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Summary. Unmodified vinblastine (VLB) targeted through 
one of the antigen combining sites of the hybrid-hybrid 
28.19.8 monoclonal is potentially more effective in sup- 
pressing the growth of established MAWI tumour xeno- 
grafts implanted on nude mice than free VLB in the ab- 
sence of the targeting agent, presumably due to an in- 
creased local drug concentration. Our efficacy results in 
this study suggest that drug, specifically removed from the 
circulation by hybrid-hybrid antibody previously located 
to the tumour mass, can be made available in a pharmaco- 
logically active from. Histological analysis of the treated 
tumours revealed dramatic changes in the tumour organi- 
sation with only a few surviving tumour cells with altered 
morphology. 

Introduction 

We describe here the in vivo inhibition of tumour growth 
due to the specific localisation of unmodified drug to the 
tumour site. Homing of the cytostatic drug vinblastine spe- 
cifically to the tumour has been achieved by the prior ad- 
ministration of a hybrid-hybrid monoclonal antibody with 
specificity for both the tumour antigen carcinoembryonic 
antigen (CEA) and vinca alkaloids, hence allowing the an- 
tibody to be specifically located on CEA-expressing cells 
with the ability to concentrate circulating vinblastine 
around the tumour mass. This approach could overcome 
the lack of specificity associated with normal cancer chem- 
otherapy. Although the covalent coupling of drug to tu- 
mour specific monoclonal antibody has been shown to 
overcome these localisation problems [1, 8, 10, 1 l, 12] such 
conjugates have been shown to be far less potent in vivo 
than the parental free drug (in our own laboratories as low 
as 0.1% [12] when comparing absolute amounts of drug 
localised in the tumours). Our efficacy results suggest that 
drug which presumably binds specifically to hybrid-hybrid 
antibody already located on the tumour, is being released 
in a free and pharmacologically active form. 

Materials and methods 

Mice and xenografts. Outbred nu/nu athymic mice were 
bred and maintained in isolators (Isotec Ltd, Bicester, 
UK). Xenograft growth was initiated by s.c. inoculation of 
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0.2 ml of a suspension of MAWI, a human adenocarcino- 
ma [9], as previously described [121. 

Hybrid-hybrid monoclonal antibody. The characterisation, 
affinity purification and in vitro and in vivo functional 
properties of the hybrid-hybrid 28.19.8 monoclonal anti- 
body have been described elsewhere [5, 6]. For in vivo ad- 
ministration affinity purified 28.19.8 monoclonal was di- 
luted to 3.0 mg/ml  in phosphate-buffered saline (PBS), fil- 
tered sterile (0.2 ~tm) and maintained at 4 °C until used. 

In vivo tumour inhibition studies. The in vivo effects of vin- 
ca alkaloids targeted to tumour tissues following the ad- 
ministration of 28.19.8 monoclonal were studied as fol- 
lows. Groups of 10-13 nude mice with 8 to 15 days esta- 
blished MAWI tumour xenografts received 2 or 3 cycles of 
treatment. Each cycle consisted of the i.p. administration 
of 28.19.8 monoclonal followed by two i.p. doses of vin- 
blastine sulphate (VLB) 7 and 11 days after the hybrid-hy- 
brid injection. Tumour volumes were estimated at frequent 
intervals by calculation of the product of 3 perpendicular 
diameters. Control groups included animals receiving VLB 
alone, hybrid-hybrid alone and animals receiving only 
PBS. At the end the experiments, tumours from the differ- 
ent groups were excised and weighed. Tumour volumes 
were analysed using the Duncan's multiple range test for 
the analysis of variances, and expressed as mean values. 
Tumour weights were expressed as means +_ SE and ana- 
lysed using the student's t-test. Differences between groups 
were considered significant at P<  0.05. 

Histology. All immunocytochemistry was performed on 
4-gm sections of MAWI tumours which were prepared 
from formalin-fixed, paraffin-processed tissues. The CEA 
content of the tumour cells was demonstrated using the 
parental monoclonal antibody, 11.285.14, that had been 
biotinylated. After dewaxing and hydrating the sections 
were washed in 0.15 M PBS pH 7.4 and incubated for 1 h 
in 20% fetal calf serum (FCS). All incubation steps were 
carried out inside a humidifying chamber at room temper- 
ature. The FCS was then replaced by biotinylated 
11.285.14 at 50 p~g/ml diluted in 20% FCS and incubated 
for 1 h. After a 30-min wash in PBS, the sections were 
reacted with avidin-peroxidase (Vector Lab) in 20% FCS 
for 1 h. A 30-min wash in PBS was followed by develop- 
ment of the peroxidase reaction using 0.05% diaminoben- 
zidine in PBS pH 7.4 and 0.045% hydrogen peroxidase. Fi- 
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nally the preparations were counterstained in Mayer 's  
haematoxylin, dehydrated, cleared and mounted in DPX 
synthetic mountant.  The necessary reagent/material  con- 
trols were performed alongside the test regimen. 

CEA content and tumour extracts. M A W I  tumours were 
homogenised in 0.15 M saline in a glass homogeniser,  di- 
luted with saline to 100 mg tumour /ml ,  sonicated for 30 s, 
and incubated for 1 h at room temperature before centri- 
fuging in an Eppendorf  5412. As the parental anti-CEA 
monoclonal  11.285.14 would be inhibited by any hybrid- 
hybrid present in the tumour  homogenates,  CEA content 
was determined by enzyme-linked immunosorbent  assay 
using a modification of  the methods previously described 
[13]. Microtiter plates were coated with 14.95.55, a specific 
ant i-CEA monoclonal  which recognises a different epitope 
on CEA from 11.285.14 [4]. The detecting antibody was 
ars-goat (ars = 4-arsonophenylazo) ant i-CEA followed by 
F(ab')2 rabbit anti-ars conjugated to alkaline phosphatase. 

Results 

Comparison of the anti-tumour effects of free VLB and VLB 
targeted by hybrid-hybrid monoclonal 

Nude mice with established MAWI tumour  xenografts 
were injected 11 days after turnout implantation with 
3.0 mg of  affinity purified hybrid-hybrid 28.19.8 mono- 
clonal followed by two i.p. injections of  free VLB at 100 or 
50 ~Lg/mouse. This cycle of  treatment was repeated once 
with 1.0 mg of  hybrid-hybrid at day 25 followed by two 
i.p. injections of  100 or 50 ~tg of  VLB. This treatment was 
compared with nude animals in which the hybrid-hybrid 
treatment was replaced by a PBS injection, but which re- 
ceived the same amounts o f  VLB at the times previously 
indicated, and with animals in which the treatment with 
hybrid-hybrid and VLB was omitted and replaced by PBS. 
The results illustrated in Fig. 1 indicate that VLB targeted 

to the tumour by one of  the antigen combining sites of  the 
hybrid-hybrid monoclonal  had an increased therapeutic 
effect when compared with equal doses of  free VLB. Both 
levels of  VLB targeted by the hybrid-hybrid showed a sig- 
nificant suppression of  tumour growth when compared 
not only with untreated controls but also with equivalent 
doses of  free VLB. In the absence of  hybrid-hybrid, only 
the higher dose of  free VLB (100 gg) showed a significant 
effect on tumour volumes when compared with the PBS- 
treated control animals. At day 41 the animals were sacri- 
ficed and the tumours dissected and weighed. Figure 2 
shows the mean tumour weights in the different treatment 
groups. Again VLB targeted by hybrid-hybrid significantly 
suppressed the growth of  the M A W I  tumours when com- 
pared with free VLB or untreated controls. Only the higher 
dose of  free VLB showed any effect in suppressing tumour 
growth. 

Further studies were conducted in order to evaluate the 
fate of  the tumour on those animals treated with hybrid- 
hybrid and VLB. In the experiment illustrated in Fig. 3, 
3 .0mg of  affinity purified hybrid-hybrid 28.19.8 mono-  
clonal was administered i.p. 8 days after tumour  implanta- 
tion, followed by two i.p. injections of  50 or 10 gg of  VLB. 
The cycle of  treatment was repeated once with 1.0 mg of  
hybrid-hybrid at day 21 followed by 50 or 10 ~tg of  VLB. 
Controls included animals treated only with PBS, animals 
in which the hybrid-hybrid treatment was omitted but 
which received 50 or 10 ~tg of  free VLB, and animals that 
received only hybrid-hybrid at the times and doses de- 
scribed. All animals were killed at day 52, with the excep- 
tion of  the group receiving hybrid-hybrid and VLB at the 
level of  50 gg. The tumours were dissected, weighed and 
samples were fixed in 10% buffered-formalin for further 
histological examination. The remaining group continued 
to be studied until day 80 when tumour  volumes became 
similar to those in control animals at day 52 (Fig. 3). The 
results obtained from this experiment indicated that treat- 
ment with hybrid-hybrid alone produced a significant in- 
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Fig. 1. Effects of pre-administration of hybrid-hybrid monoclonal 
on the anti-tumour effects of vinblastine (VLB). Results are means 
(+ SE) of tumour volumes from groups of 12 nude mice bearing 
the MAWI human tumour xenograft. The effects of two cycles of 
treatment with hybrid-hybrid and VLB at the 100 (©) or 50 p~g 
level (A) were significantly different from the VLB alone groups 
at the 100 (rq) or 50 ~tg level (O) and from the phosphate-buffered 
saline (PBS) control group (11). Only at the higher dose of 100 l-tg 
was VLB alone significantly different from the PBS control group 
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Fig. 2. Same experimental details as in Fig. 1. Results are ex- 
pressed as mean tumour weight at day 41, when the experiment 
was terminated. Administration of hybrid-hybrid 28.19.8 followed 
by VLB at either 100 or 501.tg significantly inhibited turnout 
growth, as compared with VLB alone at either dose and the PBS 
control group. Again VLB had a significant effect only at the 
higher dose of 100 p~g when compared with the PBS control group 
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Fig. 3. Effects of hybrid-hybrid plus VLB on tumour growth, and 
study of tumour growth in the absence of further treatments. 
Groups of 12-13 nude mice bearing MAWI tumour xenografts 
were treated with two cycles of treatment with hybrid-hybrid 
28.19.8 at the times indicated followed by either 50 (n )  or 10 ~tg 
VLB (0)  and compared with treatments with VLB alone at the 50 
(A) or 10 p~g level ( x ), and with animals receiving only hybrid-hy- 
brid (O) and with PBS control animals (11). The experiment was 
terminated at day 52 with the exception of the group treated with 
hybrid-hybrid and 50 Ixg VLB which was studied until day 80 with 
no further treatment. *(P< 0.05) and **(P< 0.01) indicate signifi- 
cant tumour suppression as compared with the PBS control group 
values at day 52. Results are expressed as mean tumour volumes 
and, for clarity, standard error bars are omitted. The numbers re- 
fer to positive tumour growth (greater than 100 mm 3) per experi- 
mental group 

hibition (P<  0.05) of  tumour growth with 5 out of  12 ani- 
mals developing tumours growing larger than 100 mm 3. 
An increased therapeutic effect was highly significant 
(P<  0.01) in animals treated with hybrid-hybrid and VLB 
at the 10 t~g level with tumours growing in 3 out of  the 13 
animals at day 52. Therapy in the hybrid-hybrid plus 50 txg 
VLB group was equally significant with tumours growing 
in 2 out of  13 animals at day 52. Animals receiving only 
VLB at the 50 or 10 p~g level, however, showed no signifi- 
cant inhibition of  tumour growth when compared with the 
negative control group receiving only PBS as treatment. 

The data from the experiment described (Fig. 3) indi- 
cated that tumours treated with hybrid-hybrid and VLB, 
when left without further treatment, eventually escaped the 
growth inhibition altho6gh with a considerable time delay. 
CEA was determined on all excised tumours with no sig- 
nificant differences within the different groups (data not 
shown). 

In an experiment designed to study the effect of  a fur- 
ther cycle of  treatment on tumour  growth, two groups of  
10 animals were given 3.0 mg of  hybrid-hybrid 15 days af- 
ter tumour implantation followed by 50 lxg of  VLB at the 
times indicated (Fig. 4). At day 31 they received a further 
dose of  1.0 mg of  hybrid-hybrid followed by 50 ktg of  VLB 
at days 38 and 42. One group received a further cycle of  
treatment with 1.0 mg of  hybrid-hybrid at day 45 followed 
by 50 ktg VLB at days 52 and 56. Control groups included 
those receiving VLB but no hybrid-hybrid, and those re- 
ceiving PBS instead of  hybrid-hybrid and VLB. The results 
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Fig. 4. Effects of a further cycle of treatment with hybrid-hybrid 
28.19.8 plus 50 l-tg VLB. Groups of 10 mice bearing MAWI tu- 
mour xenografts were treated with two cycles of hybrid-hybrid 
and VLB (©), or three cycles of hybrid-hybrid and VLB (O) at 
the times indicated, and compared with groups receiving only 
VLB (0 )  or PBS (11). Results are expressed as mean tumour vo- 
lumes, and for clarity, standard error bars are omitted. *Signifi- 
cant tumour inhibition (P<0.05) in comparison with untreated 
controls 

illustrated in Fig. 4 show that the animals receiving two cy- 
cles of  treatment had significant inhibition of  tumour 
growth when compared to either the VLB control group or 
the untreated control group. The group receiving a third 
cycle of  treatment showed a more profound inhibition of  
tumour  growth when compared to the animals receiving 
only two cycles. 

Histological analysis of tumours 

Tumour  masses excised from animals of  the experiment il- 
lustrated in Fig. 3 were studied histologically, and two 
morphological patterns were seen. The first was seen in the 
control groups receiving no treatment or those receiving 
only VLB. These xenograft masses were surrounded by a 
thin layer of  fibroblastic tissue. Viable tumour cells were 
situated primarily in the periphery of  the mass and in areas 
associated with vascularisation. The typical glandular or- 
ganisation described for this mucoid adenocarcinoma xen- 
ograft [9] was present with well differentiated goblet cells, 
low columnar cells, polyhedral cells and signet ring cells 
(Fig. 5a). The majority of  larger sized masses also con- 
tained central areas of  necrosis (Fig. 5 b). The second pat- 
tern was found on tumours from animals treated with hy- 
brid-hybrid with or without VLB. Here the turnout cell or- 
ganisation was disrupted. The relatively few surviving tu- 
mour  cells were aggregated together forming small islands 
surrounded by a large concentration of  mucilagenous ma- 
terial. This mass was encapsulated by a thin layer of  fi- 
brous cells and the whole resembled round balloon-like 
structures (Fig. 5c and d). When stained with haematoxy- 
lin or eosin, these tumour cells appeared hyperchromatic 
and highly basophilic lacking the morphological uniformi- 
ty observed in the control groups. When CEA expression 
was immunochemically determined using the parental an- 
t i -CEA monoclonal  11.285.14 conjugated to biotin fol- 
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Fig. 5. Haematoxylin and eosin 
stained sections of the xenografts 
excised from animals of the exper- 
iment illustrated in Fig. 3, demon- 
strating the two dissimilar mor- 
phological patterns observed in 
the various treatment groups, a 
PBS control group. There is typi- 
cal glandular organisation with 
differentiated goblet cells and low 
columnar cells, b PBS control 
group. Low power showing glan- 
dular organization at the peri- 
phery of the turnout mass, togeth- 
er with an area of central necrosis. 
c Hybrid-hybrid/VLB, 50 p~g 
group. "Balloon-like" structures. 
The few surviving tumour cells are 
aggregated and seen as small is- 
lands surrounded by a large con- 
centration of mucilagenous mate- 
rial. d Hybrid-hybrid alone group. 
Higher power showing a single 
"balloon-like" structure contain- 
ing a small island of hyperchro- 
matic tumour cells surrounded by 
mucilagenous material, Scale bar 
= 100 ~m 

lowed by avidin-peroxidase ,  the tumour  cells of  the hy- 
br id-hybr id- t rea ted  groups showed a dist inctively en- 
hanced  expression of  C E A  when compared  with untreated 
controls  (Fig. 6 a and  b). 

Discussion 

In a previous repor t  [6] we have demonst ra ted  specific 
drug local isat ion to M A W I  xenografts  implan ted  s.c. on 
nude  mice, by using a hybr id-hybr id  recognising both 
C E A  and vinca alkaloids.  At  least 10 times more drug was 
specifically localised on tumour  tissues when animals  were 
pre- t reated with the hybr id-hybr id  28.19.8 monoclonal .  

The results obta ined  from the present  series of  experi- 
ments indicate that  free VLB targeted through one of  the 

antigen combining sites of  t h (  hybr id-hybr id  28.19.8 
monoclona l  is potent ia l ly  more effective in suppressing 
the growth of  the M A W I  tumour  xenografts  when com- 
pa red  with free VLB in the absence of  targeting agent 
(Figs. l ,  2, 3 and  4). There can be little doubt  that this pro-  
found tumour  gro.wth inhibi t ion was due to the effect of  an 
increased local concentra t ion of  vinca alkaloids  in the tu- 
mour  mass combined  with the intr insic ant i - tumour  pro-  
pert ies shown by the hybr id-hybr id  monoclona l  on its own 
(Fig. 3). Since the hybr id-hybr id ,  ( y l - y 2 a )  [5], is not  able 
to activate an t ibody-dependen t  cell cytotoxic i ty-mediated 
mechanisms for tumour  inhibi t ion,  at least in vitro [5], the 
suppression of  tumour  growth observed with the hybrid-  
hybr id  monoclona l  was due, presumably ,  to a comple-  
ment -media ted  cytotoxicity.  This latter mechanism can 
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Fig. 6. Immunoperoxidase-treated sections of the xenografts demonstrating the differences in carcinoembryonic antigen (CEA) expres- 
sion between treatment groups, a Hybrid-hybrid/VLB 10 ~tg group. Enhanced CEA expression. There is strong cytoplasmic staining 
within the tumour cells, b PBS control group. The distribution and intensity of immunoperoxidase staining is markedly different from 
that seen in a and its appearance resembles that of a primary colonic adenocarcinoma. Scale bar = 50 ~tm 

have significant effects in vivo [2, 3]. In a recent report, 
Couderc et al. [7] demonstrated that a hybrid-hybrid 
monoclonal IgGrlgG2a, monovalently recognising the 
hapten TNP, was able to activate the classical complement 
pathway lysing red cells conjugated with TNP, indicating 
that neither bivalent binding to antigen nor the presence of 
two complement fixing heavy chains in the Ig molecule are 
necessary requirements for complement activation. The 
hybrid-hybrid 28.19.8 monoclonal represents a similar ex- 
ample and its complement fixing properties are presently 
under study. 

As shown in Fig. 3, tumours from animals treated with 
hybrid-hybrid and VLB gradually started growing when 
left without further treatment, escaping the inhibitory in- 
fluence of the treatment although requiring until day 80 to 
reach tumour volumes equivalent to those of control 
groups at day 52. This tumour growth is not dependent on 
tumour cells being negatively selected for CEA expression 
since those tumours express similar amounts of CEA as 
untreated controls (data not shown). A further cycle of 
treatment with hybrid-hybrid and VLB was able to effec- 
tively inhibit this delayed tumour growth as shown in 
Fig. 4. 

In the present set of experiments growth inhibition was 
achieved on an established, actively growing tumour cell 
population, representing a more realistic approach for a 
tumour therapy model. In contrast, when using the paren- 
tal anti-CEA monoclonal 11.285.14 conjugated with vinde- 
sine [11, and unpublished results] or in other reports using 
drugs or toxins chemically conjugated to monoclonal an- 
tibodies [10], treatment had to be started almost simulta- 
neously with the tumour implantation in order to obtain 
significant tumour growth inhibition, constituting an effect 
on tumour-take or an immunoprophylactic model. 

When the initiation of treatment with hybrid-hybrid 
and VLB was delayed until 15 days after tumour implanta- 
tion (Fig. 4) at a time when tumour growth was in the ex- 
ponential phase, it became increasingly difficult to inhibit 
such growth. Nevertheless, a significant suppression was 
obtained shortly after the initiation of treatment when 
compared with untreated controls or with animals treated 
only with free drug (Fig. 4). 

The histological analysis of tumours excised from ani- 
mals in the experiment illustrated in Fig. 3, revealed that 
when treated with hybrid-hybrid or hybrid-hybrid plus 
free VLB, the tumour organisation was totally disrupted, 
showing balloon-like structures consisting of encapsulated 
mucilagenous material in which were small islands of sur- 
viving tumour cells. The fact that significantly fewer viable 
tumour cells are seen on hybrid-hybrid-treated turnouts 
suggested that by measuring total tumour volumes and in- 
deed weight, we were understimating the tumour suppres- 
sion achieved. Experiments designed to test the tumouri- 
genicity of these treated tumours by passaging to fresh un- 
treated nude mice are currently under investigation. 

We can reasonably conclude that drug delivered to a 
tumour target through an antigen combining site of a hy- 
brid-hybrid monoclonal antibody is more efficacious than 
an equivalent amount of free drug in the absence of the 
bispecific monoclonal. The significant tumour growth in- 
hibition observed is probably due to the combined effects 
of an increased local drug concentration on the tumour tis- 
sues with the intrinsic anti-tumour activity shown by the 
hybrid-hybrid. 

Further studies are presently being conducted to opti- 
raise the treatment schedules, to optimise the doses of hy- 
brid-hybrid and vinca alkaloids and to study therapeutic 
indices and toxicity. 
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