
R ecently nonspecific human IgG
chelate conjugates labeled with

â€˜â€˜â€˜In have been proposed for localiz

ing infection (1). This has been in
response to a need for simplifying the
current â€œIn-WBC scan. The â€œIn
WBC method requires laborious sep
aration, labeling and reinjection of
â€˜â€˜â€˜In-oxine-labeled autologous leuko

cytes. With the increasing incidence
of AIDS, there is now the possibility
of misadministration of HI V-infected
cells with disastrous consequences.
Radiation exposure from a diagnostic
misadministration pales into insignif
icance by comparison. There is also a
small but finite chance of self-infec
tion from a needle stick. These rca
sons, along with simplicity, are all per
suasive arguments for the continued
development of kit preparations
wherever possible. Thus, new ap
proaches amenable to kit formula
tions, such as human polyclonal im
munoglobulin and anti-leukocyte
monoclonal antibodies* labeled with
either 99mTcor â€˜â€˜â€˜Inare very attrac
tive.

Nevertheless, the high sensitivity
and specificity of the â€œIn-labeled
WBC method make it the â€œgoldstand
ardâ€•against which all the new meth
ods must be measured. Teaching cen
ters with cell labeling facilities and
trained personnel that are currently
using the â€˜â€˜â€˜InWBC method will
probably want to continue with this
method until it is at least matched or
surpassed by one of the new tech
niques. Theâ€•â€˜In-or @mTc@labeledhu
man polyclonal immunoglobulin
technique has received much atten
tion from publication of successful
clinical trials showing both simplicity
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and sensitivity (2,3). However, other
radiolabeled proteins have not been
given comparable clinical trials; and

because of logistic difficulties, it has
not been possible to use them as the
appropriate controls in the IgG stud
ies. The necessary lack of controls in
these clinical studies has given more
easy acceptance to the idea that IgO
has some specificity through the Fc
receptor on granulocytes. This hy
pothesis has never been rigorously
demonstrated to be true, and there are
numerous reasons why it is probably
not the mechanism oflocalization (4).
The mechanism of uptake of nonspe
cific proteins remains obscure, but it
is likely that increased capillary
permeability, which is a hallmark of
inflammation causing redness and
swelling, probably plays the major
role.

Methods based on anti-leukocyte
monoclonal antibodies have a greater
appeal because of the potential for
high specificity, equal to â€˜â€˜â€˜In-WBCs,
as well as high sensitivity. The use of
specific monoclonal antibodies there
fore offers a significant advantage over
the â€˜â€˜â€˜In-IgGmethod, which cannot
discriminate inflammatory from
other diseases with increased capillary
permeability. Set against these advan
tages is the lack of FDA approval in
the U.S. for any commercial anti-leu
kocyte monoclonals compared to the
ready availability of IgG already ap
proved for human use.

To put the various nonspecific
methods mentioned above in perspec
tive, it is instructive to review a care
fully controlled animal study carried
out by McAfee et al. (4). This work
focused on the degree to which a va
riety of nonspecific radioactive agents
mimicked the biodistribution of' â€œIn
labeled mixed autologous leukocytes.
These workers used the same animal
model (dogs with acute soft-tissue E.
coli abscesses and an acute arthritic
lesion) to evaluate eight agents: 67Ga

citrate, human and canine polyclonal
IgO, rabbit anti-dog polyclonal IgO,
serum albumin, monoclonal antibody
TNT-l F(ab')2 against nuclear anti
gens, 57Co-porphyrin and serum al
bumin nanocolloid. Pure leukocytes
were harvested from joint effusion,
thus enabling the stability and associ
ation of the label with leukocytes to
be measured in vivo. The advantage
of â€˜â€˜â€˜In-WBCswas striking: none of
the other agents achieved abscess con
centrations even approaching those
obtained with labeled leukocytes,
which concentrated almost 10-fold
higher. The target-to-background ra
tios were also much lower with the
nonspecific agents. Nevertheless, the
search for agents capable of direct in
travenous injection, preferably la
beled with 99mTc,is very important
until one is found with comparable
lesion concentration and contrast.

Rusckowski et al. (5,6), reasoning
that the protein streptavidin will dif
fuse through leaky capifianes in a sim
ilar fashion to IgG, have proposed its
use for localization of inflammation.
Avidin and biotin form an extremely
strong noncovalent complex (Ka
l0'@) (7). Due to this high affinity,
only small amounts of avidin are re
quired to bind biotin-linked radio
pharmaceuticals in vivo. Rapid in
vivo clearance and biodistribution of
the radiolabeled biotin derivatives is
crucial in producing a high target-to
background ratio in 3 hr or less fol
lowing intravenous injection.

In this issue Rusckowski et al (5)
show encouraging results in their
mouse model with E. coli infection in
one thigh. Six hour uptake of â€œIn
IgG, â€˜â€˜â€˜In-streptavidin and 6 hr pre
targeted streptavidin (sampled 3 hr
post-' â€˜â€˜Inbiotin) had equivalent up
take with target-to-blood ratios three
fold higher for pretargeted streptavi
din. This finding is in accordance with
the view that all proteins will have
approximately the same uptake in in
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flammatory lesions via the common
mechanism of leaky capillaries. It is
in this situation of equivalent target
uptake that the low background oh
tamable with pretargeting is a great
advantage, as shown in this study. The
much lower affinity ofEB, (KA= 108),
in the antibody-hapten range, de
creased the target concentration, but
increased the target-to-background ra
tios, since normal tissue concentra
tion also decreased. More recently, in
collaboration with Paganelli and col
leagues at San Raffaele Hospital in
Milan, Italy, they have successfully
extended the method to humans (6).

Increasing interest in pretargeting
technology was shown at the recent
39th Annual Meeting of the Society
of Nuclear Medicine, where 11 ab
stractswerepresentedconcerningvar
ious aspects of the application of bio
tin and avidin. We reported the 24 hr
whole-body retention and 3-hr organ
distribution of six biotin-chelate con
jugates in tumored mice, with and
without avidin (8). Biotin-chelate de
rivatives formed stable, high specific
activity complexes (1000 Ci/mM)
with â€˜â€˜â€˜Inand 88Y.Endogenous biotin
did not block in vivo biotin-chelate
binding. None of the conjugates of
benzyl-EDTA, DTPA or DOTA con
centrated selectively in any organ
(other than kidney and liverâ€”thema
jor routes of excretion) or in mouse
tumor or human tumor xenografts.
Avidin and de-glycosylated avidin
cleared rapidly from the circulation
into the liver where it was not avail
able for targeting biotin. Streptavidin
circulated much longer, with 30%
clearing into the kidney where it was
available for targeting @@.â€˜15%of in
jected biotin activity, making it the
highest background organ. We
showed pretargeting ofa streptavidin
anti IA'@(B-lymphocyte determinant)
monoclonal conjugate in antigen-pos
itive C3H (spleen = 65%/g) versus
antigen-negative balb/c (spleen =
19%/g) mice.

At the same meeting, the prepara
tion and characterization of N3S bio
tin conjugates for tumor targeting of
86Re(or 99mTc)and its therapeutic use

in tumored mice was reported. Over
all delivery of rhenium to the tumor
on a picomole-per-gram basis was
greater than. that of the preformed
chelate 86Re-labeled antibody for
matched antibody doses (9,10).

The avidin-biotin system promises
to be useful for constructing bispecific
monoclonal antibodies having both
target-specific sites and radiolabel
binding sites for use in either leuko
cyte-specific or tumor-specific pretax
geted immunoscintigraphy (7,8,11).
A diagram of the proposed pharma
cokinetics is shown in Figure 1. This
schema includes a chase step of poly
biotinylated protein capable of cross
linking and thus removing circulating
avidin conjugates into the liver just
prior to injecting labeled biotin. We

have found that this greatly reduces
the blood and liver background.

Paganelli et al. have recently re
ported results from 20 patients in
whom pretargeted immunoscintigra
phy was performed with biotinylated
monoclonal antibody followed by av
idin and imaged with â€˜â€˜â€˜In-bis-bioti
nyl DTPA chelate (12). The images
showed increased tumor contrast with
low background especially in the liver
(2%). Tumors and metastases (includ
ing liver) were seen at 3 hr in all
patients. The excellent quality of the
scans and high tumor-to-blood (5.5/
1) and tumor-to-liver (6.7/1) ratios
were compelling evidence that pretar
geting will be a significant improve
ment over conventional immunoscin
tigraphy.
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FIGURE 1. Schemeforpretargetedimmunoscintigraphy.The
dashed columns represent the capillary walls, with the major
excretoryorgans, the liverand kidney,on the leftand the tumor
(or abscess) target surrounded by extracellular fluid(ECF)on the
right. Inthis case an avidinated Mab is injected and slowly diffuses
to the target. The chase is biotinylated human transferrin, shown
cross-linking the avidin. Radiolabeled biotinylated chelate diffuses
rapidly throughout the ECF and binds to the avidin in the target.
(Reprinted with permission from: Goodwin DA. Strategies for
antibody targeting. Antibod lmmunoconjRadiopharm 1991;4:
427â€”434)
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The widening interest in pretarget
ing technology following favorable re
ports such as those outlined here
makes it likely that avidin-biotin will
find broad application in this area of
radiopharmaceutical development.

D.A. Goodwin
Veterans Administration
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Stanford University School of Medicine
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I
ITEMS 1â€”6:Effectof Drugson GastrIcEmptyIng
ANSWERS:1,T;2,T;3,T;4,T;5,F;6,F
Many drugs have been shown to slow gastric emptying, and their ef
fects must be considered in reporting the resultsof gastric emptying
studies.Thenicotineassociatedwithcigarettesmokinghasbeenshown
to slow gastric emptying. In addition, calcium channel blockers have
been shownto decreasethe amplitudeand durationof contractionsof
smooth muscle throughout the gastrointestinaltract. Calcium channel
blockerseither decreasethe number of calcium channels (nifedipine,
verapamil,diltiazem)and/or decrease the rate of calcium transport in
the remaining channels (verapamil, diltiazem). Adrenergic agonists,
especially beta agonists(such as isoproterenol),all tend to delay gas
tric emptying. Dopamine is a neural transmitter,which appears to be
involved primarily in gastric relaxation. Dopamine agonists, such as
Ievodopa, will slow gastric emptying. The D2-receptor antagonist
metoclopramidestimulatesgastriccontractionsand, thus, increasesthe
rateof gastricemptying. It isalsofelt to havea centralantiemeticeffect.
Domperidone is another dopaminergic antagonist, which also ac
celeratesgastricemptying and has been shownto increasegastrican
tral contractions.
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ITEMS 7â€”10:Barrett'sEsophagus
ANSWERS:7, F; 8, F; 9, F; 10,F
Much has been writtenabout the clinical presentationand assessment
of patients with Barrett's esophagus. Although Barrett's esophagus
causes no symptoms per so, the clinical presentation is related to

gastroesophagealrefluxand coversthe spectrumof regurgitation,heart
burn,chestand abdominalpain,and dysphagia.Ithasbeensuggested
that patientswith Barrett'sesophagus havelessseveresymptomsthan
do those with reflux esophagitis without Barrett's epithelium. The five
majorcomplicationsof Barrett'sesophagusinclude:esophagitis,ulcera
tion,stricturebleeding,andadenocarcinoma(notsquamouscellcancer).
Thefrequencyofadenocarcinomaofthe esophagusin patientswithBar
rett's esophagus is approximately 10%. The risk of esophageal cancer
with Barrett'sesophagus is approximately30 to 40 times greater than
that inthe generalpopulation.Oncethe diagnosisofBarrett'sesophagus
has been made on biopsy, periodic endoscopy with biopsy is recom
mended to monitor for malignanttransformation.The radiographicap
pearance of Barrett's esophagus is not specific and includes
gastroesophagealreflux,hiatalhernia,esophagealstricture,ulceration,
irregular mucosal folds, granulating reticularmucosal pattern, and in
tramuralpseudodiverticulosis.Thefindings of a benign-appearingstric
ture in the proximalesophagusor a deep esophagealulcerationshould
suggest the diagnosis and prompt endoscopic evaluation.

The scintigraphic assessmentof Barrett'sesophagus has not been
widely exploredor utilized.The accumulationof @9mTcpertechnetatein
the lovioresophagusafterintra@nousinjectionofthis tracerisconsidered
a positiveexaminationand is relatedto mucous-secretingcells of Bar
rett's mucosa. The swallowing of free 99@Tcin saliva and reflux of gastric
activitycan cause significantproblems in scan interpretation,however.

Scintigraphycan identify possibleareasof Barrett'sesophagus, but
plays no role in assessment for possible malignancy. Currently, scm
tigraphy plays no definitive role inthe evaluation of patients with suspected
Barrett'sesophagus.A large prospectivestudy with adequatecontrols
will be necessaryto define if any future role for scintigraphy exists.
Rfornces
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ITEMS 11â€”15:PerltoneovenousShuntImaging
ANSWERS:11,F; 12, F; 13,T; 14,T; 15,T
Scintigraphictechniquesforassessingpatencyofperitoneovenousshunts
utilizetracers injected into the peritonealcavity and/or directly into the
efferentlimbofthe shunt.Theseimaging techniquesmonitorthe transit
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