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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.
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