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Molecular Imaging of Cartilage

Articular cartilage is a connective
tissue containing a single type of cell,
chondrocytes, which synthesize a dense
extracellular matrix composed main-
ly of collagens, hyaluronic acid, and
proteoglycans. Proteoglycans represent
a class of heavily glycosylated glyco-
proteins consisting of a core protein
with one or more covalently attached
chondroitin sulfate chains. These chains
are sulfated long linear carbohydrate
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polymers (glycosaminoglycans) that
are negatively charged because of the
presence of sulfate and uronic acid
groups. Chondroitin sulfate is an
important structural component of
cartilage that plays a major role in its
in resistance to compression and its
elastic properties.

Cartilage proteoglycan targeting by
Clermont-Ferrand’s team began in an
accidental manner. Although studying
the biodistribution of the 14C-labeled
antipoisoning acetylcholinesterase re-
activator pyridoxine in rats poisoned
by organophosphates (1), the team
noticed that after in vivo administra-
tion, pyridoxine was concentrated in
cartilage and intervertebral disks on
autoradiographed whole-body sections
of rats. They studied its incorporation
into cultured chondrocytes and fibro-
blasts, as well as binding to macro-
molecules synthesized by these cells
(2), and showed that it was poorly

concentrated in cells but firmly bound
to proteoglycans by ionic interactions.

The binding of amines and several
other cations to cartilage was reported
as early as 1975 (3,4) as an ionic-type
binding to the anionic carboxyl and
ester sulfate groups of chondroitin
sulfate, related to electrostatic interac-
tion. Thus, the binding of pyridoxine to
proteoglycans of cartilage was attrib-
uted to its cationic quaternary ammo-
nium function.

In further investigations, the same
team went on developing cartilage-
targeting compounds for therapeutic or
imaging purposes by linking a quater-
nary ammonium function to nonsteroi-
dal antiinflammatory drug oxicams (5)
and to several polyazamacrocycles that
could be labeled with tritium or 99mTc
(6). The team retrieved a high concen-
tration of these compounds from joint
cartilage after in vivo administration to
rats, particularly for N-[triethylammo-
nium]-3-propyl-[15]ane-N5 radiolabeled
with 99mTc (99mTc-NTP 15-5), which
demonstrated a ratio of 10 between
cartilage and surrounding tissues and
high in vivo stability. Studies on chon-
drocyte cultures confirmed that 99mTc-
NTP 15-5 was able to bind to the acidic
function of proteoglycans. Therefore,
the team went on with a first in vivo
imaging study in rabbits with papain-
and zymosan-induced arthrosis (7) and
found a good correlation between tracer
uptake and severity of cartilage disease
on histology and a significant decrease
in uptake before the onset of radiologic
abnormalities in the early stage of
disease.

ARTHROSIS

These latter results are of particular
interest because arthrosis is the most
frequent degenerative cartilage disease,
characterized by a progressive and
irreversible degradation of matrix com-
ponents in which one of the earliest

molecular events is the degradation of
proteoglycans by glycosyltransferases.
Because of the hydrophilic properties
of its components, a loss of elasticity is
induced, with subsequent lesions of
collagen fibers and a vicious circle that
worsens the lesions. Clinical symptoms
appear at a rather late stage of the
lesions. Radiologic assessment is not
sufficient for assessing the joint carti-
lage, nor are arthrography and CT.
Standardized MRI pulse sequences
provide an accurate, reproducible as-
sessment of cartilage morphology, but
not until the disease is advanced (8).
Detection of metabolites of proteogly-
cans in the blood or urine is feasible,
but sensitivity and specificity are poor.

High-frequency ultrasound was pro-
posed to monitor trypsin-induced pro-
gressive cartilage degeneration in
cartilage–bone specimens in vitro and
provided useful information about the
progressive proteoglycan depletion
from the early stages of tissue degra-
dation (9). But it cannot be proposed
for clinical evaluation.

Recently, some attempts were made
to evaluate the spatial distribution and
evolution of glycosaminoglycans with
delayed gadolinium-enhanced MRI in
normal cartilage and repair tissue and
with 3-T MRI in matrix-associated
autologous chondrocyte transplants of
the knee. T1 mapping with 3 T showed
the zonal structure of normal hyaline
cartilage, highly reduced zonal varia-
tions in repair tissue, and a tendency
toward an increase in global and zonal
glycosaminoglycan content 1 y after
transplantation (10). However, this
method represents an indirect evalu-
ation of proteoglycan content.

Therefore, imaging with a labeled
specific ligand allowing quantification
of proteoglycan loss would be useful
for the early detection of arthrosis,
longitudinal follow-up of treated pa-
tients, and evaluation of new therapies.
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To this end, proteoglycans have been
shown to have a major role by way of
their ability to retain collagen during
cartilage matrix production and integra-
tive repair processes (11). The major
challenge will be overcoming the lim-
ited sensitivity of scintigraphy in eval-
uating small changes in proteoglycan
content.

CHONDROSARCOMA

Chondrosarcoma is the most com-
mon primary sarcoma of bone in
adults, characteristically producing co-
alescent cartilage lobules of various
sizes (12). The most common sites are
the pelvic bones, the femur, and the
humerus. Other sites are the trunk, the
skull, and the facial bones. Conven-
tional radiology allows the depiction
and localization of the lesion and
identifies its cartilaginous nature and
its aggressiveness. CT has a diagnostic
role because it shows the bone de-
struction, the small calcifications, and
the intra- and extraosseous extent.

MRI shows typical forms of the
lesions as lobulated, with a low or
intermediate signal intensity on T1-
weighted images and a high signal
intensity on T2-weighted images (13).
MRI allows precise staging of medullar
involvement and the soft-tissue mass
and helps in diffusion assessment.
High-grade tumors do not have septa-
tions and show diffuse, heterogeneous
enhancement. Low-grade lesions show
a lobulated pattern with enhanced
septations after intravenous injection
of contrast medium but cannot be
easily differentiated from benign chon-
droma (14). Even if size, radiologic
aspect, and location are known, biopsy
is mandatory (15,16). 18F-FDG PET
presents with limitations for imaging
chondrosarcoma with low cellularity
and low vascularity. The treatment is
radical surgery. These lesions are not
sensitive to the chemotherapy used in
dedifferentiated, mesenchymal, or met-
astatic forms. Radiotherapy is an alter-
native to incomplete surgery. The staging
must be accurate to delineate the limits
of the tumor. Follow-up is usually
performed by conventional radiography

and MRI, even if metallic prostheses
that may generate artifacts are present.

In this issue of The Journal of
Nuclear Medicine, Miot-Noirault et al.
(17) demonstrate that 99mTc-NTP 15-5
cartilage scintigraphy allows visuali-
zation of small tumors in a rat model
of grade II chondrosarcoma. More
interestingly, 99mTc-NTP 15-5 carti-
lage scintigraphy can visualize disease
recurrence early after surgery, and that
advantage could be the major interest
in this setting since morphologic signs
shown by CT or MRI are difficult to
interpret after surgery. It is not certain
whether 99mTc-NTP 15-5 cartilage
scintigraphy could help with differen-
tial diagnosis between benign and
malignant tumors since both are pro-
teoglycan-rich, but in cases of suffi-
cient sensitivity, this imaging technique
would probably be helpful for grading,
follow-up, and detection of recurrence.

OTHER APPLICATIONS

Besides cartilage imaging, NTP 15-5
may be useful in some cardiovascular
diseases involving arterial remodeling,
particularly ascending aortic aneurysms
and dissections. In these, the alterations
of the arterial wall include proteogly-
can-rich extensive mucoid degeneration
within the medial layer, colocalized
with areas of cell disappearance and
disruption of extracellular matrix elastic
and collagen fibers (18). Another group
of investigators found that thrombin,
which has an affinity for sulfated
glycosaminoglycans, could be retained
within these areas. Thus, one can
assume that NTP 15-5 would allow the
detection and quantification of mucoid
degeneration in ascending aortic aneu-
rysms and provide an in vivo imaging
marker of arterial wall degeneration.

CONCLUSION

Indeed, besides anatomic imaging as
performed by MRI, there is a real need
for functional imaging of cartilage, and
proteoglycans represent a good target
for it. Even if the uptake mechanism and
specificity of 99mTc-NTP 15-5 are not
completely clear, it represents a valid

possibility for this purpose. The major
challenge will be obtaining sufficient
scintigraphic sensitivity to visualize
preclinical disease and to accurately
quantify tracer uptake, representing
proteoglycan content, for therapeutic
evaluation in a preclinical setting of
arthrosis. A PET tracer might be more
suitable for such quantification.
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and Service de Médecine Nucléaire,
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Errata

The article ‘‘Relationship Between Cancer Type and Impact of PET and PET/CT on Intended Management: Findings
of the National Oncologic PET Registry,’’ by Hillner et al. (J Nucl Med. 2008;49:1928–1935), contained an error in
the reporting of a previous study. The first paragraph of the ‘‘Outcomes’’ sections should end with the following
corrected sentence: ‘‘In our previous report (5), we noted that PET led to a change in intended management in 36.5%
of cases; a switch from nontreatment to treatment was 3-fold more likely than the converse.’’ The authors regret the
error.

In the article ‘‘Initial Evaluation of 11C-DPA-713, a Novel TSPO PET Ligand, in Humans,’’ by Endres et al. (J Nucl
Med. 2009;50:1276–1282), one source of funding was inadvertently omitted from the Acknowledgments. The
corrected funding line is as follows: ‘‘This study is supported by a pilot award from The JHU NIMH Center for
Novel Therapeutics (to C.J.E.), a grant from The Dana Foundation (to M.G.P.), and the NIMH Toxicological
Evaluation of Novel Ligands Program.’’ The authors regret the error.
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