Available online at www.sciencedirect.com

sc.ENCE@D.RECT. IJBCB

ELSEVIER The International Journal of Biochemistry & Cell Biology 37 (2005) 604-615

i

www.elsevier.com/locate/biocel

The possible role of heat shock factor-1 in the negative
regulation of heme oxygenase-1

Yenn-Hwei Cho#@, Feng-Ming Hé, Der-Zen Litf, Shyr-Yi Lind, Li-Hsueh Tsd,
Chien-Ho Chep, Yuan-Soon HB, Ling-Fang Hun§, Yu-Chih Liand"*

a Department of Surgery, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan
b Graduate Institute of Biomedical Technology, College of Medicine, Taipei Medical University,

No. 250 Wu-Hsing Street, Taipei 11014, Taiwan, R.O.C.

¢ Graduate Institutes of Biomedical Materials, College of Oral Medicine, Taipei Medical University,
No. 250 Wu-Hsing Street, Taipei 11014, Taiwan, R.O.C.

d Departments of Internal Medicine, College of Medicine, Taipei Medical University, Taipei, Taiwan

€ Departments of Physiology, College of Medicine, Taipei Medical University, Taipei, Taiwan
f Tao-Yuan General Hospital, Department of Health Taiwan, Taoyuan, Taiwan

Received 23 February 2004; received in revised form 10 August 2004; accepted 20 August 2004

Abstract

We examined a possible role for heat shock factor-1 (HSF-1) in the negative regulati@®bfjene expression in human
Hep3B hepatoma cells responding to stimulation with 15-det3&**prostaglandinz)(15d-PGJ) and arsenite. Overexpression
of HSF-1 and heat-shock experiments indicated that HSF-1 repressed the 1bdrAgi@isenite-inducadO-1 gene expression
through directly binding to the consensus heat shock element (HSE) bf@Qhggene promoter. In addition, point mutations
at specific HSE sequences of the HO-1 promoter-driven luciferase plasmid (pGL2/hHO3.2-Luc) abolished the heat shock- and
HSF-1-mediated repression of reporter activity. Overall, it is possible that HSF-1 negatively regilaiegene expression,
and that the HSE present in the389 to—362 region mediates HSF-1-induced repression of hutafl gene expression.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction bridge into carbon monoxide (CO), free divalent
iron, and biliverdin-I>Xx (Maines, 1997; Ponka, 1999
Heme oxygenase (HO) is a microsomal enzyme Three isoforms transcribed from separate genes have
that degrades protoheme IX by cleavingditsnethene been characterized. HO-2 is a constitutively active
form found mainly in the brain and testéd¢Coubrey
* Corresponding author. Tel.: +886 2 27361661x3313-104; & Maines, 1993, and HO-3 has only recently been
fax: +886 2 27393447, described, with properties similar to those of HO-2
E-mail addressycliang@tmu.edu.tw (Y.-C. Liang). (McCoubrey, Huang, & Maines, 199MHO-1, known
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as heat shock protein 32, is induced by stressors, in-HSE seems to be a functional element of the human
cluding its substrate heme, cytokines, heavy metals, HO-1gene.
and oxygen free radical&(birt, Whitmarsh, Davis, & Heat shock factor-1 (HSF-1) is known to have
Bonkosky, 1998Keyse & Tyrrell, 1989 Lee & Chan, the unique ability to bind to the HSE in a heat
2002 Vile, Basu-Modak, Waltner, & Tyrrell, 1994 shock-dependent manner. Upon treatment with stress
Much evidence has suggested that up-regulation of inducers, such as heat shock, activated HSF-1 translo-
HO-1 plays an important role in the cytoprotective de- cates to the nucleus, binds as trimers to multiple arrays
fense response against oxidative stress and inflamma-of the HSE, which are located in the promoter region
tory stimuli (Choi & Alam, 1996 Rizzardini, Terao, of genes, and then regulates gene expresditmsger,
Falciani, & Cantoni, 1998 High expression of HO-  Theodorakis, & Morimoto, 1988 The HSE has been
1 in the liver suggests that the HO/CO system might found to be present in the promoter Bisp genes
serve as a modulator of hepatobiliary function. For and several noitsp genes, such as TNFand IL-13
example, induction of HO-1 by heme resulting in in- (Cahill, Waterman, Xie, Auron, & Calderwood, 1996
creased delivery of heme to the liver occurred as aresult Singh, He, Calderwood, & Hasday, 200Recent
of several processes including a splenectomy, hemol- studies indicated that HSF-1 negatively regulates
ysis, and rhabdomyolysi®{zzardini, Carelli, Cabello  TNFa and IL-13 expression for which the HSE might
Porras, & Cantoni, 19946uematsu & Ishimura, 2000 serve as a negative regulatory element. In human
The products of CO may function as a gaseous regula- monocytic cells, HSF-1 bound to the IL3Jpromoter
tor of cytochrome P450-dependent biotransformation, and repressed its activity in a manner dependent upon
such as bile acid synthesis and xenobiotic catabolism the presence of an intact HSEghill et al., 199% Sev-
(Sano et al., 1997; Shinoda et al., 1998 contrast eral studies have reported a negative regulatory region
to the beneficial roles, induction of HO-1 expression in human HO-1 Deramaudt, da Silva, Remy, Kappas,
may be associated with endotoxic shock in vascular & Abraham, 1999 Lu, Pepe, Gildemeister, Tyrrell,
smooth muscle cell&€tetal., 1997, and repressionof & Bonkovsky, 1997, and the HSE possibly playing
HO-1 expression may represent a defense strategy de-a role as a negative regulatory element in the human
veloped in humansShibahara, Nakayama, Kitamuro, HO-1gene has not been well investigated as yet.
Udono-Fujimori, & Takahashi, 2003 In this study, we investigated the possible role of
Regulation of HO-1 expression has been exten- HSF-1 in repression of HO-1 expression in human
sively studied, and several cis-acting promoter ele- Hep3B hepatoma cells. Due to the discrepant roles of
ments involved in its expression have also been elu- the HSE in the humatdO-1 gene and HSE’s abil-
cidated [avrovsky, Schwartzman, Levere, Kappas, & ity to act as a negative regulatory element, we ex-
Abraham, 1994Lu etal., 1998; Takahashietal.,1999  amined the possibility that HSF-1 negatively regulates
Specific sequences of a putative heat shock elementHO-1 expression through binding to the HSE. Our re-
(HSE) have been identified to be present in the HO-1 sults demonstrated that 15-deoay?14prostaglandin
promoter. However, HSE seems to play a discrepant - (15d-PGJg)- and arsenite-induced upregulation of
role in different species and cell types. A difference in human HO-1 expression could be repressed by heat
the heat-mediated induction of HO-1 exists between shock or overexpression of HSF-1. In another exper-
rats and humans. In the rat, exposure of cells to el- iment, we used a mutated HO-1 promoter construct
evated temperatures causes a rapid increase in HO-1with specific point mutations in the HSE consensus se-
expression, indicating that the HSE is a functional ele- quences, which resisted repression by heat shock or the
ment in response to heat shoékaju & Maines, 1994 overexpression of HSF-1.
Shibahara, Muller, & Taguchi, 1987n contrast to the
rat gene, the heat-mediated induction of human HO-1
seems to be observed only in certain cell linesyse &
Tyrrell, 1989 Mitani, Fujita, Sassa, & Kappas, 1990
The different expression patterns in various human cell
lines caused by heat shock suggest that induction of = Sodium arsenite and 15d-P£3ere purchased from
HO-1 occurs in a cell line-dependent manner, and the Biomol Research Laboratories (Plymouth Meeting,

2. Materials and methods

2.1. Cell culture and treatments
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