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Summary. An immunotoxin comprising a tumour-specific
monoclonal antibody (11/160) coupled to ricin A chain,
although inactive in in vitro cytotoxicity assays against
HSN,, sarcoma target cells, was found to be capable of
significant tumouricidal activity in syngeneic rats if po-
tentiated by ricin B chain. The 11/160-ricin A, when
bound to tumour cells prior to their inoculation, led to a
slight inhibition of tumour growth s. c. compared with un-
treated sarcoma cells or those coated with antibody alone.
However, all tumours in these groups developed progres-
sively (69/69), whereas in those rats receiving 15ug or
150 n g ricin B chain i. v. 5 min after tumour cell inocula-
tion, the ‘take rate’ was reduced to 75% and 30% respec-
tively, and significantly longer latent periods were evident
for those tumours which did develop. Ricin B chain sim-
ilarly inhibited, in a dose-dependent manner, the lung col-
onisation potential of 11/160-ricin A coated HSN,, cells.
No effects were obtained if the B chain treatment followed
inoculation of untreated or antibody-coated cells, suggest-
ing that systemically administered B chain is capable of
gaining access to and activating antibody-ricin A chain
conjugates bound to the surface of syngeneic sarcoma cells
in lung or subcutaneous sites. Tumour inhibition was ob-
tained in some instances with intervals of up to 24 h be-
tween inoculation of conjugate-coated tumour cells and B
chain. Experiments are in progress to determine if such
potentiation may be feasible in a therapeutic rather than a
prophylactic setting using this syngeneic solid tumour sys-
tem.

Introduction

Current attempts to develop potent, selective anti-tumour
agents include the coupling of plant toxins (or their isolat-
ed A chains) to monoclonal antibodies with specificity for
epitopes uniquely or preferentially expressed on tumour
cells [16]. Such strategies have yielded immunotoxins ca-
pable of profound selective cytotoxicity against certain
lymphoid and epithelial cell lines in vitro, and of inhibi-
tion of tumour growth in vivo in some circumstances [1, 7,
8, 13]. However, not all antibody-toxin A chain conjugates
have proved effective [9, 10, 15]. Using a syngeneic monoc-
lonal antibody directed against an apparently tumour-spe-
cific antigen MclIntosh et al. [11] demonstrated that one
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such ineffective antibody-ricin A conjugate could be con-
verted to a specific cytotoxic agent in vitro by addition of
ricin B chain. The studies described in this paper were de-
signed to determine if similar effects could be obtained in
vivo.

Materials and methods

Cells. The cell line HSN,, was derived from a benzpyrene-
induced fibrosarcoma of CBH/Cbi hooded rats [4], and
maintained in tissue culture in DMEM plus 10% fetal calf
serum and antibiotics in a humidified atmosphere of 5%
CO, in air. Cells were used between the 5th and 20th in
vitro subculture.

Antibody and ricin preparations. 11/160 is a rat monoclon-
al antibody of IgG,, subclass obtained by fusion of the rat
myeloma Y3 Ag.1.2.3 with spleen cells from a CBH/Cbi
rat bearing a syngeneic HSN tumour [12]. An antibody-ri-
cin A chain conjugate (11/160-NH-CO,CH,-SS-ricin A)
was prepared as already described [14] using antibody pu-
rified from ascitic fluid using ion-exchange chromatogra-
phy and ricin A chain obtained by reduction of the holo-
toxin. The capacity of the conjugate to dbind to target tu-
mour cells, and of the A chain to inhibit ribosomal protein
synthesis in a cell-free system were found to be unim-
paired [11]. However, 11/160-ricin A tested at 10" "M (a
concentration in excess of that required to saturate cell
surface antigens) had no detectable cytotoxic effect against
HSN,, target cells in vitro. The ricin B chain was freed
from A chain and residual holotoxin by chromatofocusing
for use as a second stage reagent. This preparation also
had no cytotoxic activity when tested separately.

Rats. Specific pathogen-free male or female inbred CBH/
Cbi rats 10-12 weeks of age, reared and maintained in
plastic film isolators were used in all experiments.

Preparation of antibody- or antibody-ricin A coated tumour
cells. HSN,, cells were grown to approximately 90% con-
fluency in Nunc 80-cm? tissue culture flasks. The growth
medium was removed, cell monolayers washed in phos-
phate buffered saline (PBS) and then incubated with either
3ml PBS alone (control) or PBS containing saturating
concentrations (100 ug/ml) of 11/160 antibody or
11/160-ricin A conjugate for 15 min at room temperature.
Cells were removed from the plastic by addition of 27 ml
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of PBS-EDTA and incubation for a further 15 min at
37 °C, a procedure previously found to release cells with-
out damaging the trypsin-sensitive 11/160 epitope. Cells
were spun for 10s at 500 g, washed twice in PBS-
EDTA and resuspended at 5 x 10° viable cells/ml in PBS.
The cells were placed on ice to inhibit clumping, and in-
jected at once into syngeneic rats.

Assays for tumour growth and lung colonisation potential.
Groups of age- and sex-matched rats were inoculated i. v.
(via the jugular vein) or s. c. (left and right flanks) with 10°
viable HSN,, cells, or tumour cells pre-treated with 11/160
antibody, or 11/160-ricin A conjugate. Ricin B chain was
made up in 20 mM lactose and injected i. v. as a second
stage reagent at doses of 15 or 150 ug per rat at intervals of
5 min to 24 h following tumour cell inoculation. Once s. c.
tumours became palpable, 3 perpendicular diameters were
measured 3 times weekly, and on termination of two
experiments tumours were dissected out and weighed. Ani-
mals receiving tumour cells i. v. were examined daily, and
all groups killed when the controls showed signs of respir-
atory distress. The lungs were removed, weighed, fixed in
Bouin’s fluid and surface tumour colonies counted the fol-
lowing day.

Results
Growth of tumours inoculated at s. c. sites

Figure 1 represents a typical experiment showing the
growth of untreated HSN,, sarcoma cells in comparison
with those coated with 11/160 or 11/160-ricin A, and the
effects of two different doses of ricin B chain on the latter
group. It is apparent that the growth of tumours deriving
from conjugate-coated cells was slightly but significantly
inhibited compared with the other two control groups.
However, there were no differences in the latency period
(time to palpable tumours), the slope of the growth curve
or the final tumour incidence (100% in all cases). In con-
trast, the i. v. administration of 15 p g ricin B chain 5 min
following s. c. inoculation of HSN,-11/160-ricin A cells
led to a 3-day delay in tumour appearance and enhanced
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Fig. 1. Subcutaneous growth of HSN_ cells alone n ;
pre-treated with 11/160 monoclonal antibody ) ; or
pre-treated with 11/160-ricin A conjugate * . In 2

groups 15 pug ———¢o——— or 150 ug ———---- O — ricin B
chain was administered i. v. 5 min following 11/160-ricin-A-coat-
ed tumour cells. Each point shows the mean diameter (= SD) of 6
tumours, 3 perpendicular diameters of each being measured. Fi-
gures in parentheses give the number of inoculated sites at which
tumours developed. These results are representative of 5 experi-
ments

growth inhibition. In the animals receiving 150 pg B chain
the latent period was increased from 7 to 21 days, and the
final tumour incidence was reduced to 33%. The tumour-
free animals were kept for 60 days but no further tumours
developed. Ricin B chain (150 pg) administered 5 min af-
ter inoculation of HSN,, cells alone, or antibody-coated tu-
mour cells, had no effect on tumour growth (data omitted
for clarity).

This experiment was repeated 4 times with comparable
results, and the interval between tumour cell inoculation
and B chain administration was increased to 6 or 24 h. The
pooled results are shown in Table 1. The data confirm that

Table 1. Growth of HSN . pre-treated with 11/160 or 11/160-ricin A with or without ricin B chain potentiation. Results are expressed as
the mean weights and diameters of tumours at termination of the experiment (2830 days following tumour cell inoculation). The P
values are obtained from ttest analysis (Students/Cochran) and compare experimental groups with group-1 controls (HSN,, alone) or

group-5 (11/160-ricin A pre-treated) where appropriate

Group Pre-treatment  Ricin B n Tumour P P n Tumour P P Tumour
post- weight (g) vs 1 vs 5 diameter (cm) vs 1 vs 5 incidence
treatment mean = SD mean =+ SD %)

I None None 10 6.42+1.40 22 274+0.26 100
2 None 150 pg 5 min 6 633+£248 NS 6 297+0.33 NS 100
3 11/160 None 10 8.31+£247 NS 12 2.85+£031 NS 100
4 11/160 150pg Smin 6  8.02£141 NS 6 2.81+021 NS 100
5 11/160-ricin A None 10 441+156 <001 23 2.43+027 <0.001 100
6 11/160-ricin A 15pg Smin 6 1.43+£087 <0.001 <0.001 20 1.38x098 <0.001 <0.001 75
7 11/160-ricin A IS5pug 6h 6 3.18+1.18 <0.001 NS 18 2.34+0.25 <0.001 NS 100
8 11/160-ricin A 15pug 24h 6 0671070 <0001 <0001 18 1.84+0.69 <0.001 <0.01 94
9 11/160-ricin A 150 ug 5 min 6 0.05+0.10 <0.001 <0.001 10 0.24x=041 <0.001 <0.01 30

10 11/160-ricin A 150ug 6h 6 3.23+0.61 <0.001 NS 6 234+x0.16 <0.001 NS 100

11 11/160-ricin A 150 ug 24h 6 374038 <0.001 NS 6 2.50x0.09 <0.001 NS 100

NS = not statistically significant (P> 0.05). n = total number of animals assayed in each group. The data represent up to 5 pooled

experiments
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Table 2. Lung colonisation potential of HSN, cells pre-treated with 11/160 or 11/160-ricin A chain with or without poteptiation by ricin
B chain. 106 cells were inoculated via the left jugular vein, and B chain via the right jugular vein at the doses and time intervals shown.
Statistical analysis and Key as Table 1. The data represent 5 pooled experiments

Group Pre-treatment  Ricin B n Tumour P P aLung P P Tumour
post- colony no.  vs 1 vs 5 weight (g) vs 1 vs 5 incidence
treatment mean=+SD mean+SD (%)

1 None None 18 156 £ 60 5.85x£3.75 100
2 None 150 ug S min 3 >200 NS 8.41+3.06 NS 100
3 11/160 None 15 142 +62 NS 4.55+2.15 NS 100
4 11/160 150 ug 5 min 3 >200 NS 6.95+2.08 NS 100
5 11/160-ricin A None 18 13566 NS 421+2.40 NS 100
6 11/160-ricin A 15pg S5min 18 13£10 <0.001 <0.001 1.59x0.25 <0.001 <0.001 94
7 11/160-ricin A 15pug 2h 9 64178 <0.001 <0.001 2.60+0.73 <0.01 <0.05 100
8 11/160-ricin A 15ug 6h 12 133+81 NS NS 2.86+1.72 <0.05 NS 100
9 11/160-ricin A 15ug 24h 12 100 £79 NS NS 2.44%+0.77 <0.01 <0.05 100

10 11/160-ricin A 150 ug 5 min 6 1.7+1.2 <0.001 <0.00t [.47+0.10 <0.001 <0.001 83

11 11/160-ricin A 150ug 6h 6 95+62 NS NS 1.91+£0.27 <0.01 <0.01 100

12 11/160-ricin A 150 ug 24h 6 92453 NS NS 1.89+0.26 <0.01 <0.01 100

a Normal rat lungs weigh 1.1-13 g

HSN,, cells treated with conjugate (group-5) produced
smaller tumours than those treated with PBS or 11/160 an-
tibody alone. The reduction in tumour burden was main-
tained in all groups of HSN,-11/160-ricin A inoculated
animals which subsequently received ricin B chain i.v.
(groups 6-11). In addition, a statistically significant dose-
dependent potentiation of the anti-tumour effect was ob-
tained with ricin B chain administered after 5 min. At later
time intervals B chain potentiation could not be reproduci-
bly demonstrated, although in 3/5 experiments animals re-
ceiving 15 ug B chain 1. v. at 24 h developed smaller tu-
mours than controls. The pooled data also suggested a sta-
tistically significant effect of this treatment protocol
(group-8). A similar reduction was not demonstrable in the
few animals treated with 150 ug B chain at 24 h (group-11).
It is possible that smaller numbers of tumour cells would
have been more effectively controlled.

Growth of tumours in lung following i.v. inoculation of
HSN,,

Table 2 shows that ricin B chain administered i. v. is ca-
pable of inhibiting lung colonisation of HSN,. pre-treated
with antibody-ricin A conjugate. Significant reductions in
tumour weight were obtained with both dose levels of B
chain at post-treatment intervals up to 24 h. In these exper-
iments, no statistically significant reduction of tumour co-
lony number or weight was obtained with 11/160-ricin A
pre-treatment alone (unlike at s.c. sites), although the
mean values were lower. Similarly, the effects of B chain
on reducing tumour colony number did not achieve statis-
tical significance at 6 and 24 h. This was due to the large
standard deviation of the mean reflecting wide ranges in
colony numbers scored. This variation was probably due
to the difficulty in obtaining pure single cell suspensions
from tumour cell monolayers without using proteolytic en-
zymes.

Discussion

It has previously been reported that the in vitro activity of
cytotoxic antibody-ricin A chain conjugates (e. g. those di-
rected against Thy 1.1 antigens on T cell leukaemia, or
against Ig on B cell tumours) could be enhanced by free B

chain [19] or by antibody-B chain conjugates recognising
either the target antigen [17] or the immunotoxin [18]. Also
it has been demonstrated that inoculation into mice of the
separated ricin subunits, either simultaneously or separat-
ed by time intervals of up to 8 h, resulted in whole animal
toxicity [2]. These findings were interpreted as showing
that the A and B subunits could re-associate in vivo to
form active toxin and encouraged us to test whether B
chain potentiation could be achieved with ineffective an-
tibody-ricin A chain conjugates in vivo.

We were able to demonstrate that a syngeneic tumour-
specific immunotoxin bound to target cells in the lung or
at subcutaneous sites could be rendered tumouricidal by
the systemic administration of non-conjugated ricin B
chain. This effect was not obtained with tumour cells pre-
treated with antibody alone. Interestingly, a slight but
significant anti-tumour effect was seen when the growth of
11/160-ricin A pre-treated cells was compared with that of
untreated or antibody-coated cells in the absence of B
chain. This effect was not observed in vitro [10, 11] and
was possibly due to enhanced recognition of the former
cells by host macrophages with receptors for mannose resi-
dues which are present in both the ricin subunits [6]. This
hypothesis could be tested by preparing 11/160-abrin A
chain conjugates since this toxin A chain is non-glycosy-
lated.

When ricin B chain was administered soon after the
11/160-ricin A pre-treated tumour cells, complete inhibi-
tion of tumour growth was achieved in up to 70% of ani-
mals. Since the number of cells inoculated (10%) was signi-
ficantly greater than the TDy, for this sarcoma (10%), we
consider these results promising. When B chain adminis-
tration was delayed the results were less predictable, and
suggested complex dose-time relationships and possible
secondary host effects in the degree of potentiation ob-
served. Growth inhibition of s. ¢. tumours was obtained in
5/5, 1/5 and 3/5 assays with 15 g B chain administered
after Smin, 6 h or 24 h, respectively. These data seem to
suggest that an interval of 24 h is more advantageous than
6 h. One possibility is that at 6 h acute inflammatory reac-
tions around the tumour site interfere with the extravasa-

“tion and/or binding of B chain subunits, or alternatively,
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at 24h a waning B chain potentiation could be supple-
mented by activated host anti-tumour effector mechan-
isms. The phenomenon was also seen in 2/4 lung colonisa-
tion assays, although less evident in the pooled results.
Clearly further work is required to analyse in more detail
the kinetics of B chain potentiation in vivo and its suscep-
tibility to modulation by host factors.

A limited number of experiments were performed with
150 ug B chain which, when administered 5 min after con-
jugate-coated tumour cells, consistently inhibited their
growth at both s. ¢. and pulmonary sites more effectively
than did 15 pg B chain. The failure to demonstrate poten-
tiation in the s. ¢. tumour assay with 150 u g B chain given
after 24 h was surprising (since 15 pg was effective) and if
confirmed in a larger series may imply that the optimal
dose of B chain varies with time of administration. How-
ever, in the lung colonisation assay, tumour growth was re-
producibly inhibited to a greater degree by the higher dose
of B chain at all time points tested, suggesting that the s. c.
site may not predict the response of tumours growing in
internal organs representing potential sites of metastasis.

Most in vivo studies with antibody-ricin A conjugates
have been performed with lymphoid tumours, with a few
exceptions. Seto et al. [13] showed that a monoclonal an-
tibody-ricin A conjugate bound to syngeneic mouse mam-
mary carcinoma cells prior to their inoculation s. ¢. or i. p.
was growth inhibitory. However, in this test system the
monoclonal antibody alone (which recognises an inap-
propriately expressed alloantigen) is strongly cytolytic in
vitro in the presence of complement, and has in vivo anti-
tumour activity. Our results encourage the view that other
non-lymphoid tumours, even those refractory to anti-
body-A chain conjugates, may be responsive in vivo to the
2-stage regime described.

The effectiveness of the B chain could be due to its
ability to potentiate translocation into the cytoplasm of A
chain from complexes bound to the cell surface [10]: this
may be consequent upon a promotion of internalisation of
the complexes to an endocytic compartment. Although the
mechanism is unknown it does not appear to depend pri-
marily on binding of the B chain to galactose residues at
the cell surface, since the effect in vitro is manifest in the
presence of 100 mM lactose [10, 11]. It seems more prob-
able that the B chain is prone to re-association with the
conjugated A chain effectively generating a holotoxin-an-
tibody complex. The fact that B chain is able to activate
antibody-A chain bound to tumour cells remote from the
site of injection supports this mechanism, since following
inoculation the B chains will form complexes with galac-
tose-containing plasma glycoproteins via their sugar re-
cognition sites, thus inhibiting interaction with cell sur-
faces except by exchange reactions. Previously it has been
suggested that the galactose-binding property of the B
chain may need to be modified in order for it to potentiate
specifically the action of antibody-A chain in vivo [17, 18].
In the system we describe this does not appear to be neces-
sary.

We know that the epitope recognised by 11/160 anti-
body is a relatively stable cell surface component, and that
bound antibody is not readily internalised [3]. This feature
may be responsible for the fact that ricin B chain, even
when administered up to 24 h after conjugate-coated tu-
mour cells, was still able to potentiate anti-tumour effects
in vivo in some circumstances. Also, it has been demon-

strated that HSN, cells treated with 11/160-A chain conju-
gates in vitro retain their susceptibility to B chain potentia-
tion for at least 48 h (D. Mclntosh unpublished observa-
tions). Clearly, the nature of the target antigen, and in par-
ticular its susceptibility to modulation and/or internalisa-
tion in response to antibody binding, will determine the
kinetics and efficiency of B chain potentiation. A possible
problem, which we did not observe, is that recombined ri-
cin A and B chains, if attached to an antibody which can
bind to certain normal cells, or if released intact, may lead
to toxic side effects in vivo. For these reasons, experiments
of the kind described should take into account the nature,
distribution and stability of target antigens, the character-
istics of the antibody employed, and the interactions be-
tween the two.

The advantages of the system described are that using a
syngeneic antibody and tumour model in normal immuno-
competent hosts the potential of therapeutic single or split
dose regimes can be tested. The tumour is capable of me-
tastasis in immune deprived hosts [5] allowing an evalua-
tion of the effectiveness of immunotoxins against dissemi-
nated disease, and of the role of various host effectors
(e. g. T cells, macrophages). Antibodies with the same spe-
cificity as 11/160, but of different isotypes (IgG,,, IgM,
IgA, IgE) are available, and can be prepared as F(ab)’,
fragments, which is not possible with certain subclasses of
mouse monoclonal antibody. The next step will be to de-
termine if antibody-ricin A chain conjugates can be target-
ed to HSN,, cells growing in vivo, and whether B chain
potentiation can be achieved in therapeutic protocols.
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