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INTRODUCTION

Psoriatic	 arthritis	 (PsA)	 is	 a	 chronic	 immune-	mediated	
inflammatory	 disease	 that	 affects	 peripheral	 joints,	 en-
theses	and	the	axial	skeleton,	together	with	skin	and	nail.	
PsA	activity	ranges	between	mild	monoarticular	to	severe	
polyarticular	 deforming	 disease.	 Accordingly,	 patients	
can	 be	 classified	 into	 a	 state	 of	 minimal	 disease	 activity	
(MDA)	or	active	disease	(non-	MDA)	[1].	Activated	T	cells	

mediate	the	inflammatory	condition	by	producing	inflam-
matory	cytokines,	such	as	tumor	necrosis	factor	(TNF)-	α,	
interleukin	 (IL)-	17	 and	 IL-	23,	 which	 have	 a	 dominant	
pathogenic	 role	 in	 psoriatic	 plaques	 and	 inflamed	 joints	
[2].	The	major	T	cell	subsets	playing	a	significant	role	in	
inflammatory	 diseases	 are	 pathogenic	 Th17	 and	 regula-
tory	T	(Treg)	cells.	Tregs	are	a	subset	of	T	cells	critical	 for	
immune	homeostasis,	preventing	the	onset	of	autoimmu-
nity.	Tregs	suppress	autoreactive	T	cells	[3]	and	the	lack	or	
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Abstract
Psoriatic	arthritis	(PsA)	is	a	chronic	inflammatory	disease	associated	with	T	cell	dys-
regulation.	The	lymphocyte-	activation	gene	(LAG)-	3	is	one	of	the	regulatory	recep-
tors	expressed	on	T	cells	in	a	soluble	form.	LAG-	3	expression	on	T	cells	was	analyzed	
in vitro	 in	PsA	patients	with	minimal	disease	activity	(MDA),	active	disease	(non-	
MDA)	and	healthy	controls.	In	cultured	in- vitro	peripheral	blood	mononuclear	cells	
(PBMCs),	LAG-	3	expression	on	CD4+	T	cells	was	similar	in	both	MDA	PsA	patients	
(7.5 ± 0.9)	(n = 14)	and	healthy	controls	(7.8 ± 0.6)	(n = 15),	but	significantly	lower	
in	non-	MDA	PsA	patients	(3.1 ± 0.3)	(n = 13)	(p < 0.0001).	An	inverse	correlation	
between	PsA	clinical	disease	activity	and	%CD4+LAG-	3+	T	cells	in vitro	was	observed	
(composite	psoriatic	disease	activity	index	r = −0.47,	p < 0.02	and	psoriatic	arthritis	
disease	activity	score,	r = −0.51,	p < 0.008).	In- vitro	co-	culture	of	CD4+	T	cells	with	
anti-	tumor	necrosis	factor	(TNF)	or	anti-	interleukin	(IL)-	17A	had	no	effect	on	LAG-	
3+	 expression	 in	 MDA	 PsA	 patients	 and	 healthy	 controls.	 In	 non-	MDA	 patients,	
anti-	TNF,	 but	 not	 anti-	IL-	17A,	 restored	 the	 %CD4+LAG-	3+	 T	 cells	 (7.9  ±  0.9	 and	
3.2 ± 0.4,	respectively)	(p < 0.0004).	Lower	soluble	LAG-	3	levels	were	found	in	sera	
of	naive	to	biological	PsA	patients	(n = 39)	compared	to	healthy	controls	(n = 35)	
(p < 0.03).	 Impaired	LAG-	3	on	CD4+	T	cells	may	 reflect	active	PsA	disease	 state.	
Anti-	TNFs	have	potency	to	up-	regulate	the	CD4+LAG-	3+	T	cells	in vitro.
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dysfunction	of	Tregs	might	lead	to	a	breakdown	of	immu-
nological	 tolerance	 to	 self-	antigens,	 resulting	 in	 autoim-
mune/inflammatory	 diseases	 [3,4].	 Indeed,	Tregs	 isolated	
from	PsA	patients	showed	defects	in	suppressing	effector	
T	cells	[5].

A	 number	 of	 Treg	 subsets	 have	 been	 identified,	 with	
forkhead	 box	 protein	 3	 (FoxP3+)	 Tregs	 being	 the	 most	
studied	subset	[6,7].	FoxP3	is	a	transcription	factor	and	a	
member	of	the	forkhead	or	winged	helix	family	that	was	
proposed	 as	 a	 master	 switch	 for	 Treg	 development	 and	
function	 [8].	 Lymphocyte-	activation	 gene	 (LAG)-	3	 (also	
known	 as	 CD223)	 is	 an	 additional	 immune	 inhibitory	
molecule	 expressed	 on	 activated	 T	 cells,	 contributing	 to	
Treg	suppression	activity	through	binding	to	major	histo-
compatibility	complex	(MHC)	class	II	proteins	and	inhibi-
tion	of inflammatory	T	cell	responses	[9–	13].

PsA	therapy	is	directed	to	control	the	inflammatory	pro-
cess	 and	 includes	 anti-	cytokine	 biologicals,	 such	 as	 anti-	
TNF	 and	 anti-	IL-	17A	 agents	 [14–	16].	 Anti-	IL-	6	 receptor	
(R)	antibody,	an	effective	biological	in	rheumatoid	arthritis	
(RA)	therapy	[17],	has	shown	disappointing	results	in	PsA	
[18].	There	are	only	a	few	reports	demonstrating	changes	
in	 T	 cell	 subsets	 during	 biological	 treatment,	 mainly	 in	
RA	 patients	 treated	 with	 anti-	TNF	 agents	 [19–	22].	 Some	
of	these	studies	reported	Treg	up-	regulation	[19–	21],	while	
others	 reported	 no	 impact	 of	 biologicals	 on	 Treg	 fraction	
[23].	The	mode	of	action	of	biologicals	on	T	cells	possessing	
CD4+LAG-	3+	derived	from	PsA	patients	is	unknown.

The	 aim	 of	 this	 study	 was	 to	 assess	 the	 expression	
level	of	CD4+LAG-	3+	T	cells	in vitro	in	peripheral	blood	
mononuclear	 cells	 (PBMCs)	 of	 PsA	 patients	 classified	
upon	 disease	 activity	 as	 MDA	 or	 non-	MDA	 in	 compar-
ison	with	healthy	controls,	and	to	assess	soluble	LAG-	3	
levels	 in	 PsA	 patients’	 sera	 compared	 to	 healthy	 con-
trols.	The	 secondary	 aim	 was	 to	 evaluate	 the	 immuno-
modulatory	 effects	 of	 biologics	 used	 in	 PsA	 treatment	
on	 CD4+LAG-	3+	 T	 cells	 in vitro.	 Changes	 in	 LAG-	3	

expression	 were	 compared	 to	 changes	 in	 the	 activation	
marker	CD25	on	CD4	T	cells.

MATERIALS AND METHODS

Patient data

Adult	PsA	patients	(≥18	years)	who	fulfilled	the	classifica-
tion	criteria	for	PsA	(CASPAR)	[24]	were	eligible	to	par-
ticipate	 and	 were	 consecutively	 enrolled	 into	 the	 study.	
The	study	was	conducted	according	to	the	Declaration	of	
Helsinki	guidelines	and	approved	by	the	institute’s	review	
board	(Tel-	Aviv	Sourasky	Medical	Center,	Tel-	Aviv,	Israel;	
0182-	18-	TLV).	All	participants	signed	an	informed	consent	
upon	the	enrollment	into	the	study,	underwent	a	clinical	
disease	activity	evaluation	in	cases	of	PsA	and	donated	a	
single	blood	sample	that	was	used	for	the	described	experi-
ments.	A	total	of	58	PsA	patients	and	40	healthy	controls	
participated	in	the	study.	A	flow-	chart	of	PsA	patients	and	
healthy	controls	included	in	the	study	and	their	distribu-
tion	in	stages	I	and	II	experiments	is	shown	in	Figure	1.

At	stage	I,	LAG-	3	cell	surface	expression	on	peripheral	
T	 cells	 was	 evaluated	 by	 flow	 cytometry	 in	 a	 total	 of	 27	
PsA	patients	and	15	healthy	controls.	For	this	evaluation,	
patients	were	clinically	assessed	as	detailed	in	the	clinical	
assessment	 section.	The	 laboratory	 tests	 for	 PsA	 disease	
activity	 evaluation	 included	 the	 erythrocyte	 sedimenta-
tion	rate	(ESR)	with	a	normal	cut-	off	value	of	<13	mm/h	
for	males	and	<20	mm/h	for	females	and	the	C	reactive	
protein	(CRP)	level	with	a	normal	cut-	off	value	<5	mg/l.

Clinical assessment

The	 study	 patients	 underwent	 a	 complete	 medi-
cal	 history	 and	 physical	 examination	 by	 experienced	

F I G U R E  1  Flow-	chart	of	psoriatic	arthritis	(PsA)	patients	and	healthy	controls	participating	in	the	study



   | 175LAG-3TCELLSINPSORIATICARTHRITIS

rheumatologists	 (A.P.,	 V.F.,	 D.L.	 and	 O.E.).	 The	 physi-
cal	examination	included	evaluation	of	tender	and	swol-
len	 joint	 counts	 according	 to	 the	 66/68	 articular	 index,	
counts	 of	 the	 number	 of	 fingers	 and	 toes	 affected	 by	
dactylitis	 and	 assessment	of	 enthesitis	 according	 to	 the	
Leeds	 and	 Spondyloarthritis	 Research	 Consortium	 of	
Canada	 (SPARCC)	enthesitis	 index.	Patients’	global	as-
sessment	 of	 disease	 activity,	 patients’	 pain	 assessment	
and	 the	 evaluator’s	 global	 assessment	 of	 disease	 activ-
ity	were	determined	using	visual	analogue	scales	(VAS,	
range = 0–	100	mm).	The	psoriasis	 skin	disease	activity	
was	evaluated	by	body	surface	area	(BSA)	and	the	pso-
riasis	area	severity	index	(PASI)	[25].	Each	patient	com-
pleted	the	health	assessment	questionnaire	(HAQ)	[26].	
Disease	activity	measures	included:	minimal	disease	ac-
tivity	(MDA)	in	PsA,	disease	activity	in	psoriatic	arthri-
tis	 (DAPSA),	 composite	 psoriatic	 disease	 activity	 index	
(CPDAI)	and	the	psoriatic	arthritis	disease	activity	score	
(PASDAS).	 Demographic	 and	 clinical	 characteristics	 of	
patients	and	controls	are	summarized	in	Table	1.

PBMC isolation

Peripheral	whole-	blood	samples	were	collected	in	ethyl-
enediamine	 tetraacetic	 acid	 (EDTA)	 tubes	 on	 the	 same	
day	that	the	patients	arrived	for	the	clinical	evaluation.	
PBMCs	 were	 isolated	 by	 density	 gradient	 centrifuga-
tion	 with	 lymphoprep	 (Axis-	Shield,	 Oslo,	 Norway)	 and	
cells	were	cultured	 in vitro	 as	described	below.	Freshly	

PBMCs	from	healthy	donors	(n = 5)	were	evaluated	on	
the	 same	 day	 that	 the	 blood	 samples	 were	 drawn	 for	
%CD4+LAG-	3+	T	cells	by	the	method	described	below.

In- vitro cell culture

PBMCs	were	cultured	at	a	density	of	1.5x106	cells/ml	
in	 a	 48-	well	 plate	 in	 RPMI-	1640	 medium	 containing	
10%	heat-	inactivated	fetal	bovine	serum	supplemented	
with	penicillin	(100 U/ml),	streptomycin	(100 μg/ml),	
2 mmol/l	L-	glutamine	and	50 μM	2β-	mercaptoethanol.	
The	 cells	 were	 incubated	 for	 5	 days	 at	 37°C	 with	 5%	
CO2	and	with	the	following	experimental	biologicals:	
TNF	 blocker	 [adalimumab	 (ADA);	 infliximab	 (IFX);	
Enbrel	 (ETN)],	 IL-	17A	 blocker	 [ixekizumab	 (IXE)]	
and	 IL-	6R	 blocker	 [tocilizumab	 (TCZ)]	 at	 a	 concen-
tration	of	10 μg/ml	(doses	reflect	the	biological	agent	
concentrations	 in	 human	 circulation)	 or	 medium	
alone	as	control.

CD4+LAG- 3+ and CD4+CD25+ T 
cell analysis

After	5 incubation	days,	cells	were	collected	and	stained	
with	 the	 following	 monoclonal	 antibodies:	 anti-	CD4-	
allophycocyanin	 (APC)-	eFluor	 780	 (eBioscience,	 San	
Diego,	 California,	 USA;	 47-	0049-	42),	 anti-	LAG-	3-	
peridinin	 chlorophyl	 (PerCP)-	eFluor	 710	 (eBioscience;	

T A B L E  1 	 Clinical	characteristics	of	the	MDA,	non-	MDA	PsA	patients	and	healthy	controls	enrolled	for	the	analysis	of	T	cells	in	flow	
cytometry

Non- MDA (n = 13) MDA (n = 14) Healthy (n = 20)

Female/male 6/7 7/7 15/5

Age,	mean ± SD	years 47.7 ± 2.5 47.5 ± 3.8 42.0 ± 2.6

CRP,	mean ± SD,	mg/l 11.9 ± 3.7 2.5 ± 1.0 –	

ESR,	mean ± SD	mm/hour 21.1 ± 5.4 14.2 ± 2.4 –	

TJC 6.6 ± 1.9 2.0 ± 1.1 –	

SJC 3.4 ± 1.5 0.14 ± 0.1 –	

PASI 0.5 ± 0.2 0.6 ± 0.3 –	

CPDAI 8.9 ± 1.0 3.8 ± 0.9 –	

DAPSA 22	.4 ±	3.5 4.6 ± 1.2 –	

PASDAS 4.0 ± 0.5 1.0 ± 0.3 –	

Naive	to	treatment 4/13 6/14 –	

Current	synthetic	DMARDs 3/16 2/14 –	

Current	biological	therapy 6/13 8/14 –	

Abbreviations:	CPDAI,	composite	psoriatic	disease	activity	index;	CRP,	C	reactive	protein;	DAPSA,	disease	activity	index	for	psoriatic	arthritis;	DMARDs,	
disease-	modifying	anti-	rheumatic	drugs;	ESR,	erythrocyte	sedimentation	rate;	MDA,	minimal	disease	activity;	PASDAS,	psoriatic	arthritis	disease	activity	
score;	PASI,	psoriasis	area	severity	index	(range	=	0–	72);	PGA,	patients’	global	assessment	of	disease	activity	(range	=	0–	100	mm);	SD,	standard	deviation;	SJC,	
swollen	joint	count	(range	=	0–	66);	TJC,	tender	joint	count	(range	=	0–	68).
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46-	2239-	42)	and	CD25	phycoerythrin	 (PE)	 (eBioscience;	
12-	0259-	42)	 for	 30	 min	 at	 room	 temperature.	 The	 cells	
were	 then	 analyzed	 using	 fluorescence	 activated	 cell	
sorter	(FACS)	Canto	II	flow	cytometer	(BD	Biosciences).	
A	 total	 of	 60	 000	 events	 were	 collected	 from	 each	 sam-
ple.	Analysis	by	FlowJo	analysis	software	identified	lym-
phocytes	 on	 the	 basis	 of	 forward-		 and	 side-	scatter	 after	
gating	for	%CD4+LAG-	3+	and	%CD4+CD25+	T	cells	was	
performed.	 After	 culture,	 cells	 viability	 assessment	 was	
performed	 using	 propidium	 iodide	 (PI).	 The	 gated	 lym-
phocytes	were	confirmed	as	viable	cells	(<95%	PI-	negative	
cells;	data	not	shown).

Soluble LAG- 3 measurement in sera using 
enzyme- linked immunosorbent assay 
(ELISA)

The	second	stage	aimed	to	detect	the	difference	in	soluble	
LAG-	3	levels	in	sera.	As	the	stage	I	analysis	revealed	that	
biologicals	 could	 affect	 surface	 LAG-	3	 levels	 on	 T	 cells,	
the	 latter	 was	 analyzed	 in	 blood	 samples	 collected	 from	
naive	to	biological	PsA	patients	(n = 39)	and	healthy	con-
trols	 (n  =  35).	 In	 this	 assessment,	 peripheral	 blood	 was	
collected	from	PsA	patients	(among	whom	eight	patients	
naive	to	biological	therapy	were	also	assessed	for	surface	
LAG-	3	 or	 CD25	 on	 CD4+	 T	 cells)	 and	 healthy	 controls	
(among	 whom	 15	 controls	 who	 were	 also	 assessed	 for	
surface	LAG-	3	or	CD25	on	CD4+	T	cells).	Demographic	
and	 clinical	 characteristics	 of	 PsA	 patients	 and	 controls	
included	in	this	assessment	are	shown	in	Table	2.	Blood	
samples	were	centrifuged	at	1000	g	for	10 min	before	sep-
arating	 serum	and	 then	 stored	 frozen	at	−20°C.	Soluble	
LAG-	3	serum	concentrations	were	determined	using	the	
Duoset	ELISA	human	LAG-	3	ELISA	kit	(DY2319B;	R&D	
Systems,	 Minneapolis,	 Minnesota,	 USA),	 following	 the	
manufacturer’s	instructions.	Assay	was	read	using	ELISA	
plate	 reader	 BioTek	 800TS	 microplate	 reader	 (BioTek,	
Winooski,	Vermont,	USA)	using	GEN5	version	2.05	soft-
ware.	 Optical	 density	 units	 (OD)	 for	 comparison	 were	
determined	 at	 a	 wavelength	 of	 450	 nm	 and  the  refer-
ence wavelength	at	630 nm.

Statistical analysis

Data	 are	 presented	 as	 mean  ±  standard	 error	 (SE).	
Non-	parametric	 analyses	 were	 performed	 with	 the	
Mann–	Whitney	 U-	test	 for	 comparison	 of	 independ-
ent	 data	 between	 the	 two	 groups.	 The	 Kruskal–	Wallis	
test	 was	 used	 to	 analyze	 more	 than	 two	 independent	
groups.	Dunn’s	multiple	comparison	test	was	used	if	the	

Kruskal–	Wallis	p	value	was < 0.05.	The	degree	of	corre-
lation	between	variables	was	determined	with	Pearson’s	
test.	 Statistical	 significance	 was	 determined	 when	 the	
p	 value  was	 <  0.05,	 and	 all	 analyses	 were	 performed	
with	 GraphPad	 Prism	 software	 version	 8	 (San	 Diego,	
California,	USA).

RESULTS

CD4+LAG- 3+ T cell levels were negligible 
in fresh PBMCs but visible after in- vitro 
culture

PBMCs	 from	 healthy	 donors	 (n  =  5)	 were	 analyzed	 by	
FACS	 for	 CD4	 and	 LAG-	3	 expression	 at	 baseline	 and	
after	culture	for	5	days	 in vitro.	As	shown	in	Figure	2a,	
the	 mean	 expression	 level	 of	 the	 %CD4+LAG-	3+	 T	 cell	
population	at	baseline	was	0.08 ± 0.03.	After	5  incuba-
tion	days,	 this	population	was	expanded	and	reached	a	
mean	level	of	7.4 ± 0.8,	p < 0.01	(Figure	2b,c).

CD4+LAG- 3+ T cell population distribution 
between healthy donors and PsA patients 
classified as MDA, non- MDA and biological 
effect on this population

Following	 the	 finding	 of	 negligible	 percentage	 of	
CD4+LAG-	3+	 T	 cells	 in	 the	 fresh	 isolated	 PBMCs,	 we	
aimed	 to	 determine	 the	 percentage	 of	 CD4+LAG-	3+	 T	
cells	 in	 PBMCs	 derived	 from	 healthy	 donors	 and	 PsA	
patients	 classified	 as	 MDA	 and	 non-	MDA	 in vitro	 after	
5 days	in	culture.	As	presented	in	Figure	3a	(left	panel)	
and	 Figure	 3b,	 there	 was	 no	 significant	 difference	 in	

T A B L E  2 	 Clinical	characteristics	of	the	PsA	patients	and	
healthy	controls	enrolled	for	analysis	of	soluble	sera	LAG-	3

PsA (n = 39)
Healthy 
(n = 35)

Female/male 20/19 23/12

Age,	mean ± SD	years 49.0 ± 2.1 40.7 ± 1.9

SJC 3.0 ± 0.7 –	

TJC 5.1 ± 0.9 –	

PASI 3.4 ± 1.0 –	

Naive	to	treatment 31/39 –	

Current	synthetic	DMARDs 8/39 –	

Abbreviations:	DMARDS,	disease-	modifying	anti-	rheumatic	drugs;	PASI,	
psoriasis	area	severity	index;	SD,	standard	deviation;	SJC,	swollen	joint	
count;	TJC,	tender	joint	count.
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the	 mean	 percentage	 of	 CD4+LAG-	3+	 T	 cells	 between	
healthy	 donors	 (n  =  15)	 and	 the	 MDA	 PsA	 patients	
(n = 14;	7.8 ± 0.6	and	7.5 ± 0.9,	respectively).	However,	
the	percentage	of	CD4+LAG-	3+	T	cells	(3.1 ± 0.3)	in	the	
non-	MDA	PsA	patients	(n = 13)	was	significantly	lower	
compared	to	the	healthy	controls	and	the	MDA	PsA	pa-
tients	 (p  <  0.0001).	 We	 then	 determined	 whether	 bio-
logicals	used	in	PsA	management	could	affect	the	latter	
cell	population	and	cultured	MDA-		and	non-	MDA	PsA	
patient-	derived	PBMCs	in vitro	for	5 days	with	the	biolog-
ical	agents	anti-	TNF	and	anti-	IL-	17A.	We	also	included	
cells	derived	from	healthy	donors	incubated	in vitro	with	
those	biologicals	in	these	experiments.

Figure	 3a,c	 shows	 that	 the	 mean	 percentage	 of	
CD4+LAG-	3+	 T	 cells	 in	 healthy	 controls	 PBMCs	 fol-
lowing	 incubation	 with	 medium	 alone	 was	 7.7  ±  0.6	
(Figure	 3b).	 Supplementation	 of	 the	 TNF	 or	 IL-	17A	
blockers,	ADA	and	IXE,	respectively,	 to	 the	culture	of	
the	 healthy	 donors	 PBMCs	 at	 doses	 that	 reflect	 thera-
peutic	 levels	 did	 not	 significantly	 change	 the	 percent-
age	 of	 CD4+LAG-	3+	 T	 cells	 (8.5  ±  0.6	 and	 7.0  ±  0.6,	
respectively)	 (Figure	 3a,	 upper	 panel,	 and	 Figure	 3c).	
Similarly,	no	significant	differences	in	the	percentage	of	
CD4+LAG-	3+	T	cells	in	MDA	PsA	patients	PBMCs	were	
observed	following	in- vitro	incubation	with	biologicals	

(7.6 ± 0.9	and	7.7 ± 1.0,	respectively)	(Figure	3a,	mid-
dle	panel,	and	Figure	3c).	In	contrast,	supplementation	
of	 ADA	 significantly	 up-	regulated	 the	 percentage	 of	
CD4+LAG-	3+	T	cells	(7.9 ± 0.9,	p < 0.0004)	compared	
to	medium	(3.1 ± 0.3)	and	IXE	(3.2 ± 0.4)	in	non-	MDA	
PsA	 patients	 (Figure	 3a,	 lower	 panel,	 and	 Figure	 3c).	
The	 percentage	 of	 CD4+LAG-	3+	 T	 cells	 after	 supple-
mentation	 of	 ADA	 were	 restored	 to	 an	 extent	 similar	
to	those	observed	in	healthy	donors	and	MDA	PsA	pa-
tients.	 Incubation	 with	 IXE,	 however,	 did	 not	 change	
the	 percentage	 of	 CD4+LAG-	3+	 T	 cells	 in	 the	 PBMCs	
derived	 from	 non-	MDA	 PsA	 patients	 (3.2  ±  0.4)	 com-
pared	to	medium.

Altered distribution of CD4+LAG- 3+ and 
CD4+CD25+ T cell subsets in MDA and non- 
MDA PsA patients after culture with anti- 
TNF

We	 further	 analyzed	 the	 level	 of	 T	 cell	 activation	 meas-
ured	 as	 %CD4+CD25+	 T	 cell	 expression	 in	 relation	 to	
the	changes	observed	in	the	%CD4+LAG-	3+	T	cells	in	all	
experimental	 samples.	 As	 shown	 in	 Figure	 4,	 in	 a	 con-
comitant	 analysis	 of	 %CD4+LAG-	3+	 and	 %CD4+CD25+	

F I G U R E  2  The	effect	of	in- vitro	incubation	on	the	%CD4+	lymphocyte-	activation	gene	(LAG)-	3+	T	cell	population.	Peripheral	blood	
mononuclear	cells	(PBMCs)	of	healthy	controls	(n = 5)	were	analyzed	by	flow	cytometry	when	fresh	after	undergoing	5 days	in	culture	in 
vitro	to	determine	the	percentage	of	%CD4+LAG-	3+	T	cells.	(a,b)	Representative	flow	cytometric	dot-	plot	of	a	healthy	donor’s	PBMCs’	gating	
strategy	presented	as	a	side-	scatter	area	(SSC)	and	a	forward-	scatter	area	(FSC)	(left	panels).	Evaluation	of	%CD4+LAG-	3+	T	cells	(right	
panels)	is	shown.	The	percentage	of	positive	cells	is	indicated	in	the	upper	right	quadrant.	(c)	Graph	indicating	the	average	percentage	of	
%CD4+LAG-	3+ T	cells	for	tested	donors	(n = 5).	Data	are	shown	with	standard	error	of	the	mean	(SEM)	values;	*p < 0.01	(Mann–	Whitney	
U-	test)
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T	 cells	 we	 found	 that	 in	 healthy	 controls	 (Figure	 4a),	
anti-	TNF	 non-	significantly	 reduced	 the	 %CD4+CD25+	 T	
cells	(5.1 ± 0.6)	compared	to	medium	(5.4 ± 0.5)	and	to	
anti-	IL-	17A	 (5.3  ±  0.6)	 and	 %CD4+LAG-	3+	 T	 cells	 were	
unchanged	 in	 medium,	 anti-	TNF	 and	 anti-	IL-	17A	 sam-
ples.	 In	 MDA	 PsA	 patients	 (Figure	 4b),	 %CD4+LAG-	3+	
T	 cells	 were	 unchanged	 following	 co-	culture	 with	 anti-	
TNF	but	%CD4+CD25+	T	cells	were	significantly	reduced	
by	 anti-	TNF	 (3.2  ±  0.4,	 p  <  0.05)	 compared	 to	 medium	
(5.0 ± 0.7)	and	anti-	IL-	17A	(4.6 ± 0.5).	In	non-	MDA	PsA	
patients	 (Figure	 4c)	 %CD4+LAG-	3+	 T	 cells	 were	 signifi-
cantly	induced	but,	conversely,	%CD4+CD25+	T	cells	were	

significantly	reduced	by	anti-	TNF	(3.2 ± 0.4,	p < 0.01)	com-
pared	to	medium	(5.1 ± 0.5)	and	anti-	IL-	17A	(5.3 ± 0.6).

In	 order	 to	 determine	 whether	 the	 potency	 to	 up-	
regulate	 the	 %CD4+LAG-	3+	T	 cells	 in vitro	 was	 solely	
attributed	 to	 the	 anti-	TNF	 agent	 employed	 in	 these	
experiments	 (namely,	 ADA),	 or	 could	 be	 mediated	 by	
other	 anti-	TNFs,	 we	 incubated	 PBMCs	 derived	 from	
non-	MDA	 PsA	 patients	 in	 the	 presence	 of	 two	 addi-
tional	anti-	TNFs,	 IFX	and	ETN.	In	addition,	a	control	
consisting	 of	 a	 biological	 that	 targets	 the	 IL-	6	 recep-
tor,	 TCZ,	 that	 is	 not	 clinically	 used	 to	 treat	 PsA,	 was	
added.	 All	 three	 anti-	TNFs	 were	 able	 to	 significantly	

F I G U R E  3  Difference	in	%CD4+	lymphocyte-	activation	gene	(LAG)-	3+	T	cells	after	in- vitro	culture	of	peripheral	blood	mononuclear	
cells	(PBMCs)	derived	from	healthy	donors,	minimal	disease	activity	(MDA)	and	non-	MDA	psoriatic	arthritis	(PsA)	patients,	and	the	
biological	effects	on	%CD4+LAG-	3+	T	cells.	(a)	Representative	dot-	plot	of	CD4 and	LAG-	3	staining	of	PBMCs	from	healthy	donors,	MDA	
and	non-	MDA	PsA	patients	after	5	incubation	days	with	medium,	anti-	tumor	necrosis	factor	(TNF)	or	anti-	interleukin	(IL)-	17A.	Positive	
staining	is	presented	in	the	right	upper	quadrant	of	each	plot	with	the	percentage	indicated.	(b)	Box-	plot	graphs	represent	the	mean	
percentage	of	CD4+LAG-	3+ T	cells	after	5 incubation	days	in	medium	alone.	(c)	Box-	plot	graphs	represent	the	mean ± standard	error	
(SE)	percentage	of	CD4+LAG-	3+ T	cells	after	5 incubation	days	with	medium	alone,	adalimumab	(ADA)	or	ixekizumab	(IXE).	Analysis	of	
samples	from	healthy	donors	(n = 15),	MDA	PsA	patients	(n = 14)	and	non-	MDA	PsA	patients	(n = 13).	Statistical	analysis	of	the	graphs	in	
(b)	and	(c)	was	performed	with	the	Kruskal–	Wallis	test	followed	with	Dunn’s	post- hoc	test.	*p < 0.0003,	**p < 0.0001;	NS = not	statistically	
significant
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up-	regulate	 the	 percentage	 of	 CD4+LAG-	3+  T	 cells	 in	
PBMCs	 derived	 from	 non-	MDA	 PsA	 patients	 (n  =  7):	
ADA = 9.7 ± 0.4,	p < 0.001;	IFX = 9.5 ± 0.8,	p < 0.03;	
and	 ETN	 8.6  ±  0.6,	 p  <  0.03	 compared	 to	 medium	

control	(5.7 ± 0.8).	In	contrast,	anti-	IL-	6R,	TCZ,	did	not	
significantly	 change	 the	 percentages	 of	 CD4+LAG-	3+	
T	 cells	 (6.4  ±  0.6)	 compared	 to	 the	 medium	 control	
(Figure	5).

F I G U R E  4  Anti-	tumor	necrosis	factor	(TNF)	induces	up-	regulation	of	CD4+	lymphocyte-	activation	gene	(LAG)-	3+	and	down-	regulation	
of	CD4+CD25+	T	cells	after	in- vitro	culture	of	peripheral	blood	mononuclear	cells	(PBMCs)	derived	from	non-	minimal	disease	activity	
(MDA)	psoriatic	arthritis	(PsA)	patients.	Flow	cytometric	analysis	of % T	cell	populations	after	5 days	co-	culture	with	medium	alone,	anti-	
TNF	(10 μg/ml)	or	anti-	interleukin	(IL)-	17A	(10 μg/ml)	in	PBMCs	(1.5 × 106	cells/ml)	derived	from	(a)	healthy	controls,	n = 15;	(b)	MDA	
PsA	patients,	n = 14;	and	(c)	non-	MDA	PsA	patients,	n = 13. Dot	graphs	represent	the	mean ± standard	error	(SE);	statistical	analysis	was	
performed	using	Kruskall–	Wallis	or	Mann–	Whitney	U-	tests.	*p < 0.05,	**p < 0.01,	***p < 0.001;	NS = not	statistically	significant

F I G U R E  5  Three	different	anti-	tumor	necrosis	factors	(TNFs)	induce	CD4+	lymphocyte-	activation	gene	(LAG)-	3+ T	cells	in	peripheral	
blood	mononuclear	cells	(PBMCs)	derived	from	non-	minimal	disease	activity	(MDA)	psoriatic	arthritis	(PsA)	patients	in vitro.	PBMCs	from	
non-	MDA	PsA	patients	(n = 7)	were	incubated	for	5 days	with	adalimumab	(ADA),	infliximab	(IFX),	etanercept	(ETN)	or	with	tocilizumab	
(TCZ)	(10 μg/ml)	and	medium	alone	as	a	control	in vitro.	(a)	Representative	dot-	plots	of	CD4+LAG-	3+	T	cells	are	presented	in	the	right	
upper	quadrant	of	each	graph	with	the	percentage	indicated.	(b)	Box-	plot	graphs	represent	the	mean ± standard	error	(SE)	percentage	of	
CD4+LAG-	3+ T	cells	after	5 days	in vitro.	Statistical	analysis	for	graph	in	(b)	was	performed	using	the	Kruskal–	Wallis	test	with	Dunn’s	post- 
hoc	test.	*p < 0.03,	**p < 0.001
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Inverse correlation between proportion of 
CD4+LAG- 3+ T cells in PBMCs cultured 
in vitro and PsA disease activity

The	 rate	 of	 PsA	 disease	 activity	 correlated	 with	 the	
percentage	 of	 CD4+LAG-	3+	 T	 cells	 in	 PBMCs	 derived	
from	 MDA	 PsA	 patients	 (n  =  14)	 and	 non-	MDA	 PsA	
patients	(n = 13)	after	5 days	in	culture	in vitro	(Figure	
6).	 Pearson’s	 analysis	 confirmed	 a	 significant	 inverse	
correlation	 between	 PsA	 disease	 activity	 scores	 meas-
ured	 by	 CPDAI	 (Figure	 6a)	 (r  =  −0.47,	 p  >  0.02)	 and	
PASDAS	 (Figure	 6b)	 (r  =  −0.51,	 p  <  0.008)	 and	 the	
percentage	 of	 CD4+LAG-	3+	 T	 cells	 in	 PBMCs	 derived	
from	 MDA	 PsA	 patients	 and	 non-	MDA	 PsA	 patients.	
No	 correlations	 were	 found	 between	 the	 following	
clinical	parameters	for	assessing	disease	activity:	CRP,	
ESR,	 tender	 joints,	 swollen	 joints,	 PASI,	 DAPSA	 and	
percentages	of	CD4+LAG-	3+	T	cells	 in	 the	PBMCs	de-
rived	 from	 the	 MDA	 PsA	 and	 non-	MDA	 PsA	 patients	
(data	not	shown).

Concentration of soluble LAG- 3 in sera of 
PsA patients

To	 further	 determine	 differences	 in	 soluble	 LAG-	3	 lev-
els	 in	 PsA	 compared	 to	 healthy	 controls,	 we	 evaluated	
sera	 samples	 from	 PsA	 patients	 naive	 to	 biologicals	 to	
exclude	 the	 possible	 impact	 of	 biologics	 on	 LAG-	3	 ex-
pression.	The	concentration	of	soluble	LAG-	3	in	PsA	pa-
tients	naive	to	biological	therapy	was	significantly	lower	
(2.4 ± 0.3 ng/ml)	than	in	healthy	controls	(4.2 ± 0.7 ng/
ml),	p < 0.03	(Figure	7).	However,	there	was	no	signifi-
cant	correlation	between	disease	activity	scores	 (tender	

joint,	swollen	joint	and	PASI)	and	soluble	LAG-	3	levels	
(data	not	shown).

DISCUSSION

The	 findings	 of	 the	 current	 study	 showed	 a	 significant	
down-	regulation	 of	 in- vitro	 %CD4+LAG-	3+	 T	 cells	 in	
PsA	 patients	 with	 active	 disease	 (non-	MDA)	 compared	
to	those	derived	from	inactive	PsA	patients	(MDA)	and	

F I G U R E  6  Correlation	of	psoriatic	arthritis	(PsA)	disease	activity	rates	with	percentage	of	CD4+	lymphocyte-	activation	gene	(LAG)-	3+	
T	cells	in	peripheral	blood	mononuclear	cells	(PBMCs)	derived	from	minimal	disease	activity	(MDA)	and	non-	MDA	PsA	patients	after	
in- vitro	culture.	Correlation	analyses	between	expression	levels	of	CD4+LAG-	3+	T	cells	in	PBMCs	derived	from	MDA	and	non-	MDA	PsA	
patients	after	in- vitro	culture	and	(a)	composite	psoriatic	disease	activity	index	(CPDAI)	and	(b)	psoriatic	arthritis	disease	activity	score	
(PASDAS),	which	measure	PsA	disease	activity.	Pearson’s	correlation	was	applied	for	analysis,	and	regression	lines	are	presented	in	the	
correlation	plots

F I G U R E  7  Lower	concentration	of	soluble	lymphocyte-	
activation	gene	(LAG)-	3	in	PsA	patients	than	in	healthy	controls.	
Serum	soluble	LAG-	3	in	psoriatic	arthritis	(PsA)	patients	(n = 39)	
and	healthy	controls	(n = 35)	determined	by	enzyme-	linked	
immunosorbent	assay	(ELISA).	Graph	shows	mean ± standard	
error	(SE);	statistical	analysis	was	performed	using	the	Mann–	
Whitney	U-	test,	*p < 0.03
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healthy	 controls.	 In	 addition,	 only	 anti-	TNF	 but	 not	
anti-	IL-	17A	 agents	 could	 restore	 the	 %CD4+LAG-	3+	
T	 cell	 population	 in	 non-	MDA	 PsA	 patients,	 while	
%CD4+LAG-	3+	 T	 cells	 derived	 from	 the	 MDA	 PsA	 pa-
tients	 or	 healthy	 controls	 were	 not	 affected	 by	 either	
of	 the	biological	agents.	An	opposite	effect	of	anti-	TNF	
potency	 to	 up-	regulate	 the	 %CD4+LAG-	3+	 and	 down-	
regulate	the	activated	%CD4+CD25+	T	cells	was	observed	
in	non-	MDA	PsA	patients.	We	also	found	an	inverse	cor-
relation	 between	 the	 clinical	 parameters	 CPDAI	 and	
PASDAS	 of	 the	 MDA	 PsA	 and	 non-	MDA	 PsA	 patients	
and	the	percentage	of	CD4+LAG-	3+	T	cells.	This	finding	
suggests	that	CD4+LAG-	3+	T	cells	may	constitute	an	un-
recognized	immune	cell	population	associated	with	high	
disease	 activity	 in	 PsA.	 Consistently,	 sera	 LAG-	3	 levels	
were	also	lower	in	naive	to	biological	PsA	patients	com-
pared	to	healthy	controls.

LAG-	3+  Tregs	 have	 been	 implicated	 in	 several	 in-
flammatory	 diseases.	 Similar	 to	 our	 results	 in	 PsA,	 in	
RA,	 peripheral	 LAG-	3+	Tregs	 were	 significantly	 reduced	
compared	 to	healthy	donors,	 and	 their	 levels	were	par-
ticularly	 low	 in	 RA	 patients	 with	 higher	 disease	 ac-
tivity.	 Those	 LAG-	3	 T	 cells	 were	 IL-	10-	producing	 cells	
that	suppressed	antibody-	producing	B	cells	in	an	IL-	10-	
independent	manner,	but	rather	through	Fas–	Fas	ligand	
interaction	[27].

Reduced	 LAG-	3	 levels	 were	 also	 found	 in	 psoriasis	
(PsO)	 [28].	 Recently,	 Yu	 et al.	 [29]	 demonstrated	 that	
LAG-	3	was	dramatically	decreased	in	circulating	CD4+	T	
cells	of	moderate-	to-	severe	plaque	PsO	patients.	In	con-
trast,	mild	PsO	patients	and	healthy	controls	had	higher	
and	equivalent	levels	of	LAG-	3	on	CD4+	T	cells	(although	
relatively	low).	This	study	is	 in	line	with	ours,	showing	
that	in	active	PsA	and	PsO	LAG-	3	T	cells	were	reduced,	
while	in	mild	disease	activity	patients	the	LAG-	3	level	on	
T	cells	was	equivalent	to	its	level	in	healthy	controls.	The	
difference	 between	 studies	 is	 that	 Yu	 et al.	 determined	
LAG-	3	 T	 cell	 levels	 in	 circulation	 and	 we	 used	 in- vitro	
conditions	that	putatively	overcome	restrictions	found	in	
circulation	 to	 allow	 the	 low	 LAG-	3	 T	 cell	 frequency	 to	
expand.	As	our	goal	was	to	imitate	in- vivo	conditions,	we	
incubated	the	cells	for	5	days	without	stimulating	agents	
such	as	anti-	CD3/CD28.

PsA	 and	 PsO	 fall	 within	 a	 spectrum	 of	 diseases	
with	 a	 shared	 genetic	 background	 and	 immunologi-
cal	 pathways;	 LAG-	3	T	 cells	 might	 be	 involved	 in	 anti-	
inflammatory	 pathways	 in	 both	 diseases.	 Our	 study	
revealed	that	in- vitro	culture	of	PBMCs	derived	from	PsA	
patients	could	mirror	changes	in	the	LAG-	3	T	cell	popu-
lation	 in	PsA	patients	with	different	disease	activity,	as	
shown	by	Yu	et al.	in	PsO.	Moreover,	in- vitro	conditions	
can	be	employed	 to	detect	changes	 in	 the	LAG-	3	T	cell	
population	 as	 a	 biomarker	 for	 PsA	 disease	 activity,	 as	

formal	 autoantibodies	 or	 biomarkers	 for	 diagnosis	 and	
prognosis	are	still	lacking.

The	 next	 step	 of	 our	 study	 was	 to	 assess	 the	 abil-
ity	 of	 biologicals	 commonly	 used	 for	 PsA	 treatment	 to	
modulate	 LAG-	3+	 T	 cells.	 We	 found	 that	 TNF	 but	 not	
IL-	17A	 or	 IL-	6R	 blockers	 restored	 the	 particularly	 low	
CD4+LAG-	3+	 T	 cells	 in	 active	 non-	MDA	 PsA	 patients.	
In	agreement	with	our	results,	Yu	et al.	[29]	reported	on	
TNF	 blockers’	 potency	 to	 modulate	 LAG-	3+	 T	 cells	 in	
moderate-	to-	severe	plaque	PsO	patients	treated	with	IFX,	
with	 LAG-	3	 on	 CD4	 T	 cells	 increased	 after	 treatment.	
These	 results	 show	 that	 anti-	TNF	 could	 up-	regulate	
LAG-	3	T	cells	 in	each	disease	context,	namely	PsA	and	
PsO,	and	that	the	impact	of	anti-	TNF	on	these	immune	
cells	could	be	mirrored	in	ex- vivo	conditions	that	reflect	
anti-	TNF	activity	on	LAG-	3	T	cells	after	therapy,	as	was	
determined	in	the	patients’	circulation.	Another	biologi-
cal	agent,	abatacept,	composed	of	recombinant	domains	
of	cytotoxic	T	lymphocyte-	associated	antigen	4	(CTLA-	4)	
fused	to	human	IgG	constant	region	domains	[30],	was	
shown	to	promote	LAG-	3+	T	cells	in	RA	patients	[27,31].	
Moreover,	supplementation	of	abatacept	to	T	cell	culture	
derived	from	RA	patients	was	able	to	induce	LAG-	3+ Treg	
expansion	in vitro	[27].

In	 accordance	 with	 our	 finding	 of	 reduced	
CD4+LAG-	3+	 T	 cells	 in	 active	 PsA	 patients,	 the	 pro-
grammed	 cell	 death	 protein	 1	 (PD-	1)	 shown	 to	 induce	
Treg	suppressive	 function	[32]	was	reduced	 in	T	cells	of	
PsA	 patients	 [33,34].	 This	 may	 suggest	 that	 PD-	1	 and	
LAG-	3	are	synergistically	involved	in	abnormal	T	cell	ac-
tivation	and	function	in	PsA.

We	 have	 previously	 shown	 that	 anti-	TNF	 reduced	
the	 activated	 CD4+CD25+	 T	 cells	 derived	 from	 PBMCs	
of	 PsA	 patients	 in vitro	 [35].	 These	 findings	 were	 con-
solidated	with	recently	published	reports	demonstrating	
that	 LAG-	3	 inhibited	 CD4  +  T	 cell	 activation	 [36]	 and	
that	 LAG-	3	 was	 up-	regulated	 in	 the	 reduced	 activated	
cells	[37].	The	mechanisms	proposed	for	anti-	TNF	abil-
ity	 to	 increase	Tregs	 function	 are	 through	 FoxP3	 mRNA	
and	protein	up-	regulation	and	restoration	of	suppressive	
function	through	TNF	receptor	2	on	Tregs	[38].	Anti-	TNF	
ability	to	induce	LAG-	3	on	CD4	T	cells	could	result	from	
the	observation	of	its	ability	to	induce	the	IFN	type	I	path-
way	[39]	and	the	latter	to	regulate	LAG-	3	on	T	cells	[40].	
In	addition,	this	study	confirmed	that	sera	LAG-	3	levels	
were	lower	in	PsA	patients	naive	to	biological	treatment	
compared	to	healthy	controls.

The	current	study	has	a	few	limitations.	First,	we	did	
not	 detect	 LAG-	3+	Tregs	 at	 the	 same	 time	 that	 the	 sam-
ples	were	taken,	as	the	LAG-	3	expression	level	on	fresh	
PBMCs	was	relatively	very	low	and	the	analysis	was	per-
formed	after	in- vitro	culture.	Secondly,	we	looked	at	the	
surface	 expression	 without	 measuring	 the	 intracellular	
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LAG-	3,	although	half	the	cellular	content	of	LAG-	3	was	
retained	in	intracellular	compartments	[41].	Finally,	our	
study	sample	size	was	relatively	small.

In	 conclusion,	 CD4+LAG-	3+	 T	 cell	 analyses	 after	 in- 
vitro	 culture	 were	 reduced	 in	 active	 PsA	 patients	 (non-	
MDA)	compared	 to	non-	active	PsA	patients	 (MDA)	and	
healthy	 controls.	 There	 was	 an	 inverse	 correlation	 be-
tween	the	percentage	of	CD4+LAG-	3+	T	cells	and	the	clin-
ical	parameters	CPDAI	and	PASDAS	in	patients	with	PsA.	
This	implies	that	LAG-	3	may	be	considered	as	a	marker	
for	PsA	disease	activity	and	that	LAG-	3	might	play	a	role	
in	PsA	pathogenesis.	Our	results	demonstrated	a	critical	
role	of	anti-	TNF,	but	not	for	anti-	IL-	17A,	in	CD4+LAG-	3+	
T	cell	population	modulation	in	non-	MDA	PsA	patients.	
In	 addition,	 PsA	 patients	 displayed	 significantly	 de-
creased	 LAG-	3	 sera	 levels	 compared	 with	 healthy	 con-
trols.	Further	studies	on	larger	PsA	cohorts	are	warranted	
to	address	these	issues.
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