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The concentrations of keratan sulfates and unmodified keratan sulfates increased in the
vertebral body growth plate in patients with idiopathic scoliosis. Sulfation and acetylation of
total glycosaminoglycans decreased by 50 and 30%, respectively. These changes reflect the
decrease in biological activity of molecules that modulate function of the growth plate.
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Idiopathic scoliosis (IS) is a severe lateral deformation
of the vertebral column that causes disability in child-
ren and adolescents. IS is a familial and genetic dis-
ease [1]. Growth asymmetry can serve as a patho-
genetic factor for deformation of the vertebral column.
However, fine biochemical mechanisms of this dis-
order remain unclear. The vertebral body growth plate
is an integral structure of the intervertebral disc, which
provides growth of the vertebral body. It belongs to
cartilaginous tissue, whose matrix mainly consists of
proteoglycans (PG) [4]. Molecules of PG have com-
plex structure and consist of protein cortex and cova-
lently bound linear chains of glycosaminoglycans
(GAG). GAG carry high negative charge and provide
biological function of these molecules. PG are poly-
functional molecules. They play an important role in
the growth and proliferation of cells and morphogene-
sis of tissues [3]. Each tissue has specific GAG that
differ in the fine structure of disaccharides. These
structural units undergo modification depending on
tissue function or type of dysfunction. The compo-
sition and properties of GAG in cartilaginous tissue of
intervertebral discs during IS were evaluated [2,5].
Little is known about biochemical changes in GAG of
the vertebral growth plate in patients with IS.

Here we studied structural characteristics of GAG
in the vertebral body growth plate in patients with IS
and healthy children.

MATERIALS AND METHODS

The growth plates were obtained from the upper part
of thoracic spinal deformation during surgical correc-
tion of vertebral deformation in 16 patients with IS
(degree IV, 14-16 years). The autopsy material ob-
tained during forensic medical examination of 5 ca-
davers (12-14 years, 2 samples from the thoracic spi-
ne) served as the control.

The samples were stored at -20oC. The growth
plate was prepared. To isolate GAG the tissue was
hydrolyzed with papain (0.2 mg/g wet tissue weight)
in 0.2 M sodium acetate buffer (pH 5.8) containing
0.01 M ethylenediaminetetraacetic acid (EDTA) and
0.005 M cysteine at 60oC for 18 h. Proteins were pre-
cipitated with 5% trichloroacetic acid and removed by
centrifugation. The solution was dialyzed against
50 mM sodium acetate with 0.01 M EDTA (pH 5.8)
for 4 and 24 h. After dialysis GAG were precipitated
from the solution with a 3-fold volume of ethanol in
the presence of 4% potassium acetate at -18oC for
24 h. The precipitate was separated by centrifugation,
washed with ethanol, and dissolved in 0.4 M guanidine
tetrachloride and 50 mM sodium acetate buffer (pH
5.8) [6]. The concentration of monosaccharides was
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measured in this solution. The content of uronic acids
was estimated by the standard method with carbazole.
The amount of sulfated GAG was determined using
1,9-dimethyl methylene blue. The concentration of
hexoses and acetylated or nonacetylated hexosamines
was measured after hydrolysis of samples in 0.5 N
hydrochloric acid at 100oC for 30 min. The results
were analyzed by Student’s t test.

GAG were identified by horizontal electrophore-
sis in 1% agarose gel (width 2 mm).The reaction was
performed on a 5×10-cm plate using 50 mM barium
acetate buffer (pH 5.0, 4oC, 1 h, 10 V/cm2) and speci-
fic enzymes. The samples of GAG were pretreated
with chondroitin-ABC and chondroitin-AC lyases (20
mM Tris buffer, pH 7.5), keratanase (20 mM Tris
buffer, pH 7.4), and heparin lyase I (50 mM sodium
acetate and 50 mM calcium acetate, pH 7.0) at 37oC
for 18 h and applied to the gel in parallel to the source
samples. After electrophoresis the gel was stained with
0.1% azure A in 10 mM sodium formate/10 mM mag-
nesium chloride. An excess of the staining agent was
washed out with 10 mM sodium acetate (pH 5.8).
Chondroitin sulfates A, B, and C, keratan sulfate, and
heparan sulfate served as the markers. The type of
GAG was estimated by the disappearance of a zone or
spot in the gel (depending on the enzyme used) [7].
Preparative electrophoresis was performed under the
same conditions. The width of gel was increased from
2 to 5 mm. After electrophoresis a GAG-containing
zone was cut from the gel, extracted with electro-

phoresis buffer, dialyzed against water, and used for
analysis.

RESULTS

The total yield of GAG estimated by the total concen-
tration of glucuronic acid and galactose or total hexo-
samine content did not differ in healthy children and
patients with IS (26.15 and 24.09 µg/mg, respecti-
vely). However, we revealed changes in the ratio be-
tween the contents of monosaccharides. The relative
content of galactose and glucosamine increased, while
the relative content of glucuronic acid and galacto-
samine decreased (Table 1). These changes reflect an
increase in the content of keratan sulfate-typical mono-
saccharides and decrease in the content of chondroitin
sulfate-typical monosaccharides. Quantitative changes
in monosaccharides were accompanied by profound
structural variations. In patients with IS the amount of
nonacetylated glucosamines increased compared to
normal (40 and 9%, respectively). Galactosamines
were unidentified in healthy children, but revealed in
patients with IS (30% of total monosaccharide con-
centration). The number of sulfate groups in total GAG
decreased by 2 times in patients with IS.

GAG identification by electrophoresis in 1% aga-
rose gel and GAG-specific enzymes confirmed analy-
tical data. GAG of the vertebral body growth plate in
healthy children and patients with IS included chon-
droitin sulfates AC and keratan sulfate (Fig. 1). We

Fig. 1. Electrophoresis of glycosaminoglycans (GAG) from the vertebral body growth plate (1% agarose gel in 50 mM sodium acetate buffer,
pH 5.0). Mixture of standards (HS, heparan sulfate; DS, dermatan sulfate; KS, keratan sulfate; CAC, chondroitin sulfate AC; 1); source
preparation of IS GAG (2); source preparation of control GAG (3); IS GAG after treatment with chondroitin-ABC lyase (4); IS GAG after
treatment with chondroitin-AC lyase (no changes in spot 4 reflects the absence of dermatan sulfate, 5); keratanase (hydrolysis of the upper
part in the spot reflects the presence of keratan sulfate, 6); fraction with greater mobility compared to CAC (appearance after subsequent
hydrolysis of source GAG with specific enzymes, 7); source preparation of control GAG after consecutive treatment with specific enzymes
(concentration of mobile GAG is 2-3-fold lower compared to the control).
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also revealed a fraction of GAG not hydrolyzed with
GAG-specific enzymes (chondroitin-ABC and chon-
droitin-AC lyases, keratanase, and heparin lyase I).
The content of this GAG fraction in patients with IS
was 2-3-fold higher compared to normal (Fig. 1, frag-
ments 6 and 7, treatment of the gel plate with a similar
amount of experimental and control samples). Isola-
tion of this fraction by preparative electrophoresis and
study of the monosaccharide composition showed that
it includes galactose and glucosamine. These mono-
saccharides enter the composition of disaccharide units
in keratan sulfate. Staining of the gel with azure A
turned this fraction to a rose color (similarly to keratan
sulfate). It should be emphasized that chondroitin sul-

fates changed to a blue color. Monosaccharides of this
fraction did not have acetyl and sulfate groups. Due
to the absence of sulfate groups, this fraction could not
be disintegrated with keratanase that hydrolyzes only
sulfated GAG [8].

Our results show that IS is accompanied by pro-
found changes in the composition and structure of
GAG in the vertebral body growth plate, which re-
flects activation of keratan sulfate synthesis. A de-
crease in the concentration of sulfated GAG and ap-
pearance of a considerable amount of unmodified ke-
ratan can be associated with inactivation of acetylases
and sulfatases. It cannot be excluded that molecular
changes in GAG during IS modulate function of the
vertebral body growth plate.
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TABLE 1. Concentration of GAG Monosaccharides (µg/mg
wet tissue weight) in the Vertebral Body Growth Plate of
Healthy Children and Patients with IS (M±m)

Glucuronic acid 14.50±1.02 5.48±0.47*

Galactose 11.70±1.39 17.70±1.62*

N�Acetylgalactosamine 15.2±1.5 6.20±0.67*

N�Acetylglucosamine 10.9±1.1 18.10±1.42*

Nonacetylated
galactosamine, % 29.80±2.43*

Nonacetylated
glucosamine, % 8.55±0.69 38.80±3.91*

Sulfated GAG 17.80±1.56 8.90±0.76*

Note. *p<0.05 compared to the control.

GAG components IS (n=16)Control (n=10)
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