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El-151 1-3, -5 and EI-1625-2, novel interleukin-ljS converting enzyme (ICE) inhibitors from the
culture broths of Streptomyces sp. selectively inhibited the recombinant humanICE activity with
IC50 values of 0.09, 0.38 and 0.2/jm, respectively, without inhibiting elastase and cathepsin B.

Manumycin G, e^-alisamycin, U-56,407, and manumycin A and B isolated simultaneously from
the same strains also inhibited ICE. EI-151 1-3, -5 and EI-1625-2 also inhibited mature interleukin-1^
secretion from THP-1 cells with IC50 values of 5.4, 3.6 and 22/m, respectively. In this article,
biological properties of EI-1511-3, -5 and EI-1625-2 and, in addition, properties of manumycin-
related compoundare described.

Interleukin-1 (IL-1), which is primarily secreted by

activated monocytes or macrophages, has been implicat-
ed in the pathogenesis of acute and chronic inflamma-
tion1}. Interleukin-1/? converting enzyme (ICE) which

cleaves the inactive precursor of IL-1/? into the biolog-
ically active IL-1 /Ms involved in the secretory mechanism
ofIL-1jS, one of two forms ofIL-1 (a and /02'3), and has
been purified and cloned4'5). The structure of ICE has
been shown by crystal analysis and found to be a
homodimer of (pl0/p20)26'7). Participation of ICE in
inflammation has been suggested by experiment using

cowpox virus, which produces ICE inhibitory protein,
crmA8). Thus ICE inhibitors might be useful as anti-
inflammatory agents9).
As described in an accompanying paper, we isolated

novel ICE inhibitory compounds, EI-1511-3, -5 and

EI-1625-2, from culture broths of Streptomyces sp. strain
E-1511 and E-1625. ^-Alisamycin10), U-56,40711*, and

manumycin A, B12) and G13) were also purified from
these strains. In this article, we describe the biolog-

ical properties of EI-1511-3, -5, EI-1625-2 and other

manumycin-related compounds. The taxonomy, fermen-
tation of the producing strains, the isolation and studies
on structural determination are described in previous

papers.

Materials

Materials and Methods
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Recombinant human ICE was prepared as described
in an accompanying paper. Intact HumanICE was ex-
tracted from cultured THP-1 (ATCCTIB 202) cells and
purified by ion exchange chromatography as described4*.
All other chemicals were of analytical grade. Synthetic
method of derivatives was described in accompanying
paper.

Assay of ICE Activity
ICE activities were measured as described in an ac-

companying paper.

Assay of Cathepsin B and Elastase Activities
The enzymatic activities of cathepsin B and elastase

were assayed according to the methods of Barrett &
Kirschke140 and Mumford et al.15\ respectively.

Measurement of Interleukin- l jS Secretion
THP-1 cells were suspended in RPMI1640 medium

supplemented with 10%fetal bovine serum and were
distributed into 24-well plates as inocula of 1 x 105 cells/
well. The cells were differentiated with phorbol 12-
myristate 13-acetate (PMA: 30nM) for 72 hours in a
humidified atmosphere of 5% CO2 in air at 37°C.
After the cells were rinsed with serum-free RPMI1640
medium to remove unadherent cells, adherent cells were
stimulated for 4 hours with lipopolysaccharide (LPS:

25 Mg/ml) containing various concentrations of each test

f Present address: Department of Pharmacology, Pharmaceutical Research Laboratories, KyowaHakko Kogyo Co., Ltd.,
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compound. The culture media were harvested and mature
IL-ljS was measured by an ELISA method using IL-1/?
assay kit (Amersham).
Detection of Cell Survival

The cytotoxicities of the test compound against THP- 1
cells were examined by the MTT(3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyl tetrazolium bromide) method16). MTT
solution (10/d/well; final concentration 1 mg/ml) was
added at the time of EI-1511s or El-1625-2 application.
The culture medium was removed and dimethyl sul-
foxide (50 ^I/well) was added to dissolve formazan. The
absorbance of soluble formazan was then measured.

Synthesis of Derivatives
The synthesis of derivatives of manumycin-related
compounds were described in an accompanying paper.

Results

Inhibition of IGE
EI-1511-3, -5 and EI-1625-2 inhibited the enzymatic
activity of recombinant humanICE in a dose-depen-
dent manner (Fig. 1); IC50 values were calculated to be
0.09, 0.38 and 0.2^m, respectively. EI-1511-3 and -5
also inhibited the enzymatic activity of ICE extracted
from cultured THP-1 cells with similar potencies. The

Fig. 1. InhibitionofICEbytheEI-1511-3, -5andEI-1625-2.

Symbols indicate EI-1511-3 (O), EI-1511-5.(å¡) and EI-
1625-2 (å ).

specificity of EI-151 1-3, -5 and EI-1625-2 was examined

by testing them against cathepsin B (another thiol-con-
taining protease) and elastase. EI-1511-3, -5 and EI-

1625-2 were inactive against these two enzymesat con-
centrations up to 20 fiM. These data indicate the specificity
of EI-1511-3, -5 and EI-1625-2 against ICE and were
summarized together with El-1 507s which were isolated
in our laboratory in Table 1.

Effects of DTT and Heat-inactivated Fetal Calf
Serum (FCS) on ICE Inhibitory Activity

The addition of DTTto the reaction mixture dose-
dependently shifted inhibition curve ofEI-1 51 1-3 to right
(Fig. 2A). In the presence of 2mM DTT, the potency of
EI-1511-3 was weakened to one hundredth. EI-1511-5,
EI-1625-2, and other manumycin-related compounds

were also less-potent in the presence of DTT(Data not
shown). On the other hand, addition of heat-inactivated
FCS did not influence to the potency of EI-1511-3 at
concentrations up to 10% (Fig. 2B). The inhibitory
activities of EI-151 1-5, EI-1625-2, U-56,407, manumycin

G and e«/-alisamycin also were not attenuated by heat-

Fig. 2. Effects of DTT (A) and heat-inactivated FCS (B)
on ICE inhibitory activity of EI-151 1-3.

Symbols indicate (A) control (O), presence of 0.02him
(#), 0.2him (å¡) and 2mM (å ) DTT and (B) control
(O), presence of 1% (#), 3.3% (å¡) and 10% (å ) heat-

inactivated FCS.

Table 1. Effects of ICE inhibitors on various enzyme activities.

IC50 value (jum)
Enzyme

EI-151 1-3 EM51 1-5 EI-1625-2 EM507-1 El-1507-2

Recombinant ICE 0.09 0.38 0.20 0.23 0.42

THP-1 ICE 0.16 0.17 NT NT NT

Elastase > 20 > 20 > 20 > 28 > 28
Cathepsin B >20 >20 >20 >28 >28

NT: Nottested.
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inactivated FCS (data not shown).
Biological Properties

In order to determine whether EI-1511-3, -5 and EI-
1625-2 were efficacious even in intact cells, we investi-

Fig. 3. Effects of the EI-1511-3 (A), -5 (B) and EI-1625-2

(C) on IL-ljff secretion from LPS-stimulated THP-1 cells
and on cell viabilities of THP-1 cells.

Symbols indicate IL-1/? secretion (O) and percentage of
cell viability (#).

gated the effects of EI-1511-3, -5 and EI-1625-2 on the

extracellular release ofIL-ljS from THP-1 cells. EI-151 1-
3, -5 and EI-1625-2 inhibited the IL-l/J secretion in a
dose-dependent manner (Fig. 3); IC50 values were cal-
culated to be ll, 6.9 and 4.4/xm, respectively. On the
other hand, 100/xm ofEM511-3, -5 or EI-1625-2 did not

significantly reduced cell survival (as shown in Fig. 3).
Cell viabilities at a concentration of 33fiM, at which

EI-151 1-3, -5 and EI-1625-2 completely inhibited IL-ljg
secretion from THP-1 cells were more than 90%. These
data indicate that EI-151 1-3, -5 and EI-1625-2 inhibited
mature IL-1/? secretion from THP-1 cells without show-
ing cell toxicity at concentrations lower than 33 fiM.
EI-1511-3, -5 and EI-1625-2 showed weak antimicro-

bial activity against Enterococcus faecium, Staphylococ-
cus aureus and Bacillus subtilis; MIC value were 40, 40
and 20fiM for EI-1511-3, 40, 40 and 20//m for EI-1511-5
and 20, 40 and 10jum, for EI-1625-2, respectively, as
shown in Table 2.

Inhibition of ICE and IL-ljS Secretion

by Manumycin-related Compound
Various manumycin-related compoundswhich have
different acylamino side chain at C-2 of the cyclohex-

enone epoxide (Table 3) and oxidated derivatives (Table
4) were tested for their abilities to inhibit ICE, IL-1/?

secretion and cell viability. All of the compounds tested
inhibited ICE in a dose-dependent manner with IC50
values of0.07 to 1 1 fiM. C-4 side chain-deleted derivatives
showed inhibitory potencies to ICE with IC50 values
similar to their original compounds, although potencies
to IL-lyS secretion were decreased from ll ^m to 91 ^m
in KT-8110, from 6.9/iM to 83^m in KT-8112 and from
4.4fiM to more than 170/iM in KT-8108.

Table 2. The antibiotic activities of EI-1511-3, -5 and EI-1625-2.

MIC Gum)
Test microorganisms ~~~ ~

EI-1511-3 EI-1511-5 EI-1625-2

Staphylococcus aureus subsp. aureus ATCC6538P 40 40 40
Enterococcus faecium ATCC 1 054 1 40 40 20
Bacillus subtilis No. 10707 20 20 10
Escherichia coli ATCC26 > 40 > 40 > 40

Klebsiella pneumoniae supsp. pneumoniae ATCC1003 1 > 40 > 40 > 40
Proteus vulgaris ATCC6897 > 40 > 40 > 40
Shigella sonnei ATCC9290 > 40 > 40 > 40
Salmonella typhosa ATCC9992 > 40 > 40 > 40
Pseudomonas aeruginosa BMHNo. 1 > 40 > 40 > 40
Candida albicans ATCC1023 1 > 40 > 40 > 40
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Table 3. ICE and IL-1/? secretion inhibitory activities of manumycin-related compounds.

IC5Ovalue(/im)

Compound R ~ " --- -______^
ICE IL- 1/? secretion Necrosis

EI-151 1-3 /V/^^yCHj 0.09 1 1 > 100
CH3

CH3

EI-151 1-5 /^^V^^^CH3 0 38 6 9 > 100

CH3

EI-1625-2 /^^k^^CH3 0 20 4 4 > 100

U-56,407 /^-^^^YCH3 0.63 1 1 > 100
CH3

CH3

Manumycin G /h^^^CH3 0 2q 13 > 100

^/-Alisamycin ^^^^J^J 0.38 3.5 > 1 00

CH3CH3

Manumycin B ^^A^-^C^ 0.65 4. 1 > 100

CH3CH3CH3

Manumycin A ^^CA^^^CH3 j j 5 7 100

Table 4. ICE and IL.--1/? secretion inhibitory activities of derivatives prepared by chromate oxidation,

IC50value(jum)
Compound R ~ ~ ~~

ICE IL- 1 /? secretion Necrosis

KT-81 10 /H^^^^CH3 Q Q7 91 > 18q
CH3

CH3

KT-81 12 ^V^^^/-k^CH3 1 0 83 * > 170

KT-8 108 ^V^^-V^yCH3 33 > HO > 170
CH3

CH3

KT- 8 1 09 /s,^^^^CH3 0.24 NT NT

KT-8 1 1 1 /%^^-kJ l j NX NT

NT:Nottested.
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Discussion

EM511-3, -5, EM625-2, ^/-alisamyein, U-56,407

and manumycin A, B and G inhibited ICE in a dose-
dependent manner. The ICE inhibitory properties of
EI-151Is and El-1625-2 were potent and selective as
shown in Table 1.
El-151 1s failed to inhibite ICE in the buffer descibed

in Thornberry et al.*\ The evaluation of each com-
ponents in the buffer revealed DTTdose-dependently
inactivate EI-151 1-3. HPLC analysis ofEI-151 1-3 prein-
cubated with DTTsuggested degradation. Similar reduc-
tion of potencies by DTTwere also observed in other
manumycin-related compounds so that inhibitory activ-
ities of these compoundswere hardly observed under the
reaction conditions containing 2 mMof DTTin reaction
mixture. Although manumycin-related compounds are
easily degraded in the presence of DTT, results that
inhibitory potencies against IL-1/? secretion were not
decreased in the presence of heat-inactivated FCS at
concentrations up to 10% for 2 hours suggested stability
of these compounds during culture conditions of THP-1
cells and in vivo. Indeed, IL-1/? secretion from LPS-
stimulated THP-1 cells were inhibited by the manu-
mycin-related compounds, and the inhibitions of IL-1/?
secretion were not due to toxic effects of the compounds
as shown in Fig. 3. These results suggest that EI-151Is
and El-1625-2 would be effective even in vivo.

The structure-activity relationship of acylamino side
chains at C-2 of the cyclohexenone epoxide against ICE
was not clear, alternatively, preservation of inhibitory
potencies to ICE and reduction of potencies to IL-ljS
secretion in C-4 side chain-deleted derivatives suggested
the C-4 side chain does not contribute to the ICE inhibi-
tion, but, does contribute to cellular permeation of the
compounds.

In this paper, we showed that EI-1511-3, -5 and

El-1625-2 inhibited ICE together with IL-ljft secretion
from LPS-stimulated THP-1 cells. Since the discovery of
ICE, structural and functional homology of ICE to the
gene ced-3 responsible for cell death of Caenorhabditis
elegans1 7\ identification of ICE homologs, and participa-
tion of ICE and its homologs in apoptosis18) of various
types of cells have been examined. EI-151Is and EI-

1625-2 would be useful for clarifying the true patho-
physiological and physiological roles of ICE in inflam-
mation and could be for apoptosis, though selectivity of
EI-151 Is and El-1625-2 to ICE homologs have not been

determined yet.
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