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Several small receptor-binding agents have been tested for
imaging of infection and inflammation. The potential of chemotac-
tic peptides and of interleukins is promising and superior to that of
conventional agents. In this study, we investigated the potential
of interleukin-8 (IL-8) to image infection in rabbits. Methods: IL-8
was labeled with 123| using the Bolton-Hunter method. Twenty-
fours hours after induction of Escherichia coli abscesses in the
left thigh muscle, rabbits were injected intravenously with 18.5
MBq '3I-IL-8. y Camera images were obtained at 5 minand at 1,
4, and 8 h after injection. Biodistribution was determined 8 h after
injection. Results: '2%|-IL-8 rapidly cleared from the blood.
Accumulation of 12%|-IL-8 in the abscess was visible as early as 1
h after injection. The highest abscess uptake was obtained 4 h
after injection (2.6 * 0.2 percentage injected dose [%ID]),
whereas '2|-IL-8 rapidly cleared from all other tissues. This
resulted in increases in abscess-to-background ratios to 13.0 *
0.7 (8 h after injection), as determined by quantification of the
images. In tissue biodistribution (8 h after injection), the abscess
uptake was 0.057 *+ 0.011 %ID/g with abscess-to-contralateral
muscle ratios of 114.7 *+ 23.0. The radioiodination method clearly
affected the in vivo biodistribution of IL-8 because IL-8 iodinated
using the lodo-Gen method cleared significantly slower from the
blood and most other organs, resulting in poor visualization of the
abscess. Conclusion: The superior characteristics of IL-8 radioiodin-
ated using the Bolton-Hunter method—i.e., high abscess uptake and
rapid background clearance within a few hours—make IL-8 a promis-
ing agent to image infection and inflammation.
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Tmely identification of the localization and extent of
infectious and inflammatory foci is crucial to enable ad-
equate treatment of patients with infectious or inflammatory
diseases. Conventional scintigraphic techniques using ’Ga-
citrate, labeled leukocytes, or immunoglobulin G (IgG)
(1-3) are appropriate for detection of infection and sterile
inflammation, but at least 12-24 h are required before a
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diagnosis can be established. Agents providing a same-day
answer would therefore be highly desirable.

Small receptor-binding agents have been proposed to
obtain high specific uptake at the site of infection or
inflammation within several hours after injection. The
potential of such agents—i.e., chemotactic peptides and
interleukins—to image infection and inflammation has been
evaluated by several investigators. Accumulation of ™Tc-
labeled chemotactic peptides in focal infections in rabbits
appeared to be superior to both !'In-labeled IgG (4) and
In-labeled white blood cells (WBCs) (5). Specific retention in
several focal infections and sterile inflammations was also
obtained with radioiodinated interleukin-1 (IL-1) in mice, charac-
terized by high target-to-background ratios (6,7). Furthermore,
lymphocytic infiltration has been visualized successfully with
radiolabeled interleukin-2 in patients with thyroiditis (8).

Interleukin-8 (IL-8) is another interleukin that may be
suitable for scintigraphic detection of infection and inflam-
mation. This small protein (10 kDa) belongs to the CXC
subfamily of the chemokines, in which the first 2 cysteines
are separated by 1 amino acid. Chemokines or chemotactic
cytokines are involved in cell activation and recruitment of
cells to the area of inflammation. The CXC chemokines play
an important role in cell recruitment during acute inflamma-
tion (9). IL-8 induces chemotaxis of neutrophils (10). High
concentrations of IL-8 have been observed in various
inflammatory conditions and correlate with tissue neutrophil
infiltration in diseases such as rheumatoid arthritis (1),
adult respiratory distress syndrome (/2), and ulcerative
colitis (13, 14). Neutrophils express 2 types of IL-8 receptors
(15,16). IL-8 binds to both receptors with high affinity
(0.3—4 nmol/L) (17,18).

Therefore, on theoretic grounds, systemically adminis-
tered radiolabeled IL-8 may target inflammatory tissue,
where massive infiltration of neutrophils is present, by
specific receptor binding to these cells. In this study, we
investigated the potential of radioiodinated IL-8 for imaging
infection in a rabbit model.

MATERIALS AND METHODS

Radioiodination
Human recombinant IL-8 was kindly provided by Dr. Ivan
Lindley (Novartis, Vienna, Austria). IL-8 was radiolabeled with '2’
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using the Bolton-Hunter method (/9). Briefly, in each of 4 vials, 2.5
pg Bolton-Hunter reagent (Pierce Chemical Co., Rockford, IL) was
radiolabeled with 150 MBq Na!'ZI (Cygne, Eindhoven, The
Netherlands; specific activity, 2 X 107 Bg/mol) by incubating it
with 5 pug N-chlorosuccinimide during 10 min at room temperature
in methanol. The reaction was terminated by adding 5 pg Na,S,0s
to the reaction mixture. The methanol was evaporated with a gentle
stream of N,. Subsequently, 50 pg IL-8 in 2 puL 1.0 molL
bicarbonate buffer, pH 8.2, was added per vial and incubated for 30
min on ice.

To study the effect of the radioiodination method on the in vivo
biodistribution of !2]-IL-8, IL-8 was also labeled according to the
Iodo-Gen (1,3,4,6-tetrachloro-3a,6a-diphenylglycoluril; Pierce)
method (20). Briefly, 200 ug IL-8, 75 MBq Na'?’I, and 100 mmol/L
phosphate buffer, pH 7.2 (total volume, 100 pL), were added to
glass tubes, precoated with Iodo-Gen (10 pug/100 pL). The reaction
was allowed to proceed for 10 min at room temperature.

After the labeling reaction, the reaction mixtures were pooled
and applied to a Sephadex G-25 column (PD-10; Pharmacia,
Uppsala, Sweden) and eluted with 0.25% gelatin in phosphate-
buffered saline to separate labeled agents from unconjugated '21.
The void fractions were pooled and sterilized through a 0.2-pum
filter (Millipore, Inc., Milford, MA).

The radiochemical purity of the radiopharmaceuticals was
determined by instant thin-layer chromatography (ITLC) on
ITLC-SG strips (Gelman Laboratories, Ann Arbor, MI) with 0.1
mol/L citrate, pH 5.0, as the mobile phase. In addition, all
radiolabeled IL-8 preparations were analyzed by high-performance
liquid chromatography (HPLC) on a Biologic HR system (Bio Rad
Labs, Hercules, CA), using a Shodex KW-802.5 size-exclusion
column (molecular weight range, 100-50,000 Da) (Millipore),
eluted with a mixture of Tris-HCI and 0.025% gelatin, pH 7.4, at a
flow rate of 0.5 mL/min.

In this article, 'ZI-IL-8 refers to IL-8 radiolabeled using the
Bolton-Hunter method unless stated otherwise.

Receptor-Binding Assay

Heparinized human whole blood (10 mL) was mixed with 2.5
mL 5% dextran (Sigma, St. Louis, MO). After red blood cell
sedimentation during 1 h at room temperature, the blood free of red
blood cells was washed in incubation buffer (1 mmol/L NaH,POy;, 5
mmol/L Na,HPO,, 140 mmol/L NaCl, 0.5 mmoV/L MgCl,, and 0.15
mmol/L CaCl,, pH 7.4) and centrifuged at 500g for 20 min. The
cell pellet was then resuspended in 7 mL incubation buffer and
layered on 5 mL Ficoll-Hypaque (Pharmacia) followed by centrifu-
gation at 500g for 20 min. Contaminating erythrocytes were
removed from the pellet, rich with polymorphonuclear cells
(PMN:ss), by hypotonic lysis. The PMN pellet was washed once and
subsequently resuspended in incubation buffer supplemented with
0.5% bovine serum albumin. A series of serially diluted PMN
suspensions (0.5-8 X 10 PMNs/mL) was incubated with 10,000
cpm of radioiodinated IL-8. A duplicate of the lowest cell
concentration was incubated in the presence of a 100-fold molar
excess of unlabeled IL-8 to correct for nonspecific binding. After 2
h of incubation at 4°C, PMNs were centrifuged (5 min, 2000g), and
the radioactivity in the pellet (total bound activity) was measured in
a shielded well scintillation <y counter (Wizard; Pharmacia-LKB,
Uppsala, Sweden). The data were graphically analyzed in a
modified Lineweaver-Burk plot: a double inverse plot of the
conventional binding plot (specifically bound fraction versus cell
concentration) (27). The receptor-binding fraction at infinite cell
excess was calculated by linear extrapolation to the ordinate.

Animal Studies

Abscesses were induced in the left thigh muscle of female New
Zealand white rabbits weighing 2.2-2.8 kg with 1.5 X 10
colony-forming units of Escherichia coli in 0.5 mL. During the
procedure, rabbits were anesthetized with a subcutaneous injection
of a 0.6-mL mixture of fentanyl (0.315 mg/mL) and fluanisone (10
mg/mL) (Hypnorm; Janssen Pharmaceutical, Buckinghamshire,
UK). After 24 h, when swelling of the muscle was apparent, groups
of at least 3 rabbits (n = 6 for !2I-IL-8 labeled using the Bolton-Hunter
method; n = 3 for !ZI-[L-8 labeled using the Iodo-Gen method) were
immobilized, placed prone on the y camera, and injected with 18.5 MBq
of 65 pg '2I-IL-8 in the lateral ear vein.

Images were recorded at 5 min and at 1, 4, and 8 h after injection
with a single-head vy camera (Orbiter; Siemens Medical Systems,
Hoffman Estates, IL) equipped with a parallel-hole, medium-
energy collimator. Images were obtained with a 15% symmetric
window over the 158-keV !2 energy peak. After acquisition of
50,000-100,000 counts, the images were digitally stored in a
256 X 256 matrix.

Scintigraphic images were analyzed quantitatively by drawing
regions of interest (ROISs) over the heart, lungs, abscess, uninfected
contralateral thigh muscle (background), and whole body. The
uptake of activity in the various tissues was subsequently deter-
mined by measurement of the activity in the ROIs. The uptake in
the ROIs was expressed as percentage of the total body activity at 5
min after injection (%ID), which was set as 100%. Abscess-to-
background ratios were calculated.

After obtaining of the final images, rabbits were killed with a
lethal dose of sodium phenobarbital. Samples of blood, infected
thigh muscle, uninfected contralateral thigh muscle, bone, bone
marrow, lung, spleen, liver, kidneys, and intestines were collected.
The dissected tissues were weighed, and the radioactivity was
counted in the y counter. To correct for radioactive decay, injection
standards were counted simultaneously. The measured activity in
samples was expressed as percentage of injected dose per gram
tissue (%ID/g). Abscess-to-contralateral muscle ratios and abscess-
to-blood ratios were calculated.

The blood clearance of both !2I-IL-8 preparations was deter-
mined in rabbits with intramuscular E. coli infections (3 rabbits per
radiolabeled preparation). Blood samples were collected at 1, 5, 10,
20, 30, 60, 120, and 240 min after injection of the radiopharmaceu-
ticals. Blood samples were weighed, their activity was measured,
and their uptake was expressed as %ID/g.

In addition, WBC counts were measured in blood samples of
healthy rabbits after injection of an equal amount of 'ZI-IL-8 as
that used in imaging and biodistribution studies. Blood samples
were obtained at 1, 3, 5, 10, 30, and 60 min after injection.

Statistical Analysis

All values are expressed as mean * SEM. The data were
analyzed statistically using the 1-way ANOVA.

RESULTS

Radioiodination and Characterization of '%|-IL-8

The labeling efficiency of the radioiodination of IL-8
using the Bolton-Hunter method was between 25% and
35%. On average, 1 Bolton-Hunter molecule was conju-
gated to 1 IL-8 molecule. In the case of the Iodo-Gen
method, the labeling efficiency was 60%—80%. The specific
activity of all !2I-IL-8 preparations was 0.2-0.6 MBg/ug.
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The radiochemical purity of all radiopharmaceuticals was
greater than 95% after gel filtration (Fig. 1).

The receptor-binding capacity of all '2I-IL-8 prepara-
tions, regardless of the labeling method, was preserved after
radioiodination: The receptor-binding fraction for condi-
tions representing infinite cell receptor excess was always
between 50% and 75% (Fig. 2).

1231-]L-8 in Rabbits with E. coliInfection

Immediately after injection of '2I-IL-8 in healthy rabbits,
a transient reduction of peripheral leukocyte levels to 45%
was observed (Fig. 3). The WBC count returned to 90%-—
95% within 10 min after injection, followed by an increase
to 170%, which was still present 1 h after injection.

During the first 10 min after injection, '2I-IL-8, labeled
using the Bolton-Hunter method, rapidly cleared from the
blood with a t), < 5 min (Fig. 4A). After 10 min, no further
decrease of '2°I-IL-8 blood levels was observed until 30 min.
Thereafter, '2I-IL-8 cleared with a t;,, of 80.8 * 3.3 min.
These 3 phases of clearance were also observed with
123]-1L-8, labeled using the Iodo-Gen method (Fig. 4B).

The images showed clear delineation of the abscesses as
early as 1 h after injection (Fig. 5). Immediately after
injection, uptake of !2I-IL-8 was also observed in the lungs
and slowly decreased during the first 4 h. In addition,
activity was found in the kidneys and bladder.
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FIGURE 1. HPLC elution profiles of 123]-BH-IL-8 (A) and '23|-lod-

IL-8 (B) preparations before injection.
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FIGURE 2. Binding plots of '2|-BH-IL-8 (®) and '%|-lod-IL-8
(O) determined on isolated human granulocytes. Specifically
bound fraction is plotted as function of increasing cell concentra-
tion.

After injection, '2°I-IL-8 rapidly accumulated at the site of
infection. The peak value in the abscess of 2.6 * 0.2 %ID
was found at 4 h after injection (Fig. 6A). The absolute
uptake in the abscess decreased thereafter to 1.5% * 0.2% at
8 h after injection, as assessed by quantitative analysis of the
images. Because of the rapid background clearance, the
abscess-to-background ratios increased continuously from
1.3 = 0.04 at 5 min after injection to 13.0 * 0.7 at 8 h after
injection (Fig. 6B). Tissue biodistribution determined at 8 h
after injection showed that, except for the kidneys, the
highest uptake of !2I-IL-8 was found in the abscess—i.e.,
0.057 * 0.011 %ID/g (Table 1). The abscess-to-contralateral
muscle ratios reached a value as high as 114.7 = 23.0at 8 h
after injection The abscess-to-blood ratio was 12.1 * 2.2 at
8 h after injection.

Effect of Labeling Method on Biodistribution of 12}-IL-8
The radioiodination method clearly affected the biodistri-

bution of !ZI-IL-8 (Table 1). '2]-IL-8 labeled using the

Iodo-Gen method (12I-Iod-IL-8) cleared slower than when
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FIGURE3. WBC counts in blood of healthy New Zealand white
rabbits after intravenous injection of 65 pg 23|-IL-8 expressed as
percentage of preinjection value.
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FIGURE 5.
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analysis of images of rabbits with E. coli infection injected with
123|-BH-IL-8 (®) or '2|-lod-IL-8 (O). Error bars indicate SEM.
Uptake is expressed as percentage of whole-body activity at 5
min after injection. (B) Abscess-to-background ratios determined
by quantitative analysis of images of rabbits with E. coli infection
injected with either 123|-BH-IL-8 (®) or '23|-lod-IL-8 (O). Error bars
indicate SEM.
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Images of rabbits with E. coli abscess in left thigh muscle at 5 min and at 1, 4, and 8 h after injection of either 12%|-BH-IL-8

(top row) or 23|-lod-IL-8 (“ottom row). All photographs were produced with same image contrast.
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TABLE 1
Biodistribution of 123]-BH-IL-8 and '23|-lod-IL-8 in Rabbits
with E. coli Infections at 8 Hours After Injection

%ID/g
Organ 123].BH-IL-8 123).jod-IL-8

Blood 0.005 + 0.0003 0.089 + 0.020
Abscess 0.057 = 0.011 0.119 + 0.024
Muscle 0.0005 + 0.00004 0.014 * 0.003
Bone 0.002 + 0.0003 0.028 + 0.006
Marrow 0.026 + 0.002 0.054 + 0.009
Lung 0.039 + 0.010 0.108 + 0.016
Spleen 0.039 + 0.010 0.080 + 0.020
Kidney 0.066 + 0.007 0.108 + 0.024
Liver 0.014 + 0.002 0.045 *= 0.020
Intestine 0.008 = 0.0007 0.030 = 0.00
Feces 0.008 + 0.0006 0.011 * 0.0002
Ratio

Abscess-to-muscle 114.7 + 23.0 83+18

Abscess-to-blood 121 £ 22 14 =01

Data are expressed as mean + SEM.

the Bolton-Hunter method ('2’I-BH-IL-8) was used. The
blood levels of '2I-Iod-IL-8 at 8 h after injection were
significantly higher than those of '2I-BH-IL-8 (P < 0.0005).
Because of slower background clearance, the uptake of
123]-Tod-IL-8 in all organs, including the abscess (Fig. 6A),
was higher than that with !2]-BH-IL-8. For most organs
(i.e., abscess, noninfected muscle, bone, bone marrow, lung,
and intestine including feces), these differences were signifi-
cant (P < 0.05). These observations are clearly illustrated by
the images (Fig. 5). The slow background clearance resulted
in poor visualization of the abscesses with !23I-Iod-IL-8
compared with clear delineation of the abscesses with
123I-.BH-IL-8. The abscess-to-background ratios of '23I-BH-
IL-8 were significantly higher than those of !2I-Iod-IL-8
from 1 h after injection onward (P < 0.01) (Fig. 6B). Tissue
biodistribution revealed an abscess-to-contralateral muscle
ratio of '2I-Iod-IL-8 of 8.3 * 1.8 at 8 h after injection,
which was significantly lower than that of '2I-BH-IL-8 (P <
0.05) (Table 1). Furthermore, the abscess-to-blood ratio was
also significantly lower for '2I-lod-IL-8 compared with that
obtained with !2I-BH-IL-8 (P < 0.05).

DISCUSSION

The potential of radiolabeled IL-8 for imaging infection
and inflammation was investigated in a rabbit model of
infection. High accumulation in the infection within a few
hours after injection and rapid clearance from the back-
ground characterized the biodistribution of IL-8. These
characteristics approximate the profile of an ideal radiophar-
maceutical (22), making this protein very promising for
clinical application.

The in vivo behavior of IL-8 labeled using the Bolton-
Hunter method was more favorable than when the Iodo-Gen
method was used. The clearance was much faster and the
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abscess uptake was relatively higher, resulting in 10 times
higher abscess-to-blood ratios and 14 times higher abscess-
to-contralateral muscle ratios. The observed biodistribution
of IL-8 labeled using the Iodo-Gen method was in line with
results obtained by Hay et al. (23). They studied the in vivo
behavior of IL-8 labeled using the chloramine-T method in
rats with carrageenan-induced inflammation. Their quantita-
tive imaging analysis revealed an abscess-to-background
ratio of 2.5 from 1 h after injection onward, which was
comparable to the ratios we obtained with IL-8 labeled using
the Iodo-Gen method but much lower than the ratios
obtained with IL-8 labeled using the Bolton-Hunter method.
More rapid normal tissue clearance of proteins labeled with
N-succinimide esters compared with those labeled using
oxidative methods such as chloramine-T and Iodo-Gen has
also been reported by Zalutsky and Narula (24) and Garg et
al. (25). They have indicated that the difference in clearance
was associated with differences in clearance of the low
molecular weight catabolic products. The major catabolic
product using N-succinimide esters containing a phenol
group was benzoic acid, whereas iodide was the primary
urinary catabolite when an oxidative method was used.
Benzoic acids cleared considerably faster than did iodide,
most likely because of formation of conjugates with glycine,
which are rapidly excreted in the urine as hippuric acid (26).
The binding of radiolabeled IL-8 to its receptors in the
infectious tissue was not affected by the labeling method
because similar in vitro receptor-binding capacities were
found after radioiodination. In addition, it is unlikely that the
processing of receptor-bound IL-8 was different because it
has been shown that the processing of receptor-bound
proteins labeled by the Bolton-Hunter method and the
chloramine-T method is similar (27). Therefore, probably
the observed differences in uptake of '’I in the abscesses
were associated with the differences in clearance of the
catabolic products of both radiolabeled preparations.

Compared with other recently tested immunoproteins and
peptides iodinated by the Bolton-Hunter method—i.e., IL-1,
IL-1 receptor antagonist, and chemotactic peptides (28)—
IL-8 displayed superior characteristics for infection imag-
ing. The highest abscess uptake of IL-8, obtained after 4 h,
was 2-5 times higher than the highest uptake of the other
agents, obtained after 8 h, whereas the normal tissue
clearance was similar. Abscess-to-background ratios of
iodinated IL-8, as assessed by quantitative analysis of the
images (highest value of 13 at 8 h after injection), were even
2 times higher than the ratios of ¥™Tc-labeled chemotactic
peptides (highest value of 7 at 16-20 h after injection)
(28-30). Moreover, the accumulation of #™Tc-labeled che-
motactic peptides in liver, spleen, kidneys, and bowel may
hamper detection of foci in the abdomen. In contrast, except
for the kidneys, the tissue with the infection had the highest
123]-IL-8 uptake as early as 8 h. The low background levels
throughout the whole body, including the abdomen, would
allow visualization of foci in almost any part of the body
within the time span of several hours.
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Immediately after injection, IL-8 induced transient leuko-
penia followed by leukocytosis. The leukopenia and leukocy-
tosis were caused mainly by changes in granulocyte counts.
Other systemically administered neutrophil chemotactic
substances such as fMet-Leu-Phe-Lys and CS5a induced
neutropenia comparable with that observed for IL-8 (29,31).
Furthermore, other investigators found similar neutropenia
after intravenous injection of IL-8 in rabbits and nonhuman
primates (32,33). The neutropenia was shown to be caused
by cell stiffening, which results in transient trapping of
activated neutrophils in capillaries (34), in particular in the
microvessels of the lungs (32,35). Subsequent to the leuko-
penia, leukocytosis developed, which persisted more than 1
h after injection. Others have reported that the leukocytosis
was present as long as IL-8 levels were detectable in the
circulation (33,36). Possible mechanisms for the induction
of leukocytosis by systemically administered IL-8 include
recruitment of mature neutrophils from the marginal pool in
the lung and other organs by inhibition of adhesion to the
endothelium (36,37) and recruitment of immature neutro-
phils from the bone marrow by chemotactic properties of
IL-8 (35,38). The rapid clearance and accumulation of
123].]L.-8 mainly in the lungs, but also in the liver and spleen,
observed within 10 min after injection, likely reflected
receptor-bound '23I-IL-8 on trapped neutrophils in the micro-
circulation of these organs. During the onset of the leukocy-
tosis (i.e., 10~60 min after injection), a plateau in the blood
clearance pattern of '3I-IL-8, and sometimes even a rise in
I3I.IL-8 levels, was found. Release of neutrophils and
123].]L-8 from the lung and other organs seems to be the
most plausible explanation for this phenomenon. Further
clearance of '2I-IL-8 was noticed after 30~60 min, probably
caused by rapid dissociation and degradation of receptor-
bound 'ZI-IL-8 (39) and rapid clearance of circulating
1231-]L-8 and its catabolites.

The high accumulation of 'ZI-IL-8 in the abscess was
most likely related to the high-affinity binding of IL-8 to its
receptor on neutrophils. The interaction with the receptor
may take place in the infectious tissue or, alternatively, in the
circulation followed by migration of the neutrophils with
receptor-bound IL-8 to the site of infection. The in vivo
behavior of IL-8 must be examined in future experiments to
elucidate the mechanism of accumulation at the site of
infection.

The characteristics of IL-8 for imaging of infection are
clearly superior to any of the receptor-binding agents that we
have tested so far (28). However, a major drawback is the
biologic activity of IL-8. The induced leukopenia by seques-
tration of neutrophils in the lungs and other organs and the
subsequent leukocytosis were the main side effects that were
noticed after systemic administration in mice, rabbits, and
nonhuman primates (31,32,35). No hemodynamic changes
were observed (32). These systemic side effects may present
a problem with clinical application. Therefore, the aim of
our current studies is to develop a radiolabeled IL-8
preparation with reduced biologic activity. Furthermore, for

clinical application, the expensive (!2°I) and laborious label-
ing method (Bolton-Hunter) will not be preferable. Instead,
efforts must be made to develop a simple and rapid labeling
procedure using the radionuclide #¥™Tc.

CONCLUSION

These studies show that 23I-labeled IL-8 is an excellent
agent to image infection: It rapidly accumulated in the
infectious focus and rapidly cleared from nontarget tissues.
The characteristics of IL-8 for imaging infection in this
rabbit model are clearly superior to any of the receptor-
binding agents that we have tested so far. These results
warrant further development of an IL-8-based radiopharma-
ceutical for infection imaging that can be evaluated in
clinical studies.
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