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ABSTRACT

€gren’s syndrome (pSS),
Salivary and lacrimal gland involvement is a characteristic feature of primary Sjo
where tissue destruction is mediated by mononuclear cell infiltration, resulting in lacrimal and salivary
gland impairment. We have previously shown distinct prevalence of adipose tissue replacement in the
minor salivary gland tissue from pSS patients. The salivary gland microenvironment was further examined through microarray analysis, identifying signalling pathways that promoted adipose tissue development, inflammation, and lymphoma. As B cells may also contribute to disease progression, we now
aimed to study the B cell pattern with regard to adipocyte development in pSS. Double immunohistochemical staining of paraffin-embedded salivary gland tissue from 22 pSS patients and 11 non-SS tissue controls was employed, using the characteristic pSS autoantigens Ro52 or Ro60, alongside CD27.
Additional CD138/CD20 double staining was also performed to identify the plasma- and general Bcell pattern. Our results demonstrated CD27-positive Ro52 and Ro60 specific cells observed within and
in close proximity to the adipose tissue. CD138-positive plasma cells were also seen in areas of adipose tissue replacement, while the CD20þ cells were located within focal infiltrates, forming distinct B
cell zones. The quantification of CD138þ and CD20þ cells revealed elevated numbers of CD138þ cells
in areas of fatty infiltration, and also interstitially, in the salivary glands of pSS patients when compared to non-SS controls. A significant increase (p < .01) in CD138þ cells close to areas of fatty infiltration, and interstitially, with increasing fatty infiltration and focus score was further observed in pSS
patients. A correlation between the number of CD20þ B cell zones/mm2 of salivary gland tissue and
focus score values was also witnessed in the patients (r2 ¼ 0.6047, p < .001). In conclusion, autoantigen-specific B cells and plasma cells appear prominent in areas of fatty infiltration in salivary glands of
pSS patients, where an increase in CD138þ plasma cells and CD20þ B cells, in relation to both fatty
and focal infiltration, suggests their active involvement in promoting inflammation. Further studies are
needed to assess whether these adipocytes are also a result of tissue repair.

1. Introduction
Primary Sj€
ogren’s syndrome (pSS) is a systemic rheumatic
autoimmune disorder associated with cellular aberrations
leading to inflammation of exocrine glands [1,2]. The main
target organs are the lacrimal and salivary glands, resulting
in the common sicca symptoms of dry eyes and dry mouth
[3]. Another characteristic feature of pSS is the production
of autoantibodies against the intracellular proteins Ro/SSA
and La/SSB. These diagnostic markers can be detected in
the peripheral blood of pSS patients [4–6], and have also
been identified in their minor salivary glands [7–9]. It has
been reported that most pSS patients tend to produce Ro/
SSA and La/SSB specific autoantibodies several years before
disease symptom onset [10,11]. Consequently, enhanced B
cell differentiation and elevated levels of antibody secreting
plasma cells, a condition known as hypergammaglobulinaemia [12], is also prominent in these subjects.
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By using immunohistochemical staining and cell-specific
surface markers (Cluster of differentiation, CD), distinct B
cell sub-populations in the minor salivary glands of pSS
patients have been identified [13–15]. The general B cell
markers expressed by all B cell subsets, namely CD19 [16],
followed by CD20 [17], are usually accompanied by other
distinct subset-specific markers. For instance, CD27 is
known as the general memory B cell marker [18,19], when
expressed alongside CD20, and is also expressed by plasma
blasts and plasma cells, both of which are CD20-negative
[20–22]. Meanwhile, CD138 is specific for plasma cells and
long-lived plasma cells [19,23,24]. These plasma cells were
shown to constitute the greater portion of total B cell infiltrates in the minor salivary gland of pSS patients [25],
alongside reduced numbers of memory B cells [13].
Together, B cells are known to make up 20% of the infiltrating cell populations in pSS [26,27], where such distinct
CD20þ B cell zones have been visualised and quantified
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previously [13,28]. Interestingly, the deregulated proliferation and infiltration of B cells and other lymphocytes in
the pSS glandular tissue may also result in the formation of
ectopic germinal centre (GC)-like structures [29], demonstrated in approximately 25% of patients [23,30,31], which
may also correlate with later lymphoma development
[29,32]. Furthermore, the SSA-specific B cell pattern has
also been explored in the disease target organ of pSS [14].
Viewed as a whole, although it remains undecided whether
B cell activation is a primary cause or a secondary effect in
pSS, B cells do indeed play a central role in disease pathogenesis [33]. Consequently, B cell targeted therapy has been
employed in pSS, where Rituximab may be used in the
depletion of CD20þ B cells [34,35].
The degeneration of salivary gland tissue in pSS through
infiltrating immune cells is usually in consort with adipose
tissue development and fibrosis [36]. Although adipocytes
(fat cells) may occupy a large fraction of the salivary gland
tissue, little is known about their immunological significance
in pSS. Hence, we previously explored adipose tissue infiltration in the salivary gland of pSS patients [37], and
delineated the immunological significance of these adipocytes by examining the pSS salivary gland microenvironment [38]. Given that we have previously shown how B
cells may also be active contributors in disease progression
[15,16], we now aimed to descriptively study the autoantigen-specific and general B cell expression pattern in relation
to adipocyte development in pSS. Together our findings
could give further insight into disease pathogenesis, in addition to re-evaluating the current therapeutic strategies
applied for pSS, where CD20þ B cells are targeted
and depleted.

2. Materials and methods
2.1. Study population
A total of 22 female patients were included in the study,
where 12 subjects were recruited at the Department of Oral
Surgery and Oral Medicine, University of Oslo, Oslo, and
10 individuals were enrolled at the Department of
Otolaryngology/Head and Neck Surgery at Haukeland
University Hospital, Bergen. All participants were classified
with pSS according to the AECG criteria [39]. Additionally,
11 female non-SS sicca subjects that were assessed for pSS
at the University of Oslo, but did not fulfil the AECG criteria, and had little or no focal inflammation in their salivary
gland tissue served as the non-SS tissue controls. Lower
labial minor salivary gland biopsies were obtained from all
participants between the years 1992 and 2014. These tissue
sections have been formalin fixed and paraffin embedded,
followed by staining with haematoxylin and eosin (H&E).
This allowed the evaluation of the sections by one oral pathologist (KS) in order to determine their focus score; defined
as the number of focal infiltrates with >50 mononuclear
cells per 4 mm2 glandular tissue. The tissue sections were
further assessed for the presence of GC-like structures and
screened for fatty infiltration by using FI-score (Table 1 and
2). Furthermore, patients recruited in Bergen were included
in a previous study where immunohistochemical staining of
Ro52 and Ro60-specific cells was conducted in combination
with B cell markers in their minor salivary glands, as
described in more detail below [14].
Clinical data and demographics were obtained from subjects’ charts, providing information collected during routine
laboratory assessments, as presented in Tables 1 (pSS

Table 1. Medical and experimental characteristics of pSS patients included in the study.
Patient
no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Age
(years)

Gender

ANA

SSA

SSB

RF

IgG

Focus
score

GC
þ/

58
64
69
77
71
60
30
42
65
51
56
45
37
31
70
54
72
70
54
49
60

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
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þ
þ
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þ
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þ
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þ
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þ
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þ
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nt

2
3
0
1
1
0
3
0
2
1
2
7
1
<1
<1
0
<1
<1
<1
1
1

þ










þ










Fatty
infiltration
Moderate
Moderate
Moderate
Prominent
Moderate
Prominent
Moderate
None
Prominent
Moderate
Prominent
Moderate
Moderate
None
Moderate
None
None
Prominent
Moderate
None
Prominent

FI-score

Saliva

Schirmer’s
test

1
1
1
2
1
2
1
0
2
1
2
1
1
0
1
0
0
2
1
0
2

nt
þ


þ
þ
nt
þ
þ
þ

þ
þ
þ
þ
þ
þ
þ
þ
þ
þ

nt
þ

þ
nt
þ
þ


þ
þ

þ
þ
þ
þ
þ
þ
þ

þ

ANA:
anti-nuclear antibodies; RF: rheumatic factor; GC: germinal centre; FI: fatty infiltration; nt: not tested.

The University of Bergen cohort was used for the staining of Ro52- and Ro60-specific cells.

Autoantibody production was assessed by ELISA.

Values are the number of focal infiltrates/4 mm2 area containing >50 mononuclear cells.

The degree of fatty infiltration was assessed and the sections were scored blindly, where no fatty infiltration ¼ 0, moderate ¼ 1, and prominent ¼ 2.

Values are in mL/15 min; normal flow > 1.5 mL/15 min resulting in a negative test.

Values are in mm/5 min; normal flow i.e. negative test > 5 mm/5 min resulting in a negative test.
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Table 2. Medical and experimental characteristics of non-SS sicca tissue controls included in the study.
Subject
no.
1
2
3
4
5
6
7
8
9
10
11

Age
(years)
46
36
73
73
60
53
51
61
47
59
65

Gender
F
F
F
F
F
F
F
F
F
F
F

SSA












SSB












Focus
score
0
0
0
<1
0
<1
<1
0
0
0
0

GC
þ/
0
0
0
0
0
0
0
0
0
0
0

Fatty
infiltration
None
None
None
None
None
Prominent
Moderate
Moderate
None
Prominent
Prominent

FI-score
0
0
0
0
0
2
1
1
0
2
2

Saliva
þ
þ
þ
þ
þ
þ
þ
þ
þ
þ
þ

Schirmer’s
test
þ
þ
þ
þ
þ
þ
þ
þ
þ
þ
þ

GC: germinal centre; FI: fatty infiltration.
Autoantibody production was assessed by ELISA.
Values are the number of focal infiltrates/4 mm2 area containing >50 mononuclear cells.

The degree of fatty infiltration was assessed and the sections were scored blindly, where no fatty infiltration ¼ 0, moderate ¼ 1, and prominent ¼ 2.

Values are in mL/15 min; normal flow > 1.5 mL/15 min resulting in a negative test.

Values are in mm/5 min; normal flow > 5 mm/5 min resulting in a negative test.




patients) and 2 (non-SS sicca controls). Moreover, all participating individuals gave their written consent, and the study
was approved by the Regional Medical Ethical Committee of
South-East and West Norway (Oslo: #2010/1292-1,
Bergen: #2009686).
2.2. Immunohistochemistry
2.2.1. Double staining of Ro52 and Ro60 antigens
with CD27
Paraffin embedded, formalin fixed minor salivary gland tissue sections obtained from 10 representative pSS subjects
and 4 non-SS tissue controls, recruited at Haukeland
University Hospital in Bergen, were included in the analysis.
A double-staining using Ro52 (cat. no. ATR 05-02, Arotec
Diagnostics Limited, Wellington, New Zealand) and Ro60
(cat. no. ATR 02-02, Arotec Diagnostics Limited) antigens,
alongside CD27 (clone 137B4, Nordic BioSite, T€aby,
Sweden) was performed to study the autoantigen-specific B
cell pattern in relation to fatty replacement in the target
organ of pSS patients. The sections were stained in a previous study [14]. In brief, tissue sections were pre-treated and
incubated with Dual Endogenous Enzyme Block (K5361,
Dako, Denmark) for 10 min. The antigen was then added
(Ro52 at 0.23 lg/mL or Ro60 at 1.4 lg/mL) to the sections
for 60 min, followed by the first primary antibody (Ro52
Mab (1:5 dilution, cat. no. 57038, Progen, Heidelberg,
Germany) or Ro60 Mab (1:200 dilution, cat. no. 57040,
Progen, Heidelberg, Germany)). Then, horseradish peroxidase (HRP)-conjugated anti-mouse En Vision secondary antibody (K4007, Dako, USA) was added for 30 min, and the
sections were developed with diaminobenzidine (DAB,
K4007, Dako, USA) as a chromogen for 10 min. All sections
were then treated with Doublestain Block (K5361, Dako,
Denmark) for 3 min, and incubated with the second primary
antibody (CD27, 1:20 dilution) at 4  C overnight. Binding of
the second primary antibody was detected by Permanent
Red (PR, K5361, Dako, Denmark) incubation for 10 min.
The sections were washed with TBST for 10 min between
every step, and counterstained with Haematoxylin (S3301,
Dako) for 4 min, dehydrated using an ethanol series (70%,

96%, 100%) and xylene, and mounted in Eukitt (O. Kindler
GmbH & Co, Freiburg, Germany).
2.2.2. Double staining of CD138 and CD20
Paraffin embedded, formalin fixed minor salivary gland tissue sections attained from 12 pSS patients and 11 non-SS
sicca tissue controls, recruited at University of Oslo, were
included in the investigation. A double-staining using
CD138 (clone MI15, Dako, Denmark) alongside CD20
(clone L26, Dako, Denmark) was performed to study the
general B cell pattern in relation to fatty replacement at the
site of inflammation in the pSS target organ. The same procedure was performed as described above, where CD138
(1:200 dilution) was the first primary antibody incubated for
60 min, and then developed using DAB. The sections were
further incubated with CD20 (1:3000 dilution) overnight,
and developed using Permanent Red. Finally, all sections
were counterstained with Haematoxylin for 4 min, dehydrated, and mounted in Eukitt.
2.3. Evaluation of adipose tissue replacement and
immunohistochemical staining
The minor salivary gland sections were examined using a light
microscope (Leica, DMLB, Leica Microsystems Wetzlar,
Wetzlar). This allowed the analysis of mononuclear cells,
located in focal infiltrates and interstitially, i.e. in close proximity to the acinar or ductal epithelium, as part of routine procedure. Furthermore, the salivary gland sections were scored
blindly by two investigators (KS, LAA) for the presence of fatty
replacement. Here, the fatty infiltration score (FI score) was
deduced depending on the degree of fat deposition. Either
number 0, 1, or 2 was assigned for each category during
assessment, where 0 was considered negative, 1 was regarded
moderate, and 2 represented prominent fatty infiltration.
Moreover, immunohistochemically stained sections were
analysed by two investigators (KS, LAA), in order to study
the stained cells in relation to adipose tissue replacement in
the glands. The staining pattern was further examined as an
entity, and in relation to focal inflammation. Cells were
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regarded positively stained when approximately 50% or
more of the cell membrane was stained. Additionally, a
similar approach was applied to score the stained salivary
gland sections for CD138þ and CD20þ cells, as for fatty
infiltration. In this regard, 0 was considered none, 1
reflected few to moderate, and 2 represented prominent
numbers of CD138þ and CD20þ cells, in relation to both
fatty deposition and focal inflammation. The B cell zone
areas were measured using a grid, and presented as number
of B cell zones per mm2 of salivary gland tissue.
2.4. Statistical analysis
Statistical significance was evaluated by the Mann-Whitney
U test where differences were considered significant when
p < .05. Furthermore, the Pearson correlation test and linear
regression were also applied to examine the association
between the different parameters.

3. Results
3.1. Autoantigen-specific Ro52 and Ro60 B cells are
observed within areas of fatty infiltration in the
salivary gland of pSS patients
In order to explore the autoantigen-specific B cell pattern in
relation to fatty replacement in the target organ of pSS
patients, double stained salivary gland tissue sections conducted previously using either Ro52 or Ro60 antigens,
alongside CD27 were re-analysed in relation to adipocyte
formation. Our results demonstrated Ro52 and Ro60 specific
cells observed within and in close proximity to the adipose
tissue (Figure 1). Moreover, these autoantigen-specific cells
were CD27þ, indicating that they are indeed autoantibody
secreting plasma cells. No autoantigen-specific cells close to
fatty infiltration were observed in the non-SS controls, as
they had few adipocytes in their tissue (data not shown).
3.2. Detection of CD1381 plasma cells within areas of
adipose tissue in the target organ of pSS
To study the general B cell pattern in relation to adipocyte
infiltration, double staining of paraffin embedded minor

salivary gland tissue was performed using CD20 and
CD138. Our results showed CD138þ plasma cells located
within and in close proximity to adipose tissue, while no
CD20þ cells were observed close to areas of fatty replacement. Moreover, CD20þ cells were located mostly within
the focal infiltrates, forming distinct B cell zone areas, while
the CD138þ plasma cells were mostly on the periphery of
these focal infiltrates and interstitially throughout the salivary gland tissue (Figure 2(A)). No B cell zones could be
identified in non-SS control tissue, as they have little to no
focal infiltration, resulting in focus score values of <1 or 0
(Table 2). In addition, a quantification of CD138þ cells in
the salivary gland tissue revealed greater numbers of
CD138þ cells in areas of fatty infiltration (Figure 2(B)), and
also interstitially (Figure 2(C)), in the pSS patients when
compared to non-SS tissue controls.
3.3. Increase in CD1381 plasma cells and CD201 B cells
in relation to both fatty and focal infiltration suggests
their active involvement in promoting inflammation
A quantification of the CD138þ and CD20þ cells in the
double-stained salivary gland tissue from pSS patients
allowed us to explore the B cell expression pattern with
regard to fatty infiltration. Our findings revealed a significant increase in number of CD138þ cells close to areas of
fatty infiltration with increasing FI score (p < .01) (Figure
3(A)). A similar trend was observed for interstitial CD138þ
cells, which appeared to increase with increasing FI score in
the pSS patients (Figure 3(B)). Moreover, CD20þ B cell
zones were also quantified, allowing us to see a clear
increase in number of B cell zones/mm2 of salivary gland
tissue with increasing FI score in the patient group (Figure
3(C)). No distinct pattern was observed for the non-SS sicca
subjects (data not shown).
The evaluation of CD138þ and CD20þ cells in the double-stained salivary gland tissue also encouraged us to investigate the B cell expression pattern with regard to focus
score values in the patients. An increase in CD138þ cells
close to fatty infiltration with increasing focus score was
detected (Figure 4(A)). Similarly, an increase in interstitial
CD138þ plasma cells was further observed with increased
focus score values (Figure 4(B)). Finally, we see a clear

Figure 1. Autoantigen-specific Ro52 and Ro60 B cells are observed within areas of fatty infiltration in the salivary gland of pSS patients. Double staining of paraffin-embedded minor salivary gland tissue sections using either Ro52 or Ro60 antigens, alongside CD27, demonstrates Ro52 and Ro60 specific cells observed within
and in close proximity to the adipose tissue. These autoantigen-specific cells also express CD27, indicating that they are autoantibody secreting plasma cells.
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Figure 2. Detection of CD138þ plasma cells within areas of adipose tissue replacement in the target organ of pSS. (A) Double staining of paraffin-embedded
minor salivary gland tissue from pSS and non-SS subjects using CD138 and CD20 shows the CD138þ plasma cell and CD20þ B cell pattern in the disease target
organ. CD138þ plasma cells are located within and in close proximity to adipose tissue in pSS patients, while CD20þ cells are located mostly within the focal infiltrates. In addition, CD138þ plasma cells are mostly observed on the periphery of the focal infiltrates and interstitially throughout the salivary gland. (B) A quantification of CD138þ cells close to areas of fatty infiltration showed greater numbers of CD138þ cells in the pSS patients when compared to non-SS tissue controls. (C)
A quantification of CD138þ cells revealed more interstitial CD138þ cells in the pSS patients when compared to non-SS subjects.

correlation between the number of CD20þ B cell zones/
mm2 of salivary gland tissue in relation to focus score in
pSS patients, as presented by linear regression (r2 ¼ 0.6047,
p < .001) (Figure 4(C)). Meanwhile, no noteworthy pattern
could be identified in the non-SS control group (data
not shown).

4. Discussion and conclusions
Salivary gland involvement plays a fundamental role in the
development and pathogenesis of a multifactorial disease
such as pSS. Interestingly, the destruction of glandular tissue
through infiltrating immune cells in pSS is frequently
accompanied by the presence of adipocytes [36]. Since little
was known about the pathological significance of fatty
replacement in pSS lesions, we previously investigated adipose tissue infiltration in the salivary gland of pSS patients
[37], showing more incidence of adipose tissue replacement
in the patients when compared to non-SS tissue controls.
Moreover, adipocytes were shown to express pro-inflammatory cytokines, including IL-6 [40], yet with tissue protective
functions [25,41–43]. In accordance, we demonstrated that
adipocytes reside in IL6-rich regions within the glandular
tissue [37]. Conversely, others have suggested that fatty

infiltration could mainly be a possible consequence of aging,
where fatty replacement was evaluated in a heterogeneous
pSS patient group possessing rather low focus score values
and compared to non-SS sicca controls [44]. Hence, to further understand the cellular mechanisms involved in promoting
adipocyte
formation,
and
delineate
the
immunological significance of these adipocytes, we also
examined the salivary gland microenvironment in pSS
patients through microarray analysis, real-time polymerase
chain reaction, and immunohistochemistry [38]. As a result,
we identified signalling pathways that promoted adipose tissue development, inflammation, and lymphoma development. In the current descriptive study, we aimed to explore
both the autoantigen-specific and general B cell expression
pattern in relation to adipocyte development in pSS, since B
cells are also known to be active contributors in disease progression [45]. Together, our findings could aid in providing
further insight into pSS pathogenesis, diagnostic accuracy,
and may also contribute to tailoring current therapeutic
strategies [34,35].
The autoantigen-specific B cell pattern was explored in
relation to fatty replacement through the re-analysis of a
previously conducted double immunohistochemical staining
of minor salivary gland tissue sections from female
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Figure 3. Increase in CD138þ plasma cells and CD20þ B cell zones in relation
to fatty infiltration in pSS patients. (A) A significant increase in number of
CD138þ cells close to areas of fatty infiltration with increasing FI score in pSS
patients. (B) Interstitial CD138þ cells appear to increase with increasing FI score
in the patient group. (C) An increase in number of B cell zones/mm2 of salivary
gland tissue with increasing FI score is also present in the patients. Statistically
significant differences where p < .05 are indicated by .

autoantibody-positive pSS patients, and female non-SS sicca
subjects. Here, either Ro52 or Ro60 specific cells were
observed within and in close proximity to the adipose tissue
(Figure 1). These autoantigen-specific cells have previously
been shown to express CD19, yet were CD20-negative [14].
In accordance with previous findings, these Ro52- and
Ro60-specific cells were indeed autoantibody secreting
CD19þ/CD27þþ plasma cells. Together, these observations

Figure 4. Increase in CD138þ plasma cells and CD20þ B cell zones in relation
to focal inflammation in pSS patients. (A) An increase in CD138þ cells close to
FI with increasing focus score is observed in the salivary glands of pSS patients.
(B) Interstitial CD138þ plasma cells appear to increase with increasing focus
score values in the patient group. (C) The number of CD20þ B cell zones/mm2
of salivary gland tissue correlates to focus score values in pSS patients, as presented by linear regression (p < .0048, r2 ¼ 0.6047). Statistically significant differences where p < .05 are indicated by .

suggest an active role for the adipocytes in the inflamed tissue, where they may contribute to the activation of autoantigen specific cells.
Furthermore, the general B cell pattern was explored in
relation to adipocyte infiltration, using CD20 and CD138
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Figure 5. The interplay of pro- and anti-inflammatory processes in relation to adipose tissue development as a consequence of upregulated signalling pathways
and cytokine expression in the salivary gland of pSS patients. A schematic representation providing an illustrative overview of pro- and anti-inflammatory immunological processes in the salivary gland of pSS patients as a consequence of the highlighted upregulated signalling pathways detected [38], showing prominent adipose tissue development, inflammation, and implications for lymphoma development. In brief, phagocytes of innate immunity (e.g. macrophages) become
activated, leading to the stimulation and maturation of dendritic cells, and consequently resulting in the activation of CD8þ and CD4þ T cells, respectively. This
results in the subsequent activation of the adaptive immune system where the CD4þ T cells differentiate into Th1 and Th2 helper T cells, both of which produce
pro-inflammatory cytokines. The Th1 subset triggers macrophages to phagocytose antigens, while the Th2 subset results in B cell activation and antibody production. Additionally, the regulatory T cells are regarded as suppressors, and are involved in maintaining tolerance to self-antigens. We suggest adipocytes as active
players throughout the immunological process. Cytokine secretion is indicated by oval pink arrows. Figure was produced using Servier Medical Art.

(Figure 2). We showed CD138þ plasma cells located within
and in close proximity to adipose tissue, on the periphery of
focal infiltrates and interstitially. Meanwhile, CD20þ cells
were observed within focal infiltrates, in turn forming distinguished B cell zones in the patients. This further implies
a potential role for adipocytes in activating autoantibodysecreting plasma cells at the site of inflammation. The
observed trend of elevated CD138þ cells, both in areas of
fatty infiltration and also interstitially, in the pSS patients as
compared to the non-SS sicca control subjects, further supports this notion.
To better examine the B cell expression pattern with
regard to fatty and focal infiltration, a quantification of the
CD138þ and CD20þ cells in the double stained salivary
gland tissue from pSS patients and non-SS sicca controls
was conducted (Figure 3). Our findings revealed a significant increase (p < .01) in CD138þ cells close to areas of fatty
infiltration, and also interstitially, with increasing FI score
in pSS patients. A similar pattern was observed for the
quantified CD20þ B cell zones, where an increase in number of B cell zones/mm2 of salivary gland tissue was witnessed with increasing FI score in the patient group.
Interestingly, a comparable increase in CD138þ cells both in
close proximity to fatty infiltration and interstitially, was
further detected with increasing focus score (Figure 4). We
also observed a striking correlation between the number of
CD20þ B cell zones/mm2 of salivary gland tissue and focus
score values in the patient group (r2 ¼ 0.6047, p < .001), in

accordance with what has previously been reported for pSS
patients [13].
Viewed as a whole, these statistically significant patterns
imply a possible active contribution of the adipocytes and B
cells in propagating inflammation in the disease target organ
of pSS. This is also supported by our previous microarray
analysis [38], showing signalling pathways and cytokines
that propagate adipocyte development and inflammation
that appeared to be more enhanced in the salivary gland of
pSS patients, where adipose tissue replacement was also evident. Additionally, our immunohistochemical studies also
revealed that adipocytes were located in pro-inflammatory
IL-6 and IL-17 rich regions in the salivary gland tissue
[37,38], where increased mRNA levels of these cytokines
were also identified in the patient group. Taking into
account our previous and current findings, we provide an
illustrative overview for possible adipocyte involvement in
pSS, delineating affected pro- and anti-inflammatory cellular
mechanisms taking place at the site of inflammation
(Figure 5).
In conclusion, autoantigen-specific B cells and plasma
cells seem to be prominent in areas of fatty infiltration in
salivary glands of patients with pSS, where an increase in
CD138þ plasma cells and CD20þ B cells, in relation to both
fatty and focal infiltration, respectively, suggests their active
involvement in promoting inflammation. Nonetheless, further studies are required to assess whether these adipocytes
may also be present in the pSS target organ as a result of
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the repair process, and whether possibly targeting adipocytes
and CD138þ plasma cells, in addition to the current
employment of CD20 depletion therapy, may be applicable.

[13]

[14]

Acknowledgements
We gratefully acknowledge patients and staff for their contributions.
We further thank Gunnvor Øijordsbakken for excellent technical assistance.

[15]

[16]

Disclosure statement
The authors declare that they have no competing interests

[17]

Funding

[18]

The study was supported by the Faculty of Dentistry at the University
of Oslo, the Faculty of Medicine and Dentistry at the University of
Bergen, and Western Norway Regional Health Authority.

[19]

References

[20]

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]
[10]

[11]

[12]

Jonsson R, Bolstad AI, Brokstad KA, et al. Sjogren’s syndrome–a plethora of clinical and immunological phenotypes with a
complex genetic background. Ann NY Acad Sci. 2007;1108(1):
433–447.
Jonsson R, Vogelsang P, Volchenkov R, et al. The complexity
of Sjogren’s syndrome: novel aspects on pathogenesis. Immunol
Lett. 2011;141(1):1–9.
Ramos-Casals M, Brito-Zeron P, Siso-Almirall A, et al. Topical
and systemic medications for the treatment of primary
Sjogren’s syndrome. Nat Rev Rheumatol. 2012;8(7):399–411.
Garberg H, Jonsson R, Brokstad KA. The serological pattern of
autoantibodies to the Ro52, Ro60, and La48 autoantigens in
primary Sjogren’s syndrome patients and healthy controls.
Scand J Rheumatol. 2005;34(1):49–55.
Gordon TP, Bolstad AI, Rischmueller M, et al. Autoantibodies
in primary Sjogren’s syndrome: new insights into mechanisms
of autoantibody diversification and disease pathogenesis.
Autoimmunity. 2001;34(2):123–132.
Volchenkov R, Jonsson R, Appel S. Anti-Ro and anti-La autoantibody profiling in Norwegian patients with primary
Sjogren’s syndrome using luciferase immunoprecipitation systems (LIPS). Scand J Rheumatol. 2012;41(4):314–315.
Halse A, Harley JB, Kroneld U, et al. Ro/SS-A-reactive B lymphocytes in salivary glands and peripheral blood of patients
with Sjogren’s syndrome. Clin Exp Immunol. 1999;115:
203–207.
Salomonsson S, Wahren-Herlenius M. Local production of Ro/
SSA and La/SSB autoantibodies in the target organ coincides
with high levels of circulating antibodies in sera of patients
with Sjogren’s syndrome. Scand J Rheumatol. 2003;32(2):79–82.
Wahren-Herlenius M, Salomonsson S. Detection of antigen
specific B-cells in tissues. Methods Mol Med. 2007;136:19–24.
Jonsson R, Theander E, Sjostrom B, et al. Autoantibodies present before symptom onset in primary Sjogren syndrome.
JAMA. 2013;310(17):1854–1855.
Theander E, Jonsson R, Sjostrom B, et al. Prediction of
Sjogren’s syndrome years before diagnosis and identification of
patients with early onset and severe disease course by autoantibody profiling. Arthritis Rheumatol. 2015;67:2427–2436.
Komai K, Shiozawa K, Tanaka Y, et al. Sjogren’s syndrome
patients presenting with hypergammaglobulinemia are relatively
unresponsive to cevimeline treatment. Mod Rheumatol. 2009;
19(4):416–419.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

Aqrawi LA, Brokstad KA, Jakobsen K, et al. Low number of
memory B cells in the salivary glands of patients with primary
Sjogren’s syndrome. Autoimmunity. 2012;45(7):547–555.
Aqrawi LA, Skarstein K, Oijordsbakken G, et al. Ro52- and
Ro60-specific B cell pattern in the salivary glands of patients
with primary Sjogren’s syndrome. Clin Exp Immunol. 2013;
172(2):228–237.
Aqrawi LA, Kvarnstrom M, Brokstad KA, et al. Ductal epithelial expression of Ro52 correlates with inflammation in salivary
glands of patients with primary Sjogren’s syndrome. Clin Exp
Immunol. 2014;177(1):244–252.
Sims GP, Lipsky PE. Isolation of human B cell populations.
Curr Protoc Immunol. 2006;7(7):5.
Haghighi M, Khanahmad H, Palizban A. Selection and characterization of single-stranded DNA aptamers binding human Bcell surface protein CD20 by cell-SELEX. Molecules. 2018;23(4):
715.
Agematsu K, Hokibara S, Nagumo H, et al. CD27: a memory
B-cell marker. Immunol Today. 2000;21(5):204–206.
Klein U, Rajewsky K, Kuppers R. Human immunoglobulin
(Ig)M þ IgD þ peripheral blood B cells expressing the CD27
cell surface antigen carry somatically mutated variable region
genes: CD27 as a general marker for somatically mutated
(memory) B cells. J Exp Med. 1998;188(9):1679–1689.
Klein U, Kuppers R, Rajewsky K. Human IgM þ IgD þ B cells,
the major B cell subset in the peripheral blood, express V
kappa genes with no or little somatic mutation throughout life.
Eur J Immunol. 1993;23(12):3272–3277.
Bohnhorst JO, Bjorgan MB, Thoen JE, et al. Bm1-Bm5 classification of peripheral blood B cells reveals circulating germinal
center founder cells in healthy individuals and disturbance in
the B cell subpopulations in patients with primary Sjogren’s
syndrome. J Immunol. 2001;167(7):3610–3618.
Pascual V, Liu YJ, Magalski A, et al. Analysis of somatic mutation in five B cell subsets of human tonsil. J Exp Med. 1994;
180(1):329–339.
Jung J, Choe J, Li L, et al. Regulation of CD27 expression in
the course of germinal center B cell differentiation: the pivotal
role of IL-10. Eur J Immunol. 2000;30(8):2437–2443.
Szyszko EA, Skarstein K, Jonsson R, et al. Distinct phenotypes
of plasma cells in spleen and bone marrow of autoimmune
NOD.B10.H2b mice. Autoimmunity. 2011;44(5):415–426.
Szyszko EA, Brokstad KA, Oijordsbakken G, et al. Salivary
glands of primary Sjogren’s syndrome patients express factors
vital for plasma cell survival. Arthritis Res Ther. 2011;13(1):R2.
Hansen A, Lipsky PE, Dorner T. B cells in Sjogren’s syndrome:
indications for disturbed selection and differentiation in ectopic
lymphoid tissue. Arthritis Res Ther. 2007;9(4):218.
Jonsson R, Nginamau E, Szyszko E, et al. Role of B cells in
Sjogren’s syndrome–from benign lymphoproliferation to overt
malignancy. Front Biosci. 2007;12(1):2159–2170.
Gatumu MK, Skarstein K, Papandile A, et al. Blockade of lymphotoxin-beta receptor signaling reduces aspects of Sjogren’s
syndrome in salivary glands of non-obese diabetic mice.
Arthritis Res Ther. 2009;11(1):R24.
Jonsson MV, Skarstein K, Jonsson R, et al. Serological implications of germinal center-like structures in primary Sjogren’s
syndrome. J Rheumatol. 2007;34:2044–2049.
Hamel KM, Liarski VM, Clark MR. Germinal center B-cells.
Autoimmunity. 2012;45(5):333.
Salomonsson S, Jonsson MV, Skarstein K, et al. Cellular basis
of ectopic germinal center formation and autoantibody production in the target organ of patients with Sjogren’s syndrome.
Arthritis Rheum. 2003;48(11):3187–3201.
Theander E, Vasaitis L, Baecklund E, et al. Lymphoid organisation in labial salivary gland biopsies is a possible predictor for
the development of malignant lymphoma in primary Sjogren’s
syndrome. Ann Rheum Dis. 2011;70(8):1363–1368.

AUTOIMMUNITY

[33]

[34]
[35]

[36]

[37]

[38]

[39]

Cornec D, Devauchelle-Pensec V, Tobon GJ, et al. B cells in
Sjogren’s syndrome: From pathophysiology to diagnosis and
treatment. J Autoimmun. 2012;39(3):161–167.
Isaksen K, Jonsson R, Omdal R. Anti-CD20 treatment in primary Sjogren’s syndrome. Scand J Immunol. 2008;68(6):554–564.
Cornec D, Devauchelle-Pensec V, Tobon GJ, et al. B cells in
Sjogren’s syndrome: from pathophysiology to diagnosis and
treatment. J Autoimmun. 2012;39(3):161–167.
Skopouli FN, Li L, Boumba D, et al. Association of mast cells
with fibrosis and fatty infiltration in the minor salivary glands
of patients with Sjogren’s syndrome. Clin Exp Rheumatol.
1998;16(1):63–65.
Skarstein K, Aqrawi LA, Oijordsbakken G, et al. Adipose tissue
is prominent in salivary glands of Sjogren’s syndrome patients
and appears to influence the microenvironment in these organs.
Autoimmunity. 2016;49(5):338–346.
Aqrawi LA, Jensen JL, Oijordsbakken G, et al. Signalling pathways identified in salivary glands from primary Sjogren’s syndrome patients reveal enhanced adipose tissue development.
Autoimmunity. 2018;51(3):135–146.
Vitali C, Bombardieri S, Jonsson R, et al. Classification criteria
for Sjogren’s syndrome: a revised version of the European

[40]

[41]

[42]

[43]

[44]

[45]

9

criteria proposed by the American-European Consensus Group.
Ann Rheum Dis. 2002;61(6):554–558.
Fonseca JE, Santos MJ, Canhao H, et al. Interleukin-6 as a key
player in systemic inflammation and joint destruction.
Autoimmun Rev. 2009;8(7):538–542.
Zhou J, Jin JO, Patel ES, et al. Interleukin-6 inhibits apoptosis
of exocrine gland tissues under inflammatory conditions.
Cytokine. 2015;76(2):244–252.
Jin JO, Han X, Yu Q. Interleukin-6 induces the generation of
IL-10-producing Tr1 cells and suppresses autoimmune tissue
inflammation. J Autoimmun. 2013;40:28–44.
Reksten TR, Jonsson MV, Szyszko EA, et al. Cytokine and
autoantibody profiling related to histopathological features in
primary Sjogren’s syndrome. Rheumatology (Oxford). 2009;
48(9):1102–1106.
Leehan KM, Pezant NP, Rasmussen A, et al. Fatty infiltration
of the minor salivary glands is a selective feature of aging but
not Sjogren’s syndrome. Autoimmunity. 2017;50(8):451–457.
Asam S, Neag G, Berardicurti O, et al. The role of stroma and
epithelial cells in primary Sjogren’s syndrome. Rheumatology
(Oxford). 2019.

