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Abstract. – OBJECTIVE: Gelsolin (GSN) is 
a multifunctional protein that can regulate cell 
proliferation, apoptosis, inflammation and in-
fection. GSN has been reported to be involved 
in rheumatoid arthritis (RA), systemic lupus er-
ythematosus (SLE), multiple sclerosis (MS) and 
many other diseases. The role of GSN in prima-
ry Sjogren’s syndrome (pSS) remains still un-
clear. The aim of this study is to investigate the 
changes of GSN level in serum and whole blood 
cells of pSS patients and evaluate the relation-
ship between GSN and fatigue or other clinical 
indicators.

PATIENTS AND METHODS: The cross-sec-
tional study included 47 pSS patients (1 male 
and 46 females, average age: 52.83±12.63 years) 
and 51 healthy controls (all females, average 
age: 50.61±9.86 years). The patients were col-
lected from the Second Affiliated Hospital of 
Harbin Medical University, China, without the 
age and sex differences. The levels of GSN in 
serum of pSS patients and the healthy controls 
were measured by Western blotting. The se-
quencing gene expression omnibus (GEO) data 
from National Center for Biotechnology Informa-
tion (NCBI) about GSN levels in the whole blood 
cells of pSS patients and the healthy controls 
were analyzed by R language.

RESULTS: Compared with healthy controls, 
the level of GSN was significantly decreased 
in the serum of pSS patients (98.89 ± 28.94 vs. 
131.6 ± 37.1 µg/ml, p<0.001). The expression of 
GSN in the whole blood cells of pSS patients 
was significantly lower than that in the healthy 
controls (6.4 ± 0.19 vs. 6.6 ± 0.17, p<0.01). Com-
pared to non-fatigued pSS patients, the lev-
el of GSN was down-regulated in serum (85.69 
± 27.08 vs. 111.52 ± 24.71 µg/ml, p<0.01) and 
whole blood cells (6.43 ± 0.18 vs. 6.58 ± 0.21, 
p<0.001) in fatigue pSS patients. However, 
there was no significant correlation between 
the level of GSN and EULAR Sjogrens syn-
drome disease activity index (ESSDAI) in pSS 
patients (p=0.73).

CONCLUSIONS: GSN is decreased in serum 
and whole blood cells of pSS patients, and it 

is much lower in fatigue patients than that in 
non-fatigue patients. The correlation between 
the level of GSN and ESSDAI was not significant 
in pSS patients.
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Introduction

Gelsolin (GSN), a member of the GSN fam-
ily, was first identified in rabbit pulmonary 
macrophages by Yin and Stossel in 19791. GSN 
has the ability to regulate actin assembly and 
disassembly2, remove the actin released into the 
blood during tissue and cell damage, and reduce 
its damage to the body3. In addition, GSN was 
found to be involved in carcinogenesis, apop-
tosis, inflammation, aging and other biologi-
cal process4. Recently, studies have shown that 
change of GSN level is associated with some au-
toimmune diseases. Compared with the healthy 
control, the level of GSN is decreased in serum 
of IgA nephropathy patients, and it is positively 
correlated with glomerular filtration rate5. In 
addition, GSN and IgA promote glomerular fi-
brosis through the transforming growth factor-β 
(TGF-β)1/Smads signaling pathway6. In multiple 
sclerosis (MS), the level of GSN in serum of 
patients is reduced. Moreover, in the experi-
mental allergic encephalomyelitis (EAE) mod-
els, administrated exogenous GSN can decrease 
extracellular actin and myeloperoxidase activity 
in the brain, resulting in the delay of the onset of 
disease7,8. Besides, the level of GSN is lower in 
serum of patients with rheumatoid arthritis (RA) 
and systemic lupus erythematosu (SLE) than 
the healthy controls. In patients with SLE, the 
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level of GSN in serum is negatively related with 
EULAR Systemic Lupus Erythematosus disease 
activity index (SLEDAI)9. However, the role of 
GSN in primary Sjogren’s syndrome (pSS) pa-
tients remains unclear. Sjogren’s syndrome (SS) 
is a chronic autoimmune disorder with common 
clinical manifestations such as dryness of the 
mouth and eyes, which results in the lymphocyt-
ic infiltration of the exocrine glands and poly-
clonal B-cell activation10,11. The primary SS pa-
tients (pSS) account for about 0.03–0.1% of the 
general population12. At present, it is believed 
that the genetic background and environmental 
factors trigger the production of auto-antibod-
ies, thus leading to pathological damage13,14. A 
number of studies have also shown that chronic 
fatigue is a common symptom reported in about 
68% of pSS patients15-17. In this study, we investi-
gated the changes of the expression level of GSN 
in serum and whole blood cells of pSS patients 
and healthy controls. Latterly, we evaluated the 
relationship between GSN and fatigue in pSS 
patients, and the correlation between the level of 
GSN and ESSDAI.

Patients and Methods 

Patients and Samples
Blood samples were collected from 47 cases 

of pSS patients and 51 healthy controls in the 
Second Affiliated Hospital of Harbin Medical 
University (Harbin, China) from June 2019 to 
August 2019. pSS patients aged 18-65 years 
were diagnosed following the 2002 diagnos-
tic criteria of American–European Consensus 

Group criteria (AECC). The exclusion criteria 
included overlapping SLE, systemic sclerosis, 
rheumatoid arthritis, and polymyositis. All of 
the patients provided informed consent. The 
characteristic of pSS patients and healthy con-
trols was shown in Table I. This study obtained 
the approval of the Ethics Committee of Sec-
ond Affiliated Hospital of Harbin Medical Uni-
versity in Heilongjiang Province, China (No. 
KY2019-200).

Clinical Parameters
EULAR Sjogrens syndrome disease activity 

index (ESSDAI) scale included 12 organ by organ 
domains. Each domain was divided into three or 
four levels according to the degree of activity, and 
scored as 0 (no activity), 1 (low activity), 2 (mod-
erate activity), or 3 (high activity). These scores 
were then multiplied by an assigned weight factor, 
ranging from 1 to 6, with the total score ranging 
from 0 to 123 points. The ESSDAI score<5 was 
considered low disease activity, ESSDAI score 
= 5-13 was considered moderate activity, and 
ESSDAI score≥14 was considered high activity18. 
Fatigue severity was measured using the Profile 
of Fatigue (PROF) Questionnaire which has been 
validated for pSS19.

GSN Concentration Measurement
The level of GSN was determined as our previ-

ous study9. Briefly, serum was isolated from blood 
of patients and diluted to 1:15 in 1×sample buffer 
(SB; 10% Glycerol, 2% SDS, 62.5mM Tris-HCl, 
0.03% Bromophenol blue and 5% β-Mercaptoeth-
anol, pH 6.8). Recombinant human gelsolin (rhp-
GSN) (Cytoskeleton, Denver, USA) was diluted 

Table I. pSS patients and healthy control’s characteristic.

 Characteristic pSS patients (n = 47) Healthy controls (n = 53)

Sex (Male/female) 1/46 0/51
Age, mean ± SD years 52.83 ± 12.63 50.61 ± 9.86
Dry mouth +/- 41/6 (87.2) 
Dry eye +/- 29/18 (61.7) 
Fatigue +/- 23/24 (48.9) 
ANA, no. +/- 42/5 (89.4) 
Ro (SSA), no. +/- 38/9 (80.8) 
La (SSB), no. +/- 16/31(34) 
ACA, no. +/- 10/37 (21.3) 
Schirmer’s test +/- 39/8 (82.9) 
IgA (g/L) mean ± SD 3.51 ± 1.68 
IgM (g/L) mean ± SD 1.52 ± 1.08 

ANA: Antinuclear antibody; SSA: Sjögren’s syndrome A antibodies; SSB: Sjögren’s syndrome B antibodies; ACA: anti-
centromere antbody; Schirmer’s test: negative test > 5 mm/5 min resulting in a negative test.
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to form a protein gradient (50 ng, 100 ng, 150 ng 
and 200 ng). Samples (15 µL) were run with 10% 
sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred to nitro-
cellulose (NC) membranes. For the determination 
of GSN, the membranes were incubated with the 
mouse monoclonal anti-gelsolin antibody for 2 h 
at 37°C (1:1000 dilution; Cell Signaling Technol-
ogy, Danvers, MA, USA). Then, the secondary 
antibody goat anti-mouse IgG-horseradish perox-
idase (HRP) was treated for 1 h at 37°C (1:2000 
dilution; Wuhan Boster Biological Technology 
Co., Ltd., Wuhan, China). Chemiluminescence 
detection was performed with Super-Signal West 
Pico Chemiluminescent Substrate (Pierce, Rock-
ford, CA, USA). 

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) version 19.0 (IBM, Armonk, NY, USA) 
was used for data analysis. Data were expressed 
as mean ± standard deviation (SD). Kolmogor-
ov-smirnov was used to detect whether the data 
conformed to normal distribution. Independent 
sample t-test was performed for data conform-
ing to normal distribution, while Mann-Whitney 
U test was performed for data not conforming 
to normal distribution. Regression analysis was 
performed by SPSS19.0. In addition, in order 
to eliminate batch effect between GEO website 
data of different platforms, homogenization was 
performed using Sva package of R language, and 
then t-test was performed using limma package 
of R language. p<0.05 is considered statistically 
significant.

Results

The Expression of GSN is Decreased in 
Whole Blood Cells of pSS Patients

To evaluate the change of GSN expression in 
pSS patients, we searched pSS related data (All 
these pSS patients were considered to be clearly 
diagnosed, but information about clinical symp-
toms of patients could not be found on the web-
site) on GEO website (GSE66795 and GSE84844) 
and collected the data from 30 healthy controls 
and 190 pSS patients20 to analyze the expression 
of GSN. The results showed that the expression 
of GSN in the whole blood cells was significantly 
decreased in pSS patients compared to healthy 
controls (Figure 1).

The Level of GSN in Serum of pSS 
Patients is Lower Than the 
Healthy Controls

In order to verify the result of GEO database, 
the level of GSN in serum of pSS patients was 
detected by Western blotting. The result showed 
that the level of GSN in serum of the pSS patients 
is lower than that in the healthy controls (Figure 2). 

Figure 2. The level of GSN in serum from the pSS pa-
tients and the healthy controls. The value is expressed as 
mean±SD. ***p<0.001, Sjogren’s syndrome vs. health.

Figure 1. The expression of GSN in whole blood cells in 
pSS patients and health control. The value is expressed as 
mean±SD. **p<0.01, Sjogren’s syndrome vs. health.
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The Expression of GSN is 
Down-Regulated in pSS Patients 
with Fatigue

To investigate whether GSN is associated 
with fatigue in pSS patients, we searched the 
relevant data from GEO website (GSE66795 
and GSE84844). The results showed that com-
pared to healthy controls and non-fatigued pa-
tients, the expression of GSN was significantly 
prohibited in fatigued patients (Figure 3). Fur-
thermore, in order to verify the results of GEO 
database, all pSS patients were divided into 
two groups (fatigued and non-fatigued pSS 
patients’ groups) to investigate the relation-
ship between GSN and fatigue. It was found 
that the level of GSN in fatigue pSS patients is 
significantly down-regulated compared to the 
healthy controls or non-fatigued pSS patients 
(Figure 4). 

Relationship Between the Level of GSN 
and Clinical Indicators in pSS Patients

ESSDAI score was performed in pSS patients, 
and the correlation between GSN and ESSDAI 
was analyzed. The results showed that there is no 
correlation between the level of GSN and ESS-
DAI in pSS patients (Supplementary Figure 1). 
Meanwhile, the presence or absence of pulmo-

nary interstitial lesions (Supplementary Figure 
2A), abnormal immunoglobulin and complement 
(Supplementary Figure 2B), blood system in-
volvement (Supplementary Figure 2C) and re-
nal involvement (Supplementary Figure 2D) has 
no effect on GSN level in pSS patients.

Discussion

Gelsolin (GSN), a known actin modulator, 
has therapeutic effects in many diseases includ-
ing sepsis, burn hurts, multiple sclerosis and 
diabetes21. In sepsis mice, the exogenous GSN 
can reduce disease activity score and improve 
the survival rate22,23. In the rat model of MS, ad-
ministrated exogenous GSN reduces the disease 
through inhibiting the activity of extracellular 
actin and MPO induced by S1P8. Exogenous 
GSN (8 mg/mL) can prevent acetic acid-induced 
pain and relieve carrageenan-induced foot swell-
ing in mice, which has equivalent effects of 10 
mg/kg of diclofenac sodium. GSN also reduces 
the expression level of TNF-α and IL-624. The 
changes of gelsolin levels are related to diseases 
and can be used to predict the prognosis of dis-
eases. For instance, the plasma gelsolin concen-
trations are significantly lower among burn pa-
tients with sepsis than those without sepsis, and 

Figure 3. The expression of GSN in health control and pSS 
patients with fatigue or non-fatigue. The value is expressed 
as mean±SEM. NS:no significantly difference; ***p<0.01, 
pSS patients with fatigue vs. pSS patients with non-fatigue 
or health control.

Figure 4. The level of GSN in health control and pSS pa-
tients with fatigue or non-fatigue. The value is expressed as 
mean±SD. *p<0.05, **p<0.01, ***p<0.001, pSS patients with 
fatigue vs. pSS patients with non-fatigue or health control.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-10110.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-10110.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-10110.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-10110.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-10110.pdf
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it is negatively associated with the occurrence of 
sepsis25. GSN levels are significantly decreased at 
6 h post-operation in acute kidney injury (AKI) 
patients, and GSN in post-cardiopulmonary by-
pass (CPB) patients may have beneficial effects 
on diminishing inflammatory responses26. In 
this study, it is demonstrated that the expression 
level of GSN in both serum and whole blood 
cells is decreased in pSS patients compared with 
healthy controls. Fatigue is a prominent feature 
in majority pSS patients 27,28. Previous reports 
have shown that fatigue accounts for about 68% 
patients17,18 and accounts for 48.9% in this study. 
The change of related genes expression level 
is thought to be involved in fatigue develop-
ment29,30. Norheim et al29 have demonstrated that 
single nucleotide polymorphism (SNP) varia-
tions are associated with fatigue in pSS patients 
and revealed that the SLC25A40 is stronger 
in pSS high fatigue patients than controls. In 
addition, fatigue may be related with inflamma-
tion. Although Hartkamp et al31 did not show 
any association between fatigue and the serum 
inflammatory factors. Howard et al27 found that 
interferon (IFN)-γ-induced protein-10 (IP-10), 
IFN-α, IFN-γ and lymphotoxin-α (LT-α) are 
significantly higher in patients with pSS than 
non-fatigued controls. Davies et al32 revealed 
that the pain, depression, and pro-inflammatory 
cytokines are considered to be the most power-
ful predictors of fatigue in pSS. In this study, 
we discovered that pSS patients with low serum 
GSN are more prone to fatigue. In patients with 
RA and SLE, the serum GSN is also lower than 
that in healthy controls9, and patients also often 
experienced fatigue. Therefore, we speculated 
that GSN might be related with fatigue in pSS 
patients. Nowadays, the ESSDAI used as a gold 
standard to elevate disease activity in clinical 
studies33. In our study, GSN is neither correlated 
with disease activity (ESSDAI), nor with oth-
er clinical indicators, including Lung damage, 
blood system damage and others.

There are still limitations in this study. First, 
fatigue is one of the common complaints of pSS 
patients, and decreased expression of GSN must 
have some effects on it. We found that the de-
crease of serum GSN in pSS patients is related 
to fatigue, but the specific mechanism is still 
unclear. Second, whether GSN is also associat-
ed with fatigue in these patients of other auto-
immune diseases, such as rheumatoid arthritis 
and systemic lupus erythematosus remains un-
known. Therefore, more investigations need to 

explore the importance of GSN for pSS fatigue, 
how GSN plays a role in it, and whether supple-
mented GSN can relieve symptoms of fatigue in 
pSS patients.

Conclusions

Our results showed that the level of GSN is 
significantly lower in pSS patients than healthy 
controls. The pSS patients with low serum GSN 
level are more prone to fatigue. It is preliminarily 
believed that GSN can be an indicator used for 
the diagnosis of pSS.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Yin HL, Stossel TP. Control of cytoplasmic actin 
gel-sol transformation by gelsolin, a calcium-de-
pendent regulatory protein. Nature 1979; 281: 
583-586.

 2) McLaughlin PJ, Gooch JT, Mannherz HG, Weeds 
AG. Structure of gelsolin segment 1-actin com-
plex and the mechanism of filament severing. Na-
ture 1993; 364: 685-692.

 3) Lee WM, Galbraith RM. The extracellular ac-
tin-scavenger system and actin toxicity. N Engl J 
Med 1992; 326: 1335-1341.

 4) McGough AM, Staiger CJ, Min JK, Simonetti KD. 
The gelsolin family of actin regulatory proteins: 
modular structures, versatile functions. FEBS Lett 
2003; 552: 75-81.

 5) Zhang L, Kong D, Meng H, Han C, Zhu J, Qiao J, 
He Y, Wang T, Li X, Zhang F, Jin X. Plasma gel-
solin promotes proliferation of mesangial cell in 
IgA nephropathy. Cell Physiol Biochem 2016; 40: 
1473-1486.

 6) Zhang L, Han C, Ye F, He Y, Jin Y, Wang T, Wu Y, 
Jiang Y, Zhang F, Jin X. Plasma gelsolin induced 
glomerular fibrosis via the TGF-beta1/Smads sig-
nal transduction pathway in IgA nephropathy. Int 
J Mol Sci 2017; 18: 390.

 7) Gao J, Qin Z, Guan X, Guo J, Wang H, Liu S. 
Overexpression of GSN could decrease inflam-
mation and apoptosis in EAE and may enhance 
vitamin D therapy on EAE/MS. Sci Rep 2017; 7: 
604.

 8) Li-ChunHsieh K, Schob S, Zeller MW, Pulli B, Ali 
M, Wang C, Chiou TT, Tsang YM, Lee PS, Stos-
sel TP, Chen JW. Gelsolin decreases actin toxic-
ity and inflammation in murine multiple sclerosis. 
J Neuroimmunol 2015; 287: 36-42.



The gelsolin level in patients with primary Sjogren’s syndrome

2077

 9) Hu Y, Li H, Li WH, Meng HX, Fan YZ, Li WJ, Ji 
YT, Zhao H, Zhang L, Jin XM Zhang FM. The 
value of decreased plasma gelsolin levels in 
patients with systemic lupus erythematosus 
and rheumatoid arthritis in diagnosis and dis-
ease activity evaluation. Lupus 2013; 22: 1455-
1461.

10) Fox RI. Sjögren’s syndrome. Lancet 2005; 366: 
321-331.

11) Okada J. Autoimmune hemolytic anemia in pri-
mary Sjögrens syndrome. Intern Med 2006; 45: 
669-670.

12) Qin B, Wang J, Yang Z, Yang M, Ma N, Huang F, 
Zhong R. Epidemiology of primary Sjogren’s syn-
drome: a systematic review and meta-analysis. 
Ann Rheum Dis 2015; 74: 1983-1989.

13) Jonsson R, Vogelsang P, Volchenkov R, Espino-
sa A, Wahren-Herlenius M, Appel S. The com-
plexity of Sjogren’s syndrome: novel aspects on 
pathogenesis. Immunol Lett 2011; 141: 1-9.

14) Devita S, Quartuccio L, Seror R, Salvin S, Rav-
aud P, Nocturne G, Gandolfo S, Isola M, Mariette 
X. Efficacy and safety of belimumab given for 12 
months in primary Sjogren’s syndrome: the BE-
LISS open-label phase II study. Rheumatology 
(Oxford) 2015; 54: 2249-2256.

15) Ng WF, Bowman SJ. Primary Sjogren’s syn-
drome: too dry and too tired. Rheumatology (Ox-
ford) 2010; 49: 844-853.

16) Giles I, Isenberg D. Fatigue in primary 
Sjogren’s syndrome: is there a link with the fi-
bromyalgia syndrome? Ann Rheum Dis 2000; 
59: 875-878.

17) Barendregt PJ, Visser MR, Smets EM, Tulen JH, 
Van den Meiracker AH, Boomsma F, Markusse 
HM. Fatigue in primary Sjogren’s syndrome. Ann 
Rheum Dis 1998; 57: 291-295.

18) Seror R, Bootsma H, Saraux A, Bowman SJ, 
Theander E, Brun JG. Defining disease activi-
ty states and clinically meaningful improvement 
in primary Sjogren’s syndrome with EULAR pri-
mary Sjogren’s syndrome disease activity (ESS-
DAI) and patient-reported indexes (ESSPRI). Ann 
Rheum Dis 2016; 75: 382-389.

19) Hewlett S, Dures E, Almeida C. Measures of 
fatigue: Bristol Rheumatoid Arthritis Fatigue 
Multi-Dimensional Questionnaire (BRAF MDQ), 
Bristol Rheumatoid Arthritis Fatigue Numerical 
Rating Scales (BRAF NRS) for severity, ef-
fect, and coping, Chalder Fatigue Questionnaire 
(CFQ), Checklist Individual Strength (CIS20R 
and CIS8R), Fatigue Severity Scale (FSS), Func-
tional Assessment Chronic Illness Therapy (Fa-
tigue) (FACIT-F), Multi-Dimensional Assessment 
of Fatigue (MAF), Multi-Dimensional Fatigue In-
ventory (MFI), Pediatric Quality Of Life (PedsQL) 
Multi-Dimensional Fatigue Scale, Profile of Fa-
tigue (ProF), Short Form 36 Vitality Subscale 
(SF-36 VT), and Visual Analog Scales (VAS). 
Arthritis Care Res (Hoboken) 2011; 63 Suppl 11: 
S263-S286.

20) Nag S, Larsson M, Robinson RC, Burtnick LD. 
Gelsolin: the tail of a molecular gymnast. Cyto-
skeleton (Hoboken) 2013; 70: 360-384.

21) Cohen TS, Bucki R, Byfield FJ, Ciccarelli NJ, 
Rosenberg B, DiNubile MJ, Janmey PA, Margu-
lies SS. Therapeutic potential of plasma gelsolin 
administration in a rat model of sepsis. Cytokine 
2011; 54: 235-238.

22) Lee PS, Waxman AB, Cotich KL, Chung SW, Per-
rella MA, Stossel TP. Plasma gelsolin is a marker 
and therapeutic agent in animal sepsis. Crit Care 
Med 2007; 35: 849-855.

23) Gupta AK, Parasar D, Sagar A, Choudhary V, 
Chopra BS, Garg R, Ashish, Khatri N. Analge-
sic and anti-inflammatory properties of gelsolin in 
acetic acid induced writhing, tail immersion and 
carrageenan induced paw edema in mice. PLoS 
One 2015; 10: e0135558.

24) Tasaki S, Suzuki K, Nishikawa A, Kassai Y, 
Takiguchi M, Kurisu R, Okuzono Y, Miyazaki T, 
Takeshita M, Yoshimoto K, Yasuoka H, Yamaoka 
K, Ikeura K, Tsunoda K. Multiomic disease signa-
tures converge to cytotoxic CD8 T cells in prima-
ry Sjogren’s syndrome. Ann Rheum Dis 2017; 76: 
1458-1466.

25) Huang LF, Yao YM, Dong N, He LX, Zhang QH, 
Yu Y, Sheng ZY. Plasma gelsolin level and its re-
lationship with the prognosis of patients with se-
vere burns. Zhonghua Shao Shang Za Zhi 2013; 
29: 148-151. 

26) Shi SS, Yue XJ, Zhao DY, Fan JJ, Xu JG, Liu XW, 
Cheng BL, Fang XM, Fan J, Shu Q. Plasma gel-
solin level predicts acute kidney injury after car-
diopulmonary bypass in infants and young chil-
dren. World J Pediatr 2018; 14:143-150.

27) Howard Tripp N, Tarn J, Natasari A, Gillespie 
C, Mitchell S, Hackett KL, Bowman SJ, Price E, 
Pease CT, Emery P, Lanyon P, Hunter J, Gup-
ta M, Bombardieri M, Sutclif. Fatigue in prima-
ry Sjogren’s syndrome is associated with lower 
levels of proinflammatory cytokines. RMD Open 
2016; 2: e000282.

28) Mengshoel AM, Norheim KB, Omdal R. Primary 
Sjogren’s syndrome: fatigue is an ever-present, 
fluctuating, and uncontrollable lack of energy. Ar-
thritis Care Res (Hoboken) 2014; 66: 1227-1232.

29) Norheim KB, Le Hellard S, Nordmark G, Harboe 
E, Goransson L, Brun JG, Herlenius MW, Jons-
son R,Omdal R. A possible genetic association 
with chronic fatigue in primary Sjogren’s syn-
drome: a candidate gene study. Rheumatol Int 
2014; 34: 191-197.

30) James K, Al-Ali S, Tarn J, Cockell SJ, Gillespie 
CS, Hindmarsh V, Locke J, Mitchell S, Lendrem 
D, Bowman S, Price E, Pease CT, Emery P, Lan-
yon P, Hunter JA, Gupta M, Bombardieri M, Sut-
cliffe N, Pitzalis C, McLaren J, Cooper A, Regan 
M, Giles I, Isenberg D, Saravanan V, Coady D, 
Dasgup. A transcriptional signature of fatigue de-
rived from patients with primary Sjogren’s syn-
drome. PLoS One 2015; 10: e0143970.



H. Huang, W.-Q. Song, Y. Li

2078

31) Hartkamp A, Geenen R, Bijl M, Kruize AA, Go-
daert GL, Derksen RH. Serum cytokine levels re-
lated to multiple dimensions of fatigue in patients 
with primary Sjogren’s syndrome. Ann Rheum Dis 
2004; 63: 1335-1337.

32) Davies K, Mirza K, Tarn J, Howard-Tripp N, 
Bowman SJ, Lendrem D; UK Primary Sjögren’s 
Syndrome Registry, Ng WF. Fatigue in prima-
ry Sjogren’s syndrome (pSS) is associated with 

lower levels of proinflammatory cytokines: a 
validation study. Rheumatol Int 2019; 39: 1867-
1873. 

33) Seror R, Ravaud P, Bowman SJ, Baron G, Tzioufas 
A, Theander E, Gottenberg JE, Bootsma H, Mari-
ette X, Vitali C. EULAR Sjogren’s syndrome disease 
activity index: development of a consensus system-
ic disease activity index for primary Sjogren’s syn-
drome. Ann Rheum Dis 2010; 69: 1103-1109.


