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E D I T O R I A L

Does renal ischaemia/reperfusion injury bite the DUSP3?

In	 the	 latest	 edition	 of	 Acta Physiologica,	 Khbouz	 et	 al1	
identify	 the	dual	specificity	phosphatase	3	(DUSP3)	as	a	
potential	target	for	preventing	injury	following	ischaemia/
reperfusion	in	the	kidney.

Renal	 ischaemia/reperfusion	 injury	 (IRI)	 is	 caused	
by	both	the	initial	insult,	a	temporary	interruption	or	re-
duction	 of	 blood	 flow	 to	 the	 kidney,	 and	 a	 subsequent	
insult	 that	 occurs	 upon	 the	 restoration	 of	 renal	 blood	
flow.	IRI	results	in	both	tubular	and	haemodynamic	dys-
function.	Tubular	injury	is	particularly	prominent	in	the	
proximal	 tubule	 because	 of	 its	 dependence	 on	 oxygen.	
Haemodynamic	dysfunction	results	from	both	endothe-
lial	dysfunction	in	arteries	and	arterioles	and	microvas-
cular	loss.	IRI	is	the	leading	cause	of	acute	kidney	injury	
(AKI).	AKI	is	common	with	an	incidence	of	10%-	15%	of	
all	 hospital	 admissions	 across	 the	 globe.2	There	 is	 high	
mortality	 associated	 with	 AKI	 and	 those	 that	 survive	
have	an	increased	risk	of	progression	to	chronic	kidney	
disease.2	IRI	occurs	in	clinical	contexts	such	as	hypovo-
laemic	shock,	renal	stenosis	and	cardiothoracic	surgery.	
IRI	is	an	unavoidable	consequence	of	kidney	transplant	
surgery	and	can	lead	to	delayed	graft	function	and	acute	
graft	rejection.3	With	approximately	100 000	renal	trans-
plantations	performed	globally	in	2019	alone,4	strategies	
to	 prevent	 IRI-	induced	 tissue	 damage	 and	 its	 sequelae	
are	needed.

It	is	possible	to	reduce	the	injury	caused	by	an	ischaemic/
reperfusion	event.	There	is	a	body	of	evidence	demonstrat-
ing	 that	 organs,	 including	 the	 kidney,	 can	 be	 primed	 to	
better	 tolerate	an	 ischaemic	 insult	by	employing	an	 isch-
aemic	preconditioning	strategy.5,6	Ischaemic	precondition-
ing	evokes	a	systemic	response	and	strategies	to	induce	it	
involve	exposing	the	target	organ	or	even	a	remote	organ	to	
short,	non-	lethal	bouts	of	ischaemia/reperfusion.	This	ma-
noeuvre	provides	protection	 following	a	 subsequent	 isch-
aemic	episode.	The	mechanisms	underlying	the	protection	
afforded	by	ischaemic	conditioning	remain	undefined	but	
likely	include	an	improvement	in	vascularization	and	mod-
ulation	of	the	innate	immune	system.

Khbouz	 et	 al1	 propose	 the	 involvement	 of	 DUSP3	 in	
renal	 ischaemic	 conditioning.	 DUSP3	 (comprehensively	

reviewed	in	ref	[7])	is	a	dual-	specific	atypical	protein	ty-
rosine	 phosphatase	 that	 dephosphorylates	 tyrosine	 and	
threonine	residues	including	those	in	ERK1/2.	A	lack	of	
an	 MAPK-	binding	 domain	 makes	 it	 atypical	 compared	
to	 the	 other	 dual	 specificity	 phosphatases.	 DUSP3	 has	
diverse	 biological	 functions,	 spanning	 roles	 in	 cell	 cycle	
arrest	 and	 senescence	 to	 angiogenesis	 and	 immune	 re-
sponse	mediation.	Prior	 to	Khbouz	et	al’s	exciting	work,	
a	global	DUSP3−/−	mouse	was	generated	and	found	resis-
tant	 to	 LPS-	induced	 endotoxic	 shock	 and	 polymicrobial	
infection-	induced	 shock.8	 DUSP3−/−	 had	 a	 modulated	
innate	 immune	cell	 response:	DUSP3−/−	mice	had	more	
M2-	like	reparative	macrophages	at	baseline	and	retained	
these	 considerable	 better	 than	 controls	 following	 septic	
shock	 induction.8	 Crucially,	 transfer	 of	 monocytes	 from	
DUSP3−/−	 donor	 mice	 conferred	 full	 resistance	 to	 LPS-	
induced	sepsis	in	recipient	DUSP+/+	mice.8	IRI	is	a	form	
of	sterile	inflammation,	thus	Khbouz	et	al1	hypothesized	
that	 the	 benefits	 of	 DUSP3	 knockout	 on	 minimizing	 an	
aberrant	inflammatory	response	in	sepsis	may	also	apply	
to	IRI.

First,	 in	healthy	control	mice,	Khbouz	et	al	demon-
strate	that	DUSP3	colocalizes	with	markers	of	podocytes	
and	endothelial	cells	 in	 the	kidney.	The	 levels	of	 renal	
DUSP3	 mRNA	 and	 protein	 increased	 in	 control	 mice	
following	 IRI	 and	 immunohistochemistry	 analysis	 re-
vealed	 that	 post-	IRI,	 DUSP3	 colocalized	 with	 markers	
of	proximal	tubule	cells	in	addition	to	podocytes	and	en-
dothelial	 cells.	 DUSP3−/−	 mice	 were	 remarkably	 resis-
tant	to	IRI	compared	to	controls.	GFR	was	maintained	
and	albuminuria	was	reduced	by	half	of	the	control	IRI	
mice.	 DUSP3−/−	 mice	 resisted	 renal	 injury	 with	 levels	
of	 urinary	 alpha-	1-	microglobulin	 (signalling	 proximal	
tubule	dysfunction)	comparable	to	pre-	IRI	levels,	serum	
levels	 of	 blood	 urea	 nitrogen	 (BUN)	 and	 Jablonski	
scores	post-	IRI	reduced	compared	to	controls	and	renal	
Kim-	1	mRNA	levels	18-	fold	lower	than	control	IRI	kid-
neys.	 There	 are	 hints	 that	 as	 in	 septic	 shock,	 loss	 of	
DUSP3	in	IRI	caused	attenuation	of	the	innate	immune	
system,	with	inflammatory	markers	(IL-	1ß,	CD11b,	IL-	6	
and	 TNFα)	 and	 F4-	80	 positive	 macrophages	 reduced.1	
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However,	 the	 most	 striking	 effect	 of	 DUSP3	 knockout	
was	on	renal	vascularization.	Prior	to	IRI,	the	DUSP3−/−	
mice	 had	 enhanced	 renal	 vascularization	 compared	 to	
controls	 with	 increased	 VEGF	 and	 CD31	 expression	
and	 reduced	 renal	 resistivity	 index	 measured	 by	 ultra-
sound.	 Following	 IRI,	 VEGF	 was	 elevated	 in	 DUSP−/−	
mice	 compared	 to	 controls.	 This	 provides	 compelling	
evidence	for	a	VEGF-	dependent	anti-	angiogenic	role	for	
DUSP3.	But	DUSP3	is	pro-	angiogenic	in	other	contexts.	
For	example,	transfection	of	human	umbilical	vein	en-
dothelial	 cells	 with	 DUSP3-	targeting	 siRNAs	 caused	 a	
reduction	 of	 tubulogenesis	 in	 a	 Matrigel	 assay	 and	 re-
duced	neovascularization	was	seen	in	aortic	ring	assays	
in	 DUSP3−/−	 mice.9	 Why	 DUSP3	 behaves	 in	 opposing	
ways	 on	 vascularization	 depending	 on	 the	 cell	 type	 is	
unknown	but	clearly	has	important	implications	for	its	
utility	 as	 a	 drug	 target.	 The	 possibility	 that	 enhanced	
renal	 vascularization	 is	 established	 in	 DUSP3−/−	 mice	
during	 development	 cannot	 be	 ruled	 out	 and	 condi-
tional	deletion	of	DUSP3	in	experimental	models	will	be	
informative	in	this	regard.

Single	nuclei-	sequencing	studies	of	the	kidney	show	
that	 DUSP3	 is	 present	 in	 healthy	 human	 kidneys	 in	
multiple	cell	types	including	podocytes10	and	single-	cell	
RNA-	sequencing	 experiments	 in	 a	 patient	 with	 acute	
kidney	rejection	show	high	DUSP3	expression	levels	in	
proximal	 tubule	 and	 monocytes.11	This	 is	 exciting	 as	 it	
hints	that	DUSP3	may	follow	the	same	pattern	of	regu-
lation	in	human	kidney	disease	as	it	does	in	the	mouse.	
Overall,	 the	 work	 by	 Khbouz	 et	 al1	 stimulates	 many	
exciting	 questions	 about	 the	 therapeutic	 potential	 of	
DUSP3	in	IKI.	For	example,	 is	a	 lifetime	of	DUSP3	ab-
sence	required	for	protection	against	IRI	or	can	targeting	
DUSP3	 sometime	 before	 an	 ischaemic	 event	 be	 suffi-
cient	 to	 provide	 immune	 and	 vascularization	 benefits?	
How	could	we	capitalize	on	DUSP3’s	role	in	the	context	
of	a	kidney	transplant	to	minimize	IRI-	induced	damage;	
would	there	be	a	benefit	in	priming	donor	kidneys	with	
DUSP3	inhibitors	prior	to	transplant?	Are	there	any	pro-
tective	effects	of	DUSP3	blockade	in	the	early	aftermath	
of	IRI?	The	crystal	structure	of	DUSP3	has	been	solved	
and	 DUSP3	 inhibitors	 are	 in	 the	 pipelines7	 so	 there	 is	
a	promising	future	for	research	into	DUSP3	for	IRI	and	
other	ischaemic	conditions.
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