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Abstract Immunotoxins are a class of targeted thera-
peutic agents under development by various research
groups. The murine monoclonal antibody designated
ZME-018 recognizes a high molecular weight glyco-
protein present on most human melanoma cells and
biopsy specimens and has been utilized for clinical
imaging studies in patients with melanoma. The plant
toxin gelonin is a ribosome-inactivating protein (RIP)
with n-glycosidase activity similar to that of ricin A
chain. In previous studies by our group, the gelonin
toxin was sequenced, cloned and expressed in E. coli.
The puri®ed recombinant gelonin (RG) was found to
have identical protein synthesis inhibitory activity to
that of natural gelonin (NG). For comparative purposes,
chemical conjugates of antibody ZME and either RG or
NG were produced using the heterobifunctional cross-
linking reagents SPDP and SMPT. The ZME-NG and
ZME-RG immunotoxins were found to be 104- to 105-
fold more cytotoxic to antigen-positive human melano-
ma cells than free toxin. NG toxin alone was cytotoxic
to intact cells (IC50 = 100 nM) while RG was nontoxic
to cells at doses up to 1 lM. Both ZME-NG and
ZME-RG immunoconjugates were nontoxic to antigen-
negative (Me-180) cells. ZME-RG immunotoxins con-
structed with the more stable SMPT reagent were
slightly more e�ective in culture than conjugates made
with SPDP. Tissue distribution studies in tumor-bearing
nude mice demonstrated that tumor uptake of the ZME-
RG immunotoxin was similar to that of the intact ZME
antibody with reduced distribution to normal organs
compared to an immunoconjugate produced with NG.

Pharmacokinetic studies showed that the terminal-phase
plasma half-life of ZME-RG was similar to that of ZME
itself (42 h vs 50 h) and almost threefold higher than
that of ZME-NG (11.5 h). The area under the concen-
tration curve (Cxt) for ZME-RG was 50% lower than
that for ZME due to an increased apparent volume of
distribution (Vda) but was almost tenfold higher than
the Cxt for ZME-NG. These studies suggest that
immunoconjugates comprising RG demonstrate identi-
cal in vitro cytotoxic e�ects to immunoconjugates pro-
duced with NG and immunotoxins with RG display
improved in vivo pharmacodynamics and tissue distri-
bution compared to immunotoxins containing NG.
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Introduction

The use of tumor-targeted therapy has been extensively
investigated over the past two decades [2, 7, 13, 26].
Numerous extracellular targets have been identi®ed and
speci®c, high-a�nity antibodies have been developed
recognizing these epitopes using conventional hybrid-
oma techniques. Advances in molecular biology have
recently been applied to design and generate unique,
high-a�nity recombinant antibodies using the phage
display approach [8, 11]. While there have been a variety
of problems noted with the antibody targeting ap-
proach, there have also been some notable advances in
the ®eld primarily in the use of monoclonal antibodies
(mAb) for radioimmunotherapy of solid tumors [6, 31,
32]. This area of research has led to e�ective therapy in
some disease states [9, 33] and remains a potentially
important avenue of research opportunity.

The advent of molecular approaches leading to the
design and expression of novel, recombinant molecules
has brought forward second- and third-generation con-
structs directed to the tumor cell surface and to the vas-
culature supporting tumor growth [10, 14, 27]. Growth
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factor-fusion toxins and engineered antibody fragments
also fused to toxins have been generated and tested in
preclinical models over the past several years [12, 23]. In
addition, various cytokine-fusion toxins such as IL-2/DT
and EGF/DT are currently in clinical trials [5].

We recently described the complete amino acid se-
quence for the single-chain, ribosome-inhibiting plant
toxin gelonin [19] and we have also developed a syn-
thetic gene encoding the mature toxin and have expres-
sed in E. coli biologically active, recombinant gelonin
(RG) toxin. The availability of this novel recombinant
protein adds to the currently small but growing list of
cytotoxic e�ector molecules suitable for the development
of targeted therapeutic agents. The purpose of the cur-
rent study was to evaluate the in vitro and in vivo
biological activity of an antimelanoma immunotoxin
containing RG and compare its behavior to an
immunotoxin containing natural gelonin (NG). In ad-
dition, we produced immunotoxins utilizing either the
standard SPDP crosslinking reagent or a more stable
reagent designated SMPT [28] to determine the optimal
construct for eventual in vivo use. Finally, we examined
the pharmacokinetics and tissue localization of immu-
notoxins containing both NG and RG in an e�ort to
understand how immunotoxin construction details a�ect
the overall in vivo performance of these agents.

Materials and methods

Materials

Antibody ZME-018 is a murine mAb which recognizes epitope ``a''
on the high molecular weight proteoglycan gp240 present on the
cell surface of over 80% of human melanoma cell lines and biopsy
specimens. This antibody was puri®ed from ascites using salt
fractionation and DEAE chromatography and was judged
homogeneous by SDS-PAGE. SPDP reagent (N-syccinimidyl-3-[2-
pyridyldithio]proprionate), SMPT reagent [4-succinimidyloxycar-
bonyl-2-methyl-2-(2-pyridyldithio)toluene], and 2-iminothiolane
HCl were purchased from Pierce Chemical Co. (Rockford, Ill.).
Sephacryl S-300 gel permeation resin and blue sepharose CL-6B
resin were purchased from Pharmacia (Piscataway, N.J.). For es-
timation of the cell-free protein synthesis inhibitory activity of the
toxin, a rabbit reticulocyte translation kit was utilized as purchased
from Amersham (Arlington Heights, Ill.).

Modi®cation of ZME-018 using SPDP

The details of the generation of conjugates of the antibody ZME-
018 and the plant toxin gelonin have been published elsewhere [18].
Brie¯y, A stock solution of SPDP (6 mg/ml) in dry DMF was
added to 1 ml of a PBS solution containing 1 mg ZME-018. SPDP
was slowly added to a ®vefold molar excess. Excess unreacted
SPDP was removed from the sample by gel ®ltration chromatog-
raphy on a Sephadex G-25 column. SPDP-derivatized antibody
eluted at the void volume and these fractions were pooled and kept
at 4 °C.

Modi®cation of ZME-018 using SMPT

A stock solution of SMPT (5 mg/ml) in dry DMF was prepared.
To a solution of 1 mg ZME-018, SMPT was added slowly with

vortexing to a ®nal concentration of a fourfold molar excess. The
mixture was then incubated with stirring for 1.5 h at room tem-
perature and then puri®ed using a G-25 column equilibrated with
100 mM Na2HPO4 containing 0.5 mM EDTA (pH 7.0). Protein
fractions were pooled and analyzed for protein content using the
Bradford dye binding assay.

Coupling of SPDP-modi®ed or SMPT-modi®ed ZME-018
to either NG or RG

For these studies, NG toxin was extracted from the seeds of Gel-
onium multi¯orum and puri®ed to homogeneity utilizing the method
of Stirpe et al. [24] with modi®cations [18]. We have previously
demonstrated the complete amino acid sequence for gelonin and a
designer gene encoding the mature gelonin protein [19]. RG was
expressed under the control of an arabinose-induced promoter in
the E. coli strain E-104 and puri®ed from the culture supernatant
by ion exchange and Blue Sepharose Cl-6B a�nity chromatogra-
phy as previously described for NG [24].

Puri®ed gelonin (1 mg in PBS at 2 mg/ml) was added to tri-
ethanolamine hydrochloride (TEA/HCl) bu�er to a ®nal concen-
tration of 60 mM TEA/HCl and adjusted to pH 8.0. EDTA was
added to a concentration of 1 mM. A 2-iminothiolane stock
solution (0.5 M in 0.5 M TEA/HCl, pH 8.0) was added to a ®nal
concentration of 1 mM and the solution was incubated for 90 min
at 4 °C under nitrogen.

Excess 2-iminothiolane was removed by gel ®ltration on a
column of Sephadex G-25 (1 ´ 24 cm) pre-equilibrated with
5 mM bis-tris acetate bu�er, pH 5.8, containing 50 mM NaCl and
1 mM EDTA. Fractions were analyzed for protein content in 96-
well microtiter plates using the Bradford dye binding assay.
Gelonin eluted at the void volume (fractions 14±20). SPDP-
modi®ed antibody ZME was mixed with an equal weight of 2-
iminothiolane modi®ed gelonin. This proportion corresponded to
a ®vefold molar excess of gelonin as compared to antibody. The
pH of the mixture was adjusted to 7.0 by the addition of 0.5 M
TEA/HCl bu�er (pH 8.0) and the mixture was incubated for 20 h
at 4 °C under nitrogen. Iodoacetamide (0.1 M in H2O) was added
to a ®nal concentration of 2 mM to block any remaining free
sulfhydryl groups and incubation was continued for an additional
hour at 25 °C.

For production of SMPT conjugates, 1 mg puri®ed gelonin
(either NG or RG) was ®rst reduced by addition of DTT to ®nal a
concentration of 2 mM followed by incubation for 30 min at room
temperature with occasional vortexing. Excess DTT was removed
by gel ®ltration on a Sephadex G-25 column pre-equilibrated with
100 mM Na2HPO4 bu�er containing 0.25 M NaCl at pH 7.5.
Protein fractions were pooled and analyzed by the Bradford dye
binding assay then SMPT-modi®ed ZME-018 was mixed with an
equal weight of reduced gelonin. The mixture was then incubated
for 96 h at room temperature under nitrogen. Afterward, unreacted
sites on the SMPT-modi®ed antibody were treated with 0.2 mM
cysteine and stored at 4 °C.

Puri®cation of ZME-gelonin complexes

To remove low molecular weight products and nonconjugated
gelonin, the reaction mixture was applied to a Sephacryl S-300
column (1.6 ´ 31 cm) previously equilibrated with PBS. Fractions
(1.0 ml) were collected and 50-ll aliquots were analyzed for protein
content using the Bio-Rad dye binding assay. To remove uncon-
jugated ZME-018, the high molecular peak (fractions 28±41) from
the S-300 column was applied to an a�nity chromatography col-
umn of Blue Sepharose CL-6B (1 ´ 24 cm) pre-equilibrated with
10 mM phosphate bu�er (pH 7.2) containing 0.1 M NaCl. After
sample loading, the column was washed with 50 ml bu�er to
completely elute nonconjugated antibody. The column was eluted
with a linear salt gradient of 0.1 to 2 M NaCl in 10 mM phosphate
bu�er, pH 7.2. Protein content of the eluted fractions was deter-
mined by the dye-binding assay described previously [18].
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Cell culture methods

Cell lines were maintained in culture in complete medium at 37 °C
under an atmosphere of 5% CO2 in humidi®ed air in an incubator.
For assays with immunotoxins, cultures were washed, detached
using versene and resuspended in complete medium at a density of
25 ´ 103 cells/ml. Aliquots (200 ll) were dispensed into 96-well
microtiter plates and the cells were then allowed to adhere. After
24 h, the medium was replaced with medium containing di�erent
concentrations of either immunotoxin or gelonin. The cells were
incubated for 72 h and analyzed for relative cell proliferation by
crystal violet staining as previously described [18]. Values shown
are the means of duplicate experiments performed in octuplicate.
Human bladder carcinoma (T-24), human cervical carcinoma (ME-
180) or human metastatic melanoma (A375M or AAB-527) cells
were maintained in culture using minimal essential medium (MEM)
supplemented with 10% heat-inactivated fetal bovine serum plus
100 lM non-essential amino acids, 2 mM L-glutamine, 1 mM so-
dium pyruvate, vitamins and antibiotics. Cultured cells were rou-
tinely screened and found to be free of mycoplasma infection.

Iodination of gelonin and gelonin complexes

Brie¯y, 1 mCi of Na125I (NEN DuPont, speci®c activity 17.4 mCi/
lg) was added to 20 ll of 0.1 M Na2HPO4, pH 7.4. The mixture
was then added to a reaction vial coated with 10 ll of iodogen
(previously dried in chloroform). The reaction was allowed to
proceed for 15 min at room temperature. Unreacted radio-iodine
was removed by chromatography on a Sephadex G-25 (PD-10)
column (Pharmacia, Piscataway, N.J.). Incorporation of radiolabel
into protein complex as measured by TCA precipitation was
greater than 90%.

Animal model studies

Tissue distribution study

Athymic (nu/nu) mice were obtained at 4±6 weeks of age from
Harlan Sprague Dawley, Indianapolis, Ind. The animals were
maintained under speci®c pathogen-free conditions and were used
at 6±8 weeks of age. Animals were injected subcutaneously
(right ¯ank) with 2 ´ 106 log-phase A375-M melanoma cells and
tumors were allowed to establish for 3 weeks. MAbs and
immunoconjugates were labeled with 125I 24 h prior to injection.
After examining the immunoreactivity of the antibody and
immunoconjugate, mice were injected (i.v., tail vein) with 5 lCi of
label and 10 lg of total protein in 200 ll normal saline. Mice were
sacri®ced by cervical dislocation 72 h following injection. Samples
of blood, tumor, heart, lung, liver, spleen, kidney, intestine and
muscle were removed, weighed and assayed for radioactivity in a
Packard gamma counter (model 5360). The percentage of the in-
jected dose (ID) of mAb per gram of tissue (%ID/g) in tumor and
normal organs was calculated. Tumor to blood ratios were calcu-
lated by dividing the %ID/g mAb in tumor by the %ID/g mAb in
the respective organ.

Pharmacokinetic studies

BALB/C mice at 4±6 weeks of age were injected with 0.3 lCi (5 lg)
of labeled mAb ZME-018, ZME-rG or ZME-NG immunoconju-
gate. At 15, 30, 45, 60, 75, 90, 105, 120 and 240 min and 24 h after
injection, two mice at each time-point were sacri®ced by cervical
dislocation. Blood samples were removed (chest cavity), weighed
and counted to determine the total radioactivity in a gamma counter
(Packard, model 5360). The blood samples were also centrifuged
and plasma was decanted and counted to determine radioactivity.
Results from plasma determination of radioactivity were analyzed
by a least-squares nonlinear regression (RSTRIP, fromMicroMath)
program to determine pharmacokinetic parameters.

Results

We and other groups have previously noted that NG is
relatively nontoxic to log-phase mammalian cells in vitro
except at relatively high concentrations [24]. Compari-
son of RG and NG toxicity to intact cells (Fig. 1)
showed that the RG was severalfold less toxic to intact
cells than the parental NG. On the other hand, exami-
nation of these two molecules in a cell-free assay for the
inhibition of ribosomal protein synthesis suggests that
the n-glycosidic activity of both NG and RG is equiva-
lent [19]. Thus, the nonspeci®c toxicity observed with
NG but not with RG may be a consequence of toxin
binding to cell-surface components recognizing carbo-
hydrate sites on the natural molecule.

Immunotoxins composed of ZME and containing
either RG or NG were produced, puri®ed and tested
against log-phase human melanoma (A375) cells in
culture. As shown in Fig. 2, both immunotoxins dis-
played almost equivalent cytotoxicity against antigen-
positive cells. Against antigen-negative (Me-180) cells,
both ZME-NG and ZME-RG were not cytotoxic at
doses up to 1 lM (data not shown). A slightly higher
percentage cytotoxicity was noted with ZME-RG than
with ZME-NG at doses higher than 1 nM.

The heterobifunctional crosslinking reagent SMPT
has been shown to create a more metabolically stable,
hindered disul®de crosslink compared to the parental
SPDP reagent when utilized to enable antibody-toxin
conjugates [29]. Immunoconjugates of ZME-RG were
produced utilizing either SMPT or SPDP to enable the
crosslink. The in vitro cytotoxicity of both reagents was
then compared at equivalent concentrations. As shown
in Fig. 3, both immunotoxins showed substantial cyto-

Fig. 1 Cytotoxicity of either recombinant gelonin (RG) or natural
gelonin (NG) against human melanoma cells (A-375) in log-phase
culture. Various doses of each molecule were added to 96-well
culture plates containing approximately 5000 cells/well. The plates
were incubated for a further 72 h at 37 °C under an atmosphere of
5% CO2 in humidi®ed air in an incubator. Remaining cells were
assessed and compared to untreated control wells. Values shown
are means � SEM for one experiment performed in octuplicate
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toxicity with IC50 values of 1±2.5 nM. Under these
in vitro conditions, these results suggest that the more
stable crosslinked immunotoxin displays equivalent if
not slightly improved cytotoxicity compared to the
immunotoxin produced with SPDP.

Both ZME-RG and ZME-NG immunotoxins created
utilizing the SMPT reagent and native ZME antibody
were radiolabeled and administered as an i.v. bolus to
Balb/c mice. As shown in Fig. 4 and Table 1, all three

proteins cleared biphasically from plasma. The terminal
phase half-life (t1/2 beta) of ZME-NG was the shortest of
the three at 11.5 h while that of the ZME-RG
immunotoxin and native ZME were similar at 42 and
50 h, respectively. Surprisingly, the immediate apparent
volume of distribution (Vda) for the immunotoxin con-
taining RG was almost twofold higher than that of the
native ZME or the ZME-NG immunotoxin, suggesting
signi®cant adsorption of this immunotoxin at sites out-
side the vasculature. This accounts for a comparative
50% decrease in the area under the concentration curve
(Cxt) of ZME-RG compared to that of the native ZME.
On the other hand, the rapid clearance of the ZME-NG
immunotoxin resulted in a Cxt approximately 10 times
lower than that of the ZME-RG immunotoxin and al-
most 17 times lower than that of the native antibody.

At 72 h after administration, tissue distribution
studies of ZME-RG and ZME-NG compared to ZME
in tumor-bearing nude mice (Fig. 5) demonstrated sig-
ni®cant tumor localization. The concentrations of each
agent were found to be 3.7, 3.2 and 2.4%ID/g in tumor

Fig. 2 Comparative cytotoxicity of immunotoxins containing
either natural gelonin (NG) or recombinant gelonin (RG) against
human melanoma cells (A-375) in log-phase culture. Doses of
antimelanoma immunotoxins containing either NG or RG were
added to 96-well culture plates containing approximately 5000
cells/well. The plates were incubated for a further 72 h at 37 °C
under an atmosphere of 5% CO2 in humidi®ed air in an incubator.
Remaining cells were assessed and compared to untreated control
wells. Values shown are means � SEM for one experiment
performed in octuplicate

Fig. 3 Comparative cytotoxicity of antimelanoma immunotoxins
containing recombinant gelonin (RG) but generated utilizing either
SMPT or SPDP crosslinking reagents. Various doses of immuno-
toxins or RG (control) were added to 96-well culture plates
containing approximately 5000 cells/well. The plates were incubat-
ed for a further 72 h at 37 °C under an atmosphere of 5% CO2 in
humidi®ed air in an incubator. Remaining cells were assessed and
compared to untreated control wells. Values shown are means �
SEM for one experiment performed in octuplicate

Fig. 4 Plasma clearance of 125I labeled ZME antibody and
immunotoxins containing either recombinant gelonin (RG) or
natural gelonin (NG). Mice were injected (i.v., tail vein) and then
sacri®ced at various times after administration. Blood samples were
obtained and counted as described in the Methods section. Values
shown are the data points and the least squares, best-®t lines.
Pharmacokinetic values for these data are presented in Table 1

Table 1 Pharmacokinetic summary. Pharmacokinetic studies of
ZME, ZME-RG and ZME-NG demonstrate that the conjugate
containing the recombinant toxin was cleared with a plasma half-
life approaching that of native ZME antibody while the ZME-NG
construct was cleared at a much faster rate. The area under the
concentration curve (Cxt) for the recombinant toxin was sixfold
greater than that of the immunoconjugate containing NG. Values
shown are means � SEM

Parameter ZME ZME-NG ZME-RG

Half-life (h) 50.3 � 4.6 11.5 � 1.6 41.9 � 5.2
Cp0 (lCi/ml) 0.38 � 0.12 0.38 � 0.04 0.22 � 0.04
Vd (ml) 2.86 � 0.21 2.65 � 0.32 4.9 � 0.67
Cxt (lCi/ml ´ min) 27.6 � 0.35 1.82 � 0.19 13.4 � 0.21
Clp (ml/kg ´ min) 1.81 � 0.12 27.5 � 3.6 3.73 � 0.57
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tissue for ZME, ZME-RG and ZME-NG, respectively.
The concentrations of the ZME-NG construct were
higher in spleen, liver, kidney, lung and heart than the
concentrations of either ZME itself or the ZME-RG
construct.

Discussion

Over the past several years, various immunotoxins have
been developed which target both hematopoietic and
solid tumors [22, 34]. Major problems associated with
immunotoxin therapy include poor penetration of the
agent into the tumor structure, rapid in vivo clearance of
the construct by components of the reticuloendothelial
system (RES), premature degradation of the immuno-
toxin, capillary leak syndrome leading to ¯uid imbalance
and rapid onset of action of antitoxin antibodies limiting
further drug administration [3, 30]. In an attempt to
circumvent some of these problems, we have developed
the unique recombinant type I ribosome-inhibiting tox-
in, RG. While ricin A chain (RTA) and gelonin are both
known to act functionally by n-glycosidic cleavage of 28s
rRNA, it was surprising to note that gelonin shares only
30% structural homology with the plant toxins RTA
and trichosanthinin. Arias et al. [1] and Fong et al. [4]
have also reported plant toxins with similar enzymatic
activities but which di�er markedly in their primary
amino acid sequence. We are currently comparing a
three-dimensional model of RTA with proposed models
of RG in an attempt to more closely identify structure-
activity relationships and functional domains within the
RG molecule.

One of the persistent problems with immunotoxin
constructs containing either RTA or Pseudomonas exo-
toxin (PE) has been the relatively rapid clearance in vivo
compared to that of the original antibody. Studies with
RTA as well as with other toxins [17, 21, 28] have
demonstrated that the carbohydrate sites on the native
molecule are, in part, responsible for the observed rapid

clearance of RTA-based immunotoxins. Studies by
Thorpe et al. [28] have demonstrated speci®city of the
in vivo recognition by the RES of plant carbohydrate
structures. These studies clearly demonstrate that im-
proved tissue localization and pharmacokinetics can be
achieved by chemical modi®cation of the carbohydrate
residues on the plant toxin molecule. The generation of
recombinant, nonglycosylated (i.e. E. coli-derived) tox-
ins such as recombinant RTA have provided immuno-
toxin constructs with improved in vivo performance
compared to the natural product [21]. Previous studies in
our laboratory have demonstrated that immunotoxins
containing NG appear to have in vivo clearance and
tumor localization properties similar to those of the
original antibody [15]. This occurs despite the observa-
tion that NG appears to contain a signi®cant number of
carbohydrate molecules [19]. The current study demon-
strates that immunotoxins containing E. coli-derived
nonglycosylated RG also have improved clearance and
localization kinetics compared to NG while maintaining
their in vitro cytotoxic e�ects. In addition, we demon-
strated that free RG was even less toxic to intact
mammalian cells than the NG. The cytotoxicity of free
NG is probably due to nonspeci®c cellular uptake of the
molecule probably mediated, in part, by binding of the
carbohydrate residues to the cell surface.

The development of recombinant cell-targeted fusion
constructs containing ribosome-inhibiting toxins such as
gelonin has provided a new generation of simple, smaller
and less-toxic molecules for preclinical and clinical in-
vestigation. However, for some therapeutic applications,
chemical constructs of recombinant plant toxins and
recombinant, intact antibodies is still an appropriate
developmental approach. There are numerous studies
still ongoing utililizing chemically produced immuno-
toxins [25]. Preclinical and clinical studies are also on-
going in our laboratory utilizing chemical constructs of
RG and humanized antibodies targeting CD33 [16] and
HER2/neu [20].

References

1. Arias FJ, Rojo MA, Ferreras JM, Iglesias R, Munoz R, Sor-
iano F, Mendez E, Barbieri L, Girbes T (1994) Isolation and
characterization of two new N-glycosidase type-1 ribosome-
inactivating proteins, unrelated in amino-acid sequence, from
Petrocoptis species. Planta 194(4): 487±491

2. Buchsbaum DJ, Langmuir VK, Wessels BW (1993) Experi-
mental radioimmunotherapy. Med Phys 20(2 Pt 2): 551±567

3. Epstein C, Lynch T, Shefner J, Wen P, Maxted D, Braman V,
Ariniello P, Coral F, Ritz J (1994) Use of the immunotoxin
N901-blocked ricin in patients with small-cell lung cancer. Int J
Cancer Suppl 8: 57±59

4. Fong WP, Poon YT, Wong TM, Mock JW, Ng TB, Wong RN,
Yao QZ, Yeung HW (1996) A highly e�cient procedure for
purifying the ribosome-inactivating proteins alpha- and beta-
momorcharins from Momordica charantia seeds, N-terminal
sequence comparison and establishment of their N-glycosidase
activity. Life Sci 59(11): 901±909

5. Frankel AE, Tagge EP, Willingham MC (1995) Clinical trials
of targeted toxins. Semin Cancer Biol 6(5): 307±317

Fig. 5 Distribution of 125I-labeled ZME antibody and immuno-
toxins containing either recombinant gelonin (RG) or natural
gelonin (NG). Mice were injected (i.v., tail vein) and then sacri®ced
72 h after administration. Samples of blood and other organs were
obtained, weighed and counted. Values shown are means � SEM
for six mice per group

347



6. Gaze MN (1996) The current status of targeted radiotherapy
in clinical practice. Phys Med Biol 41(10): 1895±1903

7. Hand PH, Kashmiri SV, Schlom J (1994) Potential for re-
combinant immunoglobulin constructs in the management of
carcinoma. Cancer 73 [Suppl 3]: 1105±1113

8. Hoogenboom HR (1997) Designing and optimizing library se-
lection strategies for generating high-a�nity antibodies. Trends
Biotechnol 15(2): 62±70

9. Juweid M, Sharkey RM, Behr T, Swayne LC, Herskovic T,
Pereira M, Rubin AD, Hanley D, Dunn R, Siegel J, Golden-
berg DM (1996) Radioimmunotherapy of medullary thyroid
cancer with iodine-131-labeled anti-CEA antibodies. J Nucl
Med 37(6): 905±911

10. Ke-Lin, Qu-Hong, Nagy JA, Eckelhoefer IA, Masse EM,
Dvorak AM, Dvorak HF (1996) Vascular targeting of solid and
ascites tumours with antibodies to vascular endothelial growth
factor. Eur J Cancer 32A(14): 2467±2473

11. Krebber A, Bornhauser S, Burmester J, Honegger A, Willuda J,
Bosshard HR, Pluckthun A (1997) Reliable cloning of func-
tional antibody variable domains from hybridomas and spleen
cell repertoires employing a reengineered phage display system.
J Immunol Methods 201(1): 35±55

12. Kreitman RJ, FitzGerald D, Pastan I (1992) Targeting growth
factor receptors with fusion toxins. Int J Immunopharmacol
14(3): 465±472

13. McKearn TJ (1993) Radioimmunodetection of solid tumors.
Future horizons and applications for radioimmunotherapy.
Cancer 71 [Suppl 12]: 4302±4313

14. Miyamoto CT, Brady LW, Rackover MA, Emrich J, Class R,
Bender H, Micaily B, Steplewski Z (1996) The use of epidermal
growth factor receptor-425 monoclonal antibodies radiolabeled
with iodine-125 in the adjuvant treatment of patients with high
grade gliomas of the brain. Recent Results Cancer Res 141:
183±189

15. Mujoo K, Cheung L, Murray JL, Rosenblum MG (1995)
Pharmacokinetics, tissue distribution, and in vivo antitumor
e�ects of the antimelanoma immunotoxin ZME-gelonin. Can-
cer Immunol Immunother 40(5): 339±345

16. Pagliaro LC, Liu B, Munker R, Andree� M, Freireich EJ,
Scheinberg DA, Rosenblum MG (1998) Humanized M195
monoclonal antibody conjugated to recombinant gelonin: an
anti-CD33 immunotoxin with antileukemic activity. Clin Can-
cer Res 4: 1971±1976

17. Roche AC, Barzilay M, Midoux P, Junqua S, Sharon N,
Monsigny M (1983) Sugar-speci®c endocytosis of glycopro-
teins by Lewis lung carcinoma cells. J Cell Biochem 22(3): 131±
140

18. Rosenblum MG, Murray JL, Cheung L, Rifkin R, Salmon S,
Bartholomew R (1991) A speci®c and potent immunotoxin
composed of antibody ZME-018 and the plant toxin gelonin.
Mol Biother 3(1): 6±13

19. Rosenblum MG, Kohr WA, Beattie KL, Beattie WG, Marks
W, Toman PD, Cheung L (1995) Amino acid sequence analysis,
gene construction, cloning, and expression of gelonin, a toxin

derived from Gelonium multi¯orum. J Interferon Cytokine Res
15(6): 547±555

20. Rosenblum MG, Shawver LK, Marks JW, Brink J, Cheung L,
Langton-Webster BC (1999) Recombinant immunotoxins di-
rected against the c-erb-2/HER2/neu oncogene product: in vitro
cytotoxicity, pharmacokinetics and in vivo e�cacy studies in
xenograft models. Clin Cancer Res 5: 865±874

21. Rostaing-Capaillon O, Casellas P (1990) Parameters a�ecting
tumor-speci®c delivery of anti-CD5 antibody-ricin A chain
immunotoxins in vivo. Cancer Res 50(10): 2909±2916

22. Santanche S, Bellelli A, Brunori M (1997) The unusual stability
of saporin, a candidate for the synthesis of immunotoxins.
Biochem Biophys Res Commun 234(1): 129±132

23. Siegall CB (1996) Single-chain fusion toxins for the treatment
of breast cancer: antitumor activity of BR96 sFv-PE40 and
heregulin-PE40. Recent Results Cancer Res 140: 51±60

24. Stirpe F, Olsnes S, Pihl A (1980) Gelonin, a new inhibitor of
protein synthesis, nontoxic to intact cells. Isolation, charac-
terization, and preparation of cytotoxic complexes with con-
canavalin A. J Biol Chem 255(14): 6947±6953

25. Sznol M, Holmlund J (1997) Antigen-speci®c agents in devel-
opment. Semin Oncol 24(2): 173±186

26. Teates CD, Parekh JS (1993) New radio pharmaceuticals and
new applications in medicine. Curr Probl Diagn Radiol 22(6):
229±266

27. Thorpe PE, Burrows FJ (1995) Antibody-directed targeting of
the vasculature of solid tumors. Breast Cancer Res Treat 36(2):
237±251

28. Thorpe PE, Detre SI, Foxwell BM, Brown AN, Skilleter DN,
Wilson G, Forrester JA, Stirpe F (1985) Modi®cation of the
carbohydrate in ricin with metaperiodate-cyanoborohydride
mixtures. E�ects on toxicity and in vivo distribution. Eur J
Biochem 147(1): 197±206

29. Thorpe PE, Wallace PM, Knowles PP, Relf MG, Brown AN,
Watson GJ, Knyba RE, Wawrzynczak EJ, Blakey DC (1987)
New coupling agents for the synthesis of immunotoxins con-
taining a hindered disul®de bond with improved stability in vivo.
Cancer Res 47(22): 5924±5931

30. Thrush GR, Lark LR, Clinchy BC, Vitetta ES (1996) Immu-
notoxins: an update. Annu Rev Immunol 14: 49±71

31. van Dongen GA, Brakenho� RM, ten Brink CT, van Gog FB,
de Bree R, Quak JJ, Snow GB (1996) Squamous cell carcino-
ma-associated antigens used in novel strategies for the detection
and treatment of minimal residual head and neck cancer.
Anticancer Res 16(4C): 2409±2413

32. von Mehren M, Weiner LM (1996) Monoclonal antibody-
based therapy. Curr Opin Oncol 8(6): 493±498

33. White CA, Halpern SE, Parker BA, Miller RA, Hupf HB,
Shawler DL, Collins HA, Royston I (1996) Radioimmuno-
therapy of relapsed B-cell lymphoma with yttrium 90 anti-
idiotype monoclonal antibodies. Blood 87(9): 3640±3649

34. Xu Y, Xu Q, Rosenblum MG, Scheinberg DA (1996) Anti-
leukemic activity of recombinant humanized M195-gelonin
immunotoxin in nude mice. Leukemia 10(2): 321±326

348


