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ABSTRACT

Primary Sjogren’s syndrome may be
difficult to diagnose when antibodies
against Ro/SSA are lacking, and can
be grouped in at least four clusters in-
dicating different pathophysiological
pathways. Novel biomarkers, in par-
ticular autoantibodies, would be help-
ful in diagnosing Sjogren’s syndrome
and in further identification and char-
acterisation of the clusters.

In this review, we describe new tech-
nologies that may be utilised in the
rapid identification of novel autoan-
tibodies, and an example of how well
characterised patients, here from the
HarmonicSS cohort, are a prerequisite
in the discovery of clinically meaning-
ful biomarkers. This translational ap-
proach hold promise to optimise the
diagnosis and treatment of individual
pSS patient subsets.

Introduction

Primary Sjogren’s syndrome (pSS) is a
systemic autoimmune disorder charac-
terised by a typical histology including
lymphocytic infiltration of the salivary
and lachrymal glands and, as a con-
sequence of that, oral and ocular dry-
ness. The prevalence of pSS, which is
affecting mostly middle-aged women,
has been estimated to be in the range
between more than 1% (1) and 0.1%
(2), respectively. However, it may be
even more common, since many of the
patients do not complain of dry eyes
and mouth symptoms and then are not
likely to be diagnosed (3).

In addition to that, there are further
challenges in the management of pSS.
Diagnosing pSS can be difficult in pa-
tients without the most important labo-
ratory marker antibodies against Ro/
SSA, which is found in approximately
40-68% of the patients (4).

PSS is not a uniform disease, but sub-
sets of the disease have been described.
The most important differentiation is
disease limited to glandular and extrag-
landular disease manifestations. Fur-
thermore, four clusters were character-
ised based on transcriptomic, genomic,
epigenetic, cytokine expression and
flow cytometry data, combined with
clinical parameters (5). The latter dis-
covery suggests, that the pathomecha-
nisms leading to pSS may differ. As
a consequence, individualised thera-
peutic strategies taking the potential
distinct pathomechanisms into account
may hold promise to improve diagnos-
tics and outcome.
Therefore, novel biomarkers are
needed that help to identify pSS sub-
sets among Ro/SSA negative patients,
which were found among subclusters
of pSS and/or predicted the response to
immunomodulatory therapies. Autoan-
tibodies appear to be attractive for that
purpose since they are easy to measure
and rheumatologists are familiar with
their interpretation.

In order to identify and characterise

such novel autoantibodies, two major

advances have recently been made:

1. A huge very well characterised pSS
cohort with data from 7551 patients
has been established in the “HAR-
MONTIsation and integrative analy-
sis of regional, national and interna-
tional Cohorts on primary Sjogren’s
syndrome” (HarmonicSS) consor-
tium (6, 7).

2. Technologies for the fast screening
of huge numbers of potential au-
toantibodies have been developed.

HarmonicSS

In this project funded by the European
Union 21 clinical partners from the
largest Sjogren’s centres in Europe as
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well as 13 technical partners, joined
and established a database including
7551 patients. This database is unique,
since the data of the patients was
harmonised to ensure maximal qual-
ity. Currently, information on clinical
manifestations, treatment, laboratory
parameters as well as demographic pa-
rameters are available. The members
of the consortium can be contacted and
asked to provide biomaterials of the pa-
tients in order to participate, including
the search for novel biomarkers (7).

New technologies for the

identification of autoantibodies

The search for new autoantibodies has
been greatly facilitated by technologi-
cal advances over the past 20 years.
Previously, the targets of new autoan-
tibodies were often identified at length
by incubating sera from patients with
cell lysates and analysing the proteins
bound to antibodies by Western blot
procedures followed by mass spec-
troscopy. Today, a wealth of new tech-
nologies is available that permit rapid
identification of various novel autoan-
tibodies. Examples of such technolo-
gies include:

- Phage immunoprecipitation
sequencing (PhIP seq)

In this method, all 413,000 human
36-amino acid peptides are expressed
on bacteriophages (8). The bacterio-
phages are placed on plates on which
a patient’s antibodies are immobilised.
Unbound bacteriophages are then
washed away, but the peptides of bound
bacteriophages can be analysed. Anti-
bodies against “cytosolic 5'-nucleosi-
dase 1A” (cN1A), among others, have
been identified as markers of inclusion
body myositis using this rapid screen-
ing technology (9).

- Protein arrays

In our research group we use protein
arrays, i.e. membranes on which not
peptides but almost all human proteins
are immobilised. The membranes are
incubated with sera from patients. An-
tibodies bound to the proteins are visu-
alised by labelled antibodies against
human IgG and the autoantigens can
be identified by their position on the
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array. We have used such arrays to
identify antibodies to ferritin in gi-
ant cell arteritis and to CD74 in axial
spondyloarthritis, among others (10,
11). Subsequently, ELISA assays were
developed in which only the relevant
antigen is coupled to the plates. Using
these ELISAs, we demonstrated that
antibodies against CD74 are present
in approximately 50% of patients with
axial spondyloarthritis and are present
at symptom onset. In addition, they are
associated with more rapid radiograph-
ic progression of the disease (12).
However, the methodology of screening
with protein arrays also has disadvan-
tages: it is expensive, costing approxi-
mately 1,000 Euros per serum exam-
ined. In addition, “natural” antibodies
are detected, because healthy individu-
als also have antibodies against various
intracellular proteins. Therefore, the ex-
amination of a larger number of blood
donors is necessary to validate whether
a protein bound by antibodies of a pa-
tient is associated with a disease or is
frequently recognised by antibodies of
healthy individuals.

Another disadvantage of the above
technologies is that the antigens are
immobilised and thus lose their actual
conformation. However, most autoan-
tibodies are not directed against small
linear peptide sequences, but recognise
multiple peptide sequences that are ad-
jacent to each other in the conforma-
tion of the folded protein.

In other methods suitable for screen-
ing a wide range of proteins, very
large numbers of antigens are coupled
to beads labelled differently depend-
ing on the antigen and then incubated
with sera from patients. The proteins
are thus preserved in their original con-
formation. Bound antibodies can be
detected by a labelled secondary anti-
body to human immunoglobulins, and
antigens bound by autoantibodies can
be detected by labelling the beads to
which they are bound. In large screen-
ing procedures involving 7000 differ-
ent proteins, over 50 novel autoanti-
bodies have been identified in systemic
lupus erythematosus (SLE), systemic
sclerosis, and Sjogren’s syndrome (13).
We have coupled these potential novel
autoantigens that were produced in an

Table I. Characteristics of the pSS patients
from Hannover.

Feature Proportion of patients
with feature
Female 87%
Ro/SSA antibodies 66%
La/SSB antibodies 30%
Rheumatoid factor 34%
Articular involvement 39%
pulmonary involvement 19%
Renal involvement 6%
Involvement of peripheral 22%

nervous system
Involvement of central 6%
nervous system

The organ involvements were defined according
to the descriptions in the ESSDAI (14).

E.coli expression system to Luminex
beads and measured the binding of IgG
antibodies to these coupled antigens on
a Luminex 200, which can potentially
measure up to 80 analytes simultane-
ously. For confirmation of the previ-
ous results (13), we analysed sera of
171 pSS patients from Hannover with
a mean age of 58 years (Table I), 72
from Berlin and 36 from Udine, and
compared them to sera obtained from
123 blood donors from Hannover. In
the analysis, 11 novel autoantibodies
were significantly associated with pSS
in addition to autoantibodies against
Ro60 (TROVE), Ro52 (TRIM21) and
La/SSB. These 11 novel markers were
found in 4% to 11% of the pSS co-
hort and in only 0-1.6% among blood
donors. At least one of the novel au-
toantibodies was present in 30% of the
pSS patients without antibodies against
Ro60, Ro52 and La with a specificity
of >95%.

Since the pSS patients have been in-
cluded in the HarmonicSS database, a
wealth of their clinical data including
all the manifestations defined in the
ESSDAI (14) was available and could
be correlated with the presence of the
novel autoantibodies. Two of the novel
autoantibodies were associated with
polyneuropathy and a further two with
interstitial lung disease (ILD).

Conclusion

Technological advances have simpli-
fied the discovery of novel autoanti-
bodies. Even more important, the es-
tablishment of the HarmonicSS cohort
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has created the opportunity to measure
novel antibodies in very well charac-
terised pSS patients. We can now use
data and sera of additional patients in
order to validate, whether or not, the
novel antibodies are found across dif-
ferent areas of Europe at similar fre-
quencies and if there are certain organ
manifestations associated. If the cur-
rent results can be confirmed, we will
be able to provide new markers helpful
to diagnose patients without Ro/SSA
antibodies. Furthermore, if the associa-
tion of novel autoantibodies and organ
manifestations such as polyneuropathy
and ILD can be confirmed in the over-
all cohort, clinicians will have a new
tool to diagnose pSS manifestations
or to predict the appearance of organ
manifestation in the follow-up.
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