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RHEUMATOLOGY
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B-cell activity markers are associated with different
disease activity domains in primary Sjogren’s
syndrome

Katherine James'?, Chimwemwe Chipeta®, Antony Parker®, Stephen Harding®,

Simon J. Cockell®, Colin S. Gillespie®, Jennifer Hallinan®’, Francesca Barone®,

Simon J. Bowman®#2, Wan-Fai Ng' and Benjamin A. Fisher®#%; for the UK Primary
Sjogren’s Syndrome Registry

Abstract

Objectives. B-cell activating factor (BAFF), B-2 microglobulin (2M) and serum free light chains (FLCs) are
elevated in primary SS (pSS) and associated with disease activity. We aimed to investigate their associ-
ation with the individual disease activity domains of the EULAR Sjégren’s Syndrome Disease Activity Index
(ESSDAI) in a large well-characterized pSS cohort.

Methods. Sera from pSS patients enrolled in the UK Primary Sjogren’s Syndrome Registry (UKPSSR)
(n=553) and healthy controls (n=286) were analysed for FLC (x and 1), BAFF and B2 M. Pearson correl-
ation coefficients were calculated for patient clinical characteristics, including salivary flow, Schirmer’s
test, EULAR Sjogren’s Syndrome Patient Reported Index and serum IgG levels. Poisson regression was
performed to identify independent predictors of total ESSDAI and CIinESSDAI (validated ESSDAI minus
the biological domain) scores and their domains.

Results. Levels of BAFF, f2M and FLCs were higher in pSS patients compared to controls. All three
biomarkers associated significantly with the ESSDAI and the CINnESSDAI. BAFF associated with the
peripheral nervous system domain of the ESSDAI, whereas 2M and FLCs associated with the cutaneous,
biological and renal domains. Multivariate analysis showed BAFF, B2M and their interaction to be
independent predictors of ESSDAI/CIInESSDAI. FLCs were also shown to associate with the ESSDAI/
ClinESSDAI but not independent of serum IgG.

Conclusion. All biomarkers were associated with total ESSDAI scores but with differing domain associ-
ations. These findings should encourage further investigation of these biomarkers in longitudinal studies
and against other disease activity measures.

Key words: Sjogren’s syndrome, B cells, B-cell activating factor, -2 microglobulin, free light chains, disease
activity, biomarker

Rheumatology key messages

o B-cell activity markers correlate with systemic disease activity in primary Sjogren’s syndrome.
o Different B-cell activity biomarkers had differing systemic disease domain associations in primary Sjégren’s syndrome.
e The role of these biomarkers should be further established in longitudinal studies in primary Sjogren’s syndrome.
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Introduction

Primary SS (pSS) is characterized by autoimmune
inflammation of exocrine glands resulting in severe dry-
ness. B-cell hyperactivity has been implicated in the
pathogenesis and may contribute to the development of
systemic manifestations [1, 2]. Systemic manifestations
vary between patients and it is unclear how this hetero-
geneity is reflected in the underlying pathogenesis.

The EULAR Sjégren’s Syndrome Disease Activity Index
(ESSDAI), was introduced with the aim of providing
clinicians with a way of objectively measuring disease
activity in pSS [3]. The ESSDAI is comprised of 12 disease
activity domains, and is now the most commonly used
primary outcome measure in pSS clinical trials. In order
to avoid confounding in biomarker studies the ClinESSDAI
was developed, in which the biological domain has been
removed [4]. However, the ESSDAI has other limitations,
such as its dependence on physician assessment, the
difficulty of accurately assessing change in some do-
mains, and the heavy skewing of the population towards
low scores [5]. Therefore, there is interest in developing
biomarkers of disease activity such as histopathology
[6, 7], US [8, 9] and serum measures of B-cell activity.
Proposed B-cell biomarkers include B-cell activating
factor (BAFF) [10], B-2 micgroglobulin (f2M) [11, 12]
and immunoglobulin free light chains (FLCs) [11]. BAFF
promotes the survival and proliferation of B cells
and mice overexpressing BAFF develop Sjogren’s-like
features [2].

2M forms part of the HLA class 1 molecule and enters
the serum when it is shed from the cell membrane. It can
be used as a marker for disease activity in conditions with
high cell turnover and may act as a non-specific marker of
plasma cell activity.

During immunoglobulin (Ig) synthesis, light chains are
produced in excess of heavy chains. These excess light
chains are secreted and are a marker of plasma cell
activity [13]. FLC levels are elevated in pSS patients
compared with controls and have been linked to total
disease activity [11]. FLCs have a half-life of 2-6h,
making them a more dynamic marker of plasma cell
activity in comparison with I1gG [13].

While many studies have investigated potential bio-
markers using the ESSDAI as the dependent variable,
few studies have investigated a link between biomarkers
and individual disease activity domains. Understanding
the association of biomarkers with specific disease activ-
ity domains is important, firstly, to provide insight into
the pathogenesis of the differing extra glandular manifest-
ations, and, secondly, to avoid confounding through
the expected association of B-cell activity biomarkers
with the ESSDAI biological domain or through other
domain-specific effects. Therefore, this study aims to
investigate the relationship between the B-cell activity
biomarkers BAFF, 2M and FLCs with disease activity
in a large clinically well-characterized pSS cohort [5]
using the ESSDAI and CIinESSDAI and their individual
domains.

2

Methods

Patient recruitment and serum analysis

Serum samples for 553 pSS patients and 286 healthy
controls were retrieved from the UK primary Sjogren’s
syndrome registry (UKPSSR) Biobank; representing all
UKPSSR subjects with available sample at the time of
testing. All patients fulfilled 2002 American European
Consensus Group classification criteria.

Healthy controls were recruited via two routes. First,
participants were asked to voluntarily bring one to three
friends of the same gender and similar age but without SS.
Second, advertisements were placed at the recruiting
centres. All healthy volunteers were asked to complete a
general health questionnaire to screen for the presence of
any significant autoimmune conditions. Only those sub-
jects with no self-reported autoimmune conditions were
included. Ethics committee approval was granted by the
North West Haydock Research Ethics Committee and all
subjects gave written informed consent in compliance
with the Declaration of Helsinki.

Samples were analysed for serum FLCx and FLCX and
f2M on the SPAPLUS turbidimeter (The Binding Site
Group, Birmingham, UK). Combined FLC concentrations
were determined by summating the individual FLCk and
FLCx results (XFLC). BAFF was measured using a com-
mercially available enzyme immunoassay (Quantikine,
R&D Systems, Abingdon, UK) following the manufac-
turer’s instructions (serum reference inter-
val=584-1186 pg/ml, according to product insert).

Data analysis

Assay data were log transformed and scaled prior to stat-
istical analysis. Pearson correlation coefficients were
calculated for patient characteristics and serum levels.
Statistically significant r values of 0.10-0.29 were con-
sidered to be a weak association, 0.30-0.49 moderate
and 0.50-1.0 strong. Poisson regression was performed
to determine predictors for ESSDAI and CIinESSDAI and
their subdomains, as the outcomes were discrete, with
activity scores in some domains being mutually independ-
ent. A P < 0.05 was considered significant (after adjust-
ment using the Benjamini-Hochberg false discovery rate
where necessary). Analyses were performed using the
R environment for statistical computing.

Results

Patient characteristics and serum biomarker levels

Five hundred and fifty-three pSS patients and 286 healthy
controls were analysed. Most patients and controls were
female (95.1% vs 90.9%) and of Caucasian ethnicity
(93.7% vs 88.1%). However, mean age was higher in
the pSS group (59.1 years; +12.3) compared with controls
(48.0 years; £11.12).

Levels of BAFF, f2M and FLCs were higher in pSS
patients compared with controls (supplementary Fig. S1,
available at Rheumatology online). Y FLC strongly corre-
lated with f2M (r=0.75, P < 0.001) but only weakly with

https://academic.oup.com/rheumatology
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TasLE 1 Poisson regression P-values for association of biomarkers with individual ESSDAI domains

ESSDAI domain BAFF p2M
Constitutional 2.93E-01 2.13E-01
Lymphadenopathy 6.71E-01 6.71E-01
Glandular 8.35E-01 4.35E-01
Articular 4.03E-01 7.73E-01
Cutaneous 2.15E-01 6.90E-04"**
Respiratory 1.62E-01 1.62E-01
Muscular 3.01E-01 7.99E-02
Peripheral nervous system 2.25E-05"* 5.22E-02
Haematological 1.73E-01 1.73E-01
Biological 5.97E-01 2.94E-15"
Renal 1.57E-01 3.71E-16™

FLC) FLCx XFLC IgG
2.93E-01 2.13E-01 2.13E-01 2.13E-01
6.29E-01 1.94E-01 1.94E-01 7.80E-01
3.91E-01 1.74E-01 1.74E-01 1.74E-01
4.03E-01 4.03E-01 4.03E-01 9.14E-02
1.14E-03" 9.56E-06™* 4.21E-05* 4.93E-03™
9.33E-01 9.33E-01 9.33E-01 3.07E-01
7.06E-01 3.01E-01 3.53E-01 4.14E-01
8.90E-01 8.90E-01 8.90E-01 8.90E-01
5.91E-01 4.28E-01 4.50E-01 5.91E-01
5.03E-29"* 1.32E-35" 9.84E-36™* 2.00E-49"*
1.43E-09" 1.01E-10™~ 8.38E-11™* 7.07E-02

CNS domain excluded since only two patients active. “P < 0.01.

globulin; FLC: free light chain.

BAFF (r=0.11, P < 0.001). BAFF and 2M showed a mod-
erate correlation (r=0.39, P < 0.001).

Abnormal k/x FLC ratios were found in 101 (18.3%) pSS
patients and 25 (8.7%) controls. All abnormal /A FLC
ratios were due to disproportionally high FLCx levels. A
comparison of pSS subjects with and without an abnormal
k/A FLC ratio is shown in supplementary Table S1, avail-
able at Rheumatology online. The abnormal ratio pSS
patients had a marginally higher rate of anti-Ro/La+ve
antibodies when compared with the normal ratio pSS pa-
tients (94.1% vs 89.2%). The median ESSDAI score of
abnormal ratio patients was similar to that of normal
ratio patients (4.0 vs 3.0; P = 0.27); likewise with
ClinESSDAI (4.0 vs 3.0; P = 0.38). However, subjects
with an abnormal ratio had a higher prevalence of activity
in the biological (69.3% vs 46.5%, P < 0.001) and renal
domains (6.93% vs 2.2%; P = 0.02) although numbers in
the latter domain were small. Abnormal ratio patients were
also more likely to have both anti-Ro and anti-La antibo-
dies (81.2% vs 70.6%, P = 0.04). Although an abnormal
/A FLC ratio suggestive of clonality could be scored as
low disease activity on the biological domain [14], all scor-
ing was undertaken without knowledge of FLC values.
However, only 12 out of 88 (13.6%) patients in the abnor-
mal ratio group who had serum electrophoresis data avail-
able had a monoclonal band, and 31/101 (30.7%) patients
in the group were scored as no activity on the biological
domain. All subsequent analyses included pSS subjects
with an abnormal /A FLC ratio, although excluding them
did not substantially change our findings (data not shown).

Serum biomarkers and clinical features

Correlation of serum biomarkers and age, disease duration,
symptom duration, average Schirmer’s test, unstimulated
salivary flow rate, complement C3 and C4 levels and
serum IgG are shown in supplementary Table S2, available
at Rheumatology online. FLCs showed a moderate correl-
ation with serum IgG levels. FLCx and XFLC had a
weak but statistically significant inverse correlation with
C4 levels. FLCs did not correlate with other clinical

https://academic.oup.com/rheumatology

""P <0.001. BAFF: B cell activating factor; p2M: B-2 micro-

features. BAFF had a weak but significant correlation with
disease duration (r=0.11, P < 0.01) and symptom duration
(r=0.14, P < 0.001), and a weak inverse correlation with
average Schirmer’s (r = —0.11, P < 0.05). f2M correlated
weakly with age (r=0.20, P < 0.001) and IgG levels
(r=0.21, P < 0.001), and had a weak inverse correlation
with average Schirmer’s (r = —0.11, P < 0.01).

Biomarker relationship with the ESSDAI and
its domains

Complete data for ESSDAI and IgG levels were available for
539 pSS subjects. All exploratory biomarkers were found to
have a statistically significant positive association with both
total ESSDAI and CIinESSDAI scores (P < 0.001 for all)
(supplementary Table S3, available at Rheumatology online).

Table 1 shows the results of Poisson regression of
serum biomarkers against the ESSDAI domains. BAFF
showed a statistically significant association with the
peripheral nervous system (PNS) domain (P < 0.001),
but not with any other domain. f2M and FLCs were sig-
nificantly associated with the cutaneous, biological and
renal domains (P < 0.001 for all). Figure 1 shows the
level of serum biomarkers in relation to the activity levels
of their associated domains (biological domain excluded).

The association of FLC and 2M with the total ESSDAI
score remained after correction for estimated glomerular
filtration rate (eGFR), (supplementary Table S3, available
at Rheumatology online). Furthermore, both FLC and f2M
remain associated with the renal domain after correction
for eGFR (data not shown).

Multivariate ESSDAI

On multivariate analysis of serum biomarkers against the
total ESSDAI (supplementary Table S4, available at
Rheumatology online), BAFF and 2M were found to be in-
dependent predictors of the ESSDAI. They were also found
to have an interaction. FLCs offered no additional value to
measured IgG on multivariate regression. Broadly similar
results were seen in multivariate analysis of biomarkers in
relation to total CinESSDAI scores. p2M, Y FLC and the
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Fic. 1 Relationship of serum biomarkers with activity levels of their associated domains (biological domain excluded)
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interaction of BAFF and 32M were all found to be independ-
ent predictors within the same model. However, the overall
ability of these models to explain variation in actual ESSDAI
or CLInESSDAI scores was small.

Discussion

Serum FLCs, BAFF and 32M levels all showed statistically
significant associations with total ESSDAI/CInESSDAI
scores, with BAFF and B2M showing both independent
and multiplicative associations on multivariate testing.

4

BAFF was significantly associated with the PNS and no
other domains whereas 2M and all FLCs were significantly
associated with the cutaneous, biological, and renal do-
mains. These differing associations are consistent with
there being only weak to moderate correlation of FLCs and
B2M with BAFF levels, and indicate that these biomarkers
provide complementary and non-redundant information.
Previous studies have reported an association of FLCs
and 2M with the total ESSDAI score [11, 12, 15], but did
not explore relationships with the individual domains. The
relationship between serum BAFF and ESSDAI domains has

https://academic.oup.com/rheumatology
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been explored in two small studies [10, 16]. BAFF was asso-
ciated with lymphadenopathy, glandular and pulmonary do-
mains in a cohort of 58 patients [10], while in another study
of 76 patients BAFF was associated with the constitutional,
lymphadenopathy, glandular, and biological domains [16].
The latter study included a high proportion of pSS patients
with lymphoproliferative disorders. These findings are in
contrast to our much larger study in which BAFF only
showed an association with the PNS domain. There are di-
verse manifestations of PNS involvement in pSS with both
vasculitic and non-vasculitic neuropathies. However, BAFF
is elevated in non-pSS patients with chronic inflammatory
demyelinating polyneuropathy [17, 18] and is also ex-
pressed by perivascular and intramural lymphocytes in pa-
tients with non-systemic vasculitic neuropathy [19].

FLCs are excreted by the kidneys and f2M is freely filtered
by the glomeruli and reabsorbed into the proximal renal tu-
bules, where it is then degraded. Thus, renal impairment can
increase serum FLCs and f2M. However, the association of
these biomarkers with the renal domain remained following
correction for eGFR, suggesting that this association is not
an artefact introduced by renal impairment. The commonest
manifestation of renal involvement in pSS is distal renal tubu-
lar acidosis due to tubulointerstitial nephritis in which infiltra-
tion of B cells and plasma cells is common [20].

Close to 20% of pSS patients were found to have an
abnormal «/A ratio, all due to elevated kFLCs. We hy-
pothesize that these abnormal ratios reflect the favouring
of k light chain usage by dominant public clonotypes of
pSS-related autoantibodies [21].

In this study, we used ESSDAI as the gold standard for
assessing disease activity. While the ESSDAI is a useful tool,
it does have some limitations, and does not assess glandular
activity unaccompanied by palpable swelling. Given these
limitations, the inability of our multiparameter models to ac-
curately predict ESSDAI scores does not negate the poten-
tial value of these biomarkers. While we could not identify an
independent predictive value of FLCs over the more com-
monly measured IgG levels, the cross-sectional nature of our
study means we cannot exclude their utility in longitudinal
cohorts or interventional trials. The considerably shorter half-
life of FLCs in comparison to IgG could allow more dynamic
monitoring of B-cell hyperactivity in such settings. A key
strength of our study is it being the largest to date, giving
it the ability to assess the relationship of these B-cell bio-
markers with ESSDAI domains. However, larger numbers
still would be required for some of the domains where dis-
ease activity is rare, such as the CNS and muscular.
Furthermore, the clinical significance of our findings is
unclear, given the relatively weak associations observed.

In conclusion, all three biomarkers were shown to
associate significantly with total ESSDAI scores but with
differing domain associations. Further investigation of
these biomarkers is warranted.

Acknowledgements

Laboratory testing of FLCs, BAFF and $2M was provided
free of charge by the Binding Site Group, UK. W.-F.N.,
S.J.B. and Bridget Giriffiths are investigators of the

https://academic.oup.com/rheumatology

UKPSSR. The other UKPSSR members (as of 1 January
2017) include, in alphabetical order of their affiliations:
Frances Hall (Addenbrooke’s Hospital, Cambridge);
Elalaine C. Bacabac, Helen Frankland, Robert Moots

(Aintree  University Hospitals); Kuntal Chadravarty,
Shamin  Lamabadusuriya (Barking, Havering and
Redbridge NHS  Trust); Michele Bombardieri,

Constantino Pitzalis, Nurhan Sutcliffe, Celia Breston
(Bart and the London NHS Trust); Nagui Gendi, Karen
Culfear (Basildon Hospital); Claire Riddell (Belfast Health
and Social Care Trust); John Hamburger, Andrea Richards
(Birmingham Dental Hospital); Saaeha Rauz (Birmingham
& Midland Eye Centre); Sue Brailsford, Joanne Dasgin
(Birmingham  University Hospital); Joanne Logan,
Diarmuid Mulherin (Cannock Chase Hospital); Jacqueline
Andrews, Paul Emery, Alison McManus, Colin Pease,
David Pickles (Chapel Allerton Hospital, Leeds); Alison
Booth, Marian Regan (Derbyshire Royal Infirmary); Jon
King, Amanda Holt (Derriford Hospital, Plymouth);
Theodoros Dimitroulas, Lucy Kadiki, Daljit Kaur, George
Kitas (Dudley Group of Hospitals NHS Foundation Trust);
Abdul Khan, Tracey Cosier (East Kent Hospitals
University); Panthakalam, Kelly Mintrim (East Sussex
Healthcare NHS); Mark Lloyd, Lisa Moore (Frimley Park
Hospital); Esther Gordon, Cathy Lawson (Harrogate
District Foundation Trust Hospital); Monica Gupta, John
Hunter, Lesley Stirton (Gartnavel General Hospital,
Glasgow); Gill Ortiz, Elizabeth Price; Suzannah Pelger
(Great Western Hospital); Claire Gorman, Balinder Hans
(Homerton Hospital); Gavin Clunie, Suzanne Lane, Ginny
Rose, Sue Cuckow (Ipswich Hospital NHS Trust); Michael
Batley, Ruby Einosas (Maidstone Hospital); Susan Knight,
Deborah Symmons, Beverley Jones (Macclesfield District
General Hospital & Arthritis Research UK Epidemiology
Unit, Manchester); Andrew Carr, Suzanne Edgar,
Francisco Figuereido, Heather Foggo, Dennis Lendrem,
lain Macleod, Sheryl Mitchell, Christine Downie, Jessica
Tarn, James Locke, Shereen Al-Ali, Sarah Legg, Kamran
Mirza, Ben Hargreaves, Laura Hetherington (Newcastle
upon Tyne Hospitals NHS Foundation Trust and
Newcastle University); Adrian Jones, Peter Lanyon, Alice
Muir (Nottingham University Hospital); Paula White,
Steven Young-Min (Portsmouth Hospitals NHS Trust);
Susan Pugmire, Saravanan Vadivelu (Queen’s Elizabeth
Hospital, Gateshead); Annie Cooper, Marianne Watkins
(Royal Hampshire County Hospital); Anne Field, Stephen
Kaye, Devesh Mewar, Patricia Medcalf, Pamela
Tomlinson, Debbie Whiteside (Royal Liverpool University
Hospital); Neil McHugh, John Pauling, Julie James,
Andrea Dowden (Royal National Hospital for Rheumatic
Diseases); Mohammed Akil, Jayne McDermott, Olivia
Godia (Royal Sheffield Hospital); David Coady, Elizabeth
Kidd, Lynne Palmer (Royal Sunderland Hospital); Charles
Li (Royal Surrey Hospital); Sarah Bartrum, Dee Mead
(Salisbury District Hospital); Bhaskar Dasgupta, Victoria

Katsande, Pamela Long, Olivia Godia (Southend
University Hospital); Erin  Vermaak, Janet Turner
(Staffordshire ~ Stoke-on-Trent  Partnership);  Usha

Chandra, Kirsten MacKay (Torbay Hospital); Stefano

Downl oaded from https://academ c. oup. coni r heumat ol ogy/ advance-articl e-abstract/doi/10. 1093/ r heurmat ol ogy/ key063/ 4955850
by University of Birm ngham user

on 20 April 2018


Deleted Text:  (CIDP)
Deleted Text:  (TIN)
Deleted Text: hypothesise 
Deleted Text: .
Deleted Text: Whilst 
Deleted Text: Whilst 
Deleted Text:  
Deleted Text:  

Katherine James et al.

Fedele, Ada Ferenkeh-Koroma, lan Giles, David Isenberg,
Helena MaConnell, Nyarko Ahwireng, Stephen Porter
(University College Hospital & Eastman Dental Institute);
Paul Allcoat, John McLaren (Whyteman’s Brae Hospital,
Kirkaldy).

Funding: This work was supported by the Medical
Research Council, UK (Grant No. G0800629).

Disclosure statement: A.P. and S.H. are employees of The
Binding Site. All other authors have declared no
conflicts of interest.

Supplementary data

Supplementary data are available at Rheumatology online.

References

1 Gottenberg JE, Cinquetti G, Larroche C et al. Efficacy of
rituximab in systemic manifestations of primary Sjogren’s
syndrome: results in 78 patients of the Autolmmune and
Rituximab registry. Ann Rheum Dis 2013;72:1026-31.

2 Groom J, Kalled SL, Cutler AH et al. Association of BAFF/
BLyS overexpression and altered B cell differentiation with
Sjogren’s syndrome. J Clin Invest 2002;109:59-68.

3 Seror R, Ravaud P, Bowman SJ et al. EULAR Sjogren’s
syndrome disease activity index: development of a con-
sensus systemic disease activity index for primary
Sjogren’s syndrome. Ann Rheum Dis 2010;69:1103-9.

4 Seror R, Meiners P, Baron G et al. Development of the
ClinESSDAI: a clinical score without biological domain.
A tool for biological studies. Ann Rheum Dis
2016;75:1945-50.

5 Oni C, Mitchell S, James K et al. Eligibility for clinical trials
in primary Sjogren’s syndrome: lessons from the UK
Primary Sjogren’s Syndrome Registry. Rheumatology
2016;55:544-52.

6 Fisher BA, Brown RM, Bowman SJ, Barone F. A review of
salivary gland histopathology in primary Sjoégren’s
syndrome with a focus on its potential as a clinical trials
biomarker. Ann Rheum Dis 2015;74:1645-50.

7 Fisher BA, Jonsson R, Daniels T et al. Standardisation of
labial salivary gland histopathology in clinical trials in
primary Sjogren’s syndrome. Ann Rheum Dis
2017;76:1161-8.

8 Jousse-Joulin S, Nowak E, Cornec D et al. Salivary gland
ultrasound abnormalities in primary Sjégren’s syndrome:
consensual US-SG core items definition and reliability.
RMD Open 2017;3:e000364.

6

9 Fisher BA, Everett CC, Rout J et al. Effect of rituximab on a
salivary gland ultrasound score in primary Sjogren’s syn-
drome: results of the TRACTISS randomised double-blind
multicentre substudy. Ann Rheum Dis 2018;77:412-6.

10 Nishikawa A, Suzuki K, Kassai Y et al. Identification of
definitive serum biomarkers associated with disease ac-
tivity in primary Sjogren’s syndrome. Arthritis Res Therapy
2016;18:106.

11 Gottenberg JE, Seror R, Miceli-Richard C et al. Serum
levels of beta2-microglobulin and free light chains of
immunoglobulins are associated with systemic disease
activity in primary Sjégren’s syndrome. Data at enrollment
in the prospective ASSESS cohort. PLoS One
2013;8:59868.

12 Pertovaara M, Korpela M. Serum 2 microglobulin cor-
relates with the new ESSDAI in patients with Sjégren’s
syndrome. Ann Rheum Dis 2011;70:2236-7.

13 Nakano T, Matsui M, Inoue | et al. Free immunoglobulin
light chain: its biology and implications in diseases.
Clin Chim Acta 2011;412:843-9.

14 Seror R, Bowman SJ, Brito-Zeron P et al. EULAR
Sjogren’s syndrome disease activity index (ESSDAI):
a user guide. RMD Open 2015;1:e000022.

15 Nocturne G, Seror R, Fogel O et al. CXCL13 and CCL11
serum levels and lymphoma and disease activity in pri-
mary Sjogren’s syndrome. Arthritis Rheumatol
2015;67:3226-33.

16 Quartuccio L, Salvin S, Fabris M et al. BLyS upregulation
in Sjogren’s syndrome associated with lymphoproliferative
disorders, higher ESSDAI score and B-cell clonal expan-
sion in the salivary glands. Rheumatology
2013;52:276-81.

17 Bick S, Tschernatsch M, Karg A et al. Intravenous im-
munoglobulin inhibits BAFF production in chronic inflam-
matory demyelinating polyneuropathy - a new mechanism
of action? J Neuroimmunol 2013;256:84-90.

18 Ritter C, Forster D, Albrecht P et al. IVIG regulates BAFF
expression in patients with chronic inflammatory demye-
linating polyneuropathy (CIDP). J Neuroimmunol
2014;274:225-9.

19 Schneider C, Wunderlich G, Bleistein J et al. Lymphocyte
antigens targetable by monoclonal antibodies in non-
systemic vasculitic neuropathy. J Neurol Neurosurgery
Psychiatry 2017;88:756-60.

20 Frangois H, Mariette X. Renal involvement in primary
Sjogren syndrome. Nat Rev Nephrol 2016;12:82-93.

21 Al Kindi MA, Colella AD, Chataway TK et al. Secreted
autoantibody repertoires in Sjogren’s syndrome and
systemic lupus erythematosus: a proteomic approach.
Autoimmun Rev 2016;15:405-10.

https://academic.oup.com/rheumatology

Downl oaded from https://academ c. oup. coni r heumat ol ogy/ advance-articl e-abstract/doi/10. 1093/ r heurmat ol ogy/ key063/ 4955850
by University of Birm ngham user
on 20 April 2018


https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/key063#supplementary-data

