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ABSTRACT

Sjögren’s syndrome is a complex and 
potentially disabling slow progressive, 
systemic disorder. During the last twelve 
months several original and important 
contributions have been published on 
the pathogenesis, diagnosis and therapy 
of the disease. This review, following the 
others of this series is aimed at summa-
ULVLQJ�VRPH�RI�WKH�PRVW�VLJQLÀFDQW�VWXG-
ies that have been recently published. 
Regarding the pathogenesis, we will 
VSHFLÀFDOO\� IRFXV� RQ� QRYHO� LQVLJKWV� RQ�
miRNA, gut microbiota, adaptive and in-
nate autoimmunity and animal models. 
Concerning novelties in pSS diagnosis, 
we will focus on salivary gland ultra-
sonography and histology. Finally, we 
will conclude with an update of the clin-
ical manifestations of the disease and 
with an overview of the future therapies.

Introduction

Sjögren’s syndrome (SS) is a complex 
and heterogeneous disease potentially 
leading to disability and quality of life 
impairment. A number of important sci-
HQWLÀF� FRQWULEXWLRQV�ZHUH� SXEOLVKHG� LQ�
2017 on SS pathogenesis, clinical pres-
HQWDWLRQ� DQG� WUHDWPHQW�� )ROORZLQJ� WKH�
SUHYLRXVO\�SXEOLVKHG�DQQXDO�UHYLHZV����
�����ZH�ZLOO�KHUH�SURYLGH�DQ�RYHUYLHZ�RI�
the recent literature on the pathogenesis, 
clinical features and novel treatments of 
SS. We performed a Medline search of 
English language articles published in 
the PubMed database from 1st January 
2017 to 31st December 2017. The fol-
ORZLQJ�NH\�ZRUGV��6M|JUHQ·V�V\QGURPH��
pathogenesis, diagnosis, salivary gland 
ultrasonography, biopsy, clinical mani-
festations, lymphoma, therapy formed 
the data sources.

Novel insights into pathogenesis

The role of mRNAs
Primary Sjögren’s syndrome (pSS) is a 
female dominated autoimmune disease 

RI� XQNQRZQ� DDHWLRORJ\� FKDUDFWHULVHG�
E\� LQÁDPPDWLRQ�RI�VDOLYDU\�DQG� ODFUL-
mal glands. Keratoconjunctivitis sicca 
and xerostomia represent the clinical 
KDOOPDUNV�� 6\VWHPLF� PDQLIHVWDWLRQV�
include extra-glandular organ involve-
ment, debilitating fatigue and a 15-
IROG�LQFUHDVHG�ULVN�RI�O\PSKRPD��PRVW�
FRPPRQO\�QRQ�+RGJNLQ·V� O\PSKRPDV�
of the B cell type. DNA methylation, 
KLVWRQH� PRGLÀFDWLRQ� DQG� QRQ�FRGLQJ�
RNAs are important contributing fac-
tors in the pathogenesis of pSS (13). 
Aberrant expression of micro-RNAs 
�PL51$V��KDV�EHHQ�OLQNHG�WR�HVVHQWLDO-
ly all complex autoimmune diseases, 
including pSS.
miRNAs are small, non-coding, single-
stranded, 22ݍ-base nucleotide sequenc-
HV��ZKLFK�ELQG� DSSUR[LPDWHO\� ����RI�
all genes. The human genome may en-
FRGH�RYHU������PL51$V��ZKLFK�KDYH�
HPHUJHG�DV�RQH�RI�WKH�NH\�F\WRSODVPLF�
regulators of gene expression mainly at 
the post-transcriptional level by target-
LQJ�WKH��Ω875�UHJLRQ�RI�WDUJHW�PHVVHQ-
ger RNAs (mRNAs) for degradation or 
translational repression. A single miR-
NA can have hundreds of target genes, 
and multiple miRNAs can regulate the 
same target (14). miRNAs play impor-
tant roles in immune tolerance and pre-
vention of autoimmunity. Differential 
miRNA expression patterns have been 
demonstrated in different autoimmune 
diseases including pSS, analysing ei-
ther salivary glands or peripheral blood 
mononuclear cells (PBMCs) (15-17). 
PL51$����D� DQG� PL5����� DUH� WKH�
most essential regulators in pSS. Stud-
LHV�GHPRQVWUDWH� WKDW�P5����D�H[SUHV-
sion is increased in PBMCs of SS 
patients compared to healthy controls 
DQG�WKLV�RYHUH[SUHVVLRQ�LQ�66�LV�OLQNHG�
ZLWK� LPPXQH� IXQFWLRQV� VXFK� DV� FHOOX-
ODU�PLJUDWLRQ��F\WRNLQH�SURGXFWLRQ�DQG�
phagocytosis (17).Validated targets of 
PL5����D��S� LQFOXGH� ,5)��� 67$7���
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,5$.�� DQG� ,5$.��ZKLFK� KDYH� EHHQ�
IRXQG� DVVRFLDWHG� ZLWK� JHQHWLF� YDULD-
tion or DNA methylation changes in 
pSS, thus serving as a negative feed-
EDFN� IRU� LPPXQH� DFWLYDWLRQ� ���������
Another study described the deregula-
tion of miR-4524b-3p, miR4524b-5p, 
miR5571-3p, miR5571-5p, miR5100 
and miR-574-3p in patient samples de-
ULYHG�IURP�S66�SDWLHQWV��7KH�VSHFLÀF-
LW\�RI�PL5������PL5������S�DQG�PL5�
�����S�ZLWKLQ�WKH�H[RVRPHV�RI�SDURWLG�
VDOLYD�VDPSOHV�IURP�SDWLHQWV�ZLWK�S66�
holds promise for future investigation 
����� ����� 7KH� UROH� RI� PL5������ P5�
���D� DQG� PL5����� GRZQ�UHJXODWLRQ�
remains to be elucidated (17). Wang-
Renault et al. performed a large-scale 
DQDO\VLV� RI� PL51$V� LQ� SDWLHQWV� ZLWK�
pSS in sorted blood-derived T and B 
cells and demonstrated cell-type spe-
FLÀF� PL51$� H[SUHVVLRQ� SDWWHUQV�� SR-
tentially related to the pathophysiology 
RI�WKH�GLVHDVH�������,Q�&'��7�O\PSKR-
cytes, -let-7d-3p, -miR-155-5p, -miR-
����S�� �PL5���F��S�� �PL5����D��S��
�PL5����D��S� DQG�PL5�����S� ZHUH�
VLJQLÀFDQWO\� GLIIHUHQWLDOO\� H[SUHVVHG�
in both the discovery and the replica-
WLRQ� FRKRUW�� ,Q� %� O\PSKRF\WHV�� �PL5�
���D��S�� �PL5������S�� �PL���D��S��
�PL5���E��S� DQG�PL5���E��S� ZHUH�
VLJQLÀFDQWO\� H[SUHVVHG� ������ $QRWKHU�
LQWHUHVWLQJ�ÀQGLQJ�RI�WKLV�VWXG\�ZDV�WKH�
increased expression of B-cell activat-
ing factor (BAFF) mRNA after inhib-
iting -miR-30b-5p. BAFF levels have 
been found to be increased in the serum 
and salivary gland B, T and epithelial 
FHOOV� RI� S66� SDWLHQWV� FRPSDUHG� ZLWK�
FRQWUROV� DQG� FRUUHODWH� ZLWK� DXWRDQ-
WLERG\� SURGXFWLRQ�� %ORFNLQJ� %$))�
DQG� &�;�&� PRWLI� FKHPRNLQH� OLJDQG�
(CXCL13) improves salivary gland 
IXQFWLRQ� ������ )XUWKHU� VWXGLHV� DUH� UH-
TXLUHG�LQ�RUGHU�WR�FRQÀUP�WKH�VSHFLÀF�
binding sites of -miR-30b on the BAFF 
P51$�DV�ZHOO�DV�WR�GHWHUPLQH�LWV�UHO-
HYDQW�LPSRUWDQFH�FRPSDUHG�ZLWK�RWKHU�
miRNAs binding to BAFF. The miR-
17-92 cluster promotes the survival of 
B lymphocytes, at least partly through 
LWV� DELOLW\� WR� UHJXODWH� 3,�.� VLJQDOOLQJ�
DQG� JHQHV� H[SUHVVHG� GRZQVWUHDP� RI�
WKLV� SDWKZD\� ������ ,Q� D� FRKRUW� RI� ���
pSS patients, Wang et al. demonstrated 
UHGXFHG�H[SUHVVLRQ�OHYHOV�RI�PL5����D�

DQG�����LQ�ODELDO�VDOLYDU\�JODQG�WLVVXHV�
of SS patients. Furthermore, these miR-
1$V� ZHUH� LQFUHDVHG� LQ� SDWLHQWV� ZLWK�
66�ZKR�SRVVHVVHG�KLJK�VDOLYDU\�JODQG�
pathological focus scores (SGPF), thus 
suggesting a potential role in the patho-
genesis of SS (22).
Despite limited data, it has been sug-
gested autophagy to have a role in the 
pathogenesis of SS. Recent data dem-
onstrated that enhanced autophagy 
and apoptosis are involved in Ro/SSA 
and La/SSB redistribution in secre-
tory epithelial cells of salivary glands. 
$7*�� DQG� WKH� /&�%�,,�,� UDWLR� DUH�
XVHG� DV� W\SLFDO�PDUNHUV� RI� DXWRSKDJ\�
������ ,Q� D� FURVV�VHFWLRQDO� FDVH�FRQWURO�
study, Byun et al. demonstrated that 
DXWRSKDJ\� PDUNHUV� LQ� WHDUV� DQG� WKH�
FRQMXQFWLYDO� HSLWKHOLXP� ZHUH� XSUHJX-
ODWHG�LQ�66�SDWLHQWV�ZLWK�GU\�H\HV��'(���
Moreover, ATG5 expression correlated 
SRVLWLYHO\� ZLWK� WKH� FRUQHDO� DQG� FRQ-
junctival staining scores in SS DE. Ad-
GLWLRQDOO\�� DQWL�LQÁDPPDWRU\� WKHUDS\�
ZLWK� WRSLFDO� FRUWLFRVWHURLGV� DWWHQXDWHG�
WKHVH� LQFUHDVHV� LQ� DXWRSKDJ\�PDUNHUV��
ZKLFK� ZDV� DFFRPSDQLHG� E\� FOLQLFDO�
improvement in SS DE patients (23).
8VLQJ�&3$�DQG�JHQH�H[SUHVVLRQ�DQDO\-
VLV�6KDK�HW�DO��LGHQWLÀHG����'(�JHQHV�LQ�
salivary gland datasets in SS that have 
not previously been clearly associated 
ZLWK� 66� SDWKRJHQHVLV�� $PRQJ� WKHVH��
KLJKHU� OHYHOV� RI� FKHFNSRLQW� NLQDVH� ��
(CHEK1), avian erythroblastosis vi-
UXV�(���RQFRJHQH�KRPRORJ����(76����
and lymphoid enhancer binding factor 
���/()���ZHUH�VLJQLÀFDQWO\�FRUUHODWHG�
ZLWK�KLJKHU�PDWUL[�PHWDOORSURWHLQDVH���
(MMP9) levels. Higher MMP9 levels 
have been implicated in degradation of 
salivary gland structural integrity, lead-
LQJ�WR�K\SR�VDOLYDWLRQ�LQ�SDWLHQWV�ZLWK�
SS. Salivary gland mRNA expression 
of MMP9 and the expression of cy-
WRNLQH�&;&/���ZHUH�KLJKHU�LQ�SDWLHQWV�
ZLWK�66��&;&/���KDV�EHHQ� VKRZQ� WR�
increase MMP9 expression, thereby 
potentially impacting SS pathogenesis 
(24). Other recent studies suggest that 
enhanced expression of NLRP3 in-
ÁDPPDVRPH�PHGLDWHG�LQÁDPPDWLRQ�LQ�
peripheral mononuclear cells (25) and 
WKH�,/����,/����EDODQFH������PD\�UHS-
resent parts of the pathogenetic cascade 
LQ�66��6HUXP�,/����OHYHOV�ZHUH�DOVR�DV-

VRFLDWHG� ZLWK� ORZ� GLVHDVH� DFWLYLW\�� LQ�
FRQWUDVW� ZLWK� VHUXP� ,/���S��� OHYHOV��
ZKLFK� ZHUH� DVVRFLDWHG� ZLWK�PRUH� DF-
WLYH� GLVHDVH�� ,Q� EORRG� FHOOXODU� VXEVHWV�
ERWK� ,/��S��� DQG� (%9�LQGXFHG� JHQH�
SURWHLQ����(%,���P51$V�ZHUH�GHWHFW-
HG�RQO\�LQ�%�FHOOV��ZLWK�D�WUHQG�WRZDUG�
D�ORZHU�OHYHO�DPRQJ�SDWLHQWV�ZLWK�S66�
������0RUHRYHU��LQ�DWWHPSWLQJ�WR�LGHQ-
WLI\� PROHFXODU� VZLWFKHV� FRQWUROOLQJ� %�
cell responses in autoimmune diseases, 
/HYHOV� HW� DO�� VKRZHG� WKDW� %� FHOO� VSH-
FLÀF� WUDQVFULSWLRQDO� FRDFWLYDWRU� %RE��
P51$�H[SUHVVLRQ�ZDV�VLJQLÀFDQWO\�LQ-
FUHDVHG�LQ�S66�SDWLHQWV�FRPSDUHG�ZLWK�
FRQWUROV� ZLWK� VLFFD� V\QGURPH�ZLWKRXW�
pSS. Similar to observation in rheuma-
toid arthritis (RA) synovitis, Bob1 ex-
SUHVVLRQ� ZDV� VWURQJO\� FRUUHODWHG� ZLWK�
CD21L expression in parotid salivary 
glands of pSS patients (27).

Innate and adaptive immunity
• Innate immunity
Although the cause of pSS remains 
poorly understood, it is characterised 
by exaggerated innate and adaptive 
LPPXQLW\��,QWHUDFWLRQ�EHWZHHQ�JHQHWLF�
susceptibility and environmental trig-
gers is thought to active innate im-
mune system in the early stages of the 
disease. Genetic studies over the past 
\HDUV� LGHQWLÀHG�PRUH� WKDQ� ��� ORFL� IRU�
66�DQG�PDQ\�RI�WKHVH�DUH�VKDUHG�ZLWK�
other autoimmune diseases, especially 
SLE. SS patients display increased 
H[SUHVVLRQ� RI� W\SH� ,� DQG� W\SH� ,,� ,)1�
regulated genes in both salivary tissue 
and peripheral blood. One of the most 
GHÀQLWLYH� JHQRPH�ZLGH� DVVRFLDWLRQ�
VWXGLHV� LQ� S66� SDWLHQWV� LGHQWLÀHG� VLQ-
gle nucleotide polymorphisms in many 
,)1�LQGXFLEOH� JHQHV� WKDW� DUH� LPSOL-
FDWHG� LQ� LQQDWH� LPPXQLW\�� VSHFLÀFDOO\�
+/$�DOOHOHV�� 67$7��� ,5)��� ,/���$�
DQG�71,3��������,W�LV�LPSRUWDQW�WR�SRLQW�
out that assessment of gene expression 
DQG� DFWLYLW\� FDUULHV� FOLQLFDO� VLJQLÀ-
cance. A study of monocytes from pSS 
patients demonstrated that the presence 
RI� D� W\SH� ,� VLJQDWXUH� ZDV� DVVRFLDWHG�
ZLWK� KLJKHU� GLVHDVH� DFWLYLW\� DQG� HO-
HYDWHG�DXWRDQWLERG\�OHYHOV��������������
:KLOH�XQGHUO\LQJ�FDXVHV�RI�,)1�DFWLYD-
tion remain poorly understood, several 
studies suggest that a viral trigger such 
as cytomegalovirus, Epstein-Barr virus 
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and C virus may contribute to disease 
initiation and chronicity. Corroborating 
ZRUN�VKRZV�WKDW�VRPH�66�SDWLHQWV�GLV-
SOD\�DQ�,)1�JHQH�VLJQDWXUH��YLGH�VXSUD��
DQG�,)1Ơ�LV�VHFUHWHG�E\�SODVPDF\WRLG�
dendritic cells (pDCs) in response to 
viral agonists in salivary tissues in SS 
����������5HFHQW�ÀQGLQJV� LQGLFDWH� WKDW�
overexpression of the normally silent 
HQGRJHQRXV�YLUXV�OLNH�JHQRPLF� UHSHDW�
HOHPHQW�/,1(����ORQJ�LQWHUVSHUVHG�QX-
clear element-1) in salivary gland tis-
VXHV� IURP� 66� SDWLHQWV�� ZKLFK� UHVXOWV�
from defective methylation, might in-
GXFH�DFWLYDWLRQ�RI�W\SH�,�SDWKZD\V�WKXV�
causing apoptosis of salivary epithelial 
cells, exposure of endogenous autoan-
tigens to the immune system, upregu-
lation of BAFF expression, increased 
B cell survival and differentiation and 
ultimately autoantibody production 
and immunecomplex formation (29). 
7ROO�OLNH� UHFHSWRUV� �7/5V�� DUH� FUXFLDO�
for innate immune activation in SS. 
Emerging evidence suggests TLR2 
and TLR4 signalling is dysregulated 
locally and systematically in SS. Pe-
ripheral blood mononuclear cells from 
66� SDWLHQWV� VWLPXODWHG� ZLWK� DJRQLVWV�
for TLR2 or TLR4 (peptidoglycan 
(PGN) or lipopolysaccharide (LPS), 
respectively) secrete higher levels of 
,/����FRPSDUHG�ZLWK�FRQWUROV� ���������
Moreover, both TLR2 and TLR4 tran-
scripts are elevated in salivary tissue 
derived from SS mouse models and SS 
patients as compared to controls and 
stimulation of salivary gland epithelial 
FHOOV��6*(&V��ZLWK�/36�RU�3*1�FDXV-
es upregulation of the co-stimulatory 
PDUNHUV� ,&$0��� DQG� 0+&��� ������
,Q� DGGLWLRQ�� VHYHUDO� VWXGLHV� LQ� PLFH�
and humans suggest an important role 
for endosomal TLRS (TLR3, TLR7, 
7/5��� LQ� 66� SDWKRJHQHVLV�� ,QWHUHVW-
LQJO\�� D� UHFHQW� VWXG\� IRXQG� WKDW�ZKHQ�
S66� SDWLHQWV� ZHUH� VHJUHJDWHG� RQ� WKH�
EDVLV� RI� W\SH� ,� ,)1� H[SUHVVLRQ�� S'&V�
DQG�PRQRF\WHV� IURP�WKH� ,)1�H[SUHVV-
ing subset expressed elevated levels of 
7/5���ZKHUHDV� ,)1� QHJDWLYH� SDWLHQWV�
expressed normal levels of TLR7 (29). 
2I� VLJQLÀFDQFH� WR� 66� SDWKRJHQHVLV��
WKH�1/53�� LQÁDPPDVRPH�ZKLFK� LV� D�
NH\� FRPSRQHQW� RI� WKH� LQQDWH� LPPXQH�
systeme, is activated by concomitant 
stimulation of TLRs and purinergic 

3�;��3�;��UHFHSWRUV��,QÁDPPDVRPH�
related genes are elevated in human 
SS salivary tissue, including P2X7, 
NLRP3 and caspase-1 and this expres-
VLRQ�FRUUHODWHV�ZLWK�IRFDO�O\PSKRF\WLF�
sialadenitis and the presence of anti-Ro 
DXWRDQWLERGLHV� ������ ,QÁDPPDVRPH�
hyperactivity is also indicated by the 
XSUHJXODWLRQ�RI�ERWK� ,/���DQG� ,/��� LQ�
66� SDWLHQWV�� $QRWKHU� F\WRNLQH� RI� WKH�
,/��� IDPLO\� VKRZQ� WR� EH� LQFUHDVHG� LQ�
both serum and salivary gland biopsies 
RI�66�SDWLHQWV�LV�,/�����DFWLQJ�V\QHUJL-
FDOO\�ZLWK�,/����DQG�,/����IRU� WKH� LQ-
GXFWLRQ� RI� ,)1Ƣ� VHFUHWLRQ� E\� QDWXUDO�
NLOOHU� �1.�� DQG�1.7� FHOOV� ������ ,/���
OHYHOV� ZHUH� DOVR� IRXQG� WR� EH� KHLJKW-
ened in serum, saliva and tears of pSS 
patients and SS-derived SGECs have 
EHHQ� VKRZQ� WR� SURGXFH� ,/���� WKURXJK�
ZKLFK� WKH\� FDQ� DFWLYDWH� 7�IROOLFXODU�
cells (30).

• Adaptive immunity
The adaptive immune system is often 
activated by signals generated by the 
LQQDWH�LPPXQH�UHVSRQVH��,W�FRQVLVWV�RI�
B and T cells and has been studied ex-
tensively in SS.  CD4+ T helper cells 
play a crucial role in the pathogenesis 
of SS. A large population of CD4+ T 
cells and small numbers of B cells, 
&'���7� FHOOV��PDFURSKDJHV� DQG� GHQ-
GULWLF� FHOOV� LQÀOWUDWH� WKH� WDUJHW� RUJDQV��
such as salivary and lacrimal glands 
during the early stages of the disease. 
Th1 derived responses mediate the 
SDWKRJHQHVLV�RI�66��,Q�&��%/���12'�
$HF�$HF�� �%��12'�$HF�� PRXVH�
PRGHO�� ,/�� DFWLQJ�YLD� XSUHJXODWLRQ�RI�
7K��DQG�,)1Ƣ�&;&5��DFFHOHUDWHG�WKH�
GHYHORSPHQW� RI� 66�� 7KLV� HIIHFW� ZDV�
DEURJDWHG� RQ� EORFNLQJ� ,/�5Ơ�� ,)1Ƣ�
LV�PDLQO\�SURGXFHG�E\�7K��FHOOV��,)1Ƣ�
DORQJ�ZLWK�,/����FDXVHV�GLIIHUHQWLDWLRQ�
of CD4+ T cells into Th1 lymphocytes 
(31). Th17 cells are also observed in 
the autoimmune lesions of the sali-
vary gland tissues of SS patients. Be-
FDXVH� 7K��� FHOOV� FDQ� SURGXFH� ,)1Ƣ��
they seem to play a critical role in the 
Ƣ�PHGLDWHG� SDWKRJHQHVLV� RI� 66�� )XU-
WKHUPRUH�� ,/���� DQG� ,/���� SURGXFHG�
by SGECs also contribute to the dis-
ease. Davies et al. analysed MAPK/
ERK and JAK/STAT signalling net-
ZRUNV�LQ�SHULSKHUDO�EORRG�PRQRQXFOHDU�

cells from pSS patients upon stimula-
WLRQ�ZLWK�,)1��ƠE�E\�ÁRZ�F\WRPHWU\��
7\SH� ,� ,)1� LQGXFHG� JHQH� H[SUHVVLRQ�
ZDV�IRXQG�WR�QHJDWLYHO\�FRUUHODWH�ZLWK�
WKH� ,)1��ƠE� LQGXFHG� SKRVSKRU\ODWLRQ�
of STAT3 S727 in T cells and posi-
WLYHO\� ZLWK� S67$7��<���� LQ� %� FHOOV��
thus indicating involvement of these 
SDWKZD\V�LQ�66�SDWKRJHQHVLV�������$Q-
RWKHU�VWXG\�ZKLFK�DGGHG�LQVLJKW�WR�WKH�
DXWRLPPXQH� SURFHVV� LQ� 66� ZDV� WKDW�
E\� ,PHJHQEHUJ�.UHX]�et al.�ZKR� DQD-
lysed the transcriptome of CD+19 B 
cells from pSS patients. Among the top 
XSUHJXODWHG� DQG� YDOLGDWHG� JHQHV�ZHUH�
&;�&5���HQFRGLQJ�WKH�IUDFWDONLQH�UH-
ceptor involved in regulation of B cell 
malignancies, CCL5/RANTES and 
&&5��� ,QFUHDVHG� H[SUHVVLRQ� RI� VHY-
eral members of the TNF superfamily 
ZDV� DOVR� LGHQWLÀHG�� 71)6)��2[��/��
71)6)���75$,/�� 71)6)��%�%$))��
71)56)���%&0$�DV�ZHOO�DV�6���$��
and –A9/cal-protectin, TLR7, STAT1 
DQG�67$7���$PRQJ�JHQHV�ZLWK�GRZQ-
regulated expression in pSS B cells 
ZHUH� 62&6�� DQG� 62&6��� &'��� DQG�
TNFA/P3/A20 (33). This study con-
cluded that B cells from pSS patients 
ZLWK� DQWL�66$� DQWLERG\� SRVLWLYLW\�
GLVSOD\� LPPXQH� DFWLYDWLRQ� ZLWK� XS-
UHJXODWHG� H[SUHVVLRQ� RI� FKHPRNLQHV��
FKHPRNLQH� UHFHSWRUV� DQG� D� SURPLQHQW�
W\SH�,�DQG�W\SH�,,�,�VLJQDWXUH��%�FHOO�K\-
SHUDFWLYLW\�LV�D�KDOOPDUN�RI�S66��ZKLFK�
LV�DPRQJ�RWKHUV�UHÁHFWHG�E\�WKH�HOHYDW-
HG� ULVN� RI� GHYHORSLQJ� QRQ�+RGJNLQ·V�
lymphoma, mostly mucosa-associated 
lymphoid tissue (MALT) type prefer-
entially develops in the parotid gland. 
,W�UHPDLQV�XQFOHDU�ZK\�0$/7�O\PSKR-
mas arise predominantly at this loca-
tion, since all minor and major salivary 
glands are affected in pSS. For this 
UHDVRQ��+DDFNH�et al.� VWXGLHG�ZKHWKHU�
FcRL4 expressing B cells are present 
in salivary gland tissue (labial and pa-
URWLG��RI�S66�SDWLHQWV�DQG�ZKHWKHU�SD-
rotid gland MALT lymphomas in pSS 
patients express this receptor. They 
found that FcRL4+ B cells are present 
in pSS salivary glands, predominantly 
the parotid gland, in close associa-
WLRQ� ZLWK� WKH� GXFWDO� HSLWKHOLXP� IRUP-
ing lymphoepithelial lesions (LELs). 
They are highly proliferative, genuine 
3$;�%�FHOOV�DQG�ZHUH�DOVR�SUHVHQW�LQ�
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pSS-related MALT lymphomas imply-
LQJ� D� SODXVLEOH� H[SODQDWLRQ� ZK\� WKH\�
develop in parotid glands rather than 
ODELDO� JODQGV� LQ� S66� SDWLHQWV� ������ ,Q�
a recent observational study by Barce-
los et al.�� LW�ZDV� GHPRQVWUDWHG� WKDW� LQ�
S66��WKH�SUHVHQFH�RI�ORZHU�PHPRU\�%�
FHOOV�FRXQWV�ZDV�DVVRFLDWHG�ZLWK�ORQJHU�
disease duration and a more active dis-
HDVH��ZKLFK�FRXOG�UHSUHVHQW�D�SRVVLEOH�
UROH�DV�SURJQRVWLF�PDUNHU�������7KHUH-
IRUH��IXWXUH�VWXGLHV�ZLWK�D�ODUJH�QXPEHU�
of patients are required to clearly prove 
this hypothesis.

The role of gut microbiota
3UHYLRXVO\��LW�ZDV�UHIHUUHG�WKDW�S66�PD\�
result in extra-glandular manifestations 
�(*0���7KH�JDVUWURLQWHVWLQDO��*,��WUDFW�
PD\�EH�LQYROYHG�ZLWK�RHVRSKDJHDO�G\V-
motility, gastroparesis, atrophic gastri-
WLV� DQG� SDQFUHDWLF� LQVXIÀFLHQF\� EHLQJ�
the most commonly encountered in 
S66�� ,QFUHDVHG� OHYHOV� RI� IHFDO� FDOSUR-
WHFWLQ� �)�FDOSURWHFWLQ�� D� YDOLG� PDUNHU�
IRU�*,�LQÁDPPDWLRQ�KDYH�EHHQ�IRXQG�LQ�
D�VXEJURXS�RI�S66�SDWLHQWV�DQG�ZHUH�DV-
VRFLDWHG�ZLWK� FRQFRPLWDQW�*,� GLVHDVH��
To date, a major effort is being made 
in deciphering the role of complex mi-
crobial communities, especially the oral 
and gut microbiomes in the pathogen-
esis of multiple autoimmune diseases 
LQFOXGLQJ�S66�����������,Q�KXPDQV��WKH�
adult intestinal microbiota ecosystem 
consists of approximately 1000 spe-
FLHV�RI�EDFWHULD����JHQHUD�RI�DUFKDHD�����
JHQHUD�RI�IXQJL�DQG�DQ�XQGHÀQHG�QXP-
ber of viruses, mostly bacteriophages, 
ZKLFK� SOD\� FUXFLDO� UROH� LQ� WKH�PDLQWH-
nance and regulation of homeostasis in 
LQWHVWLQDO�PLFURÁRUD��$OWHUHG�PLFURELDO�
composition of the intestine is com-
PRQO\� UHIHUUHG� DV� G\VELRVLV� ����� �����
Gut microbial exposure leads to a con-
WLQXRXV�GLYHUVLÀFDWLRQ�RI�%�FHOO� UHSHU-
toire and the production of T-dependent 
and -independent antibodies, especially 
,J$�� 7KHVH� FRPELQHG� HIIHFWV� SURYLGH�
an elegant educational process to the 
DGDSWLYH� LPPXQH� QHWZRUN�� 5HGXFWLRQ�
RI�WKH�LQÁDPPDWRU\�VLJQDOOLQJ�FDVFDGH�
E\� GRZQ� UHJXODWLQJ� WKH� 1)N�ơ� SDWK-
ZD\�DQG�GHFUHDVHG�SURGXFWLRQ�RI� ,/���
DV�ZHOO� DV� VWLPXODWLRQ� RI� UHJXODWRU\�7�
cell subsets (Tregs) serve as potential 
PHFKDQLVPV�WKURXJK�ZKLFK�JXW�PLFUR-

biota or infectious agents modulate the 
immune response (39). Tissue transglu-
WDPLQDVH��W7J��LV�D�SOHLRWURSLF�HQ]\PH�
expressed ubiquitously and abundantly. 
Despite this coeliac disease tTg plays a 
VLJQLÀFDQW�UROH�LQ�GLVHDVHV�RI�DQ�LQÁDP-
matory and autoimmune nature includ-
ing pSS and SLE. Similarly, microbial 
transglutaminases (mTgs) may contrib-
ute to the induction, development and 
perpetuation of the autoimmune pro-
cess (40). Literature data regarding the 
role of gut microbiota in pSS are limit-
HG��,Q�D�FRKRUW�RI����S66�SDWLHQWV�LW�ZDV�
demonstared that severe intestinal dys-
ELRVLV�ZDV� D� SUHYDOHQW�ÀQGLQJ� LQ� S66��
DIIHFWLQJ� ���� RI� WKH� VWXGLHG� SDWLHQWV��
,Q�WKLV�VWXG\�VHYHUH�LQWHVWLQDO�G\VELRVLV�
ZDV� DVVRFLDWHG� ZLWK� ERWK� FOLQLFDO� DQG�
laboratory signs of systemic disease ac-
WLYLW\� DV�ZHOO� DV�ZLWK� ODERUDWRU\� VLJQV�
RI� *,� WUDFW� LQYROYHPHQW�� DV� HYDOXDWHG�
E\�)�FDOSURWHFWLQ� ������ ,W� KDV� EHHQ� UH-
ported that SS patients have greater 
abundances of Pseudobutyrivibrio, Es-
cherichia/Shigella, Blautia and Strep-
WRFRFFXV�� ZKLOH� UHGXFHG� DEXQGDQFH�
of Bacteroides, Parabacteroides, Fae-
calibacterium and Prevotella compared 
ZLWK�KHDOWK\�FRQWUROV��)XUWKHUPRUH��WKH�
severity of ocular and systemic mani-
IHVWDWLRQV�ZDV�LQYHUVHO\�SURSRUWLRQDO�WR�
PLFURELDO�GLYHUVLW\�����������7KHVH�ÀQG-
ings suggest that dysbiotic intestinal mi-
crobiome driven by reduced abundance 
of commensal bacteria and an increased 
abundance of potentially pathogenetic 
JHQHUD�LV�D�KDOOPDUN�RI�66�

Findings from animal models
Animal models that recapitulate hu-
man disease are crucial for the study 
of SS. While several SS mouse mod-
HOV� H[LVW�� RQO\� IHZ�S66�PRGHOV�PLPLF�
systemic disease manifestations seen in 
humans. Similar to pSS patients, NOD.
B10n-H2b/J (NOD.B10) mice develop 
exocrine gland disease and anti-nuclear 
DXWRDQWLERGLHV�� .LULSROVN\� HW� DO�� SUR-
vided a comprehensive analysis of local 
and systemic disease manifestations in 
female NOD.B10 mice. Exocrine tis-
VXH�� OXQJ� DQG� NLGQH\� ZHUH� DQDO\VHG��
12'�%��� PLFH� SUHVHQW� ZLWK� UREXVW�
O\PSKRF\WLF�LQÀOWUDWLRQ�RI�VDOLYDU\�DQG�
ODFULPDO� WLVVXH�� ,Q� DGGLWLRQ�� WKH\� H[-
KLELW� VLJQLÀFDQW� UHQDO� DQG� SXOPRQDU\�

LQÀOWUDWLRQ��7KH�LQYHVWLJDWRUV�LGHQWLÀHG�
numerous autoantibodies, including 
those directed against salivary proteins 
and concluded that this model is an 
excellent tool for clinical translational 
studies, particularly those designed to 
evaluate EGM in pSS (43). Kim et al. 
XVHG�WHQ�ZHHN�ROG�12'�%���+�E�PLFH�
in order to investigate the effect of sub-
conjunctival administration of anti-high 
mobility group box1 (anti-HMGB1) on 
dry eye. They focused on extracellular 
HMGB1 because they believed that the 
chronic epithelial cell damage to the 
corneal or lacrimal glands may trigger 
WKH� F\FOH� RI� LQÁDPPDWLRQ� E\� VHFUHW-
ing danger signals, such as HMGB1. 
,W� LV�SODXVLEOH� WR�DVVXPH� WKDW�H[WUDFHO-
OXODU�+0*%��DFWV�DV�DQ� LQÁDPPDWRU\�
F\WRNLQH� WKURXJK� 7/5�� VLJQDOOLQJ� RQ�
%� FHOOV� LQ� WKLV�PRXVH�PRGHO� RI� 66�� ,W�
ZDV� SURSRVHG� WKDW� DQWL�+0*%�� WUHDW-
PHQW� ZRXOG� UHGXFH� WKH� HIIHFWRU� IXQF-
WLRQ�RI�%�FHOOV�LQ�WKHVH�PLFH��+RZHYHU��
B cell proliferation and the proportion 
RI� SODVPD� FHOOV� DV�ZHOO� DV� 66$� OHYHOV�
ZHUH�QRW�FKDQJHG�LQ�WKH�GUDLQLQJ�O\PSK�
nodes (44). Lysophosphatidic acid 
(LPA), a bioactive lysophospholipid, is 
involved in the pathogenesis of chronic 
LQÁDPPDWRU\� DXWRLPPXQH� GLVHDVH� LQ-
FOXGLQJ�66��,W�ZDV�IRXQG�WKDW�DXWRWD[LQ��
DQ�/3$�SURGXFLQJ�HQ]\PH�DQG�/3$5���
/3$5��P51$�DQG�,/����P51$�ZHUH�
highly expressed in the exocrine glands 
RI� ���ZHHN�ROG� QRQ�REHVH� GLDEHWLF�
�12'�� PLFH�� ZKLFK� VKRZ� 66� V\PS-
WRPV�DW�WKLV�DJH��DV�FRPSDUHG�ZLWK�QRQ�
V\PSWRPDWLF���ZHHN�ROG�12'�PLFH��,Q�
an adaptive transfer model using NOD 
O\PSKRF\WHV�� WUHDWPHQW�ZLWK�.L�������
an LPAR1/3 antagonist restored tear 
and saliva secretion and decreased 
V\PSWRPV� RI� 66� FRPSDUHG� ZLWK� WKH�
vehicle-treated group (45). Xu et al. 
VKRZHG� WKDW� WKH� H[SUHVVLRQ� RI� OHSWLQ�
and its receptor OB-R in mouse models 
of SS are elevated both locally and sys-
tematically during SS progression. Re-
combinant serotype 2 adeno-associated 
viral (Raav2) vectors expressing either 
2%�5� VK51$� RU� QRQH� ZHUH� LQMHFWHG�
LQWR����RU���ZHHN�ROG�%$/%�F�12'�/WM�
(NOD) mice and resulted in a modest 
UHGXFWLRQ�LQ�JODQGXODU�LQÁDPPDWLRQ�LQ�
the SS model, thus Leptin/OB-R signal-
ling may be pathogenetically involved 
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LQ�66�DQG�PD\�VHUYH�DV�D�QHZ�PDUNHU�
DQG�D�SRWHQWLDO� WKHUDSHXWLF� WDUJHW� ������
NOD mice have also been used in order 
to explore the pathogenetic role of en-
GRJHQRXV�71)�Ơ�LQ�WKH�GHYHORSPHQW�RI�
66��,W�ZDV�GHPRQVWUDWHG�WKDW�QHXWUDOLVD-
WLRQ�RI�71)�Ơ�GXULQJ�WKH�VWDJH�SULRU�WR�
disease onset impedes the development 
DQG�RQVHW�66�OLNH�VDOLYDU\�JODQG�LQÁDP-
mation and secretory dysfunction in 
NOD mice, indicating a critical patho-
JHQLF�RI�71)�Ơ�LQ�WKH�GHYHORSPHQW�DQG�
onset of SS (47). Khalafalla et al. dem-
RQVWUDWHG� IRU� WKH� ÀUVW� WLPH� LQ� VDOLYDU\�
gland epithelial cells that P2X7R activa-
WLRQ�SURPRWHV�1/53��LQÁDPPDVRPH��D�
mechanism involving transmembrane 
1D��DQG�.��ÁX[��526�SURGXFWLRQ�DQG�
HSP90 protein function. Moreover, in 
YLYR�UHVXOWV�VKRZ�WKDW�DGPLQLVWUDWLRQ�RI�
WKH�3�;�5�DQWDJRQLVW��$��������LQ�WKH�
&'�������,)1�Ƣ�����12'�+��K��PRXVH�
model of autoimmune exocrinopathy 
reduced salivary gland lymphocytic in-
ÀOWUDWHV�DQG�HQKDQFHG�VDOLYD�VHFUHWLRQ��
suggesting antagonism of P2X7R as a 
promising approach to prevent salivary 
JODQG�LQÁDPPDWLRQ�DQG�DVVRFLDWHG�K\-
SRVDOLYDWLRQ� LQ� 66� ������$� XVHIXO� WRRO�
for understanding the pathogenesis of 
SS appears to be the SATB1cKO mice, 
D�QRYHO�66�PRGHO�LQ�ZKLFK�WKH�SURJUHV-
sion and of the disease resemble those 
RI� KXPDQ� 66�� 7KHVH� PLFH�� LQ� ZKLFK�
WKH�6$7%��JHQH�LV�VSHFLÀFDOO\�GHOHWHG�
from haematopoietic cells develop SS 
E\� �� ZHHNV� RI� DJH�� VRRQ� DIWHU� ZHDQ-
ing. Female mice presented an earlier 
onset of the disease than males, sug-
gesting that female SATB1cKO mice 
are more susceptible to SS (49). An-
other study tested the hypothesis that 
0\G���PHGLDWHG�VLJQDOOLQJ�LV�UHTXLUHG�
for local and systemic SS manifesta-
WLRQV��7R�WKLV�HQG��.LULSROVN\�HW�DO��JHQ-
erated NOD.B10Sn-H2b/J (NOD.B10) 
PLFH�WKDW�DUH�GHÀFLHQW�LQ�0\G����12'�
%��0\G��������7KHVH� DQLPDOV� VKRZHG�
reduced exocrine and extra-grandular 
LQÁDPPDWLRQ�� 0RUHRYHU�� WKH\� KDG� UH-
GXFHG� OHYHOV�RI� ,J0��,J*�DQG�DQWL�QX-
FOHDU� DXWRDQWLERGLHV�� WKXV� FRQÀUPLQJ�
the initial hypothesis (50). To gain a 
better understanding of neuronal regu-
lation in the immunopathogenesis of 
autoimmune exocrinapathy, Chen et al. 
SURÀOHG�D�PRXVH�PRGHO�RI�VSRQWDQHRXV��

autoimmune exocrinopathy, the auto-
LPPXQH� UHJXODWRU�GHÀFLHQW� �$LUH�����
mouse model. Aire is a putative tran-
scription factor that regulates self-anti-
gen expression in the thymus and there-
by prevents autoimmunity by mediating 
the deletion of potentially self-reactive 
thymocytes. The investigators conclud-
ed that Aire-/- mice provide an exciting 
PRGHO�WKDW�IDLWKIXOO\�PLPLFV�NH\�FOLQL-
cal features of SS-mediated periph-
eral neuropathy and immunopathology 
������ ,W� KDV� EHHQ� UHFHQWO\� VKRZQ� WKDW�
M3 muscarinic acetylocholine recep-
tor (M3R)-reactive CD3+T cells play 
a pathogenetic role in the development 
of murine autoimmune sialadenitis 
�0,6���ZKLFK�PLPLFV�66��7DKDUD�et al., 
XVLQJ�VSOHQRF\WHV�IURP�0�5�NQRFNRXW�
�0�5�����PLFH�ZKLFK�ZHUH�LPPXQLVHG�
ZLWK�PXULQH�0�5�SHSWLGH�PL[WXUH�DQG�
inoculated into recombination activat-
LQJ� JHQH�� NQRFNRXW� �5DJ������� PLFH�
�0�5���� 5DJ������� ZLWK� 0,6�� VKRZHG�
WKDW�525ƢW�DQWDJRQLVP�PLJKW�EH�D�SR-
tentially suitable treatment strategy for 
66�OLNH� VLDODGHQLWLV� WKURXJK� VXSSUHV-
VLRQ�RI�,/����DQG�,1)�Ƣ�SURGXFWLRQ�E\�
0�5�VSHFLÀF�7� FHOOV� ������1RZDGD\V��
experimental data on the implication of 
autophagy in animal models of autoim-
munity remain limited. Murphy Roths 
Large (MRL)/lymphoproliferation (lpr) 
lupus prone mice is used as a mouse 
model for lupus and secondary SS in 
order to analyse different autophagic 
SDWKZD\V�LQ�GLIIHUHQW�O\PSKRLG�RUJDQV�
and tissues (53).

Novel insights into diagnosis

,Q������WKH�QRYHO�(8/$5�$&5�FODVVL-
ÀFDWLRQ�FULWHULD�IRU�S66�ZHUH�SXEOLVKHG�
(54). Although these criteria have im-
SURYHG�WKH�FODVVLÀFDWLRQ�RI�S66�SDWLHQWV��
still they do not represent diagnostic 
criteria for the disease and may fail in 
the recognition of the disease especially 
in its atypical presentation (55). On the 
other hand, there is a compelling need 
LQ�WKH�VFLHQWLÀF�FRPPXQLW\�IRU�DQ�HDUO\�
GLDJQRVLV�RI�S66�DQG�D�EHWWHU�VWUDWLÀFD-
tion of different disease subsets. Not 
VXUSULVLQJO\��WKHUHIRUH��LQ�WKH�ODVW�WZHOYH�
months an increasing number of papers 
have been published aimed at providing 
novel insights into pSS diagnostic as-
sessment. Great attention has been paid 

to the role of the biopsy of the minor 
and major salivary glands for the diag-
QRVLV�RI�WKH�GLVHDVH������DQG��PRUH�VSH-
FLÀFDOO\�� WR� WKH�SURJQRVWLF� VLJQLÀFDQFH�
RI�WKH�SUHVHQFH�RI�JHUPLQDO�FHQWUH�OLNH�
(GCs) structures in the glandular tissues 
(57-59). The presence of GCs in the 
salivary glands of pSS patients has been 
JHQHUDOO\�DVVRFLDWHG�ZLWK�D�PRUH�VHYHUH�
FOLQLFDO�GLVHDVH�DV�UHÁHFWHG�E\�D�KLJKHU�
focus score (FS), and increased posi-
tivity for anti-SSA/Ro and anti-SSB/
/D�DXWRDQWLERGLHV�������0RUHRYHU��*&V�
KDYH�DOVR�EHHQ�SURSRVHG�DV�D� ULVN� IDF-
tor for the development of lymphopro-
OLIHUDWLYH� FRPSOLFDWLRQV� �1+/V�� ������
7KLV� \HDU��+DDFNH�et al. (57) explored 
the predictive role of GCs for parotid 
gland MALT lymphomas in 11 labial 
JODQG� ELRSVLHV� IURP�SDWLHQWV�ZLWK� S66�
and NHL. The authors observed GCs in 
�����������+	(�VWDLQHG�VHFWLRQV�IURP�
diagnostic labial gland. Staining for 
%FO��UHYHDOHG�DQ�H[WUD��VPDOO��*&�LQ�D�
biopsy of one additional patient. Thus, 
LQ� SDWLHQWV� ZLWK� S66� ZKR� GHYHORSHG�
SDURWLG� 0$/7� O\PSKRPD�� *&V� ZHUH�
SUHVHQW�LQ������������SUHO\PSKRPD�OD-
ELDO�JODQG�ELRSVLHV��,Q�WKH�SDWLHQWV�ZLWK�
pSS that did not develop parotid MALT 
O\PSKRPDV��*&V�ZHUH�GHWHFWHG�LQ������
������ GLDJQRVWLF� ODELDO� JODQG� ELRSVLHV�
ZLWK�QR�VLJQLÀFDQW�VWDWLVWLFDO�GLIIHUHQFH��
6LPLODUO\�� WKH� DXWKRUV� GLG�QRW�ÀQG� DQ\�
VWDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFH� LQ�
MHLs development comparing patients 
ZLWK�D�)6����ZLWK�WKRVH�ZLWK�D�)6�����
,QGHHG�� DV� WKH� DXWKRUV� FRQFOXGHG�� WR�
better elucidate the prognostic role of 
GCs for SS-related lymphoma develop-
ment, uniform histopathological criteria 
for the assessment of GCs are eagerly 
DZDLWHG��7KLV�FRXOG�EH�SDUWLFXODUO\�LP-
portant since novel drugs may be able 
to decrease GCs, as observed by the 
VDPH� DXWKRUV�ZLWK� DEDWDFHSW� WUHDWPHQW�
������7KH�SURJQRVWLF�UROH�RI� WKH�KLVWRO-
RJ\� IRU� 1+/� LQ� S66� FDQ� EH� KRZHYHU�
enriched by further exploratory param-
HWHUV��DPRQJ�WKHP�VSHFLÀF�DWWHQWLRQ�KDV�
been paid to the characterisation of the 
1/53��LQÁDPPDVRPH�D[LV� WKDW�VHHPV�
WR�LGHQWLI\�SDWLHQWV�ZLWK�D�PRUH�VHYHUH�
GLVHDVH�DW�D�JUHDWHU�ULVN�IRU�O\PSKRPDV�
���������
,Q�DGGLWLRQ�WR�VDOLYDU\�JODQG�KLVWRORJ\��
a number of papers have supported the 
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use of salivary gland ultrasonography 
�86�6*��IRU�WKH�GLDJQRVLV�RI�66��$�SLY-
RWDO�FRQWULEXWLRQ�KDV�EHHQ�WKH�GHÀQLWLRQ�
RI�WKH�86�6*�FRUH�LWHPV�GHÀQLWLRQ�DQG�
their reliability in a multicentre Europe-
an study coordinated by Jousse-Joulin 
et al�� ������7KLV�ZRUN� LGHQWLÀHG� HFKR-
genicity and homogeneity as the most 
UHOLDEOH�86�6*�LWHPV�IRU�66�GLDJQRVLV��
,Q�D�SURVSHFWLYH�FRKRUW�RI�����SDWLHQWV��
Le Goff et al. observed that adding 
86�6*� WR� WKH� $&5�(8/$5� FULWHULD�
might further improve their sensitivity 
������)URP� WKLV�SHUVSHFWLYH��0RVVHO�et 
al. VKRZHG�WKDW�WKH�DJUHHPHQW�EHWZHHQ�
86�6*� DQG� SDURWLG� DV� ZHOO� DV� ODELDO�
JODQG�ELRSVLHV�ZDV�JRRG�EXW�ZDV�VOLJKW-
O\� KLJKHU� IRU� WKH� IRUPHU� ����� �����7KH�
same group suggested that examination 
of parotid and submandibular glands on 
RQH�VLGH�ZDV�VXIÀFLHQW�WR�SUHGLFW�FODV-
VLÀFDWLRQ�RI�S66�SDWLHQWV� DFFRUGLQJ� WR�
WKH� $&5�(8/$5� FULWHULD�� 7R� IXUWKHU�
LQFUHDVH� IHDVLELOLW\� RI� 86�6*� LQ� RXW-
SDWLHQW� FOLQLFV� ZRUOGZLGH�� WKH� DXWKRUV�
concluded that only hypoechogenic ar-
HDV�FRXOG�EH�VFRUHG������
86�6*� KDV� EHHQ� DOVR� SURSRVHG� QRW�
only for the diagnosis but also for the 
IROORZ�XS� RI� S66�SDWLHQWV�� +RZHYHU��
LW�KDV�WR�EH�HOXFLGDWHG�ZKHWKHU�86�6*�
abnormalities may change over time. 
,Q� D� FRKRUW� RI� ��� VXEMHFWV� ZLWK� VXV-
SHFWHG�66��*D]HDX�et al.������IRXQG�WKDW�
QRQH� RI� WKH� 86�6*� DEQRUPDOLWLHV� DV-
sessed using a semi-quantitative score 
FKDQJHG� VLJQLÀFDQWO\� GXULQJ� D� IROORZ�
up of nearly 2 years after an initial eval-
uation for suspected pSS. By contrast, 
Fisher et al.� ����� LQ� WKH� 75$&7,66�
SKDVH� ,,,� WULDO� ZLWK� ULWX[LPDE� LQ� S66��
actually demonstrated minimal but sta-
WLVWLFDOO\� VLJQLÀFDQW� LPSURYHPHQW� LQ�
86�6*�DIWHU� ULWX[LPDE�FRPSDUHG�ZLWK�
SODFHER�� ,Q� WKLV� PXOWLFHQWUH�� PXOWLRE-
server substudy, the authors enrolled 
���SDWLHQWV� �Q ��� ULWX[LPDE� DQG�Q ���
placebo) from nine centres. All the 
VXEMHFWV�ZHUH� VFDQQHG� DW� EDVHOLQH� DQG�
DW�ZHHNV���� DQG�����*ODQGXODU� GHÀQL-
tion (i.e.� JODQG� PDUJLQ�� ZDV� WKH� RQO\�
GRPDLQ�WR�VKRZ�VWDWLVWLFDOO\�VLJQLÀFDQW�
LPSURYHPHQW�� 1R� GLIIHUHQFH� EHWZHHQ�
ULWX[LPDE�DQG�SODFHER�ZDV�REVHUYHG�LQ�
any of the additional exploratory ultra-
sound parameters collected. Moreover, 
WKH�DXWKRUV�GLG�QRW�ÀQG�DQ\�FRUUHODWLRQ�

EHWZHHQ� 86�6*� FKDQJHV� DQG� SDWLHQW�
UHSRUWHG� RXWFRPHV� RU� VDOLYDU\� ÁRZ�� ,I�
WKH� VHQVLWLYLW\� WR� FKDQJH� RI� 86�6*� LV�
still questioned, another point of de-
EDWH� LV� WKH�SRVVLELOLW\�RI�XVLQJ�86�6*�
to monitor damage accrual over time. 
,QWHUHVWLQJO\��0DUWLQL�et al. (71) found a 
VLJQLÀFDQW�FRUUHODWLRQ�EHWZHHQ�86�6*�
abnormalities in submandibular glands 
DQG� XQVWLPXODWHG� VDOLYDU\� ÁRZ�� 7KH�
authors also found a good inverse cor-
UHODWLRQ�EHWZHHQ�VDOLYDU\�F\VWDWLQ�6�DQG�
glandular dysfunction, thus reinforcing 
the complementarity of conventional 
and novel proteomic tools in the detec-
WLRQ�RI�66�GLDJQRVWLF�ELRPDUNHUV��)URP�
this perspective, considering the long-
lasting need for non-invasive, more ac-
FXUDWH�GLDJQRVWLF�WRROV�ZKHQ�HYDOXDWLQJ�
pSS patients, an interesting paper has 
EHHQ� SXEOLVKHG� E\�$TUDZL� et al. (72) 
that analysed tears and stimulated sa-
liva of pSS patients by liquid chroma-
tography-mass spectrometry, also eval-
uating extracellular vesicles from both 
ÁXLGV��7KH�DXWKRUV� IRXQG�DQ� LQFUHDVHG�
expression of proteins involved in in-
nate immunity (LCN2), cell signalling 
�&$/0��DQG�ZRXQG� UHSDLU� �*51�DQG�
CALML5) in pSS saliva. Saliva EVs 
DOVR� GLVSOD\HG� ELRPDUNHUV� FULWLFDO� IRU�
activation of the innate immune system 
�6,53$� DQG�/63��� DQG� DGLSRF\WH� GLI-
ferentiation (APMAP). Tear analysis 
indicated over-expression of proteins 
LQYROYHG�LQ�71)�Ơ�VLJQDOOLQJ��&31(���
and B cell survival (PRDX3). Although 
encouraging, the possibility of translate 
SURWHRPLF� ÀQGLQJV� LQ� FOLQLFDO� SUDFWLFH�
is still in its infancy and additional stud-
ies are required to move from the bench 
to the bedside (73).

Novel insights into clinical 

manifestations and prognosis

Sjögren’s syndrome in men and 
women: is it the same disease?
,W� KDV� EHHQ� ZLGHO\� HVWDEOLVKHG� WKDW�
ZRPHQ�DUH�PRUH�SURQH�WR�GHYHORS�DX-
toimmune diseases. pSS represents the 
DXWRLPPXQH� GLVHDVH� ZLWK� WKH� KLJKHVW�
female bias, ranging from a ratio of 10-
����������HYHQ�WKRXJK�WKHUH�LV�QR�FOHDU�
FRQVHQVXV� RQ�ZKHWKHU�PDOH� VH[� LV� DV-
VRFLDWHG� ZLWK� D� PRUH� VHYHUH� GLVHDVH��
5DPLUH]� et al. investigated the clini-
FDO�SUHVHQWDWLRQ�RI�S66� LQ�ZRPHQ�DQG�

men at diagnosis through the analysis 
RI� WZR� LQGHSHQGHQW� FRKRUWV� �6ZHGLVK�
DQG�,WDOLDQ���7KH\�LGHQWLÀHG�HDUOLHU�DJH�
at diagnosis, more frequent extraglan-
dular manifestations (higher frequency 
of pulmonary complications, cutaneous 
vasculitis and lymphadenopathy), more 
concomitant extraglandular manifes-
tations and higher anti-Ro52 levels to 
be more frequent in male patients (75). 
,QWHUHVWLQJO\��LQ�WKH�VDPH�FRKRUW��DERXW�
KDOI� RI� WKH�PDOH�SDWLHQWV�ZHUH� FKDUDF-
terised by more than one extra-glandu-
lar manifestation at diagnosis, further 
supporting that the disease is more se-
vere in male patients. The same group, 
LQ�D�ODUJH�6FDQGLQDYLDQ�FRKRUW�IROORZHG�
for a mean of 9 years, demonstrated that 
PDOH�SDWLHQWV�ZHUH�FKDUDFWHULVHG�E\�VLJ-
QLÀFDQWO\�KLJKHU�IUHTXHQF\�RI�VHURORJ\�
positivity for antinuclear antibodies, 
La/SSB, and Ro/SSA + La/SSB. More-
over, interstitial lung disease, lymphad-
HQRSDWK\� DQG� O\PSKRPD� ZHUH� PRUH�
frequently detected in male patients 
suggesting major immune system acti-
vation in male in comparison to female 
S66� SDWLHQWV� ������ $OO� WKHVH� REVHUYD-
tions may hint at divergent pathophysi-
RORJLFDO� PHFKDQLVPV� EHWZHHQ� ZRPHQ�
DQG�PHQ�ZLWK�S66�DQG�VXSSRUW�WKH�K\-
pothesis that pSS in men represents a 
more severe form of disease, regardless 
RI� WKH� ORZHU� ULVN� IRU� PHQ� WR� GHYHORS�
WKH�GLVHDVH��,Q�D�UHFHQW�VWXG\��S66�DQG�
V\VWHPLF� OXSXV� HU\WKHPDWRVXV� ZRPHQ�
ZHUH�H[DPLQHG�IRU�UDUH�;�FKURPRVRPH�
aneuploidies (77). Very rare X chromo-
VRPH� DEQRUPDOLWLHV� ZHUH� GHWHFWHG� LQ�
WKH� WZR�JURXSV�RI� SDWLHQWV�� VXJJHVWLQJ�
the location of a gene(s) that mediate 
DQ�;�GRVH�HIIHFW�DV�ZHOO�DV�FULWLFDO�FHOO�
W\SHV�LQ�ZKLFK�VXFK�HIIHFW�LV�RSHUDWLYH�
DQG�PLJKW�H[SODLQ�PDUNHG�VH[�ELDV�EH-
WZHHQ����;;�ZRPHQ�DQG����;<�PHQ�

Glandular and extra-glandular 
manifestations 
The peculiar clinical picture of pSS is 
dominated by signs and symptoms of 
mucosal dryness resulting from chronic 
IRFDO� O\PSKRF\WLF� LQÁDPPDWLRQ�RI� WKH�
exocrine glands and progressive loss 
RI� WKHP� VHFUHWRU\� IXQFWLRQ�� +RZHYHU��
many other organs and systems may be 
affected during the course of the disease 
in at least one third of patients, causing 
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a plethora of systemic clinical manifes-
tations, serological abnormalities and 
complications. Nevertheless extrag-
landular organ involvements (EGM) 
ZHUH� QRW� WDNHQ� LQWR� DFFRXQW� E\� (XUR-
pean, American-European Consensus 
Group (AECG) and American College 
of Rheumatology (ACR) Sjögren’s cri-
WHULD� DQG� DPRQJ� WKHP� WKHUH� ZDV� ORZ�
agreement degrees resulting in possible 
XQGLDJQRVLV� RU� PLVFODVVLÀFDWLRQ� ������
2Q�WKH�RWKHU�KDQG��WKH�QHZ������$&5�
European League Against Rheumatism 
FODVVLÀFDWLRQ� FULWHULD� IRU� S66� UHFRJ-
nise the systemic nature of the disease 
DQG�SDWLHQWV�ZLWKRXW�VDOLYDU\�RU�RFXODU�
JODQGXODU�V\PSWRPV�EXW�ZLWK�(*0�DQG�
%�FHOO�DFWLYDWLRQ�PDUNHUV�ZHUH�DOVR�LQ-
FOXGHG� LQ� WKH� S66� FODVVLÀFDWLRQ� ������
,QWHUHVWLQJO\�� D� UHFHQW� PXOWLFHQWUH� UHW-
URVSHFWLYH�VWXG\�LQFOXGLQJ�S66�ZLWK�DW�
OHDVW���\HDU�RI�IROORZ�XS�GHPRQVWUDWHG�
D� ORZHU� LQFLGHQFH� RI�(*0� LQ� SDWLHQWV�
on continuous hydroxychloroquine 
therapy for at least three months, sup-
SRUWLQJ� GUXJ� HIÀFDF\� LQ� S66� ������ ,Q�
particular, arthritis, fatigue, purpura, 
Raynaud’s phenomenon and hypergam-
PDJOREXOLQDHPLD� ZHUH� PRUH� IUHTXHQW�
in the non-treated group. Analysing 
the recent literature contributions on 
EGM, pericardial effusion has been de-
tected in a small proportion of patients 
ZLWK�S66��,Q�DVVRFLDWLRQ�ZLWK�V\VWHPLF�
lupus erythematosus and undifferenti-
ated connective tissue disease, pSS for 
����RI�V\VWHPLF�LQÁDPPDWRU\�GLVHDVHV�
FDXVLQJ�SHULFDUGLWLV�ZLWK�SHULFDUGLDO�HI-
IXVLRQ�DW�SUHVHQWDWLRQ�������,QWHUHVWLQJ-
ly, after exclusion of tuberculosis and 
neoplasm, age, female sex and extra-
cardiac symptoms (arthralgia, myalgia, 
5D\QDXG·V�SKHQRPHQRQ�DQG�VNLQ�UDVK��
ZHUH� LGHQWLÀHG� DV� XQGHUO\LQJ� FOLQLFDO�
indicators in the search for a systemic 
LQÁDPPDWRU\� GLVHDVH� DV� WKH� FDXVH� RI�
pericarditis.
Regarding pulmonary involvement, in-
WHUVWLWLDO�OXQJ�GLVHDVH��,/'��LV�WKH�PRVW�
common form of lung involvement in 
S66��+RZHYHU��,/'�PD\�EH�KDUG�WR�GL-
agnose because symptoms are not spe-
FLÀF�DQG�FKHVW� UDGLRJUDSK\�KDV�D�YHU\�
ORZ�VHQVLWLYLW\�LQ�WKH�GHWHFWLRQ�RI�,/'��
,Q�WKLV�VHWWLQJ��WKH�GLIIHUHQWLDO�GLDJQRVLV�
RI�,/'�ZLWK�[HURWUDFKHD�RU�SXOPRQDU\�
vascular disease is a true challenge. A 

recent study evaluated the accuracy of 
OXQJ�XOWUDVRXQG�LQ�SDWLHQWV�ZKR�KDG�QR�
alterations in pulmonary function tests 
or respiratory symptoms demonstrating 
KLJK� VHQVLWLYLW\�� VSHFLÀFLW\� DQG� D� YHU\�
JRRG� FRUUHODWLRQ� ZLWK� KLJK� UHVROXWLRQ�
FKHVW�WRPRJUDSK\������
$PRQJ�RWKHU�GLVHDVH�VSHFLÀF�V\VWHPLF�
manifestations, attention has recently 
been focused on mucocutaneous le-
VLRQV�� ,QGHHG�� PXFRFXWDQHRXV� OHVLRQV�
may have a prognostic importance in 
these patients as certain mucocutane-
RXV�ÀQGLQJV�KDYH�EHHQ�GHPRQVWUDWHG�WR�
FRQIHU�DQ� LQFUHDVHG�ULVN� IRU� WKH�GHYHO-
opment of life-threatening conditions 
VXFK�DV�%�FHOO�O\PSKRPD�������$�UHFHQW�
ODUJH� VWXG\� HYDOXDWHG� WKH� SURÀOH� DQG�
FOLQLFDO� VLJQLÀFDQFH� RI� PXFRFXWDQH-
ous lesions in a cohort of Chinese pSS 
SDWLHQWV� ������7KH�PRVW� IUHTXHQWO\� GH-
WHFWHG�OHVLRQV�ZHUH�SXUSXULF�HUXSWLRQV��
urticaria, Raynaud’s phenomenon and 
angular stomatitis. The presence of 
these lesions in pSS patients may sug-
gest a higher activity of the primary 
disease as some features, including 
SXOPRQDU\� LQWHUVWLWLDO� ÀEURVLV�� SXOPR-
QDU\� EXOODH�� OHXNRSHQLD� DQG� DQDHPLD��
ZHUH� PRUH� IUHTXHQW� LQ� SDWLHQWV� ZLWK�
mucocutaneous lesions in comparison 
WR�SDWLHQWV�ZLWKRXW��0RUHRYHU��SDWLHQWV�
ZLWK�PXFRFXWDQHRXV�LQYROYHPHQW�ZHUH�
FKDUDFWHULVHG�E\�D�KLJKHU�OHYHO�RI�,J*��
ORZHU�OHYHO�RI�VHUXP�&��DQG�SUHVHQWHG�
QHZ� FRPSOLFDWLRQV� FRPSDUHG� WR� S66�
SDWLHQWV�ZLWKRXW�VNLQ�LQYROYHPHQW�DIWHU�
D�RQH�\HDU�IROORZ�XS��
Finally, a retrospective observational 
study examined the cumulative inci-
GHQFH� RI� D� QHZ� (*0� RU� DVVRFLDWHG�
autoimmune disease from 1 year after 
HVWDEOLVKLQJ� S66� GLDJQRVLV� ������$IWHU�
��� \HDUV� RI� IROORZ�XS�� WKH� FXPXODWLYH�
LQFLGHQFH� RI� D� QHZ� (*0� RU� DVVRFL-
DWHG�$,'�ZDV������7KH�PRVW�IUHTXHQW�
HYHQWV�ZHUH�SRO\QHXURSDWK\��LQWHUVWLWLDO�
lung disease, (poly)arthritis, discoid 
lupus erythematosus/subacute cutane-
ous LE and Hashimoto’s disease. Non-
+RGJNLQ·V� O\PSKRPD� �1+/�� ZDV� QRW�
GLDJQRVHG�GXULQJ�WKH�IROORZ�XS��RXW�RI�
WKUHH�FDVHV����ZDV�GLDJQRVHG�SULRU�DQG���
GXULQJ�WKH�GLDJQRVLV���,QWHUHVWLQJO\��SD-
WLHQWV�ZLWK�FU\RJOREXOLQV�ZHUH�FKDUDF-
WHULVHG�E\�D�WKUHH�IROG�KLJKHU�ULVN�RI�GH-
veloping these events. On the contrary, 

age at diagnosis, gender, the presence 
of ANA, anti-Ro/SSA, anti-La/SSB, 
,J0�5)��GHFUHDVHG�OHYHOV�RI�&��RU�&��
or hypergammaglobulinaemia did not 
VKRZ�DQ\�VWDWLVWLFDOO\�VLJQLÀFDQW�GLIIHU-
ences. 

Lymphoma
Haematologic malignancies, namely 
B-cell lymphomas, are one of the most 
IUHTXHQW�FDXVHV�RI�GHDWK�LQ�S66�ZLWK�DQ�
HLJKW�IROG�ULVN�RI�PRUWDOLW\�ZKHQ�FRP-
pared to the general population. NHL 
RFFXU� LQ� DSSUR[LPDWHO\� ����������RI�
pSS patients and recent data reported 
WKDW�1+/�ULVN�LQFUHDVHV������SHU�\HDU�
RI� DJH�ZLWK� ����IROG� LQFUHDVHG� ULVN� LQ�
pSS compared to the general popula-
tion. With regard to the histotypes, dif-
fuse large B-cell lymphoma, mucosa-
associated lymphoid tissue lymphoma 
�0$/7��DQG�QRGDO�PDUJLQDO�]RQH�O\P-
phoma are the most prevalent subtypes. 
3UHGLFWDEOH� ELRPDUNHUV� RI� GHYHORSLQJ�
O\PSKRPD� LQ� SDWLHQWV� ZLWK� S66� KDYH�
EHHQ�ZLGHO\�DQDO\VHG�LQ�WKH�ODVW�\HDUV��
$�QDWLRQZLGH�SRSXODWLRQ�EDVHG�FRKRUW�
study involving Spanish pSS patients 
GHPRQVWUDWHG� D� ���IROG� KLJKHU� ULVN� RI�
developing haematological cancers 
DQG�WKH�PRVW�IUHTXHQW�W\SH�ZDV�%�FHOO�
O\PSKRPD�ZLWK�0$/7�O\PSKRPDV�DF-
FRXQWLQJ� IRU� ���� RI� FDVHV�� %DVHOLQH�
disease activity in the constitutional, 
lymphadenopathy, glandular and bio-
ORJLFDO�GRPDLQV�ZDV�DVVRFLDWHG�ZLWK�D�
KLJKHU� ULVN� RI� KDHPDWRORJLFDO� FDQFHU��
,QWHUHVWLQJO\��WKH�DXWKRUV�GHPRQVWUDWHG�
that the prognostic factors for increased 
ULVN�RI�O\PSKRSUROLIHUDWLYH�GLVHDVH�GLI-
fered according to the subtype of B-
FHOO�O\PSKRPD��,Q�SDUWLFXODU��WKH�PDLQ�
prognostic factors included activity in 
the lymphadenopathy domain at pSS 
diagnosis for all subtypes of haemato-
logical neoplasia, cytopenias for non-
MALT B-cell and non-B-cell cancer, 
ORZ� &�� OHYHOV� IRU�0$/7� O\PSKRPDV�
DQG�PRQRFORQDO�JDPPRSDWK\�DQG�ORZ�
C4 levels for non-MALT lymphomas. 
On the other hand, activity in the con-
stitutional, pulmonary and haemato-
ORJLFDO� GRPDLQV� ZHUH� DVVRFLDWHG� ZLWK�
KLJKHU�ULVN�RI�QRQ�%�FHOO�FDQFHUV�������
0RUHRYHU��D�UHFHQW�VWXG\�IURP�WKH�,WDO-
LDQ� 6WXG\�*URXS� RI� 66� FRQÀUPHG� WKH�
relevance of cryoglobulins as prognos-
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WLF� IDFWRUV� IRU� O\PSKRSUROLIHUDWLRQ�� ,Q�
particular, pSS cryoglobulin positive 
patients displayed higher systemic dis-
HDVH�DFWLYLW\�E\�DSSO\LQJ�ERWK�(66'$,�
DQG�&OLQ(66'$,�VFRUHV�LQ�FRPSDULVRQ�
WR� QHJDWLYH� SDWLHQWV�� ,QWHUHVWLQJO\�� WKH�
(66'$,� GRPDLQV� VLJQLÀFDQWO\� OLQNHG�
WR�FU\RJOREXOLQDHPLD�ZHUH�QRW�RQO\�WKH�
constitutional, cutaneous and periph-
eral nervous system, notably related to 
the clinical appearance of cryoglobuli-
naemic vasculitis, but also the glandu-
lar domain, thus suggesting a strict re-
ODWLRQVKLS� EHWZHHQ� FU\RJOREXOLQDHPLD�
DQG�ULVN�RI�0$/7�O\PSKRSUROLIHUDWLRQ�
�����
Recent studies explored the poten-
tial role of genetic and epigenetic 
mechanisms in the pathogenesis of 
O\PSKRSUROLIHUDWLRQ� LQ� S66�� ,QGHHG��
chromosomal and genetic abnormali-
ties are considered major underlying 
pathogenic mechanisms for NHL lym-
phomagenesis and epigenetic mecha-
nisms, involving mainly methylation 
SDWKZD\V��KDYH�EHHQ�UHFHQWO\�SURSRVHG�
as major contributors for both autoim-
mune disorders and NHL, in particu-
ODU� QRQ�0$/7� O\PSKRPDV� ������ $�
possible role of polymorphisms of the 
methylene-tetrahydrofolate reductase 
(MTHFR) gene in contributing to pSS 
lymphomagenesis has been recently in-
YHVWLJDWHG�LQ�D�&DXFDVLDQ�FRKRUW�RI�����
S66� SDWLHQWV�� RI�ZKRP���� KDG�0$/7�
DQG� ��� QRQ�0$/7� 1+/�� ,QFUHDVHG�
IUHTXHQF\�RI� F�� ���&�!�7�77�JHQRW\SH�
and T allele and reduced prevalence of 
WKH�F������$�!�&�&�DOOHOH�ZHUH�REVHUYHG�
in the non-MALT group compared to 
KHDOWK\� FRQWUROV� DQG� SDWLHQWV� ZLWKRXW�
NHL, suggesting that MTHFR vari-
ants may be involved in SS non-MALT 
NHL development, through contribu-
tion to defective DNA methylation and 
JHQRPLF�LQVWDELOLW\�������0RUHRYHU��WKH�
H[SUHVVLRQ� RI� )F� UHFHSWRU�OLNH� SURWHLQ�
��)F5/��� DVVRFLDWHG� ZLWK� WKH� GXFWDO�
epithelium forming lymphoepithe-
lial lesions, particularly in the parotid 
gland, may have an important role in 
the pathogenesis of pSS and lympho-
magenesis of  MALT lymphomas (34).
2WKHU�SRWHQWLDO�ELRPDUNHUV�IRU�0$/7�
1+/� ZHUH� LGHQWLÀHG� LQ� D� SURVSHFWLYH�
VLQJOH�FHQWUH�,WDOLDQ�VWXG\��,Q�PRUH�WKDQ�
RQH�KXQGUHG�S66�ZRPHQ�SURVSHFWLYHO\�

IROORZHG�IRU�D�PHDQ�RI����PRQWKV��WKH�
authors demonstrated that gene expres-
VLRQ�RI�WKH�D[LV�3�;�5�LQÁDPPDVRPH�
LQ�PLQRU� VDOLYDU\� JODQGV� ELRSVLHV�ZDV�
higher in patients autoantibody-positive 
and in those developing a MALT-NHL 
RYHU�WKH�IROORZ�XS�� WKXV�VXJJHVWLQJ�DQ�
H[SORUDWLYH� UROH�RI�3�;�5�LQÁDPPDV-
RPH�D[LV�DV�SRWHQWLDO�SDWKZD\�LQYROYHG�
LQ�66� O\PSKRPDJHQHVLV� ������)XUWKHU-
PRUH�� D� QXPEHU� RI� VLJQLÀFDQWO\� RYHU�
H[SUHVVHG� SURWHLQV� ZHUH� LGHQWLÀHG� LQ�
the salivary gland tissues of patients 
ZLWK� S66� RU� S66�0$/7� O\PSKRPD��
LQFOXGLQJ� FRÀOLQ���� DOSKD�HQRODVH� DQG�
Rho GDP-dissociation inhibitor 2 (90). 
A severe clinical picture characterised 
by extraglandular manifestations as 
ZHOO�DV�1+/�KDV�EHHQ�DVVRFLDWHG�ZLWK�
WKH� VHYHULW\� RI� WKH� LQÁDPPDWRU\� LQ-
ÀOWUDWH�� DV� GHÀQHG� E\� WKH� IRFXV� VFRUH�
(FS) and/or by the presence of ectopic 
O\PSKRLG�VWUXFWXUHV��(/6���������������
����� +RZHYHU�� +DDFNH� et al. recently 
UXOHG� RXW� DQ� DVVRFLDWLRQ� EHWZHHQ�(/6�
and lymphoma evaluating the pres-
ence of germinal centres (GCs) in la-
bial gland biopsies through a staining 
combination of haematoxylin and eosin 
�+	(�� DQG� %FO��� ������ DOWKRXJK� SUH-
vious studies have demonstrated such 
DVVRFLDWLRQ� ����� ���� �����$OWKRXJK� WKH�
calculation of FS is rather intuitive and 
reproducible (94), discrepancies arise 
ZLWK� UHJDUG� WR� WKH� DVVHVVPHQW� RI� (/6�
as recently highlighted by Alunno et al. 
These studies, indeed, suggest the need 
for a harmonisation of ELS assessment 
and for the development of univocal 
recommendations to be used in clinical 
practice (95). Finally, although there 
are still no approved therapeutic in-
terventions for pSS, promising results 
derive from studies evaluating the ef-
ÀFDF\� RI� ELRORJLFDO� GLVHDVH�PRGLI\LQJ�
DQWL�UKHXPDWLF� GUXJV�� ,Q� ��� S66� SD-
tients included in the open-label Active 
Sjögren Abatacept Pilot (ASAP study), 
+DDFNH� et al. depicted a reduction of 
*&V�LQ�SDURWLG�JODQG�WLVVXH�DW����ZHHNV�
RI�IROORZ�XS�DIWHU���LQIXVLRQH�RI�DEDWD-
cept, probably due to inhibition of local 
7�FHOO�GHSHQGHQW�%�FHOO�DFWLYDWLRQ�������
Another study demonstrated the selec-
tive reduction of percentage and num-
ber of circulating follicular helper T 
FHOOV�DQG�7UHJ�FHOOV��ZLWK�D�FRQFRPLWDQW�

decrease in RF, anti-SSA and CXCL13 
VHUXP�OHYHOV��IROORZLQJ�WUHDWPHQW�ZLWK�
DEDWDFHSW�������,QWHUHVWLQJ�DQG�LQQRYD-
tive results derived from a recent piloy 
study aimed to evaluate the effect of 
EHOLPXPDE��D�%$))�LQKLELWRU��RQ�,)1�
induced peripheral blood gene expres-
sion in a small cohort of pSS female 
patients all positive for RF and anti-
66$�66%� ������ )ROORZLQJ� EHOLPXPDE�
DGPLQLVWUDWLRQ�� EDVHOLQH� W\SH� ,� ,)1�
VLJQLÀFDQWO\�FRUUHODWHG�ZLWK�WKH�RYHUDOO�
GHFUHDVH�RI�5)� IURP�EDVHOLQH� WR�ZHHN�
���DQG�SDWLHQWV�ZLWK�KLJKHU�,)1�VFRUH�DW�
EDVHOLQH�VKRZHG�JUDWHU�FKDQJHV�DW�VDPH�
IROORZ�XS� RI� LPPXQRJOREXOLQ� OHYHOV�
DQG� 5)� ZKLOH� QR� VLJQLÀFDQW� FKDQJHV�
ZLWK�W\SH�,,�,)1�ZHUH�REVHUYHG��7KHVH�
SUHOLPLQDU\�GDWD�VXJJHVW�WKDW�W\SH�,�,)1�
signature may affect the magnitude of 
biological effect of belimumab on im-
munoglobulin production, including 
5)�DQG�WKDW�66�SDWLHQWV�VKRZLQJ�KLJKHU�
,)1�VLJQDWXUH�PD\�EH�WKH�EHVW�WDUJHW�IRU�
belimumab.

Health-related quality of life and 
measures of disability in SS patients
Several factors may contribute to the 
impairment of health-related quality 
of life (HRQoL) in pSS and the impor-
tance of patient perspective is on the 
increase, so much so that HRQoL has 
been included as patient-reported out-
come (PRO) measures in several clini-
FDO� VWXGLHV�� ,QGHHG�� LW� LV� ZHOO� NQRZQ�
that pSS patients suffer from pain and 
fatigue mainly related to muscular and 
articular chronic pain and to a second-
DU\�GHSUHVVLYH�V\QGURPH��,QWHUHVWLQJO\��
among 120 pSS patients participating in 
a large therapeutic trial (Tolerance and 
(IÀFDF\�RI�5LWX[LPDE�LQ�S66��7($56��
ZKR� FRPSOHWHG� WKH� 6KRUW� )RUP� ���
KHDOWK� VXUYH\� �6)������ FDUGLQDO� V\PS-
toms of pSS (dryness, pain, and fatigue) 
ZHUH�WKH�PRVW�VWURQJO\�DVVRFLDWHG�ZLWK�
HRQoL impairment, best assessed us-
LQJ�WKH�(6635,��,Q�SDUWLFXODU��SDLQ�DQG�
IDWLJXH�ZHUH�WKH�SULPDU\�FRQWULEXWRUV�WR�
GHFOLQH�LQ�TXDOLW\�RI�OLIH�������6LPLODUO\��
in 257 Korean patients, younger age, 
xerostomia, and pain assessed by Euro-
4R/��� �(4��'��ZHUH� IRXQG� WR� EH� WKH�
major determinants of fatigue (fatigue 
GRPDLQ�RI�WKH�(6635,��������7KHVH�GDWD�
ZHUH�VWUHQJWKHQHG�LQ�D�ODUJH�FURVV�VHF-
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tional study aimed at assessing HRQoL 
E\� 6)���� DQG� SKV\FRORJLFDO� VWDWXV� E\�
the Hospital Anxiety Depression Scale 
�+$'6�� LQ� ���� &KLQHVH� ZRPHQ� ZLWK�
S66�� ,Q� WKLV� VWXG\�� VLJQLÀFDQWO\� ORZHU�
6)����VFRUHV�ZHUH�GHWHFWHG�LQ�SDWLHQWV�
in comparison to general population in 
all domains outlined in the score, sug-
gesting a reduced QoL in these patients. 
Moreover, anxiety and depression 
VFRUHV� RI� S66� SDWLHQWV� ZHUH� VLJQLÀ-
cantly higher in comparison to patients 
WUHDWHG� LQ� WKH� ,QWHUQDO� 0HGLFLQH� 'H-
SDUWPHQWV�� <RXQJHU� SDWLHQW� GLVSOD\HG�
greater anxiety level. Pain and fatigue 
OHYHOV�ZHUH�UHODWHG�WR�DQ[LHW\��ZKHUHDV�
SDLQ��IDWLJXH�DQG�[HURGHUPD�ZHUH�DVVR-
FLDWHG�ZLWK�GHSUHVVLRQ��VXJJHVWLQJ�WKDW�
pain and fatigue are the main contribut-
LQJ� IDFWRUV� WR� ORZHU�4R/�DQG� LQFUHDVH�
anxiety and depression in these patients 
(100). Multiple still unexplored factors 
may contribute to the increased level 
of anxiety and depression characteris-
ing pSS patients in comparison to a 
matched control population. First of all, 
emotional status in pSS patients may be 
partly related to probable central nerv-
ous involvement and immune system 
DFWLYDWLRQ� DQG� FKURQLF� LQÁDPPDWRU\�
state may alter the neuroendocrine and 
central nervous system, inducing or 
ZRUVHQLQJ� DQ[LHW\� DQG�GHSUHVVLRQ� VWD-
tus. Moreover, chronic joint and muscle 
pain, fatigue and xerosis are important 
contributing factors to anxiety and de-
pression and the menopausal status in 
S66�ZRPHQ�PD\�FRQWULEXWH�WR�HQKDQFH�
this phenomenon inducing a chronic 
depressive syndrome.
Dryness may affect smell, taste and 
sexual function in pSS patients, further 
contributing to QoL impairment. A re-
FHQW� UHYLHZ� RI� ÀYH� VWXGLHV� LQYROYLQJ�
more than 300 pSS patients demonstrat-
HG�WKDW�VPHOO�DQG�WDVWH�DUH�VLJQLÀFDQWO\�
impaired in pSS patients in comparison 
WR�DJH��DQG�JHQGHU�PDWFKHG�FRQWUROV��,Q�
SDUWLFXODU������RI�VXEMHFWV�FRPSODLQHG�
RI� K\SRVPLD� DQG� ���� VXIIHUHG� IURP�
hypogeusia. Moreover, sexual func-
WLRQ� ZDV� VLJQLÀFDQWO\� DIIHFWHG� LQ� S66�
ZRPHQ� DQG� YDJLQDO� GU\QHVV� KDV� EHHQ�
GHPRQVWUDWHG� WR� VLJQLÀFDQWO\� DIIHFW�
sexual function in these patients. Of 
consequence, impairment of taste and 
smell and of sexual function represent 

adjunctive factors contributing to im-
paired QoL in pSS patients (101). 
,Q�D�UHFHQW�SDSHU��/DFNQHU�HW�DO��GHYHO-
RSHG�D�TXHVWLRQQDLUH�IRU�WKH�VSHFLÀF�DV-
sessment of HRQoL pSS (pSS-QoL). 
Construct validity of the questionnaire 
ZDV� DVVHVVHG� E\� FRUUHODWLQJ� WKH� VFRUH�
ZLWK� WKH�(8/$5�6M|JUHQ·V� 6\QGURPH�
3DWLHQW� 5HSRUWHG� ,QGH[� �(6635,�����
(8/$5� 6M|JUHQ·V� 6\QGURPH� 'LVHDVH�
$FWLYLW\� ,QGH[� �(66'$,�� DQG� (4��'�
and consisted of 25 questions divided 
LQ� WZR�PDLQ� FDWHJRULHV�� SK\VLFDO� �GLV-
comfort and dryness) and psychoso-
cial. Strong and moderate correlations 
ZHUH�IRXQG�EHWZHHQ�WKH�366�4R/�DQG�
(6635,�DQG�(4��'�VXJJHVWLQJ�WKH�SR-
tential value of this questionnaire as a 
novel PRO measure in clinical studies 
(102). To better characterise the needs 
and perspectives of patients and their 
SUHIHUHQFHV� DQG� GLIÀFXOWLHV� LQ� GDLO\�
life, the same group performed a study 
aimed at evaluating perspectives and 
QHHGV� ZKLFK� PD\� LQÁXHQFH� +54R/�
in pSS patients. A small cohort of pSS 
SDWLHQWV� ZDV� HQUROOHG� DQG� WKUHH� PDLQ�
GRPDLQV� ZHUH� LGHQWLÀHG�� LQFOXGLQJ�
physical dimension, psychological and 
emotional challenges, social life and 
GDLO\� OLYLQJ��7KH� VWXG\� FRQÀUPHG� WKDW�
complaints secondary to pain, dryness 
and fatigue are important to patients 
ZLWK�S66�DQG�VLJQLÀFDQWO\�DIIHFW�SK\VL-
cal, psychological and social life com-
ponents of HRQoL (103).  
Finally, research attention focused on 
the evaluation of physical tiredness 
and activity in pSS. Physical tiredness, 
PHQWDO�IDWLJXH�DQG�RFXODU�IDWLJXH�ZHUH�
assessed in a semi-structured qualitative 
LQWHUYLHZ�LQ�WKH�'LYLVLRQ�RI�3V\FKRORJ\�
DW�1RWWLQJKDP�7UHQW�8QLYHUVLW\��3DUWLFL-
SDQWV��Q ����OLQNHG�WKHLU�H[SHULHQFH�RI�
fatigue to feelings of depression, frus-
tration, irritation and anxiety. They also 
described an exacerbation of other ocu-
lar symptoms including pain, dryness 
DQG� LWFKLQJ�� ZKLFK� ZHUH� FRPSRXQGHG�
by fatigue (104). 
0RUHRYHU��SK\VLFDO�LQDFWLYLW\�ZLWK�FRQ-
sequent reduced aerobic exercise and 
muscle strength represent major deter-
minants of impaired QoL in these pa-
tients. A recent study evaluated habitual 
physical activity (i.e. sedentary time and 
light and moderate-to-vigorous physi-

cal activity) in a small cohort of pSS 
SDWLHQWV�ZLWK�PLOG�GLVHDVH�DFWLYLW\�DQG�
WKH�DVVRFLDWLRQ�EHWZHHQ�KDELWXDO�SK\VL-
FDO�DFWLYLW\�OHYHO�ZLWK�SK\VLFDO�FDSDFLW\�
and function, fatigue, HRQoL and de-
SUHVVLRQ��,Q�SDUWLFXODU�����ZRPHQ�ZLWK�
S66�ZHUH� DVVHVVHG� IRU� KDELWXDO� SK\VL-
FDO� DFWLYLW\� OHYHOV� DQG� FRPSDUHG� ZLWK�
���KHDOWK\�ZRPHQ�PDWFKHG� IRU�SK\VL-
cal activity level, body mass index and 
ERG\� IDW� SHUFHQWDJH�� ,Q� FRPSDULVRQ� WR�
the healthy control group, pSS patients 
ZHUH�FKDUDFWHULVHG�E\�UHGXFHG�SK\VLFDO�
capacity and function, increased fatigue 
DQG�SDLQ��DQG�UHGXFHG�+54R/��,QWHUHVW-
LQJO\�� WKHVH�GLIIHUHQFHV�ZHUH�VXVWDLQHG�
ZKHQ�RQO\�PRUH�SK\VLFDOO\�DFWLYH�SDU-
WLFLSDQWV� ZHUH� FRPSDUHG�� LQGLFDWLQJ�
that minimum recommended levels of 
physical activity for the general popula-
WLRQ�PD\�QRW�EH�VXIÀFLHQW�WR�FRXQWHUDFW�
pSS comorbidities (105).
6LPLODU�UHVXOWV�ZHUH�GHWHFWHG�LQ�D�FURVV�
sectional study aimed at investigating 
self-reported levels of physical activity 
PHDVXUHG� E\� WKH� ,QWHUQDWLRQDO� 3K\VL-
cal Activity Questionnaire-short form 
�,3$4�6)��LQ�����S66�SDWLHQWV�LQ�FRP-
parison to healthy controls matched for 
DJH�� VH[� DQG� ERG\� PDVV� LQGH[�� ,QWHU-
HVWLQJO\�� SDWLHQWV� ZLWK� S66� GLVSOD\HG�
VLJQLÀFDQWO\�UHGXFHG�OHYHOV�RI�SK\VLFDO�
activity but similar levels of sedentary 
activity compared to healthy individu-
DOV��0RUHRYHU��D�VLJQLÀFDQW�DVVRFLDWLRQ�
EHWZHHQ�SK\VLFDO� DFWLYLW\� DQG� IDWLJXH��
orthostatic intolerance, depressive 
V\PSWRPV� DQG� 4R/� ZDV� DOVR� IRXQG�
ZKLOH�VHGHQWDU\�DFWLYLW\�GLG�QRW�FRUUH-
ODWH�ZLWK�IDWLJXH��6\PSWRPV�RI�GHSUHV-
VLRQ�DQG�GD\WLPH�VOHHSLQHVV�ZHUH�LQGH-
pendent predictors of levels of physical 
DFWLYLW\�������

Novel insights into treatment

'HVSLWH� LQFUHDVLQJ� NQRZOHGJH� RQ� WKH�
pathophysiological events that lead to 
pSS, treatment of the disease has not 
greatly improved if compared to other 
autoimmune diseases and is mostly 
based on personal experience and ex-
pert opinion, rather than on strong sci-
HQWLÀF�HYLGHQFH��)RU�WKHVH�UHDVRQV�DQG�
in consideration of the limited effec-
tiveness of current treatments, consid-
erable efforts are currently being made 
to identify novel drugs and to test ef-
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IHFWLYHQHVV�RI�PHGLFDWLRQV�ZKLFK�KDYH�
proven useful in other autoimmune dis-
eases.
,W� LV� QRZ�ZHOO� HVWDEOLVKHG� WKDW� ERWK�7�
and B cells are involved in the patho-
JHQHVLV�RI�S66��ZKLFK�DUH�DEOH�WR�LQGXFH�
WKH� IRUPDWLRQ� RI� *&�OLNH� VWUXFWXUHV�
in salivary glands. This observation, 
DORQJ�ZLWK�RWKHU�VXSSRUWLYH�GDWD��VXFK�
DV� WKH� GHWHFWLRQ� RI� VSHFLÀF� DXWR�DQWL-
bodies, the frequent development of 
hypergammaglobulinaemia and the in-
creased incidence of B-cell lymphoma 
in pSS patients, lead to a strong interest 
in the potential usefulness of targeting 
%� DQG� SODVPD� FHOOV� ZLWK� ULWX[LPDE�� D�
monoclonal anti-CD20 antibody. Ver-
stappen et al. (107) made a very in-
teresting observation on pSS patients 
WUHDWHG� ZLWK� ULWX[LPDE�� VKRZLQJ� WKDW�
anti-CD20 therapy not only predict-
ably reduces the number of circulat-
ing B-cells, but also affects levels of 
some subtypes of T cells, namely cir-
culating T follicular helper (Tfh) cells, 
,/���� DQG� ,/����SURGXFLQJ� &'��� 7�
cells. Although not surprising, the ex-
act mechanism of such effect needs to 
be elucidated. Nonetheless, this study 
adds further suspicion that rituximab 
may be an effective treatment for glan-
dular and systemic manifestations of 
pSS. The results of published human 
WULDOV�DUH�FRQWUDVWLQJ��ZLWK� VRPH�VWXG-
LHV� VKRZLQJ� PLOG� HIIHFWLYHQHVV� DQG�
RWKHUV� IDLOLQJ� WR�FRQÀUP� WKLV�REVHUYD-
WLRQ��7($56�VWXG\���,Q�D�UHFHQWO\�SXE-
lished randomised controlled trial, the 
DXWKRUV�HYDOXDWHG�WKH�HIÀFDF\�RI�ULWX[L-
mab on fatigue and oral dryness after 
WZR�FRXUVHV�RI�WKHUDS\��i.e. 12 months. 
5LWX[LPDE�ZDV�QRW�VXSHULRU�WR�SODFHER�
on fatigue and xerostomia improve-
PHQW�� OLNHZLVH��QR�VXEVWDQWLDO�EHQHÀWV�
ZHUH�DFKLHYHG�RQ�VHFRQGDU\�HQGSRLQWV�
VXFK�DV�(66'$,��(6635,��VDOLYDU\�DQG�
ODFULPDO�ÁRZV�DQG�TXDOLW\�RI�OLIH��������
Levels of circulating Tfh cells are also 
reduced after administration of the fu-
VLRQ� SURWHLQ� DEDWDFHSW� ZKLFK� EORFNV�
co-stimulatory signals, thus inhibiting 
T cell activation by antigen presenting 
cells. Because Tfh cells are essential 
to orchestrate the formation of ectopic 
GCs in exocrine glands, this observa-
WLRQ� PD\� H[SODLQ� WKH� ÀQGLQJV� RI� WKH�
VWXG\� E\� +DDFNH� et al.� ZKR� GHPRQ-

strated a reduction of the presence of 
GCs in the parotid glands of pSS pa-
WLHQWV� IROORZLQJ� WUHDWPHQW�ZLWK� DEDWD-
FHSW�����������
2QH� RI� WKH� PRVW� ZLGHO\� SUHVFULEHG�
ÀUVW�OLQH� PHGLFDWLRQV� IRU� S66� LV� K\-
droxycloroquine (HCQ), especially 
to treat symptoms such as fatigue and 
arthralgia. This approach derives from 
WKH�ZHOO�UHFRJQLVHG�HIIHFW�RQ�VNLQ�DQG�
articular manifestations in systemic lu-
pus erythematosus. Studies performed 
RQ�S66�VKRZ�FRQÁLFWLQJ�GDWD��5HVXOWV�
of a metanalysis of four studies includ-
ing a total of 215 SS patients suggests 
no effect of HCQ on fatigue, xeroph-
talmia, xerostomia and tear and saliva 
production (110). HCQ is also almost 
routinely prescribed in pSS female 
SDWLHQWV� GXULQJ� SUHJQDQF\�� RZLQJ� WR�
the absence of foetal toxicity. On the 
contrary, strong evidence in favour of 
SRWHQWLDO� EHQHÀFLDO� HIIHFWV� LV� ODFNLQJ��
even though some studies suggest that 
HCQ is effective in reducing the inci-
GHQFH�RI�FRQJHQLWDO�KHDUW�EORFN��&+%���
one of the most detrimental – albeit 
rare – obstetrical complications of anti-
SSA/Ro+ patients. A recent case-con-
WURO� VWXG\� RQ� ��� SUHJQDQFLHV� VKRZHG�
a positive effect of HCQ on pre-term 
delivery rate, although no conclusions 
FDQ�EH�GUDZQ�FRQVLGHULQJ�WKH�ORZ�QXP-
ber of patients enrolled (111). 
Such a paucity of evidence on the ef-
fectiveness of commonly prescribed 
medications – not limited to HCQ 
– underpins the importance of pro-
moting further investigation on “old” 
PROHFXOHV� ZKLFK� PD\� VWLOO� VHUYH� DV� D�
valuable tool, even in the era of targeted 
agents and biologics.
Xerostomia and xerophtalmia are un-
questionably the most common mani-
festation of pSS. Although not particu-
larly organ-threatening, they represent 
the main cause of distress for patients. 
Current treatments for dry eye and 
mouth consist of topical lubricants, 
topical immunosuppressants such as 
cyclosporine eye drops and systemic 
VHFUHWDJRJXHV� OLNH� SLORFDUSLQH�� 7KHVH�
treatments provide only limited amelio-
ration of discomfort and some are bur-
GHQHG� E\� DGYHUVH� HIIHFWV� ZKLFK� OLPLW�
their use. Furthermore, establishing 
the actual effectiveness of these treat-

PHQWV� LV� FKDOOHQJLQJ�DV� LW� LV�QRZ�ZHOO�
NQRZQ� WKDW� VXEMHFWLYH� DQG� REMHFWLYH�
measures of oral and ocular dryness 
GR�QRW�DOZD\V�ZHOO�FRUUHODWH�ZLWK�HDFK�
other due to variability of pain sensitiv-
ity among individuals, presence of co-
PRUELGLWLHV�VXFK�DV�ÀEURP\DOJLD�DQG�RI�
frequent confounding ocular sensations 
OLNH� EXUQLQJ� SDLQ� DQG� WLUHG� H\H�ZKLFK�
may be referred erroneously. To try and 
overcome this limitation, especially in 
DQ�H[SHULPHQWDO�VHWWLQJ��D�QHZ�PHWKRG�
KDV� EHHQ� SURSRVHG��ZKLFK� DLPV� WR� DF-
FRXQW� IRU� GLVFUHSDQFLHV� EHWZHHQ� VXE-
jective symptoms and objective meas-
ures of dryness by means of a score 
UDQJLQJ�IURP�����DV\PSWRPDWLF�ZLWK�VH-
vere dryness) to +5 (severe symptoms 
despite normal tear and saliva produc-
tion) (112).
Numerous studies performed on mu-
rine models and evaluating potential 
QHZ� WRSLFDO� WUHDWPHQWV� IRU� RFXODU� GU\-
ness have been recently published. 
Non-obese diabetic (NOD) mice, 
ZKLFK� VSRQWDQHRXVO\� GHYHORS� DXWRLP-
mune dacryoadenitis and sialoadenitis, 
UHVSRQGHG�YHU\�ZHOO�WR�D�WRSLFDO�QDQR�
incapsulated formulation of sirolimus, 
ZKLFK� KHOSV� WR� RYHUFRPH� OLPLWDWLRQV�
GXH� WR� V\VWHPLF� WR[LFLW\� DQG� YHU\� ORZ�
VROXELOLW\�� 7KH� WUHDWHG� PLFH� VKRZHG� D�
reduction of both histological lacrimal 
JODQG� LQÁDPPDWLRQ� DQG� FRUQHDO� ÁXR-
UHVFHLQ� VWDLQLQJ� VFRUH� �������%ORFNDJH�
of high mobility group box (HMGB)1 
– a pleotropic alarmin contributing to 
LQÁDPPDWLRQ�LQLWLDWLRQ�²�E\�VXEFRQMXF-
WLYDO�LQMHFWLRQ�RI�D�VSHFLÀF�DQWLERG\�LQ�
NOD mice also appeared to be superior 
to placebo in terms of tear production 
and corneal staining score. Treated 
PLFH� DOVR� VKRZHG� LQFUHDVHG� DPRXQWV�
RI� ,/����SURGXFLQJ� LQQDWH� O\PSKRLG�
FHOOV� �,/&��� LQ� GUDLQLQJ� O\PSK� QRGHV��
indeed a very interesting observation 
ZRUWK� IXUWKHU� LQYHVWLJDWLRQ� ������ $Q-
other murine model that spontaneously 
GHYHORSV� RFXODU� LQÁDPPDWLRQ� UHVHP-
bling pSS is thrombospondin-1 (TSP-
��� GHÀFLHQW� PRXVH�� &RQWUHUDV�5XL]� HW�
al. demonstrated that TSP-peptide can 
induce T regulatory cells (Treg) binding 
to CD47; topical administration of this 
SHSWLGH�LQ�763���GHÀFLHQW�PLFH�UHGXFHG�
FRUQHDO�ÁXRUHVFHLQ�VWDLQLQJ�VFRUH��SUH-
served tear quality and increased ex-
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pression of FoxP3 mRNA in draining 
lymph nodes, compared to mice treated 
ZLWK� D� FRQWURO� SHSWLGH� �������$QRWKHU�
interesting area of research is repre-
sented by the potentials of autologous 
products used to promote tissue regen-
eration. Mesenchymal stem cells are 
providing good results in in vitro and in 
vivo studies but have strong limitations 
������� ZKLOH� RWKHU� WHFKQRORJLHV� PD\�
SURYLGH�QHZ�WKHUDSHXWLF�RSWLRQV�LQ�WKH�
QHDU�IXWXUH��3ODVPD�ULFK�LQ�JURZWK�IDF-
tors (PRGF) eye drops can be produced 
from autologous plasma and have al-
UHDG\�VKRZQ�WR�EH�HIIHFWLYH�IRU�YDULRXV�
ocular surface diseases. A restrospec-
tive analysis performed on primary and 
secondary SS patients demonstrated a 
VLJQLÀFDQW� LPSURYHPHQW� RI� V\PSWRPV�
related to xerophtalmia, even in those 
ZKR�KDG�SUHYLRXVO\�IDLOHG�WR�UHVSRQG�WR�
WRSLFDO�F\FORVSRULQH�������
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