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Antitumour Activity of an Immunoconjugate
Composed of Anti-human Astrocytoma
Monoclonal Antibody and Neocarzinostatin

Seiji Kondo, Shouji Nakatsu, Harumi Sakahara, Hisataka Kobayashi,
Junji Konishi and Yuziro Namba

Neocarzinostatin (NCS) linked to the thiol group on the hinge region of the Fab’ fragment of GA-17, a murine
monoclonal antibody reacting with tyrosine-specific phosphorylated antigens, which are exclusively expressed
on the cell surface of human astrocytomas, was evaluated for in vivo activity. GA-17-NCS immunoconjugates
significantly suppressed the growth of human malignant glioma cell line U87-MG subcutaneous xenografts in
nude mice until day 50 when administered intravenously into the tail vein. Disulphide- and thioether- linked GA-
17-NCS were nearly equipotent immunoconjugates, but thioether-linked GA-17-NCS was more effective than
disulphide-linked conjugates with 250 U/kg NCS content on day 50 (P < 0.05). Thioether-linked GA-17-NCS
was significantly more effective on day 50 than free NCS with 500 U/kg or 250 U/kg NCS content (P < 0.05,
P < 0.01, respectively). These results suggest that GA-17-NCS may prove useful in the treatment of human
malignant gliomas.

Eur ¥ Cancer, Vol. 29A, No. 3, pp. 420423, 1993.

INTRODUCTION
MALIGNANT GLIOMAS, the most common primary malignant
tumours of the brain, are rapidly fatal. The best treatment
currently available (surgery, radiation therapy and systemic
chemotherapy) results in median survival times of less than 1
year [1].

In recent years, monoclonal antibodies (Mab) recognising
tumour-associated cell surface antigens have been widely utilised
as tumour-specific carriers for cytotoxic agents such as toxins,
radioisotopes, and anticancer drugs {2-5]. The efficacy of immu-
noconjugates depends upon both the Mab and drug components,
and an immunoconjugate may potentially have advantages over
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conventional forms of malignant glioma treatment if it possesses
higher tumour specificity.

In this paper, we describe immunoconjugates formed by
linkage of a proteinaceous anticancer antibiotic neocarzinostatin
(NCS) to the thiol group on the hinge region of the Fab’ fragment
of Mab GA-17 via a disulphide or thicether bond [6-8]. We
show that NCS linked to GA-17 (GA-17-NCS) can suppress the
growth of solid-malignant glioma growing subcutaneously in
nude mice when administered intravenously into the tail vein.

MATERIALS AND METHODS
Cells
The human malignant glioma cell line U87-MG was main-
tained in Dulbecco’s modified essential medium (DMEM, Nis-
sui, Tokyo, Japan) supplemented with 10% fetal calf serum
(FCS, GIBCO, Grand Island, NY). All assays were conducted
using antigen-positive U87-MG cells established in nude mice.

Monoclonal antibodies and fragmentations

Mab GA-17 is a murine IgG, which reacts with tyrosine-
specific phosphorylated proteins expressed exclusively on the
cell surface of human astrocytomas [9, 10]. F(ab’), fragments
of GA-17 were prepared from whole antibody by digestion with
immobilised pepsin. The F(ab’), of GA-17 was reduced to
monovalent fragments (Fab’) prior to conjugation.

Immunoconjugate GA-17-NCS

NCS (Kayaku, Tokyo, Japan) was conjugated with Fab’ of
GA-17 via a disulphide or thioether bond using a method
described previously [11-13]. Briefly, NCS was treated with a
heterobifunctional reagent, N-succinimidyl 3-(2-pyridyldithio)
propionate (SPDP) or N-succinimidyl 4-(N-maleimidomethyl)
cyclohexane-1-carboxylate (SMCC) (Pharmacia AB, Uppsala,
Sweden) in order to introduce 3-(2-pyridyldithio) propionyl
groups or maleimide groups, respectively, which were then
permitted to react with the thiol group on the hinge region of
the Fab’. The two-type conjugation rate was -about 1 mol of
NCS per mol of GA-17 (Fab’).

In vivo localisation of GA-17

Mab GA-17 F(ab’), fragments were labelled with *'I using
the chloramine-T method. BALB/c (nu/nu) female athymic mice
with U87-MG cells transplanted into the right flank were fed
Lugol’s solution for 2 days prior to antibody treatment. Radiola-
belled Mab (3.7 MBq) was injected intravenously into the tail
vein. At 48 h after injection of ['3!I)Mab, imaging of mice was
undertaken with a gamma camera.

In vivo activity of GA-17-NCS

Nude mice received subcutaneous injections in the right flank
of 5 X 10° exponentially growing U87-MG cells on day 1. The
tumours were permitted to establish on day 14, and free NCS,
free GA-17, mixtures of NCS with GA-17, or GA-17-NCS was
administered intravenously into the tail vein using a 100 pl
volume of sample in PBS on days 21 and 23. The growth of
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tumour was monitored with the use of calipers at 2- or 3-day
intervals. Tumour volume (V) was calculated from (L x W2)/2,
where L = length (mm) and W = width (mm). All control
groups had five mice each, as did the treatment groups. Data
were statistically analysed using the Student’s t-test.

RESULTS AND DISCUSSION
In vivo localisation of GA-17
The ability of Mab GA-17 to localise in malignant glioma
xenografts was determined. Gamma camera imaging clearly
demonstrated localisation of 3'1-GA-17 F(ab’), in tumour xeno-
grafts (Fig. 1).

In vivo activity of GA-17-NCS

The in vivo antitumour activity of GA-17-NCS against well-
established U87-MG xenografts was as shown in Fig. 2. Panels
(a) and (b) show a comparison of the effect of 500 U/kg or
250 U/kg NCS content of GA-17-NCS with that of free NCS.
As is shown in Fig. 2(a), significant regression of solid tumours
was obtained with two treatments of GA-17-NCS (GA-17,
2.5 mg/kg; NCS, 500 U/kg). Use of disulphide and thioether
bond GA-17-NCS resulted in almost equipotent immunoconju-
gates. The mean tumour volume of thioether-linked GA-17-
NCS-treated mice was 30 + 8 mm? on day 50, significantly
smaller than that of control mice receiving PBS
(3080 £ 320 mm3) (P< 0.01). The average V1/V ratio deter-
mined from tumour volumes of immunoconjugate-treated and
control mice was 0.01 on day 50. Free NCS, on the other hand,
was not able to induce tumour regression when tested at the
same dose. The mean tumour volume of immunoconjugate-
treated mice was also significantly smaller than that of free NCS-
treated mice (1045 = 205 mm?) (P< 0.05). As is shown in Fig.
2(b), treatment of the tumour xenografts with GA-17-NCS
(GA-17, 1.25 mg/kg; NCS, 250 U/kg) did not induce tumour
regression, but did result in suppression of tumour growth until
day 30; moreover, a rebound in tumour growth was observed
on day 40. In contrast, free NCS (250 U/kg) did not suppress
tumour growth. On day 50, the mean tumour volume of
thioether-linked GA-17-NCS-treated mice was 540 = 55 mm?,
slightly smaller than that of disulphide-linked conjugate treated
mice (865 * 150 mm?>) (P< 0.05). It is also apparent that, on
day 50, the mean tumour volume of thioether-linked GA-17-

Fig. 1. In vivo localisation of [*'[]Mab GA-17. Nude mice with

subcutaneously transplanted U87-MG cells were given intravenous

injections of 3.7 MBq radiolabelled GA-17 F(ab®),. Tumour xenog-

rafts were located in the right flank of mice. Arrows indicate the
specific accumulation of 1*'I-GA-17 in the tumour.
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Fig. 2. Effectiviness of GA-17-NCS against well-established U87-
MG xenografts. Tumour cells (5 X 10°) were implanted subcutane-
ously in the right flank of nude mice. Control PBS (D), free GA-17
(Fab’) (@), free NCS (A ), mixtures of GA-17 with NCS (W), disul-
phide- (A) or thioether-linked (O) GA-17-NCS was given intra-
venously on days 21 and 23 after tumour implant. (a) Dose with
500 U/kg NCS content, (b) Dose with 250 U/kg NCS content. Treat-
ments are indicated by the arrows. Mean tumour volumes and
standard error bars are shown for each group.

NCS-treated mice was significantly smaller than that of control
(3105 = 290 mm?) or free NCS-treated mice (3020 = 215 mm?)
(P< 0.01 and P< 0.01, respectively). The average V1/V ratios
determined from tumour volumes of thioether-linked GA-17-
NCS- or free NCS-treated mice and control mice were 0.17 and
0.97, respectively. Treatment with GA-17 (Fab’) alone had no
significant effect on tumour growth, and mixtures of free NCS
with free GA-17 were no more effective than free NCS alone.
The above data indicate that GA-17-NCS is significantly more
efficacious than free NCS as a therapeutic agent directed against
the human malignant glioma xenograft.

We chose to use the thiol group on the hinge region of Fab’
fragment for coupling to NCS rather than the amino groups of
IgG, F@ab’), or Fab’ based on the following considerations:
(1) F(ab’), and Fab’ penetrate more extensively into the tumour
mass than IgG [5]; (2) malignant human brain tumours are more
permeable to Fab’ than to IgG [14, 15]. Of course, it is difficult
to estimate the efficacy of this high molecular weight immuno-
conjugate GA-17-NCS in clinical therapy of malignant glioma.
However, GA-17-NCS administered directly into the cerebro-
spinal fluid or tumour to avoid delivery problems caused by the
blood brain barrier may provide effective response {4]; (3) the
blood-clearance of F(ab’), or of Fab’ is faster than that of IgG;
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so clinical application with high drug dosages may therefore
be undertaken without serious adverse effects; (4) the linking
enzyme via a disulphide or thioether bond to the thiol group on
the hinge region of F(ab”), or Fab’ is consistently more specific
than that to the amino group of F(ab’), or Fab’ [11]; the linkage
using this thiol group may have no effect on the antigen binding
activity of antibodies because this site of the thiol group is far
from the antigen binding site; (5) thioether linkage with Fab’ is
highly efficient in yielding 1:1 molar ratio conjugates; this
efficiency is very important for the large scale manufacturing
necessary for clinical trials [13].

It has also been reported that human anti-mouse antibody
(HAMA) was detectable in sera from patients receiving immuno-
therapy with mouse Mab [16]. This HAMA might reduce not
only the level of both spontaneous cytotoxicity and antibody-
dependent cell-mediated cytotoxicity (ADCC) in most patients,
but also the anticancer effect of immunoconjugates [17, 18].
Takahashi et al. reported that there were no serious side effects
in any patient receiving the A7-NCS conjugate (NCS;
1000-6000 U) for treatment of colorectal cancer [3], but rec-
ommended repeated administration of A7-NCS over a short
period of time for clinical use [19]. Our current efforts are
focused upon evaluating and reducing the toxicity of GA-
17-NCS while maintaining its in vivo potency. Notably, the
production of murine/human chimeric antibodies may also be
considered for the purpose of avoiding HAMA [20].
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In vitro Activity of the Benzotriazene Dioxide SR
4233 Against Human Tumour Colony-forming

Units

Axel-R. Hanauske, Michael Ross, Donna Degen, Susan G. Hilsenbeck
and Daniel D. Von Hoff

SR 4233 (3-amino-1,2,4-benzotriazine 1,4-dioxide) is a novel bioreductive agent selectively toxic to hypoxic cells.
It is active as a radiation sensitiser in vitro. Using a human tumour cloning system we have studied the effects of
SR 4233 against freshly explanted human tumour specimens under hypoxic and non-hypoxic culture conditions.
For hypoxic conditions, final concentrations of SR 4233 of 10.0-500 umol/l were used in short-term (1 h) exposure
experiments. Final concentrations in non-hypoxic experiments ranged from 10 to 1350 pmoll. 25 tumour
specimens were tested under each culture condition. Of those, 14 (56%) were evaluable. The most common
tumour types recruited included ovarian, non-small cell lung, and breast cancer. A moderate concentration-
dependent increase in the frequency of inhibited tumour specimens under non-hypoxic conditions was observed
with zero out of 10 sensitive specimens at 10 umol/l as compared with five out of 14 (36%) sensitive specimens at
500 pmol/l (P < 0.02). However, when hypoxic conditions were used SR 4233 had a profound antitumour activity,
(two out of 14 specimens sensitive at 10 pmol/l compared with 10 out of 10 specimens sensitive at S00 pmol/l, P
< 0.00005). We conclude that SR 4233 is active against tumour colony-forming units in vitro and that its

antitumour activity is greatly increased against hypoxic tumour cells.

Eur ¥ Cancer, Vol. 29A, No. 3, pp. 423425, 1993.

INTRODUCTION
THE BENZOTRIAZINE dioxide SR 4233 (3-amino-1,2,4-benzotria-
zine 1,4-dioxide) is a novel bioreductive compound that has
been developed as a radiation sensitiser [1-3]). Unlike earlier
generations of radiation sensitisers, this agent had an intrinsic
antitumour activity particularly against hypoxic cells in vitro
[1, 4-7]. Under hypoxic conditions, a free radical 1-electron
reduction product is generated and appears to be responsible
for DNA single and double strand breaks [4, 8-10]. In vitro
experiments suggest that the extent of cytotoxicity of SR 4233
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may be influenced by metabolic inactivation and the ability to
repair DNA breaks [11, 12]. SR 4233 has been shown to
effectively augment the radiation-induced damage to tumour
cells in vitro [4, 10, 13]. It has also been reported to be beneficial
as part of a triple modality tumour therapy including radiation,
hyperthermia, and radiation sensitisation {14].

In the present study we have utilised a human tumour cloning
system to determine and compare the direct antitumour effects
of SR 4233 under hypoxic and non-hypoxic culture conditions
against a variety of freshly explanted human tumour specimens
in vitro.

MATERIALS AND METHODS
Compounds
SR 4233 was kindly provided by Sterling Research (Great
Valley, Pennsylvania). Stock solutions were prepared in distilled
water and stored at —20°C until used. Final concentrations
ranged from 10 to 1350 wmol/l for non-hypoxic culture con-
ditions and from 10 to 500 pmol/l for hypoxic culture conditions.
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