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Anti-apoptotic Effects of Terrein on Etoposide-induced Apoptosis of U937 Human Leukemia Cells. Lee,
Choong-Hwan, Ho-Jae Lee, Jin-Hee Kim, Hyun-A Kim, and Yung-Hee Kho*. Korea Research Institute of
Bioscience and Biotechnology, PO. Box 115, Taejon 305-600, Korea —In the course of screening for the sub-
stances inhibiting apoptosis of U937 human leukemia cell induced by etoposide, a fungal strain F80834 producing a
high level of inhibitor was selected. The inhibitory substance was purified and identified as terrein by spectroscopic
methods of UV, EI-MS, 'H-NMR, 3C-NMR and DEPT. Terrein showed inhibitory activity of caspase 3, a major
protease of apoptosis cascade, with an ICsy value of 20 ug/ml after 7 hrs of treatment. It also showed protective
effect against cell death with an ICsq value of 10 ng/ml on U937 cells induced by etoposide after 24 hrs of treatment,
but did not show any cytotoxicity at the same condition without etoposide.
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Fig. 1. Isolation procedure of an apoptesis inhibitory com-
pound from F80834.
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Terreine- Aspergillus terreus, Penicillium raistrickiiem
ol Aake] Muslglen[10], Al AN dTFELD
= wol Heo] QA ot

Terrein®| acetylSt

Terrein &0 OH7|S] H&-& FANE7] H3
acetylationd AA13130h Smg?] terreing AcO-pyr (1:1)

>

RO~ TOR,
Ry R;
1 H H
2 Ac Ac

Fig. 2. Chemical structure of an apoptosis inhibitory com-
pound (terrein) isolated from F80834.
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Fig. 3. Effects of terrein on the caspase-3 activity in U937
human leukemia cells.

10 uM etoposide was treated. The caspase activity was measured
after 7 hrs of etoposide treated.



90 Lecet al.

120 -
M terrein

100 r [ Ac-terrein

80

60

cell survival

40

20

0 05 11 31

concentration (pg/ml)

63 125 25 50 100

Fig. 4. Protecting effects of terrein and Ac-terrein against the
etoposide(10 uM) induced cytotoxicity in U937 human leuke-
mia cell.

Cytotoxicity was measured by MTS assay after 24 hrs of etopo-
side treatment.
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Fig. 5. Cytotoxic effects of terrien and Ac-terrein in U937
human leukemia cell after 24 hrs measured by MTS assay.

A7AA7 B Hgle}l. Verhaegen E[1912 human HL-
60 leukemia cell ollA k2Rl ]3] apoptosis?} 3]
Fodm 2513l o0, Teai £{18]2 vascular smooth muscle
cells?llA] PDTC (pyrrolidinedithiocarbamate), NAC (N-acetyl-
cystein) 5-2] 3HAEEIANZ} apoptosiss FESHs ZloE BU
3= 5 apoptosis HEAIL- dALEl EAE WAl T
o ol Ao P v 3].

Terreine 2 M E A4S vehll= 3RME-2, etoposide
o g3l =¥ MEAFEE FE &M Al A
EZ HEshe A4S veERIH. S AAMEG THE
o w3k B3EAle] stte] AHAIZ] ST = AlHAM B
Aol oJal AFA HA terrein®] BT 1 247
Zlol| sl X4l A77F B2F Hoz Al

[=] oF
AL =

| AEZHE] U937 HEF2] etoposidel] 7= apoptosis
AsEA-S Fg 23 F4eo] F0834 -5 AlEsIsic).
o7 W ezRE AHEEE ¥’ F UV, EIMS,
'H-NMR, “C-NMR, DEPT 9] 7]71%4< At st

terrein® 2 AT o] B ICs 20 ug/mie] T2
U937 M| ZF2] etoposided] 2|3t caspase 3 =2 #]33}
sd=}. Etoposidedll &8k M E2] AMHX ICs 10 ug/mi)
TEE AElgen, Y 3= A 95 A4
ME A& Ve st

REFERENCES

—

. Barinaga, M. 1998. Death by dozens of cuts. Science 280:

32-34.

2. Bessho, R., K. Matsubara, M. Kubota, K. Kuwakado, H.
Hirota, Y. Wakazono, Y. Lin, A. Okuda, M. KaWai, R. Nish-
ikomori, and T. Heike. 1994. Pyrrolidine dithiocarbamate, a
potent inhibitior of nuclear factor KB(NF-kB) activation,
prevents apoptosis in human promyelocytic leukemia HL-60
cells and thymocytes. Biochem. Pharmacol. 48: 883—1889.

3. Buttke, T. and P. Sandstrom. 1994. Oxidative stress as a
mediator of apoptosis. Immunology Today. 15: 167—169.

4. Cohen, G. 1997. Caspases. the executioners of apoptosis.
Biochem. J. 326: 1-16.

5. Friedlander, R., R. Brown, V. Gagliardini, J. Wang, and J.
Yuan. 1997. Inhibition of ICE slows ALS in mice. Nature.
388: 31.

6. Goodwin, C. J,, S. J. Holt, S. Downes, and N. J. Marshall.
1995. Microculture tetrazolium assays: a comparison
between two new tetrazolium salts, XTT and MTS. J. Immu-
nol. Methods. 179: 95-103.

7. Gurtu, V., S. R. Kain, and G. Zhang. 1997. Fluorometric and
colorimetric detection of caspase activity associated with
apoptosis. Anal. Biochem. 251: 98—102.

8.Ji, L., G. Zhang, and Y. Hirabayashi. 1995. Inhibition of
tumor necrosis factor o and ceramide-induced internucleoso-
mal DNA Fragmentation by herbimycin A in U937 cells.
Biochem. Biophys. Res. Commun. 212: 640—647.

9. Kakeya, H., H. Zhang, K. Kobinata, R. Onose, C. Onozaawa,
T. Kudo, and H. Osada. 1997. Cytotrienin A, a novel apopto-
sis inducer in human leukemia HL-60 Cells. J. Antibiot.
50: 370-372.

10. Kawakubo, J., H. Nishira, K. Aoki, and R. Shinke. 1993.
Production of phenolic compounds by Aspergillus S-4 in
sake cake medium and identification of terrein. Biosci. Bio-
tech. Biochem. 57: 1208-1209.

11.Kim, J. W,, H. Adachi, K. Shin-Ya, T. Hayakawa, and H.
Seto. 1997. Apoptolidin, a new apoptosis inducer in trans-
formed cells from Nocardiopsis sp. J. Antibiot. 50: 628—630.

12. Lee, E., M. Miura, M. Yoshinari, H. Iwai, and K. Kariya.
1994. Selective inhibition of dexamethasone-induced apopto-
sis in rat thymocytes by herbimycin 4, Biochem. Biophys.
Res. Commum. 202; 128—134.

13. Mastrangelo, A. and M. Betenbaugh. 1998. Overcoming apo-
ptosis: new methods for improving protein-expression sys-
tems. Tibtech. 16: 88-95.

14. Polverino, A. and S. Patterson. 1997. Selective activation of




caspases during apoptotic induction in HL-60 Cells. J. Biol
Chem. 272: 7013-7021.

15. Salvatore, M., O. Hensens, D. Zink, J. Liesch, C. Dufresne, J.
Ondeyka, T. Jurgens, R. Borris, S. Raghoobar, E. Mccauley,
L. Kong, S. Gartner, S. Koch, F. Pelaez, M. Diez, C. Cas-
cales, 1. Martin, J. Polishookv, M. Balick, H. Beck, S. King,
A. Hsu, and R. Lingham. 1994. L-741, 494, a fungal metab-
olite that is an inhibitior of interleukin-1B converting
enzyme. J. Nat. Prod. 57: 755-760.

16. Shimura, M., Y. Ishizaka, A. Yuo, K. Hatake, M. Oshima, T.
Sasaki, and F. Takaku. 1997. Characterization of room tem-
perature induced apoptosis in HL-60. FEBS Letters. 417:
379-384.

17. Thornberry, N. 1998. Caspases : Key mediators of apoptosis.
Chem. & Biol. 5: 97-103.

18. Tsai, J., M. Jain, C. Hsich, W. Lee, M. Yoshizumi, C. Patter-
son, M. Perrella, C. Cooke, H. Wang, E. Haber, R. Schlegel,
and M. Lee. 1996. Induction of apoptosis by pyrrolidine-

TERREIN, AN APOPTOSIS INHIBITOR ON U937 CELLS 91

dithiocarbamate and N-acetylcysteine in vascular smooth
muscle cells. J. Biol. Chem. 271: 3667-3670.

19. Verhaegen, S., A. Mcgowan, A. Brophy, R. Femandes, and
T. Cotter. 1995. Inhibition of apoptosis by antioxidants in the
human HL-60 leukemia cell line. Biochem. Pharmacol. 50:
1021-1029.

20. Wright, C., U. Schellenberger, H. Wang, Y. Wang, and D.
Kinder. 1998. Chemotherapeutic drug activation of the AP24
protease in apoptosis: Requirement for caspase 3-like-pro-
teases. Biochem. Biophys. Res. Commum. 245: 797-803.

21. Yamashita, N., K. Shin-Ya, K. Furihata, Y. Hayakawa, and H.
Seto. 1998. New ravidomycin analogues, FE35A and
FE35B, apoptosis inducers produced by Streptomyces rochei.
J. Antibiot. 51: 1105-1108.

22. Yamashita, N., T. Harada, K. Shin-Ya, and H. Seto. 1997. 6-
Hydroxytetrangulol, a new CPP32 protease inducer pro-
duced by Streptomyces sp. J. Antibiot. 51: 79-81.

(Received Jaunary 8, 2000)



