422

J. Rutges et al.: Variations in gene and protein expression in human NP

a notochordal phenotype. in fact several studies have used
rat cells 1o explore the notochordal molecular phenotype in
the disc™". Therefore, results from the rai, as well as
mouse or rabbit have to be extrapolated with ¢are to the hu-
man situation. Apart from the different developmental path-
ways of the NP cell populations the large deviations in VD
size and thus nutrition and mechanical conditions are aiso
likely to influence the molecular characteristics of NP celis,
Nevertheless, the expression profile of KRT19 demon-
strates that selected genes may be valuable as markers
even in different species.

When comparing the present study with previous studies
on beagles, it also has to be noted that the human samples
in this study are very heterogeneous with respect 1o age,
while the animals all had the same age. This may explain
the less pronounced differences between NP, AF, and car-
tilage cells in human individuals compared to the dog spe-
cies, while general trends were identical in both species.
Consequently, the age of the animal always has 1o be taken
into consideration for the interpretation of results from an
animal model. Moreover, although a study in the rat did
not reveal major differences in gene expression pattem be-
tween ANA extracted from isolated cells and RNA extracted
directly from the tissues, enzymatic cell isolation might have
contributed 10 the reduced tissue-related differences ob-
served in human specimens’. Besides, it is sometimes dif-
ficult to clearly distinguish human NP from AF ftissus,
especially in aged discs, which can also result in lowered
gene expression differences between NP and AF cells. In
view of these difficulties and the observed age-related alter-
ations, young individuals are clearly preferred for the study
of the phenotype of the healthy human NP cell.

Age-telated changes have been detected regarding matrix
composition, expression of matrix degrading enzymes, and
other processes™*%%"%_ Although differences between ag-
ing and {early) degeneration were recently described in
rabbits, a strong correlation exists between age and degen-
eration grade in human patients® >, which is confirmed
in this study. Thus, itis not possible to clearly separate the in-
fluence of aging from that of degeneration mechanisms. Ac-
cordingly, Adams and Roughly defined a degenerate disc as
one with structural fallure combined with accelerated or ad-
vanced signs of aging®. This has recently been demon-
strated also for the cervical spine, where in a longitudinal
study no other factor except for age was related to the pro-
gression of degeneration®. Although cases of early disc de-
generation have been described and are of particular vaiue
for specific investigation of degenerative processes, the
present study evaluated individuals with "natural” disc devel-
opment, where aging is accompanied with a certain degree
of degeneration. This is particularly reflected in the mRNA
expression of MGP in the NP, which strongly correlated
with both aging and degree of degeneration. MGP is
a Bone morphogenetic protein-2 {BMP-2) regulatory protein
that is known as a calcification inhibitor in cartitage and in ar-
teries”®“°, interestingly, MGP serum levels of community-
based cohorts were also elevated with increasing age and
were associated with individual risk factors for coronary heart
disease®’. It was suggested that induction of MGP expres-
sion may be a feedback mechanism to prevent mineraliza-
tion of calcium deposits in the arteries®. Similarly, one
could speculate that induction of MGP in the NP may be an
attempt to prevent calcification processes that have been ob-
served in the aging disc™ %, The presence of MGP in areas
of mineralized cartilage in the endplate and in cells adjacent
to sites of degeneration would support this hypothesis. The
same is true for the expression at the fibrocartilaginous

attachment of the outer AF where ectopic ossification {i.e.,
exophyte growth) would be prevented. Interestingly MGP ex-
pression in non-calcified AC is restricted to the superficial re-
gions in monkeg§ and is barely detectable in senile human
cartilage tissue™. in chondrocytic cells, both over-expres-
sion of MGP in maturing chondrocytes and under-expression
of MGP in proliferative and hypertrophic chondrocytes may
induce apoptosis®®. As it has been reponied that some cells
of the IVD may differentiate towards the hypertrophic chon-
drocyte phenotype with age, MGP might function to prevent
apoptosis in these celis*", Further studies are required to
clarify the role of MGP expressed in the disc.

The observed rise in PTN gene expression in the AF with
aging may result from a cellular attempt to restore a slowly
degrading tissue. PTN functions as a growth and differenti-
ation factor in many cell types and has been shown to in-
duce the synthesis of matrix molecules in articular
chondrocytes™, In cartilage, elevated PTN levels have
been related to both osteoarthritis and rheumatoid arthri-
tis***%. Interestingly, an increased amount of PTN-immuno-
positive cells was observed in degenerated and in
prolapsed disc samples and was associated with vascular-
ization of diseased or damaged tissue®®. Since blood ves-
sels are mostly localized in the outer AF and rarely
penetrate into deeper zones of the IVD, an increasing ex-
pression of PTN in the AF with aging would support the sug-
gestion that PTN may function as an angiogenic factor in
the degenerating IVD™. Age- or degeneration-associated
changes might become dlinically useful markers to deter-
mine the “juvenileness” or the regenerative capacity of
IVD tissues sampled from discectomies or nucleotomies.
More extended studies will be required to validate the po-
tential of such markers to individually evaluate the most ap-
propriate treatment of an VD disorder.

In conclusion, from a selection of NP phenotype markers
identified in animal studies, KRT19 and NCAM1 expression
were found to be more pronounced in NP than AF and AC
cells in human individuals. Whereas NCAM1 levels are rel-
atively low even in NP cells, KRT19 may be regarded as
a marker for human NP cells, being highly expressed in
NP and at significantly lower levels in AF and AC cells.
This observation on the subject of gene expression is at
least partially reflected at the protein level, where KRT19
positive cells are almost exclusively identified in the NP of
juvenile and young adult discs. This suggests that KRT19
transcripts are translated into detectable amounts of protein
primarily in notochordal-ike cells of juvenile NP and occa-
sionally in young chondrocyte-iike NP cells, MGP is found
in a variety of human VD tissues and thus cannot serve
as a characteristic NP marker,
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Summary

Intervertebral disc disease are one of the most frequent reason to see a doctor. In
order to establish a simple and effective method to evaluate the quality of disc cells
taken from surgery. we performed a colony assay and found that several different
colonized cells can be seen. With the use of the colony assay, we were able to detect
the biological potential of intervertebral disc cells for clinical application.
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Daisuke SAKAI et al : Intervertebral disc regeneration from cellular level
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