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Abstract—A series of novel amino acid and peptide derivatives of bleomycin (BLM) As were synthesized. All the compounds pos-
sessed significant antitumor activities in vitro against HL-60, BGC-823, PC-3MIE8, and MDA-MB-435 cell lines. Their antitumor
activities against MDA-MB-435 were 10-fold higher than BLM As. The DNA cleavage studies indicated that the hydrophobic ami-
no acid or peptide derivatives of BLM Ajs could induce higher cleavage ratio of double to single strand DNA than BLM As. From
the DNA binding studies, we found that the derivatives containing either D-conformation amino acid or basic amino acid could

facilitate DNA binding of BLM.
© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Bleomycins (BLMs) are a group of structurally related
antibiotic compounds that were originally isolated from
the culture broth of Streptomyces verticillis as copper
chelates by Umezawa et al. in the early 1960s.):> This
family of compounds only differs at the C-terminus,
which contains several dozen natural congeners.>* The
BLMs have been used clinically for treatment of cancers,
including Hodgkin’s lymphomas, carcinomas of skin,
testicular tumors, and quamous cell carcinomas of the
cervix, head, and neck.>® The therapeutic efficacy of
BLM is believed to derive from its ability to bind to
and oxidatively degrade cellular DNA, and the process
is metal-ion and oxygen dependent.”'® However, like
many other antitumor drugs, BLMs also manifest sever-
al clinical limits, at high doses BLMs can induce pul-
monary fibrosis and lead to fatal hypoxemia.'!"!3
Furthermore, BLMs are also severely limited by tumor
resistance and lack of cell selectivities.!®!3

The structure of BLMs is generally divided into four
functional domains, as listed in Figure 1. The C-termi-
nus domain was believed to relate to their renal and lung
toxicity and antitumor activity.'®!” Our previous work,
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which focused on alteration at the C-terminus of BLMs
with different alkyl groups showed that the hydropho-
bicity of the C-terminus played an important role in
their DNA binding property and antitumor activity.':1°
It has been reported that many tumors contain elevated
levels of plasminogen activator and thus produce elevat-
ed levels of protease plasmin in the milieu of tumors,
and there are many differences in the enzyme system be-
tween tumor and normal cells.?° Based on these differ-
ences, some plasmin-activated prodrugs for cancer
chemotherapy had been designed and synthesized by
Charkravarty.?!"?> These prodrugs contained Val-Leu-
Lys tripeptide, which exhibited about a 7-fold improved
selective cytotoxicity for tested tumor cells. In order to
increase the cell selectivity and bioactivity of BLMs, in
this paper, we introduced the tripeptide (Val-Leu-Lys),
related dipeptide and amino acid to the C-terminus of
BLM As;. We also studied the DNA binding and cleav-
age properties of these novel BLM analogs.

2. Chemistry

The BOC protected amino acid and peptide were syn-
thesized and purified by the general method according
to the literature.>> The method used to prepare peptide
and amino acid derivatives of BLM Aj (1) is illustrated
in Scheme 1, the primary amino group in B-aminoala-
nine moiety was protected by forming Cu(II) coordinate
complex 2 according to our previous reports.'®!” Com-


mailto:yangm@mail.bjmu.edu.cn

Z.-D. Xu et al. | Bioorg. Med. Chem. Lett. 15 (2005) 3996-3999

N-terminus domain linker domain

3997

C-terminus domain

0]

OH
o
OH OCONH, |
carbohydrate domain

Figure 1. Structures of BLM As (1) and BLM Aj derivatives.
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pound 2 was coupled with large excess corresponding
protected amino acid or peptide at —5 to 1 °C for 12—
24 h in the presence of N,N’-dicyclohexylcarbodiimide
(DCC) and 1-hydroxybenzotriazole (HOBt) in MeOH,
providing 3a-i in 60-95% yields. Amino group that pro-
tected copper complexes 3a—i were treated with trifluo-
roacetic acid (TFA) in dichloromethane to remove the
BOC to afford the copper complexes 4a—i. Cu(II) was re-
moved from 4a—i by using 15% EDTA, and the products
were purified with HP-20 column to afford the desired
compounds Sa-i in 40-70% yields based on BLM As.2*

The structures of all novel compounds were character-
ized by FAB-MS, TOF-MS, 'H NMR, and '*C NMR.
The conjugated position of amino acid or peptide to 1
was confirmed by comparing the '"H and '*C spectrum
between 1 and compounds Sa—i. Compared with 1, the
proton signals of the terminal methylene within the
C-terminal spermidine substituent of compounds Sa—i
shifted downfield (from 2.85 to 3.14-3.23 ppm, respec-
tively) in "H NMR, while the carbon signals shifted up-
field (from 40.58 to 39.19-39.52 ppm, respectively) in
3C NMR, indicating that the position to which the
amino acid or peptide conjugated was the primary amino

group within the C-terminus spermidine substituent,
which is in accordance with our previous reports.'®1°

3. Biological activity

The antitumor activities of novel BLM derivatives 5a—i
together with 1 against HL-60, BGC-823, PC-3MIES,
and MDA-MB-435 cell lines in vitro were tested by
using the tetrazolium salt (MTT) assay.”> The 50%
inhibition concentrations (ICsy) of the test compounds
are reported in Table 1. Compared with 1, the antitu-
mor activities of the novel BLM Ajs derivatives 5a-i
were dramatically increased against MDA-MB-435 cell
line in vitro, but for other test cell lines (HL-60, BGC-
823, and PC-3MIES), these compounds exhibited sim-
ilar antitumor activities. The results showed that the
amino acid or peptide derivatives of BLM Aj exhibit-
ed some selective cytotoxicities. From the data in Ta-
ble 1, it was found that the tripeptide derivative of
BLM As 5i was the most effective compound among
the test compounds, which may have originated from
its higher permeability to cell membrane or uptake
by cells.
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Table 1. In vitro antitumor activities of 5a-5i and 1 against human
tumor cell lines

Compound Cell line IC5y (uM)
HL-60 BGC-823 PC-3MIE8 MDA-MB-435

1 0.25 1.25 1.48 1.64
5a 0.66 1.39 1.83 0.13
5b 0.31 0.80 0.80 0.13
5¢ 0.37 0.73 1.27 0.17
5d 0.51 0.92 1.08 0.10
Se 0.63 0.87 1.32 0.32
5f 0.27 0.93 1.18 0.09
5g 0.98 1.01 3.32 0.22
5h 0.74 1.17 1.91 0.10
5i 0.07 0.60 1.14 0.07

4. DNA cleavage

The therapeutic efficacy of BLM is believed to derive
from its ability to bind to and oxidatively degrade cellu-
lar DNA, and double-strand DNA cleavage has been
proposed to be important for therapy.’® The DNA
cleavage properties of 5a-i together with 1 to pSP64
plasmid DNA were tested, and the results are shown
in Figure 2. According to the results, all tested BLM
derivatives Sa—i exhibited similar or a little stronger
DNA cleavage efficiency to 1, but interestingly, com-
pounds Sa-c, e, f, and i induced extraordinarily high
double to single strand DNA cleavage ratio, and there
was nearly no Form II band (single DNA cleavage prod-
uct) found in the picture for compounds Sa—c, e, and f. It
seemed that the higher double to single strand cleavage
ratio was beneficial to the hydrophobic amino acid or
peptide conjugated to BLM As C-terminus.

5. DNA binding

DNA binding properties between BLM molecules and
DNA backbone determined by the C-terminus of
BLM are the basis for the DNA cleavage activity. In
order to compare the effects on DNA binding affinity
resulting from the alteration of C-terminus, we deter-
mined the DNA binding properties including apparent
binding constant (Kp) (Fig. 3) and thermal denaturata-
tion alteration (ATy,) (Fig. 4) by using calf thymus

Form 1l
Form Il

Form|

Fig. 2. Agarose gel illustrating the cleavage reaction of supercoiled
pSP64 by Fe(Il)-compound. The reaction was performed in 20 mM
Tris—HCI, pH 8 buffer, each reaction mixture contained 200 ng pSP64
plasmid DNA in a total reaction volume of 15 ul and was incubated at
25°C for 60 min. Lane 1, DNA alone; lane 2, 4.0 uM Fe(Il); lane 3,
2.0 uM 1, 4.0 uM Fe(ID); lane 4, 2.0 uM 5h, 4.0 uM Fe(II); lane 5,
2.0 UM 5g, 4.0 uM Fe(Il); lane 6, 2.0 pM 5f, 4.0 uM Fe(II); lane 7,
2.0 uM Se, 4.0 uM Fe(Il); lane 8, 2.0 uM 5d, 4.0 uM Fe(II); lane 9,
2.0 uM 5S¢, 4.0 pM Fe(II); lane 10, 2.0 pM 5b, 4.0 uM Fe(Il); lane 11,
2.0 uM 5a, 4.0 uM Fe(II); lane 12, 2.0 uM 5i, 4.0 uM Fe(ID).
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Figure 3. The alteration of the melting temperature AT, (°C) for CT-
DNA bind to compounds Sa—i and 1.
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Figure 4. The apparent binding constants (K},) of compound Sa-i and
1 to CT-DNA.

DNA (CT-DNA) with the methods reported.?’-?8
According to the results in Figures 3 and 4, BLM As
derivatives with L-lysine or L-lysine as N-terminal pep-
tide conjugated to BLM Ajs C-terminus (5d, g, h, and
i) exhibited much stronger DNA binding affinity than
hydrophobic amino acid or peptide conjugated BLM
A derivatives (5a—c, e, and f). These results were consis-
tent with those of DNA cleavage properties (Fig. 2). For
this kind of BLM derivatives, it seemed that lower DNA
binding affinity could enhance the double to single DNA
cleavage ratio. In addition, compounds 5a, e, and g
exhibited a little stronger DNA binding affinity than
compounds Sb, f, and h, respectively, which resulted
from the stereochemistry of the valine or valine at the
C-terminal peptide conjugated to the C-terminus of
BLM Ajs. The structure of D-conformation derivatives
seemed to facilitate the adoption of a compact bound
conformation of BLM for DNA binding.

6. Conclusion

In the aggregate, amino acid and peptide derivatives of
BLM Aj can be casily prepared by DCC condensation
in methanol. Compared with BLM As, the C-terminus
of BLM A modified with amino acid and peptide could
exhibit similar antitumor activities in vitro against
HL-60, BGC-823, and PC-3MIES cell lines, and inter-
estingly, this series of compounds showed a little strong
selectivity of cytotoxicity against MDA-MB-435 cell
line. From the primary studies on the SAR, we conclude
that hydrophobic amino acid or peptide derivatives of
BLM A5 can induce higher double to single strand
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DNA cleavage ratio than BLM As, and BLM deriva-
tives with D-conformation amino acid and basic amino
acid are easier to adopt for a compact and bound con-
formation of BLM for DNA binding than others.
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