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ABSTRACT

CC49 is a "second generation" monoclonal antibody to B72.3, which

reacts with the pancarcinoma antigen TAG-72. CC49 has been shown to

efficiently target human colon carcinoma xenografts and is currently
being evaluated in both diagnostic and therapeutic clinical trials. We
describe here the construction and characterization of a recombinant
single-chain Fv (sFv) of CC49. The sFv was shown to be a M, 27,000
homogeneous entity which could be efficiently radiolabeled with '"I or
""I. Comparative direct binding studies and competition radioimmuno-
assays using CC49 intact IgG, F(ab')2, Fab', and sFv revealed that the
monomeric CC49 Fab' and sFv had relative binding affinities 8-fold lower
than the dimeric F(ab')2 and intact IgG. Nonetheless, the '"I-labeled

sFv was shown to bind biopsies of TAG-72-expressing tumors. Metabo
lism studies in mice, using radiolabeled CC49 IgG, F(al>')> Fab', and

sFv, demonstrated an extremely rapid plasma and whole body clearance
for the sFv. CC49 sFv plasma pharmacokinetic studies in rhesus monkeys
also showed a very rapid plasma clearance (/'..<* of 3.9 min and T..fi of

4.2 h). Tumor targeting studies with all four radiolabeled Ig CC49 forms,
using the LS-174T human colon carcinoma xenograft model, revealed a

much lower percentage injected dose/g tumor binding for the CC49
monomeric sFv and Fab' as compared to the dimeric F(ab'): and intact

IgG. However, tumornormal tissue ratios (radiolocalization indices) for
the sFv were comparable to or greater than those of the other Ig forms.
High kidney uptake with '"I-labeled Fab' and F(ab')2 was not seen with
1'"l-sl;\. Gamma scanning studies also showed that '"I-CC49 sFv could

efficiently localize tumors. The CC49 sFv may thus have utility in
diagnostic and perhaps therapeutic applications for a range of human
carcinomas.

INTRODUCTION

sFv molecules are defined as recombinant proteins composed
of a V, amino acid sequence of an Ig tethered to a VMsequence
by a designed peptide (1). These molecules have a molecular
weight of approximately 27,000 and can be expressed in Esch-
erichia coli. The more widely used term, sFv, which has also
been referred to as a "single-chain antigen-binding protein"
(SCA) (1), is distinguished from "classical F>" molecules in that

the V,, and V, are not covalently linked in the Fv.
sFv molecules have now been constructed from the amino

acid sequences of several MAbs (1-8) using a variety of linkers.
The Ka value of the sFv was reported to be approximately one-
seventh that of the intact IgG. Our laboratory has recently
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reported the first description of the in vivo tumor targeting and
plasma clearance of a sFv (4). The sFv used in those studies
was derived from MAb B6.2 (9), which reacts with the M,
90,000 glycoprotein related to the carcinoembryonic antigen
gene family. Since MAb B6.2 reacts to human granulocytes as
well as carcinomas, it should not be considered for use in tumor
targeting clinical trials. These initial studies, however, com
pared the in vitro binding, plasma clearance, and tumor target
ing in a human tumor xenograft model of the B6.2 sFv and
Fab' fragments through the 24-h postadministration observa
tion period. The tf;l values of the B6.2 IgG, Fab', and sFv were
shown to be similar at 4.3, 2.6, and 3.2 x 10" M~', respectively.

Plasma half-life values were shown to be 2.4 min (a phase) and
2.8 h (ÃŸphase) for the sFv; both phases were faster than the
Fab'. Tumonnormal tissue ratios were similar for the Fab' and

sFv at 24 h (i.e., tumorblood ratios of 5 to 7:1) with the
exception that the high kidney uptake seen with Fab' fragments

was not seen with the sFv; this is most likely due to the small
size of the sFv (M, 27,000 versus Mr 50,000 for the Fab') and

its ability to be rapidly filtered through the kidneys. These
studies (4) thus demonstrated the principle that a sFv can target
a tumor in an experimental model.

In the studies reported here, we have developed a sFv derived
from MAb CC49 and compared the in vitro immunochemical
and binding properties and the /// vivo properties of all four Ig
forms, i.e., intact IgG, F(ab')2, Fab', and the sFv. MAb CC49

(10) is a murine IgG that reacts to the pancarcinoma antigen
TAG-72 (11). CC49 was developed as a "second generation"

MAb to MAb B72.3 (12) by immunizing mice with TAG-72
purified by B72.3 antibody affinity chromatography. The bio
chemical properties of TAG-72 have been described in detail
elsewhere (11, 13, 14). Briefly, it is a high-molecular-weight
glycoprotein (>106) with properties of a mucin. Both MAbs

CC49 and B72.3 have been shown to react with repeated
carbohydrate moieties on the TAG-72 molecule. CC49 has been
shown to have a 6.4-fold higher affinity than B72.3 (10) and
has been shown to react to a greater percentage of tumor cells
within tumor masses than B72.3 for colorectal, ovarian, mam
mary, gastric, and pancreatic cancer ( 15). Moreover, CC49 has
been shown to more efficiently target human tumor xenografts
and more efficiently reduce the growth of these tumors in
athymic mice than B72.3 (16). Radiolabeled B72.3 has been
administered to over 1000 patients and has been shown to
efficiently target 70 to 80% of colorectal, ovarian, and breast
carcinomas (17-21). Two ongoing clinical trials are using '"I-

labeled MAb CC49 and, in both trials, CC49 has demonstrated
efficient tumor targeting of colorectal carcinoma lesions.'

MATERIALS AND METHODS

MAbs and Fragments. MAb CC49 was developed by the immuniza
tion of mice with purified TAG-72 as previously described (10). The
monoclonal antibody has been characterized previously as to reactivity
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with a range of human tumors and normal adult tissues (10, IS). Ascitic
fluid containing MAb CC49 was generated by the i.p. inoculation of
approximately 1 x IO6 hybridoma cells into BALB/c mice that were

previously primed with pristane. The ascitic fluid was harvested and
clarified at 10,000 x g for 10 min before storage at -20Â°C. CC49 IgG

was purified from ascitic fluid by ammonium sulfate precipitation
followed by ion-exchange chromatography (DE52) as previously de
scribed (16). The fractions were analyzed by SDS-PAGE and pooled
appropriately. The protein concentration was determined by the method
of Lowry et al. (22).

Fab' fragments were generated by the digestion of the purified IgG

using pepsin as previously described (9). Briefly, CC49 IgG was incu
bated with 10 mM dithiothreitol followed by 22 HIMiodoacetamide to
block the thiol groups. The IgG was then digested with pepsin (2%) at
37Â°Cfor 16 h. The Fab' fragments were then dialyzed in 5 mM sodium

phosphate (pH 7.5) and further purified using ion-exchange chroma
tography (DE52). F(ab'h fragments were similarly prepared without

dithiothreitol or iodoacetamide treatment.
CC49/212 sFv Construction. The CC49/2I2 sFv gene (212 designates

the linker used; Ref. 4) was constructed as previously described (4) with
minor modifications (see "Results") and expressed in E. coli. Three 10-

liter fermentations were run on a casein digest-glucose-salts medium at
32Â°C.At an absorbance of 18-20 (600 nm), CC49 sFv protein expres
sion was induced by a 42Â°Ctemperature shock for 1 h. To recover the

sFv protein, 280 g of cell paste from one 10-liter fermentation was
thawed at room temperature for 1 h and suspended in 2.8 liters of 300
mM NaCI in 50 mM Tris-HCl with 1 m\i Na2EDTA (pH 8.0) at 4Â°C.

The chilled mixture was passed three times through a Manton-Gaulin
cell homogenizer (Gaulin, Everett, MA) to fully lyse the cells, which
was verified by microscopic inspection. Prior to each pass, the mixture
was chilled to 4Â°Cusing either an ice bath or a Lauda chilling coil

(Brinkman, Westbury, NY). Following the third pass through the
homogenizer, the material was centrifuged at 24,300 x g for 30 min at
6Â°Cto pellet the insoluble cell material which included the sFv protein.

The resulting cell pellets were resuspended in 1.4 liters of l M NaCI in
50 mM Tris-HCl with l mM Na:EDTA (pH 8.0) at 4Â°C.The solution

was centrifuged as described above.
The washed cell pellets were gently scraped from the centrifuge

bottles, resuspended in 400 ml of 6 M guanidine-HCl, and stirred at
room temperature for 1 h. The resulting suspension was centrifuged at
24,300 x g for 45 min (6Â°C),and the supernatant was slowly diluted
into a 50-liter volume of 50 mM KC1 in 50 mM Tris-HCl with 10 mM
CaCl2 (pH 8.0) at 6Â°C.The solution was left undisturbed for a 21-h

period, after which it was filtered through a Pillicon tangential flow
apparatus (Millipore, Bedford, MA) with 0.45-^m membranes. The
filtrate was then concentrated and buffer exchanged with a Pellicon
tangential flow apparatus, utilizing 10,000 Nominal Molecular Weight
Limit low-protein binding membranes. The refolded CC49/212 sFv
was loaded onto a fully equilibrated Poly CATA cation exchange
column (Poly LC, Columbia, MD) (21.5 x 250 mm) and eluted with a
50-min linear gradient of 1 mM calcium acetate in 40 mM 3-C/V-
morpholino)propanesulfonic acid (pH 6.3) and 5 mM calcium acetate
in 40 m\i 3-(A'-morpholino)propanesulfonic acid (pH 7.5). The overall
CC49 sFv recovery from the column was 18% (69 mg/380 mg). The
material in the peak fractions was analyzed by SDS-PAGE and showed
a single homogeneous band with an approximate molecular weight of
27,000. Examination of the sample under equilibrium isoelectric focus
ing conditions demonstrated a single band with a pi of 9.0.

Labeling of CC49 Ig Forms and sFv. MAb CC49 IgG, Fab', F(ab')2,
and sFv were labeled with Na':5I or Na'"I using lodo-Gen (Pierce
Chemical, Rockford, IL) (9). Twenty Mgof IgG or 100 Mgof Fab',
F(ab'):, or sFv were adjusted to 0.1 M sodium phosphate buffer (pH
7.2) and added to a 12 x 75 mm glass tube coated with 20 ^g of lodo-
Gen followed by 0.5 mCi of Na';5I or Na"'I (DuPont-NEN, Boston,
MA). After a 2-min incubation at room temperature, the protein was
removed from the insoluble lodo-Gen, and the unincorporated iodine
was separated from the antibody by gel filtration through Sephadex G-
25 (10-ml column). The labeled antibody in the void volume was pooled.
The iodination protocol yielded specific activities of approximately 5-
10 iiCi/Mg for the IgG and 3-5 ^Ci/Vg for the fragments and sFv.

SDS-Polyacrylamide Gel Electrophoresis. MAb CC49 IgG, Fab',
F(ab'):, and sFv preparations were analyzed for purity and integrity by

SDS-PAGE. The antibodies were evaluated with and without reduction
by /3-mercaptoethanol. The gels were run according to the method of
Laemmli (23) using a 15% polyacrylamide gel (16 x 14 cm) with a
stacking gel of 3% acrylamide. The proteins were visualized by staining
with Coomassie blue R-250. Radiolabeled antibodies were detected by
autoradiography using X-ray film (XAR film; Kodak, Rochester, NY)
and intensifying screens (Lightning-Plus; Dupont, Wilmington, DE) at
-70Â°C.

Solid-Phase Radioimmunoassays. The immunoreactivities of the ra-
diolabeled CC49 preparations were assessed by solid-phase RIA as
previously detailed (16), using a TAG-72-positive extract of human
colon carcinoma xenografts (LS-174T) and a TAG-72-negative extract
of human melanoma xenografts (A375). Twenty ng (in 50 M' of PBS)
of the extracts were added to each well of 96-well microtiter polyvinyl
plates and allowed to dry. The microtiter plates were treated with 100
^1 of 5% of BSA for 1 h at 37Â°Cto minimize nonspecific protein

absorption. The BSA was removed, and varying amounts of radiola-
beled antibody (in 50 /<1)were added. Following an overnight incubation
at 4Â°C,the unbound immunoglobulin was removed by washing the

plates with 1% BSA in PBS. The bound radioactivity was detected by
cutting the individual wells from the plate and measuring the radioac
tivity in a gamma scintillation counter.

The immunoreactivities of the unlabeled CC49 IgG, fragments, and
sFv were assessed in a competition RIA. MAb samples were diluted in
1% BSA in PBS and added to plates containing l ^g/well of the LS-
174T xenograft extract with the appropriate i:5I-labeled CC49 form
(50,000 cpm in 25 n\). Following an overnight incubation at 4Â°C,the

plates were washed and counted. The percentage inhibition was com
pared on a molar basis for the four CC49 forms.

Relative affinity constants were calculated by a modification of the
Scatchard method (24). The specific activities of the radiolabeled forms
were approximated and used in the determination of the final concen
tration for each of the dilutions of the various CC49 molecules. Total
antibody bound was determined by multiplying the final concentration
of each dilution by the ratio of cpm bound per well divided by the total
cpm used in the assay. Slopes were then determined by linear regression
of the [AbJ^^ndversus [Ab^nd/lAblr,,,,,. This method differs from that
previously published for determining the affinity constant for MAb
CC49 (10). In the present study, the affinity constant was determined
using the radiolabeled CC49 Ig forms. The previously reported method
utilized a secondary, radiolabeled antibody to detect the CC49 binding.

Tumor Growth in Athymic Mice. Female athymic mice (nu/nu),
obtained from Charles River (Wilmington, MA) at 4-6 weeks of age,
were injected s.c. on the back with 1 x 10* human colon carcinoma
cells (LS-174T) (25) or human melanoma cells (A375) (26) (0.2 ml)
under a NIH-approved protocol. Animals were killed for biodistribution
studies approximately 2 weeks after inoculation when the animals had
tumors measuring between 0.5 and 0.8 cm in maximal diameter.

Biodistribution Studies. Dual label studies were performed with tu
mor-bearing mice injected via the tail vein with approximately 7.5 nCi
of I25I-CC49 sFv and '"I-CC49 IgG, or '"I-CC49 sFv with '"I-labeled
Fab' or F(ab');. Mice (4-6/data point) were killed at various time

points by exsanguination, and blood, tumor, and all the major organs
were collected, wet-weighed using an analytical balance, and counted
in a gamma scintillation counter. The %ID/g for each organ was
determined, and radiolocalization indices (%ID/g in the tumor divided
by the %ID/g in normal tissue) were calculated.

Total whole body retention of radiolabeled CC49 sFv and IgG was
also determined. Mice bearing the LS-174T xenograft (4/group) were
injected via the tail vein with approximately 1.5 nC'\ of I25l-labeled

CC49 sFv or IgG. The mice were counted using a Nal gamma counter
1 min postinjection, at 0.5, 1, 2, 3, 4, 6.5, and 9 h, on day 1, and daily
for 7 days.

Blood samples were obtained via tail bleeds at various times after i.v.
administration of I25l-labeled CC49 forms (7.5 pCi) to obtain pharma-

cokinetic data. The average of 4 mice/group is presented.
Pharmacokinetic studies were also performed in rhesus monkeys.

6364

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/23_Part_1/6363/2445518/cr05123p16363.pdf by guest on 19 M

ay 2023



SINGLE-CHAIN Fv DERIVED FROM PANCARCINOMA MAb CC49

Three female rhesus monkeys, weighing 8.2 to 11.1 kg, received 50 jiCi
of '"I-CC49 sFv i.v. Blood samples were drawn at 1, 10, 20, 30, 60,

120, 180 min, and 18 h and daily for 7 days.
Radioimaging Studies. Tumor-bearing animals injected i.v. with 100,

100, 50, and 25 nCi of "'I-labeled CC49 sFv, Fab', F(ab')2, and IgG,

respectively, were utilized in scintigraphic studies. The mice were
anesthetized with 2,2,2-tribromoethanol (4 ^g/mouse) (Avertin; Pfaltz

and Bauer, Stamford, CT) and scanned with a gamma camera equipped
with a 6-mm aperture pinhole collimator set at 8.5 cm from the animal,

using a xl.5 magnification. Images were taken at 30 h after injection
of the radiolabel. No background subtraction or image enhancement
was performed.

Immunoperoxidase Studies. MAb CC49 IgG, and sFv and MAb
MOPC-21 IgG (an isotype-matched control), were biotinylated using
an NHS-Biotin Kit (Pierce) according to the manufacturer's instruc

tions. One ml of purified CC49 IgG (l mg/ml), CC49 sFv (0.88 mg/
ml), and MOPC-21 IgG (1 mg/ml) was dialyzed individually in 1000
ml of 0.1 M NaHCO,, pH 9.0, overnight at 4Â°C.An aliquot containing

biotinyl-A'-hydroxysuccinimide (1 mg/ml in dimethyl sulfoxide) was

added to a solution containing the antibodies. The reacting molar ratios
of NHS-Biotin to IgG and sFv were 44 and 7, respectively. The solution

was kept at room temperature for 4 h and dialyzed exhaustively over
night at 4Â°Cagainst PBS.

For immunoperoxidase studies, tissue sections of a colonie adeno-
carcinoma were investigated for TAG-72 expression using biotinylated
MAb CC49 IgG and CC49 sFv. The formalin-fixed, paraffin-embedded

sections were deparaffinized in xylene and rehydrated in graded alco
hols. Endogenous peroxidase activity was quenched by incubating the
slides with 0.3% hydrogen peroxide in methanol for 10 min followed
by three PBS rinses. The slides were then incubated with 10% normal
horse serum for 15 min to reduce any nonspecific staining and then
incubated overnight at 4Â°Cwith biotinylated CC49 IgG or sFv (40 Mg/

ml). All slides were washed three times in PBS and incubated with the
ABC reagent (Vector Laboratories, Burlingame, CA) for 30 min. The
peroxidase activity was developed with freshly prepared 0.06% 3',3'-

diaminobenzidine (Sigma Chemical Co., St. Louis, MO) containing
0.01% hydrogen peroxide. They were then counterstained with Mayer's

hematoxylin and mounted. As a control, sections from the same blocks
were incubated with biotinylated MOPC-21 IgG.

RESULTS

Construction of the CC49 sFv. The CC49 sFv was constructed
using the method described previously (4) with some modifi
cations. The BamHl-EcoRl region of VMand the Hpal-EcoRl
regions of V, were subcloned into two M13 vectors from the
isolated CC49 complementary DNA clones. Two two-primer
site-directed mutagenesis (27) were used to introduce simulta
neously an , (Â«/11site at position 1 and a Hindlll site at position
103 of V, and a Pvull site at position 3 and two stop codons
plus a BamHl site at position 113 of VM(28). A synthetic 65-
base pair Pvull-Hindlll segment coding for the 212 linker, the
last four residues of V,, and the first three residues of VH was
first ligated to the gel-purified Pvull-BamHl V,, segment. The
resulting Hindlll-BamHl linker-V,, fragment, the Aat\\-
Hindlll V,. fragment, and the pGX5410 Aatll-BamHl vector
fragment were assembled in a three-way ligation. The com
pleted CC49 sFv expression plasmid was transformed into E.
coli expression host GX6712. The extraction, renaturation, and
purification of the CC49 sFv are described under "Materials
and Methods."

Gel Analysis. As seen in Fig. 1, A and B, the CC49 sFv
migrated as a homogeneous entity of molecular weight 27,000
in SDS-poIyacrylamide gels with or without reduction with ÃŸ-
mercaptoethanol. In contrast, the CC49 Fab' fragment sepa

rated into its two component chains with molecular weights of
approximately 25,000 in the nonreduced gel (Fig. \B) because
of its previous reduction and alky hit ion. The comigration of the
heavy and light chains under reducing conditions is most likely
due to the alkylating step used to generate the Fab' fragments.

Size-exclusion chromatography has been performed with each
of the CC49 Ig forms (data not shown). Molecular weights of
150,000, 100,000, 50,000, and 27,000 were determined for the
intact IgG, F(ab')2, Fab', and sFv, respectively. The procedure
for generating the Fab' involved reducing and alkylating the

intact IgG prior to the peptic digestion. As a result of this
treatment, the heavy and light chains are probably associated
only by noncovalent bonds. These bonds would be disrupted
when the Fab' is prepared for the SDS-PAGE. The CC49

Fig. 1. SDS-PAGE analysis of CC49 Ig
forms. MAb CC49 Ig forms were analyzed by
SDS-PAGE using 15% gels and visualized us
ing Coomassie blue R250 (A and B); parallel
gels were run with I2Ã®l-labeledCC49 Ig forms

and subjected to autoradiography (C and D).
Samples were run in the presence (A and C)
and absence (B and D) of tf-mercaptoethanol.
Markers: conalbumin. M, 87,000; BSA, M,
68.000; ovalbumin, M, 47,000; lactic dehy-
drogenase, M, 36,000; carbonic anhydrase, M,
28.000; myoglobin, M, 17,000; and cyto-
chrome c, M, 11,700. Lane 2. CC49 (sFv);
Lane 3. CC49 Fab'; Lane 4. CC49 F(ab'),;

Lane 5. CC49 IgG.

B D
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Fig. 2. Analysis of CC49 sFv, Fab',
1(air )> and IgG in competitive radioimmuno-
assays. All of the CC49 Ig forms were com
pared on a molar basis in competitive RIAs
using either '"l-labeled CC49 sFv (A), '"1-
CC49 Fab' (fi), '"I-CC49 F(ab'); (C), or '"!-

CC49 IgG (D). The competitors were CC49
sFv (â€¢).CC49 Fab' (D), CC49 F(ab'h (â€¢),
CC49 IgG (O), and BL-3 ( ), an isotype-
matched control MAb.
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F(ab'): fragment and intact IgG ran at M, -100,000 and
~ 150,000, respectively, without reduction with /3-mercaptoeth-

anol (Fig. 1, fi, Lanes 4 and 5). After reduction, the IgG
separated into its heavy and light chains, and the F(ab')2 mol

ecule separated into its Fd and light chains (Fig. IA).
All four Ig forms were then labeled with I25Iusing the lodo-

Gen method described in "Materials and Methods." As can be

seen in Fig. 1, C and D, the CC49 sFv radiolabeled as a
homogeneous entity. Furthermore, the CC49 Fab', F(ab')2, and

intact IgG also migrated (Fig. 1, C and D) as would be antici
pated from the results obtained in Fig. 1, A and B.

Binding Properties of the CC49 sFv. To determine the binding
properties of the CC49 sFv, four competition RIAs were used,
with radiolabeled forms of the CC49 sFv, Fab', F(ab')2, and

intact IgG, and all four Ig forms were used as competitors in
each assay (Fig. 2). The results for each of the assays were
consistent in that the dimeric IgG and F(ab')2 forms of the

molecule displayed approximately 8- to 10-fold higher capacity
as competitors as compared to the monomeric sFv and Fab'
forms. As seen in Fig. 2A, in which '^I-sFv is reacted with the
TAG-72-positive LS-174T colon carcinoma extract, the dimeric
IgG and F(ab'): forms compete at a concentration approxi
mately 8-fold less than that of the monomeric sFv or Fab'

forms. Note, however, that in this competition assay as in the
other three competition assays (Fig. 2, fi, C, and D) the sFv,
Fab', F(ab'):, and IgG all compete for 100% of the binding.

The BL-3, an isotype-matched monoclonal antibody, was used
as a negative control and did not compete in any of the assays.
The differences observed in the competition RIAs among the
four Ig forms were also observed in Scatchard analysis to
determine relative affinity constants (see "Materials and Meth
ods"). In the assays used here, the intact CC49 IgG and the
F(ab'): displayed relative K.,s of approximately 4 x 10" M"',
while those for the sFv and Fab' were 8-fold and 7.4-fold lower,
respectively. The possible reasons why the CC49 sFv and Fab'

monomeric forms bound TAG-72 differently from the dimeric
F(ab')2 and IgG will be discussed below ("Discussion").

Since any change in affinity could potentially change binding

properties, studies were undertaken to determine how well the
CC49 sFv would bind purified TAG-72 and TAG-72 in extracts
of tumors and to determine whether the lower relative affinity
of the CC49 sFv, as compared with the intact CC49 IgG, would
manifest itself in alterations in binding patterns to tumor and
normal tissues. As seen in Fig. 3, the '-5I-labeled CC49 sFv did
not bind as well as the intact IgG to extracts of the LS-174T
human colon tumor. Binding of the 125I-CC49 Fab', however,

was similar to that of the sFv.
Table 1 shows the binding of the '"I-CC49 sFv to extracts

of tumors as well as a range of normal adult tissue extracts and
compares that binding to the other three Ig forms. As can be

100

80

60
"D
C

I

40

20

CPM Input (x 10")

Fig. 3. In vitro binding of '"I-labeled CC49 forms. The in vitro binding of '"I-
labeled CC49 sFv (â€¢).Fab' (HI),F(ab')2 (â€¢),and IgG (O) were tested using 20 Mg
of a TAG-72-positive extract of a human colon carcinoma xenograft (LS-I74T),
as described in "Materials and Methods."
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Table 1 Immunoreactivity" ofCC49 Ig forms to human carcinoma xenografts

and normal human tissues
'"I-labeled CC49 Ig form

ExtractsourceCarcinomaPurified

TAG-72Colon
carcinomaxeno-graft(LS-174T)Colon

carcinomabiopsyMelanoma
xenograftNormal

adult tissues(n)RBC(ll)Spleen

(6)Stomach

(1)Bladder
(1)Colon
(6)Liver

(3)IgG34.1*38.229.10.20.2(0.1-0.3)'0.2(0.1-0.4)0.10.11.6(0.1-4.2)0.1(0.1-0.2)F(ab')222.139.128.50.40.3(<0.

1-0.4)0.2(<0.

1-0.5)0.20.11.2(0.1-3.2)0.1Fab'5.111.38.20.30.3(<0.

1-0.7)0.2(<0.1-1.0)0.1<0.10.2(<0.

1-0.6)0.1(0.1-0.2)sFv16.225.714.50.80.4(0.2-0.7)0.2(<0.

1-0.4)0.10.10.9(0.1-2.2)0.2(0.1-0.2)

" The RIA was performed as described in "Materials and Methods," using 140
units of purified TAG-72 and 20 //g of tissue extract. Approximately 0.08 |iCi of
the CC49 Ig forms was added to each well.'' Values are the percentage binding (cpm bound divided by the input cpm).

' Values in parentheses, ranges of the percentage binding.

seen, the CC49 sFv binds to purified TAG-72 and the TAG-
72-positive LS-174T and human colon carcinoma biopsy, while
showing no reactivity to the TAG-72-negative A375 melanoma.
More importantly, however, the "'I-CC49 sFv was negative for

binding to extracts from eleven different preparations of human
red blood cells and extracts from biopsies of six spleens, three
livers, and stomach and bladder. The CC49 IgG and sFv showed
low levels of binding to extracts from two of six histologically
normal colons. Since TAG-72 has been reported to be expressed
in low levels of normal colon and in higher levels in transitional
colonie mucosa adjacent to colon carcinoma (15, 29-31), these
results are consistent with previous findings.

The CC49 sFv and intact IgG were also biotinylated and
assayed for binding to a formalin-fixed paraffin-embedded sec
tion of a human colon carcinoma. As seen in Fig. 4, both the
sFv and intact IgG bound similarly to the colon carcinoma
cells.

Pharmacokinetic Studies. Studies were conducted to define
the pharmacokinetics of plasma clearance of radiolabeled CC49
sFv in mice and to compare it to the plasma clearance of the
radiolabeled forms of CC49 Fab', F(ab')2, and intact IgG. As
seen in Fig. 5, the '^I-labeled sFv demonstrated an extremely

rapid clearance from the plasma, with 80% of the sFv out of
the plasma pool by 15 min. The T./,a phase for the sFv was
calculated to be 3.7 min, while the T.,,/8phase was 1.5 h (90.4
min). The T./,a and ÃŸphases for the CC49 Fab' were calculated

at 9.1 min and 88 min, respectively (Fig. 5). A much slower
plasma clearance was observed for the CC49 intact IgG (T,/,a
phase, 39 min; 1,â€žÃŸphase, 113 h) and F(ab')2 (26 min; T,/,a

phase, T././3phase, 12h).
Since the rapid plasma clearance of the radiolabeled CC49

sFv may reflect the movement of the sFv from the plasma
compartment to the extravascular space or to some specific
organ, rather than elimination from the body, whole body
clearance of the sFv was also analyzed. As seen in Fig. 6, the
'-^I-sFv whole body clearance was extremely rapid, with 50%

of the sFv being removed in less than 5 h. By 24 h, more than
90% of the sFv was removed from the body. The whole body
clearance of the radiolabeled intact IgG is also shown for
comparison.

The plasma clearance of the "'I-labeled CC49 sFv was then

analyzed in monkeys. As shown in Fig. 5 (closed squares), the
sFv plasma clearance in three rhesus monkeys was quite rapid,
with a T./,a phase of 3.9 min and a T./.,ÃŸphase of 4.2 h.
Approximately 95% of the "'I-CC49 sFv was removed from

the plasma pool by 30 min.
Tumor Targeting. The quantitative aspects of the ability of

125I-labeled CC49 intact IgG to target the LS-174T human

colon carcinoma xenograft has been published previously (16).
Since the relative affinity of the monomeric CC49 sFv was
shown to be approximately 8-fold less than that of the intact
IgG, it was important to determine whether the CC49 sFv could
indeed target the human colon carcinomas xenograft /// vivo
and to determine what type of tumonnormal tissue ratios could
be achieved. The tumor targeting experiments described below
were conducted as "dual label" experiments, e.g., '25I-sFv was
coinjected with "'I-intact IgG, and after mice were killed and

specific organs were removed, each organ was analyzed for both
'"I and U5I content on a per-gram basis. Thus, variations that

could occur between different animals were minimized. As seen
in Table 2, the %ID/g for the intact IgG of CC49 reached 18%
by 48 h. The RI for tumor to blood was 4:1; for tumor to liver
it was 3.6:1 (Table 2). Much lower levels of %ID/g were seen
in the tumor for the '25I-sFv, with 2.6% observed at 4 h,

decreasing to 0.7% at 48 h. The RI values for the CC49 sFv,
however, were much higher than those observed for the IgG.
For example, the sFv tumonblood ratio was 30.2:1, and the
tumonliver ratio was 16:1 at 48 h.

In a separate set of "dual label" experiments, the radiolabeled

CC49 sFv tumor targeting was compared to that of the radio-
labeled CC49 Fab' and F(ab')2 fragments. As seen in Table 3,
the CC49 F(ab')2 showed %ID/g values similar to those of the
intact IgG, with lower values seen when using the CC49 Fab'.
As expected, however, both the F(ab')2 and Fab' fragments

showed very high uptake in the kidney at 6 h postadministra-
tion. The rapid decrease in kidney levels is most probably due
to dehalogenation. Indeed, in a previous study (4) using the
Fab' fragment of MAb B6.2, the %ID/g for kidney was 132%

at 0.5 h and 33% at 6 h. In those studies (4) using the B6.2 sFv,
and in the studies described here using the CC49 sFv (Tables 2
and 3), no elevated levels of uptake of sFv were noted in kidneys.
Thus, while lower %ID/g values for tumor were found using
the CC49 sFv, RI values of 6:1 to 16:1 could be obtained as
early as 6 h after sFv administration; RI values (tumornormal
tissue ratios) of 21:1 to 93:1 could be obtained at 72 h. The
variations among experiments which are most likely due to
differences in antigen expression of the LS-174T xenograft are
demonstrated in the differences seen in Tables 2 and 3 for the
sFv. This is why each of the experiments was conducted with
dual labels, i.e., sFv with one isotope and the other Ig forms
with another isotope.

The quantitative studies described above were complemented
by the demonstration that the "'I-labeled CC49 sFv can be
used efficiently when an image is made of the LS-174T human
tumor xenograft (Fig. 1A) with a gamma scanning camera.
Gamma images of the other three Ig forms are shown for
comparison (Fig., 7, B-D).

As a control for the radiolocalization studies outlined in
Tables 2 and 3, the ' -sl-labeled CC49 sFv was administered to

athymic mice bearing a TAG-72-negative melanoma xenograft.
No tumor localization was observed, with %ID/g values for
tumor and all normal tissues <1.1 at 8 h and <0.1 at 24 and
48 h.
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Fig. 4. Comparison of CC49 sFv versus
CC49 IgG tissue reactivity using immunoper-
oxidase staining. Serial sections of a colon
adenocarcinoma were incubated with biotiny-
lated CC49 sFv (A) and CC49 IgG (B). The
CC49 sFv demonstrates a similar pattern of
staining to the intact CC49 IgG. x 400.

DISCUSSION

Our previous report (4) was the only description of the in
vivo pharmacokinetics or tumor (or specific tissue) targeting of
a sFv. It was, thus, of interest to determine whether the prop
erties reported for the B6.2 sFv are consistent for another sFv.
The sFv used in our previous study was derived from MAb
B6.2, which is reactive with the M, 90,000 glycoprotein (termed
nonspecific cross-reacting protein), which is a member of the
carcinoembryonic antigen gene family (32). Since the nonspe
cific cross-reacting protein is expressed on human granulocytes
as well as human colon carcinomas, it most probably cannot be
used for clinical tumor targeting. The sFvs of B6.2 and CC49
display some differences and some similarities. Both the B6.2
and CC49 sFvs were constructed with the identical 212 linker,
both showed homogeneity in native and denatured conditions
at M, 27,000 (Fig. 1), and both could be radiolabeled with '"I

quite efficiently. The major difference between the CC49 and
B6.2 sFv's is the relative binding properties of the sFv versus
the respective intact IgG. Whereas the B6.2 sFv, Fab', and IgG

10 20 30 40 50 60 70

TIME (Minutes)
Fig. 5. Pharmacokinetics of plasma retention of CC49 Ig forms. Plasma

retention studies of 12'I-labeled CC49 sFv (A), Fab' (A), F(ab'): (â€¢),and IgG (O)
were performed in normal athymic mice as described in "Materials and Methods."
The pharmacokinetics of '"I-CC49 sFv (â€¢)was also determined in rhesus

monkeys receiving i.v. injections. Bar, SE.

relative Kas were very similar (3.2, 2.6, and 4.3 x 10s M '), the
Ka of the CC49 sFv was one-eighth that of the intact IgG. We

do not believe that this is due to a defect in the construction of
the CC49 sFv, since the CC49 sFv and Fab' ATavalues were

identical, and both monomeric forms reacted similarly in four
different competition RIAs (Fig. 2). Conversely, the dimeric
CC49 F(ab')2 and IgG competed similarly in the four compe

tition RIAs. It thus appears that the important factor here is
the monomeric form of the sFv and Fab' versus the dimeric
form of the F(ab')2 and IgG in terms of binding to the TAG-72

antigen. In retrospect, this is not surprising since TAG-72 has
been characterized as a high-molecular-weight mucin with many
repeat "clustered" carbohydrate epitopes (33). MAb CC49 has

been shown to react to one of these epitopes. The dimeric Ig
forms would thus have an advantage in binding avidity to these
repeated epitopes. This would, consequently, be reflected in the
"relative K, values" and binding properties of the sFv as com

pared to intact IgG.
The differential in the binding properties of the CC49 sFv

and Fab' versus the intact IgG or F(ab')2 was manifested in in

vivo tumor targeting (Tables 2 and 3). An ID/g as high as 18%
was seen for intact IgG targeting to the established LS-174T
colon carcinoma xenograft, as compared to 2.5% ID/g for the
sFv. Perhaps an equally important parameter to consider, how
ever, is the tumonnormal tissue ratios obtained with the CC49
IgG versus the sFv. As can be seen in Tables 2 and 3, much
higher RI values were obtained with the sFv than with the intact
IgG. Indeed, the RI values obtained with the CC49 sFv (e.g.,
tumonblood ratios of 10 to 39:1 at 24 h) were higher than those
obtained with the B6.2 sFv (e.g., tumonblood ratios of 7.3 at
24 h). Moreover, the binding pattern of the radiolabeled CC49
sFv to carcinomas and a range of normal adult tissues was
similar to that of the radiolabeled intact IgG (Table 2). Thus,
for diagnostic applications, where signal:noise or tumonnormal
tissue ratios are paramount, the radiolabeled sFv may be quite
suitable.

The pharmacokinetics of the plasma clearance of the CC49
sFv in relation to the CC49 fragments and IgG has been
documented here (Fig. 5), with the sFv showing a more rapid
clearance than the other Ig forms. These studies also provide
the first data on the plasma clearance of a sFv in a primate
(Fig. 5), with a clearance very similar to that observed in the
mouse.

The rapid sFv clearance in mice is also reflected in whole
body clearance studies (Fig. 6). Area under the curve calcula
tions reveal that the '^I-labeled sFv exhibits, through 48 h,
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10 20 30 40

TIME (Hours)
50 60

Fig. 6. Pharmacokinetics of whole body retention of CC49 sFv. The whole
body retention of '"I-CC49 sFv (â€¢)was compared to that of '"I-CC49 IgG (D)
in athymic mice bearing LS-174T tumors. The mice (4/group) received i.v.
injections, and the radioactivity was measured using a Nal gamma counter.

Table 2 Comparison of biodistribution of'"/-CC49 sFv and n'/-CC49 IgG"

sFv

OrganTumorBloodLiverSpleenKidneyLung4h%ID/g2.62.01.21.31.71.624

hRI*1.01.42.22.01.71.7%ID/g1.40.20.20.30.20.2RI1.010.38.95.58.67.048hg0.7<0.

10.10.20.10.1RI1.030.216.15.411.98.4

IgG

TumorBloodLiverSpleenKidneyLung5.317.57.14.55.04.91.00.30.81.31.11.117.510.77.75.23.44.91.01.62.83.85.13.618.04.66.32.91.41.71.04.13.66.713.410.7

'"I-CC49 sFv and '"I-CC49 IgG were coinjected into athymic mice bearing
colon carcinoma xenografts (LS-174T). The mice (4-6/group) were sacrificed at
the indicated times, and the %ID/g for the tumor and selected normal organs
were calculated. The SEM for the samples averaged less than 15% of the %ID/g
of the corresponding tissues.

* %ID/g of tumor divided by % â€¢¿�ID/g of normal tissue.

one-sixth of the whole body exposure of the I25l-intact IgG.

This is an important consideration if radiolabeled forms of the
Ig were used. These data also demonstrated that the sFv is not
leaving the plasma pool and accumulating in extravascular
spaces and/or in a nontarget organ, but is being rapidly elimi
nated from the body.

One of the major potential advantages of sFv molecules as
indicated in our previous report is the lack of unwanted accu
mulation in kidneys which is seen with the I25l-Iabeled Fab'
and F(ab')2. These findings are supported by the data reported

here (Table 3) in which high kidney uptake is seen at 6 h after
Fab' or F(ab')2 administration (37% and 15.8% ID/g, respec
tively) versus 0.4% ID/g for the '"I-CC49 sFv. The rapid
decrease of cpm/g in kidney seen for the F(ab')2 and Fab' is

most likely due to dehalogenation. However, direct autoradi-
ographic analyses and/or studies conducted with Tc-labeled
F(ab')2, Fab', and sFv will have to be carried out to prove this

point. Such studies are now being initiated.

Table 3 Comparative biodistribution studies with CC49 spy, Fab', and F(ab')Â¡Â°

sFv

(i h 24 h 48h 72h

Organ %ID/g RI" %lD/g RI %ID/g RI %ID/g RI

TumorBloodLiverSpleenKidneyLung2.60.30.50.40.30.21.016.56.210.68.715.91.7<0.
10.30.20.10.11.039.310.812.923.432.90.9<0.10.10.10.1<0.11.0

0.!79.7
<0.19.7
<0.20.2
<0.19.2
<0.37.0

<0.!

1.093.943.921.422.731.0

F(ab')2

Tumor
Blood
Liver
Spleen
Kidney
Lung

20.86.26.73.215.83.11.03.73.47.31.47.319.21.011.13.52.20.91.021.73.18.810.323.413.90.25.31.30.80.31.082.98.425.622.050.49.1<0.
11.20.30.20.11.0277.010.740.558.9131.9

Fab'

TumorBloodLiverSpleenKidneyLung6.20.92.31.237.00.91.07.82.75.80.27.43.70.10.90.24.40.11.048.45.120.42.034.52.7<0.
10.40.10.3<0.11.0144.219.165.012.193.22.0<0.1QÃŒ.2<0.10.1<0.11.0242.615.186.715.1115.1

â€¢¿�'"I-CC49 sFv and '"I-CC49 Fab' or 13'1-CC49 SCA and '"I-F(ab')2 were
injected into athymic mice (3-4/group) bearing LS-174T tumors. The mice were
sacrificed at the indicated times, and the %ID/g of the tumor and selected normal
tissues were determined. The values for CC49 sFv are an average of the data from
the studies with the Fab' and F(ab')2. The SEM for the samples averaged less

than 15% of the %ID/g of the corresponding tissues.
* %lD/g of tumor divided by %â€¢¿�ID/g of normal tissue.

Fig. 7. Gamma camera scanning of athymic mice bearing LS-I74T tumors
that had received injections of '"I-labeled CC49 Ig forms. Mice received i.v.
injections of 100, 100, 50, and 25 /iCi of CC49 sFv (A), Fab' (A), F(ab')2 (C),

and IgG (D), respectively, and scanned 30 h later. Tu. tumors; B, bladder. H and7",orientation of the head and tail, respectively. Mice were scanned for approxi

mately 20 min I I). 10-15 min (B and C), and 5 min (D) to obtain the same
number of total counts per image.
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There are other potential advantages in the use of sFv mole- 5
cules as compared to the Fab', F(ab'):, and IgG forms. Since

the sFv is a recombinant protein expressed in E. coli, many of
the concerns about clinical-grade preparations of Ig forms 6
derived from eukaryotic cells should not apply; these include
concerns of retroviruses, mammalian DNA (i.e., oncogenes),
and adventitious mouse viruses. One can only speculate at this 7
time that the sFv molecule would also be less immunogenic in
patients since all domains except the V,, and V, are deleted,
and the molecule clears the body very rapidly. Conversely, the 8

immunogenicity in patients of the 212 linker or any other sFv
linker has not yet been determined. Controlled clinical trials
will be necessary to answer these questions. 9

It is unclear at this time whether a radiolabeled CC49 sFv
will have any immunotherapeutic applications, due to its de
creased level of tumor binding as compared to intact IgG. On 10.
the other hand, the extremely rapid whole body clearance, lack
of kidney uptake, potential for decreased immunogenicity, and
potential for rapid penetration through tumors due to its de
creased size (only a hypothesis at this time) may lead one to n.
consider alternative therapeutic strategies for radiolabeled sFvs
such as the administration of multiple doses. Radioisotopes
with a range of half-life properties (from a few minutes to
several days) can also be considered for such protocols. More
over, the linking of the CC49 sFv domain to cytotoxic drugs or I3-
biologicals or the genetic insertion of sequences for certain
biological response modifiers into the CC49 sFv clone can be 14
considered (3,5,6,8). At this time, however, the demonstration
of the ability of the anti-TAG-72 MAb B72.3 to localize gas
trointestinal, ovarian, and mammary carcinomas and the initial
findings that the second generation anti-TAG-72 MAb CC49
can efficiently target gastrointestinal tumors in patients make
the radiolabeled CC49 sFv molecule a potential candidate for
"pretherapy" tumor targeting protocols; diagnostic applications

such as its use with an intraoperative gamma detecting probe
or via gamma scanning in a range of carcinomas can also now
be considered. 17-
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