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EDITORIAL 
Chemotactic Peptides: New Locomotion for Imaging of 
Infection? 

pproximately one year ago, 
Fischman, Khaw, and 
Strauss expressed their dis- 

appointment about the relatively 
slow progress with radioimmune 
imaging in neoplasia, while success 
in non-neoplastic areas had been 
very encouraging (1). Among other 
molecules, which do not directly in- 
volve the immune response, leuko- 
cyte-attractant peptides, which were 
originally derived from bacteria, 
were proposed as agents for imaging 
the cells to which they bind. The 
authors noted three potential ad- 
vantages of this type of molecule 
over antibodies: smaller size and 
hence better diffusibility to the ex- 
travascular space; faster blood clear- 
ance resulting in low background 
activity; and the presence of  well- 
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defined receptor systems on known 
populations of tissue cells. Further- 
more, analogs of these peptides can 
be synthesized and, by varying the 
size, charge, and other properties, a 
radiopharmaceutical with optimal 
imaging characteristics can be se- 
lected. 

In this issue, Fischman et al. (2) 
report their study using such labeled 
chemotactic peptide analogs to im- 
age focal sites of infection. The 
study was performed in rats with a 
deep-thigh infection caused by 
Escherichia coli. Four different an- 
alogs were synthesized, coupled to 
diethytenetriaminepentaacetic acid 
(DTPA) and labeled with indium- 
I i I  ( "qn) .  The parent compound 
of the molecules, N-formyl-methio- 
nyl-leucyl-phenylalanine (N-for- 
myl-Met-Leu-Phe) has a molecular 
weight of 437. Five minutes after 
injection in rats, definite localiza- 
tion of the ~ ']In-labeled DTPA-de- 
rivatized chemotactic peptide ana- 

logs was present at the site of infec- 
tion, thus showing rapid diffusion 
to the extravascular space. To eval- 
uate the effect of increased permea- 
bility of infected tissue on peptide 
accumulation, a group of animals 
was co-injected with 99mTc-DTPA 
and '~ ~In-labeled DTPA-derivatized 
chemotactic peptide analogs. The 
authors reported that the images ac- 
quired in the 99mTc-window were of 
lower intensity and decreased in in- 
tensity more rapidly than those ac- 
quired in the l)qn-window using the 
upper peak only. One might wonder 
whether this is a fair comparison 
since both compounds differ signif- 
icantly in molecular size, radiolabel, 
charge, renal handling, and other 
characteristics that are known to in- 
fluence local accumulation and 
wash-out in regions with increased 
permeability such as infected tissue. 
To better understand the impact of  
molecular size and other properties, 
further experiments are needed. 
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The blood clearance of the ~' qn- 
DTPA chemotactic peptide analogs 
was rapid with half-lives varying 
from 21.5 to 33.1 min. Clearance 
from non-target organs like muscles 
and heart was similar. So far, the 
~JJln-DTPA chemotactic peptide 
analogs fulfilled the expectation 
raised by the same investigators (1). 
But what about their binding to 
well-defined receptor systems on 
granulocytes and mononuclear 
phagocytes in vivo, and how should 
the low uptake found in an organ 
rich in phagocytes, such as the 
spleen, be explained? To answer 
these questions, comparison with 
another recently developed radio- 
pharmaceutical seems appropriate. 
In 1988, Fischman, Rubin et al. pro- 
posed human nonspecific poly- 
clonal immunoglobulin G (IgG) as 
a new agent for the detection of 
focal inflammation and infection 
(3,4). 

The utility of this radiopharma- 
ceutical for the detection of bone 
and joint infection was recently con- 
firmed by our group (5). Clinical 
utility, however, does by no means 
indicate that the mechanism by 
which ~''In-lgG accumulates in fo- 
cal sites of infection and inflamma- 
tion has been elucidated. Animal 
experiments showed that Fab and 
F(ab)2 fragments oflgG labeled with 
~' tin did not localize at sites of in- 
fection, while Fc fragments did (3, 
6). Thus, a major rote was assigned 
to the Fc portion of the molecule 
and tentatively to Fc receptor bind- 
ing. In severe neutropenia, the num- 
ber of Fc receptors in an infectious 
focus is low. To investigate the im- 
pact of the presence of low levels of 
Fc receptors, we studied the utility 
of ~In-lgG in a neutropenic rat 
infection model and in humans with 
fever and severe neutropenia. Some- 
what to our surprise, ~l~In-IgG ap- 
peared to perform at least as well in 
patients with neutropenia as in pa- 
tients with normal or elevated white 
blood cell counts (7). Furthermore, 
autoradiographic studies in another 
infection model in the rat revealed 

that 'JJln-labeled IgG and human 
serum albumin (HSA) were not as- 
sociated with inflammatory cells, 
but localized primarily within the 
edematous interstitial spaces of the 
infection (8). Both studies do not 
support the receptor binding hy- 
pothesis. Nevertheless, a significant 
entrapment of l l tin in infectious 
foci was observed after administra- 
tion of '~ 'In-IgG or ~ Jln-HSA (5,9). 
Enhanced vascular permeability, 
followed by macromolecular en- 
trapment in tissues at focal sites of 
infection, probably offers a better 
explanation for '"In-IgG accumu- 
lation. The role of the indium itself 
and of the characteristics of the pro- 
tein (such as molecular weight, 
charge, and polarity), with respect 
to diffusion and entrapment at sites 
of infection, remain unclear. 

In their article in this issue, Fisch- 
man et al. elegantly demonstrate in 
vitro that the chemotactic peptide 
analogs maintain biologic activity 
after coupling to DTPA. They claim 
that this activity persists in vivo as 
demonstrated by the cell association 
of the radiolabel and the images of 
infection in the rat. and they suggest 
that the mechanism of infection lo- 
calization may be due to receptor- 
mediated binding to phagocytes. 
The question is whether this is what 
actually happens. In several patients 
injected with ~ qn-IgG for suspected 
bone and joint infection, we have 
found a net increase of the count 
rate (after correction for physical de- 
cay) in the affected area from 4 to 
48 hr, whereas the count rate in the 
noninfected contralateral area sig- 
nificantly decreased in the same 
period of time. These observations 
demonstrate ongoing entrapment of 
activity over a time span of at least 
two days. It is remarkable that the 
animal experiments with 1~ qn-la- 
beled chemotactic peptide analogs 
do not show such entrapment (2). 
Quantative analysis of the scinti- 
graphic images showed that the tar- 
get-to-contralateral background ra- 
tio increased from approximately 
1.2 after 5 min to a little over 3 after 

60 min. The activity in the isolated 
nonaffected muscle specimens after 
60 min had decreased, on average, 
to one-tenth of the activity present 
at 5 min postinjection. These data 
lead to the conclusion that the net 
count rate over the abscess dropped 
dramatically, being consistent with 
rapid wash-out; however, that drop 
in count rate is delayed compared 
to the noninfected contralateral 
muscle. The rapid decline in activity 
in the infected site from 5 to 60 min, 
makes it hard to believe that the 
~J J ln-DTPA peptides localize at the 
site of infection by virtue of recep- 
tor-mediated binding to phagocytes 
and subsequent internalization by 
these cells. Therefore, with respect 
to specific binding, it remains to be 
shown that ]~ qn-DTPA chemotac- 
tic peptide analogs offer a significant 
advantage over ]~ln-labeled pro- 
teins like IgG and HSA (9). 

Will further research in the area 
of chemotactic peptides open new 
horizons for the scintigraphic detec- 
tion of focal sites of infection and 
inflammation? To answer this ques- 
tion, one has to consider which re- 
quirements should be met for such 
radiopharmaceuticals in the 1990s. 
Briefly, they should provide: 

1. Rapid delineation of foci and 
extent of infectious disease. 

2. No significant physiologic ac- 
cumulation in the blood and 
organs like liver, spleen, gas- 
trointestinal tract, bone, bone 
marrow, kidneys, and muscle. 

3. Relatively quick wash-out 
from background and target. 

4. Specificity, i.e., discrimination 
between infection and non- 
microbial inflammation. 

5. Low toxicity and absence of 
immune response. 

6. Wide availability of the radio- 
nuclide at relatively low cost 
and easy preparation of the 
radiopharmaceutical. 

With regard to item 1, it is clear 
that a major disadvantage of all 
radionuclide techniques currently 
available for imaging infection is the 
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rather lengthy time required to an- 
swer the clinical question. This time 
span varies from 6 hr to 3 days, 
whereas techniques such as ultra- 
sound, x-ray computed tomogra- 
phy, and magnetic resonance imag- 
ing can provide a diagnostic conclu- 
sion within minutes after finishing 
the imaging procedure. Therefore, 
radiopharmaceuticals that provide 
diagnostic results within l, 2, or 3 
hr, at the most, would signify a ma- 
jor step forward. All four DTPA- 
derivatized chemotactic peptide an- 
alogs studied by Fischman et al. 
yielded good quality images of the 
infection sites within 1 hr after in- 
jection (2). 

With regard to item 2, the animal 
experiments of Fischman et al. (2) 
showed no significant accumulation 
of labeled chemotactic peptides in 
the spleen, gastrointestinal tract, tes- 
ticles, and heart with a rapid wash- 
out, similar to that from muscle. 
Activity in the liver and lungs 5 min 
postinjection was approximately 
twice as high as in the organs just 
mentioned. Clearances from the 
liver and the infected tissue were 
similar. Accumulation in the kid- 
neys was high. Therefore, the pros- 
pects for imaging infection within 
or near these organs are not prom- 
ising. 

Third, the rapid wash-out of j~ 'In- 
labeled chemotactic peptide analogs 
(hours) from both the target and the 
background tissues, offers a major 
advantage: the ability to perform re- 
peat studies in a short period of time 
(days) to monitor therapeutic effects 
of drugs and invasive procedures. 
However, if labeling is performed 
with radionuclides that have a rela- 
tively short physical half-life, such 
as 99mTc, item 3 is irrelevant. 

Item 4 states that the ideal radio- 
pharmaceutical should be able to 
discriminate between infection and 
noninfectious inflammation accom- 
panying tumors, fractures, hemato- 
mas, etc. At present, no radiophar- 
maceutical for imaging infection 
reaches sufficient specificity. From 
a theoretical point of view, the spec- 

ificity of the labeled chemotacfic 
peptides is likely to be greater for 
sterile inflammation since bacterial 
infections are rich in N-formyl-Met- 
Leu-Phe residues and sterile inflam- 
mations are devoid of these resi- 
dues. As a consequence, bacterial 
and non-bacterial inflammation 
should differ in the uptake of intra- 
venously administered labeled che- 
motactic peptide analogs. 

Item 5 relates to safety. One prob- 
lem of an anti-granulocyte IgG~ 
(mouse) monoclonal antibody, 
which has been shown to detect fo- 
cal sites of infection (10,11), is the 
development of human antimouse 
antibodies (HAMA). Furthermore, 
the presence of these antibodies in 
blood can interfere with in vitro 
radioimmunoassays of hormones 
and tumor markers (12). Although 
it is perhaps unlikely that chemotac- 
tic peptides induce immune re- 
sponses, this should be investigated. 

The development of marked neu- 
tropenia after the administration of 
chemotacfic agents, even in minute 
quantifies, is of major concern. A 
transient fall in white blood cell 
(WBC) count to 50% was induced 
in rabbits by intravenous adminis- 
tration of only 0.5 ~g of the che- 
motactic factor N-formyl-Met-Leu- 
Phe (13). Fischman et al. found sig- 
nificantly lower WBC levels at 40 
min postinjection than at baseline, 
5 rain, and 10 min; levels at 20 min 
were significantly lower than at 5 
and 10 min (2). The evidence thus 
far indicates that labeled oligopep- 
tide chemotacfic factors and related 
peptides induce profound metabolic 
changes in neutrophils (13). Meas- 
urements of markers for neutrophil 
activation (e.g., elastase) are indi- 
cated. The step from animal to hu- 
man studies with these peptides will 
probably be difficult to take. It 
seems inevitable that the amounts 
of peptides to be administered must 
be reduced from pharmacologic to 
tracer levels. 

With regard to item 6, it is clear 
that l 'lln is not the ideal radiolabel 
for imaging agents that clear so rap- 

idly from target and background tis- 
sues, The optimal radionuclide for 
labeling chemotactic pepfides 
should be widely available and not 
very expensive. It should have a 
physical half-life of hours rather 
than days, and the radiation burden 
should not be particularly high. 
These requirements imply that pos- 
itron emitters like ~C or 'SF and 
also m231 are out of the scope for 
routine diagnostic work-up and 
therapeutic follow-up. As progress 
in radiochemistry moves very rap- 
idly, it will hopefully become possi- 
ble to label these compounds with 
9OmTc with high-specific activities, 
thereby allowing for a reduction in 
the dose of the biologically active 
ligand to be administered. 

In summary, the synthesis of la- 
beled chemotactic peptides certainly 
offers a new and interesting ap- 
proach for the scintigraphic detec- 
tion of inflammatory processes. It is 
by far too early to place these com- 
pounds in competition or concert 
with well-established radiopharma- 
ceuticals and non-radionuclide 
techniques for the imaging of focal 
sites of infection. The development 
of small peptides for imaging pur- 
poses fits very well in the trend 
toward smaller molecules like 
meta-iodobenzylguanidine and so- 
matostatin (14), offering much 
higher uptake in target organs com- 
pared to large size compounds such 
as proteins. However, the potential 
toxicity of pharmacologic doses of 
chemotactic peptides poses a very 
serious problem. Therefore, with 
these compounds, progression from 
animal to human studies will prob- 
ably not be as easy as with the vir- 
tually non-toxic and well studied 
human polyclonal immunoglobu- 
lins. 

Frans H.M. Corstens 
Jos W.M. van der Meet  

University Hospital Nijmegen 
Nijmegen, The Netherlands 

REFERENCES 

1. Fischman A J, Khaw BA, Strauss HW. 
Quo vadis radioimmune im .aging. J 

Chemotactic Peptides • Corstens and van der Meet 493  



Nucl Med 1989;30:1911-1915. 
2. Fischman A J, Pike MC, Kroon D, et 

al. Imaging focal sites of bacterial in- 
fection in rats with ~Fqn-labeled che- 
motactic peptide analogs. J Nucl Med 
1991;32:483-491. 

3. Fischman A J, Rubin RH, Khaw BA, 
et al. Detection of acute inflammation 
with ~qn-labeled non-specific poly- 
cionai igG. Semin Nucl Med 
! 988; 18:335-344. 

4. Rubin RH, Fischman AJ. Callahan 
RJ, et al. In-l I I-labeled nonspecific 
immunoglobulin scanning in the de- 
tection of focal infection. N Engl J 
Mt'd ! 989;321:935-940. 

5. Oyen WJG, Claessens RAM J, van 
Horn JR, van der Meer JWM, Cor- 
stens FHM. Scintigraphic detection of 
bone and joint intbctions with indium- 
t I l-labeled nonspecific polyclonal hu- 
man immunoglobulin G. J Nltc/ Med 
1990:31:403-412. 

6. Rubin RH, Young LS, Hansen P, el 
al. Specific and nonspecific imaging of 

localized Fisher immunotype 1 pseu- 
domonas aeruginosa infection with ra- 
diolabeled monoclonal antibody. J 
Nucl Med 1988:29:65 t-656. 

7. Oyen WJG, Claessens RAM J, de 
Pauw BE, van der Meer JWM, Cor- 
stens FHM. lndium-I 1 l-labeled hu- 
man polyclonal nonspecific immuno- 
globulin G scintigraphy in febrile neu- 
tropenic patients [Abstract]. J Nucl 
Med 1990;31:819. 

8. Morrel EM, Tompkins RG, Fischman 
A J, et al. Autoradiographic method for 
quantitation of radiolabeled proteins 
in tissues using ind ium-I l l .  J Nucl 
Med 1989;30:1538-1545. 

9. Claessens RAM J, Oyen WJG, van der 
Meer JWM, Corstens FHM. Scinti- 
graphic detection of inflammation loci 
with radiolabeled proteins [Abstact]. J 
Nucl Med 1990:31:810-81 I. 

10. Sakahara H, Reynolds JC, Carasquillo 
JA, et al. In vitro complex formation 
and biodistribution of mouse antitu- 
mor monoclonal antibody in cancer 

patients. J N u d  Med 1989:30:1311- 
1317. 

11. Juweid M, Fischman A J, Rubin RH. 
et al. Comparison of Tc-99m-labeled 
monoclonal antigranulocyte antibody 
and In-l 1 l-labeled nonspecific poly- 
clonal IgG for imaging focal infection 
[Abstract]. J Nucl Med 1990;31:81 I. 

12. Jansen JAMJL, Blankestijn PJ, Doc- 
tor R, et al. Effects of immunoscintig- 
raphy with monoclonal antibodies in 
assays of hormones and tumour  mark- 
ers. Br Med J 1989;298:15I 1-1513. 

13. McAfee JG, Subramanian G, Gagne 
G. Techniques of leucocyte harvesting 
and labeling: problems and perspec- 
tives. Semin Nuct Med 1984;14:83- 
106. 

14. Bakker WH, Krenning EP, Breeman 
WA, et al. Receptor scintigraphy with 
a radioiodinated somatostatin ana- 
logue: radiotabeling, purification, bio- 
logic activity, and in vivo application 
in animals. JNuc lMed  1990:31:1501- 
1509. 

494 The Journal of Nuclear Medicine • Vol. 32 • No. 3 • March 1991 


