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Sjogren's syndrome (SS) is a systemic autoimmune disorder affecting approximately 3% of the population in the
United States. This disease has a female predilection and affects exocrine glands, including lacrimal and salivary
glands. Dry eyes and dry mouths are the most common symptoms due to the loss of salivary and lacrimal gland
function. Symptoms become more severe in secondary SS, where SS is present along with other autoimmune

diseases like systemic lupus erythematosus, systemic sclerosis, or rheumatoid arthritis.
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| 1. Introduction

Sjogren's syndrome (SS) is an autoimmune disorder of the exocrine glands, including the lacrimal and salivary
glands with a strong female predilection; women are affected 10-15 times more than men L2, The disease is
present among all age groups but generally starts between ages 40 to 60 years, affecting almost 3% of the
population in the United States [Bl. The main symptoms of the disease involve a reduction in saliva and tear
secretion, leading to dry mouth (xerostomia/stomatitis sicca) and dry eyes (keratoconjunctivitis sicca). The disease
can also spread to other organs, leading to various extra-glandular manifestations in the skin, gastrointestinal
tracts, pulmonary system, liver, pancreas, kidneys, and nervous systems MBI, SS could be primary and secondary.
Patients with primary SS show a loss of salivary and lacrimal gland function, while secondary SS develops in
patients with other autoimmune diseases 8. The major cause of illness in SS patients is due to fatigue and joint
pain. One characteristic feature of this disease is hypergammaglobulinemia, defined by the presence of tissue-
specific autoantibodies, the surge in the levels of immunoglobulins, circulating autoantibodies against ribonuclear
proteins (anti-52 and 60-kDa Sjogren's syndrome A; SS-A/Ro, anti-Sjogren's syndrome B; SSB/La), cellular
proteins like carbonic anhydrase Il, cellular receptors (e.g., B-adrenergic, muscarinic cholinergic), secreted
proteins, and detectable Rheumatoid Factor (RF) Bl Production of anti-nuclear autoantibodies (ANAs) and
interferon (IFN) are some of the additional features defining SS. Early diagnosis of patients with SS is very
challenging and once the diagnosis is confirmed, there are no therapeutic treatments available to treat the disease
etiology . It was proposed that aberrant activation of immune cells is responsible for disease progression.

However, the detailed mechanism of disease progression in the lacrimal and salivary glands are not determined
[0,

| 2. Lacrimal and Salivary Glands Structure and Function
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Lacrimal gland (LG) is an exocrine tubuloacinar gland that secretes the aqueous layer of the tear film. LG
epithelium is composed of three major cell types—ductal, acinar, and myoepithelial cells (MECs). Acinar cells
secrete the primary LG fluid, ductal cells modify the electrolyte composition of the primary LG fluid, before it exits
the ducts and flows onto the ocular surface and MECs have a contractile function that helps to expel the secreted

fluid from acinar cells 111,

The salivary glands are exocrine glands that produce saliva, a mixture of serous and mucous secretions containing
water, proteins, glycoproteins, and electrolytes. The salivary glands also produce digestive enzymes that break
down different nutrients. Humans have three paired major salivary glands—parotid, submandibular, and sublingual.
The parotid glands are the largest salivary glands in humans 22, Human and rodent parotid glands are composed
of pure serous acini, while the human submandibular gland is a mixed gland composed of both serous and mucous
acini. In rodents, the submandibular gland is composed of only the serous cells (13l The acini of human and rodent

sublingual glands are composed of mucous and serous cells 141,

| 3. Pathogenesis of Sjogren's Syndrome

Alteration of glandular homeostasis is thought to be an initial event in SS, which happens before the onset of
inflammation. Altered homeostasis can also activate the autoimmune response and inflammation. Exocrine
dysfunction preceding inflammation was noticed in both mouse models and human patients. Experiments using the
NOD mouse model, which is believed to have the same pathogenesis as humans, show an autoimmune phase
preceded by non- or pre-immune phases 1318l |n general, unusual proteolytic activity, high cell death, decrease in
expression of the EGF gene, and changes in gene expression levels related to tissue homeostasis are observed
before the autoimmune phase 4. Increased nitric oxide (NO) production was also related to disease pathogenesis
in SS patients. NO is generated by nitric oxide synthase (NOS), through the reaction of nitric oxide synthase (NOS)
on l-arginine, which produces citrulline and NO 8. An in vitro study involving mouse and human acinar cells
obtained from salivary glands showed that chronic exposure to NO leads to the downregulation of their secretion
(291 Moreover, inducible nitric oxide synthase (iINOS) is a key regulator of the innate immune system 29, NO is
released by vascular endothelial cells and nerves 21l and can induce relaxation of the smooth muscle cells,
including pericytes and myoepithelial cells. Decrease in contractile activity of myoepithelial cells leads to salivary
and lacrimal gland dysfunction 22231 |t was reported that in human salivary glands, NOS is localized in ductal
epithelial cells 24, |n rat salivary glands, NOS isoforms were found in ductal and myoepithelial cells, while in the
lacrimal glands, they localized in ductal and acinar cells. These findings suggest that nitric oxide can directly
regulate secretion. In NOD mice, decrease in the salivary gland (submandibular and parotid) function precedes the
autoimmune phase and happens in parallel to a decrease in nitric oxide synthase (NOS) activity. This was found

prior to proinflammatory cytokine expression or formation of the lymphocytic infiltrations 221,

Further evidence related to the role of non-immune factors in secretory dysfunction was obtained from NOD-SCID
mice, where the loss of acinar tissue (mainly due to increased protease activity) happens in the absence of
inflammation 8. It was shown that maintaining acinar cell polarity is crucial for the secretory function of the

salivary and lacrimal gland in SS patients (271281 Rab3D and Rab8A proteins are required for the exocytosis
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function of the secretory pathway, and in SS patients it was noted that expression and distribution of the Rab3D
protein changed and correlated well with the loss of cell polarity and secretory dysfunction 22. Another factor that
is independent of immune infiltration and linked to SS is high oxidative stress. High oxidative stress leads to
overexpression of the reactive oxygen species (ROS) that further causes DNA damage and cell death, leading to a
production of anti-DNA autoantibodies. High oxidative stress could lead to SS pathogenesis through ROS
production, lipid membrane oxidation, and inflammatory process B9, High oxidative stress also decreases lacrimal
gland secretion by damaging the ocular surface epithelial cells 21, and it is inversely related to the levels of the
antioxidant thioredoxin B2133],

| 4. Innate Immune Cells in SS Disease

Anomalous activation of the immune pathways leads to disease development in exocrine tissues and systemically
to the destruction of epithelial cells (ECs) of the lacrimal and salivary glands. Similar to humans, the lacrimal gland
of SS mouse models show periductal and perivascular loci of lymphocytic infiltrates (Figure 1), and loss of acinar
and ductal cells, and hence loss of secretory function B4, More severe destruction of the lacrimal gland was
noticed with an increased duration of ocular disease 3. The most common histological features of the salivary
gland of SS patients include loss of tissue structure, acinar atrophy, and hyperplasia of the lining of the
intraglandular ducts B84, Several immune cells are implicated in SS progression. We recently reported that in
several mouse models of SS, such as MRL/Ipr, NOD (NOR/LtJ), and thrombospondin null (TSP177) mice, the
majority of cells forming the lymphocytic foci are B cells (Eigure 1C,D) B8l nfiltration of the gland involves CD4*
helper T (Th) cells, CD8" cytotoxic T cells, B cells, plasma cells, macrophages, dendritic cells (DCs), and mast
cells ¥ A more detailed analysis of male NOD mice showed the presence of B-cells (52.9%), CD4* mature T
helper cells (14.1%), CD8" mature cytotoxic T cells (8%), NK cells (8.7%), macrophages (CD11b* GR1™; 36.5%),

and myeloid immunoregulatory cells (4.7%) in the lacrimal gland, indicating a serious inflammatory response 411,
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Figure 1. Histopathological features of mouse lacrimal gland at 3 months of age. (A) Histochemical staining of
paraffin-embedded mouse lacrimal gland sections with hematoxyllin-eosin (H&E). (B) Higher magnification reveals
severe infiltration of immune cells in the lacrimal gland. (C) Immunostaining of the NOD mouse lacrimal gland
sections with the B220 antibody (B cell marker) (D) and CD3 antibody (a marker of T cells). Each scale bar is 100

pm.

5. Biological Therapies for the Treatment of Sjogren's
Syndrome

Symptomatic treatments of SS are the only treatments available thus far, no therapeutic treatment is available to
cure the disease 2. This could be due to the heterogeneity of the disease pathology. Several biological therapies
reported in the literature are still in a clinical trial stage 4314414511461 Among all of these therapies, B-cell-targeted
therapy showed the most promising results in controlling the SS. Other therapies involving the targeting of T cells
and cytokines are still in the early stages of the investigation 47, Several diagnostic criteria of SS are reported in
the literature 481, The EULAR (see above) promoted a global collaboration to develop an SS disease activity index
(ESSDAI) 49, This activity index measures disease activity in patients with primary SS and is now used as a gold
standard in clinical studies B9, In addition, the EULAR Sjégren's Syndrome Patient Reported Index (ESSPRI) 211,
provided a questionnaire to the patients that helped to develop ESSDAI, and evaluated systemic complications 22,
Change in ESSDAI is often used as an outcome measure in clinical trials. Ocular dryness can be assessed by
Schirmer tests and oral dryness through stimulated or unstimulated salivary flow rate 52. Here, we discuss various
clinical trials that showed encouraging results, and also consider some future targeting therapies for SS-related

symptoms.

5.1. B Cell Targeting

B cells play a central role in SS disease development and progression due to B cell hyperactivity, GC formation,
and the production of SS autoantibodies 22!, Aberrant B cell activation might lead to extra glandular manifestations
and changes of other serological characteristics in SS patients, including an increase in levels of free light chains
and PB2-microglobulin, rheumatoid factor, and hypergammaglobulinemia 541, Ultimately unusual B cell activation
might lead to the development of mucosa-associated lymphoid tissue (MALT) lymphoma, in some of the SS
patients (22, Several B cells targeting therapies including the B cell depletion and targeting of BCR signaling (Table

1, Figure 2) are reported up to date.
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Figure 2. B cell-targeted therapies and their outcomes in primary Sjogren's Syndrome. Current therapies include
CD20, CD22, BAFF, and LT[ receptor targeting. BAFF, B-cell activating factor; LT3, lymphotoxin (3; and LTBR,

lymphotoxin  receptor.

Table 1. B cell-targeted therapies in SS patients.

No.
Drug Target Dose of
Pats
Chimeric Twice 1 g on
Rituximab mAb against days 1 and 17
CD20 15
1 g with an 30
interval of 2
weeks or
placebo

Type of ] _
Efficacy Side Effects  Refs
Study
Randomized,
. Improvement
double-blind, fer 6 "
after 6 months,
Placebo- . IRR, SSR (6]
sicca symptoms
controlled _ ]
. did not improve
pilot study
i 57
Prospective, Stimulated SSR 7
single center, saliva flow rate
randomized, and lacrimal
double-blind,  9land function
placebo- improvement
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'S
mg/m2/week
for 4 weeks
orlgon
days 1 and
15

1 g with an

interval of 15
days.

patients 41
received 6
courses of

therapy

Twice 1 g,
15 days 28

apart

Twice 1 g,
two weeks 120

apart

two doses of 110
rituximab (1

g) or

placebo, two

weeks apart

controlled

trial

Prospective
study (AIR
registry)

Prospective,
multicenter,
follow-up

study

Prospective
single-center

study

Randomized,
double-blind,

Placebo-
controlled,
parallel-
group trial
(TEARS)

A
randomized
double-blind

placebo-

1st cycle
efficacy in 47
patients (60 %)

After 6 m
ESSDAI
decrease

ESSDAI

decrease.

Reduction of
infiltrate and
GCs after

treatment

ESSDAI and
ESSPRI score

improved.

No significant

difference

No significant

difference

IRR, SSR

No adverse

effects

Not reported

Few patients
had IRR

Not reported

[59]

[60]

[61]
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Epratuzumab

Belimumab

Humanized
anti-CD22
monoclonal

antibody

Human
IgG1A mAb
targeting
BAFF

Two courses
of rituximab
(1g)at
weeks 0, 2,
24, and 26
or placebo.

133

4 infusions
of 360
mg/m?

biweekly

600 mg
every week,
or
epratuzumab
1200 mg

1584

every other
week for 4

weeks

10 mg/kg,
monthly 30

dose

controlled

clinical trial

A
multicenter,
randomized,
double-blind,
placebo-
controlled,
parallel-

group trial

An open-
label phase
/1l study

Randomized,
double-blind,
placebo-
controlled,
multicenter

studies

Phase Il
open-label

No significant
improvement in
any outcome
except
unstimulated

saliva flow

Improvements
in fatigue. B-cell
reduction, T
cells did not

change

Disease activity
in patients with
SLE and
associated SS
showed

improvements

In 60% of
patients
improvement in
dryness,
fatigue, and
musculoskeletal

pain

Few serious
adverse
events were
reported but
there were no
deaths

Not reported

Adverse
events were
comparable in
the treated

and placebo

group

One patient
develops
pneumococcal

meningitis

[66]
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13293-
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B receptor injections of multicenter, difference in d other
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reduces B every week placebo- salivary gland liver toxicity
cell for 24 weeks controlled secretion and \&
infiltration or placebo trial ocular dryness A StUdy

(Hoboken) 2012, 64, 911-913, dol:10.1002/acr.21610.

5. lenopoli, S.; Carsons, S.E. Extraglandular manifestations of primary Sjogren’s syndrome. Oral.
Maxillofac. Surg. Clin. N. Am. 2014, 26, 91-99, doi:10.1016/j.coms.2013.09.008.
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dlﬁ%{g{?&%t]gl]_ fglrlRR_.é?)ffﬂgl%brg%?d reaction, SSR—serum sickness-related, AIR airway intervention registry,

eum
ESSDAI—the EULAR Sjogren's syndrome disease activity index, ESSPRI the EULAR SS patient reported index,
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doi:10.1016/j.autrev.2016.03.004.

%%_er Bgl%gﬁrgﬂl%ao Y.; Zhang, W.; Li, M.T.; Zeng, X.F.; Zhang, F.C.; Dong, Y. Clinical and
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could be a powerful approach to treat the SS (71 Abatacept is a human fusion molecule where the Fc region of

10. Kramer, J.M. Early events in Sjogren’s Syndrome pathogenesis: The importance of innate

human IgG1 is attached to_ human cytotoxic T Iym8hocyte antlzgen (CTLA-4) protein (Eigure 3). Ité)revents CD28-
Immunity in disease initiation. Cytokine 2014,’67, 92-101, doi:10:1016/.cyt0.2014.02.0009.

mediated T cell co-stimulatory signal, by blocking the crosstalk between the antigen-presenting cells and the T
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~Initiate adult onset of autoimmune exocrinopathy. Exp. Clin. Immunogenet. 2001, 18, 143-160,
in choosing treatment strategies and improving the quality of life of SS patients.
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Origin and Function in Lacrimal Gland
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M38.tdattii,eNr; cEtlabadas #uGaikid iy @ afptesaintoce dfiisia patwatiorisitidayesfEnptiomah tée dialadehigsiike
SS priadwetio peirm8dABIRg2012| &piedb8 @b trdoi13e. 18 THifctudglqyarken® @4ERabon by M3R-reactive CD4*
b RPN LIRS e RNt 12 Laditen O ARGRI R )
"rpTRARERA Y VEISIUR 1 IR B R ERIS A e, SElRiPRes e iea gy
th'scatb‘é’édsﬁg’)"é?ﬁ of ieladeniis, i iy GRS ST SEHSHES Wit S hrERS SURAFEME. SRS SRSalol Y
progbﬁlpnéﬂ VEE?S[S_] ZBm%lndlcates the potential of this strategy in controlling pathogenlc T cell infiltrations in the

glandular tissue of SS patients.
33. Dogru, M.; Kojima, T.; Simsek, C.; Tsubota, K. Potential Role of Oxidative Stress in Ocular

As B uHiadepkritEemrBatmirhgpet dotyity yeall seaseialmeesings Opdttivgkneosis/ isrgetin@ ObSstalk, heesdE3F and
B cBlzsdbl) Heildudds#ivuppidazB4dReat SS. Therefore, treatments of the early stages of SS could be more
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enkfical, tgrSreaimbntdvidigge/statieam, K.; Pankewycz, O.; Ambrus, J.L., Jr.; Suresh, L. Temporal
histological changes in lacrimal and major salivary glands in mouse models of Sjogren’s

5.3, Mesenchyme Stem Gells)Transplantation 186/1472-6831-13-51.

e WHlnyreoRiel ceiRIMBEsPaidMilatbotdrit sobIastesId WithHaadeyinKer Bitke¥ia bHatalpey it 88,
Thdciigakglankith&eriaiaosnibnativiis sMmsBs)) uRpntaakorls 10¢MS0s)85”gRa8MSCs (GMSCs), or
adipelsdIs3o(ROMECEL. BT s are able to modulate the immune response of various immune cells, including

FEEHESEPRAD T S M ITEMBRIOP 2 HARAINE, SRISSIBK R AN ARPRISIBatMGb gy BT STUgeR'Y° affect the
Patp BB PRbia SARR)WANPHIBPLBR S OSR2ESAE MEBMETS TUBNER Sgipdens gaanly by
caufg@’ adg?ﬁfsafﬁi%mapﬁzetﬁ Lil}fgcfﬂ!s?_and an increase in the number of Tregs [22[E1,

3ThSaobeITpldyadnpepotarBevenans Sell isheaiBrranth@ficalintHbhistenaibalages) exambrationiafs a
no\aRliveap elab & bieRsirS TSy eSS, egnosisardtie aiowblie! SiagiensamhenmaeygeriaseNieD)
(901 Wikky. 20Aerid oryptdpads ictoi: kphdht{e MinetOdyp. 4ddfi8ssing the T cell proliferation, while inducing

RGBS FaRnaL W.Wﬁpéér%ﬁ%ﬁl%%kﬂrﬁ"ﬁ S IR VE 200G0A B RAKAPSARB DA aN
UMSGs Dad it slmest iy Trpimimalenies et Qi dUst e entiar ool aemeasait al FRlRers - Though
UMBisFeRaYS - SRR IR ot P RIaiaT Ste b AGEN S E1damBsti. BPRRRIREIMARP'SREN (Y8, Béhe
sys%@ﬁlrgwﬂ? &8§ﬂc61&gl@7tn8\/@it5I_rilﬂ'rsjggntext, a microencapsulation technique that separates UMSCs and

T cells was developed 28, These microencapsulated UMSCs restore the Tregs/Th17 ratio and suppress SS T cell

3FoRbARH BAGKIRRA i oMRENEI2 My MENAY Jfom!SiARefiafRAHRGRANAomodblalry effects
of UMSYS iFs&3KYABKRY AnlibRiaMAdl RechhabA LRI RILaL TR YeRPCR S TUIRE Gtbsis,
uvRRRUANENL AR ia08s e tRrBERIRSRCHLI R (R IRIEG AR e Ayl BYSRiRnEYE RERd
shotttnéiaft bt ISt 1064iRy@<2046.09.011.

40. Zoukhri, D. Effect of inflammation on lacrimal gland function. Exp. Eye Res. 2006, 82, 885-898,
Table 21 §9R AL REISBBEITGRIgRIN PSS patients.

4
Cell Number, o )
MSCs o Administration Effect Refs ng|
Origin
1 x 10% /Kg ) Increase saliva flow, reduction in anti- o
4 UMSCs iv _ o (1] - d
one dose SSA/Ro and anti-SSB/La antibodies )SIS an
Differentiation and proliferation of Tfh ot
UMSCs Human N/A Coculture (20 .
4 cells decreased pies
UMSCs Decrease in proliferation of T cells, and .
_ Human N/A Coculture _ 93]
4 microencapsulated numbers of Thl, Th17; Treg increased 1t

doi:10.1093/rheumatology/kez142.
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4 Reduced IL-12, decrease in e. Clin.
Human 1 x ) 95
UMSCs iv (93]
10% /Kg .
y Th17 and Tfh cells; Treg increased |
a
S e e i D915,

ATisianle BRI2YsSDHERIAPIeSEHRRIN T BB RESRRETR MGGy rERsRYRARAHE therRiigRRbiRR Y SCs.
inje@g@&%)@mr,ggg@ﬁ _aggmiat&lm_,lqj@gm{émgwgéafgieﬂces. Abbreviations: UMSCs—Umbilical

cord-derived mesenchymal stem cell, iv—intravenous, SSA—Sjogren's syndrome A antibodies, SSB—Sjogren's

AR Binfifbolds, el WodarRaRdn 1he dinanpeis And ratment of Biagren.s, SYPAIOMmEs S s,
anﬁhﬁ%m?gf)elflg&llrﬁﬁ.?’ 1743-1749, doi:10.1007/s10067-018-4153-8.

49, Shiboski, C.H.; Shiboski, S.C.; Seror, R.; Criswell, L.A.; Labetoulle, M.; Lietman, T.M.;
Morggueh 5w SROWS BRIk tie\iERE NS wirRaNE B9 Paedialio ARG e SilyYpgland epithelial
cellRnlh Y186y EUrdfESd Veadie AYMMLARAE FREIRR eaks SReitio RAIRIAR! FoTaBy|As - ctures like
UghEHgrERRS SPACTEIIRION GBsETs AR ML ERA MEBREoFIRVBITRIYRRh R @FASRIGHED 2
aysRAEn b CoRBIRS RS RRYAREAT 2017 BEI9s5tsABa Y6 S tinsalMYissgs a promising therapy to

treat SS by replacing damaged salivary gland acinar cells. However, a relatively recent study in mice in which
SOMSBLOY R RRVETANy Seelri I SI9R drvvi I RN, SroRRa HR dHspl& ' e + GNP hsct of
this” Al 83 HEF MY o RN e don BRI 16t Bligr it O LR P YOG RS G A by
seVBAFSHPSRAN AsdSSheUdn EMRPRGR 5% ofRRRL 2 SR HQidH 200 ARRR AR AM% 7o
Sthe Spitbe)iR.caRanaxte .o NwrietienX.g Bob tern acH eEateatf 2% - Hansen, A.; Ramos-Casals, M.;
Dorner, T.; Bombardieri, S.; Hachulla, E.; et al. EULAR Sjogren’s Syndrome Patient Reported

Thebide (ESSIS RO Wi IBER RS B B REAGIBYSEREATER:2AGr PriTEaY SRSoREPPLBIRIRSRATE I e
tregReninPifs KU Qgg_qu@’hggsg@fyzegdhg_@f_ﬁ)&gf&{l@%@f@g{)@ﬂ@p on IL-12 production, through dendritic

cells in 29 SS patients. They found that DCs from SS patients produced more IL-12 compared to the control

S5O 6562 wEe BRI Gn BOI MRl dn RAVTL AN ol HOR388 M ReiMANEHGa nothdle Hiscs also

incr B8N b PR AR ScRRBIPr M RpIRR o depme. Nat. Rev. Dis. Primers. 2016, 2,
16047, doi:10.1038/nrdp.2016.47.

AN, BYOMBRIARE, BRlEN e (it RBGERBSRE A Ty Fogten SynaRohieeYRaiored/thritis

Wa‘ﬁﬂ@ﬁﬁﬂaﬁgh Eeti%‘tslﬁecfﬁ@—dlﬂ@ﬁaﬁ@ﬂ?@gﬁliw&u?ﬁ%&%l j_r_1fusions and were evaluated for adverse

events, to make sure that MSCs are safe to use as a treatment of autoimmune disease [101] Thjs study suggests
e ORI My TZRRS ) Bor DARRESNGIS BEchRRRR [dhe initiation and perpetuation of
Sjogren’s syndrome. Nat. Rev. Rheumatol. 2010, 6, 529-537, d0i:10.1038/nrrheum.2010.118.

585, RYVAREY M8 o4, B PRIS]! EMERGHPANIAMolICHSiBETRISS sYMdrGHRP ARTtol UM /R EY, cell
reSE@f@ng?%@m?@@?@oFf@.sldmﬂ.éﬁﬁré{??(ﬁ@@ﬁ@lﬂ@ﬁ@? function of DC, macrophages, mast cells, and NK

cells. Due to their effect on the adaptive and innate immune system, MSCs could be used as a potential
SR=RBsS S BMENR st to! BinE-¥s IRdRKnbeaEs: SaduidiamRgridis RIEAEES &y R8 Karmer

un G%th%% K/’lé%%dt%trgpne &fcf%g uein OSrjggrga igx{%glrome with rituximab: Results of a randomised,

double-blind, placebo-controlled pilot study. Ann. Rheum. Dis. 2008, 67, 1541-1544,
5.4l0CiAdkittés @s0A TheiEFeutic Target
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SCytviner condtifutdeanenapleivkighidiam kefuor piflkethet dy dtepAatadahigt MAJ Kasysienga oNexBnawegand
disétdekalitieberge GeGteBadtismdl +) réfteeiivantasshat tibukd ihalbdedatsendntigb timarne &jotiaye's to treat
seveyaldnanemAma nitkeasze €28 oAllide db ipthk e etan voeet rebd chérialh &etheiti: Ringairin. 20 062N Gitkd in
TabB68 addi HiQuidd2Tar 2aptiy of cytokine-targeted therapies in SS include the TNF family, IFN family, IL-1, IL-

[103]
5%' 6/tjteh I‘elrg ‘?EI'LC}ﬁnquettl G.; Larroche, C.; Combe, B.; Hachulla, E.; Meyer, O.; Pertuiset, E.;
Kaplanski, G.; Chiche, L.; Berthelot, J.M.; et al. Efflcacy of ri UX|mab in syg;gmm;panlfestatlons of

primary Sjogren’s rome: Results i e Tl H'ﬁ'r’nab registry.
Ann. Rheum. Dis. , 72,1026-103 ._ .F i Fhase Z Inal In SLE
||_-22 patients. Needs to be

rr-.,tlml in 55 patients.

2 -Paniano, |.;
IFH-« dose improved oral and

" r drynase whhou IA arly primary

0 skgniticant sl

59. Carubbi, F; thunm««a.a\ﬁ rreuhA B

Llak0U|I V |'»Juld‘h| |I|. |F|:I nO‘A e

Sjogren’s syndrome: A prospecuve ter Ryvermeps udy. A Ll : 013, 15,
IL-6R Infliximab
R172 dol 10 1186/“ ? :. Mo significant difference.
*L-2
ds, S Brouwé Spl tol 010543 07 iL-2 are bkl A Bootsma H. Responsiveness

60. Meiners, PJ.
of disease a @dlféé%Pm in patlent“tltﬁ‘nmar}ckjegren s syndrome
treated with [t eum. Dis. 2012, 71, SQﬁ:rdpl-J:O".L nnrheumdls 2011-
200460. call infiltrates in mice. n:u not

reach endpoint in 55 patients.

61. Devauchelle-Pensec, V.; Mariette, X.; Jousse-Joulin, S.; Berthelot, J.M.; Perdriger, A.; Puechal,
Figire L& Gyeikind/iaghiia tierdpreiéeahenged. butéohieban Lpriglad). Taptnenspidesimanz Sjegranerapies
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intetierdiOal 336/MK33R085 kinase.

62. Brown, S.; Navarro Coy, N.; Pitzalis, C.; Emery, P.; Pavitt, S.; Gray, J.; Hulme, C.; Hall, F.; Busch,
Table 3. Cytokine-targeted therapies mg SS'patients.
R.; Smith, P.; etal. The TRACTISS protocol A randomised double blind placebo controlled clinical

- _. - ———— "

No
. Phase of ) Side
Drug Cytokines Target Dose of Efficacy Refs
Study Effects .
€ Pats rice,
3 mg/kg No e.
Improvement o
two ) ] significant
— " in the visual g
weeks adverse .
€ Infliximab _ TNF-a 16 Phase Il analog score, (2041 radier,
family apart, ) events
fatigue, and -label
three were
. . dryness
infusions seen
€ 2, X
infliximab TNF TNF-a 3 103 Randomized, No significant Severe 1051 322
family infusions double-blind,  differences adverse jren’s
13—773,

doi:10.1002/art.40425.
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€ of 5
mg/kg
drug or
placebo
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€ weeks

apart

25 mg
€ s.c. twice

TNF
Etanercept TNF-a per week

family —_—

weeks

150 IU of
interferon-
IFN-a IFN-a o 3 times
a day for
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150 IU of

7 interferon-
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a day for
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daily
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12
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327

26

placebo-
controlled

study
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Double-blind
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controlled

2 Phase llI
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A double-
blind,
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symptoms
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Better patient-
reported
ocular

tolerability

No significant
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Injection-
site
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in about
one-third
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tolerated

No
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adverse
effect
noted

Well
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serious

108

109

110

111

cturne,
e.

ith

arcelos,
Lction
i

Se,
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)—-1480,

gets for

nunol.

f
ogren’s

1, W.H.;
ase

activity in early primary Sjogren’s syndrome (open-label proof of concept ASAP study). Ann.
Rheum. Dis. 2014, 73, 1393-1396, doi:10.1136/annrheumdis-2013-204653.
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