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Radioimmunopharmaceutical agents enabling rapid high-reso-
lution imaging, high tumor-to-background ratios, and minimal
immunogenicity are being sought for cancer diagnosis and im-
aging. Genetic engineering techniques have allowed the design
of single-chain Fv’s (scFv’s) of monoclonal antibodies (mAbs)
recognizing tumor-associated antigens. These scFv’s show
good tumor targeting and biodistribution properties in vivo,
indicating their potential as imaging agents when labeled with a
suitable radionuclide. Methods: Divalent (sc(Fv)2) and tetrava-
lent ([sc(Fv)2]2) scFv’s of mAb CC49 were evaluated for radio-
immunolocalization of LS-174T colon carcinoma xenografts in
athymic mice. scFv’s were radiolabeled with 99mTc by way of the
bifunctional chelator succinimidyl-6-hydrazinonicotinate hydro-
chloride using tricine as the transchelator. The immunoreactivity
and in vitro stability of the scFv’s were analyzed after radiola-
beling. Biodistribution and pharmacokinetic studies were per-
formed to determine the tumor-targeting potential of the radio-
labeled scFv’s. Whole-mouse autoradiography illustrated the
possible application of these 99mTc-labeled multivalent scFv’s
for imaging. Results: The radiolabeling procedure gave $95%
radiometal incorporation, with a specific activity of .74
MBq/mg scFv. In solid-phase radioimmunoassay, both sc(Fv)2
and [sc(Fv)2]2 exhibited 75%–85% immunoreactivity, with non-
specific binding between 0.8% and 1.2%. Size-exclusion high-
performance liquid chromatography showed sc(Fv)2 as a 60-
kDa protein and [sc(Fv)2]2 as a 120-kDa protein. Blood clearance
studies showed the elimination half-life of 99mTc-labeled sc(Fv)2
as 144 min and that of [sc(Fv)2]2 as 307 min. Whole-body clear-
ance studies confirmed the rapid elimination of scFv’s, with
half-lives of 184 6 19 min for sc(Fv)2 and 265 6 39 min for
[sc(Fv)2]2 (P , 0.001). At 6 h after administration, the tumor
localization was 7.2 6 0.7 percentage injected dose per gram of
tumor (%ID/g) for 99mTc-sc(Fv)2. 99mTc-[sc(Fv)2]2 showed a tumor
uptake of 19.1 6 1.1 %ID/g at the same time; the amount of
radioactivity in the tumors was 4-fold higher than in the spleen

and kidneys and 2-fold higher than in the liver. Macroautora-
diography performed at 6 and 16 h after administration clearly
detected the tumor with both scFv’s. Conclusion: 99mTc-
labeled multivalent scFv’s show good tumor-targeting charac-
teristics and high radiolocalization indices (tumor-to-back-
ground ratio). These reagents, therefore, have the potential for
use in clinical imaging studies of cancer in the field of nuclear
medicine.
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Radioimmunoscintigraphy (RIS) combines the advan-
tage of antibody specificity and the emission properties of
the selected radionuclide for effective localization (1). Im-
aging with radiolabeled IgGs typically occurs at 3–10 d
after administration, because IgGs, being large glycopro-
teins (approximately 150 kDa), persist in the blood for an
extended time, resulting in a high systemic background
radioactivity in patients (2). IgGs also show poor diffusion
from the vasculature into the tumor (3). Furthermore, ad-
ministration of whole xenogenic antibody to patients can
elicit an immune reaction known as the human antimouse
antibody response, precluding multiple RIS studies in indi-
vidual patients (4).

The 2 main characteristics dictating the targeting poten-
tial of an antibody-based reagent are the size relative to the
renal threshold for first-pass elimination and the functional
avidity of the molecule. Antibody fragments F(ab9)2, when
radiolabeled with99mTc or 123I, produce better images be-
cause of their more rapid clearance from nontarget tissues
and also appear to be less immunogenic to the host recipient
(5). However, production of stable and clinical-grade puri-
fied antibody fragments such as F(ab9)2 and Fab9 remains
tedious. 99mTc-labeled Fab9 fragments such as IMMU-4
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Fab9 (CEA-Scan; Immunomedics, Inc., Morris Plains, NJ)
(6) and LL2 Fab9 (7) have improved the RIS results in
patients, with imaging typically occurring 4–5 h after in-
jection. The radiolabeled Fab9, being monovalent, shows
lower absolute tumor uptake than does whole IgG and can
result in kidney radiotoxicity (5,8,9).

Genetic engineering methods have been used to construct
single-chain Fv’s (scFv’s) containing the variable regions of
the light chain (VL) and heavy chain (VH) connected by a
flexible linker (10,11). This antibody moiety (approximately
30 kDa) retains full antigen-binding capacity, clears rapidly
from the whole body and from blood (11,12), and better
penetrates the tumor (13). ScFv’s have had high radiolocal-
ization indices (tumor–to–normal-tissue ratio) with minimal
retention in the normal tissue (9), making them suitable for
diagnostic applications (14). Moreover, when compared
with intact mAb’s, scFv’s may be less immunogenic be-
cause they lack the Fc portion of murine antibodies, the site
of antigenic determinants for human antimouse antibody
(15). ScFv’s therefore hold the advantage of allowing mul-
tiple imaging.

We have engineered scFv’s of the mAb CC49, which
selectively recognizes a unique sialyl-Tn epitope of tumor-
associated glycoprotein–72 expressed on a variety of human
adenocarcinomas (16). The divalent sc(Fv)2 was constructed
by joining VL and VH, in tandem, using the 205C linker
(17). Sc(Fv)2 spontaneously dimerized to form tetravalent
[sc(Fv)2]2 (18). Multivalent scFv’s, when radiolabeled with
125I or 131I, showed improved biodistribution and pharma-
cokinetics over monovalent CC49 scFv and over the proto-
type IgG antibody and its enzymatic fragments (9,17,18).

In this study, the biodistribution and radioimmunolocal-
ization characteristics of99mTc-sc(Fv)2 and 9mTc-[sc(Fv)2]2

were analyzed in athymic mice bearing LS-174T human
colon carcinoma xenografts. The results indicate that mul-
tivalent scFv’s, when radiolabeled with99mTc, can enable
the rapid acquisition of tumor images because of optimum
biologic half-life and functional affinity.

MATERIALS AND METHODS

Purification and Characterization of Multivalent CC49
scFv’s in Pichia pastoris

The divalent scFv construct sc(Fv)2 (VL-linker-VH-linker-VL-
linker-VH-His6) was derived from murine mAb CC49, cloned in
the yeast expression vector pPICZaA (Invitrogen, Carlsbad, CA),
and transformed into competentP. pastoris KM71 cells
(his4arg4aox1D::ARG4) (17). On expression, sc(Fv)2 associated
spontaneously to form noncovalent tetrameric [sc(Fv)2]2 (18). The
scFv’s were purified by immobilized metal affinity chromatogra-
phy using the chelating resin Ni11-nitrilotriacetic acid Superflow
(Qiagen Inc., Valencia, CA). sc(Fv)2 and [sc(Fv)2]2 were separated
using a Superdex 200 column (1.63 60 cm; Pharmacia, Piscat-
away, NJ) (17,18). The protein concentration was determined by
the method of Lowry et al. (19).

Sodium dodecylsulfate–polyacrylamide gel electrophoresis
(SDS-PAGE) of scFv’s was performed according to the method of
Laemmli (20) under reducing and nonreducing conditions. The

gels were stained with Coomassie blue R-250 (Bio-Rad Labora-
tories Inc., Hercules, CA). High-performance liquid chromatogra-
phy (HPLC) analysis was performed on TSK G2000SW and TSK
G3000SW (Toso Haas, Tokyo, Japan) columns connected in series
with 67 mmol/L sodium phosphate buffer, pH 6.8, with 100
mmol/L KCl as the mobile phase. The columns were calibrated
with a gel filtration calibration kit (Bio-Rad) using thyroglobulin
(670 kDa),g-globulin (158 kDa), ovalbumin (44 kDa), myoglobin
(17 kDa), and vitamin B-12 (1.35 kDa). The elution was monitored
by an in-line ultraviolet detector at 280 nm.

Determination of Immunoreactivity and Affinity
Constants of scFv’s

The immunoreactivity of unlabeled scFv’s was analyzed by a
solid-phase competition enzyme-linked immunosorbent assay
(ELISA), using either bovine submaxillary gland mucin (BSM;
Sigma, St. Louis, MO) as the representative for tumor-associated
glycoprotein–72 antigen or bovine serum albumin (BSA) as the
negative control (9). Briefly, a 5-mL portion of the test samples, in
3-fold serial dilutions, was incubated with 6 ng per well of bio-
tinylated CC49 IgG. The binding was detected with alkaline phos-
phate–conjugated streptavidin (Jackson ImmunoResearch Labora-
tories, Inc., West Grove, PA) andp-nitrophenyl phosphate
substrate. The binding affinities of sc(Fv)2 and [sc(Fv)2]2 to BSM
were determined by surface plasmon resonance measurements
using an upgraded version of BIAcore 1000 (Pharmacia Biosensor,
Uppsala, Sweden) as described previously (17,18).

Radiolabeling
Tricine and stannous chloride dihydrate were obtained from

Aldrich (Milwaukee, WI). The hydrazinonicotinamide chelator
was prepared asN-hydroxysuccinimide ester of the chelator (suc-
cinimidyl-6-hydrazinonicotinate hydrochloride [SHNH]) (21). The
99mTc-pertechnetate was obtained from a99Mo–99mTc radionuclide
generator (Syncor Corp., Omaha, NE). The radiolabeling was
accomplished using the standard operating protocol. Briefly, the
hydrazino-modification of scFv’s was achieved by reacting scFv
with SHNH at a molar ratio of 10:1 in 100 mmol/L sodium
phosphate buffer, pH 7.8, in the dark at 4°C overnight. The
unreacted SHNH was removed using a Sephadex G-10 column
(Pharmacia) with an elution consisting of 100 mmol/L saline, pH
5.2, buffered with 20 mmol/L sodium citrate. The substitution ratio
was calculated as follows: number of SHNH groups/molecule of
scFv5 percentage of protein-bound99mTc 3 10/100. For radio-
labeling, 37 MBq 99mTc-labeled sodium pertechnetate, 100mg
tricine (at a concentration of 20 mg/mL), and 25mg stannous
chloride (prepared fresh at 5 mg/mL in water) were added and
allowed to react for 15 min at room temperature. Four hundred
micrograms of SHNH-derivatized scFv’s were added, and the
reaction was incubated at room temperature for 45 min. The
radiolabeled scFv’s were separated from free pertechnetate using a
Sephadex G-25 column (Pharmacia). The percentage of99mTc
bound to the protein was determined by instant thin-layer chroma-
tography using 150 mmol/L sodium acetate, pH 5.8, or 1:4 meth-
anol:water (v/v) as the solvent.

Characterization of Radiolabeled scFv’s
Radiolabeled proteins were analyzed by SDS-PAGE, and the

radioactivity associated with the protein bands was measured using
the ImageQuant software of a PhosphorImager system (Molecular
Dynamics, Sunnyvale, CA). For determining the integrity of
scFv’s after radiolabeling, analytic size-exclusion HPLC was per-
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formed. Fractions (1 mL) of the radiolabeled protein were col-
lected, and the radioactivity was determined in a Minaxi Auto-
Gamma 5000g-counter (Packard Instrument Co., Meriden, CT).
Radioimmunoassay was used for assessing the immunoreactivity
of the radiolabeled CC49 scFv forms in which BSM or BSA was
attached to a solid-phase matrix (Reacti-Gel HW-65F; Pierce
Chemical Co., Rockford, IL) (9).

In Vitro Stability Studies
For assessing the in vitro stability of the radiolabeled scFv’s,

99mTc-sc(Fv)2 or 99mTc-[sc(Fv)2]2 was incubated at a concentration
of 0.05 mg/mL at 37°C in 1% BSA or 1% mouse serum for 24 h.
Samples were removed periodically for HPLC analysis, and the
percentage of radioactivity associated with the protein peaks was
calculated.

Biodistribution Studies
For in vivo studies, the human colon carcinoma LS-174T cell

line (4 3 106 cells; American Type Culture Collection, Manassas,
VA) was implanted subcutaneously in female athymic mice (nu/
nu, 4–6 wk old; Charles River Laboratories, Wilmington, MA).
The mice were used after 6–8 d, when the tumor volume reached
approximately 250–300 mm3. Biodistribution studies were per-
formed after injection of 0.37 MBq99mTc-sc(Fv)2 or 99mTc-
[sc(Fv)2]2 through the tail vein. At specified times after adminis-
tration, mice (3 per group) were euthanized and major organs were
excised, weighed, and counted in the Minaxig-counter. The per-
centage of the injected dose per gram of tissue (%ID/g) was
calculated, and the radiolocalization indices (ratio of %ID/g in
tumor to %ID/g in normal tissue) were determined.

For the whole-body retention studies, mice bearing the LS-174T
xenografts (3 mice per group) received an injection of 0.37 MBq
99mTc-labeled scFv’s through the tail vein. The whole-body radio-
activity was determined at various times after injection in a cus-
tom-built NaI crystal (9,17,18). The data were fitted into a mono-
exponential equation with a bolus injection as an experimental
model. The clearance rates were compared for differences between
means using a 2-tailed Studentt test. The blood clearance property
of radiolabeled scFv’s was studied by injecting 0.74 MBq99mTc-
sc(Fv)2 or 99mTc-[sc(Fv)2]2 into tumor-bearing mice. Blood sam-
ples (5mL) were obtained through the tail vein at various times
after administration and were counted for radioactivity. The data
were fitted into a biexponential equation, and the half-lives were
calculated using a numeric module of the SAAM II computer
program (SAAM Institute, Inc., Seattle, WA) for kinetic analysis.

Macroautoradiography
For radioimmunolocalization studies, tumor-bearing mice re-

ceived a 3.7-MBq intravenous injection of99mTc-labeled sc(Fv)2 or
[sc(Fv)2]2. At 6 and 16 h after administration, the mice (3 per
group) were euthanized. The major visceral organs were excised
en bloc along with the tumor, and the animal was reconstructed.
The organ block was frozen by immersion in a bath of dry ice and
acetone (270°C). Whole-body cryosections (50mm) were cut at
220°C sagittally using a cryomicrotome (Microm, Heidelberg,
Germany). The cryosections were transferred to Superfrost Plus
slides (Fisherbrand, Pittsburgh, PA), and the radioactivity was
detected using ImageQuant. The radioactivity was quantified by
averaging 3 selected areas of equal volume per organ or tumor and
calculating the pixels (densitometric scores) above the background
using ImageQuant. Alternate sections (10mm) were stained with
hematoxylin–eosin and viewed under the light microscope.

RESULTS

In Vitro Characterization of Multivalent CC49 scFv’s
Figure 1 is a schematic representation of various scFv’s

that we have developed. The divalent sc(Fv)2 was con-
structed using the 205C linker in aP. pastorisexpression
system and purified from the secreted medium using immo-
bilized metal affinity chromatography (17). On expression,
20%–30% of sc(Fv)2 (approximately 60 kDa) formed tet-
ramers ([sc(Fv)2]2; approximately 120 kDa) or higher ag-
gregates (.200 kDa) by noncovalent interactions (18).
SDS-PAGE of scFv’s showed the preparations to be.95%
pure. Both sc(Fv)2 and [sc(Fv)2]2 migrated as a single band
of approximately 60 kDa under reducing and nonreducing
conditions. Size-exclusion HPLC showed that the molecular
weights of sc(Fv)2 and [sc(Fv)2]2 were 60 kDa and 120 kDa,
respectively. Competitive ELISA confirmed the immunore-
activity of both the proteins. The binding parameters de-
rived from a real-time kinetic study using a BIAcore instru-
ment were association rate (kon) 5 2.2 3 104 M21s21,
dissociation rate (koff) 5 8.0 3 1024s21, and association
constant (KA) 5 2.8 3 107 M21 for sc(Fv)2, as reported
earlier (17). [sc(Fv)2]2 showed kon 5 9.1 3 104 M21s21,
koff 5 8.9 3 1024s21, and KA 5 1.0 3 108 M21 (18).

The hydrazino-modified scFv’s used in the studies
showed approximately 2.3 SHNH groups per sc(Fv)2 and
approximately 2.8 SHNH groups per [sc(Fv)2]2. Both
sc(Fv)2 and [sc(Fv)2]2, when radiolabeled with99mTc,
showed a specific activity of 74–111 MBq/mg scFv, with
.95% of99mTc bound to the scFv’s. After radiolabeling, the
scFv’s were evaluated for any changes in stability and
immunoreactivity. On SDS-PAGE under nonreducing and
reducing conditions, approximately.90% of the total ra-
dioactivity was found to be associated with the protein band
of 58 kDa for both sc(Fv)2 (Fig. 2, lanes 1 and 3) and
[sc(Fv)2]2 (Fig. 2, lanes 2 and 4). HPLC analysis also
showed$95% of the radiometal as99mTc-sc(Fv)2 (60 kDa)
and 99mTc-[sc(Fv)2]2 (120 kDa) (Fig. 3). The immunoreac-
tivity of 99mTc-labeled scFv’s by solid-phase radioimmuno-
assay was 85%–95%, with a nonspecific binding between
0.8% and 1.5%.

Stability of 99mTc-Labeled CC49 scFv’s
By HPLC studies, a,20% loss of radiolabel for both

99mTc-sc(Fv)2 and 99mTc-[sc(Fv)2]2 was detected at 24 h in
vitro when incubated at 37°C with 1% BSA (Table 1).
However, on incubation of the radiolabeled multivalent
scFv’s for 24 h in the presence of 1% mouse serum, ap-
proximately 20% and 10% of the99mTc were found associ-
ated with low-molecular-weight (,50 kDa) proteins and
high-molecular-weight (.130 kDa) proteins, respectively.
The observation suggested the possibility of aggregation of
the radiolabel with serum proteins (Table 1). For [sc(Fv)2]2,
approximately 10% radioactivity was found as 60 kDa at
24 h in mouse serum, probably because of the dissociation
of tetramers to dimers.
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Pharmacokinetics and Biodistribution Studies
The in vivo tumor-targeting properties of99mTc-labeled

scFv’s were evaluated through pharmacokinetic and biodis-
tribution studies on athymic mice bearing LS-174T colon
carcinoma xenografts. As shown in Figure 4, the elimina-
tion half-lives for 99mTc-sc(Fv)2 and 99mTc-[sc(Fv)2]2 were
144 min and 307 min, respectively. Similar trends were
observed for the whole-body clearance studies, with half-
lives of 1846 19 min for sc(Fv)2 and 2656 39 min for
[sc(Fv)2]2 (P , 0.001). Biodistribution studies are summa-
rized in Table 2.99mTc-conjugated scFv’s exhibited good
tumor targeting: sc(Fv)2 showed 7.26 0.7 %ID/g and 2.36
0.1 %ID/g at 6 h and 16 h, respectively, after administration,
whereas [sc(Fv)2]2 exhibited 19.16 1.1 %ID/g and 7.66
0.2 %ID/g at the respective time points (Table 2). The blood
level of 99mTc-[sc(Fv)2]2 was approximately 2-fold higher
than that of99mTc-sc(Fv)2 at all time points (Table 2). An
elevated uptake, besides being detected in tumors, was
detected in the kidneys, liver, and spleen with both of the
radiolabeled scFv’s (Table 2). At 6 h after administration,
the kidneys showed a 3-fold higher retention of sc(Fv)2

(18.8 6 0.1 %ID/g) than of [sc(Fv)2]2 (5.6 6 0.2 %ID/g)
(Table 2). The uptake of radiometal in the liver and spleen
was found to be similar for sc(Fv)2 and [sc(Fv)2]2 at 6 h after
administration, with values of 10.46 0.7 %ID/g and 11.76
0.7 %ID/g, respectively, for the liver and 8.06 0.9 %ID/g
and 5.56 0.2 %ID/g, respectively, for the spleen (Table 2).

To assess the diagnostic potential of99mTc-labeled
scFv’s, we determined the radiolocalization index (%ID/g
of tumor divided by %ID/g of normal tissue). At 16 h after
administration, the radiolocalization indices for well-per-
fused organs such as the liver and the spleen were 1.4 and
1.5, respectively, for sc(Fv)2 and 2.5 and 5.6, respectively,
for [sc(Fv)2]2 (Table 3). At 16 h after administration, the
tumor-to-blood ratios were 4.6:1 for99mTc-sc(Fv)2 and
12.7:1 for 99mTc-[sc(Fv)2]2. The tissue-to-blood ratios for
liver, kidneys, and spleen were 3:1, 7:1, and 3:1, respec-
tively, for 99mTc-sc(Fv)2 and 4:1, 3:1, and 2:1, respectively,
for 99mTc-[sc(Fv)2]2. 99mTc-[sc(Fv)2]2 therefore showed ap-
proximately 3-fold higher tumor localization than did99mTc-
sc(Fv)2 at 16 h after administration.

Macroautoradiography
To determine the possibility of using the radiolabeled

scFv’s for immunolocalization studies, we obtained autora-
diographic images from sagittal sections of the tumor-bear-
ing mice that were euthanized 6 or 16 h after administration
of 99mTc-sc(Fv)2 (Figs. 5A and 5B) or 99mTc-[sc(Fv)2]2

(Figs. 5C and 5D). The autoradiographs confirmed a high
degree of tumor localization and negligible retention in the
blood and normal organs, the exceptions being the liver and
pancreas. On quantitation (pixels above background) of
radioactivity in sagittal sections of tumor-bearing athymic
mice that received99mTc-sc(Fv)2, approximately a 2-fold

FIGURE 1. Schematic representation of IgG
and various scFv’s developed for improved ra-
dioimmunodetection of colon carcinoma.
Monovalent scFv consists of VL and VH domains
of mAb CC49 joined by 205C linker (40). Two
monovalent scFv’s were connected in tandem,
at nucleotide level, to obtain divalent sc(Fv)2
(17 ). Tetravalent [sc(Fv)2]2 was formed by non-
covalent association of sc(Fv)2 (18). CL 5 con-
stant region domain for light chain; L 5 linker.
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increase in tumor was observed over liver and pancreas at
both 6 h and 16 h after administration. For99mTc-[sc(Fv)2]2,
approximately 2- and 5-fold increases were observed in the
radioactivity measured per pixel at 6 h and 16 h, respec-
tively. The tumor remained positive at 16 h after injection,
with decreased background activity for both scFv’s (Figs.
5B and 5D). The autoradiographic images were consistent
with the tissue distribution data shown in Table 2.

DISCUSSION

scFv’s are entering clinical trials for cancer diagnosis
because they offer the advantage of high diffusion capacity;

FIGURE 2. SDS-PAGE analysis of 99mTc-labeled divalent and
tetravalent CC49 scFv’s under nonreducing and reducing con-
ditions. Sc(Fv)2 5 lanes 1 and 3; [sc(Fv)2]2 5 lanes 2 and 4.

FIGURE 3. HPLC size-exclusion profiles of 99mTc-labeled di-
valent and tetravalent CC49 scFv’s. Samples were analyzed
using tandem of TSK G2000SW and TSK G3000W size-exclu-
sion columns. Radiolabeled sc(Fv)2 (E) and [sc(Fv)2]2 (■) eluted
as single peaks, with .95% radioactivity associated with pro-
tein peaks.

FIGURE 4. Pharmacokinetics of blood-pool clearance of
99mTc-sc(Fv)2 (E) and 99mTc-[sc(Fv)2]2 (■) in athymic mice bearing
LS-174T colon carcinoma xenografts. Average of 3 mice per
group is presented. Values are not corrected for decay of ra-
dionuclide.

TABLE 1
The In Vitro Stability of 99mTc-Labeled Divalent

and Tetravalent CC49 scFv’s

%
radioactivity

in . . .

In vitro incubation at 37°C for 24 h

sc(Fv)2 [sc(Fv)2]2

1% BSA
1% mouse

serum 1% BSA
1% mouse

serum

.130 kDa 2.5 8.9 3.2 6.4
[sc(Fv)2]2 — — 81.6 65.2
sc(Fv)2 85.6 74.5 2.5 10.2
,50 kDa 11.9 16.6 12.7 18.2

Radiolabeled scFv’s (0.05 mg/mL) were incubated in either 1%
BSA or 1% mouse serum and analyzed on HPLC column. Percent-
age of radioactivity associated with various peaks was calculated.
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fast elimination from the blood pool, leading to high-con-
trast imaging; and reduced immunogenicity (22,23). In a
clinical study by Larson et al. (24), 123I-labeled CC49 scFv
detected primary and metastatic liver lesions of colorectal
carcinoma; however, the images were suboptimal because
of the low uptake of scFv by tumors. With phage technol-
ogy, high-affinity scFv’s have been generated to improve
the tumor localization of scFv’s (25,26). Divalent scFv’s
have been evaluated for improved tumor localization be-
cause of increased avidity and longer biologic half-life.
Using 123I-labeled anticarcinoembryonic antigen diabodies,
Wu et al. (27) imaged 0.12- to 0.48-g tumors at 6 h after
administration and showed, on the basis of the imaging

figure of merit, that diabodies are a better choice for radio-
imaging than are monomers. Micro-PET imaging of LS-
174T human colon carcinoma xenografts with64Cu-labeled
80-kDa dimers (minibody, scFv-CH3) has been performed at
5 h after injection, with improved image qualities at 12–24
h after injection (28).

To our knowledge, ours is the first study in which diva-
lent and tetravalent scFv’s have been evaluated for radio-
immunodetection of human colon carcinoma xenografts af-
ter radiolabeling with99mTc. For imaging using antibody
fragments such as Fab9 and scFv,99mTc (half-life, 6 h; 140
keV, 90%) appears to be the radioisotope of choice because
its physical half-life is comparable with the biologic half-
life of these carrier proteins. Radiolabeling of scFv with
99mTc involves chemical modification, genetic incorporation
of Gly4Cys peptide or His-tag as the99mTc-chelation site, or
insertion of a C-terminal cysteine. In this study, a bifunc-
tional chelating agent (i.e., the SHNH ligand) was used in
which the 6-hydrazinonicotinate forms the radiometal bind-
ing part and N-hydroxysuccinimide active ester forms
amide linkages with thee-amino groups of lysine residues.
A comparison of antibody radiolabeling with99mTc using
the direct method and chelators such asS-benzoylmercap-
toacetyltriglycine, TechneScan-HIG (Mallinckrodt Medical,
Hennef, Germany), or SHNH showed that IgGs radiola-
beled with 99mTc using SHNH exhibit improved serum
stability and tumor-targeting properties (29,30). Antibodies
radiolabeled with99mTc using SHNH have been used for
clinical imaging studies (31,32).

An indirect-labeling technique was used in which conjuga-
tion of SHNH to the scFv’s occurred first and was followed by
labeling with99mTc through ligand exchange using the99mTc

TABLE 2
Biodistribution of Divalent and Tetravalent scFv’s of mAb CC49 (%ID/g) in Athymic Mice Bearing

LS-174T Colon Carcinoma Xenografts

Tissue

Time (h)

0.5 1 4 6 16 24

sc(Fv)2
Tumor 9.9 6 0.7 10.9 6 0.8 12.6 6 0.4 7.2 6 0.7 2.3 6 0.1 1.2 6 0.0
Blood 13.9 6 1.1 9.0 6 0.2 4.3 6 0.2 1.2 6 0.1 0.5 6 0.0 0.1 6 0.0
Liver 18.9 6 1.5 15.0 6 1.1 14.8 6 1.3 10.4 6 0.7 1.7 6 0.1 1.2 6 0.0
Spleen 13.4 6 1.2 11.3 6 1.0 9.7 6 0.7 8.0 6 0.9 1.5 6 0.0 1.0 6 0.0
Kidneys 33.9 6 1.8 30.1 6 0.4 27.3 6 1.4 18.8 6 0.1 3.5 6 0.1 2.4 6 0.3
Lungs 5.4 6 0.8 3.9 6 0.6 1.3 6 0.0 0.9 6 0.0 0.1 6 0.0 0.0 6 0.0

[sc(Fv)2]2
Tumor 13.3 6 1.4 14.5 6 0.9 15.0 6 1.2 19.1 6 1.1 5.6 6 0.2 2.5 6 0.0
Blood 27.3 6 1.5 18.0 6 1.0 7.5 6 0.5 2.9 6 0.1 0.6 6 0.0 0.1 6 0.0
Liver 18.0 6 1.3 19.2 6 1.2 20.1 6 1.1 11.7 6 0.7 2.2 6 0.1 1.6 6 0.0
Spleen 13.2 6 0.8 14.6 6 0.3 10.9 6 0.5 5.5 6 0.2 1.0 6 0.1 1.0 6 0.1
Kidneys 17.2 6 0.5 16.5 6 0.3 14.3 6 1.9 5.6 6 0.2 2.0 6 0.0 1.1 6 0.0
Lungs 7.2 6 1.1 3.5 6 0.6 2.7 6 0.5 1.3 6 0.1 0.2 6 0.0 0.1 6 0.0

99mTc-labeled sc(Fv)2 or [sc(Fv)2]2 was injected into athymic mice (3 per group) bearing LS-174T tumors. Mice were killed at indicated
times, and %ID/g of tumor, blood, and selected normal tissues was determined. %ID/g values presented are not corrected for decay of
radioisotope. SEM for samples was determined. Experiment was repeated twice, and similar results were obtained.

TABLE 3
Comparative Biodistribution Studies

of 99mTc-Labeled Divalent and Tetravalent CC49
scFv’s 16 Hours After Administration

Tissue

Radiolocalization index

sc(Fv)2 [sc(Fv)2]2

6 h 16 h 6 h 16 h

Blood 6.0 4.6 6.6 9.3
Liver 0.7 1.4 1.6 2.5
Spleen 0.9 1.5 3.5 5.6
Kidneys 0.4 0.7 3.4 2.8
Lungs 8.0 23.0 14.7 28.0

99mTc-sc(Fv)2 or 99mTc-[sc(Fv)2]2 was injected in athymic mice (3
per group) bearing LS-174T colon carcinoma xenografts. Mice were
killed at fixed times, and radiolocalization indices (%ID/g of tumor
divided by %ID/g of normal tissue) were determined.
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precursor complex99mTc-tricine. Recently, for99mTc radio-
labeling of His-tagged scFv’s, a novel method involving the
use of organometallic aquaion [99mTc(H2O)3(CO)3]1 was
reported (33). Because the multivalent CC49 scFv’s used in
this study contained a C-terminal His-tag, this radiolabeling
technique was also tested. However, the labeling efficiency
was poor (approximately 30%), probably because the pro-
cedure requires interaction between technetium carbonyl
and ligand solution at a high temperature (75°C for 30 min).

In RIS, the use of stable radioimmunoconjugates to im-
prove the radiolocalization index and acquire good images
is extremely important. In this study, the99mTc-labeled
scFv’s were found to be stable in vitro at 37°C for 24 h with
1% BSA. However, a radiolabel loss of approximately 30%
at 24 h was observed when99mTc-labeled scFv’s were
incubated with 1% mouse serum.99mTc-labeled antibody
fragments undergo transchelation in vivo with endogenous
sulfhydryl compounds such as cysteines (Cys–99mTc–Cys)
(34) and glutathione (99mTc-glutathione) (35). Behr et al. (5)
suggested that99mTc is less stable in fragments than in
complete IgGs, possibly for stearic reasons. At 24 h with
1% mouse serum, approximately 9% of99mTc was found to
be associated with.130-kDa proteins. The presence of
high-molecular-weight species has been reported with
SHNH-labeled antibodies (35). Time-course HPLC analysis
of serum samples of mice receiving99mTc-labeled sc(Fv)2 or

[sc(Fv)2]2 showed that the radioisotope remained associated
with the 60-kDa and 120-kDa proteins, respectively, until
2 h, indicating that no transchelation to other serum proteins
occurred in vivo at earlier times.

In biodistribution studies at 6 h after administration,
99mTc-labeled sc(Fv)2 and [sc(Fv)2]2 showed tumor localiza-
tions of 7.26 0.7 %ID/g and 19.16 1.1 %ID/g, respec-
tively. Accretion of radiometal in normal organs such as the
kidneys and liver was found to be significantly high (Table
2). Nevertheless, the99mTc-labeled [sc(Fv)2]2 exhibited a
specific localization to LS-174T tumors$6 h after admin-
istration, as observed earlier for the radioiodine-labeled
multivalent scFv’s (17,18). Under in vivo conditions,99mTc
can be transferred to cysteine and cleared by the kidneys
(36). Alternatively,99mTc can bind to glutathione in the liver
and be released into the hepatobiliary tree and eliminated
through the kidneys as a cysteine adduct (36). Therefore, the
pronounced nonspecific localization of99mTc in the liver
and kidneys observed in this study was not surprising. In the
kidneys, accumulation of99mTc-[sc(Fv)2]2 was about 3-fold
less than accumulation of99mTc-sc(Fv)2 because molecules
that are#60 kDa undergo glomerular filtration followed by
tubular reabsorption and lysosomal degradation. In our pre-
vious studies with radioiodine-labeled sc(Fv)2, uptake in the
kidneys was 21.3 %ID/g 30 min after injection and de-
creased to 5.4 %ID/g by 4 h (17,18). Unlike iodine, which

FIGURE 5. Sagittal section autoradiogra-
phy of athymic mice bearing LS-174T human
colon carcinoma xenografts injected with ei-
ther 99mTc-sc(Fv)2 or 99mTc-[sc(Fv)2]2. Autora-
diography was performed at 6 and 16 h after
administration of 3.7 MBq sc(Fv)2 (A and B) or
[sc(Fv)2]2 (C and D). Corresponding sections
stained with hematoxylin–eosin show loca-
tions of major organs.
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is rapidly excreted from cells, proteins labeled with active
esters containing99mTc bind to the ubiquitous intracellular
metal-binding proteins and remain trapped in the lyso-
somes, resulting in a nonspecific accretion of the radionu-
clide. In the liver, retention was about 2-fold greater for
99mTc-[sc(Fv)2]2 than for 99mTc-sc(Fv)2 because the liver is
the major organ for catabolism of larger proteins such as
IgG and, probably, [sc(Fv)2]2 (37). Liver toxicity resulting
from high liver uptake does not appear to be a cause for
alarm, considering the radioresistance of normal liver cells.
Henderson et al. (38) showed that in addition to the liver,
the spleen is a major site for catabolism of IgGs. The
macroautoradiographic images of the mice clearly illustrate
the possible use of99mTc-labeled multivalent CC49 scFv’s
as an imaging modality, although liver metastases may be
more difficult to detect by99mTc-labeled scFv’s.

In this study, autoradiography of mice that received
99mTc-sc(Fv)2 revealed an association between radioactivity
and the pancreas. A biodistribution study to investigate this
observation found that the %ID per gram of pancreas was
,0.9 at 6 h after administration. That dimer and its smaller
radiolabeled breakdown products are possibly undergoing
hepatobiliary excretion and becoming trapped in the head of
the pancreas. The biodistribution data for the pancreas sup-
port this speculation, as does the observation that all the
pancreatic sections were not detected as hot by macroauto-
radiography (Fig. 5A).99mTc-labeled iminodiacetates have
been reported to undergo hepatobiliary excretion and to
share the pathway of bilirubin and other dye anions, not the
bile acids or quaternary amine cations (39). This study did
not compare the nature of the species with the radiotracer
amounts excreted in the bile and urine.

Our approach of indirectly labeling CC49 scFv’s with
99mTc, using SHNH and tricine as the transchelator, can be
extended to radiolabeling scFv’s with186Re because these
radionuclides have similar chemical properties. This study
can be extended to the investigation of the therapeutic
potential of186Re-labeled multivalent scFv’s.

CONCLUSION

The divalent and tetravalent scFv’s of mAb CC49 were
radiolabeled with99mTc, and the imaging potential of these
novel radioimmunoconjugates was analyzed in a preclinical
evaluation. The immunoreactivity and in vitro stability of
the99mTc-labeled scFv’s were studied. Biodistribution stud-
ies on athymic mice bearing human colon carcinoma xeno-
grafts showed tumor localization with high radiolocalization
indices. Macroautoradiography confirmed the imaging po-
tential of these99mTc-labeled multivalent scFv’s. Because of
high tumor-to-blood ratios at early times and rapid clear-
ance, these multivalent scFv’s, when radiolabeled with
99mTc, will have significant diagnostic applications in the
field of nuclear medicine.
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