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AbstractÐtrans-4-Aminomethylcyclohexanecarbonyl-Tyr(O-Pic)-octylamide (YO-2) inhibited plasmin (PL) selectively, while trans-
4-aminomethylcyclohexanecarbonyl-Phe-4-carboxymethylanilide (YO-1) inhibited plasma kallikrein (PK). YO-2 induced apoptosis
of M1 (melanoma) cell line and HT29 colon carcinoma cells during 24 h through activation of caspase-3, while YO-1 did not a�ect
either cell line even during 48 h. # 2000 Elsevier Science Ltd. All rights reserved.

Previously, we reported the development of active cen-
ter-directed inhibitors of plasmin (PL) and of plasma
kallikrein (PK) and studies on the structure±inhibitory
activity relationship.1 Our inhibitors consist of three
parts, P1, P10 and P202 and their structure±inhibitory
activity relationship is summarized in Table 1.

As shown in Table 1, compound I (YO-1)3 inhibits PK
speci®cally, compound II (YO-4)1 inhibits both PK and
PL and compound III (YO-3)4 inhibits PL more potently
than PK. Thus, substitution of position P10 and/or P20
with various compounds produces di�erent inhibitory
pro®les. The mode of interaction of the above inhibitors
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Table 1. IC50 values (mM) of compounds I±III for PL and PK

Compound P1 P10 P20 PLa PK

S-2251 S-2302

I Phe 630 1.3

II 0.23 0.37

III HN-(CH2)7-CH3 0.80 16

aPL: plasmin; PK: plasma kallikrein; S-2251: d-Val-Leu-Lys-pNA; S-2302: d-Pro-Phe-Arg-pNA.

*Corresponding author. Tel.: +81-78-974-1551; fax: +81-78-974-5689; e-mail: okada@pharm.kobegakuin.ac.jp



with enzymes was studied by X-ray analysis using trans-
4-aminomethylcyclohexanecarbonyl(Tra)-Phe-4-carboxy-
methylanilide (compound I, YO-1)3 and trypsin.5

From the results, it was revealed that amino function of
trans-4-aminomethylcyclohexanecarbonyl moiety (P1)
interacts with Asp189 of trypsin. It was also reported that
plasmin selective inhibitor, 4-aminomethylbenzoyl-Tyr
(O-Pic)-hexylamide inhibited the increase of tumor cells in

sarcoma 180 bearing mice.6 Based on this information,
our studies were directed to further development of PL
and PK selective inhibitors by modifying P1, P10 and/or
P20 position and examination of their e�ect on apoptosis
of tumor cell lines to develop novel anti-tumor drugs.

As summarized in Table 2, each moiety of YO-1 (P1, P10
and P20 in Table 1) was modi®ed to a�ord compounds
(YO-2±YO-10) and their inhibitory activity against var-

Table 2. Inhibitory activity (IC50: mM) of YO-1±YO-10 against various enzymes

Compound Chemical structure PLa PK UK TH

S-2251 Fn S-2302 S-2444 S-2238 Fg

YO-1 620 350 1.3 350 >1000 >1000

YO-2 0.53 0.36 30 5.3 >400 >100

YO-3 0.80 0.23 16 >50 >50 >25

YO-4 0.46 0.056 2.1 260 70 >100

YO-5 2.5 0.56 45 >50 >50 >10

YO-6 32 29 0.71 650 >1000 >1000

YO-7 Ð Ð Ð Ð Ð Ð

YO-8 Ð Ð Ð Ð Ð Ð

YO-9 Ð Ð Ð Ð Ð Ð

YO-10 0.74 0.39 36 54 490 >250

aPL: plasmin; PK: plasma kallikrein; UK: urokinase; TH: thrombin; Fn: ®brin; Fg: ®brinogen; S-2251: d-Val-Leu-Lys-pNA; S-2302: d-Pro-Phe-Arg-pNA; S-2444:
Glp-Gly-Arg-pNA; S-2238: d-Phe-Pip-Arg-pNA; Ð: not detecable.

2218 Y. Okada et al. / Bioorg. Med. Chem. Lett. 10 (2000) 2217±2221



Figure 1. Apoptosis inducing e�ect of `YO' compounds on M1 (melanoma) cell line.

Figure 2. Apoptosis inducing e�ect of `YO' compounds on HT29 colon carcinoma cell line.
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ious enzymes was examined by the method described
previously.1 Substitution of positions P10 and P20 of YO-
1 a�orded YO-3, YO-4 and YO-5.4 YO-3 and YO-5
exhibited inhibitory activity against PL, while YO-4
inhibited both PL and PK. YO-2 was derived from YO-3
by substitution at position P10 and exhibited inhibitory
activity against PL and urokinase. YO-6 was derived
from YO-1 by substitution at P10 and P20 positions to
produce potent PK selective inhibitor. YO-7,7 YO-88 and
YO-9 do not contain trans-4-aminomethylcyclohexane-
carbonyl moiety (P1) and do not a�ect enzymatic activity
so far examined. YO-10, derived from YO-3 by substi-
tution at the P20 position, exhibited PL selective inhibition.

Next, the e�ect of compounds (YO-1±YO-10) on apop-
tosis of M1 (melanoma) cells and HT29 colon carcinoma
cells was examined. HT29 is a colon carcinoma cell line.
The ATCC number is HTB38 and the cell line was
obtained from NCI, Bethesda, MC, USA. The M1 mel-
anoma cell line was established in our institute by Lada-
nyi et al.9 Treatment of M1 (melanoma) cells or HT29
colon carcinoma cells with YO-compounds was per-
formed in plates containing 24-wells and cells were plated
on glass covers. The applied concentrations were 10 and
50 mg/mL and the duration of the treatments was 24
and 48 h. Morphological examination of cells is still
the best method to detect apoptosis. Therefore, for the

Figure 3. E�ect on YO-2 on caspase-3 activity in HT29 colon carcinoma cells.
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evaluation of apoptotic events, cells were stained with
Haematoxiline-Eosine dyes and counted under light
microscope applying the criteria described by Wyllie.10

The whole sections were observed. As positive controls,
OL-57: 6,7-dimethoxy-4-(30 -bromoanilino)quinazoline
and AG-213: 3-(30,40-dihydrooxyphenyl)-2-cyano-2-pro-
penthioamide were employed.11

Their e�ects on apoptosis of M1 (melanoma) cell lines
during 24 h and 48 h are shown in Figure 1(a) and (b),
respectively. YO-2 and YO-3, which are selective PL
inhibitors, induced signi®cant apoptosis of M1 cell lines
during 24 h as OL-57 and AG-213. YO-4, YO-5 and
YO-10, which are PL inhibitors, induced strong apop-
tosis of M1 cell lines during 24 h and YO-4 induced
signi®cant apoptosis of M1 cell lines during 48 h. YO-1
and YO-6, which are PK selective inhibitors, did not
induce apoptosis of M1 cell lines even during 48 h.
YO-7, YO-8 and YO-9, which are not enzyme
inhibitors, did not a�ect apoptosis of M1 cell lines.
These results exhibit that PL selective inhibitors are able
to induce apoptosis of M1 cell lines; however, PK
selective inhibitors do not induce apoptosis of M1 cell
lines.

The e�ect of YO compounds (10 and 50 mg/mL) on
apoptosis of HT29 colon carcinoma cells was examined
during 24 and 48 h and the results are shown in Figure
2(a) and (b), respectively. YO-1 did not induce apopto-
sis. YO-2 induced apoptosis potently at 10 mg/mL even
during 24 h and at 50 mg/mL exhibited signi®cant
apoptosis of HT29 colon carcinoma cells during 48 h as
OL-57 (50 mg/mL). YO-3, YO-4 and YO-5 did not
induce apoptosis of HT29 colon carcinoma cells even at
50 mg/mL and during 48 h but many large cells with
numerous nuclei were observed in the cultures. This is
not fragmentation of DNA and may be cell fusion, but
not apoptosis. YO-6, which is a PK selective inhibitor,
induced apoptosis of HT29 colon carcinoma cells with
numerous nuclei in the reaction medium. YO-7, YO-8
and YO-9 induced apoptosis of HT29 colon carcinoma
cells, but at the same time numerous mitotic ®gures
were also seen in the cell cultures. YO-10 induced
apoptosis of HT29 colon carcinoma cells with numerous
mitotic cells in the reaction medium. M1 is a melanoma
cell line and HT29 is a colon carcinoma cells and these
two tumors may react with reagents di�erently. How-
ever, from the above results, it was revealed that PL
selective inhibitors tend to induce apoptosis of tumor
cell lines, while PK selective inhibitors do not a�ect
apoptosis. Of them, YO-2 induced apoptosis of both
M1 cell lines and HT29 colon carcinoma cells sig-
ni®cantly. It did not a�ect the body weight of mice over
a 61 day protocol (data not shown), indicating that YO-
2 exhibited no discernible side e�ect.

In summary, a PL inhibitor could induce apoptosis of
tumor cell lines, although the relationship between PL
inhibitor and induction of apoptosis is not yet known.

In order to study the mechanism by which YO-2 indu-
ces apoptosis in tumor cell lines, the e�ect of YO-2 on
the caspase 3 activity was examined on HT29 colon car-
cinoma cells after incubation of the cells for 24 or 48 h
with YO-2 according to the procedure described pre-
viously12 and the results are shown in Figure 3(a) and (b).
10 mg/mL and 20 mg/mL of YO-2 most e�ectively acti-
vated caspase-3, although 1 mg/mL and 50 mg/mL of YO-
2 did not a�ect caspase-3 activity. 50 mg/mL of YO-2
causes total destruction of cells, therefore no active cell
function, like caspase-3 activation can be expected. Thus,
lower doses were needed to show caspase-3 activity. It is
well known that activation of caspases is critical for the
induction of apoptosis.13 Therefore, it will be deduced
that YO-2 induced apoptosis through caspase-3 activa-
tion. The relationship between PL inhibitory activity and
caspase-3 activation is now under investigation. In vivo
anti-tumor activity will be also examined.
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