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Biliverdin reductase: new features of an old

enzyme and its potential therapeutic significance
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Abstract:

Biliverdin reductase (BVR) was known for a long time solely as an enzyme converting biliverdin to bilirubin, the major

physiological antioxidant. Recent years revealed unique features of this protein which are not related to its reductase activity. The

most intriguing and surprising finding is its dual-specificity kinase character. As such serine/threonine/tyrosine kinase BVR is

involved in regulation of glucose metabolism or in control of cell growth and apoptosis. In consequence, it may play a role in

pathogenesis of many diseases, such as diabetes or cancers. Moreover, in the nucleus BVR, being a leucine zipper-like DNA binding

protein, can act as a transcription factor for activator protein 1 (AP-1)-regulated genes. It has been shown that BVR modulates ATF-2

and HO-1 expression, what suggests its potential role in control of AP-1 and cAMP-regulated genes. In conclusion, BVR together

with its substrate, biliverdin, and product, bilirubin, are revealed to be important players in cellular signal transduction pathways,

gene expression and oxidative response. These features make BVR unusually interesting and unique among all enzymes

characterized to date.
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Abbreviations: AP-1 – activator protein-1, ATF-2 – activating

transcription factor 2, BVR – biliverdin reductase, cAMP – cy-

clic adenosine monophosphate, cGMP – cyclic guanosine

monophosphate, CRE – cAMP response element, ERK – extra-

cellular signal-regulated kinase, GSH – glutathione, HO-1 –

heme oxygenase-1, HO-2 – heme oxygenase-2, HO-3 – heme

oxygenase-3, IGF – insulin-like growth factor, IR/IGFR – in-

sulin/insulin-like growth factor receptor, IRK – insulin recep-

tor tyrosine kinase, IRS-1(2) – insulin receptor substrate 1(2),

JNK – c-Jun N-terminal kinase, LPS – lipopolysaccharide,

MAPK – mitogen activated protein kinase, NADH – nicotina-

mide adenine dinucleotide, NADP(H) – (reduced) nicotina-

mide adenine dinucleotide phosphate, NF-�B – nuclear fac -

tor-�B, PI3K – phosphatidylinositol 3-kinase, PKC – protein

kinase C, PTK – protein tyrosine kinase, ROS – reactive oxy-

gen species, SDF-1 – stromal cell-derived factor 1, sGC –

guanylyl cyclase, siRNA – small interference RNA, VEGF –

vascular endothelial growth factor

Introduction

Synthesis of biliverdin is a prominent dimension of

heme oxygenase (HO) system function in cellular de-

fense mechanisms. HO catalyzes the rate-limiting step

in heme (Fe-protoporphyrin IX) degradation resulting

in the release of equimolar quantities of ferrous ion

(Fe��), carbon monoxide (CO), and biliverdin. The

latter is reduced by biliverdin reductase (BVR) to bili-

rubin, the major physiological antioxidant [42, 62, 63]

(Fig. 1). BVR was known for a long time solely as an

enzyme converting biliverdin to bilirubin. However,

recent years revealed new important features of this

protein which are not related to its reductase activity.

�� �����������	��� 
����
�� ����� ��� �����

�����������	��� 
����
�

����� ��� �����

�		
 ����
����

��������� � ����

�� ��������� �� ���� �!�"���

��"��� #!�$� � �� 	!���!��


	2 	EDITORIAL Œ 
	MAJOR ENDOTHELIAL MEDIATORS
	3	REVIEW Œ Prostacyclin among prostanoids.
	Ryszard J. Gryglewski



	12	REVIEW Œ Dual control of vascular tone and remodelling by ATP released from nerves and endothelial cells.
	Geoffrey Burnstock

	21	REVIEW Œ NADPH oxidase-derived reactive oxygen species in the regulation of endothelial phenotype.
	Rafa³ Dworakowski, Sara P. Alom-Ruiz, Ajay M. Shah

	29	Renal vascular cytochrome P450-derived eicosanoids in androgen-induced hypertension.
	Harpreet Singh, Michal L. Schwartzman

	38	REVIEW Œ Biliverdin reductase: new features of an old enzyme and its potential therapeutic significance.
	Urszula M. Florczyk, Alicja Jozkowicz, Jozef Dulak

	49	MINIREVIEW Œ Gender and the endothelium.
	Karolina Kublickiene, Leanid Luksha

	ENDOTHELIAL REGULATION OF CARDIOVASCULAR SYSTEM
	61	Distinct hydrogen peroxide-induced constriction in multiple mouse arteries: potential influence of vascular polarization.
	Noelia Ardanaz, William H. Beierwaltes, Patrick J. Pagano


	68	REVIEW Œ Gap junctions synchronize vascular tone within the microcirculation.
	Volker J. Schmidt, Stephanie E. Wölfle, Markus Boettcher, Cor de Wit

	75	REVIEW Œ Microparticles are vectors of paradoxical information in vascular cells including the endothelium: role in health and diseases.
	Ferhat Meziani, Angela Tesse, Ramaroson Andriantsitohaina

	85	REVIEW Œ Infection and atherosclerosis. An alternative view on an outdated hypothesis.
	Frank R. Stassen, Tryfon Vainas, Cathrien A. Bruggeman

	93	Biscoclaurine alkaloid cepharanthine protects DNA in TK6 lymphoblastoid cells from constitutive oxidative damage.
	H. Dorota Halicka, Masamichi Ita, Toshiki Tanaka, Akira Kurose, Zbigniew Darzynkiewicz

	101	REVIEW Œ Platelet interaction with progenitor cells: vascular regeneration or injury?
	Konstantinos Stellos, Stephan Gnerlich, Bjoern Kraemer, Stephan Lindemann, Meinrad Gawaz

	109	REVIEW Œ Regulation of endothelial prostacyclin synthesis by Protease-activated receptors: mechanisms and significance.
	Caroline P.D. Wheeler-Jones

	119	REVIEW Œ Endothelial dysfunction in heart failure.
	Johann Bauersachs, Julian D. Widder

	127	1-Methylnicotinamide (MNA) prevents endothelial dysfunction in hypertriglyceridemic and diabetic rats.
	Magdalena Bartuœ, Magdalena £omnicka, Renata B. Kostogrys, Piotr Ka�mierczak, Cezary Watala, Ewa M. S³ominska, Ryszard T. Smoleñski, Pawe³ M. Pisulewski , Jan Adamus, Jerzy Gêbicki, Stefan Chlopicki
	146	Note to Contributors



	content
	cont
	contents_3'2005

