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A human/mouse chimeric Fab monoclonal antibody A7 (chFabA7) was covalently coupled to
neocarzinostatin (NCS) by the SPDP method at various chFabA7:NCS substitution ratios. The
antigen-binding activity of the conjugate, examined by ELISA using fixed antigen-positive colon
cancer cells, was identical to that of the parent chFabA7 when one mole of NCS was conjugated, but
was reduced with 2 or 3 moles of conjugated NCS, By means of a colony-forming assay, the cytocidal
effect of the conjugate on antigen-positive cancer cells was found to he stronger than that of free NCS,
whereas in antigen-negative cancer cells it was similar to that of free NCS. This effect was attenuated
by adding an excess amount of monoclonal antibody A7. These findings indicate that the conjugate has
an antigen-specific ¢ytocidal action, and thus chFabA7-NCS is a promising tool for targeting cancer
chemotherapy.
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The use of antibodies as a carrier of pharmacological
agents has become more practical since the advent of
monoclonal antibody (Mab) technology, and several
studies have demonstrated the potential use of immuno-
conjugates in clinical application.'™ We have reported
immunotargeting chemotherapy using a murine Mab A7-
drug conjugate for colorectal cancer patients.® One prob-
lem that has been encountered with the use of murine
Mabs is the development of immune response to the
administered antibody. This immune response has led to
changes in antibody pharmacokinetics and more serious
problems such as anaphylaxis.” There is also a problem
with the limitation in tumor penetration of whole Mab,
since a macromolecule the size of an immunoglobulin
encounters physiological barriers, such as poor extra-
vasation.

To overcome the drawbacks associated with murine
whole antibody use, a new type of antibody is required.
‘The new antibody should have properties such as reduced
immunogenicity, small molecular size and sufficient anti-
gen-binding activity. Recent progress in genetic engineer-
ing techniques has made it possible to construct an en-
gineered antibody which can meet these requirements.
This report describes the construction and in vitro prop-
erties of a chimeric Fab Mab A7 (chFabA7)-anticancer
drug conjugate. To our knowledge, this is the first report
describing the development and characterization of an
engineered Mab-anticancer drug conjugate.

' To whom request for reprints should be addressed.
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MATERIALS AND METHODS

Preparation of antibody, chemicals and cell lines Mab
AT was developed as described previously.® Mab A7 is
known to react selectively with human adenocarcinoma®
and to recognize a 45000-dalton glycoprotein on the cell
surface.'” chFabA7 was generously provided by Green
Cross Co. Ltd. (Osaka). Details of the chFabA7 prepara-
tion will be described in a future report. The binding
activity of chFabA7 to cells of a human colorectal cancer
cell line was identical to that of the Mab A7 Fab frag-
ment produced by papain digestion.” Neocarzinostatin
(NCS), an anticancer polypeptide, was obtained from
Pola Chemical (Yokohama). The activity of NCS conju-
gates is expressed in units equivalent to 1 ug of NCS.
Heterobifunctional reagent, N-succinimidyl 3-(2-pyridyl-
dithio)propionate (SPDP), was purchased from Phar-
macia Fine Chemicals (Uppsala, Sweden),.and dithio-
threitol (DTT) was purchased from Wako Pure Chemi-
cals Industries Co. Ltd. (Osaka).

A human colon cancer cell line, HLC-1, and human

squamous cell cancer cell line, HeLa $3, were cultured in
RPMI 1640 medium supplemented with 10% fetal calf
serum (FCS). HLC-1 and HeLa S3 cells were used as
antigen-positive and antigen-negative cancer cells, re-
spectively.
Production of ¢chFabA7-NCS The conjugation proce-
dures were generally carried out according to the
Pharmacia Manual for SPDP. But modifications were
necessary in order to retain NCS activity throughout the
conjugation process and to minimize the formation of
polymerized antibody-NCS.



Step 1: chFabA7 (10 mg/ml in phospate buffer, pH
7.20) was mixed with SPDP in ethanol, in a 1:1 molar
ratio. The reaction mixture was stirred at 25°C for 30
min, then desalted on Sephadex G25 (Pharmacia) equi-
librated with 0.1 M phosphate-buffered saline (PBS),
pH 7.2. The resultant chFabA7 conjugated with 3-(2-
pyridyldithio)propionylate (PDP) was collected as the
excluded fraction from the column.

Step 2: NCS (20 mg/ml in Tris-HCl, pH 7.0) was
mixed with an excess of SPDP in a 1:1.5 molar ratio.
The mixture was stirred at 25°C for 30 min, then loaded
onto Sephadex G 25 equilibrated with 0.02 M Tris-HC],
pH 6.5. The excluded fraction was collected, and NCS-
1PDP was separated on a Q-Sepharose (Pharmacia)
column with 0.02 M Tris-HC1, pH 6.5, containing a
gradient from 50 M to 300 mM NaCl. The NCS-1PDP
fraction was thiolated by stirring with excess DTT at
25°C for 30 min. The reaction mixture was purified on a
Sephadex G25 column and the NCS-SH fraction was
collected.

Step 3: chFabA7-PDP was combined with an excess of
NCS-SH in a 1:1.5 molar ratio and the mixture was
dialyzed against 0.05 M Tris-HCI, pH 7.0. The mixture
was stirred at 25°C overnight, and loaded onto a Q-
Sepharose column; elution was conducted with 0.02 M
Tris-HC1 buffer, pH 6.5, containing a gradient from 50 to
250 mM NaCl.

Binding activity of the conjugates The antigen-binding
activities of the conjugates were measured by the com-
petitive direct immunoperoxidase method using an HLC-
1 cell monolayer. Aliquots of HLC-1 celis in growth
medium (2 X 10° cells/well) were plated in sterile tissue
culture microtiter plates and cultured for 48 h at 37 °C.
After removal of the supernatant, each well was filled
with fresh growth medium and the plate was incubated
for 2 h to block nonspecific protein-binding sites on the
surface of the wells. The medium was removed by
decantation, and 50 ¢l of the conjugate solution serially
diluted in growth medium was added to each well. The
wells were incubated with 50 ul of peroxidase-labeled
Mab A7 Fab fragment (PO-A7 Fab) and 50 min later
were washed four times with PBS containing 1% FCS.
One hundred and fifty #1 of substrate solution (0.05%
o-phenylenediamine, 0.02% H,0,, citrate phosphate
buffer, pH 5.0) was added to the wells and incubated for
30 min at room temperature in the dark. The reaction
was terminated by adding 5 N H,S0,, and the optical
density of each well was read at 492 nm using fresh
substrate solution as a blank.

Cytotoxicity of the conjugates Cytotoxicity of the conju-
gates was determined using a colony formation assay.
Fifty cells of HLC-1 or HeLa S3 in the medium sup-
plemented with 89 FCS were plated in a 96-well culture
dish and cultured for 24 h at 37°C in a humidified
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atmosphere of 5% CO,. After removal of the superna-
tant, aliquots of 50 ul of medium containing serially
diluted conjugate or NCS were added to the wells, giving
final NCS concentrations ranging from 10 to 10X (1/2'%)
U NCS/ml. After 30 min of incubation, the wells were
rinsed twice and cultured at 37°C. Six days later, the dish
was rinsed with 0.9% saline and the cell colonies were
then fixed and stained with 19% crystal violet in metha-
nol. The colonies were counted using a stereoscopic
microscope and the results were expressed as the percent-
age of colonies formed in the wells treated with conjugate
or free NCS, in comparison with the wells treated with
the medium alone.

To confirm the antigen specificity of the cytotoxicity of
the conjugate, a separate experiment was underiaken. In
this study, antigen-positive HLC-1 cells on a 96-well plate
were incubated with serially diluted chFabA7-1NCS
or NCS in the presence of an excess amount of whole
Mab A7 and non-specific IgG. After 30-min incubation,
the wells were rinsed twice with 0.9% saline and cultured
at 37°C. Six days later, the plate was rinsed and the cell
colonies were fixed and stained with 1% crystal violet in
methanol. The colonies were counted using a stereo-
scopic microscope and the results were expressed as the
percentage of colonies formed in the wells treated with
conjugate or free NCS,

RESULTS

Conjugate production chFabA7 was successfully con-
jugated to NCS through a disulfide bond by using SPDP,
with various substitution ratios. The gel chromatography
of the conjugate mixtures, performed using Q-Sepharose
and Sephacryl 8-200, yielded three distinct types of con-
jugates: 1-mol NCS form (chFabA7-1NCS), 2-mol NCS
form (chFabA7-2NCS) and 3-mol NCS form (chFabA7-
3NCS) (Fig. 1). SDS-PAGE (gradient gel from 4 to
20%) confirmed the purity of the conjugates (Fig. 2).
Binding activity of the conjugates The antigen-binding
activity of the conjugates was investigated by a competi-
tion assay between PO-A7 Fab and each conjugate.
Results were expressed as percentage binding of the
serially diluted conjugates in comparison with the con-
trol. The density of bound PO-A7 Fab, when coincu-
bated in buffer solution in place of the conjugates, was
defined as 100% binding. The binding activity of
chFabA7-1NCS was almost identical to that of parent
chFabA7, but was markedly reduced in the chFabA7-
2NCS and -3NCS conjugates (Fig. 3). The 50% binding
concentrations of the conjugate were 2.5, 3.0, 5.5 and
10.0 for chFabA7, chFabA7-1NCS, chFabA7-2NCS and
chFabA7-3NCS, respectively.

Cytotoxicity of the conjugates Conjugate cytotoxicity
was investigated by colony formation assay. Data were
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Fig. 1. Elution profile of a reaction mixture of chFabA7-
PDP and NCS-SH using Q-Sepharose column chromatogra-
phy. The first, second and third peaks are due to chFabA7-
INCS, chFabA7-2NCS and chFabA7-3NCS, respectively.
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Fig. 2. SDS-PAGE of the conjugates. Samples were sub-
jected to sodium dodecyl sulfate-polyacrylamide gel eiectro-
phoresis (gradient gel, 4 to 20%). Gel was then stzined and
dried. 1, chFabA7; 2, chFabA7-1NCS; 3, chFabA7-2NCS; 4,
chFabA7-3NCS; 5, NCS.

expressed as the percentage colony formation compared
with the medium control. In the antigen-positive cancer
cell line HLC-1, both the conjugate and free NCS in-
hibited colony formation in a dose-dependent manner

1192

=E‘ 100 |
c
]
[&]
“
o
&
P
T sl
o
a
s
oy
£
ke
£
[}
O 1 1 (] 1 1 1
1.0 10 100
Competitor {u g/mi)
Fig. 3. Binding competition between PO-A7Fab and

¢hFabA7-NCS in HLC-1 cells. chFabA7-1NCS showed identi-
cal antigen-binding activity to parent chFabA7 but the antigen-
binding activities of chFabA7-2NCS and chFabA7-3NCS
were reduced. chFabA7, ©; chFabA7-1NCS, ®; chFabA7-
2ZNCS, a; chFabA7-3NCS, O,

and inhibition by the complex was stronger than that of
free NCS (Fig. 4A). On the other hand, in the antigen-
negative cancer cell line HeLa S3, there was no differ-
ence in colony formation rate between the conjugate
and free NCS (Fig. 4B). Further, the cytotoxic effect
of chA7Fab-INCS was inhibited by the addition of an
excess amount of whole Mab A7 (Fig. 5B), but not by
addition of non-specific IgG (Fig. 5A).

DISCUSSION

NCS is known to differ in several respects from other
anticancer drugs: 1) NCS is composed of two parts, ie.,
the chromophore, which is non-proteinous and bio-
logically active, and the apoprotein, which contributes to
the stability of the NCS molecule, but does not affect
drug activity'"; 2) due to the structural character of
NCS, the conjugation of other reagents to NCS can
occur readily without any loss of biological activity'?; 3}
one mole of NCS is more cytotoxic than one mole of
other anticancer drugs, and NCS bound to Mab is highly
cytotoxic to targeted cancer cells at low substitution
ratios.'” The above properties are ideal for a drug to be
coupled to an antibody. A report by Jung et al. has for
the first time described the conjugation of NCS to an
antibody with SPDP.'") However, the procedure they
employed was a complicated one, as it required the
disconnection of active chromophore from apoprotein,
apoprotein conjugation to antibody and subsequent
reconstitution of the active chromophore to the apopro-
tein-antibody conjugate to restore the biological activity.
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Fig. 4. Cytotoxicity of the conjugate. ChFabA7-1NCS and
free NCS were exposed with the antigen-positive HLC-1 cells
(A) and the antigen-negative HeLa 83 cells (B). Data were
expressed as the percent colony formation as compared with
the control. chFabA7-1NCS, @; free NCS, O.

Our procedure, on the other hand, is simpler and does
not require chromophore purification or reconstitution
with NCS. In addition, our method provides a conve-
nient means of removing free antibodies and thus a con-
jugate of greater purity can be obtained from the conju-
gation mixture.

The antigen-binding activity of the conjugates was
practically unchanged in chFabA7-1NCS, but markedly
reduced in conjugates substituted with two and three
moles of NCS. This indicates that the majority of the
lysine residues of chFabA7 exposed to NCS conjugation
lie within the variable region. Otherwise, steric hinder-
ance by NCS would affect the binding activity. The
cytotoxic effect of chFabA7-1NCS on antigen-positive
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Fig. 5. Effect of an excess amount of non-specific 1gG or

Mab A7 on the cytotoxicity of the conjugate. The HLC-1
cells were exposed to the conjugate in the presence of non-
specific IgG (A) or Mab A7 (B). The colony formation rate
of the HLC-1 cells was calculated as compared with the con-
trol. NCS, ®; chFabA7-1NCS, O.

cancer cells was stronger than that of free NCS, chFab-
A7-2NCS or chFabA7-3NCS, while in antigen-negative
cancer cells there was no difference in cytocidal effect
between NCS and each conjugate {data not shown). To
investigate the antigen specificity of the conjugate, there-
fore, chFabA7-1NCS was sclected for further examina-
tion. The cytotoxicity of chFabA7-1INCS was stronger
than that of free NCS towards the antigen-positive cells
(Fig. 4A), while there was no difference between chFab-
A7-1NCS and free NCS (Fig. 4B). The cytotoxic effect
of chFabA7-1NCS was attenuated by addition of an
excess amount of free Mab A7 (Fig. 5). These findings
indicate that the cytotoxicity of NCS is enhanced by
chFabA7 conjugation and also show that the cytotoxicity
of the conjugate is manifested through antigen-antibody
interaction.
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In conclusion, we have succeeded in the development
of a2 human/chimeric Mab-NCS conjugate without re-
duction of the antigen-binding activity or cytotoxic effect.
chiabA7-INCS possesses favorable properties and is a
promising new tool for targeting colon cancer chemo-
therapy. This type of conjugate should be superior for
clinical application, since it should overcome the prob-

lems of human anti mouse antibody (HAMA) produc- -

tion and poor tumor penetration,
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