

-J

4.95

679 Gfitily7 6.5 %_3 58 54.|V:§T
i) T :L)

C rainbow marker

]

14

97.4 kD
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14.3 kD

Silver Staining, 2D 3-16% gradient SDS-PAGE Electrophoresis

Nasal septum cartilage D3 sample was used at 50 micrograms of protein.

Undefined proteins appear below 46kD.
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200 kD
97.4 kD
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Link Protein
and Microheterogeneity 46 kD
Link Fragments 30 kD
and Microheterogeneity 21.5 kD
14.3 kD

Western Blot, 2D 3-16% SDS-PAGE Electrophoresis

Nasal septum sample D3 was used at 50 micrograms of protein. mAb 8A4 at 1/1000.

Positive reactivity shows Link protein. There is no reactivity

with the matrix proteins below 46 kD.
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97.4 kD
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Western Blot, 2D 3-16% SDS-PAGE Electrophoresis
Nasal septum sample D3 was used at 50 micrograms of protein. Anti NS IgG at 1/100.

There was no reactivity with the undefined matrix proteins below 46 kD.
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Silver Staining, 2D 3-16% SDS-PAGE Electrophoresis
Nasal septum sample D4 was used at 20micrograms of protein.

There is an abundance of matrix proteins from 30 to 97.4kD.
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200 kD
97.4 kD
69 kD
Link Protein 46 kD
and Microheterogeneity
Link Fragments 30 kD
and Microheterogeneity 14.3 kD

Western Blot, 2D 3-16% gradient SDS-PAGE Electrophoresis

Nasal septum sample D4 was used at 50micrograms of protein. mAb 8A4 at 1/1000.

Link protein is revealed at 97.4, 46, 30kD and under.

b



BASIC + ACID -

T
\4

200 kD
97.4 kD

69 kD
46 kD

30 kD

74318

Western Blot, 2D 3-16% gradient SDS-PAGE Electrophoresis

Nasal septum sample D4 was used at 50micrograms of protein. Anti NS IgG at 1/100.

Some undefined matrix proteins showed positive reactivity with Anti NS IgG.

They are yet to be defined.
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Silver Staining, 2D 3-16% gradient SDS-PAGE Electrophoresis
with 1mM Dithiothreitol

Nasal septum sample D3 was used at 50micrograms of protein.




BASIC + ACID -

(o >

200 kD
97.4 kD
69 kD
Link Protein
and Microheterogeneity 46 kD
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and Microheterogeneity

7438

Western Blot, 2D 3-16% gradient SDS-PAGE Electrophoresis

with 1mM Dithiotreitol

Nasal septum sample D3 was used at 50micrograms of protein. mAb 8A4 at 1/1000.

Clear evidence of microheterogeneity of Link protein.
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Link Protein >

Western Blot, 2D 3-16% gradient SDS-PAGE Electrophoresis.

with 1mM Dithiothreitol
Nasal septum sample D3 was used at 50micrograms of protein. Anti NS IgG at 1/100.

There was no reactivity with the undefined matrix proteins below 46kD.
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Western Blot, 2D 3-16% gradient SDS-PAGE Electrophoresis
with 1mM Dithiotreitol

Nasal septum sample D4 was used at 50micrograms of protein. m Ab 8A4 at 1/1000.

Clear evidence of microheterogeneity of Link protein.
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Western Blot, 2D 3-16% gradient SDS-PAGE Electrophoresis
with 1mM Dithiothreitol

Nasal septum sample D4 was used at 50micrograms of protein. Anti NS IgG at 1/100.

The reducer improved the resolution of Link protein without enhancing
the separation of the undefined reactive proteins.




DISCUSSION

Siodov (1991) demonstrated that proteins unique to the cartilage found
in the condyie, nasal septum and epiphyseal plate cartilages could most likely
be isolated from the extracellular protein of whole tissue rather than from the
matrix or cell membrane of cultured rat chondrocytes. Hans (1981) showed
that injection of anti-rat nasal septum antisera into growing rats altered
midfacial growth. The identification of specific matrix protein components,
especially those interacting with the polycional antisera used by Hans, would
be the first step in understanding the biomechanical control mechanism that

is involved in facial development .

This study showed that the majority of the antigenic matrix proteins are
located in the D4 and D3 CsCl gradient fractions rather than D and D4. In
condylar cartilage the fraction D4 contains more antigenic proteins than the
D3. These results were evidenced by dot biotting nasal septum and cartilage
samples with their respective raw antisera. Antigenic potential exists in the
dense core proteins of the proteoglycans (300-450 kD} in D4 of the nasal
septum and throughout the matrix fractions for both condyle and nasal
septum as pointed out on one dimensional Western blots. Most of the dot biot
reactivity tests with the nasal septum were sensitive to a higher sample
dilution than with the condyle. This suggests that either there is a higher
concentration of antigenic materia! in the nasal septum matrix fraction
compared to the condyle or that the anti-nasal septum antisera are much

more reactive as they were both used at full strength and with comparative
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sample dilutions. The first hypothesis is more likely and it was confirmed by
the results of the SDS-PAGE gels stained with Coomassie Blue showing that
paricularly D3 and D4 from the nasal septum are much richer in matrix
proteins than those from the condyle. The same gel under siver staining
confirms the results found with Coomassie Blue staining, with the advantage
of consuming less sample, 1ug versus 10ug, but requiring much more
manipulation. The condyle represents an overall appearance of protein
pattern similar to the nasal septum, however differences in quantity versus
quality were evidenced by a precise observation, and as stated, the nasal
septum matrix fractions were more reactive and rncher in antigenic maternal.
These findings led us to focus our investigation on the nasal septum for the
rest of the study.

The heavy core protein in Dy fraction (300-450 kD) of the nasal
septum was also reactive with Rabbit Anti Rat Nasal Septum Ig G's ( ANS-
igG). This was demonstrated by Western blot with ANS-IgG after successive
digestion with chondroitinase ABC and keratenase to remove the side chains.
This same core protein in Dy also contains keratan sulfate (5D4 positive),
chondroitin-6-sulfate (3B3 positive), and chondroitin-4-sulfate/dermatan
sulfate ( 2B6 positive after Capc digestion ). Other smaller fragments in the
69 KD range were also reactive. They appeared to correspond to the
hyaluronate binding domain, and the presence of these fragments is the
normal product of high turnover tissues like the nasal septum ot growing rat
studied here. Thus, these core molecules belonging to the D4 fraction of

growing rat nasal septum are typical proteoglycans reported in the literature.
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The D2 and D3 fractions of the nasal septum were not reactive with
ANS-IgG when subjected to 1D and 2D electrophoresis. In D3, silver staining
of 2D gel pointed out a group of undefined matnx proteins widely spread
below 46 kD, however neither 8A4, nor ANS-IgG reacted with these matnix
proteins. it may be that the antisera against these matrix proteins were
already adsorbed, or these proteins were not present or not present in
sufficient concentration in the cartilage extract when inoculated into the
rabbits. One possible explanation of the absence of reactivity of these matrix
proteins in D3 is that it might be due to the fact that the electrophoresis was
carried out in gels and buffers containing SDS or urea and these denature
the antigens which may not react subsequently with the antibodies. The
antigen might have renatured during the transfer to nitrocellulose paper for
Western blot, and it was suggested to remove SDS from the membrane
bound proteins by simple washing or by a further brief electrophoresis in the
tranfer apparatus with SDS-free buffer (Andrews, 1986).

In D4 of the nasal septum, silver staining of the 1D gel revealed an
abundance of matrix protein in the range of 97-66-47-30 kD. Reactivity with
ANS-IgG on 2D-gel identified at least five proteins with the following pl, Mr
(isoelectric point, apparent molecular weight): (6.9-7, 49-59), (6.85-6.92, 37),
(6.4, 54), (6.2-6.3, 53), (6.1, 53), (5.9, 51), (5.9-6, 46). They have yet to be
characterized.

It would be interesting to have a cross-reactivity test by western
blotting 2D gels of nasal septum D3 and D4 fractions with Rabbit Anti Rat
Condyle 1gG ( AC-IgG ). The undefined matrix proteins in D3 and D4 non-

reactive with AC-IgG would be the potential unique proteins of the nasal
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septum relative to the condyle. Nonetheless, to be complete, cross-reactivity
with anti spheno-occipital synchondrosis IgG's and anti-epiphyseal plate
IlgG's needs to be performed to narrow down the spectrum of the potential
unique proteins.

There 1s evidence of substantial cross-reactivity between the nasal
septum and condyle cartilages as demonstrated by cross-reactivity tests
between nasal septum cartilage extracts and anti-condyle raw antisera and
vice versa. Thus the number of matrix proteins not reacting with either
antisera appears to be small and would imply that the probability for isolating
nasal septum or condyle unique proteins is slim. Furthermore, Hans (1981) in
his experiments by injecting in growing rats the same anti-nasal septum
antisera we are testing, showed statistically significant reductions in mid-
faciai growth, while the condyle was not aitered. Both dot blots and Western
blots demonstrated that the cross-reactivity between anti-nasal septum
antisera and the condyle cartilage samples was substantial. This 1s consistant
with Bngham's finding (1976) that only condylar cartilage demonstrated
unique antigenicity. The nasal septum and synchondrosis were found to be
immunologically identical. This suggests two possibilities. 1) Anti rat nasal
septum antisera cross reacts with the condyle and synchondrosis but is not
Cytotoxic. 2) The anatomy of nasal septum allows anti rat nasal septum
antisera to reach the reactive sites. Hans (1981) pointed out that anatomical
vascularisation is more in favour of the nasal septum, with its rich vascular
network, than the condyle, hence the nasal septum chondrocytes are more
readily in contact with the injected antisera than those from the condyie.

Therefore, repeating Hans' experiments, we would likely observe some
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significant alteration of the midface upon njection of Anti Condyle antisera to
growing rats.

We have found that link protein is mostly concentrated in the D3 and
D4 fractions for the nasal septum, and in the Dj fraction for the condyle. Link
protein concentration in the nasal septum progressively increases from the
D4 to D4 fractions.This observation was found by dot blots and confirmed by
Western blot with monoclonal antibody 8A4. There is an abundance of link
fragments in Dg4, which 1s normal in high turnover tissue like the cartilage
matrix of the growing rats used in this study. It was also reported that the
occurence of these fragments seems to increase with age and may reflect
natural degradation of the link proteins (Mort et al., 1985). Furthermore, it
was suggested that the identfication of these fragments may relate to the
pathologic state of the proteoglycans within a given connective tissue. 2D
gels under reducive condition and Western blotted with 8A4 clearly
demonstrated the microheterogeneity of link protein by showing 9 to 10
adjacently defined bands. Link protein has been identified under the form of
LP1, LP2 and LP3 with molecular weights of 51, 46, and 41 kD respectively,
but different isoforms may exist. Under the conditions employed for
isoelectric focusing, oligomerisation of link protein can occur, which explains
the high number of adjacent bands ( Baker et al., 1987 ). It has been found
that human articular cartiiage contains three link proteins, while rat
chondrosarcoma only contains one link protein of approximately 43 kD. Other
hyaline cartilages contain from one to three nk proteins (Caterson et al.,

1985). Monoclonal antibody 8A4 has been used in peptide map analyses and
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has shown similar structural similarities in the link proteins obtained from rat,
bovine, human and chicken hyaline cartilage (Caterson et al., 1985).

The role of link protein in stabilizing the interaction between the
hyaluronate binding region of the proteoglycan and hyaluronate and which
binds to both forming a ternary complex, could be expiored by injecting mAb
8A4 in growing rats. The expected reactivity would be with the matnx protein
fractions in D3 and D4 as the link eptopes in Dy and Dz require
chondroitinase ABC digestion in order to be accessible.

Chondroitin-4-sulfate containing proteoglycan was revealed by its
reactivity with monoclonal antibody 2B6 after chondroitinase ABC digestion
and it was abundant in Dy of the nasal septum. This was seen especially in
the core protein, with much less in D and none in D3 and Dy .

Monoclonal antibody 3B3 allowed us to map the chondroitin-6-sulfate
which is higly abundant in D1 of the nasal septum, minor in D and devoid in
D3 . D4 . Non-Capg treated samples showed a high molecular weight 383
epitope which favoured the existence of a subset of chondroitin-6-sulfate
proteoglycans (i.e. reactive with mAb 3B3 without chondroitinase ABC
digestion). Additional 3B3 epitopes might be revealed if Dg were Cagc
treated. The 3B3 minus epitope is usually associated with growing tissue
such as nasal septum cartilage and corresponds to an atypical terminal
carbohydrate structure at the end of the chondroitin sulfate chain, i.e. a
saturated hexuronic acid residue adjacent to 6-sulfated N-
acetylgalactosamine (Caterson et al., 1985).

Monoclonal 5D4 was used to locate the keratan suifate. We have

found positive reactivity througout D4 and D3 and D4. Cartilage proteoglycan
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stains with 5D4, but this staining is very light in young rats which may be
attributed to the low amount of keratan sulfate in young rat cartilage
(Caterson et al., 1986). Superimposition of the 5D4 reactivity patterns on
Coomassie stained gel would allow to discriminate the proteoglycans
fractions from the matnx proteins.

The results of this study show that the amount of matrix proteins is
higher in the D3 and D4 than in the D4 and Do fractions as demonstrated by
dot blot with anti-PG (monoclonal antibody specific for proteoglycans). It
appeared necessary to pretreat the samples with chondroitinase ABC to
reveal the reactive epitopes on the proteoglycans, all of which 1s consistent
with the findings of Caterson et al. (1985). The epitopes reactive with the
antibodies might be sequestered by an interaction of the proteoglycan
aggregates. Pretreatment may also be due to the design of the antibody
itself which mirrors the conformation of the antigen for immunization.
Caterson et al. (1986) reduced and alkylated the proteoglycan monomer to
be used as immunogen for monoclonal antibodies specific to hyaluronic acid
binding region. Subsequently, it appeared that none of the antibodies
obtained reacted well with the whole antigens unless they were reduced and
alkylated or enzyme pretreated to expose the epitopes. Another possible
explanation for low reactivity with anti-PG is the dearth of keratan sulfate in
young rat carilage. Caterson et al. {1986) used monoclonal antibody
chromatography: 39S-labeled proteoglycans from 2 months and 12 months
old rats were applied to an affinity column made using 5D4 (antikeratan
sulfate monoclonal antibody). The pass through fractions were collected and

355-1abeled proteoglycans bound to the atfinty column by virtue of their
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reactivity with 504 were eluted with 4M guanidine HCI. Quantitation of the
radioactivity from the different fractions showed that proteoglycans of young
rats contain very little keratan sulfate, only 5% vs 30% 1n much older rats.
Coomassie blue staining of 1D-gel showed that chondroitinase ABC
digestion, besides exposing the epitopes by cleaving the chondroitin sulfates,
is necessary for the large proteoglycans in Dy and D2 to enter the gel.
Chondroitinase ABC depolymenzes both glucuronic acid and iduronic acid
containing glycosaminoglycans at the B(1-4) bond. This depolymerization
includes hyaluronate, chondroitin sulfate and the iduronate containing
sequence of dermatan sulfate ( Heinegard et al., 1987 ). producing
disaccharides containing an unsaturated A4-5.uronic acid at the non-
reducing end. Care should be taken in the interpretation of the results
concerning the molecular weight of the core protein shown by SDS-PAGE.
Due to the high content of the remaining oligosaccharide stubs from the
linkage regions of the glycosaminoglycans side chains, and N- and O-linked
oligosaccharides, the core protein will migrate more slowly than expected,
giving erronously high molecular weight. Thus, molecular weights obtained by
SDS-PAGE can be used only for companson. We have found in Dy two
adjacent heavy core proteins migrating significantly slower than the 200 kD
marker protein. Sommarin et al. (1986) and Malemud et al. (1991) reported
an apparent M, of about 300 to 450 kD for these core proteins. Additionally,
the benefit of screening by electrophoresis before and after enzyme digestion
IS the positive identification of the protecgiycan molecules which change
mobility after digestion with specific enzymes ( i.e. chondroitinase ABC ).

Any contaminating protein can also be revealed.
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The major problems in 2D mapping reside n the extraction and
handling of the vast amount of information. Thus a still widely used approach
for protein identification is simply to superimpose two gels and match them as
closely as possible manually,. A more practical approach may be the
procedure advocated by Jackson and Thompson (1984). They showed that
gels that have been stained with Coomassie Blue R250 and destained in the
usual way for the general detection of proteins can then be used for
electroblotting to nitrocellulose membrane satisfactonly, provided that
beforehand they are incubated at 49C for at least 1h in 0.025 M tris, 0.192 M
glycine buffer containing 1 per cent SDS. In this case the Coomassie Blue
staining zones in the gel were also transfered and bound to the nitrocellulose
membrane allowing a staining of the blot before and after immunochemical
detection.

Once the proteins localised, the production of monoclonal antibodies
would allow more precise study of the role of a particular protein or group of
matrix proteins in facial growth. Injection with monospecific antibodies in lieu
of surgical excision would efiminate all the trauma associated with the "knife"
and give a clean result directly associated with the experiment. Another
alternative to using monoclonal antibodies would be to raise highly specific
polyclonal antibodies which represent a viable solution considering the
amount of work and technical expertise required for preparing monoclonal
antibodies. Coomassie stained protein bands could be excised from the gel,
then crushed and emulsified in complete Freund's adjuvant and injected in

rabbit as for conventional antibcdies preparation ( Boulard and Lecroisey,
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1582 ). However, antibodies may also be formed against the acrylamide and
Coomassie blue, and a better punfication of the protein could be done by
electrophoretic elution (Stearne et al., 1985; Kelly et al., 1983). During this
procedure, the proteins undergo electrophoresis until the very end of the gel
to be recuperated into a dialysis sac. The protein may be then recovered
from the SDS and contaminating acrylamide polymers by precipitation with
methanol following the procedure described by Stearne et al. (1985), and
then emulsified in Freund's adjuvant for immunization or used for amino acid
sequencing.

The determination of the peptide sequence 1s commonly done based
on the Edman degradation chemistry. In this regard the sequencing 1s more
efficient if the Western blot 1s performed on glass microfiber sheets which
provide a better binding of the proteins eluted from the gel. Theses sheets
are more resistant against the chemicals and solvents used in Edman
chemistry (Vandekerckhove et al, 1986). Thus the specific unique antigens
could be fabricated on a large scale for purpose of iImmunisation in rabbits.
This is done by synthesizing the related genomes in the laboratory, and by
covalently inserting the genes into the DNA of plasmids and viruses by using
endonuclease and DNA ligase. Then the recombinant DNA molecules can be

replicated and expressed in suitable host cells { e.g. E. Coli } { Stryer, 1881).



SUMMARY AND CONCLUSIONS

This study provides a biochemical method of analysis of rat cartilage
matrix, and its interaction with an antisera, from the macroscopic to the

molecular level.

The first goal of this research was to determine the matrix antigens
reactive with anti nasal septal cartilage antisera (Anti-NS) known to alter rat
midfacial growth. The Anti-NS antisera was reactive with large proteoglycans
and link proteins, and small protecglycans containing dermatan sulfate. 2D
electrophoresis confirmed the results seen with 1D gels and in addition
identified at least five reactive proteins in fraction D4 of the nasal septum,
with the following pl (isoelectric point pH), Mr (apparent molecular weight in
kilodaltons): (6.9-7, 49-59), (6.85-6.92, 37), (6.4, 54), (6.2-6.3, 53), (5.9, 51),
(5.9-6, 46). These have yet to be characterized.

The second goal of this study 1s to identify the matnx proteins
components of 11-day nasal septum cartilage in relation with cartilage
charactenstics found in the literature. The proteoglycans in the 11-day
Sprague-Dawley rat are typical proteoglycans reported in the Iiterature with
these components:

- Heavy core protein of = 300-450kD demonstrated by SDS-
PAGE.
- Chondroitin-6-sulfate (mAb 3B3 positive).
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- Chondroitin-4-sulfate / Dermatan sulfate (mAb 2B6 positive
after Chondroitinase ABC digestion).

- Keratan sulfate (5D4 positive).

- Hyaluronate binding domain of = 69kD demonstrated by SDS-
PAGE.

- Link protein of = 45-49kD demonstrated by SDS-PAGE.

The third goal of this study is to discnminate between nasal septum
and condyle matrix antigens at the protein level. The protein patterns of nasal
septum and condyle matrix proteins were grossly similar, but differences in
quantity and quality between the two cartilages were apparent under 1D
SDS-PAGE.

The matrix proteins binding with this antisera have been identified with
their Pi and Mr. Future experiments should focus on the development of
monospecific antibodies for each of the protein invoived in order to

characterize their individual interaction on rat facial growth



APPENDICES

l. Freezer milling procedure for cartilage samples.

Il. Chequerboard for Dot Blotting.

lll. Chondroitinase ABC digestion of cartilage sampiles.

IV. Preparation of 3-16% gradient gei for electrophoresis.
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Charscterization of the Auft-sdherence
2270 AM. VACCA-SMITH", BC. V.
W.H. BOWEN

2071 Cariogenicity Bvaluation of Agenia Using am Moditied ICT Devics,
Y. JIMA®, N TAGUCH! and @, TAKAG] (Des of P jvs Dentistey,
Negaskd Unly. School of Dentistry, Negnokl, Jupun}
The wim of ths in s stody was to determine the relativa eviogeniclty of sitomse and sorbito]
tablets oaing the modified intra-oral carfoxenicity test (TCT) of Koulourides, The first study
was carried out with & 100% sorbitol tablet {(A), the scened tested & mixture of 95% sorbito]
sud 5% sacrose tablet (W), and the third tested & 100% sucrosc tablet (C). In oach atudy, 11
voluntecrs (agz 19~25 years) wors non-removable appiiances on which wers mounted humen
enarrw] scctions with a thickness of sppraximately 700 z m. Sobjects wars the applianees for 3
days hefore tking various sweetening tablets to accurmnlate the piague en the cxporimental
surfmces snd in the st phooe took them 4 X por day for 7 days after meals and bafore
fleeping, At the end of the 10 days cxperiments) period, micrordiographs of the enamcl
scotions ware taken and the degree of deminerallsation wiere sseessed by pext parmmetens; the
mineral Joxs value { AZ) and the loalon depth (Jd). Signiftcant differonces wers observed
between sarbito] tablets (A) snd sugar-contoining tehlets (B, C).

aduce the lifghest lsve] of demiperalization

resulty indicated that the produced i sitw were varluble sven in the seme ename] sectione
and also In different subjecte. This study was cupported In part by Japantes Ministry of Eda.
Sl Col. Grant # (4304045

Canter, Wi
Jackson Laboratory, Bar Harhor ME),

Wohavammin.dnkelahlﬁuwthin recessive dense
incizors (din ), in the mouse., fin el ot from

Identification of Proteine
2273  (ET.NGUYEN, C.J, MALEWUD, AND M.GHANSY, DEFARTMANT OF
ORTHODONTICS, Cass Westeyn Rescrve Univ., OLEVELAND, OFIO)}

Previoos stodies (Elans 1531 Master®s Thexis, CWRL, Hans et.a), [ADR aber 61:437,108D)
demanerated that it meay be [ Inciz] growth by cdotacal
the protein srocnrs of the mmtrix of 11 neea] soptum,

In
ied
were to identify reacthve antigens. Itn:njlhﬂfﬁ]ﬁmh
cartilages wers idensified. for cartilages wege guiike the pattems

wers 2130 used t charxcteris the ive bands, Two dh |
results meen with the 1D gals far the nase] sopta} and condylar cartilags. Inmumﬂw
e

with tha followicg tsoslectric and moleculsr wed 1) pI=£9-7
[P R -ﬁu@nm%ﬁl Wy el reyekln
MW=S3 kD ; (4] pl=s.9 MWa=51 kD ; [5] pl=5. ‘e 46 kD) Thess prascins bave yet ts be
han LInd il (K Leie DO

%
Ly

Nmx-2 Expressicn is Cerrslated with Yom—Chamdiregenic ions
DD74 of the Avien Nandimle. R, MINAS.J. GLIKNE/s B. BOGERS (Univ.
CT, Bchool of Deantal Medicine, Farmingtan, €T)

Wa havae pravionaly idsntified reqlen-apecitie
Max-2 ganss in the avian pandidalar arch using 2ita hyberidizatien
o sactiens with r va prales, In tha study we kave
reexanined the thlru (ahmulml lm}gltiﬂ of thi“ ‘;ﬁu.l?l in chiﬁ
craniofacial ragisn (stage 14~-30) us per-isstepic e-mount

situ bybridizstien. The results eof eur viels meunt Jin gitu
hybridizatisns ars sansistsnt with the lsealizatisn of thaze wiiis

isn of Max-1 and

vare iatad. Ths middle L
transcript) wvas saparated frem the lataral reylen. calls fram both
raglens wers {npu:u for ] ture. Mandidular
»asanchyzal eslls iselated frem lateral regiens fermed cartilaye in

cresass culturas wheress cells isolatsd Ifrsa tho niddle reylom did
st farm cartilage.

Craciesysostosis e Mustion m the Hurxas M8X2 Gens, MLL. SNEAD* EW

2275  [ams, ¥ L1 L MA, W LUO, I HAWORTH, L KLISAK, R SPARKXS, ML.
WARMAN, J B MULLIKEN, U MULLER AND R, MAXSON (University of
Southern

Normal development of the masunalian skull reguires the ooordinated growth of the componest

Sones st the sites of sriiculation Imewn s sutures. Ceatineynnstons rewtits whon thers is premadurs
fxion of the selvarial sutures sausng the skl te aswame an sbnormal shaps, Wi have idextified 2
homesbix containing gene tarmed MSX2 (Gescamics 16 123-131 1993) that is expressed by cells of
the develoginy siull, maxills, mandihls, tooth, toogue, and store, witich we beve mapped to kman
3 Sqer. An [ dominent ferm of erasiosy is (Bowbon-typa) his been

desaribed 1n & kindrad which als0 maps Lo the distal loog srm of chromosome $, hence it is & good

it & region trrplicated in protein to pretels intcrustions.
hat 1 tation (o 1he MSXZ gime GIASE XRINUTHIIOS 0N g 13 the firxt remett ol & TTUTELOE I
yo— iacase Supportcd by the Natione] Insitrtss of Healih

Supportad by WIX grant DEOSES2-OS. and tiw Naticow! Institute fioc Dental Rescarch.

2276 Bone Formuion. HIMURA (hirvic) ooy ot e} | 2277 [mmohisclogio of Type DX Colagz duiny Iremmimnocs
mml%'m“' o Madioine, Ay o of

Boston,
The prescace of an altored cartilsge phenotype during fx wivo intramembranous bong The presonce of an alisred phsnotyps during
mamm‘hhm). o oollagsn nmtxm:. lfnmaﬂc'r: ) Cnﬂngh ool]ﬁnhmo hmmﬂ
wem
expressed in this model. Howsver, it was foomd ﬂnd(lx‘;glm“lmnmln le:u.m)r'-ﬁuund the m!gA.?ulfmum;z'i;
fmmﬂsdmmmmhm Mhuﬁﬁg&n?ﬂ%dﬂmﬁmm the down streem which by a different sits in the a)(IX) peoe from thet
mﬂl’. hyhﬂtﬂnﬁmlhvnd a m‘ m ﬂ-s'

by oulls ncar early bone matrix hmm'r'h: o Ths
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DDBD  APromising Preseive Strawgy it infint Cartes? Resrivsofan Lnita! Sty P Weinkten®,
P Domoto, M Kodsy, B Leroox. Univ of Waahinton School of Deatiairy, Scattis, WA,

Following bifingus) parental interviows at 8 clnds in Toppenish, Waskington, 130 migramt fomworker
children with n meen age of {7 months wers amermined with s hight and mimor Cotson swibs wera mad
1> colewt piaque fie & saries sotvity test (Cariosit) and a fiwqrids varnish (Durafior) was painted an 11
i merrfiey of fovor miexilary fnciom. At sfx months 79 of the chiltren nsoetved another examinetion and
mmuuﬁmmm-mm«:mhdwum
d & siggrificant ds in decayed and decaloafied tewth (p= 039). Disczse pravalence
dumldﬁmﬂh”puﬂ.!hnﬂu!cﬂnmmthmﬁnﬂmmkm
(9%;51) of all soundd testh Temained discase frae and 36 peroent of the decalcifisd tacth (3/yg)
remineralred, Purectsl report of bottls use 23 the cXild flls asleep was associsted with development of
diseasw a1 6 oot wocag children with no diseese ot brseline (Fisher's smact fest, p= t14). The Cariogtat
waa sasocizbed with sabesqoert disesss after sdiusting for dertal age weing the Cochran-Mrmel-Heenszel
(rFOﬂZ) Cmﬂnﬂdmmmdﬂ&mn‘nﬂdﬂw mm:mmaa

This stody was supposted by Geant P30 DE0S743

2963 Msthodolagical Refinaments in the Asssssrmant of sk of Caries Orast.
AJ BILLINGS end H.M FPROBKIN® (Esstman Dentsl Contar, Eachester,
New York, UBA)
Mmﬁmmmwmhﬂmiv,dirﬂnd rniwnbiolqhd md-ﬁvuvchurdtnv
d on 240 ehildren In o (F} cormuoitty
m-mnmmm—:mmmrmxynmﬂmm
examinatisns. Children ware six yeuts oid and cacles-ree &t the initial examination. The
goud of this imvestiyatien has been to mods! the coourrance and non-sccurrencs of
carles ensat ot a partintw sxamination on the basse of muagured previously.
A ksy fastura of this presess is the determinatien of the time peint at whish sariss is
sald te occur. Of partiouiay soncerm has besn the extent te wiish suljucts whe 4o not
mirifest any signe of siinies) asrise may actuxdly be in the early steges of the earise
process. Such m eiroumnstance ceuld serva to npest sn the microbiolegica] s sefivery
chamical paremeters messured in this study. Thus, ae 8 refinamant in the modeling
mathedslegy, a reessessment of tha carise sintus of study aublects was mads, with
mmmwmm-mmu-mmwmmh.umrm
Br at the subsequett sxsainktion, st well. As Has bewt dene stevieusly,
mhiachmcludﬂdu *garion” H any active earien wan obsarved at a studdy axam,
diserimingnt snalyses wara smployed te suggest mels for IF aned FD which

coriss’
wers 92% andd 71% for F and FD, respectively; for both oommunities, the speciBicity
was roughly 80%. Suppertsd by NIH/NIDR Grant DEOSS4S.

on Glass end

3and 8 Ol Dental Plaquos
2264 Euml Bt i . FEUENSK OV NELER (Royal

BARLUM and A
Umvmnyormim,

The atm of the pressut stady was to test the hypothesis that the structure and pH-response
of deata! plegus formed on cither snams] or glass would be different. Acrylic flanges
containiny glass and enams! specimens were mounted on buccal surfaces in the lowss jaw
of 9 volunteers for 3 and 5 days duting which piaque was allowed to accumulate. The pH
mpmmammoﬂadmwrhummedforwm following the rints raing
nicrotouch electrodes. Subsequently, ware fixed and embedded {n Epon for
Hmmmmmy(amdﬁmm%wm) Thars were oo
statistically differances between the mean pH responses of plaque sccurmulsted
on glaes and epame| after 3 and 5 days. However, minimum pH (X = 4.54-5.15) wms
reached maore rapidly and the subsequent return towards resting values occurred earifer in
3-day old plaque. The thickness and stroctural composition of the microbial deposite varied
wxtensivaly between individualy - tut within indjvideals no significant differences wars
mmmemmmﬂumwmmmm

Mutans Streptococe] in Marging of
2265  Crlotexidine Treatment. C. WALLMAN®, B, KRASSE snd D. BIRKMED
Cariology, Univi of
Treatmant with chlorhexidine (CHX) gel inqmnblareducﬁmd
of restorations. However, the effect s Jimited in

nioe in a control and nine in a test gronp, were treated with 1% CHX gel in
hdivtdnaﬂydndﬁappﬂmmSﬂmhmmmemﬂvedsp.Saﬂum
m::::tplu marging of restorations wers cultivated on Strip Mutans
[{ mm)ummmnpmmmmmmutmmwm
mutens streptocooc] were detected in the samplas, the pluemmwmpmadm
thn in the test group up to 12 weeks after the start of the study. It the ning
in the control group who only recaived the initial trestment, muntars
uapmooec[wmblckw levels in marging of restorations and In
saliva after § weeks. In the tost gronp, the proportions of mutens streptococei ware
dpﬂﬂnmlyredumdhmngtmufm@maﬂm(pﬁﬂ)nthclﬁm&mqﬂm;

o bageline, There alzo a reduction of the
mm OIme:nmém.mmm.ﬂanhd

2266 Infiuerncs an Dental Caries of Enamel Hypoplasia and Colonization of Mutans
Streptococe! in Faral Chiness Children 3to § Years Oid Y LI* and JM
NAVIA (Sohw. of Dentistry aral Public Heah, U. of Alshama, Rirmingham, AL)

The pupose of the precent study was to defarmine the epidemisiogy of enamel
hypopiasia (EHP} and dental caries in Chinese chikinen and to assets the deteminants of
fhe high prevaienca of caries in their primery dentition A total of 1,344 3- to S-year-cid
childmen wees epmnsd clinically for caries; mulsns strepioooodd (MS) n salive v
ussayed using Rratthalls Strip test A modified DDE Index was deveioped to avaluate
hypopiestic defects in primery tseth. ‘Thers are three major findings: (1) Tha prevalencs
of EHP wes 22.3% smong fhe popuiation stadied  The occurmence of this defoc wa
avsociated with maies (OR=1.8; 88% Cl=1.2-1.8), low birth weight (OR=2.0;
$5% Ciz1 1-3.8), end pwmaturly (OR=3 B; 85% Ci=15-9.0; (2) MS was datected in

wﬁummmmfwwmmm

2067 Effect of Plague Fluid Fluonde on Lactic Acid Production After Sucrose.
Y. MAO*, G.L. YOGEL, C.M. CAREY (ADAHF-FRC, Guithertburg, MD),
The parpos of firds skperintect was to examine the relxtionsbip between F, pH wod Iactits in
plagque floid (FF) before and after & suecss clraflenge and 4 F rinse.  Sobisets (6 to &) absidned
from broshing for 48 b and fested overnight befars the stndy. A 228 ppm F 2-companent rinse
(TDR, 1992, p44%) was administered 23 & | min rinse st 1 h or overnight befors a 1 min 10%
sucroes challsnge. Molar plaque stmples (= 150 pg required per sample for aoalysis) were
callected before and 5 min after socross administration. Comtrol experiments without the F
ringe were also performed. PR (= 0.05 pl) seprrated from thess smples was amatyzad for
¥ and pM with microclectrodes (JDR, 1990, p1316) while Iactate was measmed by capillary
electrophoresis, Results wers (P zmol/L, lactets mmal/L., o = 19 to 31):

— Control = 12hreafter P Rinwe —L hrafter P Rine

] h] (1] S 1] H
] A84£63 72451 19+12 17418 65442 135445
pH 7.03£0.30 551+039 7041027 5591044 650035 5740
Lactae 19313 236493 26424 22410,  LS+iS5 ___[6+i2

Recnlts indicats: (1) The two-componert ringe mducss . [xrge

incresss in PF F

ristamt
(p<0.001). (2) Tho sucrom challeags given | b (but not 12 h) after the F oinse produced a
h.rpm]n-ofF (p<omn G)xﬂxm_m_th_mml._nmﬂ_dm_h.m_dd

Isam (p<0.09). byuml;nmnmms ADAHF, 12d NIST.

2968 Rvalnstion of plagee pH changes following orat rimse with eight infant formulas. C.
Sin&h‘md?!rh‘km
Uk y Of Mo P Y=y
MymTMMyﬂm)mﬂnmsmbelmjwmuf&hﬂim;lniumﬂy&mﬂ
pathology, effecting 6% of childrea utder 3 yearn old. Enappropriste feeding habils kave boett
Mﬂﬂﬁummjamwm&wmoflm This stady sought to
plage following oral rinse with eight different infint formules. 'lh:l:[u'mlu
mmenmindt.bmmmlyu.ndhﬂnn s from two fes; Mead I

Anticaries mads of sation of casein decived Jdes
2260 1) maTE™e, C A TAYLOR, D T LITTLINGCD aud € 2

(Uailewer Dumtal Faseareh, Bebimgten, UE).
wlh lwi.v-d fram the duu of sodiun eassinmats by :xmh

fhud Y i of & c‘-.::gx%m ah
was te T act:

lmh-ﬂ igate the pt&!'.l:l sctivity daliveced vis & M!.ttim
Fallisle covermd, partially el waxe treated
with a ulur..l- af m caluites pheaph CEX wf sessin decived

And Ry Pwrmiceuricals, Thess sight formulas wers also epmsentative of fmmguiu.(l)
foamning with frem, (2) formulas wifh tow tron, (3) soy focnrales, ind (4) protein bydrolyzats

formulas. Ten pesvent suctuse was necd &3 the conml. The emple siza consiswed of nine subjects for
nine tigle, Adolt subjects were to asked to abstain from aral hygisns for 24 hoors £ to fast for &
minimum of two (2) boees prior to rindng with the formule, Plagoe was senpled from madllary
bocea] serfaces before and after .5 oo rinse of formuln for one minnte, Plaqos wos then dispersed in
SDnﬂmﬂmkﬁmimdmuﬂpHchummmnnimndfmmham A significant difference
wa dh d in cw pH changes following oral rinse with protsin hydrolzats or soy formols
when cometred 1o the othet two sategories. On aversge, after rineing with protein hydcolyrats

formola, plaque pH reached & minimom of 5.24, with aw averngs pH drop of 1.29. After ringing with
mﬁrum]u.plqncpﬂmhdnuﬂnimumoﬂ.ﬂﬂﬂ:mmdmpnﬂ.ﬁ Wa ooncluds that

mmwyuumammm Hmm thiss teauits smepgeat that the
development of less acidogenic formnlas may be bepeficial 1o reducs the Incidencs of B¥ID.

The samplen were subieated TH & Xewd] iuing salutiem,
spiked with gu fox 16 heuxe, and thok shaiysed fex P@"m Treatmeal
thnlmhm!nlummmwuuw
tredussd ints the lh' wak te i;-l.h:dhh; -n:l.t:h-
in! mamel, UpSH SRPHSUTS
found te e 60V follewing with the Ads,
swsein darived
t» a placeds deatifrice using an intre eral
putlllut.d in this sreasever stuly im whish
e dentures and in

this paried,
wkitie] hleeke im 5%
daily. Ltr_h‘l.!theutﬂrﬁl the hlacks were rescrend amd
wctace Bath :ml:uuu.mumr.
t «0.801) -fmulmiu
Todwoed tha

the snamel. Eswewer, trsatment
bn.!.nhrli!l (-c-un: mm
waits, a redustiss of 10.74. twesn treatmeats
-n:uu—.uy & fisant (p« 0.01).
. b

“This differemes »e




ARLENDIX |

Freezer Milling Procedure for Cartilage Samples.

1- Put the cartilage samples in Gey's Balanced Salt solution (Gibco Lab, Life
Technologies Inc., Grand Island, NY 14072).
2- Dice the cartilage into 1-2mm?2 pieces.
3- Be sure to draw oft all the Gey's Balanced Salt solution.
Divide the cartilage into 2-3 portions (depending upon the initial amount).
Put on ice.
4- Fill up freezer mill with liquid nitrogen to line indicated ( Spex Freezer/Mill,
Spex Industries inc., Metuchen, NJ).
Also fill up cryothermos as well.
5- Put end plug in plastic sample tube manually.
Load cartilage on the side of the tube, using spatula.
Put impactor in center of tube. Avoid to touch cartilage, if not it would stick
together with the impactor, and would give an incomplete milling ).
Put the top plug (with nipple) on top of tube manually.
6- Place tube into freezer mill filled with iguid nitrogen to fill line (pay
attention to the protruding end which should be the one with the nipple plug,
for prehension with a special tool, once done).
7- Allow the tube to sit in the liquid nitrogen for 2-3 minutes.
8- Set freezer mill timer to 1.5 minutes. Start and slowly increase the
impaction speed from minimum to maximum by the 1 minute remaining time.
9- Remove tube using special tool, and place 1t in the black cap removal
device.
Tighten end of tube down and then remove cap by twisting it off using
removal tool.
10- Remove impactor using forcep and place on a clean paper towel.
11- Add 5ml of 4M guanidine HCI in 0.1M sodium acetate buffer, pH 5.8
containing protease nhibitors (100 mM 6-aminohexanoic acid, 5 mM
benzamidine hydrochlonde, 10 mM Nas EDTA, 20ug/ml ovomucoid) . Use a
disposable pipet.
Try to get powdered cartilage dissolved into solution.
Fill Guanidine HCI to near top of the tube.
Pour into Ehrlenmeyer flask setting on ice.
Pour more Guanidine HCI into tube if needed to wash out all the cartilage
(Guanidine HCL volume is not crucial because the final extract will be
lyophilized).
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Finally put the impactor back into the tube, and pour in Guanidine HCL
to wash the cartilage powder from the impactor
12- Repeat steps 5-11 with other aliquots of cartilage.

Matrix Protein Extraction.

13- Extract overnight at 4°C on magnetic stirrer.
14- Centrifuge the extract at 2,400 rpm for 10 minutes (SS-34 rotor, Sorvall
S6-B centrifuge) to remove the debns.
15- Dialyze the extract vs distilled demineralized HyO for 24hrs at 4°C on
magnetic stirrer, using 6-8K cut off membranes {Medical Spectrum Industries,
LA, CA). Water was changed twice.
16- Centrifuge the dialysates at 15,000rpm, for 10 minute (SS-34 rotor,
Sorvall S6-B centrifuge) to generate the 15-K supernate and 15-K pellet
fractions.
17- Freeze dry the 15-K supernate fractions.

Keep the 15-K pellet fractions at -700C for later comparison.
18- Proceed with CsCl centrifugation.
19- Dialysis against distilled demineralized Hy,O for 24h, with 6-8K cut off
membrane tubing.
20- Proceed with uronic acid and protein analys:s.



APPENDIX 11

Chequerboard for native Dot Blotting.

ts 110 1100 Pi

Controi with no antigen occupies the last column

D4 O O O O Control with no antibody occupies the last row
D3 O O fs: full strength of sample

O O TBS: Twist Buffer Saline
D2 O O O O Pi: Pre-immune sera

o1 | OO OO
TBSOOOO‘

Full strength of sample is adjusted at 10ug of protein / 100m! for D4 to D2.
Full strength D1 contains 10pug of uronic acid / 100ml, as D1 1s mostly rich in
proteoglycans.

1- Pre-wet the nitroceliulose membrane in TBS
2- Load samples as designed.
3- Turn vacuum on. Suck sampies through the nitrocellulose membrane.
4- Rinse each well with 100ul TBS, then turn the vacuum on to suck through.
5- In Petn dishes, incubate the nitrocellulose membrane with 3% BSA (bovine
serum albumin) in TBS-Tween, in order to block the remaining sites on the
nitrocellulose paper. 30 min on shaker at room temperature.
6- First antibody: in separate Petn dishes, incubate the nitrocellulose
membrane, with 4mi of the antibody to be tested, on shaker at room
temperature for 1 hour.
7- Wash three times 5 minutes in TBS-Tween.
8- Second antibody: in Petri dish, incubate on shaker at room temperature for
1 hour, with :

« Alkaline Phosphatase Goat Antimouse IgG, diluted to 1/750

with TBS-Tween: 2ul Goat Antimouse IgG + 15m| TBS-Tween.
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9- Wash three times 5 minutes in TBS-Tween.
10- Rinse twice with Alkaline Phosphate Buffer.
11- Color development: in Petni dish, incubate up to 30min in dark room with:
» Alkaline Phosphate Substrate: 12ml Alkaiine Phosphate Buffer
+ 80 ul NBT(Nitro Blue Tetrazolium)+ 40 ul BCIP{5-Bromo-4-Chloro-3-
Indolyl Phosphate).
12- Wash with distilled H,0 and air dry.

- Tris Butfered Saline (TBS): 20mM Tris
500mM NaCl
pH 7.5

- TBS-Tween: 20mM Tns
500mM NaCl
0.05% Tween-20
pH 7.5



APPENDIX 11

Chondroitinase ABC Digestion of Cartilage Samples.
1- Samples were diluted as required by the design of the experiment in 1mi
vials (e.g. 20ug of protein sample).
2- Samples were freeze-dned overnight.
3- Add buffer: 50 ul for each wial (25ul / 10ug of protein)

4- Add an equal volume of chondroitinase ABC (2.5U/ml, Products for Life
Science), made up in the same buffer, was added to each sample.

5- The samples were incubated at 37°C for 3 hours.

6- The reaction was stopped by boiling for 5 min.

7- Any precipitation was removed by centrifugation.

8- Full strength volume before lyophilisation was reconstitued by adding the

[initial volume before lyophilisation - 100ul] of TBS (if it were for Dot Blotting)
or Gel Sample Bufter (if it were for Isoelectric Focusing gel).

Buffer:
{ 0.1M sodium acetate + 0 1M Tns } adjust pH to 7.0 with acetic acid

10ug/ml pepstatin
5mM phenymethyisulfonyi fluoride
10mM N-ethylmaleimide
10mM disodium ethylenediamine tetraacetate
100mM 6-aminchexanocic acid
5mM benzamidine hydrochlonde
20ug/ml ovomucoid
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APPENDIX IV

Preparation of 3-16% Gradient Gel for Electrophoresis.

- Eor 4 slab gels:
3% 16%
Tris{1.5M Tris base) 20mi 20mi
( pH88 )
Acrylamide/Bis 7.5ml 40m|
(30%T, 2.7%Cpys)
Sucrose @ @0 ---e- 10.20 g
Fitering and Degassing Filtenng and Degassing
10% SDS 0.8ml 0.8ml
1%Ammonium 4.0mi 2.0ml
Persulfate
H,0 to 80ml to 80mi
Remove 35ml (for 2 slabs) ot each solution
TEMED 18u! 9ul

Fill the corresponding resevoirs of the gradient maker
Start magnetic stirrer and pump

- Acrylamide/Bis, 30%T, 2.7%Cy;s, to store at 49C in the dark:

Acrylamide 58.4¢g
Bis 1.6g
H,O to 200ml

Acrylamide 1s toxic, therefore make sure to wear gloves.
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