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The pharmacokinetics of neocarzinostatin (NCS) have been compared to NCS conjugates with
monoclonal antibodies using Balb/c and tumor bearing nude mice. Data on blood and whole body
clearance revealed that the high MW conjugate persists in the body far longer and at a higher level
than the free drug. Excretion of the free drug occurs with an extremely rapid renal clearance and
localization of the remaining drug in the kidney, whereas the NCS immunoconjugate remained in
circulation far longer allowing time for tumor localization to occur without renal accumulation of
drug.

In addition, NCS conjugated to monoclonal antibody was found to retain its activity in human
serum better than free drug, in agreement with data obtained for other NCS-derivatives. Half-time
of inactivation was greatly extended when measured under relevant conditions in a DNA strand-break
assay.

The results indicate that two of the most important requirements for the successful targeting
of NCS in vivo, decreased clearance rate and increased serum stability are achieved by conjugation
to antibody. Both results increase the probability of NCS accumulating in tissue while still in its
active form.

Coupling of NCS to monoclonal antibody decreases clearance and inactivation rate and increases
localization of the active drug in tumor tissue.

The antitumor antibiotic neocarzinostatin (NCS) has been used in clinical trials for the chemotherapy
of human cancers in recent years.!'? It is evident, however, from both in vitre and in vivo experiments,
that both pharmacokinetics as well as serum stability of NCS are disadvantageous. The drug exhibits
an extremely rapid renal clearance and becomes inactivated in serum with a half-life in the order of
minutes.>~ %

The drug consists of an apoprotein and a non covalently associated chromophore that is very sensitive
to light and heat.® The primary structure of the apoprotein has been elucidated and revised,® and the
binding site involved in the association of the non-protein chromophore as well as the regions for
hydrophobic interactions have been described.” It was noted that the only two amino-groups present in
the protein (one a-amino-group at Ala 1, one e-amino-group at Lys 20) are not involved in the cytotoxic
action and therefore modification at one or both of these functionalities results in no loss of biological
activity.® Conjugates of NCS and a variety of markers such as fluorescein,” rhodamine or biotin
(GOTTSCHALK, U.; A. MAIBUCHER and K. TRUTSCHLER-EBERT; unpublished data), peroxidase,'® SMA,!?
succinyl,' transferrin'® and monoclonal antibodies!* have been prepared via the NH,-groups in studies
on NCS and its possible role in tumor therapy. In the present study the pharmacokinetics and serum
stability of conjugates of NCS and the monoclonal antibody 791T/36 have been examined. This has
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included the assessment of blood and whole body levels in Balb/c mice and the resulting biodistribution
as well as stability data in human serum. The monoclonal antibody has itself been extensively characterised
in tumor localization and pharmacokinetic studies in human xenografts making it an appropriate antibody
for this study.!®

Materials and Methods

Clinical NCS generously provided by Kayaku Antibiotics (Tokyo, Japan) was used in this study.

BW431/26 was kindly provided by Dr. RICHARD BauMm from the University Hospital in Frankfurt,
Germany.

Conjugates have been synthesized with the monoclonal antibody 791T/36 raised against the osteogenic
sarcoma cell line 791T*® and the anti-CEA monoclonal antibody BW431/26'” via the heterobifunctional
reagent N-succinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate (SMCC)'® resulting in serum
stable, non-reducible thioether linkages. '

The products were chemically and biologically characterized and stored in PBS-buffer, pH 6.5 at 4°C.

For the measurement of active NCS-concentration in serum, samples were subjected to a DNA
strand-breaking assay in which the strand-break introduction in Col E1 plasmid DNA was determined
according to the method of MENKE et al.'®) Briefly, NCS and antibody-NCS-conjugates were incubated
in freshly prepared human serum at a NCS-concentration of 1 ug/ml. After reaction for 10 or 60 minutes,
samples of the mixture were incubated in NaCl 60 mm, Na-citrate 6 mm, Tris-HCI 15 mM and dithiothreitol
0.15mm at pH 7.5 and 37°C. 20 ul aliquots were withdrawn at various time points and mixed with H-labeled
Col El plasmid DNA, at an end concentration of 1~2 ug/ml. Retention of strand-breaking activity has
been calculated from the loss of supercircular forms after agarose gel electrophoresis according to POvirk
et al.??

The conjugates and free NCS were labeled with '2°1 by the iodogen method to a specific activity of
7 % 107 cpm/mg.2"

Balb/c mice were from Bantin and Kingman, Hull, UK, and nude MFI-nunu/ola mice from Harlan
Olac, Oxon, UK. Nude mice were housed under sterile conditions.

791T xenografts were subsequently passaged sc in nude mice by grafting small pieces of tumor, and
allowed to grow for 10~ 14 days before use.

To determine blood clearance and whole body clearance of free drug and conjugate, animals received
a single injection of 100 ~200 ul protein-solution (about 0.5 mg/ml) via the tail vein. Blood clearance data
were obtained from blood samples drawn at various time points. Whole body clearance data were obtained
by counting whole mice in a 75 x 75 mm well scintillation counter (John Caunt, Oxford, UK) at appropriate
time points.

Results

Blood clearance studies over a short (6 hours) period (Fig. 1) show that the clearance of NCS from
the blood is extremely rapid with only 5% of drug remaining after 4 hours. However, conjugation to the
larger IgG macromolecule greatly reduces the rate and amount of clearance. Blood clearance of the
conjugate is however, still slightly faster than would be expected for unconjugated antibody. Looking at
the whole body clearance over a longer period (Fig. 2), gives a better idea of the possible therapeutic
advantages of conjugated NCS. It can be seen that NCS is not only eliminated rapidly from the blood
but that it is mostly rapidly cleared from the body by 6 hours. However, a small residual amount of drug
remains even out to 73 hours. In contrast, conjugated NCS has a rapid initial clearance over the first 6
hours, but then settles to a slower rate which still leaves 20% of the initial dose retained in the body after
73 hours.

Parallel biodistribution studies show where the drug is capable of exerting its cytotoxic action. At 6
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Fig. 1. Blood clearance of *25I-NCS and !2°I- Fig. 2. Whole body elimination of '?5I-NCS and

[791T/36-NCS] from Balb/c mice, expressed as mean 1251.[791T/36-NCS] from Balb/c mice, expressed as
% injected dose. mean % injected dose.
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10 l serum samples were drawn after different time 10/11 serum samples were drawn after different time
points. Concentrations of protein in blood samples points. Mean administered doses were taken as the
taken 3 minutes after iv injection-were considered as maximum level (100 %). Administered doses were
the maximum level (100 %). Administered doses were 2.5x 10° cpm/mouse for NCS and 1.8x 10°cpm/
1.25 x 107 cpm/mouse for NCS and 4 x 10° cpm/mouse mouse for conjugate. Mean of 2 and 5 animals,
for conjugate. Mean of 3 and 4 animals, respectively. respectively.

Fig. 3. Biodistribution of *2°I-NCS in Balb/c mice at 6 hours.
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Animals received an iv administered dose of 1 x 10° cpm. Mean of 4 mice.

hours, when NCS has largely been eliminated from the blood, the highest relative concentration of NCS
is found in the kidney where presumably it accumulates as a result of renal excretion (Fig. 3). Some
localization also occurs in both gut and liver. The renal and liver uptake is expected since these are known
sites of toxicity.? After 73 hours (Fig. 4A) NCS is still sequestered in kidney and some in liver, but amounts
of drug in other organs are extremely low. In contrast the biodistribution of conjugate at this time (Fig.
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Fig. 4. Biodistribution of (A) '*°*I-NCS and (B) ?°I-[791T/36-NCS] in Balb/c mice at 73 hours.
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Animals received an iv administered dose of 2.5 x 10° cpm (A) and 1.8 x 10° cpm (B), respectively.
Mean of 2 and 5 mice, respectively.

4B) is more a reflection of the pattern of localization seen with 791T/36 antibody.?? Renal localization
is not prominent. The time of 73 hours was chosen for this comparison because it is the optimum time
to see a good specific localization of antibody.

We also report preliminary data on the specific localization of NCS conjugate in tumor bearing
nude mice (Fig. 5). In this experiment groups of mice bearing 791T osteogenic sarcoma xenografts were
treated with either the specific 791T/36-NCS conjugate or the non-specific BW431/26-NCS conjugate for
a period of 36 hours. Biodistribution at this time point showed that tumor localization of the specific
conjugate occurred. High activity was also seen in spleen, gut and lung tissue. This localization has also
been seen with free antibody in large tumors in this system and is thought to be due to formation of
immune complexes with minute amounts of circulating antigen. This effect would be particularly apparent
in this sort of experiment where only a small amount‘ of labeled conjugate is injected. In contrast the
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Fig. 5.
in 791T tumor bearing nude mice at 36 hours.
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Biodistribution of specific *231-[791T/36-NCS] and non-specific 12°1-[BW431/26-NCS] conjugates

Open bars: Specific conjugate, closed bars: non-specific conjugate.
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Administered doses were 1.46 x 107 cpm/mouse for the specific and 2.06 x 107 cpm/mouse for the
non-specific conjugate. Mean of 2 and 3 mice, respectively.

non-specific antibody showed no specific localiza-
tion in any tissue, all tissue to blood ratios being less
than one.

To complement these localization studies and
assess their relevance to a therapeutic situation,
experiments have also been carried out on the
stability of NCS in serum. NCS has been reported
to be relatively unstable in serum, but these
experiments have been carried out with non-
physiological amounts of drug in diluted serum.3*
The results presented in Fig. 6 show the course of
inactivation of NCS as well as 791T/36-NCS
conjugates in fresh human serum as measured by
the retention of strand-breaking activity. Col El
plasmid DNA (30 ug/ml) was incubated with
samples of free NCS and NCS conjugates which had
been preincubated in human serum at a NCS-
concentration of 1 ug/ml for the indicated time
periods. The data clearly indicate that there is a
incubated

rapid loss of NCS activity when

in the free form, whereas the conjugated NCS

Fig. 6. Serum stability of free and conjugated NCS
measured by a DNA strand-break assay, using either
a 10-minute or 60-minute DNA incubation period.
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extends the activity of the NCS to a longer half-life. The data from a 10-minute incubation with NCS

allows us to calculate a half-life of only 7 minutes for NCS, but the more relevant 1 hour incubation with

DNA shows the effective half-life is somewhat greater. From these data an approximate value of an at least

3-fold increase in half-life from conjugation of NCS to antibody can be calculated.
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Discussion

It is important for effective therapeutic action that a drug should reach its target tissue in its active
form. This is a particular problem for NCS which has both a short activity half-life and a poor retention
and biodistribution. There is evidence that NCS conjugates are stabilized as a result of the substitution
of one or both of the amino groups present in the molecule. This is probably not due to prevention of
the apoprotein from proteolysis as suggested by MAEDA,'? but simply the consequence of a hindered
dissociation of NCS-chromophore from its protecting apoprotein. The chromophore is converted to an
inactive species after leaving the apoprotein,?? therefore only chromophore bound to and protected by
apoprotein will reach its target in active form. It has already been shown that by conjugation to SMA the
pharmacologic parameters can be improved, and the resulting lipophilic conjugate then localizes more
readily in lymphoid tissue.?> We have attempted to improve this targeting still further by the conjugation
to a monoclonal antibody, which could in theory provide targeting to a number of different tumors.
depending on the antibody specificity. The work presented shows that such conjugation not only decreases
the clearance of drug from the blood and its excretion from the body, but also that the activity half-life
of the drug is improved. It has been shown further that these effects are accompanied by an improved
tumor localization which shows specificity for antigen. This biodistribution remains to be described in
terms of amount of active NCS per g of tumor tissue which can be localized within the time period of
activity of NCS in serum.

Future work will be directed to measuring the toxicity and efficacy of antibody NCS conjugates to
assess whether the improvements seen in biodistribution and serum stability will produce a more useful
therapeutic agent.

Acknowledgment

This work was partly supported by the Commission of the European Communities, the Deutsche
Forschungsgemeinschaft (DFG) and the Cancer Research Campaign. Thanks are due to T. Morris and 1. KUCHEMULLER
for invaluable technical assistance, and Dr. M. V. PimM for helpful advice.

References

1) Ismmoa, N.; K. Mivazaki, K. KuMaGAl & M. RikiMARU: Neocarzinostatin, an antitumor antibiotic of high
molecular weight. J. Antibiotics, Ser. A 18: 68 ~76, 1965

2) Maepa, N.: Neocarzinostatin in cancer chemotherapy (Review). Anticancer Res. 1: 175~ 186, 1981

3) MAaEDA, H. & I. TAKESHITA: Degradation of neocarzinostatin by blood sera in vitro and its inhibition by diisopropyl
fluorophosphate and N-ethylmaleimide. Gann 66: 523 ~ 527, 1975

4) KOHNLEIN, W. & G. JunG: Neocarzinostatin: Molekulare Wirkungsweise und Perspektiven der klinischen
Anwendung. Drug Res. 32: 1474~ 1479, 1982

5)  Omutsuky, K. & N. IsHipA: The biological effect of a nonprotein component removed from neocarzinostatin (NCS).
J. Antibiotics 33: 744~ 750, 1980

6) Kuromizu, K.; S. TsuNasawa, H. MAEDa, O. ABE & F. Sakivama: Reexamination of the primary structure of
an antitumor protein, neocarzinostatin. Arch. Biochem. Biophys. 246: 199~205, 1986

7) Epo, K.; K. SAITO, Y. AKIYAMA-MURAIL M. MizuGaK1, Y. KoIDE & N. IsHIDA: An antitumor polypeptide antibiotic
neocarzinostatin: The mode of apo-protein—chromophore interaction. J. Antibiotics 41: 554~ 562, 1988

8) MaEDA, H.: Chemical and biological characterization of succinyl neocarzinostatin. J. Antibiotics 27: 303~311,
1974

9) MaEgpa, H.; N. Ismipa, H. KawaucH! & K. TuziMura: Reaction of fluorescein-isothiocyanate with proteins and
amino acids. J. Biochem. 65: 777~783, 1969

10) MaTsuokA, K.; M. Maepa & A. Tsuit: Fluorophotometric enzyme immunoassay of neocarzinostatin using
peroxidase as a label. Chem. Pharm. Bull. 28: 1864~ 1868, 1980

11) MAEDA, H.; J. TakesHITA & R. KaNAMARU: A lipophilic derivative of neocarzinostatin. Int. J. Pept. Protein Res.
14: 81 ~87, 1979

12) MAEDA, H.: Preparation of succinyl neocarzinostatin. Antimicrob. Agents Chemother. 5: 354~ 355, 1974

13) KoOHGO, Y.; H. KoNDO, J. KaTo, K. SAsAKI, N. TSUSHIMA, T. NIsHISATO, M. HIRAYAMA, K. FUJIKAWA, N. SHINTANI,
Y. Moct & Y. Nursu: Kinetics of internalization and cytotoxicity of transferrin-neocarzinostatin conjugate in
human leukemia cell line, K 562. Jpn. J. Cancer Res. 81: 91~99, 1990



1154 THE JOURNAL OF ANTIBIOTICS OCT. 1991

14) GOTTSCHALK, U.; A. MAIBUCHER, H. MENKE & W. KGHNLEIN: Estimation of neocarzinostatin activity in conjugates
with monoclonal antibodies. J. Antibiotics 43: 1051 ~ 1054, 1990

15) Pimm, M. V. & R. W. BALDWIN: Quantitative evaluation of a monoclonal antibody (791T/36) in human osteogenic
sarcoma xenografts. Eur. J. Cancer Clin. Oncol. 20: 515~ 524, 1984

16) EMBLETON, M. J.; B. GUNN, V. S. ByErs & R. W. BALDWIN: Antitumor reactions of monoclonal antibody against
a human osteogenic sarcoma cell line: Br. J. Cancer 43: 582~ 587, 1981

17) BossLET, K.; A. STEINSTRASSER, A. SCHWARZ, H. P. HArRTHUS, G. LUBEN, L. KUHLMANN & H. H. SEDLACEK:
Quantitative considerations supporting the .irrelevance of circulating serum CEA for the immunoscintigraphic
visualization of CEA expressing carcinomas. Eur. J. Nucl. Med. 14: 523~ 528, 1988

18) YOSHITAKE, S.; Y. YAMADA, E. IsHikaAwA & R. MASSEYEFF: Conjugation of glucose oxidase from Aspergillus niger
and rabbit antibodies using N-hydroxysuccinimide-ester of N-(4-carboxycyclohexylmethyl)-maleimide. Eur. J.
Biochem. 101: 395~ 399, 1979

19) MEeNkE, H.; S. JokscH, W. KOHNLEIN & A. HALPERN: Strand breaks in plasmid DNA, natural and brominated
by low energy X-rays. J. Radiat. Biol. 59: 85~96, 1991 p

20) Povirk, L. F.; W. WUBKER, W. KOHNLEIN & F. HUTCHINSON: DNA double strand breaks and alkali-labile bonds
produced by bleomycin. Nucleic. Acids Res. 4: 3573~ 3580, 1977

21) PmmM, M. V; M. J. EMBLETON, A. C. PERKINS, M. R. PRICE, R. A. RoBins, G. R. RoBINSON & R. W. BALDWIN:
In vivo localisation of anti-osteogenic sarcoma 791T monoclonal antibody in osteogenic sarcoma xenografts. Int.
J. Cancer 30: 75~ 85, 1982

22) GOLDBERG, I. H.: Free radical mechanisms in neocarzinostatin-induced DNA damage. Free Radical Biology &
Medicine 3: 41 ~ 54, 1987

23) Maepa, H; T. Opa, Y. MaTsuMuRra & M. KiMura: Improvement of pharmacological properties of protein-drugs
by tailoring with synthetic polymers. J. Bioactive and Compatible Polymers 3: 27 ~43, 1981



