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Background 

 Role of HO-1 in AKI Nephron Exp Nephrol 2010;115:e33–e37 e35

the key mediator of HO-1 induction and protection seen 
after experimental IRI both in vivo and in vitro    [11, 12] , 
and is a focus of ongoing research. 

  Much of our understanding of the potential of HO-1 
as a therapeutic target in renal IRI came from studies ex-
amining whether the administration of pharmacological 
agents to either induce or inhibit HO-1 modulates the 
outcome of experimental renal IRI (reviewed in  [10] ). In 
general, chemically induced upregulation of HO-1 prior 
to the induction of IRI results in functional and struc-
tural protection, whilst the inhibition of HO-1 activity 
typically abolishes the protected phenotype and often 
augments injury. Such approaches are not without cave-
ats, as the widely used HO-1 inducer hemin is itself a pro-
oxidant whilst HO-1-inhibiting protoporphyrin com-
pounds almost ubiquitously inhibit the activity of other 
physiologically relevant enzymes, such as inducible nitric 
oxide synthase  [13] . 

  Putative Mechanisms Mediating HO-1 Protection
in IRI 

 Given that HO-1 activity results in the removal of a 
potent cell stressor and the production of biologically ac-
tive metabolites, the mechanisms underlying the protect-

ed phenotypes reproducibly seen following HO-1 induc-
tion are complex and likely multifactorial ( fig. 2 ). The de-
velopment of novel carbon monoxide-releasing molecules 
(CORMs) that act as CO donors in vivo will allow the 
relative contribution of the downstream products of HO 
activity (including HO-1) to be probed. Indeed, studies 
with pre-administration of CORMs have demonstrated 
functional protection comparable to HO-1 induction in 
IRI, implicating CO as a key component of the protected 
renal phenotype associated with HO-1 induction  [14]. 

  Effects on Renal Blood Flow and Microcirculation 
 Chemical inhibition of HO-2 and HO-1 activity in the 

healthy kidney results in reduced medullary blood flow, 
thus supporting a role for HO-1 in the maintenance of 
medullary perfusion under physiological conditions  [15] . 
The potential importance of induced HO-1 in maintain-
ing renal perfusion has been demonstrated by studies in-
volving the pre-treatment of donor rats with hemin to 
induce HO-1 expression. The subsequent transplants ex-
hibited preserved renal function, with an increase in cap-
illary blood flow and the diameter of intra-renal vessels 
by intravital microscopy  [16] . It is now recognized that 
CO exerts important effects on the circulation via its po-
tent vasodilatory effects and potentially via the inhibition 
of platelet aggregation  [17] . In explanted kidneys in an 

CD8+ regulatory T cell

HO-1

Biliverdin CO f Leukocyte 
recruitment

f Platelet
aggregation

f Leukocyte 
activation

Free radical
scavenging

Recruited
monocyte

Thrombus

Renal vasculature

Injured renal medulla

Renal leukocyte

Renal blood flow

Inhibition of apoptosis

+

+ +

−−

−

−

Heme

Fe2+

Fe2+ Ferritin

  Fig. 2.  Current working hypothesis of the 
putative actions of  HO-1 in AKI. 

	
Following	renal	IRI,	the	subsequent	release	of	pro-inflammatory	
cytokines	(e.g.,	IL-1β,	TNF-α,	IL-6)	may	induce	a	systemic	
inflammatory	response,	resulting	in	pro-inflammatory	cells	
recruitment	and	remote	organ	damage.	The heme oxygenase-1 
(HO-1), a stress-responsive enzyme, protects kidney from renal 
IRI through multiple mechanisms when	pharmacology	induced	
before	ischemia. The aim of this study was to understand the role 
of the myeloid HO-1 in the control of kidney remote organ 
damage following renal IRI. 	
	
Images	adapted	from	White	LE	et	al.	Int	J	Nephrol	(2012)	and	
Ferenbach	DA.	Nephron	Exp	Nephrol	(2010).		
 

Materials & Methods 

Mouse model of renal IRI 

HO-1 induction: hemin 5 mg/kg 24h prior renal IRI 

Assessment of systemic inflammation, renal IRI and, 
hepatic dysfunction: ELISA, plasma creatinine and, 
transaminases levels 

Assessment of lung inflammation: ELISA and 
neutrophils immunostaining 

Hemin protocol & readouts 

26 min of bilateral 
clamping 

4h/24h of reperfusion 

Hemin  
5 mg/kg 

Results 

II. HO-1 mitigates systemic inflammation and subsequent remote organ damage I. Preconditioning with hemin induces 
HO-1 and protects against renal IRI 
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•  HO-1 spontaneously controls the 
magnitude of renal IRI and the subsequent 
systemic inflammation-induced remote 
organ damage  

•  This HO-1-mediated renoprotective 
pathway may be  modulated by hemin 
administration 

• 	Targeting HO-1 might represent a 
promising approach to prevent the impact 
of IRI on renal transplants and distant 
organs 

Conclusions 


