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Introduction
Sjögrens’s syndrome (SS) is a chronic disease at the junction 

of systemic autoimmune disorders and lymphoproliferative 
conditions (1). SS is characterized by a chronic lymphocytic 
infiltration of exocrine glands, predominantly the salivary and 
lacrimal glands (2). The clinical spectrum of SS extends from 
dryness of the mucosal surfaces such as mouth and eyes 
to severe life-threatening condition such as vasculitis and 
lymphoma (3). Due to the systemic nature of the disease, 

almost every organ can be affected (4). Early detection of high-
risk patients will reduce mortality and morbidity (5). Biomarkers 
offering an early diagnosis, predicting the disease outcome and 
therapy response are still a need that has not been met. 

Beta-2-microglobulin (B2M) is a low-molecular weight protein 
with sequence homology to immunoglobulins (Ig) and expressed 
on the surface of all nucleated cell. B2M is non-covalently linked 
to the alpha chain of major histocompatibility complex-class 1 
and plays a role in the antigen presentation to cytotoxic (CD8+) 
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Aims: The aim of the this study is to evaluate beta-2-microglobulin (B2M) levels in patients with 
primary Sjögren’s syndrome (pSS) and to investigate their correlation with serum biomarkers 
and disease activity indexes commonly used in daily clinical practice.

Methods: Eighty-one patients with pSS were included in this retrospective and cross-sectional 
study. Demographic data, clinical characteristics, B2M, immunoglobulin (Ig) A, IgG, IgM, 
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), serum complement (C) 3 and 
C4 levels, anti-nuclear antibody, rheumatoid factor (RF), anti-SSA and anti-SSB antibodies were 
obtained from the medical records. Disease activity was evaluated by the European League 
Against Rheumatism (EULAR) SS Disease Activity Index (ESSDAI) and EULAR SS Patients 
Reported Index (ESSPRI). 

Results: Serum B2M level was significantly higher in patients with anti-SSA and anti-SSB 
antibody (median: 2.64 mg/dL, minimum: 2.02 mg/dL, maximum: 10.10 mg/dL) than in only 
anti-SSA positive patients (median: 2.31 mg/dL, minimum: 1.33 mg/dL, maximum: 4.26 mg/
dL, p=0.010) and both antibody negative patients (median: 1.80 mg/dL, minimum: 1.20 mg/
dL, maximum: 2.65 mg/dL, p<0.001). Also, patients with anti-SSA antibody have significantly 
higher serum B2M levels than anti-SSA and anti-SSB antibodies negative patients (p=0.009). 
Serum B2M level was significantly correlated with ESSDAI (r=0.482, p=0.001), serum IgG level 
(r=0.374, p=0.001), IgA level (r=0.341, p=0.002), RF levels (r=0.412, p=0.021) and ESR (r=0.239, 
p:0.031). There was no correlation between ESSPRI, IgM, CRP and serum B2M levels. ESSDAI was 
not correlated with C3 (r=0.044, p=0.697), C4 (r=-0.053, p=0.640), ESR (r=0.111, p=0.326), CRP 
(r=0.111, p=0.324) and IgG (r=0.154, p=0.169).

Conclusions: Although serum B2M levels were higher in autoantibody positive patients, it has 
a weak correlation with clinical disease activity.
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T lymphocytes (6). Also, B2M complexes with a cluster of 
differentiation 1 (CD1), MR1, human leukocyte antigen (HLA)-E, 
HLA-F, HLA-G, neonatal Fc receptor (FcRn) and human 
hemochromatosis protein (HFE)/HLA-H, which are related to 
mucosal immunity, tumor surveillance, maternofetal immune 
tolerance, iron metabolism, homeostasis of immunoglobulin (Ig) 
and albumin (7). During normal cell turn over, it is released into 
the body fluids and presents as a soluble form at a constant rate. 
Serum level of B2M has been established as a prognostic marker 
in solid organ malignancies, hematologic disorders, and various 
autoimmune diseases such as Crohn’s disease, SS, systemic 
lupus erythematosus and rheumatoid arthritis (8-10). 

Serum B2M is an independent predictor of the primary SS 
(pSS) development in subject with sicca symptoms (11). It has 
also been associated with extraglandular systemic involvement of 
pSS overall, organ specific manifestation of pSS and lymphoma 
development (12-19). However, to date, studies which evaluate 
the relationship between B2M and disease activity in patients 
with pSS are limited (20-22). 

The aim of this study is to evaluate B2M levels in patients with 
pSS and to investigate their correlation with serum biomarkers 
and disease activity indexes commonly used in daily clinical 
practice to evaluate disease status. 

Methods
This study was planned as a retrospective and cross-sectional 

study. Medical records of pSS patients who applied to our outpatient 
clinic between July 2016 and July 2017 were retrospectively 
scanned from the electronic database of our tertiary hospital. In 
our rheumatology department, standard clinical and laboratory 
investigation are made at each visit to assess the disease activity 
and organ involvement of patients with pSS. After taking accurate 
medical history and carefully performing physical examination, 
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), 
B2M, IgA, IgG, IgM, serum complement (C) 3 and C4 levels are 
routinely evaluated as the predictors of disease activity. Disease 
activity is assessed with European League Against Rheumatism 
(EULAR) SS Disease Activity Index (ESSDAI) and EULAR SS 
Patients Reported Index (ESSPRI). In the present study, clinical 
and laboratory values of the most recent visit were evaluated. 
Patients with impaired renal function, concomitant autoimmune 
disease, known solid organ malignancies, or lymphoproliferative 
disorders were excluded, as these conditions are associated with 
increased serum B2M levels. Consequently, a total of 81 pSS 
patients who fulfilled 2002 American European Consensus Group 
criteria for diagnosing pSS were enrolled (23). The study was 
approved by the Committee on Human Research Ethics at Zekai 
Tahir Burak Women’s Health Training and Research Hospital 
(dated: 28.02.1017, decision number: 39/2017). 

Demographic data, clinical characteristics and laboratory 
results, including anti-nuclear antibody (ANA), rheumatoid factor 

(RF), anti-SSA and anti-SSB antibodies, ESR, CRP, serum 
levels of B2M, IgA, IgG, IgM, C3 and C were obtained from 
electronic medical records.

In our hospital, serum concentrations of IgA, IgG, and 
IgM, as well as serum levels of C3 and C4, were measured 
by laser nephelometry. Normal values were 79 to 152 mg/dL 
for C3 and 16 to 38 g/L for C4. ANA were detected by indirect 
immunofluorescence HEp-2 cells. Anti-SSA and anti-SSB 
antibody levels were determined by commercial enzyme linked 
immunosorbent assay. The serum B2M level was determined 
using nephelometry. According to the recommendations of 
manufacturer, a serum B2M value of 1.8 mg/dL or more was 
considered to be increased.

The ESSPRI is a patient-administered questionnaire which 
evaluates symptoms including pain, fatigue and dryness. Each 
individual symptom is evaluated with an eleven-point numerical 
scale. The scale is composed of 0 (no symptoms) to 10 (severe 
symptoms) scores. The final ESSPRI score is calculated by 
taking the average scores of these domains. Total ESSPRI 
score ranges from 0 to 10. The ESSPRI scores of <5 define low 
disease activity and scores of ≥5 define high disease activity 
(24,25). 

The ESSDAI is a physician-based index for the assessment 
of the disease activity in patients with pSS. This index includes 12 
domains as follows: constitutional, lymphadenopathy, glandular, 
articular, cutaneous, respiratory, renal, muscular, peripheral 
nervous system, central nervous system, hematological and 
biological. Each domain is scored from 0 to 3 or 4 according to 
activity levels. Total ESSDAI score is calculated by taking the 
sum scores of these domains score with a maximum severity 
score of 123. ESSDAI score <5 is defined as low disease 
activity, 5 ≤ESSDAI score ≤13 is defined as moderate disease 
activity, and ESSDAI score ≥14 is defined as high disease 
activity (25,26).

Statistical Analysis

All data were analyzed using the Statistical Package for 
Social Sciences (SPSS Inc., Chicago, IL, USA) 16.0 program 
for Windows. The variables were investigated using visual and 
analytical methods to determine whether they were normally 
distributed. Continuous values were expressed as mean ± 
standard deviation and categorical variables as number and 
percentage. Among serum Ig, C3, C4 and B2M levels were not 
normally distributed and the Kruskal-Wallis test was conducted 
to compare these parameters among the antibody status. The 
Mann-Whitney U test was performed to test the significance of 
pairwise differences using Bonferroni correction to adjust for 
multiple comparisons. Spearman’s correlation coefficient was 
used to evaluate the linear relationship between the predictive 
variables. A value of p<0.05 was considered to be statistically 
significant. 
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Results 
Clinical and immunologic features of patients are presented 

in Table 1. C3 and C4 levels were decreased in 4 (4.9%) and 7 
(8.6%) patients, respectively. Patients with anti-SSA antibody 
or both anti-SSA and anti-SSB antibody had statistically 
significant higher serum B2M levels, IgG and IgA than those 
without autoantibodies (Table 2). The serum B2M level had a 
weak correlation with ESSDAI (r=0.482, p=0.001), serum IgG 
level (r=0.374, p=0.001), serum IgA level (r=0.341, p=0.002), 
serum RF levels (r=0.412, p=0.021) and ESR (r=0.239, 
p=0.031). Serum B2M levels were not correlated with ESSPRI 
(r=0.089, p=0.429), IgM (r=0.009, p=0.934), CRP (r=-0.105, 
p=0.352). 

According to the ESSPRI score, 47 (58%) patients had 
low disease activity. Although patients with high disease 
activity tended to have higher serum B2M levels, there was 
no statistically significant difference (2.13±0.69, 2.48±1.62 
respectively, p=0.531).

According to the ESSDAI score, 38 (46.9%) of 71 patients 
had low disease activity, 31 (38.3%) patients had moderate 
disease activity and 12 (14.8%) patients had high disease 
activity. The median (minimum-maximum) serum B2M level 
was 1.83 (1.20-2.59) in patients with low disease activity, 2.46 
(1.55-5.41) in those with moderate disease activity, and 2.97 
(1.60-10.20) in those with high disease activity. Patients with 
low disease activity had significantly lower serum B2M levels 
than patients with moderate disease activity (p<0.001) and high 
disease activity (p=0.001). Although patients with high disease 
activity tended to have higher serum B2M levels, there was no 

statistically significant difference between high and moderate 
disease activities (p=0.147). Also, ESSDAI score was not 
correlated with C3 (r=0.044, p=0.697), C4 (r=-0.053, p=0.640), 
ESR (r=0.111, p=0.326), CRP (r=0.111, p=0.324), and IgG 
(r=0.154, p=0.169). 

Discussion
In this study which investigated the usefulness of serum 

B2M level in evaluating disease activity of pSS patients, it 
was found that serum B2M level was positively correlated 
with ESSDAI, serum IgG level, IgA level, RF level and ESR. In 
addition, serum B2M level was significantly higher in patients 
with anti-SSA antibody or both anti-SSA and anti-SSB antibody 
than in those without autoantibodies. Furthermore, patients with 
anti-SSA and anti-SSB antibody had significantly higher serum 
B2M levels than patients with only anti-SSA antibody. In another 
study, Gottenberg et al. (19) evaluated the association between 
autoantibody production and serum B2M levels in patients with 
pSS. Similar to our study, they reported that the serum B2M level 
was significantly higher in patients with anti-SSA and anti-SSB 
antibodies than in those with anti-SSA antibody alone or those 
without anti-SSA and anti-SSB autoantibodies. In addition, they 
showed that serum B2M level was significantly correlated with 
serum RF (r=0.33, p=0.001), IgG (r=0.42, p=0.001), and ESR 
(r=0.39, p=0.001) (19).

During normal cell turn over, B2M is primarily released from 
immune-related cells including macrophages, active T and B 
lymphocytes in to most biological fluids (7). Following glomerular 
filtration, B2M is completely reabsorbed and catabolized in the 

Table 1. Clinical and immunological features of patients with primary Sjögren’s syndrome
Age, years 51.19±10.83
Male/female 2/79
Rheumatoid factor positive (n) (%) 28 (34.6%)
Serum IgA level (mg/dL) 251.00 (75.30-637.00)
Serum IgG level (mg/dL) 1270.00 (773.00-2970.00)
Serum IgM level (mg/dL) 113.00 (44.50-269.00)
Serum C3 level (mg/dL) 125.00 (52.50-186.00)
Serum C4 level (mg/dL) 23.30 (7.38-46.30)
CRP mg/L 3.66 (1.04-17.30)
ESR (mm/h) 19.00 (2.00-66.00)
Anti-SSA and anti-SSB antibodies negative 40 (49.4%)
Only anti-SSA antibody positive 22 (27.2%) 
Anti-SSA and anti-SSB antibodies positive 19 (23.5%) 
Serum beta-2-microglobulin (mg/dL) 2.02 (1.20-10.20)
ESSDAI 5.00 (0-26)
ESSPRI 4.00 (0.00-9.33)
Data shown as median (minimum-maximum) where otherwise stated.
Ig: Immunoglobulin, CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, EULAR: European League Against Rheumatism, ESSDAI: EULAR Sjögrens’s 
Syndrome Disease Activity Index, ESSPRI: EULAR Sjögrens’s Syndrome Patients Reported Index
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proximal renal tubules (27). The abnormality of serum or urine 
B2M level is associated with various hematologic malignancies, 
autoimmune disease, and renal disorders (7,28,29). 

Although the specific function of serum B2M remains unknown 
in pSS, previous studies reported that B2M level was increased 
in pSS patients with particular individual clinical manifestations. 
Hatron et al. (17) reported that B2M was increased in the serum 
of pSS patients with latent alveolitis. Lahdensuo and Korpela 
(18) reported that pSS patients with pulmonary hyperinflation 
had elevated serum B2M levels and disturbed lung function 
was correlated with high serum B2M levels. Pertovaara et al. 
(13) showed that high level of serum B2M was one of the best 
predictors of the development of distal renal tubular acidosis in 
pSS patients. In addition, a longitudinal cohort study contucted 
by Pertovaara et al. (14) showed that baseline serum B2M level 
was a significant predictor of lymphoma development in pSS 
patients (Odds ratio: 1.9; 95% confidence interval: 1.1 to 3.4; 
p=0.031).

In our pSS patient, ESSDAI score was correlated 
significantly with serum B2M levels (r=0.482, p=0.001) but 
was not correlated with serum levels of IgG (r=0.154, p=0.169) 
and C4 (r=-0.053, p=0.640), although these parameters are 
included in the ESSDAI. Like our study, Pertovaara and Korpela 
(20) reported that serum B2M level was significantly correlated 
with the ESSDAI score (r=0.383, p=0.001) and not correlated 
with serum levels of IgG (r=0.014, p=0.906) or C4 (r=-0.105, 
p=0.359). Authors suggested that this was presumably due to 
the fact that serum levels of IgG and C4 were given a rather 
low weight in the calculation of ESSDAI score. In another study 
conducted by James et al. (30), it was reported that serum 
B2M level was an independent predictor of ESSDAI scores 

(30). Unlike our study, in their study, according to the Poisson 
regression of serum B2M level against the ESDDAI domain, 
serum B2M level was significantly associated with biological 
domains of ESSDAI. Also, Gottenberg et al. (21) evaluated the 
baseline clinical and immunological features of the Assessment 
of Systemic Signs and Evolution of SS cohort and showed 
that pSS patients with elevated serum B2M levels had higher 
ESSDAI scores at enrollment. 

In our study, serum B2M level was not correlated with the 
ESSPRI score, which evaluates patient’s dryness, fatigue and 
pain. Similar to our results, Gottenberg et al. (21) observed 
that ESSPRI was not correlated with serum B2M levels. This is 
probably due to the fact that ESSPRI is based on the subjective 
perception of patients. 

Several limitations to the present study warrant attention. 
The small sample size is a major limitation of our study. Larger 
sample size may be needed to identify serum biomarkers in 
systemic autoimmune diseases, which are heterogeneous 
diseases. The cross-sectional design is another limitation 
of this study. This study does not provide sufficient results to 
investigate possible causality and effect relationship. Also, our 
results do not give information about the changes in serum 
B2M level with disease duration, disease activity and treatment 
response. Despite these limitations, our results support the 
previous findings that serum B2M is a considerable biomarker 
for assessing disease activity of pSS.

Conclusion
As a conclusion, serum B2M level may be a useful biomarker 

in evaluating disease activity of pSS. In the future, there is a 
need of well-designed, prospective, controlled studies with a 

Table 2. Serum immunoglobulin (Ig) A, IgG, IgM, C3, C4 and beta 2 microglobulin levels according to the antibody status
Anti-SSA and anti-
SSB antibodies 
negative (n=40) 

Only anti-SSA 
antibody positive 
(n=22)

Anti-SSA and anti-
SSB antibodies 
positive (n=19)

p value p value* p value** p value*** 

IgA (mg/dL) 208.50
75.30-480.00

266.50
128.00-425.00 

358.00
185.00-637.00 <0.001 0.010 <0.001 0.030

IgG (mg/dL) 1190.47
773.00-1600

1390.00
835.00-2660

1580.00
994.00-2970 <0.001 0.006 <0.001 0.080

IgM (mg/dL) 121.00
44.90-269.00

113.50
57.10-241.00

111.00
44.50-242.00 0.866 0.680 0.858 0.610

C3 (mg/dL) 122.50
73.70-156.00

122.50
52.50-150.00

131.00
82.00-186.00 0.562 0.763 0.363 0.333

C4 (mg/dL) 24.60
12.10-41.00

21.70
7.38-36.40

22.80
13.30-46.30 0.228 0.086 0.527 0.374

Beta-2-
microglobulin 
(mg/dL)

1.80
1.20-2.65

2.31
1.33-4.26

2.64
2.02-10.20 <0.001 0.009 <0.001 0.010

*Difference between patients without anti-SSA and anti-SSB antibodies and patients with only anti-SSA antibody.
**Difference between patients without anti-SSA and anti-SSB antibodies and patients with anti-SSA and anti-SSB antibodies.
***Difference between patients with only anti-SSA antibody and patients with anti-SSA and anti-SSB antibodies.
Mann-Whitney U test was used to compare the differences between the groups.
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larger sample size to validate clinical value of this simple, widely 
available, and inexpensive blood test as an activity marker in 
pSS patients. 
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