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Summary Glycosaminoglycans in calcified cervical ligamenta flava
from a male patient with Coffin-Lowry syndrome were analyzed biochem-
ically. Hexuronate content based on the tissue dry weight was 8-fold and
5-fold concentrated in the calcified center as compared with the peripheral
area and with age-matched, normal ligamenta flava, respectively. Two-
dimensional electrophoresis of glycosaminoglycan preparations on cellulose
acetate film revealed that, although dermatan sulfate was the major glyco-
saminoglycan in the normal ligamenta flava, chondroitin sulfate was the
predominant glycosaminoglycan in the pathological tissue. Relative
amounts of chondroitin sulfate disaccharide units were determined after
digestion of glycosaminoglycans with chondroitinase, and the ratio of
chondroitin 6-sulfate to chondroitin 4-sulfate tended to decrease with the
distance from the calcified center to the peripheral area. These observa-
tions suggest that an alteration in glycosaminoglycan metabolism may be a
contributing factor in calcification of ligamenta flava in Coffin-Lowry
syndrome.
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INTRODUCTION

Coffin-Lowry syndrome is a relatively rare genetic disorder characterized by
severe mental retardation, short stature, craniofacial anomalies, hand findings, and
several skeletal abnormalities (Coffin et al., 1966; Lowry ef al., 1971; Temtamy
et al., 1975).

Temtamy et al. (1975) suggested that Coffin-Lowry syndrome is a heritable
disorder of connective tissue from clinical observations as well as from histopath-
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ologic findings of skin. While some authors reported the abnormal proteodermatan
sulfate metabolism in cultured skin fibroblasts (Beck er al., 1983) or the stored
glycoprotein-like material in cultured cartilage cells (Gorlin e al., 1978), the pri-
mary defect of Coffin-Lowry syndrome is still unknown.

In this paper, we report a male adult patient with Coffin-Lowry syndrome
whose cervical spinal canal was compressed by calcified ligamenta flava. Special
attention was paid to biochemical analysis of glycosaminoglycans (GAGs) isolated
from calcified ligamenta flava.

MATERIALS AND METHODS

The patient was 22-year-old Japanese man with full expressions of Coffin-
Lowry syndrome. His neck was stiff and its motion was restricted in forward and
backward directions. His gait was spastic and he had difficulty in walking. Deep
tendon reflexes were exaggerated especially in legs and a Babinski sign was elicited.
Roentgenological examinations of the cervical spine were carried out (Fig. 1) and
they showed that both cervical (C1-2 to C7-T1) and lumbar (L2-3 to L4-5) liga-
menta flava were calcified. We retrospectively evaluated cervical spine film examined
when he was 14 years old, and this film already showed calcifications, though of
a mild degree, of ligamenta flava. Computed tomography showed that the spinal
canal, especially at the cervical spine level, was narrowed about to half when he
was 22 years old. To remove the spinal canal compression, calcified ligamenta
flava were resected surgically.

Fig. 1. Roentgenological examinations of the cervical spine. Left and middle: cervical
lateral films, examined when he was 14 and 22 years old, respectively. They
show multiple radiopaque nodular shadows which became more pronounced
with age. Right: computed tomography of cervical spine shows oval-shaped
calcified ligamentum flavum located in the posterior portion of the spinal canal
which was markedly narrowed.
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Informed consent was obtained prior to this study. As controls, both normal
ligamenta flava from a 25-year-old female with idiopathic scoliosis and-uncalcified
ligamenta flava from a 14-year-old boy with Coffin-Lowry syndrome complicated
by scoliosis were also analyzed. Excised material from calcified ligamenta flava
was divided into three parts; calcified center, peripheral area which was adherent
to dura, and transitional area between them. FEach tissue was cut into small pieces
and treated with cold acetone. The acetone-dried tissue segments (100 mg) were
decalcified with 5 ml of 0.5 M EDTA-50 mm Tris-HCI, pH 7.5, by stirring at room
temperature. After 3 days, the residue was separated from EDTA solution by
centrifugation, and subjected again to decalcification under the same conditions.
After centrifugation, both EDTA solutions were combined and the final organic
residue was dried and weighed.

GAGs were prepared separately both from the EDTA extract and from the
residue as follows. The EDTA extract was dialyzed against distilled water at
4°C, and the dialysate was lyophilized. The dried material was dissolved in 1 ml
of 50 mm Tris-HCI, pH 7.5, containing about 1 mg of pronase E (Kaken Seiyaku,
Tokyo) and 39 ethanol, and incubated at 50°C overnight. GAGs were prepared
from the pronase digest by the sequential treatments with 0.4 ~ NaOH, 5% tri-
chroloacetic acid, and precipitation with 709, ethanol containing 1%, potassium
acetate, as described previously (Oohira er al, 1986). The organic residue was
digested with pronase (ca. 1 mg/ml) in 5 ml of 0.1 M EDTA-50 mm Tris-HCl, pH
7.5, at 50°C for 48 hr. Undigested material was incubated in 5 ml of the fresh
pronase solution at 50°C for another 24 hr. Under the conditions used, the organic
residue was almost solubilized in the pronase-reaction buffer. After both pronase-
reaction buffers were combined, 2 ml of 2 N NaOH was added to the pronase digest.
After 16 hr at room temperature, the mixture was neutralized at 0°C with 1 mt of
4 N HCI, and then 509, trichroloacetic acid was added to the solution to give a
final concentration of 5%,. After standing at 0°C for 30 min, the solution was
centrifuged at 15,000 x g for 20 min. The supernatant fluid, after neutralization
with 2 N NaOH, was dialyzed against distilled water at 4°C. GAGs were pre-
cipitated from the dialysate by adding 3 volumes of 959, ethanol containing 1.3 %,
potassium acetate.

Excised materials from normal ligamenta flava and uncalcified ligamenta flava
were treated separately with cold acetone overnight. The acetone-dried tissue
was digested with pronase (ca. 1 mg/ml) in 50 volumes (v/w) of the pronase solu-
tion for 48 hr, and GAGs were prepared by the sequential treatments of the pronase-
digest with 0.4 N NaOH, 59, trichroloacetic acid, and precipitation with 709 eth-
anol containing 19, potassium acetate, as described above. Hexuronate content
in the crude GAG preparation was determined by the method of Bitter and Muir
(1962).

For the characterization, GAG preparations (20 nmol of hexuronate) were
separated by two-dimensional electrophoresis (2-D-E) on cellulose acetate by the
method of Hata and Nagai (1972).
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The relative amounts of chondroitin sulfate disaccharide units formed by the
action of chondroitinase-ABC or chondroitinase-AC II (Seikagaku Kogyo, Tokyo)
upon GAG preparations were determined by the method of Saito et al. (1968).

RESULTS

Table 1 shows the characterization of ligamenta flava from three subjects.
Decalcification with EDTA solution resulted in more than 509, reduction of the
tissue dry weight in each pathological tissue. Some parts (about 209, of total)
of hexuronate-containing material was solubilized with EDTA solution. Total
hexuronate contents, based on the tissue dry weight, tended to increase successively
from peripheral area to calcified center. Hexuronate content of calcified center
was about 8-fold concentrated as compared with the peripheral area, and about
5-fold concentrated as compared with the normal, age-matched ligamenta flava.

For the characterization, GAG preparations were separated by 2-D-E on
cellulose acetate. Figure 2a shows Alcian blue-stained electrophoretogram of
the GAG preparation of the residue from the calcified tissue. There appeared
one major spot (chondroitin sulfate, CS) and two minor spots (bhyaluronate, HA
and dermatan sulfate, DS). Each GAG component was identified enzymatically
as described previously (Oohira et al., 1986). Similar electrophoretograms were
obtained both from the extract and from the residue of three different tissues. We
also analyzed the uncalcified ligamenta flava from a patient with Coffin-Lowry
syndrome aged 14 and normal ligamenta flava from a normal female aged 25, and
it was observed that DS was a predominant composition of GAGs and the spot
representing CS was hardly detected (Fig. 2b) in both control samples. From

Table 1. Characterization of ligamenta flava from three subjects.

. . a
Calcified ligamenta flava Uncalcified  Normal

ligamenta ligamenta

Calcified Transitional Peripheral

center area area flava® flava®
Tissue weight (dry)
Acetone-dried (mg) 68.5 125 1,070 18.7 60.9
Decalcified (mg) 33.2 56.3 452
Total hexuronate (g nol) 1.45 1.47 2.82 0.114 0.262
Hexuronate in EDTA 0. 324 0.284 0. 605
Hexuronate in residue 1.13 1. 19 2.21
Total hexuronate 21.2 11.8 2. 64 6.10 4.30
(nmol/mg dry tissue)
(Ratio to peripheral tissue) (8.0) (4.5) (€)) (2.3) (1.6)

2 From a 22-year-old male with Coffin-Lowry syndrome. ® From a 14-year-old boy with Coffin-
Lowry syndrome. ¢ From a 25-year-old female with idiopathic scoliosis.
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Fig. 2. GAG preparations from the residue of the calcified tissue (a) and from normal
ligamenta flava (b) were separated by 2-D-E on cellulose acetate using 0.1 M pyri-
dine/0.47 M formic acid in the first dimension at a constant current of 1 mA per
cm for 1 hr and 0.1 M barium acetate in the second dimension for 5 hr. Note
that the major GAG in pathological ligamenta flava was CS. On the other hand,
the major GAG in normal ligamenta flava was DS, and the spot representing
CS was not evident.

Table 2. Relative amounts of chondroitin sulfate disaccharide units.

Calcified center Transitional area Peripheral area
Disaccharide composition (%)
4Di-dis? 2.2 3.4 2.3
4Di-6S1 57.4 50.3 24.4
4Di-48¢ 24.1 34.5 45.0
4Di-0S ¢ 5.0 6.5 1.8
DSe® 11.3 5.3 26.5

2 A derivative of 4Di-0S bearing sulfates at two different positions. » 2-Acetamido-2-deoxy-3-0O-
(B-D-ghuc-4-enepyranosyluronic acid)-6-O-sulfo-pD-galactose. © 2-Acetamido-2-deoxy-3-O-(8-p-gluc-
4-enepyranosyluronic acid)-4-O-sulfo-D-galactose. @ 2-Acetamido-2-deoxy-3-0-( 8-p-gluc-4-enepyra
nosyluronic acid)-p-galactose. © The composition of DS was calculated from the difference in the
amounts of chondroitin sulfate disaccharide units formed by chondroitinase-ABC and -AC 1.

these observations, it is concluded that the composition of GAGs in calcified liga-
menta flava from an adult patient with Coffin-Lowry syndrome was abnormal.

To determine the relative amounts of chondroitin sulfate disaccharide units
in GAGs prepared from each tissue, the GAG preparations from the residue and
from the EDTA extract were combined. The combined preparation was digested
either with chondroitinase-ABC or with chondroitinase-AC II. The unsaturated
disaccharide products formed by chondroitinase digestion were separated by paper
chromatography, and detected on paper chromatogram by viewing under ultra-
violet light. 1In all samples examined, there appeared two major spots representing
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4Di-6S and 4Di-4S and one minor spot representing 4Di-0S. Another faint spot
with a less mobility was also observed. This spot could be an unsaturated disac-
charide bearing two sulfate residues (4Di-diS) judging from the mobility. Table
2 shows the relative amounts of chondroitin sulfate disaccharide units. It is ob-
vious that the ratio of 4Di-6S to 4Di-4S was the highest in the calcified center and the
lowest in the peripheral area. The amount of DS in the peripheral area was more
than those in the other two tissues, and this observation may reflect the fact that
the main component of normal ligamentum flavum is DS.

DISCUSSION

Cervical radiculomyelopathy due to spinal canal compression caused by cal-
cified ligamenta flava is uncommon (Nakajima et al., 1984). Among reported cases,
however, the affected patients were exclusively aged persons over 50 years and most
of them were female (Nakajima et al., 1984). This is the first report of a patient
with Coffin-Lowry syndrome with roentgenographically detectable calcified liga-
menta flava. Computed tomography clearly showed that his cervical spinal canal
was markedly narrowed, and his clinical pictures were in agreement with those of
cervical radiculomyelopathy. Particular findings in this case were that the onset
of calcifications was early, at least before 14 years old, and that the pathological
lesions were far more extensive (CI-2 to C7-T1 and L2-3 to L4-5) than those of
the aged persons. It has been suggested that motor function in patients with
Coffin-Lowry syndrome deteriorate progressively (Temtamy et al., 1975). Cervical
radiculomyelopathy caused by calcified ligamenta flava may be responsible for
this deterioration. We also observed another two male adult patients with Coffin-
Lowry syndrome with calcified ligamenta flava, and their clinical pictures will be
reported elsewhere. Roentgenological evaluations of ligamenta flava should be
necessary in patients with Coffin-Lowry syndrome.

Biochemical analysis of GAGs isolated from calcified ligamenta flava is note-
worthy. Hexuronate content of the calcified center was significantly higher as
compared with the peripheral area. Though the main component of GAGs in nor-
mal ligamenta flava is DS, CS was predominant in calcified ligamenta flava. It
should be noteworthy that DS was the predominant GAG in uncalcified ligamenta
flava from a young patient with Coffin-Lowry syndrome. Therefore, the amount
of CS in calcified ligamenta flava from an adult patient with Coffin-Lowry syndrome
is considered to have increased with the progress of calcifications. Additionally,
the relative amount of chondroitin sulfate disaccharide units also seems to change
with the progress of calcification, because there was a significant difference in the
ratio of 4Di-6S to 4Di-4S between the calcified center and the peripheral area (Table
2). Since there have been no reports about the biochemical analysis of GAGs from
calcified ligamenta flava in other diseases, it is unknown whether our findings are
specific for Coffin-Lowry syndrome. However, proteoglycans play a role in cal-
cification of cartilage matrix (Poole and Rosenberg, 1987), there is a possibility

Jpn. J. Human Genet.



LIGAMENTA FLAVA IN COFFIN-LOWRY SYNDROME 221

that the abnormal metabolism of GAGs is related to the calcifications in Coffin-
Lowry patients. Our observations suggest that Coffin-Lowry syndrome is a con-
nective tissue disease and that the metabolic abnormality of GAGs may be responsible
for some aspects of this disease.
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