
immunoglobulins accumulate nonspecifically in the
arthritic joint.

Experimentally induced rat adjuvant arthritis (AA)
shows many similarities to human RA (7-9) and was
therefore chosen to investigate whether the accumulation
of an anti-CD4 Mab differed from that of an isotype
matched Mab (anti-human carcinoembryonic-antigen;
CEA) used as control.

MATERIALSAND METHODS

Animals
Female Lewis rats (140â€”220g, age 7â€”18wk, Charles River

Laboratories, Sulzfeld, FRG) were injected intradermally into the
tail base with 0.1 ml of a solution containing 2.5 mg of heat
killed mycobacterium tuberculosis (MT, R37 Ra; Difco, Detroit,
MI) per ml in paraffin oil (Riedelde HaÃ«nAG, Seelze,FRG).
Arthritic lesions ofthe four paws were graded from 0â€”4according
to the extent of erythema and edema of the periarticular tissue;
16wasthe maximum scoreper animal (10). Only animalswith
a minimum score of 2.5 in the inflamed ankle joint were used to
obtain pinhole images. Arthritis began to develop in the rats 10â€”
13days after injection of MT; peaked at day 18â€”24;and declined
thereafter (11,12). For the present study, rats were used at day
19 after injection of MT along with age and gender matched
normal control animals. The rats were assigned to four different
groups; normal rats receiving anti-CEA Mabs (total: n = 7), or
anti-CD4 Mabs (n = 11), as well as arthritic rats receiving anti
CEA Mabs (n = 9), or anti-CD4 Mabs (n = 10). Dissections,
pinhole scans and whole-body scans were not necessarily per
formed on all animals in the initial groups, due to a number of
technical reasons not related to the arthritic status ofthe animals.

On the day of the experiment, rats were anesthetizedwith
diethyl-ether(Merck, Darmstadt, FRG); a 7-cm long polyethylene
catheter (Bardi-Kath, Bard Limited, Sunderland, UK) was in
serted into the right common jugular vein to allow central venous
application ofthe Mabs. The opposite end ofthe catheter, covered
with a rubber head, was subcutaneously led to emerge from the
dorsal neck and sutured below the interauricular line (13). To
allow arterial blood sampling, a similar procedure was applied in
a separate group of arthritic animals (n = 3) to catheterize the
right carotid artery.

Joint uptake and body distribution of a @Tc-labeledmono
clonal antibody (Mab) to the rat CD4 molecule (W3/25; lgG1)
were investigatedafter intravenousinjectionin normalrats
and in animals with experimentally induced adjuvant arthritis.
An isotype-matchedMab with irrelevantspecificity(anti-hu
man carcino-embryonic-antigen) was used as control. A 4 hr
sequential gamma-camera imaging revealed that both anti
CD4 and control Mab accumulatedto a higher degree in
arthritic than in normal ankle joints; the accumulation was
comparablefor the two Mabs. In contrast to the inflamed
joints, a specific accumulation ofthe anti-CD4 Mab was found
inorgansrichin CD4-positivecells,i.e. spleen,bonemarrow
and lymph nodes, as assessed by direct well counter meas
urements16 hr after injection.The controlMab displayedno
preferential organ accumulation in either normal or diseased
animals. These results indicate that a specific accumulation
of anti-CD4 Mabs occurs in CD4-positive-celI-richtissues in
both normal and diseased animals and that immunoglobulins
accumulatepreferentiallyin inflamedjointsregardlessof their
antibody specificity.

J NucIMed 1993;34:92-98

uman rheumatoid arthritis (RA) is characterized by
a severe chronic synovitis, in which CD4-positive T-cells,
the helper/inducer subset of T lymphocytes, are likely to
play a predominant role (1â€”3).Recent studies have shown
a beneficial effect of anti-CD4 monoclonal antibodies
(Mabs) in the treatment of RA (4,5). In one of these
studies the therapeutically applied Mab was radiolabeled
and used to image inflamedjoints (6). However, given the
obvious limitations of studies in humans, it could not be
clarified whether the immunological specificity of the
anti-CD4 Mab determined its accumulation or whether
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counter measurements at 16 hr after injection, values for the
joint radioactivity were expressed as a percentage of total body
activity.

ImmunohistologicalDetectionof BiotinylatedAnti-CD4
Mab in LymphoidOrgans

Biotinylated anti-CD4 Mab was detected in cryostat sections
oflymphoid organs from AA rats 24 hr after intravenous injection
(2 mg W3/25) using the alkaline phosphatase technique. Cryostat
sections were cut, air-dried and fixed for 10 mm each in ice-cold
acetone and chloroform (Merck, Darmstadt, FRG). Streptavi
dine-alkaline phosphatase (Dakopatts, Hamburg, FRG) was
added at a concentration of 1:100 for 1 hr. The alkaline phospha
tase was developed in a solution of 125 mg naphtol AS-BI
phosphate (Sigma, Deisenhofen, FRG) in 1.5 ml dimethylform
amide (Merck, Darmstadt, FRG), 175 ml of 0.0 1 M TBS-buffer
and 62.5 ml ofO.2 M propandiol-buffer(both Merck, Darmstadt,
FRG)containing 100mg levamisole(Sigma,Deisenhofen,FRG;
final pH 8.8); 25 mg Neufuchsin (Merck, Darmstadt, FRG) in
500 @l2 N HCL were mixed with 50 mg Na-nitrite (Merck,
Darmstadt, FRG) in 1250 sl of distilled water; Neufuchsin was
added and the solution was filtered. Sections were counterstained
with Mayer's hematoxylin.

ScanEvaluation
Pinhole images of arthritic and normal recipient rats were

evaluated using the region ofinterest (ROI) technique. A 36-pixel
ROI wasplacedover the anklejoint. A referenceregionof equal
size was placed over the distal lower leg. The results were ex
pressed as counts accumulated in the two regions during time
frames of 20 mm, corrected for the decay of 99mTc.Alternatively,
the data were expressed as the ratio between the radioactivity
levels in the ankle joint region and those in the reference region.
In addition, the radioactivity accumulated in ankle and wrist
joints 15 hr after injection ofthe Mabs was determined by placing
regions over the joints in whole-body scans. Values were cx
pressed as the ratio between the counts in these regions and the
whole-body counts in percentages.

PlasmaClearanceof â€œâ€œTc-LabeledMabs
Timed arterial blood samples (approx. 100 @l)were collected

from the rats (n = 3) into a heparinized tube or syringe. An
aliquot of 50 @zlblood was transferred into an Eppendorf tube
and centrifuged. The radioactivity contained in plasma (30 zl)
and blood cells was then separately measured in a well-counter.
Arterial blood samples were taken three times during first minute,
then every minute for the first 5 mm, every 5 mm for the first
hour, every I5 mm for the second hour and every 30 mm for the
third and fourth hours.

Statistics
A nonparametric test (Kruskall-Wallis Test) was used to com

pare the radioactivity values of the two different Mabs in tissue
preparations. Due to the high number of comparisons, signifi
cance in this test was accepted at a level of p@ 0.005. Organs
and tissues showing significant differences in the Kruskall-Wallis
Test were then analyzed for differences among groups by the
Mann-Whitney (U) test, with significant differences accepted at
p@ 0.01. For both ROI evaluations of whole-body scans and
direct tissue determination ofjoint radioactivity as a percentage
ofthe total body activity, the Mann-Whitney (U) test was applied;
statistical significance was accepted at p@ 0.05. Radioactivity
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Antibodies
The anti-rat-CD4 Mab (W3/25, lgG1; European Collection of

Animal Cell Cultures, ECACC, Salisbury, UK) is directed against
the equivalent of the human CD4 molecule on rat T-helper
lymphocytes and macrophages (14â€”16).The affinity ofthis anti
CD4 Mab for the CD4 moleculecan be calculatedas 3 x l0@
M' on the basis ofits association and dissociation constants (17;
Mason DW, personal communication).

The anti-human-CEA Mab BW 43 1/26 (IgG1;Behring Werke,
Frankfurt, FRG) reacts with the carcinoembryonic-antigen on
the majority of colon carcinomas (18). This Mab was chosen as
control because it did not show a positive reaction on cryostat
sections of either normal or inflamed rat synovial membrane,
nor of rat large intestine, applying immunohistochemical tech
niques (Kinne RW, unpublished results).

Radiolabelingof the Antibodies
Mabs were radiolabeled according to the mercaptoethanol

method of Schwarz and Steinstrasser (19). They were provided
as a kit with I mg (anti-rat-CD4 Mab) or 2 mg (anti-human-CEA
Mab) ofthe lyophilized, partially reduced antibody together with
a Sn (11)-complex. One mg of either Mab was incubated with
120â€”200MBq of 99mTc The injectant contained less than I%
free pertechnetate 10mm and 3 hr after radiolabeling as measured
by high-performance liquid chromatography (Schwarz A, per
sonal communication).

IntravenousInjectionand Imaging
After the rats had recovered from catheterization for at least 2

hr. they were anesthetized by intramuscular injection of urethane
(0.75g/kg body weight;Sigma, Deisenhofen,FRG) and immo
bilized on a stretcher under a gamma-camera. Two hundred
micrograms(l6â€”38 MBq) of@mTc@labeledMabs were then slowly
injected through the central venous catheter. The accumulation
of radiolabeled Mabs in the ankle joint was followed in 20-mm
frames for the first 4 hr using a Siemens Basicam gamma camera
equipped with a pinhole collimator (Siemens, Erlangen, FRG)
and interfaced to a computer system (DEC-gammaM, Digital
Equipment, Nuremberg, FRG). Integrated radioactivity distri
bution was measured on a 64 x 64 matrix.

Fifteen hours after injection of the Mabs, a whole body scan
of the rats was acquired using the same imaging parameters. For
these scans the gamma-camera was fitted with a high-resolution,
low-energy collimator.

Biodistribution of Mabs
Sixteen hours after injection, organs, tissues and joints listed

in Table 1were excised. Blood (â€˜@-7â€”8ml) was withdrawn through
the central venous catheter. The feces were obtained from the
distal ileum. The bone marrow contained in both distal femur
and proximal tibia was flushed out with saline, the suspension
was then centrifuged and supernatant and pellet separated. The
resulting pellet was weighed. For determination ofthe radioactiv
ity contained in the bone marrow, the supernatant was added
back to the pellet. Skin was removed from the hip at the level of
the crista iliaca. A sample of muscle tissue was obtained from the
musculus quadriceps femoris. The radioactivity contained in the
different preparations was then counted in a well gamma-counter.
Values were expressed as a percentage of the total body activity,
and per grams ofwet weight ofthe samples. Alternatively, for the
comparison of whole-body scans at 15 hr after injection and well



NormalrecipientsArthriticrecipientsanti-CEAanti-CD4anti-CEAanti-CD4Tissues

(n = 6)(n = 8)(n = 6)(n = 6)

MeanÂ±s.e.m.of % totalbodyradioactivitypergramsof samplewet weight.Valuesfor theleftandrightsideof bilateraltissuesor organs
wereadded.In.= lymphnodes.

001
t p@ 0.005 Mann-Whitney U-test for the comparison between normal and arthritic recipients.

*p@ 0.01.
Â§p@ 0.005 Mann-WhitneyU-testfor the comparisonbetweenanti-CD4andanti-CEAMabs.

TABLE I
Distribution of Anti-Human-CEA and Anti-Rat-CD4 Mabs in Normal and Arthritic Recipient Rats

Thymus
Lungs
Liver
Spleen
Intestine(small)
Intestine(large)
Feces
Kidneys
Blood(whole)
Bloodcells
Plasma

1.0Â±0.1
3.5Â±0.4
2.0 Â±0.2
1.7 Â±0.2
2.0 Â±0.2
1.0Â±0.3
3.2 Â±1.0
8.6 Â±1.1
6.1 Â±0.4
1.2Â±0.2
7.6 Â±1.1

0.7 Â±0.1
1.3 Â±0.2
8.6 Â±0.7@

19.1 Â±1.1@
1.9 Â±0.3
1.6 Â±0.3
1.0 Â±0.4
9.1 Â±0.3
0.5Â±0.1@
0.3Â±0.0@
1.1 Â±0.3@

1.6Â±0.2
2.4Â±0.3
2.2Â±0.1
2.4Â±0.3
2.0Â±0.5
0.8 Â±0.3
1.2 Â±0.5
5.9 Â±0.7
6.1 Â±0.6
1 .5 Â±0.2
7.0 Â±0.7

0.7 Â±0.1
1.9 Â±0.7
7.7Â±0.3@

16.8 Â±i.i@
1.4 Â±0.1
0.6Â±0.2

1.3 Â±0.7
8.3 Â±1.1
0.6 Â±0.2@
0.3 Â±0.1@
1.0 Â±0.3*

Bonemarrow1.5 Â±0.22.3 Â±0.40.7 Â±0.12.5 Â±0.1kPeyer's
plaques1 .2 Â±0.12.3 Â±0.51 .5 Â±0.22.1 Â±0.3Mesentenc

In.1.2 Â±0.26.6 Â±i.i@1.8 Â±0.34.8 Â±0.2@Submandibularln.1.1
Â±0.13.7 Â±1.31.1 Â±0.11.9 Â±0.3Axillar

In.0.6 Â±0.11 .8 Â±0.40.8 Â±0.11 .1 Â±0.2Subscapular

In.0.4 Â±0.12.0 Â±0.4@0.7 Â±0.21 .2 Â±0.3lnguinal
In.1 .0 Â±0.21 .8 Â±0.40.6 Â±0.10.9 Â±0.2Popliteal
In.0.5 Â±0.12.6 Â±0.60.7 Â±0.11 .1 Â±0.2Retropentoneal

In.1 .2 Â±0.22.8 Â±0.71 .0 Â±0.21 .5 Â±0.3Toes0.4

Â±0.10.2 Â±0.00.5 Â±0.10.3 Â±0.0Ankles0.5
Â±0.10.3 Â±0.02.8 Â±O.2@1 .6 Â±O.2@Knees1

.3 Â±0.22.1 Â±0.21 .7 Â±0.22.4 Â±0.3Fingers0.3
Â±0.00.2 Â±0.00.7 Â±0.20.4 Â±0.1Wrists0.4Â±0.10.3Â±0.11.0Â±0.20.6Â±

0.1Elbows0.3
Â±0.00.4 Â±0.10.5 Â±0.10.3 Â±0.0Skin0.4
Â±0.20.2 Â±0.00.2 Â±0.00.1 Â±0.0Muscle0.2
Â±0.00.1 Â±0.00.4 Â±0.20.1 Â±0.0Synovia2.2

Â±0.41 .4 Â±0.4

levels obtained by ROl evaluations of pinhole scans (see Fig. 4)
were tested for differences between the two Mabs by comparing
the areas under the curve employing the Mann-Whitney (U) test
(statistical significance at p@ 0.05).

RESULTS

ClinicalScoresof the Rats WithAA
The clinical score ofarthritic animals receiving the anti

CD4 Mab (n = 10) varied between 1.5 and 4 [mean 3.3 Â±
0.2 (s.c.m.)] for the hindpaws, and between 0 and 4 [mean
2.4 Â±0.4 (s.c.m.)] for the forepaws. Arthritic rats injected
with anti-CEA Mab (n = 9) showed a mean score of
3.2 Â±0.3 (s.c.m.) for the hindpaws, and 1.6 Â±0.3 (s.c.m.)
for the forepaws. Normal control animals showed no signs
of inflammation in fore- or hindpaws.

PlasmaClearanceof Mabs
Maximal arterial plasma concentration of both anti

CD4 and anti-CEA Mabs was reached within 40 sec after
intravenous bolus injection (Fig. 1). Plasma levels of the
anti-CEA remained slightly higher compared to the anti
CD4 Mab, but no significant differences were observed
throughout the 4 hr experimental period.

PinholeGammaCameraScanningof AnkleJoints
Anti-CD4 Mab. In gamma-camera images obtained 4

hr after intravenous injection, the anti-CD4 Mab accu
mulated to a greater extent in arthritic joints (Fig. 2B) in
comparison to ankle joints of normal animals (Fig. 2D).
The radioactivity in the arthritic ankle joint continued to
increase until 4 hr after injection of the labeled Mab (Fig.
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could be observed throughout the investigation period of
4 hr after injection (Fig. 3A).

In normal control rats, the accumulation of anti-CEA
Mab in ankle joint and lower leg (Fig. 2C; 3C) was also
very similar to that of the anti-CD4 Mab (Fig. 2D; 3D).

The marked similarity in the distribution of the two
antibodies in anklejoints ofboth normal and arthritic rats
was also observed when the radioactivity levels were
expressed as a ratio between ankle joint and lower leg

(Fig. 4).

WholeBodyGammaCameraScanning

Anti-CD4 Mab. Fifteen hours after intravenous injection
of the anti-CD4 Mab, a total of 2.4% Â±0.3% (mean Â±
s.c.m.) of the total body radioactivity had accumulated in
arthritic ankle and wrist joints, compared to 0.9% Â±0.1%
in joints of normal animals. A comparable accumulation
of the anti-CD4 Mab was demonstrated in direct tissue
measurements performed 16 hr after injection ofthe Mabs.
This resulted in total levels of 1.9% Â±0.2% (mean Â±
s.c.m.) of the whole body activity for arthritic ankle
and wrist joints and 0.4% Â±0.0% for normal ankle and
wrist joints.

Anti-Human CEA Mab. After intravenous injection of
the control Mab, a total of 3.0% Â±0.2% (mean Â±s.c.m.)
of the whole-body activity was detected in arthritic ankle
and wrist joints compared to 1. 1% Â±0. 1% in normal
animals. Comparable values, i.e. 2.8% Â±0.4% (mean Â±
s.c.m.) for the arthritic versus 0.7% Â±0.7% for the normal
ankle and wrist joints, were obtained by direct measure
ment of tissue radioactivity.

E

a

:1.

0
C.)

>

U

V
0

0

minutes after i.v. injection

FIGURE 1. Arterial plasma clearance of anti-CEA (open
squares)and anti-CD4 Mabs (closed triangles) throughout the
initial4 hrafterintravenousinjectionintoarthriticanimals.Values
shown are meansÂ±s.e.m.(n = 3). The clearanceof both Mabs
from circulationis comparable.

3B). In contrast, there was no accumulation oflabel in the
distal lower leg adjacent to the inflamed joint, chosen as
reference (Fig. 3B). The uptake in the lower leg of arthritic
animals having received anti-CD4 was not significantly
different from that of normal animals injected with either
one of the Mabs (Fig. 3C, D).

Anti-Human CEA Mab. The control Mab (Fig. 2A)
accumulated in arthritic joints in a fashion indistinguish
able from the anti-CD4 Mab (Fig. 2B). As for the anti
CD4 Mab, increasing levels ofradioactivity in the arthritic
ankle joint in contrast to steady levels in the lower leg

BodyDistributionof Mabs

Anti-CD4 Mab. Sixteen hours after intravenous injec
tion, arthritic rats differed from normal animals only in
the ankle joint (Table 1); this inflamed joint showed sig
nificantly higher (p@ 0.005) levels of radioactivity when
compared to normal ankles.

Compared to the anti-CEA Mab, the anti-CD4 Mab
accumulated in organs rich in CD4-positive cells, includ
ing spleen, bone marrow and lymph nodes in both normal
and arthritic animals. Such preferential accumulation also

@_j occurred in the liver.
Anti-Human CEA Mab. For this Mab, the ankle joint

of arthritic animals was also the only site where signifi
cantly higher accumulation of radioactivity occurred in
comparison to normal animals. In contrast to the body
distribution of the anti-CD4 Mab, the control Mab did
not show any preferential organ accumulation. Low levels
of the anti-CEA Mab were found in all lymphoid organs,
three of which (bone marrow, mesenteric lymph nodes,
subscapular lymph nodes) attained statistical significance
in comparison to the anti-CD4 Mab (Table 1).

Sixteen hours after injection, the anti-CEA Mab showed
significantly higher plasma levels (p@ 0.01) than the anti
CD4 Mab. At the same time, significantly higher levels

FIGURE2. Gamma-cameraimagesofanklejoint(arrows)and
lower leg (arrowhead)of arthritic(A,B)and normal(C,D)rats 4 hr
after intravenousinjectionof radiolabeledanti-CEAMab (A,C)or
anti-CD4Mab(B,D).Colorsrepresentlevelsof radioactivityrang
ing from low (blue) to high (white). Arthritic joints (A,B) show
higherradioactivitylevelsthannormaljoints(CD). Thereappears
tobenodifferencebetweenthetwoMabsused.
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FIGURE3. Jointuptakeof anti-CEA
Mab(A,C)andanti-CD4Mab(B,D)in ankle
joints and lower legs of arthritic (A,B) or
normal(C,D)recipientrats during the first
4 hr after intravenous injection. Counts
accumulatedin 20 mmframesin regionof
interest (anklejoint) and referenceregion
(lower leg)of equal size (see Fig. 2A) are
expressedas meanÂ±s.e.m.forthenum
bers of animals indicated in each graph.
No obvious differencesare visiblein the
behaviorof both Mabs in eitherarthriticor
normalanimals.
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(p@ 0.01) of anti-CEA compared to anti-CD4 Mab were
found in the inflamed ankle joints.

Immunohistological Detection of Biotinylated Anti-CD4
Mab in LymphoidOrgans

Twentyâ€”fourhours after intravenous injection, biotin
ylated anti-CD4 Mab was detected in a mononuclear-cell
associated pattern in a poplitcal lymph node ofan arthritic
rat (Fig. 5). A cell-associated distribution of the anti-CD4
Mab was also observed in other lymphoid organs, i.e.,

FIGURE 4. JoInt uptake of anti-CEA (closed squares) and
anti-CD4(opensquares)Mabsduring the first 4 hr after intra
venous injection into arthrfticQeft panel)and normal(nght panel)
rats. Values are expressedas the ratio (mean Â±s.e.m.) be
tween the counts accumulatedin ankle joint and reference
region in 20 mm frames. There are no significantdifferences
between the curves for the two Mabs in either arthritic or
normalanimals.

spleen, Peyer's plaques and other lymph nodes (data not
shown).

DISCUSSION

The present study shows that the anti-CD4 Mab does
accumulate in considerable amounts in inflamed ankle
joints of rats with AA, as the radioactivity detected in the
ankle joint 4 hr after injection was approximately 2.5
times higher in arthritic than in normal control rats. The
presence of substantial quantities of antibody in the in
flamed joint may therefore contribute to the beneficial
effect of anti-CD4 treatment in AA (9 and Milton A,
personal communication) by local interaction of the anti
body with its target at the site of inflammation, i.e. inter
ference with antigen recognition by CD4-positive T-cclls
and their consecutive activation.

However, both anti-CD4 and control Mabs accumulate
indistinguishably in the inflamed ankle joints of arthritic
rats (Fig. 2A, B), in spite of the presence of a considerable
number of CD4-positive cells as potential targets for anti
CD4 Mabs (20). This seems to exclude that the specificity
of the anti-rat CD4 Mab per se is responsible for its
increased accumulation in the inflamed joint, at least
within the time frame investigated in this study. However,
since the human inflamed synovial membrane contains
higher numbers of CD4-positive cells than the rat syno
vium (1,20), it remains to be investigated whether imaging
with anti-CD4 Mabs in human RA may provide additional
benefit over nonspecific immunoglobulin.

A comparable accumulation of the two Mabs in fore
paws and hindpaws of arthritic rats in whole body scans

arthrltlcl normal

a 2

0 1 2 3 4
time (h)

0 1 2 3
time (h)

â€”0â€” ankle/lower leg antl.C04 mAb

â€”S..â€” â€¢nk@flower leg â€¢ntl.CEA mAb

4
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foci may be of minor if any importance for external
imaging. In addition, it is not clear whether Fc receptor
mediated binding of immunoglobulin also contributes to
the accumulation ofsuch molecules in arthriticjoints (28).
However, at present, a binding ofboth anti-CD4 and anti
CEA mouse Mabs to high numbers ofFc-receptors present
in the inflamed rat joint cannot be totally excluded.

Comparable percent values of the whole body radioac
tivity in arthritic joints were obtained by both whole body
scans and direct tissue radioactivity measurements. These
data indicate that gamma-camera scans are a suitable
method to reveal the accumulation of radiolabeled Mabs
in AA inflamed joints, and confirm the results of other

) investigators(28) who used Technetium-99m-labeled non

specific human IgG for the imaging of inflamed joints in
rat collagen-induced arthritis.

In contrast to similar behavior in inflamed joints, anti
CD4 and anti-CEA Mabs showed clearly different body
distributions (Table 1). The accumulation of anti-CD4
Mabs in lymphoid organs, such as spleen, bone marrow
and lymph nodes, indicates that anti-T-cell Mabs are a
highly suitable tool to specifically recognize sites with a
high abundance of T-cells. This argument is supported by
immunohistological detection of injected anti-CD4 Mab
in lymphoid organs in a clearly cell-associated pattern (Fig.
5). Consequently, systemic therapeutic effects of anti-CD4

Mabs in lymphoid organs, in addition to possible local
effects in inflamed joints, may be considered to explain
the beneficial effects of treatment of both RA and AA.

The feature of anti-CD4 Mabs to specifically recognize
T-cell rich areas can be usefully applied to target radi
ochemicals, as already demonstrated by using@@ â€˜Indium
labeled pan-T-cell Mabs for the identification of cutaneous
T-cell lymphoma sites (29), or else by the effectiveness in
reducing the doses of radiotherapeutics in the treatment
of non-Hodgkin's B-cell lymphoma (30).

The present findings may be of interest for the evalua
tion of imaging strategies and may also contribute basic
data on anti-CD4 Mab distribution, helpful to understand
the beneficial effects ofanti-T-cell Mab therapy in arthritis.
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FIGURE5. lmmunohistologicaldetectionof biotinylatedanti
CD4 Mab (red stain), 24 hr after intravenous injection, in a
popliteal lymph node of a rat with adjuvant arthritis using the
alkalinephosphatasetechnique.The antibodyis associatedwith
clusters of small cells with a low plasma-to-nucleusratio (most
likelylymphocytes;arrow)andlargesinglecellswitha high
plasma-to-nucleusratio (most likely macrophages;arrowheads).
No diffuse, interstitiallocalizationof the Mab was observed.The
section was counterstained with hematoxylin. Magnification
320x.

(2.4% of the injected anti-CD4 Mab versus 3.7% of the
anti-CEA Mab) shows that within 16 hr both Mabs can be
used equally well for imaging purposes. A specific binding
ofthe anti-CD4 Mab to target cells may, however, become
apparent at time points later than 16 hr.

Throughout the 4 hr experimental follow-up, the anti
CEA Mab shows slightly higher plasma radioactivity levels
than the anti-CD4 Mab (Fig. 1). This finding could be
explained by an early and avid extraction of the anti-CD4
Mab by tissues rich in CD4-positive-cells, a phenomenon
that does not occur with the anti-CEA Mab (Table 1).
Because more anti-CEA Mab may therefore reach the
inflamed joint, and because the tissue radioactivity de
tected in the inflamed joint reflects not only the interstitial
but also the blood compartment, further analysis may be
required to define the target-bound fraction of the anti
CD4 Mab.

The accumulation of Mabs in inflamed joints may
depend on both an increased permeability of the vascular
endothelium and a trapping mechanism in the arthritic
joint. In inflammatory joint diseases like RA, proteins as
large as or larger than IgG are found in higher concentra
tions in the synovial fluid in comparison to normal joints,
indicating the presence of endothelial â€œleakageâ€•(21). The
increased entry of both injected Mabs in our study there
fore seems to reflect a higher permeability of the inflamed
endothelium for larger proteins like immunoglobulins.

It has been reported that the accumulation of immu
noglobulins at sites of inflammation caused by bacterial
infection depends on the presence of their Fc parts (22,
23). However, recentstudies(24â€”27)have indicated that
binding of immunoglobulins to Fc-receptors in infectious
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