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Abstract
Background: Primary	Sjögren's	syndrome	(pSS)	is	an	autoimmune	disease	character-
ized by a lymphocytic infiltrate in salivary glands driving to epithelial damage. The 
pSS	patients	present	heterogenic	clinical	and	serological	characteristics.	This	hetero-
genicity	could	be	due	to	the	cytokine	microenvironment.	Cytokine	levels	have	been	
analyzed	and	reported	individually,	showing	controversial	results;	for	that	reason,	we	
considered	essential	to	evaluate	a	cluster	of	cytokines	and	relate	them	with	antibody	
levels	and	clinical	characteristics	to	find	pSS	subgroups.
Methods: Ninety-nine	pSS	patients,	diagnosed	by	the	2016	ACR/EULAR	classifica-
tion	criteria,	and	76	control	subjects	(CS)	were	included.	Cytokine	quantification	was	
performed	by	Multiplex	assay.	Principal	component	analysis	(PCA)	was	realized,	and	
the	K-mean	test	was	used	to	identify	clusters/groups.	Groups	were	analyzed	by	the	
Kruskal-Wallis	test	and	the	Bonferroni	test.
Results: Higher	IFN-γ,	IL-17F,	IL-21,	IL-23,	IL-4,	and	IL-31	levels	were	observed	in	pSS	
patients	in	comparison	with	control	subjects.	PCA	analysis	showed	three	groups.	The	
severe	group	was	characterized	by	higher	cytokine	concentrations	as	well	as	an	in-
crease	in	clinical	parameters	such	as	antibody	levels,	damage	index	score,	and	oth-
ers.	The	moderate	group	presented	intermediate	severity;	meanwhile,	the	mild	group	
presented the lowest severity.
Conclusion: Cluster	analysis	 revealed	three	groups	that	were	different	 in	cytokine	
levels	and	clinical	parameters	in	which	the	mild	group	was	defined	by	lower	severity,	
the	moderate	group	with	 intermediate	 severity,	 and	 the	 severe	group	with	higher	
severity.	This	analysis	could	help	subclassify	the	primary	Sjögren	syndrome	patients	
for a better understanding of the clinical phenotype that impacts the treatment 
approach.
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1  | INTRODUC TION

Primary	 Sjögren's	 syndrome	 (pSS)	 is	 an	 autoimmune	 disease	 char-
acterized	by	a	 lymphocytic	 infiltrate	 in	exocrine	glands,	and	circu-
lating	levels	of	anti-Ro	and	anti-La	antibodies.	T	helper	(Th)	are	the	
predominant	 T-cell	 subsets	 infiltrated	 and	 are	 active	mediators	 of	
disease	activity	promoting	proinflammatory	cytokines	in	addition	to	
B-cell	recruitment.1

Cytokines	play	an	essential	role	in	pSS	pathogenesis,	mediating	
cell	response	and	promoting	tissue	damage.	Th1,	Th2,	and	Th17	cells	
and	 their	 cytokine	profiles	 have	been	 implied	 in	 the	pathogenesis	
of	pSS	as	well	as	reported	in	saliva,	serum,	and	labial	salivary	gland	
(LSG),	with	different	results.2,3

Th1	cells	produce	IL-1,	TNF-α,	and	its	hallmark,	IFN-γ,	considered	
the	main	proinflammatory	cytokine	in	the	physiopathology	of	pSS,	
inducing tissue damage and activation of other immune cells perpet-
uating salivary inflammation.2-6	Circulating	levels	of	IFN-γ are con-
troversial.	Tripp	et	al	reported	high	levels	in	pSS	patients	associated	
with lower fatigue.4	Besides,	Szodoray	et	al	showed	no	differences.5

Conversely,	 Th2	 cells	 release	 mainly	 IL-4,	 IL-5,	 and	 IL-13,	 im-
portant	 in	humoral	 immune	responses.	The	Th2	profile	role	 in	pSS	
pathogenesis	 is	unclear.	 IL-4	has	been	described	 in	salivary	glands	
in	 mild,	 early,	 or	 advanced	 stages	 of	 the	 disease,	 associated	with	
the lymphocytic infiltrate degree.6,7	Soluble	 IL-4	 levels	 showed	no	
differences	with	 the	 clinical	 association,4,5 only correlation of the 
focus	score	with	TNF-α/IL-4	ratio.8	About	inductors	and	maintainers	
of	Th2	 response,	 IL-33	was	 identified	at	 glandular	 and	 soluble	ex-
pression	without	clinical	association	in	pSS.9,10	Moreover,	high	IL-25	
mRNA	expression	from	LSG	associated	with	the	 lymphocytic	 infil-
tration was reported.11

Th17	cells	are	characterized	by	secretion	of	IL-17,	and	also	IL-6,	
IL-8,	 IL-21,	 IL-22,	and	IL-26.	 Increased	levels	of	 IL-17	have	been	re-
ported	 in	 tears,	 saliva,	 LSG,	 and	 serum	 associated	 with	 antibody	
production,	 immunoglobulin	G	 levels	 (IgG),	 and	 disease	 activity	 in	
pSS.7,12,13-16	Also,	the	correlation	of	IL-21	and	IL-22	with	anti-Ro	ti-
ters	and	IgG	levels	 in	pSS	was	described,13 suggesting an essential 
role	of	Th17	in	the	pathogenesis	of	the	disease.

Primary	Sjögren	syndrome	patients	display	clinical	and	serolog-
ical	 heterogeneity,	which	 could	be	 influenced	by	 the	 cytokine	mi-
croenvironment.	Cytokine	 levels	have	been	analyzed	and	reported	
individually	 in	pSS	patients.	The	study	aimed	 to	evaluate	cytokine	
profiles and relate them with the antibody levels and clinical charac-
teristics	to	determine	groups	of	pSS	patients.

2  | MATERIAL S AND METHODS

2.1 | Study group

The	 study	 included	 99	 pSS	 Mexican	 patients	 classified	 accord-
ing	 to	 the	 2016	 American	 College	 of	 Rheumatology/European	
League	Against	Rheumatism	classification	criteria14 recruited from 
the	 Hospital	 General	 de	 Occidente,	 Guadalajara,	 Jalisco,	 México.	

Ninety-eight	percent	of	them	had	a	positive	biopsy	of	 labial	minor	
salivary	 glands	 (focus	 score	 ≥	 1	 foci/4	 mm2).	 Sjögren's	 Syndrome	
Disease	Activity	 Index	 (SSDAI),15	 and	Sjögren's	 Syndrome	Disease	
Damage	 Index	 (SSDDI)15	 were	 evaluated.	 Seventy-six	 healthy	
Mexican	subjects	not	 related	were	 included.	All	 individuals	 signed	
confidence consent. The project was performed following the 
Helsinki	Declaration,	and	it	was	approved	by	the	ethics	committee	
(CI/037/2016).

2.2 | Multiplex analysis

Tubes	 containing	 spray-coated	 silica	 and	a	polymer	gel	were	used	
for	serum	separation	(BD	Vacutainer®	SSTTM).	Cytokine	quantifica-
tion	 (IL-1β,	 IL-4,	 IL-6,	 IL-10,	 IL-17A,	 IL-17F,	 IL-21,	 IL-22,	 IL-23,	 IL-25,	
IL-31,	 IL-33,	 IFN-γ,	 and	 TNF-α)	 was	 performed	 by	 Bio-Plex	 Pro™	
Human	 Th17	 Cytokine	 Panel	 15-Plex	 #171AA001M	 kit	 (Bio-Rad	
Laboratories.	Inc©)	according	to	the	manufacturer	instructions	and	
analyzed	using	a	Bio-Plex®	MAGPIXTM	Multiplex	Reader	(Bio-Rad	
Laboratories.	Inc©).

2.3 | Statistical analysis

Parametrical	and	non-parametrical	tests	were	performed	according	
to	the	sample	distribution.	Spearman	test	was	performed	to	analyze	
cytokine	 correlations.	 Principal	 component	 analysis	 (PCA)	was	 re-
alized,	and	the	K-mean	test	was	used	to	 identify	clusters	 (groups).	
The	Kruskal-Wallis	 test	analyzed	patient	groups	and	as	a	post	hoc	
the Bonferroni test. P < .05 was considered significant. Data were 
analyzed	 using	 IBM	 SPSS®	 statistics	 version	 25,	 GraphPad	 Prism	
version	8,	and	R	version	3.6.1	software.

3  | RESULTS

3.1 | Clinical and demographic characteristics

A	 total	 of	 175	 individuals	were	 included	 in	 this	 study,	 99	pSS	 pa-
tients,	 and	76	CS,	 all	 of	 them	 female.	 Patients	 showed	 a	mean	of	
55 ± 11 years of age and 2.5 years (1.0p25-5.0p75 years) of disease 
duration. The demographic and clinical characteristics are shown 
in	 Table	1.	None	of	 the	patients	were	under	 biological	 treatment.	
The	population	showed	low	positivity	to	anti-Ro	(13.3%)	and	anti-La	
(11.1%)	antibodies.

3.2 | Cytokine levels

Higher	 cytokine	 levels	were	 observed	 in	 pSS	 patients	 in	 compari-
son	with	control	subjects.	Patients	presented	higher	levels	of	IFN-γ 
than	control	subjects	(median:	22.7	pg/mL	and	11.4	pg/mL,	P =	.001,	
respectively),	and	higher	IL-1β	levels	were	observed	in	pSS	patients	
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respect	to	CS	(median:	0.23	and	0.12	pg/mL,	P <	.0001,	respectively)	
(Figure	1).

The	IL-4,	IL-25,	and	IL-31	cytokine	levels	also	were	higher	in	pSS	
patients	than	control	subjects.	Regarding	IL-4,	the	median	was	sim-
ilar	in	both	groups	but	pSS	patients	showed	higher	dispersion	levels	
[pSS:	median:	2.3	(2.3p25-12.5p75)	pg/mL	vs	CS:	median:	2.3	(2.3p25-
2.3p75)	pg/mL,	P =	 .007].	Despite	that	IL-25	levels	showed	a	signif-
icant	difference	(Figure	1),	the	median	does	not	exceed	1	pg/mL	in	
any	group	(pSS:	0.5	pg/mL	and	CS:	0.009	pg/mL,	P < .0001). The lev-
els	of	IL-31	were	as	follows:	47.1	pg/mL	in	pSS	patients	and	36.5	pg/
mL	in	CS	(P = .0012).

Differences	 in	median	 levels	of	Th17	cytokines	were	observed	
in	IL-17F	(pSS:	13.0	pg/mL	vs	CS:	1.3	pg/mL,	P <	.0001),	IL-21	(pSS:	
17.6	pg/mL	vs	CS:	10.2	pg/mL,	P =	.0013),	and	IL-23	(pSS:	29.9	pg/mL	
vs	CS:	9.0	pg/mL,	P <	.0013);	the	rest	of	the	cytokines	showed	similar	
levels	in	both	groups	(Figure	1).

3.3 | Principal component analysis and clustering

A	 heatmap	 that	 represents	 the	 cytokine	 correlations	 was	 per-
formed	 (Figure	2A).	Most	 of	 the	 cytokines	 correlated	 strong	 (Rho	
(ρ) >	 0.400)	 between	 them	 except	 IL-22,	 which	 did	 not	 correlate	
with	 almost	 all	 of	 the	 cytokines.	 Especially,	 IFN-γ,	 IL-17A/F,	 IL-1β,	
IL-21,	and	 IL-25	had	a	 strong	correlation	with	practically	all	of	 the	
cytokines	(ρ >	0.600,	P < .0001).

Principal	 component	 analysis	 of	 14	 cytokines	 was	 realized	 to	
determine	 the	 cytokine	 groups.	 It	 was	 observed	 that	 these	 cyto-
kines	were	represented	in	two	principal	components,	which	explain	
63.55%	of	all	 the	variance.	Three	clusters	were	obtained	with	 the	
Kaiser	 criteria:	Cluster	 1	was	 composed	of	 34	 individuals	 (22	 pSS	
patients	and	12	CS),	cluster	2	by	136	(72	pSS	and	64	CS),	and	cluster	
3	by	five	pSS	patients	(Figure	2B).

3.4 | Cytokine analysis by groups in pSS patients

The	cytokines	were	analyzed	 in	3	groups	represented	by	the	clus-
ters.	Even	when	the	cluster	analysis	 involved	pSS	patients	and	CS,	
the	cytokine	analysis	by	groups	was	performed	only	in	the	pSS	pa-
tients.	 In	 general,	 differences	were	 observed	 in	 the	 three	 groups.	
Group	3	(severe	group)	presented	higher	levels	of	all	the	cytokines	
except	for	IL-22	(Figure	3).

On	the	other	hand,	group	2	(mild	group)	showed	lower	cytokine	
levels	of	the	whole	cytokines	analyzed.	 In	the	clustering,	cluster	2	
included	most	of	the	control	subjects;	in	this	sense,	the	patients	of	
this	group	had	similar	cytokine	 levels	as	control	subjects.	Group	1	
(moderate group) presented higher levels of almost all of the cyto-
kines	in	comparison	with	group	2	(mild),	but	it	had	lower	levels	than	
group	3	 (severe).	 Thus,	 group	1	 showed	moderate	 cytokine	 levels	
(Figure	3).	Cytokines	detailing	of	serum	levels	by	groups	are	showed	
in	Table	S1.

3.5 | Clinical characteristics of pSS patient 
cluster groups

Primary	Sjögren's	syndrome	patients	were	stratified	in	three	groups,	
in	concordance	with	the	phenotypic-driven	prognostic	classification	
proposed	 by	 Brito-Zeron	 et	 al16,	 and	 according	 to	 cytokine	 levels	
showed	 by	 PCA.	 The	mild	 group	 (the	 low-risk	 group	 of	 systemic/
severe	disease)	 included	patients	with	 elderly-onset	diagnosis,	 se-
ronegative,	and	La	carriers.	The	moderate	group	 (moderate	risk	of	
systemic/severe	 disease)	 included	 patients	 young-onset	 diagnosis,	
and	Ro-carriers,	while	the	severe	group	(high	risk	of	systemic/severe	
disease)	included	pSS	patients	with	high	focus	score	or	presence	of	
germinal	 centers	 in	histopathological	 studies,	RF-carriers,	 cryoglo-
bulinemic,	and	hypocomplementemic	patients.16

Our results showed that the mild group was characterized by less 
severity	of	the	disease	with	low	cytokine	levels	and	fewer	clinical	pa-
rameters; the moderate group included patients with intermediate 

TA B L E  1   Demographic and clinical characteristics

Variables pSS patients (n = 99)
Control subjects 
(n = 76)

Demographic characteristics

Male/Female 0/99 0/76

Age	(years) 55 ± 11 46	± 11

Inflammation	markers

ESR	(mm/h) 23.0	(15.0-33.0) 19.5	(12.2-27.0)

CRP	(mg/L) 5.9	(2.5-9.1) -

Antibodies

RF	(%) 20.3 -

Anti-Ro	(%) 13.3 -

Anti-La	(%) 11.1 -

ANA	(%) 51.7 -

Clinical characteristics

Disease duration 
(years)

2.5	(1.0-5.0) -

Schirmer	test	
(mm/5 min)

3.0	(2.0-5.0) -

Focus	number	(foci	
in	4	mm2)

2.0	(1.0-3.0) -

SSDAI	(score) 2.0	(1.0-3.0) -

SSDDI	(score) 1.0	(1.0-2.0) -

Treatment

Prednisone	(%) 10.2 -

Chloroquine	(%) 55.5 -

Methotrexate	(%) 22.4 -

Azathioprine	(%) 21.4 -

Note: Data	distribution	was	analyzed	by	the	Kolmogorov-Smirnov	test	
with	Lilliefors	correction.	Data	were	shown	in	the	median	with	25th	and	
75th	percentiles	or	mean	±	SD.
Abbreviations:	ANA,	Anti-nuclear	antibodies;	CRP,	C	Reactive	Protein;	
ESR,	Erythrocyte	Sedimentation	Rate;	RF,	Rheumatoid	Factor;	SSDAI,	
Sjögren's	Syndrome	Disease	Activity	Index;	SSDDI,	Sjögren's	Syndrome	
Disease	Damage	Index.
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severity	presented	higher	 cytokine	 levels	 than	 the	mild	 group	but	
less than the severe group. Patients of the severe group showed 
higher	 severity,	 higher	 cytokine	 levels,	 and	 clinical	 parameters	
(Figure	4).

Regarding	 the	 clinical	 characteristics	 of	 pSS	 patients,	 it	 was	
observed	 that	 patients	 in	 the	 severe	 group	presented	higher	RF	
levels	in	comparison	with	the	mild	group,	high	damage	score	eval-
uated	by	SSDDI	index,	and	younger	age	than	the	moderate	group	
(Figures	4	and	5).	Interestingly,	a	tendency	to	high	time	of	disease	
evolution,	more	elevated	anti-Ro/La	antibodies,	lymphocytic	infil-
trate,	and	disease	activity	score	 (SSDDAI	 index)	without	statisti-
cal	significance.	Besides,	60%	of	positivity	to	ANA,	80%	of	them	

presented	 extra-glandular	manifestations	 (80%	 fatigue	 and	 60%	
arthralgia).

Heterogenic	 characteristics	 were	 observed	 in	 moderate	 and	
mild	groups.	Patients	of	the	moderate	group	presented	higher	RF	
levels	 in	 comparison	with	 the	mild	 group;	meanwhile,	 these	 pa-
tients showed higher damage and activity scores than the mod-
erate	 group,	 anti-Ro/La	 levels	were	 similar	 in	 both	 groups,	 even	
with more variability in mild group. Both groups showed related 
lymphocytic	infiltration	and	age,	while	moderate	group	presented	
a	 tendency	 to	 higher	 lacrimal	 secretion	 (evaluated	 by	 Schirmer	
test)	 and	 lower	 time	 of	 disease	 evolution.	 ANA	 positivity	 was	
similar	 in	 both	 groups	 (50%	 and	 55%,	 respectively).	 Respect	 to	

F I G U R E  1  Cytokine	levels	in	pSS	and	CS.	Cytokine	levels	in	pSS	patients	and	CS	were	quantified.	Primary	Sjögren	syndrome	patients	
presented	higher	cytokine	levels	of	IFN-γ,	IL-1β,	IL-17F,	IL-21,	IL-23,	IL-25,	and	IL-31,	the	rest	of	the	cytokines	showed	similar	levels	in	both	
groups.	Data	were	analyzed	with	the	Mann-Whitney	U test
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extra-glandular	manifestation,	in	the	moderate	group,	sixty-eight	
percent	 presented	 systemic	 manifestations,	 and	 the	 mild	 group	
showed	 79%	 (fatigue	 and	 arthralgia	 were	 the	 most	 frequent	 in	
both groups) (Table 2).

4  | DISCUSSION

Cytokines	play	a	crucial	role	in	pSS	pathogenesis,	modulating	the	re-
sponse of different cellular lineages and inducing the secretion of 
more	critical	cytokines.	The	T	CD4	cells	are	the	predominant	 line-
age	in	this	pathogenesis	due	to	the	secretion	of	cytokines	as	well	as	
recruitment	and	activation	of	B,	NK,	macrophages,	and	other	cells.1

The	main	 T	 helper	 cytokine	 profiles	 in	 pSS	 patients	 were	 ob-
served.	In	the	Th1	profile,	higher	levels	of	IFN-γ were found and also 
IL-1β,	but	the	levels	were	too	low	that	it	could	not	have	a	biological	
effect.	 In	the	Th2	profile,	 IL-4	and	 IL-31	also	showed	higher	 levels	
in	pSS	patients	 than	CS.	These	 results	 reflect	 the	cytokine	profile	
network	that	 involved	our	patients.	The	Szodoray	study5 reported 
similar	 IFN-γ	and	 IL-4	 levels,	higher	 IL-1β,	 IL-6,	 IL-10,	and	TNF-α in 
comparison	with	CS,	which	some	of	them	are	in	agreement	with	our	
study.

Other	 Th2	 cytokines	 that	 showed	 results	 not	 previously	 re-
ported	in	pSS	are	the	IL-25	and	IL-31.	IL-25	has	been	only	reported	
in	pSS	at	the	local	level:	high	mRNA	expression	in	LSG	biopsy,	and	it	
had been related to inducing type 2 innate lymphoid cells. The pre-
cise	effect	at	 the	systemic	 level	 is	unknown.11	Nevertheless,	 IL-25	
levels	presented	a	median	value	than	was	not	exceed	to	1	pg/mL	in	
both	groups	(pSS:	0.5	pg/mL	and	CS:	0.009	pg/mL),	and	these	levels	
should	be	 taken	 carefully.	 IL-31	had	been	 reported	 in	 pSS	neither	
locally	or	systemic.	The	effect	of	this	cytokine	 in	this	pathology	 is	
entirely	unknown.	IL-31	is	a	proinflammatory	cytokine	that	regulates	
cell	proliferation,	induces	other	proinflammatory	cytokines	(IL-6	and	
IL-8)	and	tissue	remodeling,	and	also	participates	in	the	inhibition	of	
proliferation and apoptosis in epithelial cells.17

Regarding	the	Th17	profile,	a	high	concentration	of	 IL-17F	was	
observed;	meanwhile,	IL-17A	levels	were	similar	to	CS;	IL-21	and	IL-23	
levels	were	observed	high	also	in	pSS	patients.	Respect	to	IL-17A	and	
IL-17F,	our	results	are	similar	to	the	Gan	group	that	reported	high	IL-
17F	levels	in	pSS	patients	associated	with	increased	IgG,	ANA,	and	
anti-Ro	 antibodies.	No	difference	 in	 IL-17A	 levels	was	observed.18 
On	the	other	hand,	IL-21	and	IL-23	are	not	widely	studied,	but	our	
results	were	according	to	Tripp,	Kang,	and	Katsifis	groups.4,12,13

Several	studies	tried	to	stratify	pSS	patients	according	to	clinical	
parameters,	such	as	antibody	positivity,	 levels	of	immunoglobulins,	
or	presence	of	ectopic	germinal	centers	to	obtain	a	better	knowledge	
of the disease that impacts in the treatment approach.19,20	Some	re-
ports	 analyzed	cytokines	 in	multiplex	 assays,	 but	 even	when	 they	
quantified	many	cytokines,	the	analysis	was	performed	individually,	
and most of these studies did not find any correlation with clinical 
parameters.	Szodoray	et	al	stratified	the	pSS	patients	regarding	ex-
tra-glandular	manifestations,	positivity	to	antibodies,	high	levels	of	
IgG,	and	according	to	focus	score	without	differences.5 Tripp et al an-
alyzed	some	cytokines	and	associated	them	with	fatigue;	these	re-
sults were contrary with our results in which the patients positive to 
fatigue	of	the	mild	group	(45	pSS	patients)	presented	lower	levels	of	
IFN-γ	and	TNF-α;	meanwhile,	the	severe	group	presented	the	high-
est	levels	of	these	cytokines	(data	not	shown).4	Gan	et	al,	analyzed	
IL-17A	 and	 IL-17F,	 they	 stratified	 according	 to	 IL-17A/F	 levels	 and	
reported	that	patients	with	higher	IL-17F	levels	have	more	antibody	
titers,	positivity	 to	ANA,	positive	correlations	with	 IgG	 levels,	dis-
ease	activity	score,	and	RF	levels.18	Moutsopoulos	et	al,	on	the	other	
hand,	analyzed	cytokines	according	to	Th	profile	but	without	associ-
ation with clinical parameters.21

Cytokines	are	molecules	that	have	several	functions	in	the	pSS	
pathogenesis.	Therefore,	in	pSS	patients,	the	analysis	performed	by	
individual	cytokines	could	not	explain	the	appropriate	effect;	for	this	
reason,	it	is	more	viable	to	analyze	cytokines	by	groups.22,23

Correlation	analysis	 showed	 that	most	of	 the	cytokines	 in	pSS	
correlated	strongly	with	themselves	(IL-22	as	an	exception).	Cluster	

F I G U R E  2  Cytokine	correlations	and	PCA	analysis.	(A)	A	heatmap	of	the	cytokine	correlations	was	performed.	A	strong	correlation	was	
observed	in	almost	all	of	the	cytokines	between	themselves.	B,	PCA	graphic	of	the	two	principal	components	and	the	clusters	observed	
according	to	cytokine	levels.	SCC,	Spearman	correlation	coefficient
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F I G U R E  3  Cytokine	levels	according	pSS	groups.	Cytokines	distribution	according	to	the	3	groups	were	different.	The	severe	group	
showed	the	higher	cytokine	levels	in	comparison	with	the	mild	and	moderate	groups;	meanwhile,	the	mild	group	presented	the	lower	levels.	
Kruskal-Wallis	test	with	the	Bonferroni	correction	was	performed	to	analyzed	groups.	***	P <	.0001,	**	P	≤	.001,	*P < .05
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F I G U R E  4  Summary	of	the	different	
pSS	groups.	As	could	be	observed,	
patients belonged to the severe group 
presented	high	cytokines	and	clinic	
characteristics;	meanwhile,	the	mild	
group presented these features lower 
than	the	severe	group	except	for	CRP	
levels.	Although	the	moderate	group	only	
presented	the	highest	IL-22	levels,	this	
group	presents	higher	cytokine	levels	
than	the	mild	group,	but	lower	than	the	
severe group. Those results could help to 
subclassify the patients and improve the 
personal treatment

F I G U R E  5  Clinical	parameters	of	pSS	
groups. The clinical characteristics of the 
patients were different in the groups. The 
severe	group	showed	higher	RF	levels	and	
damage	(SSDDI)	in	comparison	with	the	
mild	and	moderate	groups,	meanwhile,	
the mild group presented the lower 
levels	of	RF	but	higher	damage	than	the	
moderate	group.	Anti-Ro/La	levels	were	
higher in the severe group but without 
significant difference (P = .065 and 
P =	.070).	Kruskal-Wallis	test	with	the	
Bonferroni correction was performed to 
analyzed	groups.	RF:	Rheumatoid	Factor,	
CRP:	C	Reactive	Protein,	SSDAI:	Sjögren's	
Syndrome	Disease	Activity	Index,	SSDDI:	
Sjögren's	Syndrome	Disease	Damage	
Index
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analysis	 revealed	 three	 groups	 that	 presented	 remarkable	 results.	
The	mild	group	that	was	composed	of	76	pSS	patients	showed	the	
lower	levels	in	almost	all	cytokines	without	predominance	of	some	
Th	profile	 (IL-22	showed	similar	 levels	with	the	severe	group).	The	
majority	of	the	patients	were	in	this	group,	most	of	the	CS	(64/76)	
(CS	were	not	analyzed).	It	suggests	that	the	mild	group,	in	particular,	
presented	cytokine	levels	similar	to	control	subjects.	The	moderate	
group	that	was	formed	by	22	pSS	patients	showed	moderated	cy-
tokine	 levels,	Th17	inductors	as	well	as	Th2	cytokines	and	Th2	in-
ductors	predominance,	 in	comparison	with	the	mild	group	and	the	
severe	group.	On	the	other	hand,	the	severe	group	was	composed	of	
only	pSS	patients	(5	pSS),	characterized	by	higher	levels	of	almost	all	
cytokines,	mainly	the	Th17	profile,	in	comparison	with	the	moderate	
and mild groups.

These	pSS	groups	also	presented	different	clinical	characteristics	
that could help to subclassify them. The patients of the severe group 
showed	 high	 RF	 levels	 and	 high	 damage	 scores	 evaluated	 by	 the	
SSDDI	index.	Interestingly,	patients	of	this	group	were	younger	than	
the moderate and mild groups and also presented the highest time of 
disease	duration,	which	means	that	this	group	has	the	particularity	
to develop the disease younger and could have a more severe course 
of the disease. Even when no differences were observed in other 
clinical	 manifestations,	 this	 group	 showed	 a	 tendency	 to	 higher	

anti-Ro/La	antibody	levels,	ANA,	lymphocytic	infiltrate,	and	higher	
disease	 activity	 (SSDAI).	 All	 these	 characteristics	 could	 be	 due	 to	
the	most	elevated	proinflammatory	cytokines	that	were	observed,	
which could increase the damage and the severity of this disease; 
therefore,	 these	 patients	 could	 need	 a	 different	 therapeutic	 deci-
sion.	The	positivity	to	ANA	and	RF	is	associated	with	patients	that	
present an increase of systemic features.24,25 The mild and moder-
ate groups showed different characteristics in comparison with the 
severe group.

There	are	few	studies	that	try	to	classify	pSS	patients	according	
to	cluster	analysis.	Tarn	et	al	made	a	symptom-based	stratification	
in	which	they	found	4	clusters	groups:	low	symptom	burden	group,	
high	symptom	burden	group,	dryness	dominant	with	fatigue	group	
(DDF),	 and	 pain	 dominant	 with	 fatigue	 group	 in	 3	 different	 pSS	
cohorts. They reported differences in clinic characteristics in the 
4	groups,	although	heterogeneity	was	observed	 in	 the	groups	and	
even in the 3 cohorts of patients. The dryness domain with fatigue 
groups seems to be the group with higher clinic characteristics and 
showed improvement with biological treatment in comparison with 
the other groups.26

Although	Tarn	et.	al.	found	higher	clinical	parameters	in	the	DDF	
group than the high symptom burden group (which are the patients 
with	more	symptoms),	our	results	were	different:	the	severe	group	

Parameter Mild group n = 72
Moderate group 
n = 22

Severe group 
n = 5

Age	(years) 58.0	(48.7-65.7) 54	(47.0-62.0) 42	(35-54)

Time of disease duration 
(years)

3.0	(1.0-8.0) 2.0	(0.8-4.7) 5.0	(3.0-8.5)

Anti-Ro	antibodies	(UI/mL) 3.2	(2.0-4.6) 3.4	(2.2-4.7) 93.3 
(45.3-231.8)

Anti-La	antibodies	(UI/mL) 3.8	(2.2-6.5) 3.9	(2.5-5.0) 108.9 
(29.8-166.4)

ANA	(positivity	%) 50 55 60

RF	(UI/mL) 18.0	(8.2-91.8) 10.0	(6.1-18.1) 92.3 
(70.1-109.5)

CRP	(mg/mL) 3.7	(2.1-10.0) 5.9	(3.1-8.9) 6.2	(3.7-9.8)

Schirmer	test	(mm/5	min) 4.0	(2.0-5.0) 3.0	(1.4-4.0) 3.0	(1.0-4.5)

Lymphocytic	infiltrate	(focus/	
4	mm2)

2.5	(1.6-3.5) 2.0	(1.3-3.2) 3.3	(1.4-4.7)

SSDDI	index	(score) 1.0	(0.0-2.0) 1.0	(1.0-2.0) 3.0	(1-3.0)

SSDAI	index	(score) 1.0	(0.0-3.0) 2.0	(1.0-4.0) 3.0	(1.0-4.0)

Extra-glandular	manifestations	
(positivity	%)

68 79 80

Prednisone	(%) 4.5 9.9 40

Methotrexate	(% 9.1 23.9 60

Azathioprine	(%) 18.2 22.5 20

Chloroquine	(%) 63.6 54.2 40

Note: Data	were	shown	in	the	median	with	25th	and	75th	percentiles	or	mean	±	SD.
Abbreviations:	ANA,	Anti-nuclear	antibodies;	CRP,	C	Reactive	Protein;	RF,	Rheumatoid	Factor;	
SSDAI,	Sjögren's	Syndrome	Disease	Activity	Index;	SSDDI,	Sjögren's	Syndrome	Disease	Damage	
Index.

TA B L E  2  Clinical	parameters	of	pSS	
groups
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presented	higher	clinical	parameters	(eg,	antibody	levels,	cytokines	
levels,	damage,	and	activity	score)	 in	comparison	with	 the	other	2	
groups.	These	differences	exhibit	the	heterogeneity	in	pSS	patients	
and the relevance of the cluster analysis.

Briton-Zeron	et	al16	made	a	phenotypic-driven	prognostic	classi-
fication which is in concordance with our results. The severe group 
was	conformed	by	patients	with	high	cytokine	levels,	high	antibody	
titers,	 and	 the	higher	activity	of	 the	disease,	while	 the	mild	group	
was the older age and seronegative patients.

Although	our	study	found	remarkable	and	well-characterized	
groups	of	pSS,	it	has	some	limitations.	First,	even	when	cytokines	
levels	 showed	 a	 difference	 between	 groups,	 the	 sample	 is	 rela-
tively	small,	and	the	results	could	be	replicated	in	further	studies;	
second,	the	proportions	of	the	groups	are	quite	markedly	different	
(72	 in	 the	mild	group	and	5	 in	 the	 severe	group),	 it	 is	 necessary	
to	replicate	these	analyses	in	a	homogeneous	cohort	study;	third,	
the	evaluation	of	other	parameters	such	as	IgG,	C3,	and	C4	levels	
could improve the results and need to be evaluated in future anal-
ysis;	 fourth	 the	 low	activity	and	damage	score	 that	pSS	patients	
presented	may	limit	the	differences	that	were	observed.	Finally,	all	
of	the	patients	had	a	treatment	background	that	could	 influence	
cytokine	levels.

In	conclusion,	our	results	showed	the	complexity,	heterogene-
ity,	 and	 the	effects	of	 cytokines	 in	pSS	physiopathology.	Higher	
cytokine	 levels	 were	 observed	 in	 pSS	 patients.	 Cluster	 analysis	
revealed	 three	groups	 that	were	different	 in	cytokine	 levels	and	
clinical parameters in which the mild group was defined by lower 
severity,	the	moderate	group	with	intermediate	severity,	and	the	
severe group with higher severity. This analysis showed interest-
ing	results	because	the	pSS	patients	have	been	characterized	by	
clinical and immunological heterogeneity. Cluster analysis could 
help	 to	 subclassify	 the	 primary	 Sjögren	 syndrome	patients	 for	 a	
better understanding of the clinical phenotype that impacts the 
treatment approach.
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