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such as metallo- and serine proteinases, and their inhibitors may
contribute to increased cartilage matrix catabolism (2,3).

Recently, an 1l-kDa serine proteinase inhibitor was isolated
from human articular cartilage (4) and identified as antileuko
proteinase (ALP) (5). Interestingly, ALP expression in resident
joint cells is below the detection limit of immunohistology and
in situ hybridization (6), and no unequivocal ALP synthesis by
chondrocytes can be demonstrated after biosynthetic labeling in
vitro. It is, therefore, likely that ALP is produced at extra
articular sites such as the mucosa of bronchi and urogenital
tract, as well as salivary and lacrimal glands (7â€”10), from
which it is transferred into synovial fluid through the circulation
(1 1 ). Indeed, the cationic molecule ALP (p1 > 10) selectively
accumulates in the joints of normal animals (12). Within
individual joint structures, this accumulation is highly selective
for articular cartilage, as shown by immunoprecipitation assays
(12). Such entrapment most likely results from charge interac
tions with negatively charged proteoglycans.

Thus, serum-derived inhibitor molecules such as ALP, which
physiologically accumulate in normal cartilage, can be ex
ploited as targeting molecules for scintigraphic revelation of
biochemical alterations in arthritic cartilage, for example, the
loss of proteoglycans (13). This is of particular interest in view
ofthe fact that conventional imaging techniques used in clinical
routine, such as radiography or even MRI, document morpho
logical abnormalities of cartilage only at stages in which
damage is already fairly advanced and mostly irreversible
(14â€”16).

Therefore, 123I-labeled serine proteinase inhibitor ALP (1231..
ALP) was injected intravenously into rats with experimental
antigen-induced arthritis (AlA). Its accumulation in cartilage
was monitored by gamma camera imaging and well-counter
measurements of tissue specimens. AlA was chosen because it
is a chronic model of arthritis characterized by relatively slow
joint destruction and low-grade chronic inflammation (1 7). This
minimizes the influence of nonspecific accumulation of pro
teins due to increased endothelial permeability.

Imaging of cartilage alterations was attempted in joints of rats with
chronic antigen-induced arthritis (AlA)using the cationic 123ll@@J
seine proteinase inhibitor antileukoproteinase @23l..pJJD;p1 > 10),
which selectively accumulates in normal cartilage, presumably
through interaction with negatively charged proteoglycans. Meth
ode:lodine-123-ALPor 1@I-myoglobin,acontrolproteinofcompa
rable size but with different isoalectric polnt (p1= 7.3) was injected
intravenously into normal or AlA rats. Joint accumulation was
followed by scintigraphy for 14 hr. Tissue radioactivity was assessed
by well-counter measurements after dissection. The content of
charged molecules in articular cartilage was determined by toluidine
blue staining; the degree ofjoint destruction was assessed in parallel
by x-ray, ex vivo MRIand histopathology. Results In intact articular
cartilage, ALP accumulated to a significantly higher degree than
myoglobin. This preferential accumulation was lost in rats with
chronic AlA.The target-to-background ratio for 1231-ALPnegatively
correlated with the loss of toluidine blue staining in cartilage, which
documents depletion of charged matrix molecules (r = â€”0.92,p <
0.01 at 4 hr@r = â€”0.97,p < 0.01 at 13 hr). ALP scintigraphy was
sensitive in detecting cartilage alterations, even though the degree
of joint destruction and inflammatory infiltrationwas mild, as dem
onstrated by x-ray, MRIand histopathology. Condusion In rat ALA,
loss of ALP accumulation appears to document proteoglycan de
pletion in mildly altered arthritic cartilage. ALP scintigraphy may
represent a functional assay for early, premorphological cartilage
alterations in human arthritis as well.
Key Words: scintigraphy; x-ray; MRI; iodine-123; antileukoprotein
ass
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Proteolyticdegradationofproteoglycansandcollagensin
cartilage matrix is a common feature of degenerative and
chronic inflammatory joint diseases (1 ). In these disorders a
disturbance of the balance between tissue-degrading enzymes,
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MATERIALS AND METHODS

Animals
Female inbred Lewis rats (Charles River, Sulzfeld, Germany;

age range 6â€”8wk; body weight 150â€”170g) were housed in cages
under standard animal room conditions. One to 2 wk after arrival
were allowed for acclimatization. At the time of scintigraphy, the
rats weighed between 181 and 250 g.

Induction of Antigen-Induced Arthritis
Antigen-induced arthritis was induced as described previously

(1 7). Briefly, rats were immunized subcutaneously twice (2 1 and
14 days before ALA induction) with a suspension of 1 ml
methylated bovine serum albumin (mBSA) in phosphate-buffered
saline (PBS) (500 @tg/mlmBSA in PBS; Sigma, Deisenhofen,
Germany) and 1 ml ofFreund's complete adjuvant (FCA) [2 mg/mI
Mycobacterium tuberculosis H37 Ra in Freund's incomplete adju
vant (FIA); both from Difco, Augsburg, Germany]. On Day 0, a
monoarticular arthritis was induced by intra-articular injection of
500 pg mBSA in 50 @lPBS into the right knee joint. The left knee
was injected with PBS only and served as reference for the
measurement ofjoint swelling.

Clinical Assessment of Arthritis
The size of the knee joints was determined by measuring the

medial-lateral diameter with a caliper before and at regular inter
vals after induction of arthritis. Swelling was expressed as the
difference in millimeters between the diameter of the arthritic
(right) and that of the reference (left) knee.

The increased uptake of 99mTc@pertechnetate(99mTcO4) in ar
thritic knee joints, an objective parameter to measure articular
inflammation (reference 22 in 12), also was assessed. Briefly, 37
MBq 99mTcO4in 0.5 ml 0.9% NaCl were injected intraperitoneally
under chloralhydrate-induced anesthesia (10 ml of a 2.25% solu
tion/kg body weight, intraperitoneally); 30â€”40mm thereafter, the
joint uptake of the radioactive compound was determined using a
gamma camera (Basicam) equipped with a high-resolution pinhole
collimator (both from Siemens, Erlangen, Germany). The levels of
radioactivity contained in both knee joints were quantified by
means of the regions of interest (ROIs) technique. The data were
expressed as the ratio between radioactivity levels in the arthritic
(right) and the reference knee joint (left).

Radiographic/MRI Assessment of Joint Destruction and
Cartilage Alterations

The severity of joint damage, in other words the degree of
destruction of cortical bone and the formation of osteophytes, was
assessed radiographically. A reliable evaluation ofthe narrowing of
the joint space, as a direct measure of cartilage damage, was
impossible due to the small size of the joints and the availability of
one-view images only. Therefore, to unequivocally analyze carti
lage alterations, in a separate group of AlA rats (n = 4), as well as
in two normal animals, high-resolution MRI images were acquired
on a BRUKER AMX 300 spectrometer (field strength 7. 1 T)
equipped with a microimaging unit. Spin-echo techniques were
used (echo times 11 and 16 msec, and repetition times 500 and
1000 msec) to image the excised rat knees ex vivo. A matrix of
5 12 X 5 12 pixels was applied, yielding in-plane pixel resolution of
19 ,im at a slice thickness of 500 .tm. The acquisition times were
8â€”134mm.

Histopathological Assessment of Cartilage Alterations,
Joint Destruction and Inflammatory Infiltration

After the animals were killed, both knee joints were excised, and
skin and superficial muscles were removed. The samples were
frozen in methylbutane cooled in liquid nitrogen and embedded in
8% gelatin. Cryosectioning of undecalcified joint samples was
performed as described previously (reference 23 in 12). Serial

TABLE I
Histopathological Evaluation of the Severity of

Antigen-Induced ArtMtis (ALA@

Loss of toluidineblue staining
(proteoglycandepletion)

Joint destruction
Inflammatoryinfiltration

Normal(n = 12) AIA(n= 12)

Loss of tolukiineblue staining and degree of inflammatoryinfiltration
(mean Â±s.e.m.)were evaluatedusinga semk@uantftativescore inwhich1 =
mild, 2 = moderate and 3 = severe alterations; joint destruction was
semKluantifiedwith a score from 0 to 4 (for details, see Materials and
Methods section).

*p 0.0001for the comparison between AlAand normalcontrols.

8-p.m-thick sections were attached to adhesive tape and stained
with a 0.5% solution oftoluidine blue at pH 5 for exactly 30 sec or,
alternatively, with Giemsa solution (reference 24 in 12). Sections
were photographed using a Zeiss Axiophot microscope (Zeiss,
Jena, Germany).

The loss of toluidine blue staining in the cartilage (representing
the loss of charged molecules) and the degree of inflammatory
infiltration and joint destruction in arthritic joints were assessed in
a blinded fashion by two independent observers using a semiquan
titative score in which 1 = mild, 2 = moderate and 3 severe
alterations. In the case of toluidine blue staining, the evaluation
was based on the intensity of cartilage coloring, as well as on the
degree of destaining within the matrix or around the chondrocytes.
Because the cartilage of normal rats did not always show maximal
staining (depletion score 0.25 Â±0.03; n = 12), this score was
subtracted from the values of both normal and arthritic rats to
assign a value ofO to the loss ofproteoglycan in normal rats (Table
I).

The inflammatory infiltration was quantified on the basis of the
relative number and density of infiltrating leukocytes in the
synovial membrane.

Joint destruction was graded as I = unequivocal erosion of
< 10% of cartilage and bone cross-sections, 2 = erosion of

lO%@25%, 3 = erosion @f25%â€”50%,and 4 = erosion of >50% of
cartilage and bone cross-sections.

Radiolabeling of Antileukoproteinase and Myoglobin
Recombinant ALP (1 1 kDa, p1 > 10) and myoglobin (I 7 kDa,

p1 = 7.3; Sigma) were radiolabeled with 1231by the iodogen
method (reference 25 in 12) and, before their use in animal
experiments, separated from unbound iodine by size-exclusion
chromatography on Sephadex G-25 columns (PD-lO; Pharmacia
Biotech, Freiburg, Germany).

Quality Control of the RadiOpharmaCeutiCals
The percentage of protein-bound or free iodine was determined

within 1 hr following labeling by size chromatography of the
injectants over PD- 10 columns (Pharmacia Biotech).

Plasma Clearance of Antileukoproteinase
Clearance of ALP from circulation was determined by well

counter measurements of radioactivity contained in arterial plasma
aliquots ofone arthritic rat 1, 2, 4, 6, 10 and 17 hr following central
intravenous injection. In addition, sodium dodecyl sulfate poly
acrylamide gel electrophoresis (SDS-PAGE; 8%â€”l8%polyacryl
amide) of the plasma samples was performed to determine the size
ofthe protein carrying the radioisotope; the radioactivity contained
in the band corresponding to ALP was determined by autoradiog
raphy and quantified using an image analysis system (Cybertech,
Berlin, Germany).

0.00 Â±0.00 0.96 Â±0.15*

0.00 Â±0.00 1.00 Â±0.16*
0.00 Â±0.00 1.47 Â±0.16*
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MyoglobinALPNormalALItNormalAlATissue

(n = 5)(n = 6)(n = 7)(n =6)Tibia

cartilage 022 Â±0.040.16 Â±0.030.58 Â±0.14*0.14 Â±O.03@Femur
bone 0.07 Â±0.010.05 Â±0.000.09 Â±0.020.06 Â±0.01Bone

marrow 0.07 Â±0.010.05 Â±0.010.03 Â±0.00k0.04 Â±0.02Synovia
0.24 Â±0.030.62 Â±O.17@0.18 Â±0.040.15 Â±0.02*Skeletal

muscle 0.07 Â±0.020.04 Â±0.000.05 Â±0.010.03 Â±O.00@Skin
0.19 Â±0.030.18 Â±0.020.28 Â±0.040.19 Â±0.04Plasma
2.05 Â±0.311.32 Â±0.130.64 Â±0.09W0.44 Â±0.09W*p

0.05 for the comparison between ALPandmyoglobin.tp
0.05 for the comparison between AlAand normalrats.Mean
Â±s.e.m. of the % injectedactivityper g sample wet weightAlA = antigen-inducedarthritis;ALP= antileukoproteinase.

TABLE 2
Distribution of Radioactivity in Plasma and Individual Tissues of the Joint Region

Intravenous Injection and Imaging
For intravenous delivery of the injectants, a 7-cm-long polyeth

ylene catheter (Bardi-Kath; Bard Limited, Sunderland, United
Kingdom) was inserted into the right common jugular vein under
anesthesia with diethyl-ether (Merck, Darmstadt, Germany). The
opposite end of the catheter, covered with a rubber head, was
subcutaneously led to emerge from the dorsal neck and sutured
below the interauricular line. For sampling of arterial blood, the
same technique was used to catheterize the right carotid artery.
After recovery for at least 2 hr, the rats were anesthetized again by
intramuscular injection ofurethane (0.75 g/kg body weight; Sigma)
and immobilized on a stretcher beneath a gamma camera. Three
hundred micrograms (â€”55MBq) â€˜231-ALPor equimolar amounts
of the control protein were injected slowly through the central
venous catheter. The accumulation radiolabeled ALP (n 4
normals; n = 6 AlA) or myoglobin (n = 3 normals; n = 6 AlA)
in knee and ankle joints was followed in 15-mm frames for 14 hr
using a Siemens Basicam gamma camera, equipped with a pinhole
collimator and interfaced to a Micro-Delta computer system (all
Siemens). Integrated radioactivity distribution was measured using
a 128 X 128 matrix.

Evaluation of Scans
Pinhole images of arthritic and normal recipient rats were

evaluated using the ROl technique. Regions of interest were placed
over the right knee and anklejoints. Reference regions ofequal size
were placed over the proximal or distal lower legs, respectively,
immediately adjacent to the ROIs. The results were expressed as
counts accumulated in the two regions during time frames of 15
mm, corrected for the decay of 1231 For determination of the
target-to-background (T/B) ratio, the data were expressed as the
ratio between radioactivity levels in the knee or ankle joint region,
and those in the lower leg used as reference regions (18,19).

Biodistribution of Antileukoproteinase and Myoglobin
Seventeen hours after injection, the tissues listed in Table 2 were

excised after withdrawal of 7â€”8 ml of blood by heart puncture.
Sampling was performed, as described previously (18), with minor
modifications. The radioactivity contained in the different prepa
rations after injection of radiolabeled ALP (n = 7 normals; n = 6
AlA) or myoglobin (n = 5 normals; n = 6 AlA) was counted in a
gamma well counter. Values were expressed as percentage of
injected activity/gram of wet weight of the samples.

Statistical Analysis
Differences in the ROl evaluation and in the accumulation of

ALP or myoglobin in different tissues, as well as in the histopatho
logical parameters, were analyzed by means ofthe Mannâ€”Whitney
U-test. Correlations between different parameters were examined

by means of Spearman rank correlation. Analyses were performed
using the StatView 4.0 program. In all cases significant differences
were accepted for p 0.05.

RESULTS

Clinical and Histopathological Evaluation of Antigen
Induced Arthritis

Clinical Assessment. After an â€”@l-wk-long acute phase, the
monoarticular knee arthritis decreased within 2 wk to a low
grade, chronic swelling. The rats were used 80 Â±3 days after
induction of ALA, i.e., 2.5 mo into the chronic phase of the
disease.

The maximal joint swelling during the acute phase was
similar in the ALP-injected group (2.2 Â±0.2 mm; mean Â±
s.e.m.; n = 6) and the myoglobin-injected group (2.3 Â±0.2
mm; n = 6). At the time ofscintigraphy (day 80 Â±3), however,
thejoint swelling was 0.3 Â±0.2 mm in the ALP-injected group
and 0.8 Â±0. 1 mm in the myoglobin-injected group; although
the swelling was significantly (and unexpectedly) higher in the
latter group (j' 0.04), the uptake of 99Â°@TcO4did not
significantly differ between the two groups (arthritic-to-refer
ence joint ratio: ALP, 1. 1 Â±0.0; myoglobin, I . I Â±0.0). Indeed,
there was no significant correlation between 99mTcO4 uptake
and clinical scores of individual animals (data not shown). In
the chronic phase of disease, thus, the 99mTc04 uptake may not
be particularly sensitive in detecting modest clinical differ
ences.

Radiographic/MRI Assessment ofioint Destruction and Car
tilage Alterations. Although direct Signs of cartilage alterations
in the ALA knee joints (i.e., narrowing of the joint space) could
not be unequivocally detected by radiography, mild cartilage
alterations could be indirectly documented by the presence of
bone erosions and osteophytes (score I . I Â±0.2; mean Â±s.e.m.;
n = 12).

High-resolution MRI analysis revealed only a limited degree
of cartilage alterations in a separate group of four AlA rats with
a mild degree of arthritis (Fig. I , B and D; joint swelling 0.7 Â±
0.5; mean Â±s.e.m.), when compared to two normal rats (Fig. 1,
A and C).

Histopathological Assessment of Cartilage Alterations, Joint
Destruction and Inflammatory infiltration. There was depletion
of charged molecules in the cartilage of AlA rats, as reflected
by the loss oftoluidine blue staining in comparison with normal
cartilage (Table I ; Fig. 2). On average, however, the degree of
the loss of staining in AlA cartilage was fairly mild (score of
â€”Ion a scale of 1â€”3;Table 1). The extent ofjoint destruction
also was mild (score of =-1, i.e., erosion of < I0% of cartilage
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FIGURE1. Ex vivo high-resolutionMRI
images (Aand B;magnificationsinC and
D, respectively)of kneejointsfromnor
mal(Aand C)and AlArats (Band 0). AlA
rats did not show dear morphological
aigns of cartilagealteration,withthe poe
sible exception of two smalldefects (up
per left quadrant in D) exclusivelyob
served in the rat with the highest
concomitant joint swelling (2.1 mm)
among the fouranimalsinvestigated(0.0,
0.3, 2.1 and 0.3 mm;meanÂ±s.e.m.
0.7 Â±0.5 mm).

and bone cross-sections), and that of chronic inflammatory
infiltration was mild to moderate (score of @-1.5; Table 1).

Scintigraphic Evaluation of Cartilage Alterations in
Antigen-Induced Arthr@s

Quality Control of the Radiopharmaceuticals. Iodine-123-
ALP (Fig. 3A) and myoglobin (Fig. 3B) contained more than

RGURE2. Toluidinebluestainingof (@4normaland (B)arthrftiCcartilage.The
decrease of the staining in arthriticcartilage (arrowheads in B) most likely
reflects the loss of charged proteoglycans from the cartilage matrix;c =
cartilage; b = bone. For masons of clarity,an animal with more marked
alterations(score 2) than the mean value (score of â€”1; Table 1) is shown.
O@ginalmagnification,x186.

90% and more than 81% ofthe injected activity, respectively, in
protein-bound form. The remaining activity eluted in a broad
peak corresponding to the profile of free iodine (Fig. 3C).

Plasma Clearance ofAntileukoproteinase. Plasma levels of
ALP decreased from 1.4% injected activity/gram plasma wet
weight at 1 hr, over 1.1% at 2 hr and 1% at 4 hr, to 0.4% at 17
hr (Fig. 4A). The plasma T112was 0.5 hr between I and 2 hr,
and 6.5 hr between 4 and 17 hr (Fig. 4A). The decrease of
radioactivity in the ALP band, as detected by SDS-PAGE (Fig.
4B; T112= 6.5 hr), closely matched the findings obtained with
direct plasma radioactivity measurements between 4 and 17 hr
(Fig. 4, A and B).

Joint Accumulation ofAntileukoproteinase. There was pref
erential accumulation of ALP in normal knee joints in compar
ison with myoglobin (Fig. 5, A and B). Quantitation of the
radioactivity levels in knee joint and reference region confirmed
higher joint values (Fig. 6, A and B) and significantly higher
T/B ratios for ALP than for myoglobin (1 .25-fold at 11.5 hr;
p 0.05 from 2.75 to 12 hr; Fig. 6, C and D).

The selective accumulation ofALP in normal knee joints was
lost in the arthritic knees of ALA rats (Fig. 5, D and E, and Fig.
6, A and B). For ALP, the T/B ratio between ROI and reference
region was no longer significantly different from myoglobin, if
it was at all numerically lower (Fig. 6, C and D). In contrast, the
ankle joints of ALA rats (i.e., the joint presumably not affected
by the arthritic process) remained capable of specifically
accumulating ALP (Fig. 6, E and F; p 0.05 from 3 to 12.25
hr in comparison with myoglobin; n = 6 rats).

Of note, the T/B ratio observed with ALP scintigraphy but

A B
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FIGURE3. Size chromatographyof (A)123I@p, (B)1@I-myoglobinand (C)
free iodineon PD-b columnswithin1 hrfollowingradiolabeling.Radiophar
maceuticals were eluted in 250-,.iJfractions. ALP contained -10% free
iodine,and myogiobincontained -19% free iodine.

not that seen with myoglobin showed a highly significant,
negative correlation with the degree of loss of toluidine blue
staining in the cartilage of excised knee joint samples (r
â€”0.92,p < 0.01 at 4 hr. Fig. 7A; r = â€”0.97,p < 0.01 at 13 hr;
all other time points, r â€”0.71,p 0.05, n = 10 from 1 hr to
10.5 hr, and n = 9 from 11 to I3.5 hr).

Distribution of Radioactivity Within Individual Joint Struc
tures. For more detailed analysis of individual structures of the
joint region, the animals were dissected and the tissue radioac
tivity was measured directly. In normal tibia cartilage, ALP
accumulated to a significantly higher degree than myoglobin
(Fig. 8). In contrast, in AlA animals, ALP accumulated in the
cartilage to the same extent as myoglobin (Fig. 8). As already
observed for the T/B ratio in ALP scintigraphy, there was a
significant, negative correlation between the specific accumu
lation of ALP in cartilage and the degree of loss of toluidine
blue staining in the cartilage of excised knee joint samples (r
â€”0.79;p < 0.05; n = 10; Fig. 7B).

Unlike ALP, myoglobin accumulated to a significantly
higher degree in normal bone marrow (Fig. 8), a joint structure
known to be highly perfused. In addition, the inflamed synovial
membrane of AlA rats showed a significantly higher accumu
lation of myoglobin than ALP (Fig. 8), a finding compatible
with increased permeability of inflamed tissues for proteins. In
individual rats, indeed, there was a significant correlation
between the myglobin accumulation in the inflamed synovial

0 2 4 6 8 10 12 14 16 18

time(h)

time (h)

FIGURE4. Plasma clearance of 1@l-ALPinone arthriticanimal.(A)TheT1,@
was 0.5 hr between 1 and 2 hr, and 6.5 hr between 4 and 17 hr. (B)The
decrease of ALPactivityin SDS-PAGEparalleledthe decrease seen in the
plasmabetween4and 17hr(T1,@wasaiso6.5hr).

membrane and the degree of joint swelling on one hand (r =
0.92; p < 0.01 ; n = 10) and the degree of inflammatory
infiltration on the other hand (r = 0.69; p 0.02; n I 1).
Because the inflamed synovial membrane shows high endothe
hal permeability and vascularization, and inasmuch as myoglo
bin maintains high plasma levels throughout scintigraphy (Ta
ble 2), myoglobin thus may be particularly suitable to depict
residual inflammation (Fig. 8). On the other hand, the apparent
failure of ALP to accumulate in the ALA synovial membrane
(Table 2) is most likely due to the low inflammation scores of
the respective group.

Distribution ofRadioactivity in Extra-articular Tissues. The
plasma values of myoglobin remained significantly higher than
those of ALP in both normal and ALA rats (Table 2). Notably,
the levels of ALP in skeletal muscle of arthritic animals were
significantly lower than in normals (Table 2), possibly in
relationship to secondary muscle hypotrophy.

DISCUSSION
These results demonstrate, both qualitatively (Fig. 5) and

quantitatively (Fig. 6), that radiolabeled ALP accumulates to a
higher degree than myoglobin, a control protein of similar size
but with a different isoelectric point, in the joints ofnormal rats.
The direct measurement of radioactivity in different joint
tissues (Fig. 8) supports immunoprecipitation results showing
that the ALP accumulation is confined to the cartilage matrix
(12). Although it is remarkable that such clear joint accumula
tion of ALP can be achieved at all on systemic injection, it is
consistent with the physiological distribution of ALP through
the bloodstream (11) and the synovial fluid (5).

In contrast to ALP, myoglobin does not exhibit an affinity for
cartilage (whether normal or diseased) but, rather, accumulates
in highly perfused compartments of the joint, such as the
inflamed synovial membrane or the bone marrow adjacent to
the cartilage (Fig. 8; Table 2), consistently also with the high
plasma levels of myoglobin (Table 2) (20,21 ). In contrast to

10 11

fraction n@
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FIGURE5. (A, B, D, E) Gammacamera
and (C and F)x-ray images of represen
tative(A-C)normaland (Dâ€”F)arthriticrats
â€”6hrafter intravenousinjectionof (Band
E)123l-ALPor(AandD)thecontrolpro
tein 123l-myoglobin.Colors range from
blue Qowradioactivity)to white (highra
dioactivity).In normal knee joints, both
injectants clearlyaccumulated in the (A
and B) central region of the joint, with
higheraccumulationof (arrowheadin B)
ALP. In arthritic joints, in contrast, the
visualdifferencebetween (E@ALPand (D)
myoglobinwas lost.

myoglobin, ALP showed low plasma levels throughout the (Table 2; Fig. 8) and at extra-articular locations (12), on the
study (Table 2). Although this could be due to extraction of other hand the cartilage uptake is relatively low (0.58% injected
ALP from circulation by cartilagenous tissues, both in the joints activity/gram; Table 2) and the total cartilage mass in the body

FIGURE6. Jointuptakein (Aâ€”ID)normal
and arthriticknees, as wellas in(Eand F)
ankle joints (with proximal and distal
lowerlegas respectivereferenceregions)
after intravenous injection of (A, C, E)
123l-myoglobinor (B, 0, F)1231-ALP
(mean Â±s.e.m.; *p@ 0.05 for the com
parison between normals and ALA@.(B)
TheaccumulationofALPinnormalknees
and (D)the resultingT/Bratiowere signif
icantly higher than those of (A and C)
myoglobin(p@ 0.05 from2.75 to 12 hr).
Thisdifferencewas lost in(Aâ€”D)AIAknee
joints.Incontrast, inthe anklejointofAlA
rats (i.e.,ajoint most likelyexcludedfrom
the arthriticprocess), the (F)ALPaccu
mulationwas largelyretained incompar
ison withthat of (F)myoglobin(p 0.05
from3â€”12.25hr).
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FiGURE7. Spearmanrankcorrelation
between the loss of toluidineblue stain
ing (whichreflectsthe loss of negatively
charged proteoglycans)and@ the T/B
ratioObtainedon 1@l-ALPscintigraphyor
(B)direct measurements of radiOaCtivity
in excised cartilage after completion of
123I@p scintigraphyin ALArats (n = 6;
circles)and normalrats (n = 4; triangles).

0
I .2

ALP sdntigraphy fr/B ratio at 4h) ALP accumulation in cartilage (at 17h)

is fairly limited. Other, noncharacterized mechanisms are,
therefore, likely to contribute to this phenomenon.

The specific accumulation of ALP was lost in the cartilage of
ALA rats (this study) (12 ). This is most likely due to the loss of
negatively charged proteoglycans (Table 1; Fig. 2), such as
aggrecan, or the small proteoglycans biglycan, fibromodulin
and decorin (22), to which the highly cationic proteinase
inhibitor ALP attaches through charge interactions (23). This
hypothesis is supported by significant correlations between the
loss of toluidine blue staining in arthritic cartilage and the T/B
ratio in ALP scintigraphy as well as between the loss of
toluidine blue staining in arthritic cartilage and the accumula
tion of ALP in excised tibia cartilage (Fig. 7).

In the ALA model, ALP scintigraphy was very sensitive in
detecting limited degrees of proteoglycan depletion in the
cartilage of chronically and mildly affected joints. In contrast,
conventional radiological evaluation of cartilage damage in
human and experimental arthritis attains diagnostic value only
on narrowing of the joint space and/or appearance of bone
erosions (14â€”16).At that point, the damage is fairly severe and
advanced, and there remains only a limited time window for
treatment aimed at preventing/slowing irreversible tissue dam

FIGURE8. Tissuedistribution17 hr followingintravenousinjectionof
@l-ALPor 123l-myoglobininto normalor arthriticrats (mean Â±s.e.m. of

percentage of injectedradioactivity/gsample wet weight;n = 5-7 rats per
group). However,ALPpreferentiallyaccumulates in normaltibia cartilage,
myoglobinpreferentiallyaccumulates in highlyperfused tissues such as
bone marrow and arthriticknee synovia (see Table 2). *p 0.05 for the
comparison between AlAand normals;#, p 0.05 for the comparison of
ALPand myoglobin.

age. MRI, in turn, while strongly improving the visualization of
morphological damage to the cartilage (14), remains of limited
functional use on a single-patient basis because most significant
differences are seen only in predefined groups of normal and
osteoarthritis patients (14). The diagnostic potential of ALP
scintigraphy, thus, being based on functional imaging with a
molecule that selectively binds to components of the cartilage
matrix and preceding morphological changes detectable by
either x-ray or high-resolution MM (Fig. 1) may be strongest in
the period in which cartilage alterations are limited to fine
biochemical changes (24). In addition to the diagnosis of early
rheumatoid changes, ALP scintigraphy may, therefore, be
useful for monitoring the effects of disease-modifying drugs,
the efficacy of which, currently, can be proven only after long
evaluation times by conventional radiography (16).

There have been several attempts to detect biochemical
changes in the composition of articular cartilage in early stages
ofjoint disease (25â€”31), for example, through measurement of
cartilage metabolites in serum or synovial fluid. However, it is
unclear whether these metabolites are formed during cartilage
anabolism, turnover or catabolism (25â€”28), and, in addition,
serum measurements do not allow monitoring of the degree of
cartilage destruction in individual joints. More recently, poten
tial markers of cartilage degradation, such as:

1. Structures at the nonreducing terminal of the chondroitin
sulfate (CS) glycosamin side chains of proteoglycans,

2. Atypical sulfation patterns in native CS glycosaminogly
cans of proteoglycans, and

3. A neoepitope created by cleavage of aggrecan by the
matrix-metalloproteinase stromelysin,

have been targeted by means of specific antibodies (29â€”31).
Although they successfully detect cartilage alterations in human
rheumatoid arthritis (RA) and OA (29), as well as in strome
lysin-injected rabbit joints (30) or experimental arthritis (31),
the antibodies in some cases failed to reveal any changes,
presumably because the target proteoglycan molecules were
being excessively lost from the diseased tissue (29). The use of
ALP scintigraphy, by depicting loss of cartilage proteoglycans
rather than changes in their molecular structure, may, therefore,
be more suitable for the diagnosis of arthritic/arthrotic cartilage
alterations (32). In a Gd-conjugated form, ALP may be likewise
suitable for high-resolution MRI (33,34).

The potential application of ALP scintigraphy in human
cartilage/joint pathology requires several considerations. The
identification of clinically unaffected joints that could serve as
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reference ROIs may be difficult in the case of polyarticular
arthritis. The use of external standards or joints that are
characteristically (and/or relatively) spared in a particular dis
ease could serve this purpose. In addition, there is the theoret
ical concern that the cold spot obtained with ALP imaging
could be obscured by positive images based on the increased
permeability for protein in the inflamed synovial membrane.
Unlike in small rodents, however, the anatomical size of human
joints may facilitate the discrimination of adjacent ROLs. Also,
nonplanar methodologies (i.e., SPECT or PET) may be ex
ploited to optimize the diagnostic potential of ALP scintigra

phy.

CONCLUSION
ALP scintigraphy may represent a functional method for the

detection of early cartilage alterations in arthritis/osteoarthritis,
before irreversible cartilage damage takes place. This tool also
may be useful to monitor the efficacy of treatments, whether
surgical or pharmacological, aimed at preventing/reducing de
generation and injury of cartilage (24).
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