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Previous study of the bleomycin-induced lung injury model
suggested that '"'In-labeled antirat intercellular adhesion mol-
ecule-1 (alCAM-1) might be a useful acute respiratory distress
syndrome (ARDS) diagnostic agent. We further investigated the
ability of "In-alCAM-1 to detect inflammation in another ARDS
lung injury model. Methods: '"'In-labeled rat polymorphonu-
clear leukocytes (PMNs), '"'In-alCAM-1, "In-labeled normal
mouse IgG (nmlgG), and ''In-labeled rat serum albumin (RSA)
were injected into rats 18-24 h before kill. Biodistributions,
scintigraphic images, and lung ICAM-1 upregulation were ob-
tained in uninjured rats and in rats after injury with oleic acid.
Results: '"'In-RSA and "''In-nmlIgG localized in inflamed lung at
5 min postinjury (Pl). "In-PMN uptake increased significantly
only at 24 h PI. "In-alCAM-1 localization increased significantly
(80%-60%) at 1 h Pl and remained elevated up to 24 h PL.
Lung/blood ratios (L/B) at 1 and 4 h Pl were very low (<0.6) for
MIn-nmigG and "'In-PMN rats; however, for 1"1In-alCAM-1
rats, they were >1 and 25%-60% higher than those for the
control samples. A low L/B suggests poor inflammation detec-
tion on the images. Images and region-of-interest analysis con-
firmed that only "In-alCAM-1 could distinguish inflamed lungs
at 4 h Pl. ICAM-1 was upregulated at 4 and 24 h PI. Conclusion:
In this model, ""'In-alICAM-1 detected lung inflammation very
early in the course of the disease. These results support the
suggestion that "'In-alCAM-1 could be a very early, highly
specific ARDS diagnostic agent and may be useful to detect a
wide range of inflammations.
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many instances, multi-organ system failure follows the
acute lung injury phase and is typically the primary cause of
death. The most common cause of ARDS, accounting for
37%—-45% of all cases, is gram-negative sepaid); Also,

fat emboli from major bone fractures in some patients
(approximately 25%) can cause direct pulmonary injury that
leads to ARDS §). The syndrome typically arises 24—72 h
after the inciting incidentH). This period provides an op-
portunity to identify those patients in whom ARDS may
develop, and it also provides time to begin prophylactic
therapy. No specific therapy has been found to be beneficial;
instead, the patient is managed in terms of respiratory,
circulatory, and nutritional suppor26). Recently, several
new treatments, including inhaled nitrous oxid@® (nstilled
surfactant®), and interleukin-1 receptor antagonig} fave
been attempted with ARDS and related disorders, but they
have achieved little improvement in patient survival.

The mechanisms involved in the pathogenesis of ARDS
are undoubtedly numerous, complex, and poorly understood
(2). Various cells and mediators have been implicatie®(
13). It is very difficult to establish whether a cell type or
mediator precedes injury, causes injury, or is a secondary
manifestation of that injury. Certainly, polymorphonuclear
leukocytes (PMNs) have been shown to be present in high
numbers in the lungs of patients with ARD$4(15 and in
animal models of ARDS1(6,17 and have thus been impli-
cated in the pathogenesis of the disease. Complicating the
role of PMNs in ARDS is the observation that ARDS
develops in neutropenic patientsg]. Nevertheless, many
studies of patients and animal models either directly or

Acute respiratory distress syndrome (ARDS) represeniglirectly implicate PMNs (or their products) in the patho-

a group of diseases that have the common pathologic mggnesis of ARDS. Investigators have been looking for clin-
ifestation of acute diffuse lung injury. Its estimated incijcg| predictors of ARDS and have considered various me-
dence ranges from 8 to 75 people per 100,000, and itdfators and cells without much succed§22).

associated with a mortality rate of 36%—-60%-§). In
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A hallmark of an acute infection/inflammation is the
invasion of the site by large numbers of PMNs. A critical
component of this directed movement is the ability of the
PMNSs to marginate in the blood vessels near the inflamma-
tion. An essential margination component is the expression
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of adhesion molecules, namely, intercellular adhesion m&ham-injury (uninjured) animals received an injection of an equal
ecule-1 (ICAM-1) on endothelial cells and its countervolume of saline.
receptor, leukocyte function a_ntigen—l_ (LFA-1), on the Nelsreparation of 1'In-Labeled Proteins
trophil surface £3,24. The interaction of LFA-1 and  the coupling of cyclic anhydride diethylenetriaminepentaacetic
ICAM-1 allows the PMNs to become firmly attached to th@cig (DTPA) to alCAM-1 (Seikagaku Corp., Tokyo, Japan),
endothelial cell. LFA-1 is expressed at low basal levels buinigG (Sigma Chemical Co., St. Louis, MO), or RSA (Sigma
is upregulated by a variety of proinflammatory agent€hemical Co., St. Louis, MO) and the addition'&in (NEN Life
ICAM-1 is expressed constitutively and is also upregulategtience Products, Boston, MA) to the protein-DTPA complex
by various proinflammatory agents. The upregulation #@fere performed as described previousB)( Each protein was
ICAM-1 is usually long lasting with a maximum at 8—10 hconjugatt_ad \_N_ith 0.8-1.3 DTPA/moIecuIe,_a_nd DTPA conjugation
and remains elevated for 2—7 d. This finding suggests that#fl "0 significant effect on immunoreactivity.
antibody to ICAM-1 has the potential to be an early anflreparation of 1"'In-PMNs
specific inflammation detection agent, because ICAM-1 up- PMNs were harvested by lavage of the peritoneal cavity of
regulation precedes PMN localization and remains elevatedrmal rats with 60 mL heparinized saline (2 U/mL) 16 h after the
99mTc- and *ln-labeled white blood cells (WBCs) areintraperitoneal injection of 0.1% glycogen (20 mL in salin@)(
commonly used for acute inflammation detection and couldis method consistently yielded1 X 10° PMNs per animal with
be useful to identify patients in whom ARDS may develog Purity >95%. *tin-oxine, approximately 18.5 MBq/2Ccells,
However, these agents are not without limitatioRs, 2. was added to the cell suspension and incubated for 20 min at room
The preparation of each agent is very labor intensive (2—3tﬁ2“p?rat“re_' and labeled cells were separated by centrifugation.
and requires specialized equipment. In addition, most col‘-bellng efficiency averaged 70%._80%’ and C.e" viability was
. . . ’ : g] ays>85% as tested by the eosin-dye exclusion test.
munity hospitals lack the expertise for such preparation andv
send the autologous blood to a commercial radiopharmaBiedistribution of '''In Radiopharmaceuticals in OA
for labeling, which adds an additional 1-2 h. AlthougtModel of Lung Injury
imaging with%"Tc-WBCs can be performed within 1-4 h Rats (3 per grqup) received an intravenous injectio_n of 108
after injection, the rapid excretion 8¥"Tc into the bowel - n-PMNs containing 370 kBq at 18-24 h before their scheduled
and the particularly transient uptake in the lung complicalfl Ume: OA was injected at 15 min, 30 min, 1 h, 4 h, 24 h, and
inflammation detection in these areas. Thus, many labora- h before kill. Also, rats (3 or 4 per group) were injected
. . . ) N |ﬁ‘travenously with 111-222 kBq radioactivity containing L@
tory and clinical studies are Iookmg_ for a sgltable replacenln_nmlgG,mln_RSA' or 11in-alCAM-1. Forin-nmigG and
ment £6-28). Most of the agents being studied are targetegy, rsa, the radioactivity was injected at 18—24 h, and OA was
against antigens present on PMNs and thus dependent of@ftted at 5 min, 15 min, 30 min, 1 h, 4 h, 24 h, and 72 h (RSA
increased concentration of PMNs at the inflammatory sitily) before kill. The 5-min OA injection time was chosen because
(26). We propose thdtlin-labeled mouse monoclonal anti that is before detectable lung injury, and the 72-h OA injection
human ICAM-1 antibody (hum-alCAM-1) may be able tdime was chosen because that is when the lung injury begins to
detect events in this disease even earlier than other ageggglve spontaneously3@,33. For the *in-alCAM-1 expert
because ICAM-1 upregulation precedes PMN localizatiof1ents, the antibody was injected at 24 h and OA was injected at 1,
Thus, 4n-hum-alCAM-1 could provide a highly specific,4' and 24 h before_klll. This |nj_ury gnd blodlstrlbutlon protocol was
less expensive, and earlier means of inflammation detectigficd Previously with bleomycin (Fig. 139. In the uninjured rats,
We showed previously in bleomycin-induced lung injury

that the inflammation can be detected as easlytd after —
initiation (29). Sham Injury & Uninjured
i i ; i Inject Radiopharmaceuticals Image/Biodist

In this study, we investigated the ability &fin-labeled 21 120 Te2ahr
mouse antirat ICAM-1 antibody (alCAM-1) to detect in ;l l
flamed lung in the oleic acid (OA) model of fat emboli
induced Iur_lg injury. This agent was compared witHn- 4 Hr Oleic Acid
PMNs, which are the current standard agent, &Hth- | a0t Radiopharmaceuticals induce Injury Image/Biodist
labeled rat serum albumin (RSA) aftin-labeled normal lT=O § T=20hr lT=24hr
mouse polyclonal IgG (nmlgG), two markers of endothelial A
integrity.

induce Injury & 24 Hr Oleic Acid

MATERIALS AND METHODS Inject Radiopharmaceuticals Image/Biodist
OA Model of Lung Injury vl =0 lT=24hr

CDF:(F344)CIrIBR Fischer rats (Charles River Laboratories,

Worthington, MA) were anesthetized, and each animal was igjjGURE 1. Experimental time line for injection of ''In-labeled
jected intravenously with 30Q.L of a suspension of OA (Sigma radiopharmaceuticals (solid arrow), injury with OA or sham injury
Chemical Co., St. Louis, MO). The suspension comprisegB0 (dotted arrow), and imaging or biodistribution (solid arrow) of
pure OA suspended in 270L 0.1% bovine serum albumir8Q). rats. Only 2 injury times, 4 and 24 h, are shown for clarity.
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a sham injection with saline was performed concurrent with tfje I

1n-labeled radiopharmaceutical injection. Generally, expeti R *
ments were performed with 2 or 3 time points and a control group. _

The data were then combined using each control group ag at
reference, and a percentage for the control group was computed. £
At the time of the kill, whole organs and tissues were removed apd 2

* *
R * * *
weighed, and the radioactivity was measur&d).( Data were f * *
computed as both percentage injected dose per gram of tissues o0 # #
(%ID/g) and percentage injected dose per organ (%ID/O). : #
When the data were analyzed for each radiopharmaceutical, es 00
observed a consistently larger injury-induced increase in the .

%ID/O values compared with %ID/g values in the lung. W s asmm aemm .

hypothesized that in this acute lung injury model, the inflammatofy Time Bost Injury

process caused a rapid accretion of fluid in the lungs. Any flute

increase would reduce any increase in %ID/g compared wi\GURE 2. Effect of time after OA injury on lung uptake of

%ID/O for these labeled compounds. For each labeled moleculEIn-RSA and "In-nmigG. Data are given as percentage

approximately a doubling of lung weight occurred, which peakeg'ange compared with uninjured lung using %ID/O values

at 30 min—1 h PIR < 0.001, compared with the uninjured Iung)(#’ P <0.05; " P < 0.001).

and then declined. This waxing and waning followed the course of

the injury in this model 30). In all subsequent data, only %ID/O

was compared because of this injury-induced lung weight increaseyp, in other tissues to change except in the kidney (for

Thefse_ _da_ta alsq s_howed that fluid influx was extremely rapid aﬁﬁﬁln—nmlgG), which showed a modest but significant de

the initiation of injury. cline, and in the blood (foFin-RSA), which was elevated

Imaging modestly in activity as the injury progressed (data not
Rats were imaged in the supine position at 24 h after injectiéifiown). These data show that endothelial leakiness can be

of approximately 1.85 MBq containing 10Qg of sterile filtered detected as early as 5 min PI in this model.

14n-labeled proteins or 0.% 1% 1*in-PMNs, suspended in 0.5  Although the endothelial barrier was disrupted, no sig-

mL saline @1). Briefly, anterior views of the upper torso using anificant increase if'in-PMN lung uptake occurred until

pinhole collimator were obtained at 4 and 24 h Pl as described 1 P| (Fig. 3). At that time, a dramatic, approximately

above, and 100,000 counts were collected (Fig. 1). To obtaingd_fo|q increase occurred, compared with the control unin-
guantitative estimate of organ and tissue localization, regions -ﬁf ed lung. In contrast,tal h PI, rats injected within-

interest (ROIs) were drawn around organs and tissue backgroulrg1 AM-1 had a modest but significant increase in lung

The counts per pixel from the ROIs were corrected for background . . L N .
and*in decay and divided by the acquisition time and injecte?ﬁt'v'ty‘ which increased at _24 h. No S|gn|f|_cant change in
dose for normalization. In-PMN uptake occurred in most other tissues after the
lung injury initiation. The exception was in the spleen,
Immunofluorescence of Lung Tissue where a significant, approximately 50% reduction occurred,
Lungs from rats at 4 and 24 h Pl were excised, frozen in |iqUi§ompared with the uninjured value, only at 24 h (data not
nitrogen, cryostat sectioned, and assayed for the presencesRbwn). This reduction would be consistent with recruit-
ICAM-1 immunofluorescence as described previoug§).( ment of PMNSs from the spleen to other tissues, particularly
Statistical Analysis the lung, at 24 h. Alsc_), kidney activity increased signifi-
A one-way ANOVA with the Newman—Keuls test was applie¢antly @ 4 h and remained elevated (26%-50%) (data not
to compare the effect of time PI for the labeled radiopharmacesown). For*tlin-alCAM-1, the kidney was also the only
ticals and to compare the different radiopharmaceuticals at ttigsue that showed a consistent significant increase in anti-

Orsa

same time 34). body accumulation as a function of injury (data not shown).
Lung-to-Tissue Ratios

RESULTS The data from Figures 2 and 3 suggest tHéh-nmigG

Uptake of 1'In-PMNSs, ''In-alCAM-1, '"'In-nmlgG, and would be an excellent early inflammation detection agent

"1In-RSA in OA-Injured Rats because of the high early uptake (5 min to 4 Hjn-

Figure 2 shows the uptake in injured lung for two labeledICAM-1 and '*4In-PMNs would be poor in comparison.
proteins, which are indicators of endothelial permeabilitydowever, this finding does not take into account that target
The uptakes off'lin-nmigG and'ln-RSA in the lung detection is dependent on the ratio of the target (in this case,
increased dramatically two- to threefold at 5 min and wetée lung) to the tissue background. To estimate the detection
similar until 24 h (Fig. 2). Lung function measuremer88)( ability of each agent, a ratio was computed using different
and histology 80) indicate lung damage 15 min after injectissue backgrounds that could interfere with the detection of
tion of OA. At 24 h,1*In-RSA in the lung declinedR < lung inflammation (Fig. 4). Thus, target detection is based
0.005, vs. 4 h). In contrast!in-nmigG uptake doubled on the increase of the ratio from the uninjured value. Ani-
(P < 0.001, vs. 4 h). Injury did not cause the presence afals injected with!*in-PMNs showed only at 24 h a

EarLY DETECTION OF LUNG INJURY IN RATS « Weiner et al. 1111



Time Post Injury

O1n
Han

Oz2a n

*
JJ’>2500

#

-

alCAM-1
Radiopharmaceutical

[N
o
°

*

#

~
o
o

% Change from Uninjured
a
o
a

FIGURE 3. Effect of time after OA injury on lung uptake of
"n-PMNs and ""'In-alCAM-1. Data are given as percentage
change compared with uninjured lung using %ID/O values
(#, P < 0.05; *, P < 0.001).

significantly high lung-to-blood ratio (L/B), which is con-
sistent with the results shown in Figure 3. This high L/B w.
mainly a result of low blood activity (approximately 1
%ID/O) and suggests that inflammation detection by ima
ing would be likely only at 24 h PI.

The *n-alCAM-1 results, which showed a modest in

than the tissue background, but liver activity remained. As
the injury progressed to 24 h, activity is clearly apparent and
well defined in both lungs.

In the uninjured animal$tin-alCAM-1 localized mainly
in the liver, and some activity was seen in the lung fields. In
contrast to the*lin-PMN images, the 4-Rin-alCAM-1
images of the injured rat show that the lung fields are
visible, defining the cardiac shadow (Fig. 5). Activity was
also presentin the liver. At 24 h, although no change in liver
activity was seen, activity in the lung clearly defined the 2
lung lobes. The tissue background, although not as low as
1Yn-PMNSs, is lower than that visible in thBin-nmigG
images. Also, little activity is seen in the bone or bone
marrow in any of the images. Thu&iin-alCAM-1 can
detect lung injury earlier thab4n-PMNs, which was sug
gested by the tissue ratios (Fig. 4).

The image of thé*lin-nmIgG uninjured rat showed only
cardiac blood and liver activity and very little lung activity.
At 4 h PI, the image showed a high concentration of activity

3% the cardiac blood pool (Fig. 5). Although the lung fields

g-
A Lung/Blood Ratio, %I1D/Organ

jury-induced increase in lung activity, showed a large in
crease (not quite significant) in L/B at 1 h PI (Fig. 4). Mors
importantly, the early (1 and 4 h) L/B and lung-to-heat
ratios (L/H) were>1; the L/B was sixfold P < 0.001) and
the L/H was twofold P < 0.001) greater than the compa
rablein-nmlIgG values. This result was caused primaril
by very low blood and heart uptake, 5 and 0.2 %ID/Q),
respectively, at this time Pl. Even at 24 h, tREIn-
alCAM-1 L/B was still approximately threefold®(= not
significant) greater than tHén-nmlgG value. This finding
suggests that the injured lung might be detected visually
early & 4 h Plwith n-alCAM-1.

However, in the*lin-nmigG-injected rats, although the|
ratios increased significantly very early in the injury pro B
gression (1 h) (Fig. 4), the L/B was very low0.2 (Fig.
4A). Although a large increase was seen at 1-4 h PI, the low
L/B suggests that the high blood background (27 %ID/Q)
could obscure the injured lung. Thus, in this early tim
frame,*in-alCAM-1 could be a better imaging agent com
pared withlIn-nmlgG. As injury progressed to 24 h, both
ratios for 1In-nmlgG-injected rats doubled at 24 h P
(>4 h, P < 0.001) (Fig. 4). This result suggests that th
injured lung might be detectable at this time, because {
blood activity was reduced to 20 %ID/O.

1%

Imaging of "In-PMNs, ''In-alCAM-1, and "'In-nmlIgG
in OA-Injured Rats

The imaging of these radiopharmaceuticals generally fq
lowed what we observed in the tissue ratio data. Figure|
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shows the deposition of these compounds at 4 and 24 h

5
ﬁf(’;une 4.

with OA. In the upper-torso images of uninjured rats ing " +1,_ppm

Effect of time after OA injury on L/B (A) and L/H (B)
Ns, ""In-alCAM-1, and "In-nmlgG. Data were

jected with'*in-PMNSs, only the intense uptake in the livercomputed using %ID/O values (*, P < 0.001; +, 0.05 < P < 0.1;
can be detected.tA h PI, the lung uptake was no greate#, P < 0.05).
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PMN alCAM

Uninjured
4 hour
FIGURE 5. Pinhole scintigrams of upper
anterior torso of uninjured rats and rats at 4
24 hour and 24 h after OA injury injected with *''In-

PMNs, "In-alCAM-1, or ""In-nmIgG. An-
imals were imaged at 24 h after injection
with GE gamma camera (General Electric,
Milwaukee, WI).

& &

were not well defined, the activity in the lungs appearddver uptake was lower than the lungs and similar to the
higher than the tissue background. Liver activity, althoughptake in the 4-h image. These images are consistent with
higher than background, is not nearly as intense as ttie predictions from the tissue ratio data.

cardiac blood pool. As injury progressed (24 h), the activity To obtain quantitative information from the images, a
in the lung field intensified. The most intense areas appeaR@| analysis was performed. Table 1 shows that'fén-

to be in the lung bases, and some activity was seen in tABINs, a modest 40% increase in lung count density oc-
upper lobes. The cardiac blood at 24 h Pl was not nearly asrred @ 4 h compared with the uninjured animals. In
intense asta4 h and can be distinguished from the lungsontrast, a 500%—-600% significant enhancement occurred

TABLE 1
Effect of OA-Induced Lung Injury on ROI Analysis of Rats Injected with ''In-Labeled Agents

Injected agent ROI Uninjured 4 hPI 24 h PI

"n-PMNs Left lung 8.81 £ 2.49 12.78 £ 0.19* 45.54 + 3.49t
Right lung 9.89 = 2.92 14.08 £ 0.76 58.95 + 5.30f
Both lungs* 9.35 1270 13.41 £ 0.46 52.24 + 4.417
Liver 151.46 = 32.65 245.89 + 21.43t 185.51 = 9.35*
Heart 741 +=1.27 12.05 £ 0.41* 26.81 + 3.14%

Mn-alCAM-1 Left lung 8.30 = 1.19 16.81 = 0.867 32.92 = 1.271
Right lung 9.32 + 1.38 19.41 + 0.731 40.95 + 3.14%
Both lungs* 8.81 = 1.27 18.11 + 0.811 36.92 + 2,19
Liver 44.32 = 1.65 65.81 + 2.38f 92.35 + 2,921
Heart 7.68 = 0.41 13.70 + 0.701 20.19 + 0.657

"Mn-nmligG Left lung 156.22 £ 1.59 38.59 + 0.591 54.78 + 2.32F
Right lung 14.65 £ 1.22 37.38 + 0.84f 63.24 + 2.307
Both lungs* 14.95 = 1.41 38.00 = 0.70% 59.00 + 2.30f
Liver 20.78 = 0.86 25.86 + 0.97F 28.03 = 0.84%
Heart 21.46 = 0.51 37.08 = 0.97F 60.97 + 0.957

*P < 0.05, compared with uninjured.

TP < 0.001, compared with uninjured.

tn = 10; all others, n = 5.

Values are X104 mean = SD, given as cpm/pixel/kBgq.

EarLY DEeTECTION OF LUNG INJURY IN RATS ¢ Weiner et al.



at 24 h. Lung activity was comparable with heart activity ilPISCUSSION
the uninjured rat andta h PI. However, at 24 h PI, the lung o data suggest th&tlin-alCAM-1 is a useful indicator

count density was double the heart activity when the lungg 5cyte inflammation development in this model. Images
were clearly visible. In contrast, lung values from #8n- o6 that inflamed lungs could be detected very early (4
aICAM—l—ane_cted animals increased S|gn|f|_cantly (200%) PI) in the course of injury. The 24-h images were some-
at 4 h. More important, the lung count density was approgv;iat better. This result was consistent with biodistribution

. 0 .
imately 30% greater than the heart value at this time, a ta, target-to-background ratios, and ROI analysis. Some

this relationship improved at 24 h (approximately 18008 L
. ata even suggested thatin-alCAM-1 may detect injur
greater). Although lung cpm/pixel values #iUn-nmigG as carly a 192 - Althoughlllln—nmIgGoncaIized lexy

rats were elevated significantly as early as 4 h, heart a

liver values were comparable. This finding explains why {Eergely earlal (W'thm > (rjnlln) n 'r_”“rﬁd t|ss_ue_, I W?].S d|_ff|cult
was difficult to detect the inflamed lungs. to detect the Inflamed lung in the scintigraphic images

because of high blood-pool activity in the heart. In contrast,
Expression of ICAM-1 on Lung Tissue 14n-PMNs, which are the currently used acute inflamma

Previous data showed that ICAM-1 was upregulated &8n detection agent, could not detect inflamed lungs until
early as 30 min PI133). Figure 4 shows that ICAM-1 the injury had progressed at least 24 h in this model.
remains upregulated & h (Fig. 6C) and 24 h (Fig. 6E) PI;  our data also show thatlin-alCAM-1 is highly specific.
the increased fluorescence intensity is apparent in the inyn_51cAM-1 localization was increased as earylah Pl
jured lung compared with lung tissue from uninjured rat§,g remained elevated at our latest data point (24 h). A
(Fig. 6A). Control experiments with no added alCAM-Iy0\iqys study showed that ICAM-1 is upregulated at 30
showed no fluorescence intensity from either uninjured @i p| in this model 83). The immunofluorescence data
injured lung tissue (Figs. 6B, 6D, and 6F). presented in this study show that ICAM-1 remained upregu-
lated as long as 24 h PI. #in-alCAM-1 localization was
related solely to injury-induced endothelial barrier disrup-
tion, we would expect very early and high lung uptake. For
example, bothn-nmlIgG and**lin-RSA uptake increased
dramatically as early as 5 min Pl and peaked at 1 h PI, and
these values were 568% and 440% greater, respectively,
than those for the uninjured lung (Fig. 2). However, the lung
uptake oftlin-alCAM-1, even at 1 h, was rather modest
(32% increase) (Fig. 3). Thus, the likely driving force for
1Yn-nmlgG and*ln-RSA lung uptake was the high blood
concentration (approximately 20-27 %ID/O) combined
with the endothelial barrier disruption. In contrast, the low
blood concentration (4-5 %ID/O) dtlin-alCAM-1 most
likely required an active process, hamely, ICAM-1 upregu-
lation, for localization. We showed the high specificity of
this labeled antibody in another model of lung injuBgy.
However, in this model, the injury-induced endothelial bar-
rier disruption preceded ICAM-1 upregulation.

We propose usingtin-hum-alCAM-1 in patients at risk
for ARDS similarly as it was used in this study. In patients
at a high risk for ARDS, there appears to be a 24-72 h
period after the inciting incident during which ARDS may
develop 6). The labeled antibody would be injected, and
the patient would be imaged sequentially over the next 72 h.
Our data suggest that although little humahn-alCAM-1
e , : , would be circulating, lungs that became inflamed would be
FIGURE 6 Expresspp of ICAM-1 mmunofluorescenceln Yo~ Jatected readily as egrl4 h but at least within 24 h.
stat sections of OA-injured and uninjured rat lung. Sections . ; .
were processed for immunofluorescence using alCAM-1 as first ~ IMmaging up to 72 h might be possible, because beyond 4 h
antibody in lung from uninjured rat (A), rat injured at 4 h (C), and  after injection,'*in-alCAM-1 disappears very slowh3().

24:_‘ before kill (E). For Cfontro' samples, no alCAM-1 was used  Although no therapeutic intervention has been found to be
fgx ';S: dagﬂbﬁdg'e;gr'gnk?” r(gTF‘;Q(')né:rri?n;ié?])jh;a;tggu;itagstﬁ effective, with this early-detection method, interventions
mouse IgG was used as second antibody in all sections (mag- could be started and tested in the earliest stages of the
nification, x788). disease.
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isting agents. The preparation is simple and requires only

n-hum-alCAM-1 has several advantages over the ex

the addition oft¥lin. This choice would eliminate the prep
aration problem associated with bothlin- and %"Tc-
labeled WBCs. Blood handling is unnecessary. If the anim4t
data can be translated to humans, we would expect a IoWan rev Respir Dis1987;136:1225-1231.

constant Iung uptake and very low uptake in bone, bong Powe JE, Short A, Sibbald WJ, Driedger AA. Pulmonary accumulation of
marrow, and intestines. This situation would make inflam- polymorphonuclear leukocytes in the adult respiratory distress syndrGrite.

factor-levels in bronchoalveolar lavage fluid of patients with acute respiratory
distress syndromeAm J Respir Crit Care Medl998;158:424—430.

Nash, JRG, McLaughlin PJ, Hoyle C, Roberts D. Immunolocalization of tumor
necrosis factow in lung tissue from patients dying with adult respiratory distress
syndrome Histopathology.1991;19:395—-402.

Fowler AA, Hyers TM, Fisher BJ, Bechard DE, Centor RM, Webster RO. ARDS:
cell populations and soluble mediators in the air spaces of patients at high risk.

Care Med 1982;10:712-718.

mation detection in these areas much easier. Studies areglikiermann GJ, Dickey BF, Thrall RS. Polymorphonuclear leukocyte in acute
progress to attacPP™Tc to alCAM-1, which could further
improve this agent and make it useful to detect a wide arré Haslett C, Worthen GS, Giclas PC, Morrison DC, Henson JE, Henson PM. The
of inflammations 85). The half-life for%Tc is consistent
with the localization time frame for this antibody.

18.

CONCLUSION

We have developed a labeled antibody that takes advah-

tage of the role of adhesion molecules in the inflammatory
process. This new radiopharmaceutical localizes rapidly cet.1980;1:947-949.

with high specificity in two animal models of Iung inflam-20. Zilow G, Joka T, Obertacke U, Rother U, Mirschfink M. Generation of anaphy-
mation. This compound has the potential to rapidly diag-
nose ARDS and other inflammatory processes to allow eapty Donnelly SC, MacGregor |, Zamani A, et al. Plasma elastase levels and the
therapeutic interventions. Whether this potential will be development of the adult respiratory distress syndroime.J Respir Crit Care

realized must await patient trials.
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