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A B S T R A C T  

We have constructed a single-chain immunotoxin composed of the car- 
cinoma-reactive antibody BR96 and a truncated form of Pseudomonas 
exotoxin. The chimeric molecule, BR96 sFv-PE40, was expressed in Es- 
cherichia coli and localized to the inclusion bodies. We purified and iden- 
tified two species of BR96 sFv-PE40, monomers and aggregates. The 
monomeric form was able to bind well to the BR96 antigen, a LewisY- 
related antigen, while the aggregate was not. The binding affinity of the 
monomeric recombinant immunotoxin was 5-fold less than intact BR96 
IgG, and its specificity for the BR96 antigen was confirmed by competition 
analysis. Monomeric BR96 sFv-PE40 was found to be extremely cytotoxic 
against cancer cells displaying the BR96 antigen. The cytotoxicity of the 
fusion protein correlates directly with antigen density on the tumor cell 
lines tested. The breast carcinoma cell line MCF-7, which has the highest 
density of BR96 antigen, was the most sensitive to BR96 sFv-PE40, with a 
concentration producing 50% protein synthesis inhibition of 5 pM. BR96 
sFv-PE40 was found to have a t./2 in serum of 28.5 min in athymic mice, 
compared to that of the chemical conjugate, chiBR96-LysPE40, which was 
54 min. These data indicate that the single-chain immunotoxin BR96 
sFv-PE40 is a potent inhibitor of protein synthesis in target cell lines and 
may be an effective agent for the treatment of cancer. 

INTRODUCTION 

Immunotoxins are cytotoxic agents designed to kill specific popu- 
lations of cells that display markers such as cell surface antigens or 
receptors (1, 2). These targeted molecules are composed of antibodies 
that have been chemically or biologically linked to a cytotoxic agent. 
One such agent, PE, 2 is produced by P s e u d o m o n a s  aerug inosa  and 
kills cells by ADP-ribosylating elongation factor 2, thereby inhibiting 
protein synthesis (3). Crystallographic analysis of PE revealed that the 
protein is composed of three domains (4). Domain I is responsible for 
cell binding, domain II for processing and translocation of the toxin, 
and domain III for inhibition of protein synthesis (5). The construction 
of immunotoxins often uses a binding-defective form of PE, known as 
PE40 (6). Therefore, when PE40 is attached to an antibody or anti- 
body fragment, one can produce a fusion protein which both binds and 
is cytotoxic toward tumor cell lines bearing a specific antigen. 

Most studies using immunotoxins to target tumor cell populations 
have been performed with molecules in the form of chemical conju- 
gates (7-10). The antibody and toxin moieties of such reagents are 
typically joined by thioether or disulfide bonds. More recently, genetic 
engineering has been used to prepare single-chain immunotoxins that 
are constructed by fusing the two functional components, such as a 
single-chain antibody and a binding-defective toxin, at the DNA level 
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and then producing the cytotoxic molecule as a chimeric protein 

(11-15). Single-chain immunotoxins offer the advantage of homoge- 
neity because all the molecules produced are single chain proteins 
composed of the same amino acid residues. In a chemical conjugation 
reaction, it is difficult to generate a homogeneous population of mol- 
ecules. In addition, since single-chain immunotoxins are approxi- 
mately 3-fold smaller than chemical conjugates produced with intact 
IgG, they may be able to penetrate solid tumors more readily (16-19). 
Finally, single-chain immunotoxins have been demonstrated in some 

cases to be more potent reagents than equivalent chemical conjugates 
(11, 13, 14). 

We have recently described the in vitro activities of an immuno- 
toxin conjugate, chiBR96-LysPE40 (20), composed of a chimeric 
(mouse-human) form of BR96, made through homologous recombi- 
nation (21), and LysPE40, a modified form of PE40 in which a lysine 
residue was engineered onto the amino terminus of the protein for 
conjugation purposes (22). BR96 IgG selectively binds to a tumor- 
associated antigen expressed on a high proportion of human lung, 
breast, and colon carcinoma cell lines (23). Administration of BR96 
results in only modest antitumor activity against human tumor xe- 
nografts in mice (24). Because of the ability of the antibody to bind to 
carcinoma cells and rapidly internalize into the endocytic vesicles, 
BR96 is an excellent targeting reagent. In addition, when BR96 is 
chemically linked to drugs, the resulting molecule is a powerful an- 
titumor agent in vivo. 3 

In this report, we describe the construction and characterization of 
BR96 sFv-PE40, a single-chain immunotoxin in which PE40 is fused 
to the cloned variable heavy and light chain antibody fragments (Fv) 
of the carcinoma-reactive antibody BR96. We show that BR96 
sFv-PE40 specifically binds to its antigen and is cytotoxic against 
carcinoma cell lines that express this antigen on their surface. The 
bifunctional retention of both the specificity of the cell-binding por- 
tion of the molecule and the cytotoxic potential of the exotoxin makes 
for a very potent, targeted reagent. 

M A T E R I A L S  A N D  M E T H O D S  

Reagents and Cell Lines. The immunotoxin conjugate chiBR96-LysPE40 
was prepared exactly as described previously (20). Q-Sepharose was purchased 
from Pharmacia (Uppsala, Sweden). TSK-3000 columns were purchased from 
TosoHaas, Inc. (Philadelphia, PA). Immunoblots were performed using mouse 
anti-idiotypic BR96 antibody (757-4-1), which was kindly provided by B. 
Mixan, Bristol-Myers Squibb (Seattle, WA). ABC immunoblot kits were pur- 
chased from Vector Laboratories (Burlingame, CA). Chloramine T was pur- 
chased from Sigma Chemical Company (St. Louis, MO). MCF-7 human breast 
carcinoma cells were purchased from American Type Culture Collection 
(Rockville, MD), RCA colon carcinoma was obtained from M. Brattain (Bay- 
lor University), L2987 lung adenocarcinoma was obtained from I. Hellstrom, 
Bristol-Myers Squibb, A2780 ovarian carcinoma was obtained from K. Scan- 
Ion, National Institutes of Health (Bethesda, MD), and KB epidermoid carci- 
noma was obtained from I. Pastan, National Institutes of Health. 

3 R Trail, D. Willner, S. J. Lasch, A. J. Henderson, A. M. Cassazza, R. A. Firestone, 
I. Hellstrrm, and K. E. Hellstrrm, manuscript in preparation. 
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Construction of the Plasmid Encoding BR96 sFv-PE40. The BR96 sFv 
sequence is encoded in the plasmid pBR96Fv? A 550-base pair sequence 
encoding BR96 sFv was PCR amplifed with primer 1 (5'-GCTAGACATATG- 
GAGGTGCAGCTGGT GGAGTCT-3') and primer 2 (5'-GCTGTG- 
GAGACTGGCCTGGTTTCTGCAGG TACC-3'). The 5'-PCR primer (primer 
1) was designed to encode a unique NdeI restriction site adjacent to an ATG 
translational initiation codon and the first seven codons of the variable heavy 
chain gene. The 3'-PCR primer (primer 2) was designed to anneal just down- 
stream of the internal KpnI site located within the variable light chain gene. 
After PCR amplification and digestion with NdeI and KpnI, the 550-base pair 
NdeI-KpnI fragment was ligated into a 4220-base pair NdeI-KpnI vector frag- 
ment prepared from plasmid pMS 8 (24), which encodes the gene for PE40 
under the transcriptional control of the T7 promoter (25). The product of this 
ligation was an intermediate vector designated pBW 7.01. Subsequently, the 
227-base pair KpnI fragment from pBR96 Fv was subcloned into the unique 
KpnI site of pBW 7.01. The resulting plasmid, pBW 7.0, encoding the BR96 
sFv-PE40 gene fusion, was confirmed by DNA sequence analysis. 

Expression and Purification of BR96 sFv-PE40. The expression plasmid 
pBW 7.0, encoding BR96 sFv-PE40, was transformed into Escherichia coli 
BL21 (hDE3) cells and cultured in Super Broth (Digene, Inc., Silver Spring, 
MD) containing 75 ug/ml of ampicillin at 37~ When absorbance at 650 nm 
reached 1.0, isopropyl 1-thio-/3-D-galactopyranoside was added to a final con- 
centration of 1 rnM, and cells were harvested 90 rain later. The bacteria were 
washed in sucrose buffer (20% sucrose-30 rnu Tris-HCl (pH 7.4)-1 rnM EDTA) 
and osmotically shocked in ice-cold H20. Subsequently, inclusion bodies were 
isolated away from the spheroplast membrane proteins by extensive treatment 
with the nonionic detergent Tergitol (Sigma) to remove excess bacterial pro- 
teins, followed by denaturation in 7 M guanidine-HC1 (pH 7.4), refolding in 
PBS supplemented with 0.4 M L-arginine, and extensive dialysis against 0.02 U 
Tris-HC1 (pH 7.4). The protein was purified by anion-exchange (Q-Sepharose) 
and gel filtration (TSK-3000) chromatography with a Pharmacia fast protein 
liquid chromatography system, as described previously (26). Protein quantita- 
tion was determined using Bradford analysis (27). 

Direct Lewis y Antigen-binding ELISA. LewisY antigen obtained from 
ChemBiomed (Alberta, Canada), was diluted to 0.2 lag/ml in coating buffer 
(100 rnM sodium bicarbonate, pH 9.4) prior to coating Dynatech Immulon II 
plates and incubating for 16 h at 4~ Excess antigen was removed, and the 
plates were blocked with PTB buffer for 1 h at room temperature followed by 
3 washes with PTB. The antibody samples were serially diluted in PTB to a 
final concentration ranging from 1.25 to 80 lag/ml and incubated overnight at 
4~ on the plate in a volume of 50/al/well. The plates were washed 3 times 
with PTB, each well incubated with 100 lal of biotinylated BR96 anti-idiotypic 
antibody (2.56/ag/ml) in PTB for 1 h at room temperature, and then washed 4 
additional times with PTB. Alkaline phosphatase-conjugated streptavidin 
(Kirkegaard and Perry Laboratories, Gaithersburg, MD) was added to each 
well (100 lal of 0.5/ag/ml in PBS containing 1% BSA) and incubated for 1 h 
at 37~ Plates were washed 3 times with PTB, 3 times with phosphatase buffer 
(75 rnM Tris-0.1 M NaC1-5 mM MgCI2, pH 9.4), and reacted with p-nitrophenyl 
phosphate (1 rnM in phosphatase buffer) for 30--60 rain at 37~ The reaction 
was stopped by the addition of 2 N NaOH. The plates were read at 405 nm on 
a Molecular Devices, Inc. (Menlo Park, CA), microplate reader. 

Binding Competition Analysis. Microtiter plates were coated with LewisY 
antigen as described above. Antibody samples were diluted in PBS containing 
1% BSA to final concentrations ranging from 1.36 to 175 lag/ml, t25I-BR96 
IgG was added to each sample (5 laCi/ml) along with antibody competitor in a 
final volume of 100 lal. The entire mixture of radiolabeled BR96 IgG and 
antibody competitor was added to the LewisY-coated plates and incubated for 
2 h at 37~ The plates were washed 5 times with PBS containing 0.05% 
Tween-20, and the wells were counted on a gamma counter. 

FACS Analysis. Assays were performed by fluorescence as previously 
described (23). Briefly, target cells were harvested in logarithmic phase with 
EDTA (0.02%) in calcium- and magnesium-free PBS. The cells were washed 
twice in PBS containing 1% BSA and resuspended to 1 • l07 cells/ml in PBS 
containing 1% BSA and 0.02% NAN3. Cells (0.1 ml) were mixed with BR96 
or a human IgG control (0.1 ml at 50 lag/ml) and incubated for 45 min at 4~ 
The cells were washed 2 times and resuspended in 0.1 ml of an appropriate 
concentration of fluorescein isothiocyanate-labeled rabbit anti-human IgG 

4 S. McAndrew, L. Gilliland, K. M. Ervin, H. R Fell, C. B. Siegall, K. E. HellstriSm, 
I. Hellstrrm, W. Cosand and J. Bajorath, manuscript in preparation. 

(Cappel, Malvern, PA). Cells were incubated for 30 min at 4~ washed 2 times 
in PBS containing 0.02% NAN3, and analyzed on a Coulter EPICS 753 fluo- 
rescence-activated cell sorter. Data are expressed as the fluorescence intensity 
of cells reacted with BR96 minus cells reacted with control antibody. On a 
logarithmic scale, 25 units of fluorescence intensity represents a doubling of 
antigen density. 

Inhibition of Protein Synthesis Assay. All cell lines were cultured as 
monolayers at 37~ in RPMI 1640 supplemented with 10% fetal bovine serum, 
2 mM L-glutamine, and 50 units/ml penicillin/streptomycin. Tumor cells were 
plated onto 96-well flat-bottom tissue culture plates (1 x 104 cells/well) and 
kept at 37~ for 16 h. Dilutions of immunotoxin were made in growth media, 
and 0.1 ml was added to each well for 20 h at 37~ Each dilution was done 
in triplicate. The cells were pulsed with [3H]leucine (1 laCi/well) for an addi- 
tional 4 h at 37~ The cells were lysed by freeze-thawing and harvested using 
a Tomtec cell harvester (Orange, CT). Incorporation of [3H]leucine was de- 
telmined by a LKB Beta-Plate liquid scintillation counter. 

For the competition experiment, tumor cells were prepared as described 
above. BR96 IgG or, as a control, L6 IgG was diluted to 100 lag/ml in growth 
media before addition to the cell monolayer (0.1 ml/well). After the material 
was incubated at 37~ for 1 h, dilutions of BR96 sFv-PE40 were added and 
incubated an additional hour, cell supernatants were removed, and cells were 
washed with complete RPMI growth media. Growth media (0.2 ml) was added 
to each well, and the cells were incubated at 37~ for 20 h and labeled with 
[3Hlleucine as described above. 

~2SI-Labeling of BR96 Immunotoxins. BR96 sFv-PE40 and chiBR96- 
LysPE40 were labeled with Na125I using chloramine T (28). Each reaction 
contained 100 lag of immunotoxin in PBS, 1 laCi of Na125I, and 10 ng/ml of 
chloramine T in a total reaction volume of 100 lal. After a 5-rain incubation at 
room temperature, the reaction was terminated by addition of 20 ng/ml of 
Na-metabisulfite. The free Na~ZSI was separated from the radiolabeled immu- 
notoxin by gel filtration through PD-10 columns (Pharmacia). The specific 
activity of both immunotoxins was approximately 10 laCi/lag. 

lmmunotoxin Blood Levels. Female athymic mice (nulnu) were pur- 
chased from Harlan Sprague-Dawley (Indianapolis, IN) when they were 
4-6 weeks of age. 125I-BR96 sFv-PE40 or 125I-chiBR96-LysPE40 (10 laCi) was 
injected i.v. via the tail vein. The animals (2-4/data point) were sacrificed at 
various time points, and the blood was collected and counted in a gamma 
counter. The % ID for the blood was determined as (cpm detected/cpm in- 
jected) x 100. We calculated % ID/ml assuming a 1.6-ml total blood volume. 

R E S U L T S  

Cloning and Expression of BR96 sFv-PE40 Chimeric Protein. 
The gene fusion encod ing  BR96  sFv-PE40 is c o m p o s e d  of  the BR96 
variable region directly fused to the gene encoding  PE40.  We first 

isolated the sequences  encod ing  the VL and VH domains  of  BR96  IgG 

f rom a p lasmid  conta ining the BR96 Fv sequences  (pBR96Fv) .  The  

light and heavy chains were connec ted  via a flexible polypept ide  

linker. The  PCR-ampl i f i ed  f ragments  were subc loned  into the vector  

pMS 8, which  contains  the gene encod ing  PE40. The  result ing 

plasmid,  p B W  7.0, and the const ruct ion scheme are depic ted in Fig. 1. 

Upon  induct ion with isopropyl  1-thioq3-D-galactopyranoside,  E. 

coli BL21 (ADE3) cells t ransformed with p B W  7.0 expressed  fusion 
protein that was mainly local ized to the inclusion bodies (data not 
shown).  The  protein was prepared,  as descr ibed in "Materials  and 
Methods ,"  and subjected to ion-exchange  chromatography  on a Q- 

Sepharose  co lumn.  Fract ions conta ining BR96 sFv-PE40 were pooled  

and subsequent ly  separated by gel filtration chromatography  on a 
TSK-3000  co lumn.  The  chromatographic  profi le of  the size exclus ion  

co lumn  shows the presence of  two major  species (Fig. 2A). The  first 
species elutes be tween  the Mr 660,000 and 158,000 gel filtration 

standards and represents  an aggregated fo rm of  the recombinan t  pro- 

tein (fractions 9-14) .  The  second species (fractions 15-21) represents  
the Mr 67,000 m o n o m e r i c  form of  BR96  sFv-PE40 which,  as ex- 
pected,  e luted be tween the Mr 158,000 and 44,000 standards.  These  
results were conf i rmed  by reducing  (Fig. 2B) and nonreduc ing  SDS- 
PAGE analysis (Fig. 2C). Whereas  Fig. 2B shows the purif icat ion 

profile as analyzed by SDS-PAGE and Coomass ie  staining, Fig. 2C 
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shows an immunoblot analysis using anti-idiotypic BR96 antibody. 
Therefore, we have demonstrated that purification yields two forms of 
recombinant protein, monomers and aggregates. After pooling the 
monomer and aggregate peaks, we determined the homogeneity of the 
pools to be >95% by nonreducing SDS-PAGE (data not shown). The 
yield of correctly folded BR96 sFv-PE40 protein using these condi- 
tions is approximately 0.4% of the cell paste and 3% of the total 
inclusion body protein. 

Binding Activity of BR96 sFv-PE40 toward Lewis y Antigen. 
BR96 sFv-PE40, being monovalent, only provides one antigen-bind- 
ing site per molecule. In order to test the binding avidity of this 
molecule, we performed a direct binding assay in which purified 
Lewis y antigen was coated onto ELISA plates. In comparison with 
BR96 IgG, monomeric BR96 sFv-PE40 binds approximately 5-fold 
less well (Fig. 3A). In contrast, the aggregated form of BR96 sFv- 
PE40 was unable to bind to the LewisY antigen. L6 IgG, an antibody 
that does not bind the BR96 antigen, was used as a negative 
control. 

Additionally, we compared the competitive binding ability of BR96 
sFv-PE40 with BR96 IgG. This assay, in which LewisY-coated plates 
were also used, measured the amount of radioiodinated BR96 IgG that 
remained bound to the plate when competed with various amounts of 
BR96 sFv-PE40 or BR96 IgG. We found that BR96 sFv-PE40 
competed 5-fold less well than BR96 IgG (Fig. 3B) which correlates 
with the direct binding data in Fig. 3A. The addition of L6 IgG, 
which did not compete for binding, demonstrates the specificity of this 
assay. 

Cytotoxicity of BR96 sFv-PE40 against Cancer Cells. To deter- 
mine the cytotoxic potential of monomeric BR96 sFv-PE40, we com- 
pared the effect of the immunotoxin to the chemical conjugate, chi- 

BR96-LysPE40 (20) on MCF-7 breast carcinoma cells (Fig. 4). 
The results indicate that the single-chain immunotoxin is 4-fold more 
potent than the conjugate, which was prepared in a 1:1 ratio of toxin 
to antibody, with IDso values of 5 and 20 pM, respectively. Next, in 
order to correlate cytotoxicity with the presence of the BR96 antigen, 
we determined the relative antigen density on five tumor cell lines 
by FACS analysis (Fig. 5), using a fluorescein isothiocyanate- 
labeled rabbit anti-human IgG. FACS analysis of a nonspecific human 
IgG antibody was performed for each cell line to determine non- 
specific fluorescence, and a fluorescence intensity was calculated 
(Table 1). 

When we tested the cytotoxic potential of BR96 sFv-PE40 on these 
cell lines, we found that inhibition of protein synthesis correlated with 
BR96 antigen density (Table 1). For example, MCF-7 cells were 
found to display the highest density of BR96 antigen and were the 
most sensitive to BR96 sFv-PE40 (IDso of 5 pM) of the cell lines 
tested. In contrast, KB cells which display negligible amounts of the 
BR96 antigen were much less sensitive to BR96 sFv-PE40 (IDso of 
7,462 pM). We also compared the cytotoxic activity of monomeric and 
aggregated BR96 sFv-PE40 and found that the monomer was approx- 
imately 40- to 50-fold more effective at inhibiting protein synthesis 
than the aggregate population with IDso values on L2987 cells of 75 
and 2920 pM, respectively (data not shown). 

To confirm the specificity of the immunotoxin for its antigen- 
binding site, competitive cytotoxicity experiments were carried out 
(Fig. 6). We determined that the cytotoxic effect of BR96 sFv-PE40 
was due to specific antigen binding, since the effect is reduced by 
excess BR96 IgG but not by L6 IgG, which does not recognize the 
BR96 antigen. 
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K K 
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N K H ~ !!i!i!i!i~!i!iiiiiiiiii!iiilPE~iiiiiiiiii!iiiiiiiiiiiiiiii!i!!iiiii!! 

Ligation 
Nde I + Kpn I 

l N pBW7.01 

G 

~Ligation I Kpn I 

T 7 ~  K K 

( pBW7.0 ] 

BB = (Gly4Ser) 3 
Linker 

Fig. 1. Construction scheme of expression plasmid pBW 7.0 encoding BR96 sFv-PE40. E, EcoRI; H, Hindlll; K, KpnI; N, NdeI; S, Sail; AMP R, ampicillin resistent gene. (Gly4Ser)3 
represents a 15-amino acid linker. 
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DISCUSSION 

We have constructed an expression plasmid for the production of a 

single-chain immunotoxin composed of the carcinoma-reactive anti- 

body BR96 and a truncated form of Pseudomonas exotoxin. The 

chimeric molecule, BR96 sFv-PE40, was purified from E. coli and 

was found to exist in both a monomeric and aggregated form. The 
aggregate peak contained both disulfide bonded and noncovalent 

forms, as determined by nonreducing SDS-PAGE (Fig. 2C). The 
monomeric form was found to bind 5-fold less well than BR96 IgG, 

while the aggregated form did not bind to the BR96 antigen. The 
specificity of monomeric BR96 sFv-PE40 for its antigen was con- 

firmed through a competition analysis with BR96 IgG. 
Since BR96 IgG binds to its antigen in a bivalent fashion, we were 

uncertain as to whether the monovalent sFv molecule would be able 

to bind well. Other investigators (11, 14, 30, 31) have reported a 
reduction in binding efficiency of recombinant antibody proteins of 3- 

to 10-fold relative to their IgG counterparts. One might have expected 

the aggregates, since they are multivalent, to bind better than monov- 

alent BR96 sFv-PE40. However, the BR96 sFv-PE40 aggregates 
mainly result from single molecules that were misfolded during pro- 
duction, forming inappropriate disulfide bonds. Since there are 8 
cysteine residues in BR96 sFv-PE40, the aggregated material was not 

A. 
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Fig. 2. Purification of BR96 sFv-PE40. A, gel filtration column chromatography of 
renatured BR96 sFv-PE40 after initial purification over Q-Sepharose. B, 12% reducing 
SDS-polyacrylamide gel stained with Coomassie brilliant blue. C, immunoblot of a 
4-12% nonreducing SDS-polyacrylamide gel probed with BR96 anti-idiotypic antibody. 
The lanes correspond to fractions 7-21 on the gel filtration profile in A. Lane M, molecular 
weight marker proteins in thousands. Molecular weight standards corresponding to 
670,000, 158,000, 44,000, and 17,000 eluted in fractions 10, 15, 21, and 30, respectively. 
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toxins.  BR96 sFv-PE40 is approximately one-third the size of the 

immunotoxin conjugate, chiBR96-LysPE40. Since protein size can 
effect biological kinetics, we measured the difference in blood half- 

life between BR96 sFv-PE40 and chiBR96-LysPE40. Both immuno- 

toxins were radioiodinated and administered to athymic mice via their 

tail vein. Blood samples were collected at various times and counted 
(Table 2). We found that BR96 sFv-PE40 clears from the blood faster 
than chiBR96-LysPE40. We performed pharmacokinetic analysis on 

the data using the PKCALC statistical analysis program (29). The 
analysis showed that a two-compartment model was appropriate for 
the data. For chiBR96-LysPE40, the tv2 ol and/3 were 54 min and 16.6 
h, respectively. For BR96 sFv-PE40, the tv2 a and/3 were 28.5 rain and 
8.2 h, respectively. 

In the above experiment, the measurement of ~25I-labeled BR96 

immunotoxin in the blood determined how much of the molecule was 
present. In order to measure the amount of detectable single-chain 
immunotoxin that was biologically active, we assayed the blood for 
BR96 sFv-PE40-directed cytotoxic activity at the various times indi- 
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Fig. 3. Binding analysis of BR96 sFv-PE40. A, direct-binding analysis on ELISA plates 
coated with LewisY antigen and probed with BR96 anti-idiotype antibody. A comparison 
of BR96 IgG (I-q), BR96 sFv-PE40 monomers (O), BR96 sFv-PE40 aggregates (&), and 

cated. We found that all of the detectable immunotoxin retained its L6 IgG (O) is shown. B, competition of ~25I-labeled BR96 IgG with BR96 sFv-PE40 (O), 
biological activity (data not shown). BR96 lgG (IS]), and L6 IgG ((3). 
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Fig. 4. Cytotoxicity analysis of BR96 sFv-PE40. Inhibition of protein synthesis in 
MCF-7 cells was determined for BR96 sFv-PE40 (O) and chiBR96-LysPE40 (m). 

Table 1 Cytotoxicity of BR96 sFV-PE40 on various cell lines 

IDso is the amount of BR96 sFv-PE40 required to inhibit 50% of protein synthesis as 
determined by [3H]leucine incorporation. After a 20-h incubation with the toxin the cells 
were pulsed for 4 h with [3H]leucine. BR96 fluorescence intensity, specific BR96 fluo- 
rescence intensity minus nonspecific human IgG fluorescence. 

BR96 IC5o 
fluorescence 

Cell line Cancer type intensity ng/ml pM 

MCF-7 Breast 177.8 0.3 5 
L2987 Lung 172.8 5.0 75 
RCA Colon 138.5 8.0 119 
A2780 Ovarian 103.2 50.0 750 
KB Epidermoid 33.6 500.0 7462 

RCA 

L2987 

Chimeric BR96 

BR96 sFv-PE40, A CARCINOMA-SPECIFIC IMMUNOTOXIN 

1 I 

unexpected .  Mixed  disulf ides h inder  b inding activity, mainly  because  

the an t igen-combin ing  sites are not correctly displayed.  Perhaps,  a 

truly bivalent  recombinan t  molecu le  would  bind as well  as an IgG. 

Therefore,  we have initiated exper iments  to p roduce  bivalent  BR96  

sFv-PE40 for the purpose  o f  increasing the ant igen-binding activity o f  
the recombinan t  i m m u n o t o x i n  molecule .  

The  BR96  ant ibody has been shown to identify a tumor-associa ted  

ant igen expressed  on carc inomas  of  the lung, colon,  breast, and ovary 

(23). In a FACS analysis of  five different  cell lines, we have deter- 

mined  the distr ibution of  BR96  ant igen and have been able to correlate 

the cytotoxic potential  of  BR96  sFv-PE40 with the relative number  

of  ant igen on the surface o f  the target cells. We have found  that 

BR96  sFv-PE40 is ex t remely  potent  against  cancer  cells d isplaying 

the BR96  antigen,  with MCF-7  cells being the mos t  sensit ive line 
examined.  

BR96  is one of  only a few ant ibodies that not only binds solid t umor  
ant igens but  also internalizes rapidly�9 Other  examples  include anti- 
transferrin receptor  ant ibody (32) and the carbohydrate  ant igen-spe-  

cific antibody, B3 (33). When  PE40 immuno tox ins  are prepared,  there 

is a requ i rement  for internalization via a l igand or ant ibody because  

PE40 lacks that capabil i ty since domain  I has been deleted.  Replace-  

men t  of  domain  I with a selective m o d e  of  delivery, i.e.,  by internal- 

ization of  the immuno tox in  fo l lowing ant igen-specif ic  binding,  redi- 

rects the toxin to the antigen. Both  BR96  and B3 internalize in 

monova len t  as well  as bivalent  form, as ev idenced  by their funct ional  
activity as PE40 conjugates  and fusion proteins (13, 20, 34). 

BR96  sFv-PE40 is more  potent  than the IgG chemical  conjugate  
against  the tumor  cell lines tested in this study. Thus,  the recombinan t  
immuno tox in  may  prove to be a more  powerfu l  inhibi tor  of  tumors  
than the chemica l  conjugate.  To begin to address the potential  antitu- 

MCF7 

Fig. 5. FACS analysis of five human carcinoma lines. Data are displayed in each 
histogram as the mean channel number for BR96 IgG. The mean fluorescence for a human 
IgG control antibody for the cell lines was 2.7 (KB), 1.6 (A2780), 7.6 (RCA), 3.9 (L2987), 
and 2.5 (MCF-7). Fluorescence intensity for each cell line was determined by subtracting 
the human IgG mean channel number from the BR96 mean channel number. 

8 0 .  

60 

40 

20 

BR96 L6 

ANTIBODY COMPETITOR 
Fig. 6. Competitive cytotoxic analysis of BR96 sFv-PE40. Inhibition of protein syn- 

thesis in L2987 cells by BR96 sFv-PE40 (50 ng/ml) alone or in the presence of either 
BR96 lgG or L6 IgG (100 lag/ml). 
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BR96 sFv-PE40. A CARCINOMA-SPECIFIC IMMUNOTOXIN 

Table 2 Single-chain immunotoxin versus chemical conjugate immunotoxin: 
comparative blood level analysis 

t25I-BR96 sFv-PE40 and t zSI-chiBR96-LysPE40 were injected into athymic mice. The 
mice (2-4/group) were sacrificed at the indicated times. The % ID/ml for the blood was 
calculated as described in "Materials and Methods." 

BR96 sFV-PE40 chiBR96-LysPE40 
Time (% ID/ml blood) (% ID/ml blood) 

5 min 49.8 57.5 
15 rain 43.3 54.8 
30 rain 28.2 46.3 
60 min 15.5 41.5 

2 h 8.6 23.4 
4 h 5.2 22.0 
6 h 2.5 20.5 

24 h 0.2 7.2 
48 h 0.1 3.6 

m o r  ac t iv i ty  o f  B R 9 6  s F v - P E 4 0 ,  the c h i m e r i c  toxin  was  a dmin i s t e r ed  

i.v. to m i c e  and  f o u n d  to ha ve  a tv, a o f  28.5 min,  as c o m p a r e d  wi th  

that  o f  the c h e m i c a l  c o n j u g a t e  c h i B R 9 6 - L y s P E 4 0 ,  w h i c h  was  54  rain. 

Th i s  is a n o t e w o r t h y  d i f f e r e nc e  b e t w e e n  these  t w o  mo l e c u l e s ,  because  

it m a y  be  an a d v a n t a g e  fo r  the  s ing le -cha in  i m m u n o t o x i n  that  it is 

c l ea red  m o r e  rap id ly  f r o m  the b lood .  T h e  i m m u n o t o x i n  m o l e c u l e s  are 

s table  and  re ta in  b io log ica l  ac t iv i ty  f o l l o w i n g  admin i s t r a t ion  into 

animals .  

Th i s  s tudy  shows  the  in v i t r o  e f f i c a c y  o f  the  s ing le -cha in  i m m u n o -  

toxin ,  B R 9 6  sFv -PE40 .  B r i n k m a n n  e t  al.  (13) r e po r t e d  on  B3 sFv-  

P E 3 8 K D E L ,  a s imi lar  i m m u n o t o x i n  t a rge ted  to c a r c i n o m a s  that  has  

a n t i t u m o r  ac t iv i ty  aga ins t  h u m a n  t u m o r  x e n o g r a f t s  in a t h y m i c  mice .  

S ince  B R 9 6  has a d i f f e ren t  an t igen  speci f ic i ty ,  B R 9 6  s F v - P E 4 0  is a 

nove l  fus ion  pro te in .  O u r  fu tu re  p lans  inc lude  s tudies  wi th  B R 9 6  

s F v - P E 4 0  in a t h y m i c  m i c e  ca r ry ing  t u m o r  xenogra f t s  in o rde r  to 

fu r the r  cha rac t e r i ze  this m o l e c u l e  as a po ten t ia l  agen t  fo r  the  t r ea tmen t  

o f  cancer .  
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