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Seven different monoclonal antibodies of the lgG 
class that are reactive with four different antigens on 
human lymphoid cells were utilized to form immuno
toxins with the ribosome-inactivating proteins gelonin 
and the three known pokeweed antiviral proteins. 
Thirteen different immunotoxin combinations were 
prepared. The ribosome-inactivating proteins were 
modified with 2-iminothiolane. The sulfhydryl groups 
so introduced were reacted with maleimido groups or 
with dithiopyridyl groups that had been introduced 
into the antibodies. The toxin-antibody conjugates so 
formed were purified by affinity chromatography on 
protein A-Sepharose CL-4B, ion exchange chromatog
raphy, and by gel filtration and were characterized by 
polyacrylamide-dodecyl sulfate gel electrophoresis. 
The purified immunotoxins were free of nonconjugated 
monomeric proteins and aggregates of very high mo
lecular weight. All the immunotoxins showed the spe
cific binding of the component antibody as measured 
by indirect immunofluorescence binding assays. The 
activities of the ribosome-inactivating proteins were 
unaffected by conjugation where the cross-link to the 
antibody contained a disulfide bond and when assayed 
after reductive cleavage of the linker. Disulfide-linked 
immunotoxins with six of the antibodies were highly 
cytotoxic for the target cells. However, immunotoxins 
containing an anti-Bl antibody showed no cytotoxic
ity. 

The possible use of antibodies to target pharmacologic 
agents, such as toxins, was first proposed by Ehrlich (1). 
Research to exploit this idea has developed rapidly in the last 
decade, owing much to the ability to produce pure highly 
specific monoclonal antibodies using the hybridoma technol
ogy (2). Recently, monoclonal antibodies have been developed 
that recognize tumor-associated antigens (3, 4, 11, 12), and it 
is the hope that such antibodies can be exploited to deliver 
toxic agents to particular types of tumor cells in order to kill 
them selectively. The ribosome-inactivating proteins (5, 6) 
seem to be ideal toxic agents for this purpose. Most effort has 
been directed toward using ricin (extracted from castor beans, 
Ricinus communis) which consists of two nonidentical sub-

*This work was supported by a grant from ImmunoGen Inc. The 
costs of publication of this article were defrayed in part by the 
payment of page charges. This article must therefore be hereby 
marked "advertL~ement" in accordance with 18 U.S.C. Section 1734 
solely to indicate this fact. 
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units (A- and B-chains) that are joined by a disulfide bond 
(6). The B-chain has the property of binding to cell-surface 
carbohydrates and promotes the uptake of the A -chain into 
cells (6). Entry of the A-chain into the cytoplasm of a cell 
then results in the death of the cell by catalytic inactivation 
of its ribosomes. Immunotoxins have been made by conjugat
ing intact ricin to antibodies (7-9). Such immunotoxins ex
hibit specific toxicity only in the presence of lactose which at 
high concentration competes with the cell surface carbohy
drates for the ricin B-chain binding site(s}. In vivo, these 
immunotoxins are expected to be nonspecifically toxic, as is 
ricin itself, and are, therefore, unlikely to be of therapeutic 
value, although they may have limited use in the in vitro 
treatment of bone marrow for transplantation (9, 10), 

There is a class of ribosome-inactivating proteins that have 
properties and characteristics similar to those of ricin A-chain 
alone (5). Gelonin (20) and the three known pokeweed anti
viral proteins (21} are examples of such proteins. They are 
basic proteins, of M. about 30,000 (5). These proteins have 
several advantages over ricin A-chain in the preparation of 
immunotoxins: they are extremely stable proteins, they do 
not bind to cells and so are nontoxic to intact cells (except at 
very high concentrations), and they are safe to purify and 
manipulate in the laboratory without the extreme precautions 
necessary for work with ricin (5), These proteins are good 
candidates for the preparation of immunotoxins since, at least 
in principle, such immunotoxins will only bind to the cells 
selected by the antibody. Immunotoxins have been made using 
gelonin and PAP, 1 and in general they showed specific cyto
toxicity similar to immunotoxins prepared with ricin A-chain 
(13-19, 22-25). 

There is an important caveat in the interpretation of the 
experiments that have been reported using immunotoxins 
made with ricin A-chain, gelonin, or PAP. There is not a 
single example of an immunotoxin that was completely puri
fied from nonconjugated antibody, This is an important ob
stacle to the proper interpretation of these reports and ham
pers understanding of the mechanisms involved in the cyto
toxicity of such immunotoxins. We describe here the prepa
ration of highly purified immunotoxin conjugates using seven 
different monoclonal antibodies and using the ribosome-in-

1 The abbreviations used are: PAP, pokeweed antiviral protein; 
PAP II, pokeweed antiviral protein type II; PAP-S, pokeweed anti
viral protein from seeds; SPDP, n-succinimidyl 3-(2-pyridyldi
thio)propionate; SMCC, succinimidyl 4-(N-maleimidomethyl)cyclo
hexane·l-carboxylate; bis-tris, 2- [bis(2-hydroxyethyl)amino-2-(hy
droxymethyl)-propane-1 ,3-diol; HEPES, 4-(2-hydroxyethyl) -1-piper· 
azineethanesulfonic acid; CALLA, common acute lymphoblastic leu
kemia antigen; RPMI, Roswell Park Memorial Institute. 
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activating proteins gelonin, PAP, PAP II, and PAP-S. The 
principle of the purification methods should be generally 
applicable. The immunotoxins reported here were prepared 
both with a cleavable linker containing a disulfide bond and 
with a noncleavable linker, in order to evaluate the impor
tance of release of the toxic agent from the antibody. All the 
immunotoxins were analyzed for their ribosome-inactivating 
capacity, their ability to bind to cell-surface antigens, and 
their in vitro cytotoxic potency toward lymphoid cell lines. 

l':XPE:RIMENTAL PROCEDURES AND RESULTS2 

DISCUSSION 

We have developed methods for the preparation of purified 
immunotoxin conjugates in high yield, utilizing the techniques 
of affinity chromatography, gel filtration, and ion exchange 
chromatography with buffers of carefully defined composi
tion. Thirteen different immunotoxin conjugates were made 
using seven different monoclonal antibodies and four different 
ribosome-inactivating proteins. The immunotoxin prepara
tions contain no nonconjugated antibody, no nonconjugated 
ribosome-inactivating proteins, and no aggregates of very high 
molecular weight. These purified and well defined immuno
toxins made it possible for the first time to perform quanti
tative binding studies and to perform cytotoxicity tests with
out fear of the effect of competition by nonconjugated anti
body on the experimental result, for example, by blocking 
antigens or saturating the internalization pathways. Also, the 
purity of the immunotoxin preparations permitted a careful 
comparison to be made of the biological activities of the 
component proteins with their nonconjugated counterparts. 

Gelonin and the pokeweed antiviral proteins were not af
fected by modification with 2-iminothiolane in their ability 
to inhibit protein synthesis. The ability of the modified toxins 
to inactivate ribosomes in a cell-free system of protein syn
thesis was indistinguishable from that of the native proteins. 
This is in contrast with the results of earlier work using N
succinimidyl 3-(2-pyridyldithio)propionate to modify gelonin 
(22); the gelonin was inactivated by about 90%. It is possible 
that 2-iminothiolane and N-succinimidyl 3-(2-pyridyldi
thio)propionate each react preferentially with different amino 
groups of the gelonin molecule. Another factor is the preser
vation of the positive charge at amino groups upon reaction 
with 2-iminothiolane that may account for this difference. 
Our results suggest that 2-iminothiolane is the reagent of 
choice for modifying ribosome-inactivating proteins, in order 
to introduce sulfhydryl groups while preserving their toxic 
activity. 

When the modified toxins were covalently linked to an 
antibody, the ribosome-inactivating activity of the toxins was 
reduced by about 70%. When the covalent link between the 
toxin and the antibody included a disulfide bond, then the 
full ribosome-inactivating activity as measured in a cell-free 
system could be restored by reductive cleavage of the linker. 
This may account, in part, for the observation that the im
munotoxins J5-gelonin and J5-PAP-S exhibited greater cy
totoxicity (about 10"-fold) on cultured CALLA-positive cell 

2 Portions of this paper (including "Experimental Procedures," 
"Results," Figs. 1 ~5, and Table 1) are presented in miniprint. at the 
end of this paper. Miniprint is easily read with the aid of a standard 
magnifying glass. Full size photocopies are available from the Journal 
of Biological Chemistry, 9650 Hockville Pike, Bethesda, MD 20814. 
Request Document No. 85M-546, cite the authors, and include a 
check or money order for $9.20 per set of photocopies. Full size 
photocopies are also included in the microfilm edition of the Journal 
t.hat is available from Waverly Press. 

lines when the linker included a disulfide bond than when the 
linker was noncleavable. There is one claim in the literature 
that immunotoxins containing pokeweed antiviral proteins 
are more cytotoxic when linked by a noncleavable linker than 
when linked by a disulfide linker (25). However, we could not 
confirm this result, and our observations with purified im
munotoxins were consistent with previous findings with im
munotoxins containing ricin A-chain made with cleavable and 
noncleavable linkers (17). A cleavable linkage between the 
toxin and the antibody presumably allows the toxin to escape 
more easily into the cytoplasm from the membrane-bound 
antibody/antigen complex (48). 

Binding studies showed that the immunotoxins made with 
all seven antibodies showed specific binding to antigen-bear
ing cells. Cytotoxicity experiments in vitro showed that im
munotoxins made with six of the seven antibodies showed 
considerable enhancement of the toxic effect of the ribosome
inactivating proteins, with ID60 concentrations that were 
about 104-fold lower than that of the native ribosome-inacti
vating protein. The enhanced toxicity was completely specific 
for cells bearing the cognate antigen. lmmunotoxins made 
with gelonin or with the pokeweed antiviral proteins gave 
qualitatively similar results. However, none of the immune
toxins made with anti-Bl showed any more toxicity than that 
exhibited by the native ribosome-inactivating protein, even 
at concentrations that were near the saturation of antibody/ 
antigen binding. This result was obtained on several Bl 
antigen-positive cell lines, including some that were also 
positive for CALLA and for Ia antigens, and which were 
sensitive to immunotoxins made with the antibodies J5 or I-
2, respectively. 

Receptor-mediated endocytosis of an antigen/immunotoxin 
complex may be essential for cytotoxicity. This has been 
suggested on the basis of experiments with lysosomotropic 
agents which raise the pH of intracellular acidic vesicles (51) 
and which increase the potency of immunotoxins (52, 53). 
There is some evidence to suggest that the Tll surface antigen 
(29) and the CALLA (49) can be internalized, and perhaps 
these antigens utilize the mechanisms involving coated pits, 
coated vesicles, and endosomes (48). Our preliminary results 
suggest that the Ia antigens can also be internalized carrying 
the I-2 antibody. However, the current evidence suggests that 
the Bl antigen (50) remains firmly on the cell surface and 
shows no tendency to be internalized.3 Thus, the Bl antigen 
may be excluded from the coated pits involved in receptor
mediated endocytosis (48). This suggests a possible explana
tion for the lack of cytotoxicity of immunotoxins made with 
anti-Bl; that is, that the Bl antigen does not transport the 
immunotoxin complex inside the cell. Further evidence will 
be required to assess the relationship between endocytosis 
and the cytotoxicity of the immunotoxins made with ribo
some-inactivating proteins. However, it is clear from our 
present results that the properties of the target antigen require 
careful consideration when designing immunotoxin conju
gates. 

The availability of pure immunotoxin conjugates will allow 
us to examine in greater detail than hitherto the effect of 
various parameters on the cytotoxicity exhibited by the im
munotoxins. For example, the antibody-binding affinity of 
the immunotoxins, the number of cell-surface antigens capa
ble of binding the immunotoxins, and the properties of differ
ent antigens once bound by an immunotoxin such as in 
receptor-mediated endocytosis may all influence the degree of 
cytotoxicity of the immunotoxins. We are now employing 

3 L. M. Nadler, personal communication. 
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several different in vitro cytotoxicity assays, including those 
that directly measure cell survival, to investigate these param
eters and to study potentiators of cytotoxicity such as ade
novirus (54) and lysosomotropic agents (53). These experi
ments may help to determine how to improve the efficacy of 
the immunotoxins. Also, little is known about the biological 
properties of immunotoxins in vivo. Purified conjugates using 
different anti-Tll antibodies, three of which are described 
here, may be useful biological reagents for this purpose since 
the antibodies react with a surface antigen found on T cells 
of various species of monkey that is analogous to the human 
Tll surface antigen (34). 

Aclmowledgments-We wish to thank Christina Doyle, Susan Bro· 
deur, Nancy Tinnel, and Jean Anderson for skilled technical work 
and Diana Sam for excellent typing. 
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