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SUMMARY

Immunotoxins were prepared with several single-chain ribosome-inactivating proteins (RIPs type 1)
and with the A-chain of ricin linked to the F(ab’), fragment of sheep anti-mouse IgG. The cytotoxic
activity of these conjugates was tested on human lymphocytes pretreated with an anti-CD3 murine
MoAb. The immunotoxins inhibited DNA synthesis in phytohaemagglutinin (PHA)-stimulated
lymphocytes with ICss (concentrations causing 50% inhibition) ranging from 8-9x10-" to
5-7 x 10~!! M (immunotoxins containing dianthin 32, saporin, pokeweed antiviral protein from seeds
(PAP-S), bryodin, momordin, momorcochin, and trichokirin), 1 x 10-# M (immunotoxin containing
gelonin) and 5x 10-° M (immunotoxin containing ricin A-chain). The immunotoxin containing
saporin linked to the anti-mouse IgG F(ab’), fragment was also highly toxic to human lymphocytes
pretreated with anti-CD2, -CD3, -CD5 and -CD45 MoAbs, with ICss <10~ M. Immunotoxins
were prepared also with saporin linked to MoAbs against various CD antigens. The immunotoxin
prepared with the anti-CD3 antibody had the highest specific cytotoxicity to human lymphocytes.
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INTRODUCTION

A number of selectively toxic conjugates have been prepared by
linking toxins to MoAbs directed against a variety of cells to be
eliminated [1]. Several toxic moieties have been used to con-
struct these ‘immunotoxins’: bacterial or plant toxins, active
chains of toxins, ricin A-chain being the most widely used, or A-
chain-like ribosome-inactivating proteins (RIPs type 1, as
opposed to the toxins, RIPs type 2) purified from several plants
[2]. The latter proteins seem to offer the advantages of being
numerous, stable, and easy and safe to prepare [3].

The properties and activity of immunotoxins may differ,
depending on their components. Thus immunotoxins prepared
with antibodies directed against distinct antigens on the same
cell may have different activity [4], presumably because some are
inefficiently internalized or are delivered to intracellular sites
where they are inactivated. The nature of the toxic moiety also
affects the properties of immunotoxins: an immunotoxin con-
taining gelonin, a type 1 RIP, was toxic to human melanoma
cells, whereas immunotoxins prepared with the same antibody
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MoAbs ribosome-inactivating proteins

and ricin or abrin A-chains were less effective [5]. Similarly,
immunotoxins prepared with saporin bound to the anti-CDS5
antigen OKT1 and T-101 MoAbs were more active on human
lymphocytes than an immunotoxin prepared with the T101
antibody and ricin A-chain [6].

Recently immunotoxins were used in a different way, namely
the cells to be killed were treated with a relevant, free antibody,
followed by an immunotoxin consisting of a toxin linked to an
anti-IgG antibody [7]. With this ‘indirect method’ it is not
necessary to make a new conjugate to test each MoAb. It is
possible to use a mixture of different antibodies with one
conjugate and, at least in some cases, indirect immunotoxins
prepared with whole ricin or abrin showed a higher cytotoxicity
as compared with direct ones [8]. For these reasons the use of the
indirect method could be advantageous, for instance in the ex
vivo purging of bone marrow.

The aim of present work was to ascertain the effect of (i) the
toxic moiety, (ii) the antibody, (iii) the linking reagent, and (iv)
the manner of delivery on the efficacy of immunotoxins against
T lymphocytes and various cell lines. To this effect, ricin A chain
and several type 1 RIPs were linked to an F(ab’), of an anti-
mouse IgG antibody, and their effect on human lymphocytes
pretreated with anti-CD3 murine MoAb was compared. The
immunotoxin prepared with saporin and antibodies against
murine IgG was also tested with the indirect method with
antibodies against other cell antigens. The same anti-CD
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Fig. 1. Separation by gel filtration on Sepharose S200 HR of the saporin-
anti-CD3 immunotoxin. The eluate was monitored spectrophotometri-
cally at 280 nm (thick line) and by radioactivity (thin line) derived from
125].labelled saporin. a, High molecular weight conjugate; b, low
molecular weight conjugate; c, free antibody; d, saporin dimer;
e, saporin. The fractions collected are indicated by the horizontal bar.

antibodies were directly linked to saporin and the activity of
these immunotoxins was tested on human lymphocytes.

MATERIALS AND METHODS

Cells

Human peripheral lymphocytes were obtained from healthy
volunteers by Ficoll-Hypaque gradient. Other cells used as
targets for the various antibodies were L540, from Reed-
Sternberg cells (CD30+, CD45+*), CEM, from T cell neoplastic
lymphocytes (CD4+), Raji, from a Burkitt lymphoma (positive
for 8A and 62B1 antibodies) and U266, from a multiple
myeloma (positive for 62B1 antibody). A CTLL murine T cell
line (CD3-) was used as an antigen-negative cell with the anti-
CD3 MoAb.

Ribosome-inactivating proteins

Deglycosylated ricin A-chain [9] was a generous gift of Dr P. E.
Thorpe. The following type 1 RIPs, all from seeds except when
otherwise stated, were prepared as described by Barbieri et al.
[10]: gelonin, from Gelonium multiflorum, bryodin, from Bryonia
dioica roots, saporin, from Saponaria officinalis, dianthin 32,
from Dianthus caryophyllus leaves, pokeweed anti-viral protein
from seeds (PAP-S) from Phytolacca americana, momordin,
from Momordica charantia, momorcochin, from Momordica
cochinchinensis, and trichokirin, from Trichosanthes kirilowii.
N-succinimidyl-3-(2-pyridyldithiopropionate) (SPDP) was
from Pharmacia (Uppsala, Sweden) and 2-iminothiolane was
from Sigma Chemical Co. (St Louis, MO). RIPs were labelled
with 151 with the method of Fraker & Speck [11] with the
Todogen reagent (Pierce).

Antibodies
The anti-CD antigen MoAbs (hereafter referred to as anti-CD
antibodies) used were: anti-CD2, from Dr M. J. Crumpton,
UCHT!I (anti-CD3), UCHT4 (anti-CD8) and Cl11 (anti-CD45)
[12], from Prof. P. Beverley and HSR-3 (anti-CD30), from Dr A.
Engert (Imperial Cancer Research Fund Laboratories, London,
UK). TEC-T4 (anti-CD4) was from Technogenetics (Torino,
Italy); 8A and 62B1, against plasma cell-associated antigens
[13], were prepared in the Istituto di Ematologia.

F(ab’), fragments of anti-mouse IgG polyclonal sheep
antibodies (M 1522), affinity purified, were purchased from
Sigma.

Immunotoxins

Ribosome-inactivating proteins, mixed with a trace of '*I-
labelled protein, were linked to antibodies or to F(ab’),
fragments as described previously, through an artificial disul-
phide bond introduced with SPDP [14] or with 2-iminothiolane
[15]. Antibodies were usually modified with SPDP and RIPs
with 2-iminothiolane. The antibody-RIPs conjugates with mol.
wt around 200000, containing 1 mol of antibody, were separ-
ated from polymers with higher mol. wt (in excess of 300 000 and
containing at least 2 mol of antibody) and from free constituents
by gel filtration on a Sephacryl S200 HR column (Fig. 1), and
the RIP/antibody ratio was calculated from the radioactivity
and the Ag. The immunotoxins were analysed by SDS-PAGE
as described by Lambert ez al. [16]. The binding to cells of
immunotoxins prepared with anti-CD antibodies was checked
by immunofluorescence.

Protein synthesis

Cell-free protein synthesis was measured with a rabbit reticulo-
cyte lysate as described previously [17] with the details given in
the legend to Table 1. Conjugates were reduced with 50 mm
dithiothreitol before assay.

Cytotoxicity tests

In experiments performed with the indirect method, human
peripheral mononuclear cells were incubated with an excess (ca
S pg/ml) of anti-CD antibody for 30 min at 4°C and then washed
once with medium. Cells were then seeded in 96-well plates
(Sterilin, 10* cells/well) and were incubated at 37°C in a
humidified atmosphere of 5% CO, in 200 ul of RPMI containing
10% AB human serum (deprived of complement) and phyto-
haemagglutinin (PHA) (10 ug/ml), in the presence or absence of
immunotoxins consisting of RIPs linked to anti-mouse IgG
polyclonal antibodies (free RIPs in controls). Additional con-
trols were run with anti-mouse IgG immunotoxins alone. After
48 h 1 uCi/well of *H-thymidine was added and after further 24 h
the cells were harvested on glass fibre disks and the insoluble
radioactivity determined in a scintillation counter with 5 ml
Optiphase scintillation liquid.

In direct experiments cells were incubated for 48 h in the
presence or absence of immunotoxins consisting of saporin
linked to the various monoclonal anti-CD antibodies.

Other experiments were performed with CEM, L540, and
Raji cells, incubated with MoAbs anti-CD4, -CD30, -CD45, 8A
and 62B1. After 24 h of incubation in complete RPMI 1640
medium, cells were pulsed with *H-leucine (2 uCi/well), har-
vested and analysed as described above.

Cloning inhibition assay

Cells of the Raji and U266 cell lines (10 in 1 ml) were incubated
in RPMI 1640 in the presence of various dilutions of immuno-
toxins prepared with 8A and 62Bl1 antibodies. After a 2-h
incubation at 37°C the cells were centrifuged at 600 g for 5 min,
resuspended with 1 ml of complete RPMI 1640 and 10° cells
were seeded in Petri dishes containing 850 ul of complete RPMI
1640 medium and 150 ul of human plasma containing 10% (v/v)
of 3-8% Na-citrate (Vacutainer system). Clotting of the medium
was obtained by addition of 40 ul of a CaCl; solution (55 mg/
ml). Colonies were counted with an inverted microscope at 6-8
days, according to the cell kinetics. Control samples with no
additions to cells were run in parallel.
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Table 1. Characteristics of the anti-mouse IgG immunotoxins prepared with ribosome-inactivating proteins (RIPs) and F(ab’), fragments

F(ab’), RIP Immunotoxin
Linker SPDP Inserted groups Activity* ICsy Linker 2-IT  SPDP  Inserted groups Activity* ICso

Immunotoxins (mol/mol) (mol/mol) (10~ mt) (mMm) (mol/mol) (mol/mol) RIP/F(ab’); (10~ m})
ITF 1036

F(ab’),-dianthin 32 40 2:10 12-0 1-25 1-23 341 16-7
ITF 1037

F(ab’),-saporin 25 2:52 33 1-25 1-01 414 8-6
ITF 1038

F(ab’),-PAP-S 30 1-67 37 1-25 1-13 6-4 410
ITF 1039

F(ab’),-gelonin 35 2:32 40-0 1-50 0-84 1-79 620-0
ITF 1040

F(ab’),-bryodin 25 1-41 12-0 1-85 1-55 2-79 24-7
ITF 1041

F(ab’);-momorcochin 40 2-10 12:3 1-25 0-97 573 21-0
ITF 1042

F(ab’);-momordin 35 2:32 60 1-25 0-69 2-36 440
ITF 1043

F(ab’),-trichokirin 2-5 1-41 87 1-25 0-74 1-94 29-0
F(ab’),-ricin A 35 1-34 66 2-14 7-8

* Inhibitory activity of cell-free protein synthesis.
+ Of the free RIP.
1 As ribosome-inactivating protein.

Antibodies and RIPs were treated with the linker at the indicated ratio as described in the text. The protein-synthetic inhibitory activity was tested
with a rabbit reticulocyte lysate system [17]. Reaction mixtures contained, in a final volume of 62-5 ul: 10 mm Tris/HCI buffer, pH 7-4, 100 mm
ammonium acetate, 2 mM magnesium acetate, | mM ATP, 0-2 mM GTP, 15 mM phosphocreatine, 3 ug of creatine kinase, 0-05 mM amino acids (minus
leucine), 89 nCi of L-["*C]-leucine, and 25 pl of a rabbit reticulocyte lysate [18]. Incubation was at 28°C for 5 min. The reaction was arrested with 1 ml of
0-1 M KOH, and the radioactivity incorporated into protein was measured as described [17). ITF numbers, Italfarmaco code numbers of

immunotoxins.

RESULTS

The characteristics of the anti-mouse IgG immunotoxins and
their activity on a cell-free protein synthesizing system are given
in Table 1. It should be noted that in the case of immunotoxins
prepared with saporin, PAP-S and momorcochin the number of
RIP moles bound per mol of antibody was higher than the
number of groups inserted in the antibody. This was probably
due to the linking of covalent polymers of RIPs to a single
antibody molecule. The SDS-PAGE of an immunotoxin con-
taining 2-0 mol of saporin per mol of antibody revealed a
mixture of conjugates with mol. wts corresponding to a ratio
saporin:antibody of 1:1, 1:2, 1:3 and, in smaller amount, 1:4
(Fig. 2).

Only ricin A chain retained full activity after conjugation. In
all other cases the inhibitory activity of immunotoxins on cell-
free protein synthesis was lower than that of the corresponding
free RIPs. This partial inactivation was minimal in the case of
saporin, and was greatest (over 90%) in the case of gelonin. The
loss of activity of RIPs occurred on modification with the linker
and a further loss was observed after the conjugation to the
F(ab’),. Preliminary experiments had shown that the inactiva-
tion of RIPs was more marked when SPDP was used as a linker
(results not shown), and consequently 2-iminothiolane was
preferred to modify all RIPs but bryodin. Apparently 2-

iminothiolane did not link to this protein, which consequently
was modified with SPDP.

In a first series of experiments, anti-mouse IgG immunotox-
ins containing various RIPs were evaluated with the indirect
method with anti-CD3 antibody. The conjugates prepared with
deglycosylated ricin A-chain had a cytotoxic activity with ICs,
5x10~° M, in the range reported by other investigators [3].
Immunotoxins prepared with type 1 RIPs had ICses in the 101!~
10-'2 M range, with the exception of that containing gelonin
(ICso 10-2 M) (Table 2). In all cases a substantial increase of the
specific cytotoxicity was obtained, with an increment of at least
two log on the toxicity of a mixture of unlinked antibody and
RIP. Differences in the activity of conjugates did not parallel the
differences in their ICss in the cell-free system. Animmunotoxin
containing saporin added to CD3~ CTLL cells had an ICs,
above 10~# M (protein synthesis was inhibited by 19% at this
concentration, results not shown).

Saporin was used in further experiments. The anti-mouse
IgG-saporin immunotoxin was tested on PHA-stimulated
human lymphocytes pretreated with other antibodies against
various CD antigens (Table 3). The immunotoxin was active
with all antibodies tested.

Saporin was used also to prepare several immunotoxins with
MoAbs against different CD antigens. Consistently with the
results obtained with F(ab’), conjugates, saporin retained
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Fig. 2. SDS-PAGE of an anti-CD3-saporin immunotoxin. The immu-
notoxin was analysed on a 5-10% (w/v) acrylamide slab gel under non-
reducing conditions, with sample buffer containing iodoacetamide (10
mg/ml) [16]. Standards of mol. wt were saporin 6 (mol. wt 29 500), an
IgG F(ab’); (100000) and an IgG (150000). bfb, Bromophenol blue
front. Gels were stained with 0-1% coomassie blue.

almost full activity on conjugation to various antibodies but
anti-CD45, in which case some inactivation was observed.

The saporin-containing immunotoxin prepared with the
anti-CD3 antibody was the one showing the highest specific
cytotoxicity to PHA-stimulated human lymphocytes (Table 3).
All saporin-containing immunotoxins showed less cytotoxicity
than with the indirect method, even when the same antibodies
were used.

The anti-mouse IgG saporin immunotoxin was tested also
with the indirect system on four cell lines, each one pretreated
with the relevant MoAb (Table 4). In these experiments the
inhibition of protein synthesis or of clonogenic activity was used
as an index of toxicity because of the uneven distribution of
mitoses among cells of these lines. The immunotoxin was
effective in all cases with differences of up to two orders of
magnitude between the various cell lines.

DISCUSSION

The results of our experiments confirm that most RIPs can be
conjugated to antibodies still retaining significant activity,
provided the appropriate linker is used. The only exception was
gelonin, which lost a good deal of its inhibitory activity on cell-
free protein synthesis, as observed previously [14].

Table 2. Cytotoxicity of immunotoxins pre-

pared with various ribosome-inactivating pro-

teins (RIPs) and assayed with the indirect
method

Anti-CD3 antibody

Anti-mouse IgG +anti-mouse IgG

immunotoxin immunotoxin
containing ICso (10! M)*
Saporin 0-55
Dianthin 32 1-07
PAP-S 0-26
Bryodin 2-88
Momordin 200
Momorcochin 676
Trichokirin 323
Gelonin 1000

Ricin A chain 500

* As RIP.

Immunotoxins prepared with RIPs linked to
anti-mouse IgG F(ab’); were added to phyto-
haemagglutinin (PHA)-stimulated human per-
ipheral lymphocytes pretreated with anti-CD3
MoAb and *H-thymidine incorporation was
measured after 48 h. The RIPs mixed with anti-
CD3 antibody and the anti-mouse IgG immu-
notoxins added without the anti-CD3 antibody
had ICss above 108 M.

Table 3. Cytotoxicity of immunotoxins prepared with
saporin and different antibodies to phytohaemagglutinin
(PHA)-stimulated human peripheral lymphocytes

Antibody
+anti-mouse 1gG Anti-CD
immunotoxin immunotoxin
Antibody ICso (10~ ' M*) ICs (10! M*)
Anti-CD2 <l 1170
Anti-CD3 <l 21
Anti-CD5 9 204
Anti-CD45 <1 69
* As saporin.

Indirect method: the immunotoxin prepared with
saporin linked to anti-mouse IgG F(ab’); was added to
PHA-stimulated human peripheral lymphocytes pretreated
with anti-CD MoAbs. Direct method: the immunotoxins
obtained with saporin linked to the various anti-CD MoAbs
were added directly to PHA-stimulated lymphocytes. In
both experiments *H-thymidine incorporation was mea-
sured after 48 h.

The results obtained with the indirect method showed that
the most active immunotoxins (ICses ca 10~!2-10~!! M) are those
prepared with RIPs from plant members of the Caryophylla-
ceae family (saporin, dianthin) and from the taxonomically
close Phytolaccacae family (PAP-S). Immunotoxins prepared
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Table 4. Cytotoxicity of anti-mouse IgG immunotoxins pre-
pared with saporin and different antibodies to various cell lines

Protein synthesis Clonogenic

Target Antibody inhibition assay
cells used ICso (10~ M*)  ICso (101! M*)
CEM Anti-CD4 10
L540 Anti-CD30 5
L540 Anti-CD45 <l
Raji 8A 70 30
U266 8A 80
U266 62B1 10

* As saporin.

Saporin-containing immunotoxins were added to the cells
and protein synthesis or clonogenic activity were determined as
described in the text.

with RIPs from plants members of the Cucurbitaceae family
(momordin, momorcochin and trichokirin) had ICss above
10-!! M. The lower activity of the immunotoxin prepared with
gelonin was expected, since this RIP was inactivated already
after modification with any linking reagent. Other conjugates
prepared with gelonin had ICss in the range 10-7-10-° [19],
10-°-10-8 [20,21], 1010 [22], 10~} [5,16] or 10-5-10-'2 M [14].
These differences could be due to differences in the preparation
of the RIP, in the antibodies, or in the experimental conditions.
The potency of ricin A chain immunotoxin was only slightly less
than that observed by Martin ez al. [23] with an anti-CD3 ricin A
chain immunotoxin. The cytotoxicity of the immunotoxins was
not related to their inhibitory activity on cell-free protein
synthesis, as can easily be seen by comparing Tables 1 and 2.
This is consistent with previous observations [5,6] indicating
that the toxic moiety may affect the entry of immunotoxins into
cells. This notion is supported also by the different if not
opposite effects of various substances (monensin, chloroquine,
NH,Cl) which enhance the cytotoxicity of immunotoxins
prepared with ricin A chain [23,24] but do not modify the
cytotoxicity of some RIP-containing immunotoxins [6,25,26].

Different results were obtained with the immunotoxins
prepared with saporin linked to different MoAbs of which all
but one did not increase the cytotoxicity of saporin to target
cells. It should be remembered that efficient immunotoxins were
obtained with saporin linked to an anti-CD5 MoAb whereas an
anti-CD2 saporin and an anti-CDS5 ricin A chain immunotoxin
were not effective [4,6).

Present results are consistent with the higher efficiency of
‘indirect’ immunotoxins containing whole toxins [8]. In some
cases immunotoxins assayed with the indirect method were
efficient whereas those prepared with the same RIP linked to the
antibody were not. This difference could be due to the linking of
more than one immunotoxin molecule to the antibody bound to
the cell, ensuring the delivery of a higher amount of toxin to the
cell. However, the potency of RIPs is such that a few molecules
in the cytoplasm should be sufficient to kill a cell. Thus, it seems
more likely that the different load on the antibody linked to the
cell may affect its entry into the cytoplasm. Entry of the indirect
immunotoxin-antibody complex could be facilitated, for
instance if the immunotoxin cross-linked two antibodies bound
to the cell, thus facilitating capping. Another possibility is that
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the anti-mouse antibody complexes and the direct immunotox-
ins could enter cells through a route different from that followed
by direct immunotoxins, and through which could be less
exposed to inactivation by cellular enzymes. Whatever the
reason, these results weaken considerably the notion that
indirect immunotoxins prepared with F(ab’), or whole anti-
bodies could be used to screen rapidly the efficiency of
antibodies as carriers of toxins [7,8,27]. On the other hand, they
show that the indirect immunotoxins prepared with F(ab’),
fragments or whole antibodies could be used, at least in vitro,
with antibodies giving inactive direct immunotoxins, and would
allow also the use of unpurified preparations of antibodies, such
as ascites liquids or cell culture supernatants.

These results, and the differences observed in the activity of
immunotoxins prepared with different antibodies or with
different toxic moieties, lead to the conclusion that the efficiency
of immunotoxins depends (i) on the antibody, (ii) on the toxic
moiety, and (iii) on whether the toxin is linked directly to the
antibody or is used in the indirect way. The also show that
indirect immunotoxins could be used for the purging of
undesired cell populations from bone marrow, possibly with a
higher efficiency than direct immunotoxins and with a single
immunotoxin allowing the use of a mixture of different
antibodies. For this purpose, the toxic moiety to be used to
prepare immunotoxins should be chosen taking into account
not only the activity, but also availability, stability and toxicity.
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