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ABSTRACT

Objective: Effective treatment for primary Sjogren’s syndrome (pSS) is not available. pSS immuno-
pathology involves a variety of immune-cells and dysregulated pathways; targeting several pathways
instead of only one could therefore be effective. Treatment with leflunomide (LEF) and hydroxychlor-
oquine (HCQ) might be successful given their unique immunosuppressive properties. We aimed to
study the in vitro effects of LEF, HCQ and their combination on T- and B-cell proliferation, cytokine and
immunoglobulin production by activated PBMCs.

Methods: PBMCs of six healthy individuals and nine pSS patients were stimulated with superantigen
and TLR9 agonist to mimic the hallmark features. LEF, HCQ and their combinations were tested at
clinically observed concentrations and proliferation, cytokine and immunoglobulin production were
measured.

Results: TCR/TLR9 activation of PBMCs induced strong proliferation of T and B-cells and production of
CXCL13, IFN-qa, IFN-y, IgG and IgM. LEF dose-dependently inhibited all measured parameters, where
HCQ potently and dose-dependently decreased B cell proliferation, CXCL13, IFN-a, IgG and IgM
production. At different concentration combinations, HCQ and LEF inhibited several immune hallmark
features more potently than each single compound.

Conclusion: A combination of LEF and HCQ at clinically applicable concentrations additively inhibits
immune activation, supporting a potential implementation of this drug combination in pSS treatment.
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A clear role for the interferon pathway has been shown in
pSS [8-11]. The presence of an interferon signature is asso-
ciated with B cell hyperactivity and clinical parameters [12].
Systemically, an interferon type | is present in approximately
55% of pSS patients. This type | IFN signature has been attrib-
uted to production of type I IFNs (e.g. IFN-a) by plasmacytoid
DCs (pDCs). In target organs, a predominant upregulation of
interferon type Il inducible genes was demonstrated [13],
which is associated with the abundant presence of IFN-y-
producing T cells [14]. IFN-a induces Tfh cells expressing Bcl6
and triggers B cell activation [15]. Interestingly, recent studies
demonstrate that also IFN-y is a critical inducer of germinal
center formation and autoimmunity. Furthermore, pathogenic
Tfh cells co-express IL-21 and IFN-y [16-18].

Ectopic germinal centers that develop in 25-30% of pSS
patients [3-5], exhibit functional characteristics of lymphoid
germinal centers, including B cell affinity maturation and clo-
nal selection [3]. Presence of GCs in pSS is associated with
high disease activity and strongly increased risk of lymphoma
[5,19]. CXCL13 and its unique receptor CXCR5 are crucial in
formation, function, and maintenance of GCs by regulating
homing and tissue localization of CXCR5-expressing Tfh cells
and B cells. In pSS patients, CXCR5 Tfh cells in peripheral blood
and labial salivary gland (LSG) are increased and in LSG CXCR5

1. Introduction

Despite an extensive search for a clinically effective treatment
for primary Sjogren’s syndrome (pSS), to this day standard care
comprises only symptomatic treatment with saliva- and tear
substitutes to relieve the hallmark symptoms of pSS, severe
dryness of eyes and mouth. Even though the precise immu-
nopathological processes of pSS remain to be elucidated,
evolving knowledge in recent years has prompted many
efforts to target one or more of these processes specifically,
either by biological DMARDs (bDMARDs), small drug mole-
cules or repurposing existing drugs like classical synthetic
DMARDs (csDMARDs) [1].

The salivary glands of patients with pSS are infiltrated by
a range of immune cells, mainly CD4 and CD8 T-cells, B-cells,
and to a lesser extent dendritic cells (DCs), monocytes/macro-
phages and NK-cells [2]. A complex interplay between these
cells and their effector molecules results in chronic inflamma-
tion with B cell hyperactivity, auto-antibody production and
ultimately formation of ectopic germinal centers [3,4].
Reflecting B cell hyperactivity, ~30% of pSS patients develop
extraglandular manifestations and 5-10% of patients with pSS
develop B-cell lymphoma, in particular those patients with
high numbers of lymphocytic foci or germinal centers [2,5-7].
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Article highlights

o Stimulation of PBMCs with SEB and TLR-9L induces strong prolifera-
tion of T and B cells, as well as production of cytokines and
immunoglobulins.

o Leflunomide inhibits in vitro proliferation of lymphocytes, most
strongly T lymphocytes and halts production of CXCL13, IFN-a, IFN-
Yy, and immunoglobulins.

o Hydroxychloroquine in vitro most strongly inhibits proliferation of
B-cells, production of CXCL13, IFN-a, and immunoglobulins.

e Their combination additively decreases lymphocyte proliferation and
cytokine- and immunoglobulin production.

e Since leflunomide and hydroxychloroquine combination therapy
in vitro potently inhibits several immune responses that are key to
immunopathology in pSS this drug combination holds promise for
treatment of pSS.

o This box summarizes key points contained in the article.

Tfh cells correlate with percentages of memory B cells and
plasma cells. In line with this observation, the degree of
cellular organization of the lymphocytic aggregate is positively
associated with the CXLC13 expression. These data implicate
a critical role for the CXCL13/CXCR5 axis in B cell hyperactivity
and GC formation in pSS patients [4].

The involvement of different immune cells and effector
mechanisms in pSS pathology indicates that targeting multi-
ple immunopathological pathways could lead to an improved
inhibition of disease activity. Combining csDMARDs with over-
lapping but also distinct anti-inflammatory activities has pro-
ven to be a successful strategy in for instance rheumatoid
arthritis. In pSS, the csDMARDs leflunomide (LEF) and hydro-
xychloroquine (HCQ), when given as monotherapy, inhibited
immunological parameters in clinical trials [20,21], although
suboptimal clinical effects were seen for these monotherapies
[20-22]. Considering their complementary mechanisms of
action, a combination of LEF and HCQ could have benéeficial
effects on immunological and clinical parameters in patients
with pSS.

Leflunomide (LEF) is an isoxazole derivate that, after in vivo
conversion to its active form (A77 1726), becomes biologically
active. It inhibits dihydro-orotate dehydrogenase (DHODH),
which is the rate-limiting enzyme of de novo synthesis of pyr-
imidines causing inhibition of (CD4) T cell proliferation [23]. In
mice, LEF inhibits both T cell-dependent and T cell-independent
B cell antibody production by blocking cell cycle transition,
thereby limiting the expansion of antibody-producing cells [24].

Hydroxychloroquine (HCQ), initially used as an anti-malarial
drug, also exhibits immunomodulatory effects. HCQ mainly
targets antigen-presenting cells such as dendritic cells and
monocytes, illustrated by the fact that after exposure these
cells have higher intracellular concentrations of the drug [25].
Antigen presentation is decreased by HCQ, as MHC class I
molecules are moved to the endocytic compartments after
synthesis. This mainly affects binding of low-affinity self-
peptides instead of antigenic pathogen-derived peptides
[25]. HCQ inhibits activity of pDCs, which are the strongest
producers of type | IFN, and of B cells, by inhibiting Toll-Like
receptor (TLR)-mediated responses [25,26]. This is due to the
HCQ-mediated raise of endosomal pH leading to dysfunction
of endosomal TLRs. By raising endosomal pH, HCQ interferes

with the functional transformation of the TLRs needed for
their activation [27]. Also, HCQ directly interferes with nucleic
acid TLR ligands, resulting in structural alterations of the
nucleic acid and prevention of its binding to TLRs [28]. In
addition, HCQ inhibits autophagy, resulting in less cell prolif-
eration [29].

Considering the distinct immune cells and effector mechan-
isms targeted by LEF and HCQ, and the potential for their
combined use, we here assessed the in vitro effects of
a combination of these drugs on TCR/TLR-activated PBMCs.
We show that the combined use of LEF and HCQ leads to
strong additive inhibition of T and B cell proliferation, resulting
in decreased production of T follicular helper (Tfh)-related
cytokine CXCL13, type | and type Il IFNs and immunoglobulins.

2. Materials and methods
2.1. Patients

Nine pSS patients who fulfilled the American-European Consensus
Group classification criteria for primary Sjogren’s syndrome [30], as
well as six healthy individuals, were included. Characteristics of the
patients and healthy controls are given in Table 1. The study was
performed according to the regulations of the medical ethical
committee of the University Medical Centre Utrecht. All patients
and healthy individuals gave their written informed consent.

2.2. Cell culture

Mononuclear cells (MCs) from patients and controls were iso-
lated from heparinized peripheral blood (PB) by density cen-
trifugation using Ficoll-Paque Plus (GE Healthcare, Uppsala,
Sweden). Prior to MC isolation, PB was diluted 1:1 in PBS.
Peripheral blood mononuclear cells (PBMCs) were stimulated
with superantigen Staphylococcal enterotoxin B (SEB) (Sigma-
Aldrich, Zwijndrecht, the Netherlands), CPG-C ODN-M362
(Invivogen, San Diego, USA) and their combination, in the
presence or absence of clinically relevant concentrations of
HCQ (Sigma-Aldrich) and A77 1726 (MedChemExpress,
Monmouth Junction, USA), the active metabolite of LEF. For
analyses of cytokine production and cell proliferation, super-
natant and cells were harvested after four days of culture. For
analyses of immunoglobulin production, supernatants were
harvested after 10 days of culture. Culture supernatants were
rendered cell-free and stored at —80 C prior to analysis.

2.3. Flow cytometry

Proliferation of T cells and B cells was assessed, using the Cell Trace
Violet technique (Life technologies, Carlsbad, California, USA). This
intracellular dye dilutes out following every cell division and is

Table 1. Characteristics of the controls (n = 6) and patients (n = 9).

Age (mean, SD) 59.3 (16.5) 40.0 (12.3)
Female (n, %) 9 (100) 5 (83.3)
Disease duration (mean, SD) 18.2 (11.0) N.a.
ESSDAI (mean, SD) 6.2 (4.7) N.a.
SSA/Ro and/or SSB/La positivity (n, %) 8 (88.9) N.i.
Serum IgG g/L (mean, SD) 21.6 (11.6) N.i.




measured by Fluorescence-activated cell sorting (FACS). For ana-
lysis of cytokine production and proliferation, a viability dye stain-
ing (Fixable Viability Dye eFluor©780, Thermo Fisher, Waltham,
USA) was added to exclude cell death as an explanation for
inhibition of read-outs. To distinguish cell subsets in flow-
cytometry analyses, the following antibody panel was used: CD3
V500 (BD Biosciences), CD4 PerCP-Cy5.5 (Sony Biotechnology),
CD45ROPE-Cy7 (BD Bioschiences), CD19 AF700 (eBioscience),
CD14 FITC (Miltenyi) and CD25 BV711 (BD Biosciences). Data
were analyzed using FlowJo (version 10).

2.4. Measurement of cytokines and immunoglobulins

Cytokine production was measured using an in-house developed
and validated multiplex immunoassay as described previously
[31]. I9G and IgM levels in the supernatants taken after 10 days
of culture were determined by ELISA according to manufacturer’s
instructions (Bethyl Laboratories, Montgomery, USA).

2.5. Statistics

To compare groups and conditions, the paired T-test was
used. To test the additive effects of LEF and HCQ, paired
T-tests were applied. Differences were considered to be statis-
tically significant at p < 0.05.

3. Results

Stimulation of PBMCs with SEB and TLR-9L induces strong pro-
liferation of T and B cells, as well as production of cytokines and
immunoglobulins

To study the combined effects of LEF and HCQ in vitro, we
sought to setup a culture system that reflects activation of
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multiple immune cell types, and effector molecules as observed
in patients with pSS. As SEB strongly induces T cell receptor-
mediated T cell activation in a large proportion of T cells and
TLR9 ligand CPG-C is a robust activator of B cells and pDCs, we
investigated whether the combination of these stimuli resulted
in activation of these three cell subsets. After four days of
culturing PBMCs in the presence of both SEB and TLR9 ligand,
we observed strong proliferation of both T cells and B cells
(Figure 1(a)). This was true for cells from both healthy controls
and patients with pSS, and there were no apparent differences
between patients and controls (Figure 1(b)). In line with the
robust T and B cell proliferation after four days, high levels of
Tfh-related cytokine CXCL13 and type | and Il interferons IFN-a
and IFN-y, were measured upon activation. After 10 days of
culture, we observed strongly increased levels of IgG and IgM
production upon stimulation (Figure 1(c)). Judging from the
strongly enhanced proliferation and production of IFNs and
immunoglobulins, this culture system was used as a model to
study the inhibitory effect of LEF and HCQ on activation of
T cells, B cells and pDCs.

3.1. HCQ and LEF distinctly inhibit lymphocyte
proliferation, cytokine and Ig production

We next investigated the dose dependency of LEF or HCQ to
inhibit activation of PBMCs cultured with SEB and TLR-9L.
Several concentrations of either cDMARD were tested on
cells from both patients and controls. For both drugs, the
highest condition was chosen based on mean serum levels
that are seen in patients treated with clinically usual dosages.
For LEF, mean serum levels are approximately 30-40 mg/I
[21,32] (this corresponds to 111-148 yM) and a minimum
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Figure 1. In vitro model to assess efficacy of csDMARDs to inhibit lymphocyte proliferation, cytokine- and immunoglobulin production. (a) Induction of both T- and
B-cell proliferation upon TCR stimulation with SEB and TLR9 stimulation with CpG-C. % proliferating T cells and B cells are indicated in light grey and dark grey,
respectively. (b) Induction of T and B cell proliferation and (c) cytokine and immunoglobulin production upon stimulation with SEB and TLR9 in healthy controls (HC)
and pSS patients.

*, #* **x indicate statistical significant differences of p < 0.05, 0.01 and 0.001.
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concentration of 13-16 mg/l (48-59 uM) is considered mini-
mally required for clinical response [32]. Therefore, 100 pM
was chosen as the highest concentration. Studies in SLE
patients suggest a minimum effective blood concentration of
500 ng/ml (1.15 pM) of HCQ, however others claim that
a minimum of 1000 ng/ml (2.3 uM) is required for therapeutic
efficacy [33,34]. Therefore, the optimal therapeutic range of
HCQ remains to be determined [33]. However, a great varia-
bility is seen in serum HCQ concentration among individuals,
more than a 10-fold range of drug concentrations was found
in patients all receiving similar doses [34]. Therefore,
a concentration of 4300 ng/ml (this corresponds to 10 uM)
was chosen as the highest condition.

HCQ by itself potently inhibited B cell proliferation (Figure 2(a)),
IFN-a, CXCL13 (Figure 2(b)), and immunoglobulin production
(Figure 2(c)) in a dose-dependent manner. T cell proliferation
was only inhibited at the highest concentration of HCQ. LEF
alone dose-dependently inhibited proliferation of T and B cells,
production of cytokines CXCL13, IFN-a and IFN-y and production
of IgG and IgM.

3.2 Suboptimal concentrations of the HCQ/LEF
combination additively inhibit T cell proliferation, B cell
proliferation and CXCL13 production (in pSS patients)
and inhibit IFN-a and immunoglobulins

Next, we investigated the effects of the combination of
¢sDMARD:s in this culture system. We tested different combina-
tions of LEF and HCQ in a checkerboard setup and determined
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Figure 2. Inhibition of proliferation, cytokine and immunoglobulin production
proliferation (A), IFN-a, CXCL13 (B), and immunoglobulin production (C) in a dose-dependent manner. T cell proliferation was only inhibited at the highest
concentration of HCQ. LEF alone dose-dependently inhibited proliferation of T and B cells (a), production of cytokines CXCL13, IFN-a and IFN-y (b) and production of

19G and IgM (c).
*, #* ** indicate statistical significant differences of p < 0.05, 0.01 and 0.001.

the concentration at which optimal additive inhibition of T and
B cell proliferation was observed. At a concentration of 3.3 uM
HCQ and 10 pM LEF, which are submaximal dosages of each
drug, T cell and B cell proliferation were additively inhibited in
HCs and pSS patients, compared to the addition of either HCQ or
LEF alone (Figure 3(a)).

In pSS patients, CXCL13 production was also strongly and
additively inhibited by the combination of 3.3 uM HCQ and 10
MM LEF. A trend towards additive inhibition was seen in HCs,
but statistical significance was not reached. The combination
of 3.3 uM HCQ and 10 pM LEF induced robust inhibition of
IFN-0, but no additive effect was observed since HCQ alone
already induced strong almost complete inhibition.

Inhibition of IFN-y was seen at a concentration of 10 uM HCQ
(clinically relevant concentration) and 33 and 100 uM LEF (subop-
timal and clinically relevant concentration, respectively) (Figure 2
(a, b)). At 3.3 pM HCQ and 10 uM LEF inhibition of IFN-y production
was absent or only minor. For both IgG and IgM, the combination
of 3.3 uM HCQ and 10 uM LEF strongly reduced production, but
this was not significantly different from HCQ alone since this by
itself strongly diminished Ig production (Figure 2(b, c)).

Concentrations of LEF and HCQ that optimally inhibited
lymphocyte proliferation did not show significant additive
effects on cytokine and immunoglobulin production, because
HCQ had a very strong effect by itself. As such, we investi-
gated whether suboptimal concentrations of HCQ would show
more pronounced additive effects on Ig production. Using
a concentration of 0.1 uM HCQ and 33 uM LEF significant
additive inhibition of IgG for both healthy individuals and
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Figure 3. Additive inhibition of proliferation and CXCL13 production and robust inhibition of Igs and IFN-? Additive inhibition of T- and B-cell proliferation and
production of CXCL13 and robust inhibition of IgG, IgM, and IFN-? is achieved by suboptimal concentrations of HCQ and LEF in HC and pSS patients. (a): T cell
proliferation is additively inhibited by HCQ and LEF both in HC and in pSS patients. Combination of HCQ and LEF leads to profound inhibition of B cell proliferation
(b): Robust inhibition of CXCL13 and IFN-? production in HC and pSS patients. IFN-? production remains unchainged (c): IgG and IgM are strongly inhibited by HCQ

and LEF in HC and pSS patients.
*, ** *** indicate statistical significant differences of p < 0.05, 0.01 and 0.001.

pSS patients was observed. This was also seen in pSS patients
for IgM production, although in healthy individuals only
a trend towards additive inhibition was seen. Similar results
were seen for combinations of LEF with 1.0 uM HCQ (data not
shown).

3.3. Optimal concentrations of LEF and HCQ additively
inhibit production of IFN-y and immunoglobulins

The combination of the highest concentrations of the two
drugs, 10 pM HCQ and 100 puM LEF, resulted in significant
additive and profound inhibition of IFN-y (Figure 4). Cell
death was measured in all conditions in patients and healthy

=
o
=]

donors and did not significantly differ between donors and
patients. In none of the conditions, cell death exceeded 8% on
average (see Supplementary figure 1) not correlating with
immune inhibitory effects, thus excluding cell death as
a cause for inhibition of proliferation, cytokine and immuno-
globulin production.

4. Discussion

Both HCQ and LEF separately inhibit T and B cell activation,
with HCQ extremely potently inhibiting B cell activation and
LEF more potently inhibiting T cell activation. At different
combinations of HCQ and LEF, additive inhibition of in vitro
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Figure 4. Additive inhibition of IFN-y and B cell activity (IgG and IgM). Additive inhibition of IFN-y and immunoglobulins is achieved using either higher (IFN-y) or

suboptimal (IgG and IgM) concentrations of HCQ and LEF.
*, #* **x indicate statistical significant differences of p < 0.05, 0.01 and 0.001.
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proliferation of T and B cells, production of Tfh-associated
cytokine CXCL-13, IFN-y, and B cell activity was observed.

Dosages of HCQ and LEF were chosen based on serum
levels seen in patients treated with the usual dosage of
these drugs, with the highest concentration in vitro set as
the highest concentration observed in vivo and subsequent
testing of lower concentrations. With respect to HCQ, studies
in SLE patients suggest a minimum effective blood concentra-
tion of 500 ng/ml (1.15 pM) [33], others claim that a minimum
of 1000 ng/ml (2.3 pM) is required for therapeutic efficacy
[33,34]. Our data show that at 3.3 uM HCQ in vitro robustly
inhibits B cell activity, IFN-a and to a lesser extent CXCL13
production. Also at the lower clinically suggested concentra-
tion (1 uM) HCQ in vitro extremely well inhibits B cell activa-
tion. This is line with the observed effect of HCQ [20] on slgG
levels in pSS patients that resembles those of the biologicals
Rituximab [35], Abatacept [36,37] and Belimumab [38].
Interestingly, our study shows that HCQ in much lower con-
centrations, even up to 0.1 pM, is capable of inhibiting B cell
activation. Since at this concentration no inhibition of T cell
proliferation, CXCL13, IFNy or IFNa production was observed
HCQ seems to target B cells independent of these processes.

We demonstrate that both LEF and HCQ inhibit T and B cell
proliferation and production of CXCL13, IFN-a, IFN-y and
immunoglobulins 1gG and IgM, all of which are important
contributors to pSS pathology, albeit with different potencies.
LEF dose-dependently inhibits proliferation of T- and B cells,
CXCL13, IFN-q, IFN-y, and immunoglobulins I9G and IgM. HCQ
in a dose-dependent manner inhibits proliferation of B cells,
production of CXCL13, IFN-a and immunoglobulins, however
T cell proliferation and IFNy were inhibited much less potent,
only at the highest HCQ concentration.

For the first time, we showed that a combination of LEF and
HCQ induced complementary and additive inhibition of TCR/
TLR9 activated immune activation. We observed the most
robust additive effects on B and T cell proliferation and
CXCL13 using suboptimal dosages of LEF and HCQ. In addi-
tion, optimal inhibition of IFN-a and B cell activity reflected by
IgG and IgM production was achieved at these concentrations.
Hence, the key pathways involved in pSS pathology are suc-
cessfully targeted by this combination.

Recently it was shown that IFN-y plays a critical role in GC
formation and induction of autoimmunity. IFN-y was one of
the more persistent cytokines in our in vitro model. Significant
inhibition of IFN-y production required higher concentrations
of HCQ (10 uM) and LEF (100 uM), concentrations that in vivo
can be easily reached for LEF, but less easy for HCQ when
patients are treated with the usual dosage. A combination of
10 uM HCQ and 100 pM LEF did result in significant and
additive inhibition of IFN-y production. Trends for additive
inhibition were observed when using a lower concentration
of HCQ, but did not reach statistical significance. This suggests
that the local IFN-y production in pSS could persist despite
broad immune inhibition with HCQ and LEF in clinically rele-
vant concentrations, requiring higher concentrations of HCQ
and LEF.

Despite huge efforts to successfully inhibit disease activity in
pSS, results of numerous clinical studies, including those testing
biologicals such as rituximab, have been rather disappointing

[1,39], and new promising drugs require confirmation in larger
studies. Notwithstanding, treatment with, for example, Rituximab
has been demonstrated to lead to biological effects, including
mitigation of T and B cell activation, glandular inflammation,
formation of ectopic lymphoid structures and B cell hyperactivity
(reflected by reduction of serum IgG and RF) [40-43]. Still, inhibi-
tion of B cell hyperactivity may only be partially, insufficient to fully
tackle immunopathology and disease activity [44] [35/45].
Interestingly, upon investigation of the biological effects of LEF/
HCQ combination therapy in a double-blind randomized con-
trolled clinical trial we recently performed (EudraCT 2014-
003140-12) we found an unprecedented strong inhibition of
B cell hyperactivity as reflected by reduction in serum IgG [46].
This was associated by significant inhibition of several clinical
measures, including the primary outcome, the ESSDAI score.
Whether LEF/HCQ combination therapy truly culminates into
higher clinical efficacy remains to be confirmed in larger clinical
trials.

5. Conclusion

Our data show that the combination of LEF and HCQ potently
inhibits several hallmark immune responses in vitro that are
indicated to play key roles in immunopathology of pSS. To
confirm these favorable in vitro results, we are currently inves-
tigating the clinical and immunological effects of combination
therapy with HCQ and LEF in pSS patients. Publication of the
results of this double-blind, randomized controlled clinical trial
is eagerly awaited.
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