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A B S T R A C T  

We used recombinant DNA technology to construct a mutant form of 
Pseudomonas exotoxin A (PE) called cysPE35 that contains amino acids 
280-364 and 381-613 of PE. cysPE35 begins at the native PE proteolytic 
cleavage site and contains a single cysteine residue at position 287 that can 
be used to conjugate the toxin to monocional antibodies (MAbs). Unlike 
immunotoxins containing larger mutant forms of PE, such as PE40 or 
PE38, immunotoxins containing cysPE35 linked through a disulfide bond 
do not require proteolysis to generate a toxin fragment able to translocate 
to the cytosol, cysPE35 was conjugated to several MAbs and their activ- 
ities were studied in vitro and in vivo. The concentration of toxin that 
inhibited protein synthesis as measured by a decrease in [3H]leucine in- 
corporation of 50 % of cysPE35 conjugated through a disulfide bond to the 
MAb HB21, which targets the human transferrin receptor, was 1 ng/ml on 
A431 cells. The MAb HB21 conjugated through a thioether bond to 
cysPE35 was much less active (concentration of toxin that inhibited pro- 
tein synthesis as measured by a decrease in [3H]leucine incorporation of 
50%, 200 ng/ml). An immunotoxin containing PE38 conjugated through 
either a disulfide or thioether bond to the MAb HB21 had a concentration 
of toxin that inhibited protein synthesis as measured by a decrease in 
[3H]leucine incorporation of 50% of 5 ng/ml, indicating that proteolysis of 
PE38 may be rate limiting in the action of these immunotoxins. Two other 
MAbs, LL2 and B3, were also conjugated through a disulfide bond to 
cysPE35. Both immunotoxins were also more active against cultured cells 
than conjugates using PE38 or PE40, and caused complete regression of 
human tumor xenografts growing in nude mice. In conclusion, we have 
constructed a mutant form of PE which must be coupled to MAbs through 
a disulfide bond to produce fully active immunotoxins that do not require 
proteolysis to generate a toxin fragment able to reach the cell cytosol. 

INTRODUCTION 

PE ~ is a three domain bacterial toxin of 66 kDa (1). Domain Ia 
(amino acids 1-252) mediates cell binding. Domain II (amino acids 
253-364) is responsible for translocation into the cytosol and domain 
III (amino acids 400--613) mediates the ADP-ribosylation of elonga- 
tion factor 2, which arrests protein synthesis and causes cell death (2). 
The function of domain Ib (amino acids 365-399) remains undefined 
and amino acids 365-380 can be deleted without loss of cytotoxic 
activity (3). Prior to translocation of PE, proteolytic cleavage occurs 
between arginine 279 and glycine 280 within a disulfide loop bounded 
by cysteines at 265 and 287, generating a 37-kDa carboxyl-terminal 
fragment that is still linked by a disulfide bond to a 28-kDa amino- 
terminal fragment (4). Reduction of the disulfide bond generates the 
37-kDa toxin fragment that is translocated to the cytosol (5). 

Our group has made several immunotoxins by using mutant forms 
of PE lacking the native binding domain which are chemically con- 
jugated to MAbs directed at various "tumor-specific" or normal cell- 

ular antigens (6-9). Most frequently, the mutant protein PE40 (amino 
acids 253-613 of PE) or PE38 (amino acids 253-364 and 381-613 of 
PE) has been coupled to an antibody with the use of a thioether bond 
which is formed between the MAb and a lysine residue added near the 
amino-terminus of the PE mutant. In the case of PE40 or PE38, 
disulfide conjugation does not facilitate intracellular processing be- 
cause proteolysis between amino acids 279 and 280 is still required to 
generate a 37-kDa carboxyl-terminal PE fragment that is able to 
translocate to the cytosol (Fig. 1A). 

We recently reported a mutant form of PE, termed PE37, that 
contains a methionine at position 280 followed by amino acids 281 
through 613 of native PE (Ref. 10; Fig. 2). This protein also contains 
a serine residue at position 287 in place of the native cysteine residue. 
Otherwise it is identical in sequence to the active cytosolic form of PE 
and therefore does not require proteolysis to generate a molecule able 
to translocate to the cytosol to cause cell death. PE37 can be specif- 
ically targeted to cells expressing epidermal growth factor receptors 
by inserting TGFa near its carboxyl terminus (10). When tested on the 
human epidermoid carcinoma A431 cell line, the IDso of PE37/TGFa 
was 0.02 ng/ml (0.46 pM). In comparison, full length PE containing 
TGFa near the carboxyl terminus and an inactive native binding 
domain, which requires proteolytic processing to generate an active 
carboxyl-terminal fragment, had an ID5o of 0.3 ng/ml (4.2 pM; Refs. 
10 and 11). These studies indicate that proteolytic processing is a 
rate-limiting step in the action of PE molecules directed to cells by 
TGFa. 

In the current study we investigated whether the properties of PE37 
would enable it to be a useful molecule to conjugate to antibodies to 
produce potent immunotoxins. We constructed a modified form of 
PE37, called cysPE35, which has a portion of domain Ib deleted 
(amino acids 365-380 of PE), and lacks the disulfide bond which 
connects cysteines at positions 372 and 379. cysPE35 contains a 
single cysteine residue at position 287, which is used to couple the 
toxin to MAbs via either a disulfide or thioether bond. The properties 
of these types of immunotoxins were compared with conjugates made 
with PE38 or PE40. In the immmunotoxins containing cysPE35 cou- 
pled to the MAb through a disulfide bond, proteolysis should not be 
required to liberate a toxin fragment capable of translocating to the 
cytosol (Fig. 1B). Our results indicate that conjugates linked to 
cysPE35 through a disulfide bond have increased activity in compar- 
ison to conjugates by using either a disulfide or a thioether linkage to 
PE38 or PE40. Furthermore, such conjugates demonstrate potent an- 
titumor activity against appropriate human tumor xenografts growing 
in nude mice. 
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The abbreviations used are: PE, Pseudomonas exotoxin A; MAb, monoclonal anti- 
body; TGFc~, transforming growth factor a; IDso, concentration of toxin that inhibits 
protein synthesis as measured by a decrease in [3H]leucine incorporation of 50%; PCR, 
polymerase chain reaction; PBS, phosphate-buffered saline; DTI', dithiothreitot; SDS- 
PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis; HSA, human serum 
albumin; SMCC, succinimydl 4-(N-maleimidomethyl)cyclohexane-l-carboxylate; SPDE 
N-succinimidyl 3-(2-pyridyldithio)proprionate; LDso, 50% lethal dose. 

Cell Lines. HUT 102 cells were a gift from T. Waldmann (National Cancer 
Institute). CA46 and Daudi cells were obtained from Dr. I. Magrath (National 
Cancer Institute). Other cell lines were from the American Type Culture 
Collection (Rockville, MD). 

Amplification. Oligonucleotides C9 (5'-GAA GGA GAT ATA CAT ATG 
TGG GAA CAA GAG CAG TGC GG-3') and C2 (5'-GGG CAC CGT TGC 
GGA TCC GGC CGC GTG CGT-3') were constructed by using a DNA 
synthesizer (Applied Biosystems). PCR was carried out by using 10 ng of 
plasmid DFI (see below) as template and reagents as per the manufacturer's 
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Fig. 1. A, Schematic diagram of an immunotoxin containing a MAb conjugated by a 

thioether bond to NlysPE38. Also pictured is the disulfide bond spanning residues 265 and 
287 within domain II of PE. The arrow indicates the site of proteolytic cleavage in PE 
required to generate the carboxyl-terminal fragment that translocates to the cytosol. B, 
schematic diagram of an immunotoxin containing a MAb conjugated by a disulfide bond 
to cysPE35 through the native cysteine residue at position 287. Reduction of the disulfide 
bond generates a toxin fragment able to translocate to the cytosol, without requiring 
proteolysis. 

instructions (Gene Amp; Perkin-Elmer/Cetus) in the presence of 5% forma- 
mide (Fluka Chemika) and 100 pmol of primers C9 and C2. Each PCR reaction 
totaled 30 cycles consisting of denaturation at 94~ for 1 min, annealing at 
42~ for 90 s, and polymerization at 72~ for 2 min with a 10-s extension in 
each cycle. The amplified fragments were purified on 1.5% low-melting-point 
agarose (SeaPlaque, FMC Corp.). 

Bacterial Strains and Plasmids. HB101 from Bethesda Research Labo- 
ratories (Gaithersburg, MD) was used for the propagation of the plasmids. 
BL21 (ADE3), which carries an inducible T7 RNA polymerase gene on a 
prophage (12), was used as the host for protein expression. The plasmid DF1 
has been described (10). It encodes a methionine followed by amino acids 
281-613 of PE, except for a serine instead of cysteine at position 287 (Fig. 2). 
Plasmid CT132 was made by the insertion of the 0.4 kilobase NdeI-SaclI 

digested PCR fragment (amplified by using C9 and C2) into a dephosphory- 
lated 3.6-kilobase NdeI-SaclI fragment of plasmid DF1. It was confirmed by 
DNA sequencing (Sequenase, U.S. Biochemical) (13) to encode a 37-kDa 
protein termed cysPE37 that contains a methionine followed by amino acids 
281-613 of native PE, including a cysteine at position 287 (Fig. 2). Plasmid 
CT 11 was constructed by ligating the 515-base pair SalI-BamH 1 fragment of 
plasmid CS10 with a dephosphorylated 3.7-kilobase SalI-BamHl fragment 
of plasmid CT132. Plasmid CSI0 encodes a PE mutant containing a deletion 
of amino acids 365-380 from domain Ib (3). Thus, as confirmed by DNA 
sequencing, plasmid CTll  encodes a protein termed cysPE35 that contains a 
methionine followed by amino acids 281-364 and 381-613 of native PE 
(Fig. 2). 

Expression of PE Mutants. Expression of plasmids encoding Pseudomo- 

nas exotoxin mutants was done by using the host BL21 (ADE3) as described 
previously (14-16). Cells were incubated for 90 min following induction with 
isopropyl-19-D-thiogalactopyranoside, harvested by centrifugation, and then 
cysPE35, NlysPE38, and lysPE40 were purified from the periplasm. 

Purification of PE Mutants, NlysPE38 is a PE mutant that contains amino 
acids 253-364 and 381-613 of PE precededby an ll-amino acid peptide 

containing a lysine residue that is easily derivatized, 2 NlysPE38 was purified 
by sequential use of Q-Sepharose, Mono Q (HR 5/5; Pharmacia, LKB), and 
TSK-250 (Tosohaas) columns, using Pharmacia fast protein liquid chromatog- 
raphy as described (6). lysPE40 is a PE mutant that contains amino acids 

253-613 of PE preceded by a nine-amino acid peptide containing an accessible 

lysine residue and was purified as described (5). Periplasm containing cysPE35 
was purified by elution from Q-Sepharose at 0.26-0.30 M NaC1 in 20 mM Tris 
(pH 7.4). The eluant was injected onto a chelating Sepharose column (Phar- 
macia) that had been 50% saturated with 1 mg/ml CuSO4 in 50 mM Tris-acetate 
(pH 7.0) containing 1 M NaC1. The flow-through contained >95% pure 
cysPE35 that was further purified as monomer on a TSK-250 column in PBS 
containing 10 n ~  EDTA and 10 mM DTT. 

SDS-PAGE, using the method of Laemmli (17), was used to analyze column 
fractions. The identity of PE-containing proteins was verified by immunoblot- 
ting by using rabbit sera reactive with PE. Counter antibody and substrate were 
provided by using a Vectastain kit (Vector Labs). PE mutant concentrations 
were determined by absorbance at 280 nm, assuming an extinction coefficient 
of 1.2 ml mg -l cm -]. 

Monoclonal Antibodies. The MAb B3 is reactive against polysaccharide 
antigen found on many human tumors and was purified from serum-free 
culture medium as described (8, 18). The MAb HB21 is directed against the 
human transferrin receptor and was purified from the ascites of nude mice as 
described (19). LL2 is a pan-B-cell MAb reactive against human B-cell lymp- 
homa (20, 21). The MAb anti-Tac (Hoffmann-La Roche, Nutley, NJ) was used 
as a negative control, and is directed to the intedeukin 2 receptor (22). MAb 
concentrations were determined by absorbance at 280 nm, assuming an ex- 
tinction coefficient of 1.4 ml mg -1 cm -]. 

Construction of Immunotoxins. NlysPE38 or lysPE40 (6-13 mg/ml) in 
0.2 M sodium phosphate (pH 8.0) containing 1 rnM EDTA was derivatized with 
a 5-fold molar excess of 2-iminothiolane (Pierce Chemical Co.) and incubated 
at 37~ for 30 rain. Protein was separated from unreacted cross-linker on 
Sephadex G-25 (PDI0; Pharmacia). Derivatization typically introduced 0.5 
mol of thiol per mol of toxin as measured by using Ellman's reagent (23). In 
separate reactions, NlysPE38 or lysPE40 (6-13 mg/ml) in 0.2 M sodium phos- 
phate (pH 7.0) containing 1 mM EDTA was derivatized with a 3-fold molar 
excess of SMCC (Pierce) and incubated at 22~ for 1 h. Protein was separated 
from reactant on Sephadex G-25. Derivatization typically introduced 0.5 re- 
active group per mol of toxin (24). cysPE35 was stored in 0.2 M sodium 
phosphate (pH 7.0) containing 1 lnM EDTA and 50 mM DTT and was separated 
from DTT on Sephadex G-25 prior to coupling to antibody. The MAbs B3 and 
HB21 (4-8 mg/ml) in 0.2 M sodium phosphate (pH 7.0) containing 1 mM EDTA 
were reacted with a 2- and 4-fold molar excess of SMCC, respectively, and 
incubated at 22~ for 1 h. Derivatized MAb was separated from reactant by 
using Sephadex G-25. The MAbs B3 and HB21 had 0.83 and 1.0 reactive 
groups measured per molecule, respectively, under these conditions (24). The 
MAbs B3 and HB21 (4-5 mg/ml) in 0.2 M sodium phosphate (pH 8.0) con- 
taining 1 mM EDTA were also reacted with a 2- or 3-fold molar excess of SPDP 
(Pierce), respectively, and incubated at 22~ for 30 min. The MAbs B3 and 
HB21 had 0.79 and 0.56 reactive groups measured per molecule, respectively, 
under these conditions (25). The MAbs LL2 and anti-Tac (6 mg/ml) in PBS 
containing 1 mM EDTA were reacted with a 3-fold molar excess of SPDP for 
60 min at 37~ Derivatized MAb was separated from reactant by using 
Sephadex G-25. The MAb B3, HB21, LL2, or anti-Tac derivatized with either 
SPDP or SMCC was reacted with a 2- to 3-fold molar excess of NlysPE38 or 
lysPE40 (that had been derivatized with 2-iminothiolane) or cysPE35 for 16 h 
at 22~ Reactions were terminated by the addition of iodoacetamide (Sigma) 
to a final concentration of 1 mM. In addition, the MAbs LL2 and B3 were 
derivatized by using 2-iminothiolane (6). The MAb LL2 or B3 (5-10 mg/ml) 
in 0.2 M sodium phosphate (pH 8.0) was reacted with a 2-fold molar excess of 
2-iminothiolane at 37~ for 1 h. Derivatized antibody was separated from 
reactant by using Sephadex G-25. The MAb B3 had 1.0 reactive group intro- 
duced under these conditions (23). The MAb B3 was mixed with cysPE35 that 
had been derivatized with Ellman's reagent (Pierce) as described (26). After a 
2-h incubation at 22~ the reaction was terminated by the addition of cysteine 

(Pierce) to a final concentration of 0.2 raM. Likewise, the MAbs LL2 and B3 
that had been derivatized with 2-iminothiolane were reacted for 2 h at 22~ 

2 W. Debinski and 1. Pastan, manuscript submitted for publication. 
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with NlysPE38 or lysPE40 that had been derivatized with SMCC. The reac- 
tions were terminated by the addition of iodoacetamide to a final concentration 
of 1 rnM. Immunotoxins were purified by sequential use of Mono Q and 
TSK-250 columns using fast protein liquid chromatography as described (27). 

ADP-Ribosylation Assay. ADP-ribosylation activity of protein samples 
was measured by the procedure of Collier and Kandel with the use of wheat 
germ extract enriched in elongation factor 2 (28). 

Protein Synthesis Inhibition Assay. Inhibition of protein synthesis was 
carried out as described (29). Cells were plated 24 h prior to toxin addition at 
15,000 cells/well in 96-well plates. Immunotoxins or controls, diluted in PBS 
containing 0.2% bovine serum albumin, were added to a final volume of 200 
lal/well. After incubation at 37~ for 20 h, each well was pulsed for 2 h with 
1 laCi/well of [3H]leucine (Amersham). After freezing and thawing, the cells 
were harvested on glass fiber filters and the incorporation of radioactivity into 
protein was quantitated by a Betaplate (Pharmacia, LKB) scintillation counter. 
The suspension cell lines CA46, Daudi, and HUT 102 were added at the same 
time as toxins or controls to 96-well plates. Each 100-lal well contained I0,000 
cells. After incubation for 24 h, cells were pulsed for 2 to 4 h with 1 laCi/well 
of [3H]leucine, and [3H]leucine incorporation was determined as above. Re- 
sults were calculated as a percentage of incorporated [3H]leucine of cells 
incubated without toxin. Competition assays were done by using immunotoxin 
added to cells in the presence of the respective MAb. All assays were per- 
formed in triplicate. Data shown are representative of several individual assays. 

Clearance Modeling, Serum immunotoxin concentration v e r s u s  time data 
were evaluated by an exponential curve fitting program, RSTRIP (version 5, 
MicroMath Scientific Software, Salt Lake City, UT), as described (30). 

LDso for B3-S-S-PE35 in Mice. Four- to 6-week-old 18-g female BALB/c 
mice were given injections tail vein of increasing doses of B3-S-S-PE35. The 
number of dead animals was determined daily for 7 days following immuno- 
toxin administration. 

Serum Levels of B3-S-S-PE35 in Mice. Six 18-g BALB/c mice were 
given 5 lag of B3-S-S-PE35 by tail vein. Blood from the orbital sinus was 
drawn 5, 30, 60, 120, 240, 720, and 1440 min later. Blood was taken no more 
than three times from any one mouse and all mice resumed normal activity 
between and after blood draws. The level of B3-S-S-PE35 was assayed by 
incubating mouse serum with A431 cells and measuring its effects on protein 
synthesis. A standard protein synthesis inhibition curve was constructed by 
using purified B3-S-S-PE35 diluted in control mouse serum (31). 

Antitumor Activity of B3-S-S-PE35 in Nude Mice Bearing Human Epi- 
dermoid Carcinomas. A431 cells (2 • 106) were injected s.c. on day 0 into 
4- to 6-week-old female nude mice, and tumors approximately 60 mm 3 in size 
developed reproducibly in all mice by day 5. Mice were given a single dose of 

25 lag of B3-S-S-PE35 diluted in PBS containing 0.2% HSA, or an equimolar 
concentration of MAb B3 or cysPE35, or PBS containing 0.2% HSA. Each 
treatment group consisted of three to seven animals. Tumors were measured 
with caliper every 2 days and the tumor volume was calculated as: 

Tumor volume = 0.4 • length • (width) 2 

Antitumor Activity of LL2-S-S-cysPE35 in Nude Mice Bearing Human 
Burkitt's Lymphomas. CA46 cells (1 • 107) or Daudi cells (1.5 • 107) were 
injected s.c. into 4- to 6-week-old female nude mice 3 days after receiving 400 
fads of total body irradiation. Tumors of 100 mm 3 (CA46) or 50 mm 3 (Daudi) 
developed after 6 or 7 days, respectively, in about one-half of the animals. Mice 
bearing tumors of similar size were selected and randomized into groups of 
four or five mice and administered LL2-S-S-PE35 or controls i.v. by tail vein 
daily for 4 days. Tumor volume was calculated as described above. 

R E S U L T S  

Construction of a 35-kDa Carboxyl-terminal Fragment  of PE. 
We sought to determine whether  a 35-kDa carboxyl- terminal  f ragment  

of  PE that does not require proteolysis prior to translocation could be 

conjugated to MAbs to produce potent immunotoxins.  To make 

cysPE35,  the plasmid CT11 was constructed by using plasmid DF1, 

which encodes  PE37 (see "Materials and Methods") .  Plasmid CT11 

contains a T7 promoter  and encodes  a methionine fol lowed by amino 

acids 281-364 and 381-613 of native PE. The protein cysPE35 en- 

coded by this plasmid has a single cysteine residue at position 287 

(Fig. 2). 

cysPE35 was expressed in BL21 O~DE3) and was found to be 

equally distributed between the periplasm and spheroplasts (data not 

shown). Purification of  the protein f rom periplasm to > 9 5 %  homo-  

geneity was accomplished by using anion exchange,  chelation, and 

size exclusion chromatography (see "Materials and Methods") .  

cysPE35 had the expected molecular  mass on SDS-PAGE (35 kDa; 

Fig. 3) and was reactive with anti-PE rabbit sera (data not shown). The 

ADP-ribosylat ion activity of  cysPE35 and activated PE were identi- 

cal. The number  of  thiol groups in cysPE35 was found to be 1 mol/mol  

of  protein when measured with El lman's  reagent (23). When  tested on 

a number  of  cell lines, cysPE35 had very little cytotoxic activity 

because it could not bind specifically to target cells (Table 1). 

P i a s m  I d P r o t e l  n S t  r u c t u  r e  
s e t  

2 8 0  I 613 

DFI P I 

cys 
2 8 0  ] 61:3 

C T 1 3 2  c y s P E 3 7  [ 

cys 
2 8 0  I 3 6 4  381 613 

7-3 
Domain I1: Domain Ib: Domain I I 1 :  
a a 2 5 3 - 3 6 4  a a 3 6 5 - 3 9 9  a a 4 0 0 - 6 1 3  

Fig. 2. Schematic diagram of PE mutants encoded by plasmids used in the study, Numbers  indicate amino acid positions that span PE-encoding sequences. The single amino acid 
named in each PE mutant occurs at position 287 of the native PE sequence. 

342 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/2/340/2451707/crs0530020340.pdf by guest on 19 M

ay 2023



cysPE35 IMMUNOCONJUGATES 

Design and Activity of Immunotoxins Containing MAb HB21 
(Anti-Transferrin Receptor Antibody). To determine whether 
cysPE35 could be specifically targeted to cells it was conjugated to the 
MAb HB21, an antibody that recognizes the human transferrin recep- 
tor. cysPE35 was coupled by using either a thioether or a disulfide 
bond (Fig. 1B). We compared the activity of cysPE35-based immu- 
notoxins with immunotoxins containing NlysPE38, which requires 
proteolytic processing for activity. NlysPE38 was derivatized with 
2-iminothiolane to create a free sulfhydryl group, and was coupled to 
MAb that had been derivatized with either SMCC to produce an 
immunotoxin containing a thioether bond (Fig. 1A) or SPDP to pro- 
duce an immunotoxin containing a disulfide bond as described in 
"Materials and Methods." 

Each of the four immunotoxins were purified by using anion ex- 
change and size exclusion chromatography to >95% homogeneity. 
They each migrated with a molecular mass of approximately 190,000 
kDa, indicating a 1:1 ratio of antibody and toxin; there was no evi- 
dence of uncoupled toxin on nonreducing SDS-PAGE of the immu- 
notoxins (Fig. 4). Reducing SDS-PAGE produced the expected pattern 
of antibody and toxin fragments (Fig. 3). When the MAb HB21 
conjugated to cysPE35 through a thioether bond (HB21-S-C-PE35) 
was reduced and subjected to SDS-PAGE it produced MAb heavy 
chain (50 kDa) and MAb light chain (20 kDa) as well as heavy and 
light chains bound to cysPE35 (corresponding to the 55- and 85-kDa 
bands on the gel). When the MAb HB21 conjugated through a thio- 
ether bond to NlysPE38 (HB21-S-C-PE38) was analyzed in a similar 
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Fig. 3. Ten% reducing SDS-PAGE of PE mutants and HB21 conjugates. The gel has 
been stained with Coommassie blue. Ordinate, molecular masses of  standards. 

Table 1 Cytotoxic activities of mutant PE proteins and immunoconjugates to the MAbs 
HB21 and B3 

ID~o (ng/ml) 

Protein A431 MCF7 

cysPE35 800 200 
NlysPE38 > 1000 300 

HB21-S-C-PE35 '~ 200 30 
HB21-S-C-PE38 '~ 5 1.2 
HB21-S-S-PE38 b 5 2 
HB21-S-S-PE35 o 1 ! .2 

B3-S-C-PE38 c 6 3.2 
B3-S-S-PE35 r 4.7 1.0 

a Immunotoxins in which the MAb was derivatized with SMCC. 
b Immunotoxins in which the MAb was derivatized with SPDP. 
c Immunotoxins in which the MAb was derivatized with 2-iminothiolane. 

~- ,~ ~ '~ . . . . . .  :.~..#~ { 2 1 0  k D  

97 kD 
i 

68 kD 

43 kD 

29 kD 

Fig. 4. Ten% nonreducing SDS-PAGE o f  HB21 conjugates. The gel has been stained 
with Coommassie blue. Ordinate, molecular masses of  standards. 

manner, it produced MAb heavy and light chains as well as heavy and 
light chains bound to NlysPE38. When the MAb HB21 conjugated to 
NlysPE38 through a disulfide bond (HB21-S-S-PE38) was reduced it 
produced MAb heavy and light chains as well as free toxin (38 kDa). 
Similarly, the MAb HB21 conjugated to cysPE35 through a disulfide 
bond (HB21-S-S-PE35) produced MAb heavy and light chains as well 
as free toxin (35 kDa) when reduced. Western blotting of the reduced 
immunotoxins, using anti-PE rabbit sera, confirmed the presence of 
free toxin (in the case of disulfide conjugates) or toxin bound to 
antibody heavy and light chains (in the case of thioether conjugates; 
data not shown). 

The cytotoxic activities of the conjugates were then tested on hu- 
man epidermoid carcinoma A431 and human breast carcinoma MCF7 
cell lines. On A431 cells, HB21-S-S-PE35 had an IDso of 1.0 ng/mt 
(Table 1; Fig. 5). NlysPE38 conjugates were 5-fold less active on 
A431 cells than HB2 I-S-S-PE35, and displayed nearly identical cyto- 
toxicity regardless of the method of conjugation (IDso = 5.0 ng/ml). 
The thioether conjugate made by using cysPE35 was more than 100- 
fold less active than HB21-S-S-PE35 (IDso = 200 ng/ml). On MCF7 
cells, conjugates using a disulfide bond to cysPE35 (IDso = 1.2) or 
either a thioether or disulfide bond to NlysPE38 (IDsos of 1.2 and 2.0, 
respectively) were nearly equally active (Table 1). The thioether con- 
jugate to cysPE35, however, was much less active (IDso = 30 ng/ml). 
Mouse L929 cells, which do not express the human transferrin recep- 
tor, were resistant to the toxic effects of all immunotoxins containing 
the MAb HB21 at concentrations up to 1000 ng/ml. Furthermore, 
cytotoxicity on the A431 cell line was inhibited by 10 lag/ml of MAb 
HB21, indicating that the immunotoxins were binding specifically to 
the human transferrin receptor (data not shown). 

Design and Activity of Immunotoxins Containing MAb B3. To 
determine whether cysPE35 could be specifically targeted to cells 
expressing a tumor-associated antigen, it was conjugated to the MAb 
B3, an antibody that recognizes a polysaccharide antigen expressed by 
many human cancers (18). In these studies, cysPE35 was activated 
with Ellman's reagent and coupled through a disulfide bond to the 
MAb B3 that had been derivatized with 2-iminothiolane to produce a 
free sulfhydryl group (see "Materials and Methods"). For comparison, 
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an immunotoxin made by coupling NlysPE38 (that had been deriva- 
tized with SMCC) through a thioether bond to the MAb B3 (that had 
been derivatized with 2-iminothiolane) was used. 

The immunotoxin containing a disulfide bond to cysPE35 (B3-S- 
S-PE35) was 3 times more active on MCF7 cells than the immuno- 
toxin containing the MAb B3 coupled to NlysPE38 (B3-S-C-PE38) 
(IDso of 1.0 versus  3.2 ng/ml). In addition, B3-S-S-PE35 was slightly 
more active than B3-S-C-PE38 on A431 cells (IDso of 4.7 versus  6.0 
ng/ml; Table 1; Fig. 6). KB cells, which lack the B3 antigen, were 
resistant to the toxic effects of B3-S-S-PE35 up to a concentration of 
1000 ng/ml. As well, the cytotoxic activity of B3-S-S-PE35 on MCF7 
cells was completely inhibited by 900 tag/ml of MAb B3, indicating 
that the immunotoxin was binding specifically to the B3 antigen. 

Design and Activity of Immunotoxins Containing MAb LL2. 
To test whether the pan-B-cell MAb LL2 could, like the MAbs HB21 
and B3, direct cysPE35 to appropriate target cells, we conjugated the 
MAb LL2 to cysPE35 to produce LL2-S-S-PE35. In these studies, 
reduced cysPE35 was coupled through a disulfide bond to the MAb 
LL2 that had been derivatized with SPDP (see "Materials and Meth- 
ods"). For comparison, an immunotoxin made by coupling lysPE40 
through a thioether bond to the MAb LL2 was used. An immunotoxin 
containing the MAb anti-Tac (that had been derivatized with SPDP) 
conjugated to reduced cysPE35 was constructed to serve as a negative 
control for in vitro and in vivo experiments. 
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Fig. 5. Protein synthesis inhibition activity of HB21 conjugates on A431 cells: HB21- 
S-C-PE35 (O); HB21-S-C-PE38 (&); HB21-S-S-PE38 ([]); and HB21-S-S-PE35 (,). 
Cells were incubated with immunotoxins for 20 h and then pulsed with [3Hlleucine and 
harvested. Inhibition of protein synthesis by immunotoxins was expressed as the percent- 
age of cpm of cells incubated without immunotoxins. 
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Fig. 6. Protein inhibition activity of B3 conjugates on MCF7 cells: B3-S-C-PE38 ([]) 
and B3-S-S-PE35 (&). Both immunotoxins were constructed by derivatizing the MAb 
with 2-iminothiolane. Cells were incubated with immunotoxins for 20 h, pulsed with 
[3Hlleucine, and harvested. Inhibition of protein synthesis by immunotoxins was ex- 
pressed as the percentage of cpm of cells incubated without immunotoxins. 

Table 2 Cvtotoxic activities of immunoconjugates to the MAbs LL2 and anti-Tac 

IDso (ng/ml) 

CA 46 Daudi HUT 102 

LL2-S-S-PE35 a 8.0 3.5 > 1000 
LL2-S-C-PE40 b 38 23 >1000 
Anti-Tac-S-S-PE35 a > 1000 > 1000 4 

a Immunotoxin in which the MAb was derivatized with SPDP and coupled to reduced 
cysPE38 or lysPE40 that had been derivatized with 2-iminothiolane. 

b Immunotoxin in which the MAb was derivatized with 2-iminothiolane and coupled 
to lysPE40 that had been derivatized with SMCC. 

The activities of immunotoxins containing the MAbs LL2 and 
anti-Tac were then assayed on Burkitt's lymphoma cell lines (Table 2). 
The IDso of LL2-S-S-PE35 on the Burkitt's lymphoma CA46 cell line 
was 8.0 ng/ml. In comparison, the IDso of a thioether conjugate 
between MAb LL2 and lysPE40 (LL2-S-C-PE40) was 38 ng/ml. 
Daudi cells were about twice as sensitive to both conjugates. Both 
Burkitt's lymphoma cell lines were resistant to anti-Tac coupled by a 
disulfide bond to cysPE35 (anti-Tac-S-S-PE35), indicating that their 
sensitivity to LL2-S-S-PE35 was not due to nonspecific toxin inter- 
nalization. LL2-S-S-PE35 was not cytotoxic toward HUT 102 cells, 
which contain high levels of the interleukin 2 receptor and are very 
sensitive to anti-Tac-S-S-PE35 (IDso = 4.0 ng/ml). As well, the ac- 
tivity of LL2-S-S-PE35 on both Burkitt's lymphoma cell lines was 
inhibited by 20 ~tg/ml of the MAb LL2, indicating that the immuno- 
toxin was binding specifically to the LL2 antigen. 

We were interested in the effects of derivatizing agents on immu- 
notoxin activity. The immunotoxin B3-S-C-PE38, in which the anti- 
body had been derivatized with 2-iminothiolane and the toxin had 
been derivatized with SMCC, was compared to a similar conjugate 
made by using the identical proteins but reversing the order of de- 
rivatizing agents. Interestingly, B3-S-C-PE38 containing the MAb B3 
that had been derivatized with SMCC was 5-fold less active on A431 
cells (IDso of 32 versus  6.0 ng/ml) and 4-fold less active on MCF7 
cells (IDso of 12 versus  3.2 ng/ml) than the identical immunotoxin in 
which the antibody had been derivatized with 2-iminothiolane. Also, 
B3-S-S-PE35 was 4- to 5-fold less active on A431 cells (IDso of 19 
versus  4.7 ng/ml) and MCF7 cells (IDso of 5.5 versus  1.0 ng/ml) when 
the MAb B3 had been derivatized with SPDP than when the antibody 
had been derivatized with 2-iminothiolane. We did not observe a 
significant effect of derivatizing agents on the activity of immunotox- 
ins containing the MAb HB21 (see "Discussion"). 

Pharmacokinetics and Antitumor Experiments in Mice. To test 
in vivo properties of immunotoxins containing cysPE35, several stud- 
ies in mice were conducted. Mice were given injections by tail vein of 
escalating doses of B3-S-S-PE35 to determine the LDso. Two of two 
mice died at doses of 100, 125, and 250 lag of the immunotoxin per 
18-g mouse. Mice that received 25, 50, or 75 lag of the immunotoxin 
were alive more than 1 week after injection. Thus the single dose LD5o 
of B3-S-S-PE35 is between 75 and 100 ~g/mouse (4.2 and 5.6 mg/kg). 
The serum half-life of B3-S-S-PE35 was also determined in BALB/c 
mice. After injection of 5 lag of immunotoxin by tail vein, blood was 
collected at various intervals (Fig. 7). The serum concentration of the 
immunotoxin was determined by a protein synthesis inhibition activ- 
ity assay and pharmacokinetic parameters were analyzed by a two- 
compartment pharmacokinetic model (see "Materials and Methods"). 
B3-S-S-PE35 was cleared with a biexponential decay and had an a 
half-life of 38 min and/3 half-life of 380 rain. 

B3-S-S-PE35 was tested for antitumor activity. Nude mice received 
2 • 106 A431 cells s.c. and 5 days later were treated with a single i.v. 
dose of the immunotoxin, an equimolar amount of B3 or cysPE35, or 
PBS containing 0.2% HSA. Tumors in seven of seven mice com- 
pletely regressed within 6 days of the initiation of treatment with the 
immunotoxin (Fig. 8). Tumors did not reappear during a 3-week 
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2000 period of observation following remission and animals showed no 
signs of toxicity for the duration of the study. In contrast, neither the 
MAb B3 nor cysPE35 demonstrated antitumor activity. Thus, the 
MAb conjugated to cysPE35 through a disulfide bond can cause 
complete and sustained remission of 100% of human tumor xenografts 
growing in nude mice at tolerable doses. 

LL2-S-S-PE35 was tested for antitumor activity on Burkitt's lym- 
phoma xenografts. Nude mice were given injections of 1 x 107 CA46 
cells s.c., and 6 days later visible tumors were treated by four daily i.v. 
doses of LL2-S-S-PE35. Fig. 9 shows that 5 and 10 lag of LL2-S-S- 
PE35 per day for 4 days demonstrated a significant antitumor effect. 
Ten lag of LL2-S-S-PE35 represents 20% of the multiple dose LDso, 
and was nontoxic to the mice. The complete remission rate was 25% 
at the 5-lag dose and 50% at the 10-lag dose, suggesting a dose- 
dependent response. The MAb LL2 given at 8 lag/day for four doses 
did not cause tumor regression, indicating that the antitumor effect of 
LL2-S-S-PE35 required the toxin moiety. By Fisher's t test, the effect 
of the 5-lag dose was significant at the 0.05-level by day 9 and at the 
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Fig. 9, Effect of LL2-S-S-PE35 on the growth of s.c. CA 46 tumors growing in nude 
mice, Animals received 1 x 107 cells on day 0 and were given 4 daily i,v, doses of 
immunotoxin starting on day 6 :5  lag/day of LL2-S-S-PE35 (0) ;  10 lag/day of LL2-S-S- 
PE35 (O); or 8 lag/day of LL2 (A). Tumor volume was calculated by the formula 0.4 x 
length x (width)L All animals survived immunotoxin treatment and did not exhibit signs 
of toxicity. 
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Fig. 7. Serum levels of B3-S-S-PE35 were determined after i,v. injection of 5 lag of the 
immunotoxin. The level of B3-S-S-PE35 was assayed by incubating serum with A431 
cells and measuring inhibition of protein synthesis. A standard protein synthesis inhibition 
curve was made by using B3-S-S-PE35 diluted in control mouse serum. 
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0.01-level by day 13. The effect of the 10-pg dose was significant at 
the 0.05-level by day 8 and at the 0.01-level by day 10. LL2-S-S-PE35 
had similar antitumor activity on Daudi cell xenografts growing in 
nude mice (data not shown). Anti-Tac-S-S-PE35 administered at 10 ~tg 
i.v./day had no antitumor effect on the Burkitt's lymphoma xenografts, 
indicating that the antitumor effect of LL2-S-S-PE35 on these cells 
was not due to the toxin portion of the immunotoxin alone (data not 
shown). 

DISCUSSION 

DAY AFTER TUMOR IMPLANTATION 

Fig. 8. Effect of B3-S-S-PE35 on the growth of s.c. A431 tumors growing in nude 
mice. Animals received 2 x 106 cells on day 0 and on day 5 received a single i.v. dose 
of 25 lag of B3-S-S-PE35 (A); or an equimolar amount of B3 C-I); or cysPE35 (O); or 
PBS containing HSA (A). Tumor volume was calculated by the formula 0.4 x length 
(width) 2. All animals survived immunotoxin treatment and did not exhibit signs of tox- 
icity, ities of conjugates containing cysPE35 and NlysPE38. We have shown 
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We have constructed potent immunotoxins with the use of a car- 
boxyl-terminal fragment of PE that, after internalization into cells, is 
able to translocate to the cytosol without requiring proteolysis. PE- 
based immunotoxins originally used native PE and more recently have 
used PE mutants lacking domain Ia (amino acids 1-252) (6-9). Within 
the target cell, immunotoxins containing PE, PE40 (amino acids 253- 
613 of PE), or PE38 (amino acids 253-364 and 381-613 of PE) 
require two essential steps to liberate a carboxyl-terminal toxin frag- 
ment capable of reaching the cytosol: (a) proteolysis between amino 
acids at positions 279 and 280, and (b) reduction of a disulfide bond 
spanning amino acids at positions 265 and 287 of PE (4, 5). We 
designed cysPE35 so that it could be easily conjugated to MAbs 
through its cysteine residue and would not require intracellular pro- 
teolysis for activity. 

NlysPE38 conjugates made by using either a disulfide or thioether 
linkage to the MAb HB21 had similar cytotoxic activities. Regardless 
of the method of conjugation, immunotoxins containing NlysPE38 
require both proteolysis and reduction of a disulfide bond to generate 
a carboxyl-terminal toxin fragment capable of translocating to the cell 
cytosol (Fig. 1). In contrast, HB21-S-S-PE35 was 5-fold more active 
on A431 ceils than the NlysPE38 conjugates. The toxin fragments of 
HB21-S-S-PE35 and of the HB21 conjugates to NlysPE38 that are 
translocated to the cytosol are nearly identical (amino acids 280-364 
and 381-613 of PE). The single difference is a methionine substitution 
for glycine at position 280 that is known not to affect toxin activity 
(4). cysPE35 and the processed form of NlysPE38 should therefore be 
able to translocate to the cytosol equally well. Thus the decreased 
activity of NlysPE38 conjugates should be due to a rate-limiting step 
that occurs prior to translocation of the active cytosolic form of PE. 

Several factors may account for the differences in cytotoxic activ- 
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previously that proteolytic processing is rate limiting in the action of 
a derivative of PE directed to A431 cells by TGFo~ (10). If proteolysis 
between amino acids 279 and 280 but not reduction of a disulfide 
bond is rate limiting within the cell, disulfide conjugates to cysPE35 
might be more active than disulfide or thioether conjugates containing 
NlysPE38. Cell lines may have a range of proteolytic efficiencies. One 
would therefore expect the enhanced activities of cysPE35 disulfide 
conjugates to be less apparent on certain cell lines. The conjugates 
HB21-S-S-PE35, HB21-S-S-PE38, and HB21-S-C-PE38 had nearly 
identical activities on MCF7 cells, indicating that this cell line may 
efficiently process NlysPE38. 

Alternatively, chemical modification of the toxin, which is unnec- 
essary for cysPE35, may reduce the activity of immunotoxins con- 
taining NlysPE38 or lysPE40. For instance, SMCC, SPDP, or 2-imi- 
nothiolane may react with one of the three lysine residues that occur 
in domain III of PE38 or PE40. Such derivatization may directly 
impair the intracellular trafficking or ADP-ribosylation activity of the 
toxin. As well, immunotoxins conjugated through lysine residues that 
occur on the carboxyl-terminal side of the native proteolysis site are 
likely inactive since proteolysis and disulfide bond reduction do not 
release a carboxyl-terminal toxin fragment able to translocate to the 
cytosol. It is possible that coupling through improper lysines to 
NlysPE38 accounted for the decreased activity of HB21-S-S-PE38 
and HB21-S-C-PE38 in comparison to HB21-S~ on A431 
cells. However, HB21-S-S-PE35 did not exhibit increased cytotoxic- 
ity in comparison to HB21 conjugates containing NlysPE38 on MCF7 
cells. If the decreased action of NlysPE38 conjugates were due to 
coupling through improper lysine residues, we would have expected 
these immunotoxins to have been less active than HB21-S-S-PE35 on 
both MCF7 and A431 cells. Thus, our data are insufficient to prove the 
mechanism that limits the toxicity of NlysPE38 conjugates on certain 
cell lines, and both proteolysis as well as the effects of toxin deriva- 
tization may play important roles. 

Interestingly, the enhanced activity of B3-S-S-PE35 in comparison 
to B3-S-C-PE38 was more apparent on MCF7 cells rather than on 
A431 cells. In contrast, the enhanced activity of HB21-S-S-PE35 in 
comparison to HB21-S-C-PE38 was more apparent on A431 rather 
than MCF7 cells. It is unclear why the metabolism of NlysPE38 
appears to be more rate limiting on A431 cells in the case of HB21 
conjugates and also more rate limiting on MCF7 cells in the case of 
B3 conjugates. Clearly, the ability of specific cell lines to process 
immunotoxins containing NlysPE38 depends to a certain degree on 
properties inherent to the MAb and the conjugation chemistry. 

The immunotoxin containing cysPE35 linked to the MAb HB21 
through a thioether bond (HB21-S-C-PE35) requires proteolysis to 
separate the toxin moiety from the MAb, so that toxin translocation 
can occur. Because cysPE35 starts at amino acid 280 of native PE, it 
does not contain the native proteolysis site between amino acids 279 
and 280 recognized by mammalian cells that process PE (4). Hence, 
the cysPE35 thioether conjugate to the MAb HB21 (HB21-S-C-PE35) 
had low activity. However, some residual activity was detected. ~r 
have shown previously that mutants of PE37 containing deletions of 
the amino terminus retain some activity (10). As well, a mutant of 
PE37 containing the amino acids MPQ prior to amino acid 280 of PE 
is very active. 3 Thus, carboxyl-terminal fragments of PE may be 
translocated to the cytosol even if proteolytic cleavage occurs at a site 
other than the one between amino acids 279 and 280. We believe that 
the small degree of activity observed with HB21-S-C-PE35 can be 
attributed to proteolytic processing occurring at other sites within the 
MAb or cysPE35 and inefficient translocation of the resulting frag- 
ments. 

Interestingly, B3-S-C-PE38 made by using SMCC to derivatize the 
antibody and 2-iminothiolane to derivatize the toxin was less active 
than the same immunotoxin made in which the antibody was deriva- 
tized with 2-iminothiolane and NlysPE38 was derivatized with 
SMCC. While both SMCC and 2-iminothiolane react with amino 
groups, they differ in polarity (2-iminothiolane > SPDP > SMCC). 
We suspect that the nonpolar reactant SMCC derivatized a lysine 
residue that interfered with a critical property of the MAb B3, such as 
antibody binding, that contributes to immunotoxin activity. In addi- 
tion, B3-S-S-PE35 made by using 2-iminothiolane to derivatize the 
MAb B3 was 4- to 5-fold more potent than one using SPDP to 
derivatize the antibody. We also believe the more polar molecule, 
2-iminothiolane, reacts with an amino group in the MAb B3 at a site 
that does not affect immunotoxin activity. We did not observe any 
difference in immunotoxin activity by using different methods to 
derivatize the MAb HB21. Hence, we conclude that the ability of 
certain derivatizing agents to impair the potency of immunotoxins can 
be an antibody-specific phenomenon. 

When administered i.v., B3-S-S-PE35 had a /3 half-life of 6.3 h. 
This value is similar to the/3 half-life (8.3 h) reported for an immu- 
notoxin containing the MAb 0X7 linked through a disulfide bond to 
deglycosylated ricin A chain (32). Thorpe et al. have shown that 
4-succinimidyloxycarbonyl-ot-methyl-c~-(2-pyridyldithio)-toluene can 
be used to derivatize MAbs to produce immunotoxins containing 
hindered disulfide bonds. In the case of the MAb 0X7, conjugation 
through a hindered disulfide bond to deglycosylated ricin A chain 
produced an immunotoxin with an increased/3 half-life of 20.9 h that 
also demonstrated an improved therapeutic index (33). Our results 
indicate that an immunotoxin (B3-S-S-PE35) containing an unhin- 
dered disulfide bond to cysPE35 causes complete regression of 100% 
of human tumors growing in nude mice at tolerable doses. The ther- 
apeutic index of immunoconjugates containing cysPE35, however, 
may benefit similarly by a hindered disulfide linkage. 

We found that the pan-B-cell monoclonal antibody LL2 can target 
cysPE35 to human B-cell lymphoma in tissue culture and in nude 
mice. Disulfide conjugates using translocatable forms of other toxins 
have also shown efficacy against such cells in vivo. For example, ricin 
A chain can be targeted to Daudi cells growing in SCID mice by the 
anti-CD22 antibody RFB4 or its Fab' fragment (34). Moreover, in 
clinical trials, remissions were induced in a high percentage of pa- 
tients with CD22-positive tumors (35). Ricin A chain, pokeweed an- 
tiviral protein, saporin, and momordin have been conjugated to the 
anti-CD19 antibody-B43 to target B-lineage leukemia cells (36). B43- 
PAP showed antitumor activity in SCID mice bearing human CD19- 
positive leukemia cells (37). At this time it is unclear how the in vivo 

activity of LL2-S-S-PE35 compares with that of these agents or with 
that of thioether conjugates of other PE mutants with LL2. 4 

Among many toxin fragments, ricin A chain and diphtheria toxin A 
chain share with cysPE35 the ability to arrest protein synthesis. Also 
they are the final processed forms of their respective whole toxins. 
Each of these catalytic fragments are portions of whole toxins that, 
like PE, have the ability to bind to mammalian cells and to translocate 
a catalytic fragment into the cytosol to arrest protein synthesis. Fur- 
thermore, each of the whole toxins is encoded by a single gene and 
thus is initially a single-chain product that is subsequently cleaved into 
two fragments that are joined by a disulfide bond (28, 38). While the 
three toxins are remarkably similar in these respects, the location of 
proteolytic cleavage is different for each toxin. Ricin is cleaved into 
two fragments within the endoplasmic reticulum of the castor oil plant 
seeds that encode the protein (39). Diphtheria toxin is cleaved by an 

3 C. Theuer and I. Pastan, unpublished results. 
4 R. J. Kreitman, H. J. Hansen, A. L. Jones, D. J. FitzGerald, D. M. Goldenberg, and 

I. Pastan, manuscript in preparation. 
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ex t race l lu la r  p ro tease  pr io r  to e n d o c y t o s i s  by  target  cel ls  (40).  PE  is 

c l e a v e d  wi th in  the target  cel l  (4, 5). F o r  all th ree  toxins ,  r educ t ion  is 

the f inal  e v e n t  r equ i r ed  to gene ra t e  a ca ta ly t ic  f r a g m e n t  that  is t rans-  

loca ted  to the cell  cy toso l .  H e n c e ,  i m m u n o t o x i n s  c o n t a i n i n g  on ly  the 

ca ta ly t ic  f r agmen t s  o f  e i the r  o f  these  tox ins  mus t  use  a d i su l f ide  

l inkage  in o rde r  to re lease  an ac t ive  tox in  f r agmen t .  

In conc lu s ion ,  we  hav e  c o n s t r u c t e d  a mu t a n t  f o r m  o f  PE,  t e r m e d  

c y s P E 3 5 ,  that  is able  to t r ans loca te  to the cy toso l  w i t hou t  r equ i r ing  

p ro teo lys i s ,  c y s P E 3 5  can  be  eas i ly  c o n j u g a t e d  t h r o u g h  a d i su l f ide  

b o n d  to M A b s  to p r o d u c e  i m m u n o t o x i n s  o f  h igh  po tency .  On  s o m e  

cel l  types ,  these  i m m u n o t o x i n s  are m o r e  po ten t  than  i m m u n o t o x i n s  

m a d e  wi th  N l y s P E 3 8  or  l y sPE40 .  M A b s  c o n j u g a t e d  to c y s P E 3 5  

t h rough  a d i su l f ide  b o n d  ha ve  po ten t  a n t i t u m o r  act iv i t ies  and  have  the 

po ten t i a l  to be  usefu l  c l in ica l  agents .  
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