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Human and murine macrophages mediate activation of MEN
4901/T-0128: a new promising camptothecin analogue-

polysaccharide conjugate

Monica Binaschi, Massimo Parlani, Daniela Bellarosa, Mario Bigioni,
Carmela Salvatore, Carla Palma, Attilio Crea, Carlo Alberto Maggji,

Stefano Manzini and Cristina Goso

MEN 4901/T-0128 is a new cytotoxic prodrug constituted
by the camptothecin analogue T-2513 bound to
carboxymethyl dextran through a triglycine linker.

MEN 4901/T-0128 was designed to target the active
camptothecin at the tumour site. MEN 4901/T-0128 is
weakly cytotoxic in vitro and thus T-2513 must be
released from the conjugate to become active. Here, we
demonstrated that human purified cathepsin B releases
T-2513 from MEN 4901/T-0128 at pH values ranging from
3 to 5. pH dependency of this reaction suggests that
cleavage of the linker should mainly occur in the
lysosomes. As elevated cathepsin B activity has been
described in macrophages, human tumour monocytic
THP-1 cells differentiated into macrophage-like cells
were used to study the cellular mechanisms responsible
for MEN 4901/T-0128 antitumour activity. Here, we show
that differentiated THP-1 internalizes MEN 4901/T-0128
efficiently in a time-dependent and concentration-
dependent manner. After phagocytosis, THP-1 cells can
cleave the prodrug and release T-2513 in the media. On the
contrary, undifferentiated THP-1 cells or pancreatic ASPC-1
tumour cells, although expressing high levels of cathepsin
B, are much less efficient in the release of cytotoxic
moieties in the culture media. Moreover, normal murine
macrophages, recovered from the peritoneal cavity or from

Introduction

Camptothecin (CPT) is a plant alkaloid, isolated from
the Chinese tree Camprotheca acuminata. Although CPT
has good antitumour activity in preclinical models, its
clinical development was discontinued due to toxicity
[1,2]. Several alternative strategies are currently used to
improve the therapeutic index of this class of compounds.
A possible way is the use of the active moiety attached to
water-soluble macromolecules. This strategy can lead to
increase in solubility, reduction in systemic toxicity,
alteration in biological distributions and possible im-
provement in therapeutic index. MEN 4901/T-0128 is a
new CPT analogue—polysaccharide conjugate prodrug
composed of a CPTanalogue ('1-2513) and carboxymethyl
dextran (CM-dextran) linked through a triglycine spacer
[3]. It is characterized by improved antitumour activity
and tolerance in preclinical models [3]. [nz-vitro tests
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the spleen, when activated (in vitro by 100 ng/ml phorbol
12-myristate-13-acetate and in vivo by 300 pl of 3% w/v
thioglycollate solution), were able to release (after
incubation with 10 pg/ml MEN 4901/T-0128) cytotoxic
moieties in the culture supernatant, in an amount sufficient
to kill human carcinoma A2780 cells. Thus, we suggest
that tumour-associated macrophages may play a key role
in the uptake of MEN 4901/T-0128, cleavage and local
release of active moiety T-2513. This mechanism should
support a tumour targeting of the cytotoxic moieties,
allowing an improved antitumour efficacy/safety ratio for
MEN 4901/T-0128. Anti-Cancer Drugs 17:1119-1126
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indicated that MEN 4901/T-0128 is inactive and the
enzymatic release of its active moiety is necessary in
order to display its potent cytotoxic activity.

Previous data suggested the ability of rat lysosomal
cysteine-proteases (but not of other classes of proteinases)
to release the active moiety from MEN 4901/T-0128 [4].

Several classes of cysteine-proteinases are known to be
overexpressed by many tumour cells, including cathe-
psins [5]. In particular, cathepsin B has been investigated
most extensively, owing to its critical role in tumour
progression [6].

Thus, the aim of our work was the understanding of the
exact mechanism responsible # vitro and i vivo for
"1-2513 release from MEN 4901/T-0128.
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Materials and methods

Materials

MEN 4901/T-0128, T-2513 and CM-dextran were
obtained from Tanabe Seiyaku (Osaka, Japan). Stock
solutions were dissolved in sterile distilled water and
then appropriately diluted in complete culture medium
before use. Phorbol 12-myristate-13-acetate (PMA),
lipopolysaccharides  (from  FEscherichia coli  Sero-type
0111:B4) and nitroblue tetrazolium (NBT) were pur-
chased from Sigma (St Louis, Missouri, USA). MTS
[3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-phenyl)-
2-(4-sulfophenyl)-2H-tetrazolium], inner salt was
purchased from Promega (Madison, Wisconsin, USA).
Stock solutions (3% w/v) of thioglycollate (Sigma-
Aldrich) were prepared in NaCl 0.9% solution. Purified
human liver cathepsin B, fluorogenic substrate Z-Arg-Arg-
AMC and CA-074 Me {cathepsin B inhibitor 1V;
[L-3-trans-(polycarbamoyl) oxirane-2-carbonyl]-L-isoleucyl-
L-proline methyl ester} were purchased from Calbiochem
Novabiochem (Darmstadt, Germany). Anti-CD11b
monoclonal antibody and isotypic control were purchased
from Becton Dickinson (Mountain View, California,
USA).

Cell lines

Human monocytic leukaemia THP-1 and human ovarian
carcinoma A2780 cell lines were purchased from the
European Collection of Cell Culture (Salisbury, Wiltshire,
UK). Human pancreatic tumour ASPC-1 cells were
purchased from the American Type Culture Collection
(Distribution by LGC Promochem, Milan, Italy). Cells
were cultured in RPMI 1640 medium (Gibco, Glasgow,
UK) containing 10% fetal bovine serum (FBS, Gibco) and
glutamine 0.1% at 37°C in a humidified atmosphere of 5%
CO; in air. Cell viability was checked by the ability of
cells to exclude Trypan blue.

Cathepsin B activity

All experiments were performed at 37°C. Human liver
cathepsin B was prepared in 40 mmol/l acetate buffer
(1 mmol/l ethylenediaminetetraacetic acid, 5 mmol/l
reduced glutathione and 0.1% 'Triton X-100; pH 4.0-
3.0) or phosphate buffer (1 mmol/l ethylenediaminete-
traacetic acid, 5mmol/l reduced glutathione and 0.1%
Tween; pH 7.0-8.0). The enzymatic reaction (200 pl
volume) was run in 96-well plates in the presence of
0.01 units/well cathepsin B and 20 umol/l fluorogenic
substrate Z-Arg-Arg-AMC. The release of fluorigenic
substrate was measured using a Victor 1420 fluorescent
plate reader with an excitation wavelength of 390 nm and
an emission wavelength of 460 nm. The reaction was run
for 60 min at 37°C with readings taken every 5 min. MEN
4901/T-0128 cleavage was assessed after incubation of
0.1 mg/ml MEN 4901/1-0128 with 5 units of cathepsin B
for 24 h. The amounts of released T-2513 and Gly-1-2513
were determined using high-pressure liquid chromato-
graphy (HPLC) with LOQ = 200ng/ml. To evaluate

cathepsin B activity of cell lines, cells were resuspended
at 3.2 x 10° cells/ml in PAB [Hank’s balanced salt solution
lacking sodium bicarbonate and containing 0.6 mmol/l
CaCl,, 0.6mmol/l MgCl,, 2mmol/l L-cysteine and
25mmol/l piperazine-1,4-bis(2-ethanesulphonic acid);
pH 7.0]. The enzymatic reaction for cellular cathepsin
B was run in 96-well black plates (320000 cells/well) in
the presence of 200 pmol/l Z-Arg-Arg-AMC for 60 min at
37°C with readings taken every 5 min. In all experiments,
0.1% Triton X-100 was added to liberate total cellular
cathepsin B activity.

Differentiation procedures of THP-1 cells

The monocytic human THP-1 cell line was maintained in
culture medium (RPMI 1640 containing 10% fetal calf
serum). To induce differentiation, 1.6 x 10°cells were
seeded in 25-cm? flasks for 72h at 37°C in the presence
of 160nmol/l PMA. Macrophage differentiation was
monitored incubating cells for 30 min on ice with diluted
monoclonal antibody anti-CD11-phycoerythrin or related
isotypic controls. After washing, samples were acquired
by flow cytometry (FACSORT; Becton Dickinson). The
fluorescence intensity of 10000 cells was collected on a
logarithmic scale. The percentage of positive cells is
indicated for each experimental condition.

Nitroblue tetrazolium assay

Briefly, cells were seeded in Eppendorf tubes (6 x 10*
cells/100 ul RPMI) and NBT (0.12%) was added to each
sample. After incubation at 37°C for 20 min, cells were
pelleted and resuspended in 120 pl of KOH 2 mol/l. Cells
were then transferred to clear flat-bottom 96-well plates
and 140 pl dimethylsulfoxide was added. The absorbance
at 450nm was determined with a microplate reader
(BioRad 3550; Bio-Rad Laboratories, Segrate, Milan,
[taly). Moreover, to test the cell viability, 20 pul of MTS
was added to each well of 96-well plates containing 6 x
10*cells. Cells were incubated at 37°C in a humidified
atmosphere of 5% CO; in air. After 4 h, the absorbance at
490 nm was determined. Each assay was performed in
triplicate; percentage of NBT reduction is calculated as a
ratio between NBT and MTS values.

MEN 4901/T-0128 uptake experiments in differentiated
THP-1 cells

Cells were incubated with different concentrations of
MEN 4901/T1-0128 for different times (1, 4, 24, 48h) at
37°C in a 5% CO, atmosphere.

Cells were rinsed with ice-cold phosphate-buffered saline
(PBS pH 7.0) and then lysed by detergent solution
(Triton X-100, 0.1% in H,O0). MEN 4901/T-0128
concentration was measured as polymer-bound T-2513,
after chemical hydrolysis of the samples, using a sensitive
(LOQ = 0.5 pg/ml of MEN 4901/T-0128 corresponding to
25 ng/ml of T-2513) validated HPLC spectrofluorimetric
method.
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Free T-2513 concentrations were directly measured using
a sensitive (LOQ = 1ng/ml) and validated spectrofluori-
metric HPLC method.

In-vitro cytotoxicity assay

Human differentiated or not THP-1 cells or human
pancreatic tumour ASPC-1 cells were incubated for 48 h
with 0.5 mg/ml MEN 4901/T-0128 at 37°C in a 5% CO,
atmosphere. A2780 cells were plated at 2000 cells/well on
96-well tissue culture plates in 100pul of complete
medium. After cell adhesion, different volumes (1, 4, 20
and 100 pl) of supernatants from THP-1 or from human
pancreatic tumour APC-1 cells were added to A2780
cells, reaching a final volume of 200 pl/well. In control
conditions, 20 pul of complete medium was added to the
cells. After 24 h, fresh complete medium was added. The
viability of A2780 cells was assessed after 96h with
Alamar Blue assay (Biosource International, Camarillo,
California, USA).

Fluorescence was monitored with a multilabel counter
Victor 1420 (Wallak, Turku, Finland) at 530 nm excitation
wavelength and 590 nm emission wavelength.

Preparation and treatment of murine peritoneal macro-
phages/granulocytes and adherent splenocytes

Swiss mice were purchased from Harlan Italy [S. Pietro al
Natisone (UD), Italy] and maintained under specific
pathogen-free conditions according to the UK Co-ordinating
Commitee on Cancer Research guidelines [7]. Mice were
then killed and peritoneal lavage and/or spleen removal
were carried out using aseptic techniques.

Splenocytes, obtained from mechanically disrupted
spleens, following lysis of red blood cells, were plated in
24-well tissue culture plates in RPMI 1640 medium
containing 10% heat-inactivated fetal bovine serum,
100 units/ml penicillin/streptomycin, 2 mmol/l glutamine
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sulfonic acid (complete medium). After 24 h of culture,
nonadherent cells were removed after washing with PBS
and the remaining adherent cells were used for the
experiments.

Peritoneal exudate macrophages were recovered by
peritoneal lavage with ice-cold PBS from mice treated
intraperitoneally with 300 pul of thioglycollate (Sigma-
Aldrich) solution (3%w/v) 3 days before. After washing,
cells were plated in 24-well tissue culture plates in
complete medium for 24h. Nonadherent cells were
removed by washing and adherent cells were used for
the experiments. Cells stimulated or not with 100 ng/ml
PMA were cultured in the presence or absence of MEN
4901/T-0128 (10 pg/ml) or CM-dextran (10.8 pg/ml) for 5
days. Cell culture supernatants were harvested, spun free
from cells and debris, and assayed i vitro for cytotoxic
activity on A2780 cells.

Results

Human cathepsin B releases T-2513 from MEN
4901/T-0128

MEN 4901/T-0128 (Fig. 1) is a prodrug unable to effect
m vitro the growth of A2780, differentiated THP-1
and ASPC-1 cells (data not shown). The cytotoxic moiety
('T-2513) is released upon cleavage of the triglycine
linker. Cathepsin B is the enzyme suggested to have this
role.

The activity of human purified cathepsin B was evaluated
on its specific substrate (Fig. 2a). The results show that
the activity of the enzyme is pH dependent; indeed, the
maximum activity is reached after 60 min at pH 6-7,
whereas at pH 4 and at pH 8 cathepsin B is scarcely
active.

Results in Fig. 2(b) demonstrate that, after 24h of
incubation, human cathepsin B is able to cleave MEN

and 10mmol/l N-2-hydroxyl piperazine-N'-2-ethane 4901/T-0128 and to release not only T-2513, but also
Fig. 1
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Chemical structure of MEN 4901/T-0128. MEN 4901/T-0128 is the camptothecin (CPT) T-25613 (7-ethyl-10 aminopropyloxy-CPT) bound to
carboxymethyl dextran via a Gly-Gly-Gly linker. The average molecular weight is approximately 130 000.
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Cathepsin B activity on its specific peptidic substrate (a) and on MEN
4901/T-0128 (b). (a) Human liver-purified cathepsin B (0.01 units/
sample) was incubated at 37°C with the specific fluorogenic substrate
Z-Arg-Arg-AMC (20 pmol/l) at different pH values for 60 min. The
released AMC was measured at excitation 390 nm and emission

460 nm. (b) Human liver purified cathepsin B (5 units/sample) was
incubated at 37°C with MEN 4901/T-0128 (0.1 mg/ml) for 24 h at
different pH values. T-2513 and Gly-T-2513 (open square, T-2513;
open triangle, Gly-T-2513; full square, T-2513 + Gly-T-2513) were
quantified using high-pressure liquid chromatography.

Gly-1-2513. The enzymatic process is pH dependent,
being measurable in the pH range 3-5 and reaching the
maximum at pH 4.

No drug activation is observed in the absence of
cathepsin B.

As these data demonstrated that cathepsin B is involved
in MEN 4901/T-0128 activation, we evaluated its activity
in tumour cell lines, to verify whether the level of

cathepsin B could have an impact on the release of
T-2513.

the level of cathepsin B in the monocytic leukemia cell
line, THP-1, is definitely lower. Only after PMA
activation, which induces an increase in CD11b positivity
from 46 to 85% (Fig. 4), did THP-1 cells display an
increase in cathepsin B activity.

The specificity for the enzymatic assay was confirmed by
the inhibition of the substrate cleavage operated by
CA074Me (10 pmol/l), a selective cathepsin B inhibitor
(N=2).

Differentiated THP-1 cells phagocyte MEN 4901/T-0128
Differentiated THP-1 cells are a good human model to
evaluate the involvement of macrophages in the activa-
tion of MEN 4901/T-0128 to generate CPT(s) and
mediate the potent antitumoral effect of this molecule.

Differentiated THP-1 cells were incubated with MEN
4901/T-0128 (0.1-2.5 mg/ml) for different times at 37°C.
In Table 1(a), the intracellular levels of MEN 4901/
T-0128 (measured as polymer-bound T-2513) and free
T-2513 achieved after 1, 4, 24 or 48h exposure to 2.5
mg/ml MEN 4901/1-0128 are reported. The intracellular
"1-2513 appeared after the uptake of MEN 4901/1-0128,
suggesting intracellular cleavage of the peptidyl linker.
Cells were also incubated with different concentrations of
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Phorbol 12-myristate-13-acetate (PMA) differentiated THP-1 cells upregulate CD11b differentiation antigen. Undifferentiated and differentiated cells
with PMA were incubated with nonspecific RPE-labelled mouse antibody or with RPE-labelled mouse anti-human CD11b antibody. The percentage

of positive cells is indicated for each experimental condition.

Table 1 MEN 4901/T-0128 cellular uptake and T-2513 release in
differentiated THP-1 cells

(a) Time course: Human differentiated THP-1 cells were incubated with MEN
4901/T-0128 (2.5 mg/ml) at 37°C for different times

Free T-2513: intracellular
concentration
(ng/10° cell)

Incubation time (h) Polymer-bound T-2513:
intracellular concentration

(ng/10° cell)

1 10642 0.2+0.04
4 327+100 1.8+£0.39
24 542+12 8.410.34
48 6841+ 146 15.7+£5.4

(b) Concentration dependence: Human differentiated THP-1 cells were
incubated with different concentrations of MEN 4901/T-0128 for 48 h at 37°C

MEN 4901/T-0128 Polymer-bound T-2513:  Intracellular released free

(mg/ml) intracellular concentration T-2513 (ng/1 0° cell)
(ng/10° cell)

0.1 29+3 -

0.5 147120 5.7510.57

1 271142 7.94+0.16

2.5 538168 10.3+1.4

MEN 4901/T-0128 (measured as polymer-bound T-2613) and T-2513 uptake
was evaluated using high-pressure liquid chromatography. Values are shown as
mean = SE from n=3 experiments, two replicates each.

MEN 4901/T-0128 for 48h at 37°C. Table 1(b) shows
that the uptake of MEN 4901/T-0128 was concentration
dependent.

Human carcinoma A2780 cells were used to evaluate the
ability of differentiated or not THP-1 cell supernatants to
kill tumour cells. Supernatants, obtained from differen-
tiated or not THP-1 cells previously exposed to MEN
4901/T1-0128 (0.5 mg/ml; 48h), were added in different
amounts to A2780 cells (Fig. 5a).

Results reported in Fig. 5(a) demonstrate that only
supernatants obtained from differentiated cells, incu-

Fig. 5
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Phorbol 12-myristate-13-acetate (PMA)-differentiated THP-1

cell supernatant kill A2780 human ovarian carcinoma cells.

(a) Differentiated (empty squares) or not (empty circles) THP-1 cells
were incubated for 48 h with 0.5 mg/ml MEN 4901/T-0128. As a
control, both differentiated (full squares) or not (full circles) THP-1 cells
were incubated with the vehicle. Collected supernatants were added in
different volumes (1, 5, 20 and 100 pl) to A2780 cells for 24 h. The
viability of A2780 was assessed after 96 h with the Alamar blue assay.
(b) Human pancreatic tumour ASPC-1 cells were incubated for 48 h
with 0.6 mg/ml MEN 4901/T-0128 (empty triangles) or with the vehicle
(full triangles). Collected supernatants were added in different volumes
to A2780 cells for 24 h. The viability of A2780 was assessed after 96 h
with the Alamar blue assay.

bated with MEN 4901/1-0128, exerted a powerful
cytotoxic effect on A2780 cells. On the contrary, super-
natants from undifferentiated cells were inactive (up to
20 ul of supernatant) in killing A2780 cells, suggesting
that these cells were unable to phagocyte MEN 4901/
T-0128 and release T-2513 in the culture medium.
Moreover, ASPC-1 cells that displayed a high degree of
cathepsin B activity were not able to release the cytotoxic
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moiety from the prodrug (up to 100 ul of supernatant);
indeed, Fig. 5(b) shows that supernatants obtained from
ASPC-1 cells incubated with 0.5mg/ml MEN 4901/
T-0128 for 24 h are much less cytotoxic than supernatants
obtained from differentiated THP-1 cells: 20 ul super-
natants from differentiated THP-1 cells are able to kill
90% A2780 cells, whereas no cytotoxic effect is produced
by the same amount of supernatants obtained from
ASPC-1 cells.

In agreement with these results, Fig. 6 shows that
differentiated THP-1 cells have phagocytic activity
assessed with the NBT assay, whereas ASPC-1 cells are
not able to reduce NBT.

Thus, our results demonstrate that the human tumour
monocytic THP-1 cells, once differentiated in macro-
phages, internalize MEN 4901/1-0128 very efficiently
and liberate T-2513 in the medium in an amount
sufficient to kill A2780 human ovarian carcinoma cells.
This ability seems to be linked not only to the presence
of the cathepsin B, but also to the phagocytic property of
THP-1 cells, ASPC-1 cells being (expressing cathepsin B
but without phagocytic properties) unable to release the
active moiety.

Role of murine immune cells in MEN 4901/T-0128
activation

The role of normal macrophage populations in the uptake
and cleavage of MEN 4901/T-0128 was assessed by
incubating murine macrophages with the prodrug and
evaluating the ability of the conditioned culture media to
kill ovarian carcinoma cell line A2780.

Fig. 6

100+
90+
80+
704
60
50+
40+
30+
20
104

Percentage NBT reduction

THP-1 THP-1/PMA ASPC-1

Phagocytic activity of different human cell lines. Cells were exposed to
MTS to measure cell viability for 4 h or to NBT to measure cell
phagocytic activity for 20 min. Cell culture plates were then read with a
fluorimeter. Percentage of NBT reduction is calculated as a ratio
between NBT values and MTS values. PMA, phorbol 12-myristate-
13-acetate.

Adherent splenocytes and peritoneal exudate macro-
phages were recovered from thioglycollate-injected mice.
These cells, activated or not with PMA, were exposed to
MEN 4901/1-0128. Figure 7 shows that both macrophage
populations, recovered from the spleen (Fig. 7a) and
from the peritoneal cavity (Fig. 7b), are able to
generate cytotoxic culture media after exposure to
MEN 4901/T-0128. In peritoneal exudate macrophages
recovered from thioglycollate-injected mice, and there-
fore already activated, no increase in A2780 cytotoxicity
was observed following a further z-vitro stimulation with
PMA (Fig. 7b). Moreover, the CM-dextran moiety of
MEN 4901/1-0128 did not contribute to the observed
cytotoxic effects, as supernatants of murine macrophages
and splenocytes obtained from thioglycollate-treated
mice and cultured with equimolar concentration of
CM-dextran (10.8 pug/ml) were ineffective in inhibiting
A2780 cellular growth (Fig. 7).

Thus, from these results, we suggested that normal
activated macrophages are able to phagocyte MEN 4901/
T-0128 and release cytotoxic moieties in the culture
media.

Discussion

12513 is a new camptothecin analogue characterized by
a broad cytotoxicity against a range of human tumour cell
lines. MEN 4901/1-0128, the macromolecule constituted
by T-2513 bound to CM-dextran, is instead inactive
in-vitro. Nevertheless, in-vivo MEN 4901/1-0128 treat-
ment was able to significantly reduce or abolish the
growth of many different human tumour models [3], even
after a single administration. These data suggest that
MEN 4901/T-0128 antitumour activity # vivo requires
host cells or factors able to release the cytotoxically active
compound T-2513 from the prodrug. Thus, the aim of our
work was to better define the determinants for MEN
4901/1-0128 cytotoxic activity, clarifying (i) which
enzymes are able to cleave the T-2513 moiety from the
CM-dextran backbone, and (ii) which cells are able to
phagocyte the macromolecule, cleave MEN 4901/T-0128
and then release T-2513 in the culture medium.

Previous data suggested an involvement of lysosomal
cysteine-proteases (cathepsin B, in particular) in the
release of the active moiety from MEN 4901/T-0128 [4].
Cathepsin B can catalyze the cleavage of peptide bonds
by two different mechanisms: endoproteolytic attack and
attack starting from the C-terminus by both peptidyl-
dipeptidase and carboxypeptidase activity [8]. These two
catalytic mechanisms have two different optimal pH. At
an acidic pH of 4.5-5.5, which corresponds to the pH in
lysosomes and other acidic compartments, cathepsin B
has mainly peptidyl-dipeptidase and carboxypeptidase
activity. Conversely, the endopeptidase activity has
optimum pH around 7.4 [8]. Many tumour cell lines
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Fig. 7
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A2780 cell growth inhibition by culture supernatants obtained from
murine macrophage populations recovered from thioglycollate-treated
mice and incubated with MEN 4901/T-0128. Splenocytes (a) and
peritoneal exudate macrophages (b) were obtained from Swiss mice
injected with 300 pl of 3% w/v thioglycollate solution 3 days before.
Adherent cells (700 000/well/ml), stimulated (+) or not (=) with

100 ng/ml phorbol 12-myristate-13-acetate, were cultured for 5 days in
the presence of 10 ng/ml MEN 4901/T-0128 (black bars), 10.8 pg/ml
carboxymethyl dextran (stripped bars) or culture medium (white bars).
At the end of incubation, culture supernatants, diluted 1:2, were
assayed for cytotoxic activity on A2780 cells. A2780 cell growth was
measured as chemical reduction of Alamar blue. Data are presented as
percentage of A2780 cell growth in the absence of murine cell culture
supernatants and are the mean £ SE from N=2 experiments, four
replicates each. ***P<0.001 (with respect to A2780 cell growth in the
absence of murine culture supernatants, one-way analysis of variance;
Tukey's test).

have a large quantity of pericellular (cell surface and
secreted) cathepsin B [9,10]. Cathepsin B expression is
also enhanced in malignant tumours of various origins,
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suggesting that the enzyme may be involved in tumour
invasiveness and metastasis [9-15]. For this reason,
inhibitors of cathepsin B are sought as potential anti-
cancer and antimetastatic agents [16]. In this study, we
show that human purified cathepsin B releases T-2513 at
pH values ranging from 3 to 5. pH dependency of this
reaction suggests that the cleavage of the linker should
mainly occur in the lysosomes, and that both peptidyl-
dipeptidase and carboxypeptidase activities of the
enzyme should be involved.

Thus, we believe that MEN 4901/1-0128 activation
requires the presence of the cathepsin B enzyme to
release T-2513 inside the tumour and that phagocytic
cells must be involved in this process. Indeed, it has been
published [17] that in the presence of macrophage-like
cells (mouse macrophage-like tumour J.774.1) the growth
of B16 melanoma cells is more inhibited than in the
absence of macrophage-like cells.

To further address this issue, normal murine and human
phagocytic immune cells were studied.

We demonstrated here that murine macrophage popula-
tions recovered from the peritoneal cavity as well as from
the spleen and exposed to MEN 4901/T1-0128 were able
to activate MEN 4901/T-0128, releasing cytotoxic moi-
eties in their culture supernatants. Although we have not
directly assayed T-2513 in these media, the involvement
of this CPT is supported by the demonstration that
supernatants obtained from macrophages incubated with
equimolar concentrations of CM-dextran moiety were
inactive in killing A2780 cells. It cannot, however, be
ruled out that T-2513 metabolites or gly-1-2513 deriva-
tives can also contribute to the cytotoxic effects of
supernatants. Interestingly, macrophage activation (i
vitro with PMA or i wvivo with thioglycollate) was
necessary to obtain cytotoxic culture media.

Furthermore, using a human cell model system we
demonstrated that MEN 4901/T-0128 can enter the
macrophage cell very efficiently and that T-2513 can be
released in an amount sufficient to kill A2780 human
ovarian carcinoma cells. These data were obtained using
THP-1 cells, a monocytic cell line that can be differ-
entiated in macrophage-like cells after m-ovitro stimula-
tion. Interestingly, these cells, once differentiated,
upregulated the expression of cathepsin B. The increase
in enzymatic activity showed a good correlation with the
ability of the cells to release T-2513, thus supporting the
key role of cathepsin B in the release process.

A high level of cathepsin B is, however, not a sufficient
requirement for MEN 4901/T-0128 activity. Actually, the
enzymatic activity must be present in a cell characterized
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also by a high phagocytic activity, like that shown by
differentiated THP-1 cells.

Recently, phagocytosis has also been observed in human
tumours [18]; thus, it is possible to suggest that besides
macrophage population, some specific tumour cell types
could also be able to internalize and activate MEN 4901/
"T-0128. Here, we evaluated ASPC-1, a pancreatic tumour
cell line, expressing an elevated level of cathepsin B, but
without any phagocytic activity. These cells were less
efficient in the release of T-2513 in the culture media,
thus supporting the hypothesis that the presence of the
enzyme should be coupled with high phagocytic activity
in order to obtain T-2513 release.

In conclusion, our studies support the hypothesis that
macrophage populations could be the cells deputed to
activate the prodrug MEN 4901/T-0128 inducing the
intratumoral release of the active moiety. As tumour-
associated macrophages are a prominent component of
the mononuclear leucocyte population of the solid
tumours [19], we speculate that after treatment with
MEN 4901/T-0128, they should play a major role in the
local generation of active CPT ('T-2513), thus mediating
the potent antitumoral effect of this drug.
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