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In the intervertebral disk, proteoglycans form the major part of
the extracellular matrix, surrounding chondrocytelike disk cells.
Keratan sulfate is a major constituent of proteoglycans. Meth-
ods: We have radioiodinated a monoclonal antibody raised
against keratan sulfate. This antibody was injected into rats (n 5
6), and the biodistribution was studied. A model of intervertebral
disk injury was developed, and two tail disks in each animal with
both acute (2 wk old) and subacute (7 wk old) injuries were
studied for in vivo antibody uptake. Results: The biodistribution
at 72 h was as follows: blood, 0.0018 percentage injected dose
per gram of tissue (%ID/g); lung, 0.0106 %ID/g; esophagus,
0.0078 %ID/g; kidney, 0.0063 %ID/g; liver, 0.0047 %ID/g;
spleen, 0.0046 %ID/g; heart, 0.0036 %ID/g; thyroid, 0.0034
%ID/g; muscle, 0.0017 %ID/g; and bone, 0.0016 %ID/g. In the
subacute stage, a significant difference (P , 0.006) was found
in antibody uptake between injured disks (n 5 12) and adjacent
healthy disks (n 5 12). In vivo g imaging showed increased
uptake in other animals having lumbar disk injuries (2, 7, and
17 d after injury). Cartilage tissue, such as the trachea, was
studied separately and showed extremely high antibody uptake,
0.10 %ID/g. Rat trachea was also visualized on g images.
Conclusion: Our data suggest that antibodies against nucleus
pulposus components, such as proteoglycans, can be used for
in vivo detection of intervertebral disk injury. This finding is in
spite of the minimal circulation present in intervertebral disks.
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I ntervertebral disk pathology may be shown clinically
either by MRI, with or without contrast enhancement, or by
diskography. In more recent studies, MRI has been used for
revealing a high-intensity zone in the posterior peripheral
rim of the intervertebral disk, a radiologic finding that has

been suggested to be related to back pain (1,2). None of
the present in vivo methods, however, show more de-
tailed pathology coupled with intervertebral disk degenera-
tion or disk injury. In particular, at present no reliable in
vivo methods are available for revealing annulus fibrosus
pathology.

If successful, specific in vivo targeting of the interverte-
bral disk by labeled antibodies, directed to specific molec-
ular structures, will provide clinicians with a means for
studying mechanisms of disk pathology. The ability to fol-
low in vivo reparative and degenerative processes prospec-
tively may also become possible. In comparison, MRI can
be considered a coarse method for studying intervertebral
disk pathophysiology, even though the method has certain
advantages such as noninvasiveness and lack of exposure to
radiation. However, clearly needed is the development of
more specific diagnostic methods in this respect.

Serum keratan sulfate levels have in several studies been
reported to be related to degenerative changes in cartilagi-
nous tissue (3). In addition, massive and rapid degradation
of intervertebral disks was determined to result in a large
rise in serum keratan sulfate levels (3).

More detailed immunohistochemical analysis of an artic-
ular disk has shown that keratan sulfate is associated with
the large chondroitin sulfate proteoglycan concentrating in-
side and away from the periphery of the structure but close
to the inferior and superior surfaces (4). This type of dis-
tribution may reflect the adaptation of the extracellular
matrix to mechanical stress (4). This possibility has been
studied experimentally by inducing surgically articular disk
displacement; in an animal study, sulfated glycosaminogly-
cans, such as keratan sulfate, chondroitin-4-sulfate, and
chondroitin-6-sulfate, showed immunohistochemical reduc-
tion in the articular disk at 2 wk after induction of disk
displacement (5). At 6 wk, the immunostaining sulfated
glycosaminoglycans increased (5). Figure 1 illustrates the
structural relationships of keratan sulfate and chondroitin
sulfates in an intervertebral disk. Clinically, disk pathology
is usually found to be caused by a prolonged process of
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intervertebral disk degeneration, which is to a large extent
genetically determined (6–8). However, some investigators
(9) have suggested that traumatic rim lesions of the disk
may result in disk degeneration as well, and the suggestion
is supported by results from several studies of animal mod-
els of intervertebral disk injury. As a result of the peripheral
disk lesion, intervertebral disk degeneration eventually de-
velops and has many similarities to human disk degenera-
tion (9,10). Consequently, models of intervertebral disk
injury using a stab incision have been employed by many
investigators on rabbit (11,12), ovine (9,13), and porcine
(10,14) disks. So far, no model of intervertebral disk injury
has been established in rats, but as early as 50 y ago,
Lindblom (15) observed signs of disk degeneration after
several weeks of U-shaped immobilization of the rat tail.

Peripheral disk injuries may be highly relevant clinically
with respect to mechanisms of low back pain, because only
the most peripheral part of the intervertebral disk is nor-
mally innervated, whereas the deeper parts are both aneural
and avascular (16). As far as we are aware, stab incision
models of intervertebral disk injury in rats have not been
studied. In this study, we introduced a model of simulta-
neous stab incisions to rat tail and lumbar spine disks. Our

study sought to determine the feasibility of using a specific
radiolabeled antibody for studying experimental interverte-
bral disk injury. We sought to determine whether such a
method would show altered, possibly increased, uptake after
a stab lesion to the disk and whether the method would be
sensitive enough for visualizing such an injury. We in-
cluded injuries of lumbar spine disks in our investigation
because injection into the tail vein, which is close to the tail
disks, may theoretically produce nonphysiologic uptake of
the radiolabeled antibody in tail disks.

To our knowledge, no studies have been performed on the
distribution of sulfated glycosaminoglycans in a model of
intervertebral disk injury. Therefore, we developed such a
model that can be used for studying the distribution pattern
of keratan sulfate. Another aim of this study was to test the
model for in vivo detection of disk injury using radiolabeled
monoclonal antibodies (MAbs) against nucleus pulposus
components.

MATERIALS AND METHODS

MAb Characteristics
An IgG2b subclass mouse MAb (clone EFG-11; Serotec Ltd.,

Kidlington, U.K.) raised against human adult cartilage proteogly-
cans was used. This antibody, which is known to cross-react with
rat cartilage keratan sulfate, also reacts with fetal type cartilage
proteoglycans and cross-reacts with human, bovine, rabbit, canine
articular, and chicken sternal cartilage proteoglycans (17). As a
control in imaging studies, a rabbit polyclonal antibody against rat
type III collagen was used (reference number 10341; Laboratoire
de Pathologie Cellulaire, Institut Pasteur de Lyon, Lyon, France).

Labeling of Antibodies
With solid lactoperoxidase, 500mg MAb (10 mg/mL) were

iodinated with 75 MBq Na-125I (Amersham, Little Chalfont, U.K.)
(18). The solid lactoperoxidase was prepared as follows. Fifteen
milligrams of B-grade lactoperoxidase (EC 1.11.1 0.8) (Calbio-
chem, La Jolla, CA) were coupled to 100 mg of the copolymer of
maleic acid anhydride and butanediol divinylether (E. Merck,
Darmstadt, Germany). The lactoperoxidase suspension was first
diluted 1:5 with 0.1 mol/L sodium acetate buffer, pH 6.0. The
iodination was started by adding radioiodine and 20mL hydrogen
peroxide, 0.88 mmol/L, followed by two 10-mL additions of hy-
drogen peroxide during 30 min. Thereafter, purification was per-
formed using size-exclusion chromatography with PD-10 columns
(Sephadex 25G; Pharmacia, Uppsala, Sweden) equilibrated with a
tiny amount of 1% bovine serum albumin–phosphate buffer (0.05
mol/L).

One-milliliter fractions were eluted with isotonic sodium chlo-
ride. The labeling efficiency was tested with thin-layer chroma-
tography (ITLC SG; Gelman Sciences, Ann Arbor, MI) using
acetone as the eluent. Appropriate labeling was confirmed by
cutting the strips to pieces and counting them in ag counter (LKB
1282 CompuGamma; Wallac Oy, Turku, Finland). The control
antibody against rat type III collagen was labeled using the same
procedure.

Surgery Model
Healthy male Wistar rats 12 wk old and weighing approxi-

mately 400 g were used. The animals were anesthetized with

FIGURE 1. Schematic diagram shows proteoglycan molecule
and structural relationships between two main moieties, keratan
sulfate and chondroitin sulfate. In intervertebral disk, proteogly-
cans form major part of extracellular matrix, surrounding chon-
drocytelike disk cells. Keratan sulfate was target molecule for
studying experimental intervertebral disk injury in rats.
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medetomidine (Domitor, 1 mg/mL injection; Orion, Espoo, Fin-
land), 500 mg/kg subcutaneously, and ketamine hydrochloride
(Ketalar, 50 mg/mL; Parke-Davis, Solna, Sweden), 25 mg/kg
intraperitoneally. For tail injuries, the animals were placed in
sternal recumbence. A stab incision using a number 11 scalpel was
made in two adjacent proximal tail disks. Prolapsed disk material
was seen every time. For lumbar disk injuries, the animals were
placed in dorsal recumbence. One stab incision in the annulus of
the disk was done in each animal intraperitoneally using a number
11 scalpel. Prolapsed disk material was not seen during the oper-
ation. All the injury sites were marked with nonabsorbable suture
material. Wounds were closed routinely. Buprenorfin hydrochlo-
ride (Temgesic, 0.3 mg/mL injection; Reckitt and Coleman, Hull,
England), 0.15 mg/kg, was given subcutaneously for pain relief
postoperatively and then two times per day for 2 d.

Biodistribution Model
Healthy male Wistar rats weighing approximately 400 g were

used. The injuries were 2 wk old in acute and 7 wk old in subacute
biodistribution studies. Under general anesthesia with medetomi-
dine and ketamine hydrochloride, each animal received an intra-
venous tail-vein injection of 2.44–4.00 MBq radioactivity con-
taining approximately 100mg antikeratan sulfate MAb. The
animals also received 0.1 mL 5% potassium iodide to block the
thyroid because of possible in vivo dehalogenation of the radio-
iodinated antibody. The animals were killed 72 h after each radio-
antibody injection (n 5 6). An aliquot of the injected dose was
measured; the organs and tissues (lung, heart, kidney, liver, spleen,
trachea, bone, muscle, and blood) were isolated, washed, and
weighed; and the radioactivity of each isolated tissue was mea-
sured using ag counter. The data were calculated as percentage of
injected dose per gram of tissue (%ID/g). Similarly, the tail disks
were isolated, and both acute (n 5 12) and subacute (n 5 12)
lesions were analyzed. The findings were compared with those of
healthy adjacent disks.

In Vivo Imaging
Additionally, three male Wistar rats weighing approximately

400 g were studied usingg imaging. These animals had both
lumbar and tail disk injuries, which were 2, 7, and 17 d old before
radioantibody injection. Anesthetized animals were imaged at 24
and 96 h after injection using a 1500 XP gamma camera (Picker
International Inc., Highland Heights, OH) equipped with a low-
energy ultra-high-resolution collimator (g-energy peak, 30 keV;
35% window). The matrix size was 2563 2563 16. The animals
were supine, and a minimum of 500,000 counts was collected.
Imaging took approximately 20 min.

This study was performed with the permission of the ethical
committees for animal studies of Helsinki University Central Hos-
pital and the Faculty of Veterinary Medicine of the University of
Helsinki and with the permission of the County Administration
Board of Southern Finland.

RESULTS

We have radioiodinated a mouse MAb raised against
keratan sulfate cross-reacting with rat tissues. The labeling
yield after lactoperoxidase solid iodination was always low,
approximately 50%–60%, and purification with gel filtra-
tion was needed. The labeling efficiencies in the purified
products varied from 80% to 95%, and labeling efficiencies

higher than 90% seen on instant thin-layer chromatography
were used only for in vivo studies.

The biodistribution data at 72 h in different organs are
presented in Figure 2. The observed uptakes were 0.0018
%ID/g in blood, 0.0106 %ID/g in lung, 0.0078 %ID/g in
esophagus, 0.0063 %ID/g in kidney, 0.0047 %ID/g in liver,
0.0046 %ID/g in spleen, 0.0036 %ID/g in heart, 0.0034
%ID/g in thyroid, 0.0017 %ID/g in muscle, and 0.0016
%ID/g in bone. These data show that most of the activity
from the major organs had been cleared out and the thyroid
activity was low. The highest activity was seen in the lung.
A detailed biodistribution of thoracic organs is presented in
Figure 3. The highest activity was seen in trachea, 0.10%.
The trachea-to-esophagus ratio was 12.8, and the trachea-
to-lung ratio was 9.4. Uptake in the model of intervertebral
disk injury is presented in Figure 4. The data are presented
separately for both acute (2 wk) and subacute (7 wk) le-
sions, and uptake in the disks was close to that in major
organs (kidney, liver, spleen, and heart). A clearly signifi-
cant difference was seen in antibody uptake between injured
disks (n 5 12) and adjacent healthy disks (n 5 12) in
subacute injury (P , 0.006, Wilcoxon matched-pairs test,
Fig. 4). In acute injury, the difference between injured disks
(n 5 12) and adjacent healthy disks (n 5 12) was not
statistically significant (P 5 0.27, Wilcoxon matched-pairs
test, Fig. 4).

FIGURE 2. Biodistribution after intravenous injection of 125I-
labeled MAb against keratan sulfate at 72 h. Error bars stand for
SD.
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Figure 5 shows in vivog images obtained 4 d after MAb
injections in animals with lumbar and tail disk injuries (2, 7,
and 17 d old). Increased uptake was seen in the lumbar
lesion in animals with 7- and 17-d-old injuries (Fig. 5,
middle and right). The tail disk injuries were also localized
in the animals with 7- and 17-d-old injuries. In the animal
with a 2-d-old injury, no uptake occurred in the lesions (Fig.
5, left). The trachea was also seen but was masked by high
thyroid uptake. Figure 6 shows three other animals with
lumbar and tail disk injuries (2, 7, and 17 d old) who
received injections of control antibody against rat collagen
III. No uptake occurred in the lesions. The trachea was not
seen in these animals.

DISCUSSION

To our knowledge, in vivo labeling techniques have not
yet been applied as in this study. However, indirect35S-
sulfate incorporation into proteoglycans of intervertebral
disks in beagles and greyhounds has been measured (19).

The same technique can be used for cell cultures. For
example, the rate of35S-sulfate incorporation into proteo-
glycans, and the contents of various extracellular matrix
molecules (total sulfated proteoglycans, antigenic keratan
sulfate, hyaluronan, collagen, and pyridinium cross-links)
have been measured (20). In these prior studies, nucleus

pulposus cells synthesized fewer proteoglycan and collagen
molecules and were less effective than annulus fibrosus
cells in incorporating these into the cell-associated matrix, a
protective shell rich in proteoglycans and collagen mole-
cules. Nucleus pulposus cells are extremely sluggish in
reforming a cell-associated matrix (20). This sluggishness
may explain why damage to the nucleus pulposus often is
accompanied by progressive degeneration of the disk in
vivo (20).

In spite of minimal circulation in the annulus fibrosus and
nucleus pulposus, we have been able to show in vivo
targeting by radiolabeled antibody in injured intervertebral
disks. Our data suggest that antibodies against nucleus pul-
posus structures, such as proteoglycans and, particularly,
keratan sulfate, can be used for in vivo detection of inter-
vertebral disk injury. The conditions for in vivo detection
were difficult because of the size of the rat disk. It is not
much bigger than a reasonable pixel size for imaging stud-
ies, which is 2.33 2.3 mm in Figure 5.

Therefore,g counting for absolute antibody uptake had to
be performed. The differences were significant between the
injured disks and the adjacent healthy disks, but only for
subacute lesions. In the acute stage, differences in uptake in
injured and control disks did not reach a level of statistical
significance. This type of lesion should allow antibodies to
migrate to the nucleus pulposus more easily, because circu-
lation is normally lacking. The antibody penetration in the
tissue is caused by diffusion, as regulated by the interstitial
fluid pressure, and is thus slow (21). With annulus fibrosus
injury, the distance to the nucleus pulposus, where keratan
sulfate is mostly located, becomes shorter.

FIGURE 4. Biodistribution in acute (2 wk) and subacute (7 wk)
lesions after intravenous injection of 125I-labeled MAb against
keratan sulfate at 72 h. Error bars stand for SD. Difference
between healthy and injured disks in subacute lesions was
statistically significant (P , 0.006).

FIGURE 3. Biodistribution in detail in thoracic organs after
intravenous injection of 125I-labeled MAb against keratan sulfate
at 72 h. Error bars stand for SD.
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MAbs have been used for determining the distribution of
various components of the proteoglycan molecule in the
intervertebral disk and cartilage endplate (22). The degree
of immunoreactivity varies with location, being greater in
the nucleus pulposus than in the annulus fibrosus, with least
reactivity in the cartilage endplate (22). Many antibodies
against keratan sulfates from articular cartilage, interverte-
bral disks, and cornea have been described; for example,
MAbs 3D12/H7 and 5D4 show different immunochemical
reactivity for different keratan sulfates (23). Four other
MAbs (designated AC2, AH12, DB10, and DD11) derived
from mice immunized with the large chondroitin sulfate
proteoglycan from the bovine temporomandibular joint disk
recognize keratan sulfate (4).

In cell cultures, intervertebral disk proteoglycans have
been shown to contain low amounts of keratan sulfate—less
than 5% of the total glycosaminoglycans synthesized (24).
The chondroitin sulfates are more abundant in all zones of
the disk, with chondroitin 4-sulfate accounting for 29%–
39% and chondroitin-6-sulfate accounting for 51%–67%
(24). Antibodies against these proteoglycans may also be

used in vivo. The chemical morphology of human interver-
tebral disk glycosaminoglycans of nucleus pulposus and
annulus fibrosus depends on the origin, that is, cervical,
thoracic, or lumbar (25). There are also age-related changes.
In a study of disk samples from patients aged 36–79 y,
keratan sulfate increased in all disks with increasing matu-
rity. Oversulfated keratan sulfate, absent from fetal disks,
reached mature levels by 10 y, and increased keratan sul-
fate–to–chondroitin sulfate ratios before maturity correlated
with decreased disk blood supply (25).

Intervertebral disks contain several phenotypically differ-
ent chondrocytic cell populations; this fact has been shown
in cell cultures from adult human nondegenerative nucleus
pulposus and annulus fibrosus (26). The majority of the cells
(.60%) from both the annulus fibrosus and the nucleus
pulposus produced both keratan sulfate and chondroitin
sulfate (26). In a rat model, the development of fibrocarti-
lage in lumbar intervertebral disks has been studied by
immunohistochemistry (27). In late phases, tissue differen-
tiation was characterized by the appearance of type II col-
lagen, chondroitin 4-sulfate, and keratan sulfate in the inner

FIGURE 5. g images 4 d after injection of
125I-labeled MAb against keratan sulfate in
animals with both lumbar and tail disk in-
juries (injuries are 2 d old on left, 7 d old in
middle, and 17 d old on right). Increased
uptake in lumbar lesion in animals with 7-
and 17-d-old injuries (solid arrows) is best
seen in middle in lower back. Lesion size
was approximately 2 3 2 mm. Similarly, tail
disk injuries are localized in animals with 7-
and 17-d-old injuries (solid arrows). Injec-
tion sites are seen (open arrows) in these
animals and make tail uptake diffuse in
animal with 7-d-old injury (no arrows). In
animal with 2-d-old injury, lesions show no
uptake. Tracheas were also visualized but,
unfortunately, are masked here by high
thyroid uptake because these animals
were not blocked for thyroid.
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annulus. These components also appeared in the outer an-
nulus, but only in adult animals (27). Keratan sulfate has
been shown to functionally replace chondroitin sulfate in
conditions of low oxygen (28). The critical electrolyte con-
centration in both the annulus and the nucleus of cervical,
thoracic, and lumbar intervertebral disks distinguished three
age-related groups: less than 3 mo; from 3 mo to 5 y, and
more than 10 y (28).

This study introduced a model that used a stab incision
into a rat tail disk. Our rat tail model offers easy access to
intervertebral disks. Difficulties, however, may arise from
the small size of the disk. We observed significantly in-
creased uptake of the keratan sulfate label only in the 7-wk
subacute stage, not in the 2-wk acute stage. This finding
may have been caused by a proportional increase of keratan
sulfate with time after the injury. In another study, in which
the rabbit craniomandibular joint was used as a model for
disk displacement, an observable decrease in the tissue
concentration of keratan sulfate occurred at 2 wk, and an
increase occurred at 6 wk (5).

The mean uptakes that we observed at 72 h in the disks,
0.26–0.553 1022 %ID/g (Fig. 4), were close to those of
major organs such as the kidney, liver, spleen, and heart
(Fig. 2). This finding indicates that most of the activity had
been cleared from major organs at that time, whereas uptake
was increased as a function of time in the cartilage tissue
because of poor blood supply. This may open up possibil-
ities for clinical applications with other specific antibodies
raised against human antigens. Recently, the avidin/111In-
biotin approach was used for imaging inflammatory foci in
orthopedic patients (29). In that study, the authors could
show intervertebral disk lesions with a nonspecific tracer

using111In as a radionuclide. Our antibody labeled with123I
may be suitable clinically. Unfortunately, the targeting pro-
cess itself is slow, and the half-life of123I may thus be too
short. One option is to use a multiple-step targeting ap-
proach based on avidin/biotin amplification. Then it would
be easiest to inject a specific biotinylated MAb against
nucleus pulposus structures and afterwards, when all the
nonspecifically bound MAb has been cleared out, to inject a
labeled avidin to localize the preinjection specifically bound
MAb.

CONCLUSION

Our data suggest that antibodies against nucleus pulposus
components, such as proteoglycans, can be used for in vivo
detection of intervertebral disk injury. This is a new field in
nuclear medicine and clinically important in, for example,
the evaluation of low back pain. Surprisingly, significant
differences in damaged and healthy intervertebral disks
were observed using a labeled MAb against keratan sulfate
in spite of minimal circulation in the cartilage tissue.
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