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Abstract The fate of notochord cells during disc deve-

lopment and aging is still a subject of debate. Cells with the

typical notochordal morphology disappear from the disc

within the first decade of life. However, the pure morpho-

logic differentiation of notochordal from non-notochordal

disc cells can be difficult, prompting the use of cellular

markers. Previous reports on these notochordal cell markers

only explored the occurrence in young age groups without

considering changes during disc degeneration. The aim of

this study, therefore, was to investigate presence, localiza-

tion, and abundance of cells expressing notochordal cell

markers in human lumbar discs during disc development

and degeneration. Based on pilot studies, cytokeratins

CK-8, -18 and -19 as well as Galectin-3 were chosen from

a broad panel of potential notochordal cell markers and used

for immunohistochemical staining of 30 human lumbar

autopsy samples (0–86 years) and 38 human surgical disc

samples (26–69 years). In the autopsy group, 80% of fetal

to adolescent discs (0–17 years) and 100% of young adult

discs (18–30 years) contained many cells with positive

labeling. These cells were strongly clustered and nearly

exclusively located in areas with granular changes (or other

matrix defects), showing predominantly a chondrocytic

morphology as well as (in a much lesser extent) a fibrocytic

phenotype. In mature discs (31–60 years) and elderly discs

(C60 years) only 25 and 22–33%, respectively, contained

few stained nuclear cells, mostly associated with matrix

defects. In the surgical group, only 16% of samples from

young adults (B47 years) exhibited positively labeled cells

whereas mature to old surgical discs ([47 years) contained

no labeled cells. This is the first study describing the pres-

ence and temporo-spatial localization of cells expressing

notochordal cell markers in human lumbar intervertebral

discs of all ages and variable degree of disc degeneration.

Our findings indicate that cells with a (immunohistochemi-

cally) notochord-like phenotype are present in a consider-

able fraction of adult lumbar intervertebral discs. The

presence of these cells is associated with distinct features of

(early) age-related disc degeneration, particularly with

granular matrix changes.
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Introduction

The pathophysiology of disc degeneration and related low-

back pain is still not well explored despite intensive

research activities in this field. Recent investigations pro-

vide evidence that distinct alterations of the extracellular
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matrix of the intervertebral disc are associated with histo-

pathologic changes [5, 30, 41]. Since the matrix is syn-

thesized [49], modulated and thereby controlled by the disc

cells, it seems essential to identify changes in both, cell

function and phenotype [31].

The origin of the nucleus pulposus and the fate of

notochordal cells have been subject to a continuous debate

[7, 13, 23, 34, 39, 43]. Some reports suggest that the adult

nucleus pulposus cells derive from cells ‘‘invading’’ into

the disc [16, 24, 51, 55] others indicate that these cells

originate from involution of the notochord [7, 17, 34, 43,

52]. The latter hypothesis is supported by an ultrastructural

investigation [50] and by immunohistochemical detection

of certain cytokeratin isotypes expressed by notochordal

cells [11, 47]. Previous investigations on the natural

notochord history failed to detect cells with the typical

notochordal cell morphology over the age of 10 years [17,

35, 36]. However, these findings are mainly based on the

detection of notochordal cells based on routine histology,

i.e. looking for typical cell morphology. In the developing

fetus, pronounced change of the notochordal phenotype can

already be observed. It can be hypothesized that these

modifications continue in the post-fetal period and lead to a

substantial change in the morphology of the notochordal

cells to a predominantly chondrocytic or much lesser extent

fibrocytic appearance [12]. The identification of noto-

chordal cells solely by routine histological criteria may

therefore be incomplete.

Previous studies have reported that notochordal disc

cells express distinct cell markers [12, 18, 46, 47]. Cyto-

keratin types CK-8, CK-18, and CK-19 have been shown to

be expressed by fetal notochordal cells [11, 12, 29].

Interestingly, cells with ultrastructural characteristics of

notochordal cells have also been identified in the adult

nucleus pulposus [50]. Additionally, in one study on the

fate of notochordal cells, the use of cytokeratins as markers

suggests that those cells persist in the nucleus pulposus of

adults [47]. Galectin-3, which was also shown to be a

further notochordal cell marker, also seems to be expressed

in adult discs [12]. Galectin-3 belongs to the group of

galactoside-binding proteins, but is also capable to interact

with many different peptides (among them cytokeratins)

and polynucleotides. It is involved in a variety of intra- and

extracellular processes, such as the regulation of RNA-

splicing, the modulation of cell-adhesion, or extracellular

signaling [6, 8, 14, 20, 26, 32, 37, 40, 44, 48]. Galectin-3

also appears to participate in the recognition of advanced

glycation endproducts (AGEs), which have recently been

shown to play a role in disc degeneration [30, 38, 45].

To the best of our knowledge, the temporo-spatial

localization of notochordal cell markers during the process

of both aging and disc degeneration has so far not been

investigated. In using autopsy and surgical lumbar

intervertebral disc specimens of all ages, we investigated

presence, localization, and abundance of cells expressing

notochordal cell markers by immunohistochemistry. These

findings were correlated with both individual age and his-

tological signs of disc degeneration to explore a potential

role of these cells in disc degeneration.

Materials and methods

Study population and tissue preparation

Two distinct study populations were used in this

investigation.

Autopsy group

This group comprised of 30 individuals from whom lumbar

motion segments had been removed at autopsy. Age of the

individuals ranged from fetal (26th week of gestation) to

senile age (86 years). None of these individuals died of a

consuming illness (e.g. tumor, infection) or had a known

history of a back problem requiring treatment. Thin sagittal

slices (of approx. 5 mm thickness) of the complete motion

segment were fixed in 4–6% buffered formaldehyde (pH

7.4), subsequently decalcified (0.1 M EDTA, pH 7.4)

and finally embedded in paraffin wax as routinely per-

formed [5, 31].

Surgical group

This group comprised of 38 disc samples that had been

obtained during surgery for painful lumbar disc degenera-

tion and/or disc herniation (protrusion, extrusion, or

sequestration). The samples were obtained from individu-

als (23 males, 15 females; age range 26–69 years) with

known clinical symptoms, radiological features, and his-

tological degree of disc degeneration. All samples were

obtained from patients undergoing a spinal intervention

(discectomy or spinal fusion) because of incapacitating

back or leg pain. Painful disc degeneration was identified

by positive provocative discography and/or the presence of

severe Modic changes [54].

Determination of the degree of histological

degeneration

In all samples, the histological degree of disc tissue

degeneration was determined as previously described in

detail [5]. Briefly, the parameters cellularity, occurrence,

and extent of cleft and tear formation, granular and/or

mucoid matrix degeneration and cell necrosis were ranked,

forming the ‘‘histodegeneration score’’ (HDS).
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Identification of suitable notochordal markers

In pilot studies, antibodies against various cytokeratins (CK-

5, -6, -7, -8, -10, -13, -15, -18, -19, -20, and pan CK, clone

AE1/AE3) and against Galectin-3 were tested to obtain

qualitative information about their expression in the inter-

vertebral disc. Two small histomorphological representative

sample series were used: five fetal autopsy discs (with well

recognizable notochordal cells) and five adult discs (without

morphologically evident notochordal cells or cell residues).

Histologically, notochordal cells in the fetal period were

identified based on their characteristic appearance, i.e.

polyhedral or round cells with usually round nucleus, dis-

persed fine chromatin and eosinophilic highly vacuolated

cytoplasm (physaliferous). The cytoplasm usually contains

large amounts of glycogen. With age, the initial tightly

packed cells (cluster) became more and more separated by

large volumes of mucoid matrix. In addition, double label-

ing experiments were performed using Galectin-3 and

CK -8, -18 or -19 in fetal and adult samples. Based on the

results of the pilot studies (see below), antibodies against

pan CK AE1/AE3 (which includes reactivity against CK-8

and -19 among other CKs, but not CK-18), CK-18 and

Galectin-3 were used for immunohistochemical staining of

30 autopsy samples (autopsy group) and 38 surgical disc

samples (surgical group).

Immunohistochemical staining protocol

For the staining of cytokeratins, we used antibodies that are

routinely used in diagnostic surgical pathology examina-

tions in our laboratory. For detailed information about

sample pre-treatment and antibody concentration, see

Table 1. The specificity of the immunohistochemical

reactions had been tested extensively in routine samples.

The appropriate slides were deparaffinized and pretreated

according to established protocols [4, 30, 53], either by

heating in citrate buffer or by enzymatic pretreatment

(0.25% pepsin). The pretreated samples were incubated

with the following primary monoclonal antibodies or

antibody-mixtures: CK AE1/AE3 (Zytomed, Berlin, Ger-

many), CK-20 (BioLogo, Kronshagen, Germany), CK-19

(Dako, Hamburg, Germany), CK-18 (Dako, Hamburg,

Germany), CK-15 (Acris, Herford, Germany), CK-10/13

(Zytomed, Berlin, Germany), CK-8 (Zytomed, Berlin,

Germany), CK-7 (Zytomed, Berlin, Germany), CK-5

(Zytomed, Berlin, Germany), CK-6 (BioLogo, Kronsha-

gen, Germany). In addition, a polyclonal antibody was used

for the detection of Galectin-3 (Santa Cruz Biotech., Santa

Cruz, USA). The specificity of this antibody had been

tested extensively prior to the investigation on colonic and

intestinal epithelium. Visualization was performed using

the Super Sensitive Detection System (Biogenex, San

Ramon, USA) with alkaline-phosphatase conjugated

streptavidin and Fast Red as chromogen. For double

staining experiments, the Histostain plus Kit (Zytomed,

Berlin, Germany) was used with peroxidase conjugated

streptavidin and aminoethylcarbazol (AEC) as chromogen.

In each batch, positive controls (human fetal intervertebral

discs) as well as negative controls (by omission of the

primary antibody and use of non-immunized normal

serum) were included.

Data evaluation

In the pilot studies, the staining pattern was evaluated

qualitatively, i.e. with respect to presence or absence of the

respective parameter (when compared to positive controls).

For the autopsy and surgical samples, a quantitative

morphometric analysis was performed (as previously

described [31]) by randomly selecting 20 fields of each

anatomic subset (i.e. of nucleus pulposus, inner and outer

anulus fibrosus) and by counting the positively stained cells

as a fraction of all cells in the area.

Table 1 Immunohistochemical

staining protocol

Boiling procedure 10 min. in

citrate buffer, pH 6.0, in a

pressure cooker

Enzymatic 0.1% pronase E

(Merck, Darmstadt, GE,

K38823533845) 10 min., 37�C

Antibody Source Concentration Pre-treatment

CK-5 Zytomed Systems, Berlin, GE 1:75 Boiling

CK-6 BioLogo, Kronshagen, GE 1:10 Enzymatic

CK-7 Zytomed Systems, Berlin, GE 1:100 Enzymatic

CK-8 Zytomed Systems, Berlin, GE 1:50 Enzymatic

CK-10 Zytomed Systems, Berlin, GE 1:100 None

CK-13 Zytomed Systems, Berlin, GE 1:30 Boiling

CK-15 Acris, Herford, GE 1:50 Enzymatic

CK-18 Dako, Hamburg, GE 1:100 Enzymatic

CK-19 Dako, Hamburg, GE 1:50 Enzymatic

CK-20 BioLogo, Kronshagen, GE 1:200 Boiling

AE1/AE3 Zytomed Systems, Berlin, GE 1:140 Boiling

Galectin-3 Santa Cruz Biotech., Santa Cruz, USA 1:50 Enzymatic
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The amount of stained nuclear cells (anular cells showed

almost no reaction) was assigned to one of four groups: – (no

cells labeled), ? few cells (\10% cells labeled), ?? inter-

mediate amount of cells (10–50% cells labeled) and ???

abundant positive cells ([50% cells labeled).

A Spearman rank correlation test was performed to test

for statistical association between immunohistochemical

data and histological disc degeneration (HDS). A P value

of 0.05 was set as the level of statistical significance (two

tailed).

Results

Identification of suitable notochordal markers

In all five fetal disc samples, typical notochordal cells were

identified by their clustered arrangement and their physa-

liferous morphology embedded in a loose, mucoid matrix

(see ‘‘Materials and methods’’). These cells were exclu-

sively present in the nucleus pulposus and stained distinctly

positive for pan-cytokeratin (AE1/AE3), the specific

cytokeratins CK-8, -18, -19 and for Galectin-3 with an

exclusively cytoplasmic pattern (Figs. 1a, 2a, 3a). Annular

cells and cells in the endplates showed no staining. Not all

remaining cytokeratins tested revealed any specific

staining.

In three of the five adult samples, labeled cells were seen

for pan-cytokeratin (AE1/AE3), CK-8, -18, -19 and

Galectin-3 (Figs. 1b, 2b, 3b). The cell morphology of the

labeled cells was not different from that of non-labeled

cells, i.e. the positive cells presented as typical fibro-

chondrocytic cells of the nucleus pulposus. The staining for

CK-18 was slightly more inconsistent and revealed positive

labeling in fewer samples. Like in the fetal samples, all

positive cells exclusively showed cytoplasmic staining and

were only found in or at the border of granular tissue

changes. The remaining cytokeratins showed no specific

staining in the adult discs. Double-labeling experiments

demonstrated co-localization of Galectin-3 with CK-8,

CK-18 or CK-19 (Fig. 4). Based on these pilot studies,

antibodies against CK AE1/AE3 (detecting CK-8 and

CK-19 among others), CK-18 and Galectin-3 were used for

immunohistochemical staining in the autopsy and surgical

biopsy group.

Notochordal phenotype pattern in the autopsy group

Fetal to adolescent discs

In the fetal, juvenile and adolescent age group (0–17 years,

HDS 0–4), cells with typical notochordal appearance were

intensively labeled for CK AE1/AE3 (i.e. CK-8 and -19),

CK-18, and Galectin-3 (Table 2, Figs. 1a, 2a, 3a). In

samples without morphologically typical notochordal cells,

no positively stained cells were present. Positively labeled

cells were exclusively located in the nucleus pulposus. In

80% of all cases, numerous CK-positive cells were seen

(60% of cases in Grade ???) and further 20% of cases

were ranked as Grade ?? (Fig. 5). In the two adolescents

discs (13 and 16 years), no positive cells were seen.

Young adults

In the young adult age group (18–30 years, HDS 8–13), a

100% of cells showed cytoplasmic reaction for the chosen

notochordal markers (Table 2; Figs. 1b, 2b, 3b). Labeled

cells were frequently found in clusters and nearly exclu-

sively located in or adjacent to areas with granular changes,

Fig. 1 Immunolocalization of pan CK AE1/AE3 (staining cytoker-

atin-8 and -19 among others) in disc tissue of various age groups

(autopsy group). a Fetal nucleus pulposus and pre-anulus region

(arrows), showing typical labeling of notochordal cells (28th week,

disc level L3/4). b Young adult nucleus pulposus tissue (21 years,

disc level L2/3), showing numerous positively stained cells that are

exclusively labeled in granular matrix areas (arrows) and adjacent to

matrix defects (9200)
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tissue clefts and/or tears. Those cells showed predomi-

nantly a chondrocytic morphology or to a minor extent a

fibrocytic phenotype and were mainly located in the

nucleus pulposus and only very rarely in the inner anulus

fibrosus. Not every matrix defect and granular degeneration

contained labeled cells. The evaluation of the amount of

labeled notochordal cells in defect versus non-defect areas

was difficult, since there was a clear predominance of

notochordal cells in the defect areas. However, when

counting the labeled cells in those areas adjacent to matrix

defects a major increase in the proportion of stained cells is

seen which comprises a rise of between 155 and 200% (i.e.

doubling) of non-defect areas. In 43% of discs those were

ranked Grade ??? (abundant stained cells), in 43% of

discs those were ranked Grade ?? (intermediate) and in

14% of discs those were ranked Grade ? (few cells)

(Fig. 5), showing comparable results to the juvenile age

group.

Mature individuals

In the mature age group (31–60 years, HDS 12–16), stained

cells—if observed—were also mostly located in areas with

matrix defects in the nucleus pulposus. The evaluation of

the amount of labeled notochordal cells in defect versus

non-defect areas was difficult, since there was a clear

predominance of notochordal cells in the defect areas. In

75% of discs no labeled cells were seen, the remaining

25% of discs were ranked grade ? (few positive cells).

Interestingly, the amorphous granular material itself

sometimes showed a specific staining at the rim of the

granular tissue fragments (Fig. 6).

Elderly individuals

The elderly age group (C60 years, HDS 14–17) showed a

comparable staining result to the mature age group. In 67–

77% of discs, no labeled cells were seen (Table 2; Fig. 5),

the remaining discs were ranked in 11% grade ??

(intermediate) and in 11–22% grade ? (few positive cells).

Statistical analysis

The Spearman rank correlation test revealed a highly sig-

nificant correlation for all cases between cytokeratin and

Galectin markers (P \ 0.001). In the young adults (18–30

years), mature individuals (31–60 years) and elderly indi-

viduals (C60 years), there was a significant correlation

(P \ 0.05) for all antibodies between the notochordal phe-

notype and granular changes, but no correlation was seen with

age or the other characteristics of histological degeneration.

Notochordal phenotype pattern in the surgical group

In the surgical specimens (26–69 years), positive labeling

was identified for the selected notochordal cell markers

(Fig. 7a, b). Again, labeled cells were seen only in nuclear

disc areas. In the age group up to 47 years, we identified an

Fig. 2 Immunolocalization of

cytokeratin-18 (CK-18) in disc

tissue of various age groups

(autopsy group). a Fetal nucleus

pulposus tissue (small arrows)

and notochord sheath and pre-

anulus region (big arrow),

showing typical positive

labeling of notochordal cells

(28th week, disc level L3/4).

b Young adult nucleus pulposus

tissue (25 years, disc level

L3/4), showing numerous

positively labeled cells. c Old

adult nucleus pulposus tissue

(77 years, disc level L3/4),

showing no positively stained

disc cells (arrows) (9200)
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intermediate amount of positive cells in 13% and very few

positive cells in further 3% of samples. Extensive labeling

was not observed in this set of samples. In the age group

older than 47 years, none of the samples exhibited a

positive staining. The statistical analysis revealed a sig-

nificant correlation between the amount of cells expressing

notochordal cell markers and granular changes (P \ 0.05),

but not with any other parameters.

Discussion

This is the first study analyzing the presence of cells with

notochordal phenotype in relation to age-related changes of

adult human lumbar intervertebral discs. Most interest-

ingly, our immunohistochemical study identifies cells

exhibiting notochordal cell markers in the young and

middle age group without showing the typical notochordal

cell morphology. In addition, we provide evidence that the

occurence of cells with notochordal immunohistochemical

phenotype significantly correlates with granular matrix

changes and that there is an obvious association with cleft

formation in the nucleus pulposus, which was evident in

the young adult and the mature adult age groups, but not

seen in the elderly age group. The latter effect may be

because elderly individuals often do not show cell reaction

(proliferation/apoptosis, etc.) adjacent to the clefts and

tears.

The loss of cells with typical notochordal phenotype

(physaliferous) and the coincident onset with signs of disc

degeneration has lead to speculations about their role in the

preservation of disc function. Although interspecies

comparison—premature loss of notochordal cells from

chondrodystrophic breeds with higher incidence of inter-

vertebral disc degeneration—gave some support for this

idea, the conclusive evidence for this hypothesis is still

missing.

Our results support previous studies showing that cells

in the fetal and juvenile nucleus pulposus with the typical

morphology of the notochord (physaliferous) express the

markers cytokeratin CK-8, -18, -19 and Galectin-3 [11, 12,

29, 47, 56]. Double labeling experiments show a clear co-

localization of specific cytokeratins (CK-8, -18, -19) and

Galectin-3. There is an ongoing debate on the presence or

absence of CK-18 in notochordal cells [11, 29]. Our

autopsy series reveals an overall similar proportion of

CK-18 positive discs as for the other markers, while the

CK-18 positive cases were somewhat less frequent in the

surgical material than the other markers. The reason may

be because a clear distinction of nuclear and anular region

Fig. 3 Immunolocalization of Galectin-3 in disc tissue of various age

groups (autopsy group). a Fetal nucleus pulposus, showing typical

positive labeling of notochordal cells (28th week, disc level L3/4)

(9400). b Young adult nucleus pulposus tissue (25 years, disc level

L3/4), showing numerous positive cells comparable to the cytokeratin

pattern (9200)

Fig. 4 Immunohistochemical double labeling experiments. The

simultaneous staining of CK-19 (red color) and Galectin-3 (brown
color) shows exact cellular co-localization of both parameters

(arrows) (9400)

1766 Eur Spine J (2010) 19:1761–1770

123



is sometimes difficult to make in surgical material, par-

ticularly in disc herniation specimens. Oguz et al. [33]

reported on a ubiquitous expression of Galectin-3 in rat

intervertebral discs and stressed that this protein is inap-

propriate as a marker for notochordal cells. In our study on

human intervertebral discs, we observed the expression of

Galectin-3 in the nucleus pulposus and few positive cells in

the inner anulus fibrosus. However, a general and wide-

spread labeling of cells in the endplate or outer anulus

fibrosus was not seen. These somehow conflicting results

are probably related to differences in the investigated

species (rat/human). The natural course of the notochord in

different species shows a substantial variation concerning

the loss of notochordal cells with age [1, 15, 18, 19]. The

coexpression of Galectin-3 with cytokeratin markers

strengthens our observation of a distinct cell population in

the intervertebral disc with notochordal phenotype. We

found that in many adult discs, a significant fraction of

cells expressed notochordal markers without exhibiting the

typical notochordal cell morphology. These cells are

almost exclusively present in the nucleus pulposus and are

rarely seen in the adjacent inner anulus. The occurrence of

cells with notochordal markers in the inner anulus fibrosus

may result from some difficulties to clearly distinguish

between the inner anulus and nucleus pulposus compart-

ments in the presence of degenerative tissue disarrange-

ments. At present, our data do not allow to determine

whether these cells are (direct) transdifferentiated

Table 2 Abundance of cells with typical notochordal morphology and cells expressing notochordal cell markers in the nucleus pulposus

(autopsy group)

Specimen

number

Age Sex HDS NP Cells exhibiting typical

notochordal morphology

Cells exhibiting notochordal cell markers

CK AE1/AE3 CK-18 Galectin-3

1 28th week M 0 ??? ??? ??? ???

2 32nd week F 1 ??? ??? ??? ???

3 1 day M 2 ??? ??? ?? ???

4 2 days F 3 ??? ??? ??? ???

5 1 month M 2 ??? ??? ?? ???

6 2 months F 3 ??? ??? ??? ???

7 2 years M 2 ?? ?? ?? ??

8 8 years M 2 ?? ?? ?? ??

9 13 years M 4 - - - -

10 16 years F 3 - - - -

11 18 years M 8 - ? ? ?

12 20 years M 11 - ?? ? ??

13 21 years M 13 - ?? ? ??

14 22 years M 10 - ??? ??? ???

15 24 years M 9 - ?? ? ??

16 25 years M 10 - ??? ?? ???

17 25 years M 13 - ??? ??? ???

18 31 years M 12 - - - -

19 47 years F 15 - ? ? ?

20 47 years F 16 - - - -

21 58 years F 16 - - - -

22 66 years M 17 - - - -

23 77 years F 16 - ?? ?? ??

24 77 years F 15 - - - -

25 77 years M 14 - - - -

26 79 years F 15 - - - -

27 81 years M 16 - ? - -

28 81 years F 17 - ? ? ?

29 85 years F 14 - - - -

30 86 years F 15 - - - -

2 absent, ? \10% cells labeled, ?? intermediate amount of cells (10–50% cells labeled), ??? [50% cells labeled
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descendents of the original notochordal cells or ‘‘de’’-dif-

ferentiated local chondrocyte-like cells de novo expressing

notochordal cell markers. The different morphologies of

the stained adult cells (chondrocytic and fibrocytic,

dendritic [21]) may indicate a differentiation versatility of

cells with notochordal markers and emphasizes the diffi-

culty to identify cell populations by morphology alone.

We provide some evidence that cells with an immuno-

histochemical notochordal phenotype are frequently (albeit

not exclusively) associated with granular matrix changes

and early cleft formation, especially in young adult discs.

Most interestingly, these cells are rarely found outside

areas with tissue destruction. Therefore, one might specu-

late that there is a potential involvement of these cells in

extracellular matrix derangement, especially in the onset of

this process. Although our data—at present—do not allow

to draw absolute conclusions we feel encouraged to

hypothesize that the destructive potential of cells may—at

least in part—be due to expression of Galectin-3, which has

been shown to have many intra- and extracellular signaling

functions [32], and which is actively involved in the
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Fig. 5 Morphometric evaluation of immunohistochemical reaction

results for pan-CK, CK-18 and Galectin-3 in the autopsy series. The

histogram shows the distribution of negative/positive cells and the

extent of positive staining in the four age groups, juvenile/adolescent

(0–17 years), young adult (18–30 years), mature adult (31–60 years)

and elderly age group (C60 years). Categorization: 2 no reaction,

? few labeled cells, i.e. \10% of cells stained, ?? intermediate

amount of stained cells with 10–50% of cells stained, ??? numerous

labeled cells, i.e. [50% of cells stained

Fig. 6 Immunohistochemical labeling of amorphous granular matrix

material. The immunostaining for pan-cytokeratin (AE1/AE3)

(mature adult autopsy group, 31 years, disc level L4/5) reveals a

specific positive labeling of part of the granular material (arrows)

(9400)

Fig. 7 Immunolocalization of notochordal markers in the surgical

material a Pan-cytokeratin (AE1/AE3) positive cells are present in a

mature adult surgical disc sample (36 years, disc level L4/5) with

clusters of positively labeled cells. b Galectin-3 positive cells are seen

in a mature adult surgical disc sample (36 years, disc level L4/5) with

clusters of positively labeled cells (9400)
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regulation of the cell-binding of various cell types to the

extracellular matrix [27, 32]. Galectin-3 influences cell

differentiation [28] acts as an inflammation mediator [2]

and is expressed by phagocytic cells (mainly neutrophils)

where it increases the production of free reactive oxygen

species (so-called ROS) [22, 57]. Degenerating adult discs

contain a specific cell population that exhibits phagocytic

properties which seems to be substantially involved in

tissue degradation [31], e.g. by production, liberation, and

activation of major matrix metalloproteinases (MMPs) [42,

53]. In this context, it has to be mentioned that Galectin-3

is a substrate of gelatinases (MMP-2 and -9) which have

also recently been identified in the degenerating disc [3,

25]. Our data may therefore indicate a (indirect) destructive

potential of notochordal cells, despite the fact that noto-

chordal cells increase the proteoglycan synthesis in vitro

[9, 10]. Even though we cannot exclude with certainty the

possibility that the expression of Galectin-3 could equally

well be a response to damage as a cause of it, one would

expect higher staining intensities in more degenerated

discs, but this was not the case (no significant correlation to

the amount of histodegenerative changes).

Interestingly, not only cells stained for notochordal

markers, but also a considerable fraction of amorphous

granular material, which may be a precursor of cleft for-

mation in the disc, showed a specific fragmented staining

pattern especially for pan-CK (AE1/AE3). This may—at

least in part—indicate a cellular origin of these structures,

suggesting that these are remnants of ‘‘dead or apoptotic’’

disc cells, possibly ‘‘dead’’ cells with positive reaction with

notochordal cell markers. However, the authors acknowl-

edge that the role of this cell type in disc degeneration so

far remains speculative and further studies are required

before more conclusive statements can be made.

In conclusion, this is the first paper to describe the

occurrence and temporo-spatial distribution of cells with an

immunohistochemical notochordal phenotype without

exhibiting the typical morphologic notochord cell mor-

phology in adult human intervertebral discs and indicates a

close correlation of these cells with early degenerative

changes.
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