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Evaluation of Germinal Center-like Structures and B
Cell Clonality in Patients with Primary Sjögren
Syndrome with and without Lymphoma
Svein Joar Johnsen, Ellen Berget, Malin Viktoria Jonsson, Lars Helgeland, Roald Omdal, 
and Roland Jonsson

ABSTRACT. Objective. Germinal center (GC)-like structures have previously been observed in minor salivary
glands (MSG) of patients with primary Sjögren syndrome (pSS). The aim of our study was to
explore the prevalence and features of GC-like structures and B cell clonality in patients with pSS
with and without lymphoma.
Methods. Based on a nationwide survey in Norway, we included 21 patients with pSS and with a
concomitant lymphoma from whom MSG and/or lymphoma biopsies were available. Tonsil biopsies
and MSG from 28 patients with pSS without lymphoma were used as controls. The presence of
GC-like structures was investigated with H&E staining and double staining for CD21/IgD and
CD38/IgD. B cell clonality in MSG and tumors were investigated with analysis of immunoglobulin
gene rearrangements.
Results. H&E labeling of MSG revealed GC-like structures in 17/40 (43%) of the patients: 4/12
(33%) with and 13/28 (46%) without lymphoma. Staining for CD21/CD38/IgD demonstrated
CD21+ networks in 27/40 (68%) of the patients. CD21+/CD38– infiltrates were seen in 25/40 (63%)
of the patients, and 16 of these were IgD+ within the infiltrate. Five percent (2/40) of the patients
presented with CD21+/CD38+ infiltrates resembling tonsillar GC. Monoclonal B cell infiltration in
MSG was present in 5/12 patients (42%) with and 5/28 patients (18%) without lymphoma (p = 0.12).
In 2/10 (20%) of cases where both MSG and lymphoma biopsies were available, identical clonal
rearrangements were detected.
Conclusion. GC-like structures seen in H&E-stained MSG may represent various subtypes of
CD21+ infiltrates. We were unable to detect a clear association between cellular infiltrates, B cell
clonality, and lymphoma development. (First Release Oct 1 2014; J Rheumatol 2014;41:2214–22;
doi:10.3899/jrheum.131527)
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Primary Sjögren syndrome (pSS) is a chronic autoimmune
exocrinopathy histopathologically characterized by mono-
nuclear cellular infiltration and destruction, mainly of the
salivary and lacrimal glands. In most patients, this leads to
reduced saliva and tear production, with subsequent oral and
ocular dryness phenomena (xerostomia and keratoconjunc-
tivitis sicca). Extraglandular manifestations such as
myalgia, arthralgia, and fatigue are common, and immuno-
logical disturbances in terms of hypergammaglobulinemia,
rheumatoid factor, and autoantibodies against the ribo-
nucleosides SSA/Ro and SSB/La are frequently encoun-
tered1, and even seem to be present long before symptom
onset2. The pathogenesis of pSS is largely unknown.
Associations to MHC genes and non-MHC genes important
for immune, inflammation, and regulatory functions have
been demonstrated3,4,5, and an interaction between genetic
predisposition and unknown environmental factors are
thought to represent the necessary players for the devel-
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opment of disease. A strong interferon signature is present in
a substantial number of patients with pSS6.

The cellular infiltrates in pSS salivary glands reportedly
consist of T, B, and plasma cells, macrophages, and
follicular dendritic cells7, and seem to be stable over time8.
Ectopic germinal center (GC)-like structures can be
observed in H&E-stained minor salivary gland (MSG)
sections in 20–30% of patients with pSS9. The presence of
GC-like structures seems to distinguish a distinct disease
phenotype10,11,12,13, and GC formation has recently been
suggested as a predictor for lymphoma development14.
Additional staining for the CD21 marker to detect follicular
dendritic cell (FDC) networks has been widely applied in
evaluation of GC-like structures7,12,15,16, and the CD38
marker has been used to detect GC B cells17,18. Expression
of activation-induced cytidine deaminase (AID) has been
demonstrated in GC-like structures by immunohisto-
chemical staining and quantitative real-time PCR15,16,
suggesting functionality. In addition, the marker CD38 seemed
to differentiate AID-expressing versus non-AID-expressing
infiltrates16. GC-like structures are also known as “tertiary
lymphoid organs”, and an analog lymphoid organization is
seen in target organs of patients with other autoimmune
diseases19. Criteria for the term “tertiary lymphoid organs”
have been suggested20, but no consensus has been reached
about the term “GC-like structures” in rheumatology. In
addition, mechanisms leading to formation of GC-like struc-
tures or their role in autoimmune disease pathogenesis are
not entirely clear9,15,16,21,22.

There is a 6.5 to 15.6–fold increased risk for
non-Hodgkin lymphomas in pSS23,24,25, the most common
lymphoma (MZL) subtype being extranodal marginal zone
lymphoma of the mucosa-associated lymphoid tissue
(MALT)26. MALT lymphomas are distinct neoplasms that
arise extranodally in the setting of chronic inflammatory
disorders27. The malignant cells originate from B cells in the
marginal zone of GC28. The current understanding is that the
development of MALT lymphoma is antigen driven, and
that the nuclear factor–κB (NF-κB) pathway seems to play
a central role in this concept29. Four specific chromosomal
translocations have been described in MALT lymphomas,
which all lead to aberrant NF-κB activation28. Primary SS
lymphomas and salivary gland MALT lymphomas, in
general, rarely present with any of these translocations30, but
seem to harbor various genomic alterations that could interact
with other genes modulating the NF-κB pathway31,32.
Recently, an association between antibody-positive pSS and
genes in the NF-κB pathway was demonstrated33.

The aim of our study was to evaluate the possible
difference between patients with pSS with and without
lymphoma regarding B cell clonality, and prevalence and
features of GC-like structures.

MATERIALS AND METHODS
Patients and controls. Based on data from the Cancer Registry of
Norway34, we performed a retrospective nationwide search for patients
with a combination of pSS and lymphoma. For inclusion, patients had to
fulfill the American-European Consensus Criteria for pSS35, and at least 1
formalin-fixed and paraffin-embedded tissue block of either a lymphoma or
a MSG biopsy had to be available. Because patients with pSS sometimes
have a long period with vague and weak symptoms delaying the diagnosis,
patients who developed lymphoma prior to or simultaneously with the
establishment of the pSS diagnosis were included in our study.

We identified 33 patients with pSS who had been diagnosed with a
lymphoma between January 1, 1986, and December 31, 2012. Of these, 21
patients had tissue blocks available for further study: 10 patients with both
lymphoma and MSG tissue blocks, 9 patients with lymphoma tissue blocks,
and 2 patients with MSG tissue blocks only. Two patients had tissue blocks
from sequential lymphomas, leaving 21 lymphomas and 12 MSG tissue
blocks available for study. Because of changing nomenclature and criteria
over time, histopathological sections were reexamined and reclassified
according to standard protocols for present lymphoma classification
(Supplementary Table 1, available from authors on request).

Twenty-eight MSG biopsies from patients with pSS without lymphoma,
matched for sex and age at the time of the biopsy, were provided from the
biobank at Stavanger University Hospital for controls. To evaluate the
staining pattern in secondary lymphoid tissue, tonsil tissue sections from
subjects undergoing tonsillectomy because of other medical indications but
without known malignancy or autoimmune diseases were provided from
the department of Otolaryngology, Head and Neck Surgery, Haukeland
University Hospital, Bergen.
Formalin-fixed, paraffin-embedded tissue sections. Lymphoma, MSG, and
tonsil tissue blocks were cut in 3-μm slices using a microtome (Leica
Instruments GmbH) and placed onto SuperFrost Plus microscope slides
(Menzel GmbH and Co.).
Immunohistochemical staining of lymphomas. Following de-paraf-
finization, rehydration, and heat-induced epitope retrieval, tissue sections
were incubated with primary antibodies [CD3, CD20, CD21, CD79a,
Ki-67, BCL2, BCL6, λ, and κ (Dako); CD2, CD5, CD10, CD23, and PAX5
(Novocastra, Leica Biosystems); CD138 and CyclinD1 (NeoMarkers);
Foxp3 (BD Biosciences); EBER (Roche); BOB1a and OCT2 (Santa Cruz
Biotech)] using the Dako EnVision Autostainer system (Dako). Staining
with CD3, CD20, and Ki-67 was performed with the Ventana Medical
Systems Stainer, and EBER staining with the Ventana’s OptiView DAB
IHC Detection Kit (Ventana).
Double-labeling of MSG sections with CD21/IgD and CD38/IgD.
Immunohistochemical double staining of consecutive MSG and tonsil
sections was performed with CD21/IgD and CD38/IgD using the Dako
EnVision Doublestain System as described by the manufacturer. All
sections were de-paraffinized and rehydrated overnight, followed by
heat-induced epitope retrieval (Dako PT-link) and incubation with
endogenous enzyme block for 10 min. Sections were then incubated with
the first primary antibody, monoclonal mouse anti-human CD21 (Dako)
diluted 1:15 or CD38 (Novocastra) diluted 1:50 for 60 min, before
incubation with the second primary antibody, polyclonal rabbit anti-human
IgD (Dako) diluted 1:2 for 60 min. The sections were then incubated for 30
min with anti-rabbit/mouse polymer AP link (Dako), Liquid Permanent
Red 10 μl/ml buffer for 10 min, and then washed with water for 5 min.
After counterstaining with hematoxylin for 10 min and a final wash in
water, the sections were dehydrated through ethanol and xylene for 5 min
and mounted with Eukitt.
Evaluation of staining patterns. Sections were evaluated using a light
microscope. All the H&E-stained MSG were assessed for GC-like struc-
tures, defined as a well-circumscribed chronic cellular infiltration
consisting of ≥ 50 mononuclear cells with features indicating lymphoid
organization and morphology resembling a dark zone, and a light zone
within otherwise normal salivary gland epithelium13,14.
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The tonsil tissue sections were used as a positive control for the
double-staining. The CD21/IgD-stained sections were assessed for a
CD21+ network-like staining pattern in the presence of a surrounding IgD+
mantle zone, and the CD38/IgD-stained sections for a localized cellular
aggregate containing CD38+ B cells and surrounded by an IgD+ mantle
zone. Other IgD-staining patterns, such as scattered positive cells within
infiltrates and single-positive cells in small interstitial cell clusters related
to glandular epithelial cells, were also noted. An overall evaluation was
performed by assessing the double-stainings, and to categorize the staining
patterns into 3 groups termed nonspecific (CD21–/CD38–/IgD–), focal
cellular infiltrates (CD21+/CD38– networks), or partially characterized GC
(CD21+/CD38+ networks), similar to secondary lymphoid tissue from
tonsillar tissue sections. All lymphoma sections were examined by LH and
SJJ. MSG sections were blindly read by MVJ and SJJ, reaching agreement
in 116/120 cases. The remaining 4 cases were discussed with a senior
author (RJ) and a final decision was reached.
DNA extraction. Three 10-µm sections were cut from all available MSG
and lymphoma biopsies, and the sections de-paraffinized with xylene,
dehydrated in 100% ethanol, and set for overnight proteinase K (20 mg/ml)
digestion. DNA was prepared manually using the E.N.Z.A Tissue DNA kit
according to the manufacturer’s instructions (Omega Bio-Tek).
PCR analysis of B cell clonality. The multiplex PCR kit (catalogue no.
206143, Qiagen) with HotStarTaq DNA polymerase was used for the
clonality analysis. Five BIOMED-2 primer sets including immunoglobulin
heavy chain VH-JH (Fr1, Fr2, and Fr3), immunoglobulin light chain
VK-JK, and κ deleting element were run separately36. We used a modified
BIOMED-2 protocol, mixing 2.5 μl DNA template, 2.5 μl primer mix (2
μm of each primer), 12.5 μl Multiplex buffer, and 7.5 μl water to a final
reaction volume of 25 μl37. All samples were run with undiluted and 5-fold
diluted template DNA, and monoclonal, polyclonal, and nontemplate
controls were included in all runs. The PCR conditions included an initial
activation step (95°C, 15 min), followed by 38 cycles consisting of denat-
uration (95°C, 45 s), annealing of primers (60°C, 90 s), and extension
(72°C, 90 s), before a final extension step (70°C, 10 min) followed by
cooling to 4°C37.
Assessment of B cell clonality. Fragment analyses of the PCR products
were performed using Applied Biosystems PRISM 3100 capillary
sequencer (Applied Biosystems). Identification of 1 or 2 peaks within
expected range consistent after dilution was interpreted as clonal. All
samples were assessed for clonality by LH and EB, and a consensus was
established.
Statistical analyses. Non-parametric statistics were used, and groups were

compared with the Mann-Whitney U test for continuous variables, Fisher’s
exact test for categorical variables, and the Freeman-Halton extension for a
4 × 2 contingency table.
Ethics and approval. The Regional Committee for Medical and Health
Research Ethics approved our study (REK Vest 2009-250/17,
2009-250/18).

RESULTS
Patients. The baseline characteristics of the patients with
pSS with (n = 21) and without (n = 28) lymphoma are
shown in Table 1. Controls were selected to match the age
and sex of the patients with lymphoma, hence the groups
were similar regarding age, disease duration, and sex.
However, the patients with lymphoma were more likely to
have a positive MSG biopsy and had higher focus score. The
median time between pSS diagnosis and lymphoma devel-
opment was 15 months, and the range was from 240 months
before the pSS diagnosis to 224 months after the pSS
diagnosis. Four patients (19%) were diagnosed with
lymphoma before pSS, 5 patients (24%) had both conditions
diagnosed at the same time (± 6 mos), and 12 (57%) were
diagnosed with lymphoma after pSS.

Reclassification of the lymphomas showed that the
majority of patients (71%) had an MZL (Table 2). One
patient had a nodal MZL, and all the remaining were extra-
nodal MZL (67%). The majority (62%) of the MZL was of
the MALT subtype and was located in the salivary glands
(52%). Details of lymphoma subtypes and localization are
given in Table 2. Finally, 2 of the lymphoma blocks (1 bone
marrow biopsy and 1 pulmonary fine needle aspiration) did
not contain enough material for a full reclassification.
Immunohistochemical staining. In the H&E-stained MSG
sections, GC-like structures (Figure 1A–B) were seen in
17/40 (43%) of the patients: 4/12 (33%) of the patients with
lymphoma and 13/28 (46%) of the patients without
lymphoma, respectively (Figure 2A). There was no signifi-

Table 1. Baseline characteristics for patients with pSS with and without lymphoma.

Characteristics Patients without Patients with All Patients, p
Lymphoma, n = 28 Lymphoma, n = 21 n = 49

Age, yrs, at pSS diagnosis, median (range) 52 (34–85) 51 (29–78) 51 (29–85) NS
Disease duration, yrs, median (range) 10 (5–23) 13 (2–36) 10 (2–36) NS
Age lymphoma diagnosis, yrs, median (range) — 53 (31–78) — —
Female sex, n (%) 23 (82) 19 (91) 42 (86) NS
Anti-SSA and/or anti-SSB antibodies (%) 25/28 (89) 17/21 (81) 42/49 (86) NS
Symptoms of ocular dryness (%) 20/27 (74) 21/21 (100) 41/48 (85) 0.01
Symptoms of oral dryness (%) 25/27 (93) 20/21 (95) 45/48 (94) NS
Reduced tear flow* (%) 21/27 (78) 11/12 (92) 32/39 (82) NS
Reduced unstimulated salivary flow (%) 19/26 (73) 8/11 (73) 27/37 (73) NS
Minor salivary gland Focus Score ≥ 1 (%) 21/28 (75) 17/17 (100) 38/45 (84) 0.03  
Focus score, median (range) 1.1 (0–10.0) 2.0 (1.0–5.0) 2.0 (0–10.0) 0.03  

*Tested with Schirmer test (< 5 mm/5 min). Categorical variables were analyzed by Fisher’s exact test and
continuous variables by the Mann-Whitney U test. pSS: primary Sjögren syndrome; NS: not significant.
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cant difference in frequency of GC-like structures in the
H&E-stained sections between the groups (p = 0.51).

The double-staining with CD21/IgD demonstrated
CD21+ networks in 27/40 of the patients (68%), and both
markers were negative in the remaining 13/40 patients
(33%). CD21+ networks were detected in 16/17 of the
patients (94%) with GC-like structures seen in the
H&E-staining sections. Three different IgD-staining
patterns were seen in the CD21+ tissue sections: 16/40 of
the patients (40%) presented with colocalization of IgD+
cells and CD21+ networks, 10/40 (25%) were completely
IgD–, and in 1 patient the CD21+ networks resided within
surrounding IgD+ mantle zones. CD21+ networks were
seen in 7/12 of patients with lymphoma (58%) and 20/28 of
patients without lymphoma (71%; Figure 2B), but this
difference was not significant (p = 0.48).

The CD38/IgD double-staining showed CD38– infil-
trates in 38/40 (95%) of the patients. A cluster of CD38+ B
cells with GC-like appearance was seen in only 2/40 of the
patients (5%), and 1 of these revealed an IgD+ mantle zone.
Both patients with a CD38+ infiltrate were in the group
without lymphoma (p = 0.08).

An overall evaluation of the double-labeling demonstrated
CD21+ networks in 27/40 (68%) of the patients;
CD21+/CD38+ partially characterized GC were found in 2/40
of the patients (5%; Figure 1E–F); CD21+/CD38– focal
cellular infiltrates (Figure 1G-H) were seen in 25/40 of the
patients (63%); and in 16/40 of the patients (40%), the CD21+
infiltrates were IgD+. The remaining 13/40 of the patients
(33%) presented with nonspecific staining pattern within
cellular infiltrates (CD21–/CD38–/IgD–). The difference in
the distribution of subtypes of infiltrates was not significant
between the groups (p = 0.40; Figure 2C), but there was a
highly significant association between GC-like structures in
the H&E-stained sections and CD21+ FDC networks in the
double-stained sections (p = 0.002; Figure 2D).

Detection of B cell clonality. The PCR analyses revealed
monoclonal B cell infiltration more frequently in MSG of
patients with pSS with lymphoma 5/12 (42%) compared to
patients with pSS without lymphoma 5/28 (18%), but this
difference was not statistically significant (p = 0.12; Figure
3). There was no association between presence of mono-
clonal B cell infiltration and GC-like structures or CD21+
networks in MSG in any of the patient groups.

Monoclonal B cell infiltration was detected in 15/21 of
all the lymphomas (71%), and in 11/13 of the lymphomas
(87%) located in the salivary glands. In the patients with a
history of a lymphoma, there was no significant difference
in the frequency of monoclonal B cell infiltration between
the lymphoid tumors and the MSG (p = 0.14). In 10 patients
where both lymphoma and MSG tissue were available,
monoclonal B cell infiltration was detected in 3 of the
patients (30%), and the PCR analysis showed identical sized
clonal rearrangements suggestive of identical B cell clones
in 2 of these (20%). Both of these lymphomas were MZL: 1
salivary gland MALT, and 1 nodal MZL.

DISCUSSION
In the investigated cohort of patients with pSS with and
without lymphoma, GC-like structures were observed at
similar levels in the H&E-stained MSG tissue sections, but
the CD21/CD38/IgD labeling showed that the majority of
the cellular infiltrates had other immunohistochemical
characteristics as compared to tonsillar GC. There was a
strong association between the observation of GC-like struc-
tures in H&E-stained sections and CD21+ networks in the
double-stained sections. As previously described, the
CD21+ infiltrates seem to encompass various different
staining patterns7 that cannot be identified in the H&E
staining. GC-like structures or CD21+ infiltrates were not
seen more frequently in the group with lymphoma, but were
frequent in both groups. We found a trend toward an

Table 2. Overview of lymphoma types, subtypes, localization, and detection of immunoglobulin gene rearrangements.

Type Subtype Localization Total, n (%), n = 21 Monoclonality (%)

MZL 15 (71) 12/15 (80)
Nodal MZL 1 (5) 1/1 (100)

Extranodal MZL 14 (67) 11/14 (79)
Bone marrow 1 (5)* 1/1 (100)

MALT lymphoma 13 (62) 10/13 (77)
Salivary glands 11 (52) 9/11 (82)

Orbita 1 (5) 1/1 (100)
Lingual tonsil 1 (5) 0/1 (0)

Diffuse large cell B cell lymphoma 3 (14) 3/3 (100)
Lymph node 1 (5) 1/1 (100)

Salivary glands 2 (10) 2/2 (100)
Hodgkin lymphoma (nodular sclerosis) Lymph node 1 (5) 0/1 (0)
Chronic lymphocytic leukemia Bone marrow 1 (5)* 1/1 (100)
Not classified 2 (10) 0/2 (0)

*One patient had 2 lymphoma subtypes in the bone marrow. MZL: marginal zone lymphoma; MALT: mucosa-associated lymphoid tissue.
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Figure 1.Minor salivary gland H&E staining and immunohistochemical double-staining with CD21/IgD and CD38/IgD. H&E staining demonstrated GC-like
structures (A, B), but the H&E staining did not discriminate between various phenotypic subtypes of infiltrates. In tonsil sections, GC stained positive for
CD21 (C) and CD38 (D), and the surrounding mantle zone stained positive for IgD. Similar staining patterns were also seen in a minority of the MSG, with
CD21+ (E) and CD38+ (F) GC-like structures surrounded by an IgD+ mantle zone. In the majority of patients, the double-staining showed a different staining
pattern, with CD21+ (G) and CD38– (H) lymphocytic infiltrations without a surrounding IgD+ mantle zone. In many of the patients, the CD21+ infiltrates
also stained IgD+ within the infiltrate (H). Inserter bar indicates 100 μm. GC: germinal centers; MSG: minor salivary glands.
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increased frequency of monoclonal B cellular infiltration in
the group of patients with lymphoma. We also detected
identical B cell clones in tissue sections from both MSG and
lymphoid tumors in 2 patients with MALT lymphoma; this
finding supports the hypothesis that development of
lymphoproliferative disease in pSS is antigen-driven38.

Inflammatory cellular infiltrates and infiltrates with
morphological features similar to lymphoid GC have previ-

ously been observed in the MSG tissue in patients with pSS
and extensively studied7,9,10,11,12,13,14,15,16,39. Based on
expression of AID and immunohistochemical staining, a
further dichotomization between real GC and cellular aggre-
gates has been suggested16. In our study, with a few selected
markers, only a minority of the MSG cellular infiltrations
seem to contain all the selected phenotypic and structural
elements from a secondary lymphoid GC. The majority of

Figure 2. (A) H&E staining demonstrated no significant difference in distribution of GC-like structures in MSG of
patients with and without lymphoma (p = 0.51). (B) Double-staining with CD21 and IgD showed that the majority of
patients had CD21+ FDC networks, but regarding the presence of CD21+ networks, there was no significant difference
between the patients with and without lymphoma (p = 0.48). (C) The majority of patients presented CD21+/CD38–
focal cellular infiltrates, and most of these stained IgD+ within the infiltrate. Only 2 patients presented with
CD21+/CD38+ infiltrates, similar to secondary lymphoid tissue GC. (D) A significant association was seen between
GC-like structures observed in H&E-stained sections and CD21+ networks in the double-stained section (p = 0.002).
The comparison was performed using Fisher’s exact test. GC: germinal center; FDC: follicular dendritic cell; MSG:
minor salivary glands.
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the focal mononuclear infiltrates contained CD21+
networks, colocalized within a cluster of IgD+ cells, but
lacking an IgD+ mantle zone. These focal cellular infiltrates
seem similar to the non-AID–expressing cellular infiltrates
previously described16,40. There was a strong association
between GC-like structures and CD21+ networks, but the
CD21+ infiltrates seem to include several staining patterns.
This finding implies that the GC-like structures seen in
H&E-stained MSG sections, in fact, could represent at least
3 different phenotypes of infiltrates. Because of the study
design, clinical implications or relevance of such a subclas-
sification was not investigated.

The majority of the lymphomas (62%) were located in
the salivary glands, and monoclonal B cells were observed
in 85% of lymphomas located in salivary glands. In some
lymphomas, no monoclonal B cell infiltration was detected,
and possible explanations for this could be DNA degra-
dation, DNA taken from the periphery or outside the actual
tumor, or mutations that led to a lack of sufficient primer
coverage. Monoclonal B cell infiltrations have previously
been described in MSG of patients with pSS without
lymphoma41,42, and are not considered a valuable predictor
for lymphoma development43. Our study showed a trend

toward a higher frequency of monoclonal B cell infiltration
in MSG of patients with a history of lymphoma. In line with
previous findings, identical B cell clones were also detected
in the MSG and lymphoma tissue biopsies in 20% of the
patients where both tissues were available44,45. This result
supports the idea that the lymphoma development is
antigen-driven38, but the antigen driving the clonal selection
remains unknown. It has been shown that malignant B cells
in pSS express rheumatoid factor specificity, but without
binding self-antigens46. A recent study suggested an associ-
ation between an active Epstein-Barr virus infection and
formation of GC-like structures in MSG of patients with
pSS47, in accordance with current opinion that chronic
immune stimulation is a possible mechanism for pSS
lymphoma development27.

A limitation of our study is the sample size. Based on the
prevalence of lymphoma in pSS in Norway, we expected to
identify 35 patients with pSS and lymphoma24; hence the
numbers of patients enrolled were lower than expected.
Also, the distribution of the IgD staining was nonhomo-
geneous across the sections in 9/40 of the patients (23%).
Some MSG biopsies had been performed after the
lymphoma was diagnosed. Although all patients were naive
for B cell depletion therapy when the biopsy was performed,
2 more patients received chemotherapy (cyclophosphamide,
doxorubicin, vincristine, prednisone) before the MSG
biopsy was performed, and that might have influenced our
results. It is still unclear whether GC formation is charac-
terized best by the functional or morphological features20.
Our study evaluates only the morphology of the cellular
infiltrates, and AID expression analysis might have
provided additional information.

Our study indicates that the GC-like structures seen in
H&E staining seem to be represented by various subtypes of
CD21+ staining patterns. Although we were unable to reveal
an association among the presence of GC-like structures,
monoclonal B cell infiltration, and lymphoma development,
the detection of identical B cell clones in MSG and
lymphoma suggest an association between antigen-mediated
clonal selection and lymphoma development. 
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