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Vitiligo patients show significant up-regulation of aryl hydrocarbon 
receptor transcription factor*
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Abstract:	IL-22	has	been	implicated	in	the	pathogenesis	of	vitiligo.	However,	the	role	of	aryl	hydrocarbon	receptor	transcription	
factor that acts as a master regulator of IL-22-producing Th22 cells is not fully understood. The goal of this study was to investigate 
the expression pattern of aryl hydrocarbon receptor in peripheral blood mononuclear cells of patients with vitiligo and in normal 
controls.	Transcript	 levels	were	determined	by	a	reverse	 transcription	quantitative	real-time	polymerase	chain	reaction.	Aryl	
hydrocarbon	receptor	mRNA	expression	was	drastically	increased	in	patients	with	vitiligo	compared	to	healthy	controls	(P	=	
0.000).	Th22	cells	may	contribute	to	abnormal	immune	responses	underlying	vitiligo.	
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Many	findings	point	toward	a	central	role	for	the	immune	
system	 in	 vitiligo	 pathogenesis.	 Unfortunately,	 the	 exact	 mecha-
nism(s)	 that	allows	the	 immune	system	to	recognize	and	kill	 skin	
melanocytes	remains	unknown.	Nonetheless,	recent	investigations	
indicate	a	marked	perturbation	in	CD4+	T	helper	(Th)	cells	homeo-
stasis in vitiligo patients.1

Th22	cell	 is	a	newly	described	subset	of	CD4+	T	cells.	As	
implied	by	the	name,	they	are	the	most	important	source	of	IL-22,	
and	aryl	hydrocarbon	receptor	(AhR)	is	a	critical	transcription	fac-
tor	(TF)	for	their	development.2 Such dependencies on the recruit-
ment	of	specific	TF	can	provide	a	valuable	approach	for	molecular	
distinction of Th22 subpopulation from other important sources of 
IL-22	such	as	Th17	cells.	Therefore,	the	purpose	of	this	study	was	to	
examine	the	mRNA	expression	levels	of	Th22-specifying	transcrip-
tion	factor	AhR	in	vitiligo	patients.

After	 blood	draw	 and	peripheral	 blood	mononuclear	 cell	
(PBMC)	 separation	by	Ficoll-hypaque,	 total	 cellular	RNA	was	ex-
tracted	and	cDNA	was	synthesized.	cDNA	amplification	was	con-
ducted	by	qRT-PCR	using	SYBR	Premix	EX	Taq	II	(Takara,	Japan).

The study group consisted of 22 patients with inactive vit-
iligo	(11	men	and	11	women)	and	22	healthy	controls	(8	men	and	14	
women).	The	clinical	forms	were	generalized	vitiligo	(n=17),	vitiligo	
universalis	 (n=4),	 and	 segmental	 vitiligo	 (n=1).	All	 patients	were	

new cases who were not being treated for their diseases or were 
medication-free	for	at	least	three	weeks	prior	to	the	study.	The	mean	
ages of the patients and controls were 33.91 ± 9.86 and 39.91 ± 14.52 
years,	respectively.	

As	shown	in	Figure	1,	greater	AhR	expression	(7.03	±	1.72)	
was found in the PBMCs of patients as compared to healthy controls 
(9.24	±	1.99)	(P	=	0.000).	The	difference	in	AhR	expression	between	
patients	 and	 controls	was	 not	 affected	 by	 age,	 gender,	 or	 disease	
duration. 

Some evidence indicates that T cells are indispensable for 
the	 immune-mediated	 destruction	 of	 melanocytes.	 However,	 the	
exact	 contribution	of	 the	different	CD4+	T	 cell	 subpopulations	 in	
disease pathogenesis is incompletely understood.

In	 recent	 years,	 considerable	 attention	 has	 been	 paid	 to	
Th22	cells	that	have	distinct	gene	expression	profiles	in	immune	re-
sponse.	They	express	skin	homing	chemokine	receptors,	allowing	
them	to	migrate	into	skin.3	Furthermore,	the	skin	has	been	identified	
as	one	of	the	main	targets	of	IL-22,	a	major	product	of	Th22	cells.	
This is due to the expression of IL-22 receptor on the surface of crit-
ical	cellular	components	of	the	skin	barrier.4	Therefore,	it	is	thought	
that	Th22	cell	is	a	major	player	in	skin	homeostasis.	However,	under	
specified	conditions,	their	aberrant	function	can	result	in	the	devel-
opment of undesirable processes that are implicated in the patho-
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genesis	 of	 different	 autoimmune	 diseases	 including	 skin-related	
autoimmune diseases.

The effector functions of Th22 cells are mainly mediated by 
their	 secreted	 cytokines,	 especially	 IL-22.	However,	 IL-22	produc-
tion	is	not	confined	to	the	Th22	subset,	with	a	variety	of	known	IL-
22–producing	 cell	 types.	 Thus,	 the	 quantification	 of	 Th22	 specific	
TF provides a better understanding of the cellular sources of IL-22. 
This procedure could help explain the underlying pathogenic mech-
anisms of the disease.

The	current	 study	 indicates	a	 statistically	 significant	differ-
ence	 in	AhR	expression	between	patients	 and	 control	groups,	 sug-
gesting that this TF may have a potential role in disease pathogenesis. 

These	results	are	not	consistent	with	the	findings	of	Wang	et 
al.,	who	showed	decreased	expression	of	AhR	in	the	PBMCs	of	vitil-
igo patients.5	In	contrast,	Elela	et al.	showed	significantly	increased	

IL-22	 levels	 in	 sera	 and	 skin	 biopsies	 of	 patients	 compared	with	
controls.6	 In	our	opinion,	different	 factors	are	 the	sources	of	 these	
controversies.	The	first	and	most	important	one	is	the	extensive	role	
of	AhR	in	immune	regulation.	These	regulatory	effects	are	mediated	
through	its	influence	on	T-cell	differentiation	and	cytokine	milieu.	
Interestingly,	all	skin	cells	express	AhR.2 It is also important to note 
that	AhR	is	essential	for	proliferation	or	differentiation	of	melano-
cytes and regulation of melanogenesis.7

Secondly,	AhR	is	a	ligand-activated	TF	and	provides	a	link	
between environmental triggers and immune responses. The effects 
of these ligand-receptor interactions on the immune system are de-
termined	 by	different	 factors,	which	 include	 the	 type	 and	 activa-
tion	status	of	cell	types,	the	agonistic	or	antagonistic	properties	of	
ligands,	and	the	cytokine	millieu.8	Therefore,	it	is	difficult	to	deter-
mine	the	exact	effect	that	AhR	activation	exerts	on	immune	system	
in normal and disease conditions. 

The results of the present study demonstrated an increase in 
mRNA	expression	of	AhR.	Thus,	transcriptional	activation	of	AhR	
and	AhR	target	genes	may	be	 implicated	 in	vitiligo	pathogenesis.	
The	expression	pattern	of	AhR	is	particularly	interesting	in	vitiligo	
patients since the promoter region of several melanogenic factors 
contains	an	AhR	responsive	element	that	could	be	under	the	con-
trol	of	AhR.9	Moreover,	down-regulation	of	AhR	and	AhR-regulated	
genes was detected in the epidermis layer of patients with vitiligo.10

Although	 our	 results	 highlight	 the	 possible	 importance	 of	
AhR	in	vitiligo,	they	also	address	one	of	the	main	limitations	of	this	
study:	AhR	expression	was	not	evaluated	in	normal	skin	melanocytes	
from	vitiligo	patients.	A	small	sample	size	is	another	limitation	of	this	
study	 for	 restricting	 the	 interpretation	of	 the	results.	Consequently,	
more studies with larger samples are needed to explore the nature of 
gene-gene or gene-environment interaction in vitiligo patients. 

This	study	indicates	that	increased	AhR	expression	occurs	
in	the	PBMCs	of	vitiligo	patients,	which	suggests	a	potential	asso-
ciation	between	Th22	cells	and	the	disease.	Nonetheless,	the	exact	
role	of	these	cells	 in	disease	pathogenesis	is	questionable	and	fur-
ther	studies	are	required	to	fully	elucidate	the	role	of	these	cells	in	
vitiligo. q

FIgure 1: Detection	of	AhR	mRNA	in	peripheral	blood	mononucle-
ar cells from patients with vitiligo and healthy persons by reverse 
transcription-quantitative	polymerase	 chain	 reaction.	AhR	mRNA	
levels	 were	 significantly	 higher	 in	 patients	 than	 normal	 persons.	
Please note that a higher ∆Ct value corresponds to a comparably 
lower expression level
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