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Multivalent Single-Chain Antibodies for
Radioimaging of Tumors

Because of their exquisite specific-
ity for their cognate antigens, mono-
clonal antibodies have long been envi-
sioned as potential clinical reagents for
diagnosis of cancer and other diseases.
Numerous radiolabeled monoclonal
antibodies against tumor-associated
antigens have been evaluated in diag-
nostic clinical trials (1). The outcome
of these trials highlights the limitations
of using IgGs in radioimmunoscintig-
raphy. The major impediments to their
use as reagents for in vivo imaging
include their slow clearance from cir-
culation; their poor diffusion from vas-
culature to the tumor; and, for xenoge-
neic antibodies, their potential to elicit
the immune response in patients. The
advent of genetic engineering made it
possible to design and generate anti-
body fragments that could circumvent
these problems and target tumors more
efficaciously. A single-chain Fv frag-
ment (scFv), consisting of the variable
regions of the immunoglobulin light
and heavy chains tethered together with
a linker peptide, is one such recombinant
reagent. After tumor targeting and bio-
distribution of the radioiodinated scFv
derived from an anti-TAG-72 antibody,
B6.2, were studied in athymic mice car-
rying an LS-174T xenograft (2), scFv’s
derived from an array of antitumor anti-
bodies were evaluated for in vivo tumor
targeting in xenografted mice and in
patients (3). By virtue of being smaller
molecules (approximately 30 kDa)
than intact IgG (approximately 150
kDa), scFv’s showed the advantage of

higher diffusion capacity and rapid
clearance from circulation, resulting in
improved tumor-to-blood ratios, albeit
within a short time after administra-
tion. However, a propensity of scFv’s
for rapid elimination from the blood
pool coupled with their monovalency
limited their uptake by the tumor to
provide the desired quality of the im-
age. Attempts, therefore, have been
made to optimize the size of the tumor-
targeting reagents to minimize rapid,
first-pass clearance from the circula-
tion. More important, constructs were
designed to enhance the functional af-
finity or avidity of the targeting re-
agents for improved imaging. Most of
the approaches to optimizing the size
of the immunoreagents for the desired
pharmacokinetics and maximizing tu-
mor uptake to enhance the sensitivity
of radioimmunoscintigraphy are based
on developing multivalent antibody
fragments. In this issue ofThe Journal
of Nuclear Medicine, Goel et al. (4)
report an evaluation of the in vivo
tumor-targeting and biodistribution
properties of divalent and tetravalent
scFv’s derived from an extensively
studied antitumor antibody, CC49.

Several distinct approaches have
been used to impart multivalency to
the scFv-based immunologic reagents
that have been developed for tumor
targeting. One approach is based on
connecting the variable regions of the
light chain and heavy chain of an an-
tibody through a short peptide linker
aimed toward forcing a noncovalent
association between the complemen-
tary variable domains belonging to 2
different peptide chains. The size of
the linker dictates whether a bivalent
(diabody), trivalent (triabody), or a tet-
ravalent (tetrabody) molecule is gener-
ated (5). An alternative approach is
based on covalently joining 2 scFv

molecules in tandem by way of linker
peptide (6) or disulfide bonds (7). Mul-
timeric scFv’s have also been devel-
oped by fusing scFv molecules to am-
phipathic helices (8), leucine zippers
(9), and the k-constant region (10). An
antibody fragment called minibody has
been developed by the fusion of an
anti-CEA antibody-derived scFv to the
CH3 domain of the human IgG1 (11).
Evaluation of the tumor-targeting and
biodistribution characteristics of dia-
bodies derived from antibodies against
CEA (12), c-erbB-2 (13), and TAG-72
(14) showed significantly higher tumor
uptake in comparison with the levels
attained by their monovalent counter-
parts. High tumor-to-blood ratios dis-
played early after administration made
imaging of the target a possibility. Tu-
mor-bearing mice injected with radio-
labeled minibody derived from an anti-
CEA antibody, T84.66, showed rapid
tumor uptake that reached a level of
33% by 6 h, and xenografts could be
clearly visualized at 4 and 19 h after
administration (11).

Goel et al. (4) have derived a diva-
lent scFv and a tetravalent scFv from
an anti-TAG-72 antibody, CC49, and
have evaluated them as tumor-imaging
reagents. The tetravalent molecule (ap-
proximately 120 kDa), potentially the
more efficient of the 2 targeting re-
agents, was generated by spontaneous
formation into dimers of the 2 divalent
molecules (approximately 60 kDa) that
were assembled by covalent linkage
between 2 scFv monomers. The larger
of the 2 molecules has 4-fold higher
affinity than the divalent molecule.
Earlier, skepticism had been expressed
about the stability of the covalent scFv
dimers (5), and they were unfavorably
compared with diabodies. In an effort
to address the question of stability,
Goel et al. incubated the radiolabeled
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protein in vitro with 1% mouse serum
at 37°C for 24 h. A 30% loss of prod-
uct was reported; 20% was recovered
with the low-molecular-weight pro-
tein, whereas 10% was found with the
high-molecular-weight protein. How-
ever, the serum concentration tested in
the study of Goel et al. is significantly
lower than the physiologic concentra-
tion. Thus, the in vivo stability of the
radioimmunoconjugates remains to be
shown. Nevertheless, when adminis-
tered to xenografted athymic mice,
the radiolabeled multivalent scFv’s
showed an optimum rate of clearance.
Although both scFv’s showed good tu-
mor targeting, the tetravalent molecule
showed 3 times better tumor localiza-
tion. The level of tetravalent molecule
in tumor reached approximately 19
percentage injected dose per gram
(%ID/g) in 6 h. At 16 h, the radiolo-
calization indices (%ID/g of tumor di-
vided by %ID/g of normal tissue) for
blood and spleen were impressive,
whereas the high liver uptake and a
significant association of radioactivity
with the pancreas were not so reassur-
ing.

The choice of radionuclide is critical
for the effective localization of the tu-
mor target. ScFv’s radiolabeled with
123I (15) and 18F (16) have been used
for radioimmunoscintigraphy. Several
investigators have used radiometals to
label antibody fragments.64Cu-labeled
minibodies provided satisfactory im-
ages of LS-174T colon cancer xeno-
grafts (17). 177Lu was the choice for
labeling CC49 scFv (18), whereas
99mTc-labeled scFv derived from anti-
CEA antibody MFE-23 provided opti-
mal images of the xenografted tumors
(19). A comparison of the targeting
efficiency of antibody fragments with
different rates of clearance (diabody
vs. minibody) labeled with radionu-
clides of different half-lives (123I vs.
18F) led to the conclusion that the high-
est quality of tumor radioimaging is
achieved when the half-life of the ra-

dionuclide is compatible with the rate
of clearance of the antibody fragment
to be radiolabeled. On the basis of this
criterion,99mTc (half-life, 6 h) was the
most appropriate choice for labeling
multivalent CC49 scFv’s of relatively
short biologic half-life. Goel et al. (4)
used an indirect method to label
multivalent scFv’s with 99mTc. This
method, based on using a bifunctional
chelating agent with a transchelator,
circumvents the need for additional
steps of genetic engineering to facili-
tate attachment of the radiolabel to the
antibody fragments.

One of the rationales for using
scFv’s as a diagnostic tool is their re-
duced immunogenicity, because they
do not carry an immunoglobulin con-
stant region. However, the variable re-
gion of the xenogeneic antibody has
the potential to elicit an antiidiotypic
antibody response in patients during
multiple imaging. ScFv’s derived from
humanized antibodies would reduce
this risk. Monoclonal antibody CC49
has been humanized, and a minimally
immunogenic variant of the humanized
CC49 has been characterized (20). A
radioimaging agent derived from this
variant may potentially be more useful.
Lastly, one hopes that the preclinical
studies will be corroborated by the
clinical trials.
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