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SUMMARY

Antibodies directed toward the antitumon protein neocan
zinostatin (NCS) have been produced in a rabbit by immuni
zation with a highly purified NCS preparation. The antise
rum was monospecific and reversed the antibacterial activ
ity of NCS against Sarcina lutea. It cross-reacted with chem
ically modified derivatives of NCS and mitomalcin but failed
to cross-react with macromomycin. A radioimmunoassay
procedure has been developed utilizing the antiserum and a
biologically active â€˜251-labeledderivative of NCS. The lower
limit of detection by this nadioimmunoassay, which involves
a double antibody technique for the separation of antibody
bound and free antigen, was 1 x 10'@ mole. The sensitivity
of the assay is such that serum levels of NCS can be deter
mined accurately after administration of the drug to rats at a
single dose of 2 mg/kg. Since NCS is now undergoing
clinical trial, the radioimmunoassay of the drug will be a
valuable tool in clinical pharmacological studies.

INTRODUCTION

NCS,2an acidic protein isolated from the culture filtrate of
Streptomyces carzinostaticus (6, 10), exhibits potent antitu
mon activity against experimental tumors in mice (3, 7, 8).
Clinical trials in Japan suggest that this protein can be
effective in the treatment of certain solid tumors and leuke
mia (5, 20). NCS is highly cytotoxic (9), and in mammalian
cells it inhibits DNA synthesis in viva and induces single
and double-strand DNA bneaksin vivo and in vitro (1, 13, 21).

NCS is a highly folded single-chain polypeptide (m.w.
10,700 daltons), with a known amino acid sequence (12,
18). NCS is potentially an effective antitumon drug. Phanma
cokinetic data will be useful for its optimal clinical usage. A
sensitive nadioimmunoassay procedure is a valuable tool in
these studies, and we report here the development of such
an assay. The method utilizes a highly specific antiserum,
elicited in a rabbit, and a â€˜251-labeledderivative of NCS. This
radioimmunoassay allows for the measurement of sub
pmole amounts of NCS.

MATERIALS AND METHODS

Materials. Carrier-free 1251as Na125I(300 to 500 mCi/mI)
was obtained from New England Nuclear, Boston, Mass.
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Chloramine-T, sodium metabisulfite, potassium iodide, and
other reagents were obtained commercially and are of ne
agent grade. 3-(4-Hydnoxyphenyl)propion ic acid N-hydnoxy
succinimide ester was purchased from Pierce Chemical
Co., Aockford, Ill. Complete Freund's adjuvant was a Difco
product, and Whatman GF/C glass fiber discs were pun
chased from Arthur H. Thomas Co., Philadelphia, Pa. Ma
cromomycin (NSC 170105), mitomalcin (NSC 113233), and
NCS clinical formulation (Kayaku Lot 730659) were obtained
from the National Cancer Institute, Bethesda, Md.

NCS Purification. Crude NCS obtained from KayakuAnti
biotics Research Laboratory, Tokyo, Japan, was purified
according to a procedure to be published.3 The purification
procedure involved (a) chromatography on a CM-cellulose
column (1.5 x 90 cm) in 0.05 M acetic acid and a gradient
elution from pH 3.0 to 4.5 with 0.1 M sodium acetate, (b) gel
filtration on a Sephadex G-50 column (2 x 100 cm) in 0.1 M
acetic acid, and finally (c) rechnomatognaphy on a DEAE
Sephadex column (1.5 x 90 cm) in 0.05 M Tnis-acetic acid
buffer, pH 8.3, and an ionic gradient elution with 0.5 M
sodium chloride. The purified preparation was homogene
ous on acnylamide gel electrophonesis at pH 2.9, 4.5, and
8.6, and acrylamide gel isoelectnic focusing in pH gradient
2.5 to 5.0. It inhibited the growth of Sarcina Iutea cells at a
minimal inhibitory concentration of 0.05 @g/mlin agar dif
fusion plates. The 50% inhibitory value for inhibition of
growth of human lymphoblastic leukemic (CCAF-CEM) cells
in suspension culture was 0.025 @.tg/ml.Preliminary reports
on amino and carboxy side-chain-modified NCS prepara
tions have been presented (16, 17).

Preparation of Radiolabeled NCS. Aadioiodination of
NCS was accomplished by acylation of the protein with 125I
labeled N-hyd roxysuccinimide ester of 3-(4-hyd noxy
phenyl)pnopionic acid prepared according to the method of
Bolton and Hunter (2). Purified NCS (1 nmole) in 200 @lof
0.1 M borate buffer, pH 8.5, was added to freshly prepared
dried â€˜25I-Iabeledacylating ester (3 nmoles), and the reac
tion mixture was agitated for about 1 hr at 0Â°.At the end of
the reaction, 100 @lof cold 0.2 M glycine in 0.1 M borate
buffer, pH 8.5, were added with stirring for 5 mm to remove
excess radiolabeled ester. The 1251-labeledprotein was then
separated from the other labeled products of the conjuga
tion reaction by gel filtration on a Sephadex G-25 column
(1.5 x 30 cm) with 0.2 M NaCI. The nadiolabeled NCS, eluted
near the void volume, was dialyzed and lyophilized. 125l
Labeled NCS was further purified from native NCS by chro
matography on a CM-cellulose column (0.8 x 30 cm) in 0.05
M acetic acid, a procedure used for purification of NCS. The

3 Samy, T. 5. A., Hu, J-M., Meienhofer, J., Lazarus, H., and Johnson, R. K.

A Facile Method of Purification of Neocarzinostatin, submitted for publica
tion to Journal of the National Cancer Institute.
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radiolabeled protein is not adsorbed by CM-cellulose and is
eluted in 0.05 M acetic acid, whereas native NCS is eluted at
pH 3.8 in a pH gradient with 0.1 M sodium acetate. The
specific activity of 125I-IabeledNCS prepared by this method
was 750 mCi/mmole. NCS modified by reaction with cold
3-(4-hydroxyphenyl)propionic acid N-hydroxysuccinimide
ester and purified by the above procedure was homogene
ous by acrylamide gel electrophoresis at pH 8.6 and was
biologically active, with a 50% inhibitory dose of 0.039 p.g/
ml against CCRF-CLM cells in vitro (17). Reaction of NCS
with commercially available 125l-Iabeled acylating agent
(Amersham/Searle Corp., Arlington Heights, Ill.; specific
activity, 1700 Ci/mmole) gave a nadiolabeled protein with a
specific activity of 10 Ci/mmole. A single-step purification
of the reaction mixture on Sephadex G-25 was sufficient for
the routine radioimmunoassay analysis.

Preparation of Antisera. Antiserum specific for NCS was
elicited in a New Zealand White female rabbit by immuniza
tion with 2 mg of purified protein dissolved in 1 ml of 0.1 M
PBS, pH 7.0, and emulsified with an equal volume of cam
plete Fneund's adjuvant. Each 2-mI emulsion was injected
weekly at multiple i.d. and s.c. sites for 3 weeks. Thereafter,
the animal was bled from the ear at weekly intervals. Occa
sional i.v. booster injections were given to prolong antibody
production in the animal.

The y-globulin fraction of the antiserum to NCS was ob
tamed by precipitation of the antiserum at 4Â°with ammo
nium sulfateto50% saturation.The precipitatecontaining
y-gbobulin was dissolved in PBS and dialyzed against the
same buffer before use.

Antiserum to rabbit antibody was produced in a sheep by
injection with rabbit Fc fragments (15) in complete Fneund's
adjuvant.

Immunodiffusion. Immunodiffusion studies were carried
out by the method of Ouchterlony (14) with 0.8% agarose in
PBS. Plates were developed at room temperature for 24 hr
and, after thoroughly washing with PBS, were stained for
protein with Amido black.

Immunoprecipitin Experiments. A constant volume (500
pi) of rabbit antiserum to NCS was delivered into a series of

2-mI centrifuge tubes, and 0 to 100 @igof NCS (native or
modified) in 100 @lof PBS were added to each tube; the
total volume per tube was brought to 1 ml. After incubation
of the reaction mixture at 37Â°for 2 hr, the tubes were
centrifuged at 3000 rpm for 20 mm , and the precipitate was
washed with cold PBS. The washed precipitate was then
dissolved in 0.1 M NaOH, and the absonbance of the solution
was measured at 280 nm.

Radiolmmunoassay Procedure. Specific antiserum was
diluted 50-fold in normal rabbit serum which served as a
source of carrier immunoglobulin. A standard assay mixture
contained approximately 8000 cpm of labeled NCS and 5 @I
of diluted rabbit anti-NCS antiserum (or as a background
control 5 .tI of normal rabbit serum) in PBS at a final
reaction volume of 100 @l.Any specimen containing unla
beled NCS was included in this standard set-up, the NCS
addition being performed before delivery of the antiserum.
After incubation at 37Â°for 30 mm, 100 @lof sheep anti-rabbit
Fc were added simultaneously to precipitate the rabbit anti
body and any â€˜251-labeledNCS specifically bound to rabbit
antibody. Following additional incubation at 37Â°for 2 hr, the

reaction mixture was passed through a glass fiber filter and
the precipitate was washed with 8 ml of PBS on a multiple
filtration manifold (Millipore Corporation , Bedford , Mass.).
The filter, along with the precipitate, was counted in a Pack
and Autogamma spectrometer for radioactivity. A standard
displacement curve was established by adding known
amounts of unlabeled NCS to the assay mixture and relating
it to the reduction in antibody-bound radioactivity. All de
terminations were performed in duplicate. The standard
deviation in bound radioactivity was 5% or less.

RESULTS

Precipitin Tests in Agarose Gels. An antiserum highly
specific to NCS was obtained in rabbits after immunization
with a homogeneous preparation of the protein. The antise
rum gave a single pnecipitin line in an agarose gel double
diffusion test with purified NCS and a crude preparation
from which NCS was purified (Fig. 1). The precipitin lines
merge to show a reaction of identity. Mitomalcin (11) and
macromomycin (4), bacterial proteins suggested to be simi
Ian to NCS in experimental antitumor properties, were ex
amined for cross-reactivity with the antiserum to NCS. The
reaction of identity for mitomalcin and NCS indicates that
the 2 molecules possess coincident antibody determinant
sites and may therefore be closely related molecules.

Quantitative Precipitin Test. Experiments were carried
out to determine the extent of reactivity of the antiserum
with its homologous antigen. The precipitin curve obtained

for NCS shown in Chart 1. Twenty @gof NCS and 0.5 ml of
rabbit antisera are needed to obtain a maximum precipitin
reaction. Reactivity of the antiserum with chemically modi
fied derivatives of NCS was also studied. Carboxamide
NCS, in which all of the 10 ionizable carboxyl groups have
been amidated, precipitated 35% of the antibody, whereas
the disubstituted derivative, [Ala-i ,Lys-20-di-3-(4-hydroxy
phenyl)pnopionamide]NCS (17), reacted with 50% of the
available antibodies. The ability of this dipropionamide de

Fig. 1. Precipitation in agarose gel. Center well, antiserum to purified
NCS;WellsA, C, andE, purified NCS,20 g.@gin PBS;WellB, crudeNCS,30
.tg/ml in PBS; Well 0, macromomycin, 300 @.tg/mIin PBS; Well F, mitomal

cm, 300 @.tg/mIin PBS.
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cedure. The results presented in Chart 3 demonstrate that
an NCS dose as low as 102 nmole/mI can be quantitatively
determined in rat serum by this procedure. Furthermore,
the disappearance of NCS in serum was rapid and most of
the drug (in excess of 90%) was removed in the 1st 10 mm,
indicating a very short serum half-life for the drug. In add i
tion to the initial phase of disappearance, a 2nd mode of
removal, characterized by a longer half-life, is also evident.

DISCUSSION

NCS is a single-chain antitumor polypeptide with a known
amino acid sequence (12). In limited Phase 1 clinical studies

0

Ui

NANOMOLESADDED
Chart 1. Quantitative precipitin reaction indicating cross-reactivity of na

tive NCS and its derivatives. â€¢,native; A, dipropionamide derivative; U,
carboxamide derivative.

Table 1

nivative to bind to antibodies to NCS permitted its use when
labeled with 1251as a marker antigen in the radioimmunoas
say procedure.

Reversal of Growth-Inhibitory Activity of NCS against S.
Iutea by Homologous Antibodies. NCS inhibits the growth
of S. iutea cells in agan diffusion plates. The y-globulin
fraction from the antiserum to NCS was tested for its effect
on the reversal of inhibition of growth of S. lutea by NCS. By
quantitative precipitin analysis, it was determined that 0.25
ml of anti-NCS globulins in PBS was enough to precipitate
maximally 20 ;ig of NCS. A reaction mixture (Table 1) of
antigen and antibody was made in this proportion with
proper controls, incubated at 25Â°for 2 hr, and centrifuged at
3000 rpm for 20 mm. The resulting supernatant solution and
the precipitate (after being washed with 0.5 ml of cold PBS
and resuspended in 1 ml of PBS) were analyzed for inhibi
tory activity in S. lutea. The results presented in Table 1
clearly demonstrate that the biological activity of NCS is
precipitated in the mixture that included precipitating anti
bodies, whereas it remained unaltered in the control reac
tion mixtures. Failure to find activity in the precipitate may
be due to inactivation of the drug by the antibody or nondif
fusion of the antigen-antibody complex.

Radioimmunoassay. NCS was denivatized with 125I-la
beled 3-(4-hydroxyphenyl)pnopionic acid N-hydroxysucci
nimide ester, and the radioiodinated protein was purified
before use in radioimmunoassay. The labeled NCS was
shown to be completely precipitable with antiserum to NCS.
A competitive binding assay was set up; the results of the
test are presented in Chart 2. Radiolabeled NCS was pro
gressively displaced from the antibodies on addition of in
creasing amounts of cold NCS. As little as 1 ng (1 x 10'@
mole) of NCS can be determined by this radioimmunoassay
procedure. Purified NCS and the clinical formulation of
NCS were compared with respect to their effectiveness in
displacement of radioactive NCS in the reaction mixture.
The results indicate that the purified material was 2.5-fold
as effective as the clinical sample.

Quantltation of NCS in Rat Serum by Radloimmunoas
say. Two rats, each weighing 300 g, were given NCS, 2 mg/
kg, via the femonal vein. The blood was withdrawn from the
orbital plexus at different time intervals, and NCS content in
the serum was determined by this nadioimmunoassay pro

V1 Total volume of the reaction mixture was 1 ml in PBS.

b@ , formation of zone of inhibition in agar gel diffusion plates.

@ to ioo 1000
NANOGRAMSPROTEINADDED

Chart 2. Inhibition of the binding of â€œI-labeledNCS to rabbit antiserum to
NCSby purified homologousantigen(U) and clinical formulation (â€¢).The
details of the procedure using double antibody technique are given in â€œMate
rials and Methods.â€•

100 120

Chart 3. Serum NCS levels in rats after a single iv. injection of the drug.
Tworats,eachweighingabout300g, weregiveninjectionsof 600 @&gof NCS.
At eachtime intervalblood was collectedand the serumNCScontentwas
determined.
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made in Japan (5, 20), NCS showed relatively little toxicity
and no immunogenicity. NCS appears to be an effective
antitumor drug according to Phase 1 clinical studies done
in Japan and is being introduced into Phase 1 studies in this
country.

Reports on experimental toxicology studies (19) indicate
that NCS purified by our method is not immunogenic in
dogs. However, antibodies can be elicited successfully in
rabbits by the immunization procedure detailed in this pa
per. The rabbit antiserum was monospecific, yielding a
single precipitin band in Ouchterlony gel diffusion tests
with its homologous antigen. It also cross-reacted with mi
tomalcin, a protein similar to NCS in experimental antitu
mon activity, and with chemically modified derivatives of
NCS. The biological specificity of the antiserum was con
firmed by its ability to precipitate the antibacterial activity of
NCS.

NCS is a tightly folded molecule, and the single residue of
tynosine at position 32 is â€œburiedâ€•in native protein (18). The
tyrosine residue has a high pK value of 12.5 in the native
state and is not accessible to chemical modification reac
tions. Radiolabeled NCS could, however, be prepared by
coupling an 1251-labeled3-(4-hydroxyphenyl)propionic acid
N-succinimidyl ester to the protein. 125I-Iabeled NCS was
purified by chromatography on Sephadex G-25 and CM
cellulose columns. The homogeneous â€˜251-labeledNCS
(specific activity, 750 mCi/mmole) was used along with the
rabbit antisera specific to NCS in the development of a
radioimmunoassay procedure. A displacement curve was
obtained and as little as 1 x 10_13 mole of NCS could be
determined accurately by this method. NCS in the serum of
rats given injections of the drug can be measured accu
rately by this radioimmunoassay procedure. A rapid bi
phasic disappearance of NCS from rat serum was observed
with a short serum initial half-life of the drug. Experiments
were run in 2 different animals, and the results concur
(Chart 3).

The radioimmunoassay procedure for NCS presented in
this paper is highly specific, sensitive, reproducible, simple
to perform, and adaptable to rapid analyses of a large
number of samples. The sensitivity of the assay could be
increased if 1251-IabeledNCS with still higher specific activ
ity were prepared. NCS nadioimmunoassay will be a valua
ble tool in clinical pharmacology studies during NCS clini
cal trials.
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