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ABSTRACT

Disulfide-stabilized Fvs (dsFv) are recombinant Fv fragments of anti
bodies In which the Inherently unstable VH-VLheterodimer is stabilized
by a disulfide bond engineered between stnicturally conserved framework
positions of VH and VL. We have recently described a recombinant
Immunotoxin, B3(dsFv)-PE38KDEL, that is composed of such a dsFv
connected to a truncated form of Pseudomonas exotoxin (PE38KDEL)
This disulfide-stabiized immunotoxin is indistinguishable in activity and
specificity from Its single-chain Immunotoxin counterpart (Brinkmann et
al., Proc. Nail. Acad. Sd. USA, 90: 7538â€”7542,1993). We have now
constructed and evaluated the stability, pharmacokine&s, and antitumor
effect of a very similar disullide-stabiized Immunotoxin B3(dsFv)-PE3S.
This immunotoxin Is specifically cytotoxic to human cancer cell lines such
as A431 that express the B3 antigen on their surface. In addition, the
dsFv-immunotoxin is more stable at 37Â°C in human serum than the
corresponding single-chain immunotoxin B3(Fv)-PE38. The survival of
the dlsulfide-stabiized Immunotaxin in the circulation of mice was deter
mined by a bioassay on cultured A431 cells after administering the
Immunotoxin i.v. The half-life in blood was 23 mm. To determine the
therapeutic effects of the disulfide-stabilized immunotoxin, it was given
i.v. to immunodeficient mice bearing s.c. human epidermoid carcinomas.
The dsFv-immunotoxin caused complete regression of tumors with no
toxiceffecton mice.The antitumor effectwas similar to that reported for
the single-chain Fv-immunotoxin.

Our data show that dsFv-immunotoxins retain full in vitroas well as in
vivo activity when compared to scFv-immunotoxins Because dsFv-immu

notoxins have flaIlactivity, are more stable, and can be produced with
significantly improved yields compared to scFv-lmmunotoxlns, the dsFv
immunotoxins may be more useful for therapeutic applications than
scFv-Immunotoxins.

INTRODUCTION

Second generation iminunotoxins are recombinant fusion proteins
composed of a cell targeting moiety and a toxic moiety which kill the
target cells (1), e.g., recombinant antibody Fv toxin-fusion proteins
(2â€”4).Fv fragments are heterodimers of VH3 and VL. They are the
smallest functional modules of antibodies required for high affinity
antigen binding (6â€”8).The heterodimers of whole IgG or Fab frag
ments are connected to each other and thereby stabilized by a disulfide
bond, whereas Fv fragments not connected by a disuffide bridge are
unstable (9). This instability of Fvs can be overcome by making
recombinant Fv molecules in which the VH and VL domains are
connected by a peptide linker so that the antigen combining site is
regenerated in a single protein (6, 7). Such scFvs can retain specificity
and affinity and have been used for tumor imaging (8) and to make
recombinant immunotoxins for tumor therapy (1â€”4).Because of their
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small size which facilitates better tumor penetration, scFvs and scFv
fusion proteins are potentially more useful than whole antibodies for
diagnosis and/or therapy of diseases such as cancer where target
antigens are expressed on the surface of malignant cells (5). Several
potent single-chain immunotoxins have been made previously that are
specifically cytotoxic to tumor cells and cause complete or partial
regression of human cancer xenografts in nude mice (3, 4). Such
immunotoxins usually contain a scFv connected to a toxin molecule,
for example a truncated form ofPseudomonas exotoxin (PE38KDEL)
which contains the translocation and ADP-ribosylation domains and
an altered carboxyl-terminal sequence, KDEL. We have intensively
studied B3(Fv)-PE38KDEL, which is a single-chain immunotoxin
directed against a carbohydrate antigen present on many human
tumors (4). This immunotoxin is selectively cytotoxic to human tumor
cells bearing the B3 antigen and causes complete regression of human
tumors growing in nude mice (4).

Recently, we identified an alternate method of making recombinant
immunotoxins. In this approach, the Fv portion is stabilized by a
disulfide bond that connects the framework regions of the two Fv
domains, and the toxin is fused to either of the Fv domains (9, 10).
The appropriate disulfide positions were identified using a structural
model of MAb B3 derived from the known crystal structure of MAb
McPC6O3 (11, 12). Using the selected positions for disulfide stabii
zation, an immunotoxin, B3(dsFv)-PE38KDEL, was constructed that
is composed of a disulfide-stabiized Fv fused to a truncated form of
Pseudomonas exotoxin. This disuffide-linked immunotoxin has the
same cytotoxic activity and specificity as its scFv counterpart against

human cancer cell lines (10). However, it is not known if similar
cytotoxic activity in vitro will translate into similar antitumor activity.
To determine if dsFv-immunotoxins may be useful for cancer therapy
depends on factors that can only be determined by antitumor exper
iments. Some of the variables that can affect antitumor activity are the
stability of the dsFv in the anaerobic reducing environment of tumors,
the stability of the dsFv immunotoxin in the circulation, and the
nonspecific toxicity which these new molecules might possess. The
purpose of this paper is to address these questions.

In our initial report, we constructed a dsFv iminunotoxin that
contained KDEL at its carboxy terminus. However the single-chain
immunotoxin that is being developed for clinical trials, B3(Fv)-PE38,

does not contain KDEL at its carboxy terminus, but instead has the
native carboxy terminus of PE, REDLK. This change not only reduces
the in vitro activity of the immunotoxin by about 2-fold but also
reduces its nonspecific toxicity in mice and actually increases its
therapeutic window against A431 tumors.4 Therefore, in this study we
have made a dsFv-immunotoxin that, like B3(Fv)-PE38, has the
normal carboxy terminus of PE.

MATERIALS AND METhODS

Construction of Plasmids for Expression of the dsFv-Immunotoxin
B3(dsFv)-PE3S. The introduction ofcysteines by site-directed mutagenesis in
B3 VH and VL for stabilization of B3(Fv) has been described previously (10,
13). The sequence of B3(Fv) has also been described previously (4); in

4 L H. Psi and I. Pastan, unpublished data.
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B3(dsFv), Arg-44 of B3(V,@.)and Ser-105 of B3(V,) are changed to cysteines.
Expression plasmids for the components of B3(dsFv)-PE38 were made by
replacing a HindIH-EcoRI DNA-fragment from pULI39, which encodes
PE38KDEL with the corresponding PE38 encoding fragment obtained from
pUU7, which encodes B3(Fv)-PE38.

Expression of Recombinant Proteins. The components of the disulfide
stabilized immunotoxin VL [Cys]-PE38KDEL and VH [Cys] or the single
chain immunotoxin were produced in separate Escherichia coli BL21 ADE3
cultures containing the corresponding expression plasmid (Fig. 1). All recom
binant proteins accumulated in cytoplasmic inclusion bodies.

Refolding and Purification of Disulflde-stabilized Immunotoxins. In
clusion bodies containing VH, VL-toxin, or single-chain immunotoxins were
purified, solubiized, reduced, and diluted into redox-shuffling refolding buffer
as described previously (10, 14). The solubilized VH and VL-toxin were
combined in a 2:1 molar ratio and diluted 1:100 in the refolding solution.
After 24 h, a final oxidation step was carried out in which a 10-fold excess
of oxidized glutathione was added to the renaturation solution (10, 14).
Properly folded disulfide-stabiized and single-chain immunotoxins were
purified by ion-exchange (Q-Sepharose and Mono 0) and size-exclusion

chromatography (4).

Cytotoxicity Assays. Activity of immunotoxins was determined as de
scribed (4). For competition experiments, MAb B3 or HB21 was added 15 mm
before the addition of immunotoxin.

Stabifity Assays. The stability of B3(dsFv)-PE38 and B3(Fv)-PE38 immu
notoxins was determined by incubating them at 10 p@g/mlat 37Â°Cin human
serum. The amount of active immunotoxin remaining after different lengths of

incubation was determined by cytotoxicity assays on A431 cells.
Mouse Toxicity (LD@). Groups of four or six female BALB/c mice were

injected through the tail vein with 200 pJ of diluent or escalating doses of
B3(dsFv)-PE38 diluted in PBS-HSA (0.2%). Animals were observed for 5
days.

Assay of Blood Levels of dsFv-Immunotoxin in Mice. Female BALB/c
mice were injected i.v. with 10 @gof B3(dsFv)-PE38. Blood samples were
drawn at different times. The level of the immunotoxin was measured by
bioassay in which diluted serum samples were incubated with A431 cells, and
the ability of the serum sample to inhibit protein synthesis was measured. A
standard curve was made for the dsFv-immunotoxin. The data were analyzed
by an exponential curve fitting program RSTRIP (Version 5, MicroMath
Scientific Software, Salt Lake City, UT).

Antitumor Activity of dsFv-Immunotoxin in Nude Mice. Antitumor
activity of B3(dsFv)-PE38 was determined in nude mice bearing A431 (human
epidermoid) carcinomas. A431 cells (3 X 10@)were injected s.c. on day 0 into
immunodeficient â€œnudeâ€•mice, and tumors about 5 mm x 5 mm in size
developed in all animals by day 4. Starting on day 4, animals were treated with
i.v. injections of B3(dsFv)-PE38, MAb B3 alone, or PBS-HSA 0.2%. Therapy
was given on days 4, 6, and 8. Each treatment group consisted of five or six
animals. Tumors were measured with a caliper every 2 days, and the volume
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of the tumor was calculated by using the formula: tumor volume (in mm3) =
length X (width)2 X 0.4.

Plasmid Constructions and Production of the Disulfide-stabi
lized Immunotoxin B3(dsFv)-PE38 The goal of this study is to
characterize the antitumor activity, pharmacokinetics, and animal
toxicity of a recombinant immunotoxin, B3(dsFv)-PE38, in which the
Fv region is stabilized by a newly designed disulfide bond. In this
immunotoxin, Arg-44 of B3(V1@Jand 5cr-lOS of B3(V@) are replaced
by cysteines (10) for the formation of the interchain disulfide bond for
stabilization of the Fv. This recombinant immunotoxin was very
active against cultured cancer cells expressing the B3 antigen (10).
The construction of the plasmids encoding the B3(dsFv)-PE38 is
described in â€œMaterialsand Methodsâ€•and summarized in Fig. 1.

Recombinant disulfide-stabilized immunotoxins were produced
from two separate E. coli BL21 (ADE3) cultures as previously de
scribed (14). Active immunotoxins were recovered using a purifica
tion scheme previously established for dsFv-immunotoxins (10), in
cluding ion-exchange chromatography (Q-Sepharose and Mono 0)
and size exclusion chromatography (Fig. 2). The production yield of
B3(dsFv)-PE38 was 3- to 4-fold higher than the single-chain immu
notoxin. The yield of purified active immunotoxin from 1 liter of a

RESULTS

B3(Fv).PE38KDEL

B3(Fv)-PE3B

Fig. 1. Plasmids for expression of B3(dsFv)-PE38. pULI7 codes for the scFv immu
notoxin B3(Fv)-PE38, which is identical to B3(Fv)-PE38KDEL (4) except that it has the
KDEL at its carboxy terminus replaced by REDLK. In this molecule, the VH and VL
domains of MAb B3 are held together by a peptide linker (G1y4-Ser)3and then fused to
the PE38KDEL gene encoding the translocation and ADP-ribosylation domains of
Pseudomonas exotoxin (PE). pULI39 codes for B3(VL Cys-105)-PE38KDEL (10).
pYR38â€”2and pUU391 encoding B3(VH Cys-44) and B3(VL Cys-105)-PE38 are the
expression plasmids for the components of the dsFv-immunotoxin B3(dsFv)-PE38 and
were derived from pUU9 by site-directed mutagenesis and subcloning. pUU39l has the
COOH-terminus ofthe toxin portion ofB3(VL Cys-105)-PE38KDEL encoded by pULI39
(10), changed from KDEL to REDLK, which is the original COOH-terminus of PE.
a, cysteine replacements in VH or VL. L, (Gly4Ser)3 peptide linker, C, connecting peptide

between VL and toxin.
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Fig. 2. Recombinant B3(Fv)-immunotoxins. Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis of purified B3 dsFv-immunotoxins. Lanes: M, molecular weight
standard from top to bottom, M, 106,000, 80,000, 49,000, 32,000, 27,000, and 18,000; 1,
B3(scFv)-PE38; 2, B3(dsFv)-PE38; 3, B3(Fv)-PE38 reduced; 4, B3(dsFv)-PE38, reduced.

Table 1 Cytotoxicity of B3(dsFv)-toxins towards different cell lines

Cytotoxicity assays were performed by measuring incorporation of [3H]leucine into
cell proteins as described (4). Data are given as ID50 values, the concentration of
immunotoxin that causes a 50% inhibition of protein synthesis after a 24-h incubation with
immunotoxin. Immunotoxin tested were scFvs B3(Fv)-PE38KDEL and B3(Fv)-PE38 and
dsFvs B3(dsFv)-PE38KDEL and B3(dsFv)-PE38. Level of B3 antigen expression deter
mined by immunofluorescence is marked + + +, + , â€”,for high, low, and no expression,
respectively.
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Table 2 Stability ofB3(Fv)-immunotoxins in humanserumEach
type of immunotoxin, B3(Fv)-PE38 (scFv) or B3(dsFv)-PE38 (dsFv), at 10 ,sg

was incubated in human serum at 37Â°Cfor the times shown (in h) and then assayed for
cytotoxic activity on A431 cells.%

Activity left after indicated time (h)
B3

immunotoxin 0 1 2 4 8 12 24 36 48 6072scFv

100 100 64 29 10 2 10.6dsFv
100 100 100 90 90 90 90 73 67 62 57

.01 .1 1 10 100 1000

IMMUNOTOXIN CONTAINING A DISULFIDE-STABIUZED Fv

chain immunotoxin at these times is best described by a biphasic
curve. In contrast, the elimination of the disulfide-stabilized immu
notoxin was monophasic. This difference was reproducible and sta
tistically significant.

Toxicity of Disulfide-stabilized Immunotoxin. To determine the
toxicity of a single dose of B3(dsFv)-PE38 in mice and to compare it
to the corresponding dsFvPE38KDEL immunotoxin, different doses
of the immunotoxin were injected i.v. into BALB/c mice. The LD50 of
B3(dsFv)-PE38 was found to be 0.5 mg/kg (Table 3). This toxicity is
the same as the LD50 value determined for the corresponding single
chain immunotoxin B3(Fv)-PE38 (0.5 mg/kg). The corresponding
KDEL derivative B3(dsFv)-PE38KDEL is more toxic than the PE38
toxins; its LD50 is 0.25 mg/kg (Table 3).

0

C
0
U

C
0

0
0.
0
U
C

E

I-

0

C
0
U

0

C
0

0
0.
0
U
C

E

I-.

100

ng/mI
Fig. 3. Specific cytotoxicity of B3(dsFv)- and B3(Fv)-immunotoxins toward A431

carcinoma cells. Comparison of cytotoxicity of B3(dsFv)-PE38 and B3(Fv).PE38 or
B3(dsFv)-PE38KDEL and B3(Fv)-PE38KDEL.

bacterial culture was 3% for the single-chain immunotoxin (â€”10mg)
and 10â€”15%for the dsFv-immunotoxin (35â€”50mg).5

Specific Cytotoxicity of Disulfide-stabilized Immunotoxin.
Analysis of the cytotoxic activity of the four B3(Fv)-immunotoxins
(scFv-PE38KDEL, scFv-PE38 [LMB-7], dsFv-PE38KDEL, and
dsFv-PE38) show that all of them bind to and kill the same spectrum
of antigen-positive cells (Table 1). The scFv and dsFv-immunotoxins
fused to PE38KDEL had the same in vitro activity. Likewise, the scFv
and the dsFv had the same activity when fused to PE38. The
PE38KDEL-containing proteins were consistently â€”3-fold more ac
tive than the PE38 fusion proteins (Fig. 3; Table 1). Furthermore, as
with all previously made B3(scFv) and (dsFv)-immunotoxins (4, 10),
the cytotoxicity of the newly made B3(dsFv)-PE38 was due to the
specific binding to B3 antigen because its cytotoxicity was greatly
diminished by addition of excess MAb B3 (data not shown).

Stability ofDisulfide-stabilized Immunotoxin in Human Serum.
The stability of immunotoxins is an important factor in the therapeutic
usefulness of these agents as it is for all drugs. Preliminary data
indicated that dsFv-immunotoxins have enhanced stability in human
serum (10). Table 2 and Fig. 4 show a comparison of the stability of
scFv- and dsFv-immunotoxins in human serum. The scFv immuno
toxin B3(Fv)-PE38 was stable for 1â€”2h and then began to lose
activity. In marked contrast, B3(dsFv)-PE38 was very stable. It re
tamed almost full cytotoxic activity after 24 h and lost less than 50%
of its initial activity after 3 days.

Pharmacokinetics of Disulfide-stabiized Immunotoxin. To de
termine the pharmacokinetics of the disulfide-stabilized immunotoxin
in mice, BALB/c mice were injected i.v. with a single dose of 10 @g
of B3(dsFv)-PE38. Blood was drawn at different times after the
injection and assayed for immunotoxin activity by measuring its
ability to inhibit protein synthesis on A431 cells. A standard curve of
purified B3(dsFv)-PE38 diluted in mouse serum was used to deter
mine the amount of B3(dsFv)-PE38 in each sample. Fig. 5 shows the
plasma clearance curve of the disulfide-stabilized immunotoxin com
pared to the single-chain immunotoxin, evaluated by an exponential
curve fitting program (see â€œMaterialsand Methodsâ€•).Elimination of
B3(dsFv)-PE38 from the blood is similar to that observed for the
single chain immunotoxin B3(Fv)-PE38 with a t112of 20â€”23mm (Fig.
5). However, one difference between these immunotoxins is their
elimination at the first 30 mm after injection. The decay of the single
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Fig. 4. Stability of B3(dsFv)-PE38 and B3(Fv)-PE38 in human serum. The stability of

B3(Fv)-PE38 (A) and B3(dsFv)-PE38 (B) immunotoxins was determined by incubating
them at 10 @sg/mlat 37'C in human serum. Active immunotoxin remaining after different
lengths of incubation was determined by cytotoxicity assays on A431 cells.5 Unpublished data.
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Table 3 ToxicityofB3(dsFv)-PE38 and B3(d.sFv)-PE38KDELinmiceGroups

of sixor fourfemaleBALB/cmicewereinjectedi.v.with200gilof diluentorincreasing
doses of B3(dsFv)-PE38 or B3(dsFv)-PE38KDELB3(dsFv)-PE38

(mg/kg)
Days post
injection Diluent 0.25 0.375 0.5 0.6250.752

2/2a 4/4 6/6 4/6 2/61/44
2/2 4/4 6/6 3/6 1/60/47
2/2 4/4 5/6 3/6 0/60/414
2/2 4/4 5/6 3/6 0/60/4B3(dSFV)-PE38KDEL

(mg/kg)0.065

0.125 0.25 0.3750.52

2/2â€• 4/4 6/6 3/6 3/60/44
2/2 4/4 5/6 3/6 1/60/47
2/2 4/4 5/6 3/6 0/60/414
2/2 4/4 5/6 3/6 0/60/4a

Number of animals alive of total animals.

4 8 12 16 20 24
Timi/days

0

IMMUNOTOXINCONTAININGA DISULFIDE-STABIUZEDFv

Antitumor Activity of Disulfide-stabilized B3(dsFv)-PE3S. The
disulfide-stabilized Fv-inununotoxin was assayed for its ability to
inhibit the growth or cause regression of s.c. tumor xenografts in nude
mice. To do this, 3 X 106A431 cells were injected s.c. in nude mice
(4â€”6weeks-old, 20 g) on day 0. Treatment was started on day 4 when
the tumors measured about 50 mm'. Animals were treated i.v. with
three single doses on days 4, 6, and 8. The control groups received
MAb B3 or PBS-HSA 0.2%. Shown in Fig. 6 is the antitumor activity
of the disulfide-stabiizedimmunotoxinB3(dsFv)-PE38.The anti
tumor activity was dose dependent. Complete regression of the tumors
that lasted at least one month occurred after treatment with 0.075
mg/kg or 0.1 mg/kg of B3(dsFv)-PE38. Significant tumor regression
was also observed at the doses of 0.025 and 0.05 mg/kg every other
day X 3 doses. Control animals treated with MAb B3 alone or with
0.2% PBS-HSA developed large tumors and were sacrificed on day 16
when the tumors achieved about 1.5 X 2.0 cm in size.

DISCUSSION

In this study, we have shown that a new type of recombinant
immunotoxin composed of a disulfide-stabilized Fv fragment and a
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Fig. 5. Blood levels of B3(dSFV)-PE38and B3(Fv)-PE38 in mice. Female BALB/c
mice were injected iv. with 10 @sgof B3(dsFv)-PE38 or B3(Fv)-PE38. Blood samples
were drawn at different times. The level of the immunotoxin was measured by a bioassay
in which serum samples were incubated with A431 cells, and the ability of the serum
sample to inhibit protein synthesis measured. Results are the average of three animals for
eachtimepointÂ±SE.A,bloodlevelsofB3(dsFv)-PE38.B,bloodlevelsofB3(Fv)-PE38.
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Fig. 6. Effect of B3(dsFv)-PE38 on A431 tumors in nude mice. Groups of 5â€”6animals
were injected with 3 x 106 A431 cells and treated iv. on days 4, 6, and 8 after cell
injection. Mice were given 0.025 mg/kg (0), 0.05 mg/kg (U), or 0.075 mg/kg (0). No
death or toxicity was observed at these doses. Control groups received MAb B3 or vehicle
(â€¢).Bars, SD; arrows, days of treatment.

truncated form of Pseudomonas exotoxin can cause complete regres
sion of a human epidermoid carcinoma in nude mice.

Disulfide-stabiized Fv-Immunotoxins. We recently described a
recombinant immunotoxin B3(dsFv)-PE38KDEL in which the
unstable Fv heterodimer (VH and V@) was stabilized by a disulfide
bond engineered within the conserved framework region of the Fv and

distant from the complementary-determining regions (10, 11). The
disutfide-stabiized immunotoxin was indistinguishable in its speci
ficity and in vitro activity from the counterpart single-chain immuno
toxin B3(Fv)-PE38KDEL (10). This indicates that the positions used
for disulfide stabilization in conserved VH and VL framework regions
do not interfere with specificity and antigen binding. Because the B3
scFv and dsFv-immunotoxins show the same activity in vitro, one
could expect that the antitumor activity of the new dsFv-immunotoxin
should be similar to that already observed with single-chain B3(Fv)-
PE38KDEL (4, 10). However, other factors can influence the in vivo
activity of the disuffide-stabiized immunotoxin. These include stabil
ity of the dsFv-immunotoxin in the potentially reducing environment
(oxygen limitation) in the tumor as well as stability in vivo in the
circulation and extracellular space. Because B3(Fv)PE38KDEL was
not only very active against tumor cells but also had an increased
nonspecific toxicity in animals, we have chosen to develop a related
molecule, B3(Fv)PE38 (LMB-7), for clinical use. This single-chain
immunotoxin is slightly less active against cultured cells than the

KDEL containing molecule but has a significantly reduced nonspe
cific toxicity and therefore a larger therapeutic window than B3(Fv)-

Time after injection , mm
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Conclusion. Immunotoxins that are composed of a recombinant
disuffide-stabilized Fv-fragment and a truncated form of Pseudomo
1105 exotoxin are very potent antitumor agents. They cause complete

regression of human carcinoma xenografts (e.g., A431) in nude mice
and have the same antitumor potency as the corresponding immuno
toxins with single-chain Fvs. However, one striking difference be
tween scFv and dsFv-immunotoxins is that dsFv-immunotoxins are
generally more stable and also can be produced with larger yields than
scFv-immunotoxins. This makes dsFv-immunotoxins (and dsFv
alone) potentially more useful agents than scFv-immunotoxins (and
scFvs) for clinical applications.
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PE38KDEL. Therefore, in the current study, we chose to analyze the
properties and therapeutic potency of the dsFv analogue of B3(Fv)-
PE38 (LMB-7).

Stability and Pharmacokinetics of B3(dsFv)-PE38. The disul
fide-stabilized immunotoxin is more stable in serum in vitro than the
single-chain immunotoxin. The dsFv-immunotoxin is also more stable
in various buffers (15); this stability should facilitate production and
handling of the reagent in clinical applications. The increased stability
is probably because properly folded (dsFv)-immunotoxins have a
decreased tendency to aggregate compared to scFv-immunotoxins.
Despite these differences in stability, the half-life of the disulfide
stabilized and single-chain immunotoxins in vivo in mice was found to
be very similar, between 20â€”25mm. However, the pharmacokinetic
profiles over the first 30 mm after injection have different decay
profiles. The curve of the scFv-immunotoxin corresponds to a bipha
sic curve, while the elimination of the disulfide-stabilized immuno
toxin is best described by a monophasic curve.

Antitumor Activity of B3(dsFv)-PE3S. The antitumor potency of
recombinant B3(Fv)-immunotoxins, either B3(Fv)-PE38 (containing
B3scFv) (16) or B3(dsFv)-PE38, were very similar, despite the fact
that the dsFv-immunotoxin was significantly more stable in serum (in
vitro) than the scFv immunotoxin. The increased stability of the dsFv
immunotoxin does not translate into any measurable increase in
antitumor potency. The explanation for this is that the relevant (rate
limiting) factor for antitumor activity of immunotoxins seems to be
not stability but clearance and/or tumor penetration. Our data indicate
that clearance and tumor penetration are essentially the same for both
immunotoxins. The reason that an increased stability [as found for the
(dsFv)-immunotoxin] does not increase the serum half-life of the
molecules or increases it only below our detection levels, is probably
that different factors determine stability in serum (and buffers) and
clearance of Fv-immunotoxins in mice. This is reflected by the ob
servation that serum/buffer stability of immunotoxins is an effect
which reduces activity over a time range of h to days; thus, it is a
rather slow â€œinactivationâ€•mechanism (Table 2). In contrast, the
clearance of immunotoxins reduces concentration over mm; it is a
very fast â€œeliminationâ€•mechanism (Fig. 5).

Other Disulfide-stabilized Fv Immunotoxins We have recently
made two other types of disulfide-stabilized (Fv)-immunotoxins. One
of them is aTac(dsFv)-PE38KDEL directed to the Tac antigen, the
p55 subunit of the IL-2 receptor. Compared to its single-chain coun
terpart, this dsFv-immunotoxin has identical activity in vitro against
cultured cells as well as similar antitumor activity in nude mice (17).

Some scFvs have a reduced affinity for the antigen when compared
to the corresponding IgGs or Fab fragments; this could be because the
peptide linker interferes with binding or does not sufficiently stabilize
the Fv heterodimer structure. The single-chain immunotoxin e23(Fv)-
PE38KDEL, directed to the erbB2 antigen, is such an example (3). Its
binding to erbB2 is reduced compared to the Fab fragment or whole
antibody (3). We found that the disulfide-stabilized immunotoxin
e23(dsFv)-PE38KDEL was 2â€”10fold more active on various cell
lines compared to its single-chain counterpart e23(Fv)-PE38KDEL
(15). Preliminary data indicate that the enhanced activity of
e23(dsFv)- over e23(scFv)-immunotoxins is due to improved binding
of the dsFv. Thus, e23(Fv) may be an example in which disulfide
stabilization improves binding. It will be of interest to determine
whether enhanced activity of the e23(dsFv)-immunotoxin in vitro
translates into increased antitumor activity in vivo.
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