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Activation of the Interferon Pathway in Peripheral
Blood of Patients with Sjögren’s Syndrome
OSAMU KIMOTO, JIN SAWADA, KUMIKO SHIMOYAMA, DAISUKE SUZUKI, SATOKI NAKAMURA, 
HIDEHARU HAYASHI, and NORIYOSHI OGAWA

ABSTRACT. Objective. DNA microarray analysis and quantitative real-time polymerase chain reaction (PCR)
were performed to identify key target genes in peripheral blood from patients with Sjögren’s syn-
drome (SS).
Methods. DNA microarray analysis was performed in 19 patients with SS (all women) and 10
healthy controls (5 men and 5 women) using a low-density DNA microarray system with 778 genes.
For confirmation, the expression of upregulated genes was analyzed by quantitative real-time PCR
in another 37 SS patients (35 women and 2 men) and 9 healthy controls (8 women and 1 man).
Relationships between gene signatures and various clinical measures, such as disease duration,
symptoms and signs, complications, immunological findings, and salivary and lacrimal functions,
were analyzed.
Results. Interferon-α (IFN-α)-inducible protein 27 (IFI27) showed the most significant difference
between SS patients and controls in the microarray screening. We performed quantitative RT-PCR
for IFI27. IFI27 gene expression level was increased in patients with SS compared with controls (p
< 0.01) by real-time PCR, supporting our observations from the microarray data. The level of IFI27
was significantly correlated with serum IgG levels (r = 0.462, p < 0.01) and ß2-microglobulin (r =
0.385, p < 0.05), soluble interleukin 2 receptor (r = 0.473, p < 0.01), erythrocyte sedimentation rate
(r = 0.333, p < 0.05), and antinuclear antibody titer (speckled pattern; r = 0.445, p < 0.01).
Conclusion. Our results suggest that upregulation of IFN-inducible genes in SS patients is a sys-
temic phenomenon, and IFN may play an important role in the pathogenesis of SS. The expression
level of IFI27 could be an effective and specific biomarker associated with SS. (First Release Nov
15 2010; J Rheumatol 2011;38:310–16; doi:10.3899/jrheum.100486)
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Sjögren’s syndrome (SS) is characterized by autoimmune
exocrinopathy preferentially involving the salivary and
lacrimal glands, which causes dry mouth (xerostomia) and
dry eyes (xerophthalmia). Extraglandular manifestations are
present at varying frequencies and include arthralgia/arthri-
tis, Raynaud’s phenomenon, lymphadenopathy, and vasculi-
tis, as well as lung and kidney involvement. Patients with
systemic autoimmune disorders other than primary SS,
especially rheumatoid arthritis (RA), systemic lupus erythe-

matosus (SLE), and dermatomyositis (DM), may also fulfill
the criteria for SS and are then defined as secondary SS. The
etiology of SS remains unclear, but studies suggest that
pathogenesis is associated with both genetic predispositions
and environmental factors1,2.

Recently, gene expression analyses have provided an
important perspective on unknown biological phenomena.
Microarray analysis for diagnostic and prognostic biomark-
er signatures was first developed in the field of cancer.
Blood profiling studies were extended rapidly to other dis-
eases, and characteristic signatures were reported in patients
with autoimmune diseases, including SS, SLE, DM, and
RA3,4. Global profiling of gene expression in peripheral
blood mononuclear cells (PBMC) indicated the upregulation
of interferon (IFN)-inducible genes in patients with SLE
compared with healthy controls5. Pathological overproduc-
tion of type I IFN has been noted in SLE and DM6,7,8.
Further, the magnitude of overexpression of IFN-inducible
genes is greater and is correlated with disease activity in
SLE and DM5,9. In another study, the IFN expression signa-
ture was correlated with disease activity of patients with
pediatric lupus10.
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It recently became apparent that SS is also associated
with activation of the type I IFN pathway. cDNA microarray
analysis revealed that numerous type I IFN-inducible genes
were highly expressed in SS salivary glands11,12,13. Further,
the IFN pathway and inflammation-related genes, including
the Toll-like receptor (TLR) family, T-cell receptor, STAT-1,
and IP-10, are overexpressed in the SS salivary
gland11,12,14,15. IFN production is detected in both sera and
salivary gland biopsy specimens16,17. These findings sug-
gest that IFN-related genes could be useful biomarkers in
SS. However, it would be better to use more easily accessi-
ble materials than salivary glands for screening.

We examined whether expression levels of these genes
are correlated with severity of the disease. We attempted to
identify potential biomarkers associated with SS using
peripheral blood of Japanese patients with SS.

MATERIALS AND METHODS

Patients and controls. Blood was obtained from 19 SS patients (all
women), 10 healthy controls (5 men and 5 women), and 10 disease controls
(10 patients with RA) for DNA microarray analysis. Of the 19 SS patients,
5 had secondary SS [SLE 1, scleroderma (SSc) 4] and 2 had been treated
with low-dose corticosteroids. For real-time polymerase chain reaction
(PCR), another 37 SS patients (35 women and 2 men; no overlap with the
microarray group) and 9 healthy controls (8 women and 1 man) were ana-
lyzed. Of the 37 patients with SS, 9 had secondary SS (RA 5, mixed con-
nective tissue disease 2, SSc 2) and 8 had been treated with corticosteroids.
The profiles of SS patients and controls are shown in Tables 1 and 2.
Healthy volunteers with no history of serious illness during the previous 6
months were also recruited as controls. Written informed consent was
obtained from all participants. This study was performed in accord with the
guidelines of the Independent Ethical Committee of Hamamatsu University
School of Medicine, which are consistent with the Declaration of Helsinki
on Ethical Principles for Medical Research Involving Human Subjects.

All SS patients fulfilled the 1999 revised Japanese criteria for classifi-
cation of SS18. All RA patients fulfilled the American College of
Rheumatology 1987 revised criteria for RA19.

cDNA microarray analysis. Total RNA was isolated from 2.5 ml whole
blood with a PAXgene Blood RNA Kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s instructions. We prepared a low-density DNA
microarray for mRNA expression profiling in whole blood. Genes for this
microarray were selected from the public database of SAGE results
(Department of Molecular Preventive Medicine, School of Medicine, The
University of Tokyo [Japanese]; http://133.11.248.12) from activated blood

cells, such as T cells, dendritic cells, monocytes, and macrophages.
Microarray analysis was performed using a DNA microarray system
(Genomessage V2, GEO accession no. GPL5460; Japan Genome
Solutions, Tokyo, Japan) with 778 genes. Reference RNA was established
from a mixture of whole-blood RNA samples from healthy volunteer
donors. Competitive hybridization of Cy3-labeled reference and
Cy5-labeled sample cDNA on the microarray was carried out with chamber
systems (Agilent Technologies, Palo Alto, CA, USA). The Cy5/Cy3 ratio
for each mRNA signal was calculated. The relationships of gene signature
with various clinical measures, such as disease duration, symptoms and
signs, complications, immunological findings, and salivary and lacrimal
functions, were analyzed.

RNA extraction and cDNA synthesis for real-time PCR. Total RNA was iso-
lated from 2.5 ml whole blood with a PAXgene Blood RNA Kit. Quality of
RNA was confirmed from the ratio of absorbance at 260 nm to that at 280
nm (A260/A280 ratio), and RNA samples with a ratio > 1.8 were used for
quantitative PCR. Samples were quantified based on the A260, and 1000 ng
RNA was used as the template for reverse transcription. cDNA was syn-
thesized using a first-strand cDNA Synthesis Kit for RT-PCR (Roche
Diagnostics GmbH, Mannheim, Germany).

Quantitative real-time PCR. Relative quantification with real-time PCR
was performed using the LightCycler® 2.0 system (Roche Diagnostics).
The primer sequences were as follows: IFN-α-inducible protein 27 (IFI27):
5’-TCA CCT CAT CAG CAG TGA-3’ (forward) and 5’-CAT CTT GGC
TGC TAT GGA-3’ (reverse); G3PDH: 5’-TCC CAT CAC CAT CTT
CCA-3’ (forward) and 5’-CAT CAC GCC ACA GTT TCC-3’ (reverse).
After an initial denaturation step at 95°C for 10 min, PCR was performed
with 40 cycles of denaturation at 95°C for 5 s, annealing at 56°C for 5 s,
and extension at 72°C for 20 s. G3PDH was used as an internal standard.
All samples were automatically quantified simultaneously during the
amplification process by comparison to the standard curve and expressed as
a ratio relative to the reference sample.

Statistical analysis. Data were analyzed using SPSS (v 11.0.1; SPSS Inc.,
Chicago, IL, USA) for Windows. Mann-Whitney U test was carried out to
compare IFI27 gene expression levels between patients and controls.
Linear regression analysis and correlation analysis using Spearman’s cor-
relation coefficients were performed to estimate associations between
mRNA expression levels and clinical variables in the patient group.
Statistical significance was defined as p < 0.05.

Table 1. Clinical features of 19 patients with SS (all women) and 10
healthy controls (5 men and 5 women) examined by DNA microarray
analysis.

Characteristic SS Patients, Controls,
n = 19 n = 10

Sex 19 women 5 women, 5 men
Age, yrs 60.8 ± 10.3 39.3
Primary/secondary disease 14/5 (SLE 1, SSc 4)
Saxon test, g per 2 min 0.70 ± 0.46
Focus score 4.8 ± 3.4
IgG, mg/dl 1878.4 ± 569.1
Anti-Ro/SSA-positive, n (%) 16 (84.2)
Anti-La/SSB-positive, n (%) 7 (36.8)

Table 2. Clinical features of 37 patients with SS (35 women and 2 men)
and 9 healthy controls (8 women and 1 man) analyzed by quantitative
real-time PCR.

Characteristic SS Patients, Controls,
n = 37 n = 9

Sex 35 women, 2 men 8 women, 1 man
Age, yrs 58.9 ± 14.3 40.4 ± 6.4
Primary/secondary disease 28/9 (RA 5 MCTD 2 

SSc 2)
Saxon test, g per 2 min 0.97 ± 1.3
Focus score 5.4 ± 4.7
Steroid therapy (%) 8/37 (21.6)
ESR, mm/h 37.7 ± 23.0
IgG, mg/dl 2095.3 ± 765.5
sIL-2R, U/ml 711.5 ± 568.1
ß2 MG, µg/ml 2.4 ± 0.70
Anti-Ro/SSA-positive, n (%) 35 (97.2)
Anti-La/SSB-positive, n (%) 14 (14.0)

ESR: erythrocyte sedimentation rate; sIL-2R: soluble interleukin 2 recep-
tor; ß2MG: ß2-microglobulin.
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RESULTS

cDNA microarray analysis. To identify the putative SS-spe-
cific genes in whole peripheral blood of SS patients com-
pared to controls, we performed DNA microarray analysis.
Genes that were upregulated by 1.6-fold or more in patients
with primary SS relative to controls (the top 30) are shown
in Table 3. Among the 10 most highly upregulated genes, at
least 6 (60%) were IFN-α/ß-inducible genes. Table 4 shows
the genes (top 30) that were upregulated by 1.4-fold or more
in patients with secondary SS compared to controls. Similar
to patients with primary SS, among the 10 most highly
upregulated genes, at least 6 (60%) were IFN-α/ß-inducible
genes. A comparison of transcript levels for patients with
primary SS and secondary SS and controls revealed that
genes induced by IFN-α/ß had the largest fold difference.
The magnitude of upregulation was generally higher in pri-
mary SS than in secondary SS. In RA patients, among the 10
most highly upregulated genes, 3 (30%) were IFN-α/ß-induc -
ible genes (Table 5). All IFN-inducible genes were upregu-
lated less than 1.8-fold compared to controls. The gene
expression pattern of SS was different from that of RA.
IFN-inducible genes were upregulated in primary and sec-

ondary SS. IFI27 showed the most significant difference
between SS patients and healthy controls in microarray
screening. In RA patients, IFI27 was slightly upregulated
(1.35-fold) compared to healthy controls. IFI27 expression
was much higher in SS compared to RA (35.6 ± 31.4 vs 1.35
± 0.55 fold). These findings suggest that IFI27 could be used
as an SS-specific gene marker.

Confirmation of microarray findings by real-time PCR

analysis. Based on microarray analysis, to further investi-
gate the significance of IFI27 in SS, we examined IFI27
gene expression levels by real-time PCR. The mean IFI27
relative expression levels in SS patients was 137.2 ± SD
250.2 and that in healthy controls was 9.1 ± 22.7.
Quantitative real-time PCR showed that IFI27 gene expres-
sion levels were significantly increased in patients with SS
compared with healthy controls (p < 0.01), supporting our
microarray data. Further, the relative IFI27 expression  levels
in primary SS, secondary SS, and healthy controls were
111.1 ± 212.3, 218.6 ± 346.0, and 9.1 ± 22.7, respectively.
IFI27 gene expression levels were significantly increased in
patients with primary SS (p < 0.01) and secondary SS (p <
0.05) compared with healthy controls (Figure 1). 

Table 3. Genes showing upregulated expression in peripheral blood from patients with primary SS relative to healthy controls (top 30). The average fold
change is shown based on normalized microarray fluorescence data of SS patients compared to controls.

No. Gene Name Gene Bank No. Mean Expression Level

1* Interferon-α-inducible protein 27 (IFI27; ISG12) X67325 56.0
2 2-5A synthetase (1.8 kb RNA) X02875 3.82
3 2-5A synthetase (71 kDa) M87434 3.52
4* IFN-induced 17/15 kDa protein (G1P2) M13755 3.44
5* IFN-α/ß-inducible p44 (p44) (IFI44) NM_006417 3.42
6* MxA (interferon-induced cellular resistance mediator protein) M30817 3.28
7 2, 5-oligo-adenylate synthetase (2, 5-AS) 40/46 kDa (OAS1) D00068 2.87
8* ISG-56K (IFN-inducible 56 k protein) X03557 2.81
9 Immunoglobulin heavy constant gamma 3 J00230 2.76
10* RIG-G, interferon-induced protein with tetratricopeptide repeats 4 (IFIT4) U52513 2.72
11* IFN-α/ß/γ-inducible IFI-56K (IFI-56K) M24594 2.40
12 Granzyme B (granzyme 2, cytotoxic T-lymphocyte-associated serine esterase 1) (GZMB) NM_004131 2.38
13 Rearranged immunoglobulin mRNA for mu heavy chain enhancer and constant region X58529 2.21
14* IFI-6-16, IFN-α-inducible (G1P3) BC011601 2.11
15 Thymosin ß-10 (TMSB10) M20259 2.11
16* Interferon-inducible double-strand RNA-activated protein kinase (p68 kinase) (PKR) M35663 2.11
17 CD81 (antiproliferative antibody 1); 26 kDa cell surface protein TAPA-1 M33680 2.10
18 Ig-γ chain; Ig rearranged gamma chain, V-J-C region M63438 1.99
19 CX3C chemokine receptor-1 (CX3CR1) BC028078 1.88
20* Interferon regulatory factor 7 (IRF7) U73036 1.81
21 Mac-2 binding protein (macrophage scavenger receptor family) L13210 1.78
22* Interferon-inducible transmembrane protein 9-27 J04164 1.77
23 Immunoglobulin kappa (light chain) variable 1D8 Y14736 1.77
24 Perforin 1 (pore forming protein) (PRF1) M28393 1.76
25 BST-2 (bone marrow stromal antigen 2, synovial cell cDNA) D28137 1.75
26 TRIP14 (tyroid receptor interactor), eoxn 3 L40387 1.67
27 TCR ß chain; T-cell receptor beta chain X00437 1.67
28* STAT1α, IFN-α stimulated gene, transcription factor ISGF-3 (91 or 84 kD) M97935 1.65
29 CD2 (p50) M16445 1.62
30 bc12 homologous antagonist/killer 1 (BAK1) U23765 1.61

* Genes regulated by type I IFN.
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Association between IFI27 expression and clinical vari-

ables. The expression level of IFI27 was significantly corre-
lated with serum IgG level (r = 0.462, p < 0.01; Figure 2).
Moreover, IFI27 expression was correlated with serum
ß2-microglobulin (r = 0.385, p < 0.05), soluble interleukin 2
(IL-2) receptor (r = 0.473, p < 0.01), erythrocyte sedimenta-
tion rate (ESR; r = 0.333, p < 0.05), and antinuclear anti-
body (ANA) titer (speckled pattern; r = 0.445, p < 0.01;

Table 6). Other manifestations, such as severity of dry
mouth and dry eye, rash, arthritis, hematological involve-
ment, occurring currently or previously, were not associated
with IFI27 expression.

DISCUSSION

In SS, disease activity cannot be easily defined due to its
nonspecific symptoms and the lack of both sensitive and

Table 4. Genes showing upregulated expression in peripheral blood from patients with secondary SS relative to controls (top 30).

No. Gene Name Gene Bank No. Mean Expression Level

1* ISG-56K (IFN-inducible 56k protein) X03557 2.56
2* MxA (interferon-induced cellular resistance mediator protein) M30817 2.31
3* Interferon-α-inducible protein 27 (IFI27; ISG12) X67325 2.30
4* IFN-α/ß/γ-inducible IFI-56K (IFI-56K) M24594 2.25
5* RIG-G, IFN-induced protein with tetratricopeptide repeats 4 (IFIT4) U52513 2.15
6 2, 5-oligo-adenylate synthetase (2, 5-AS) 40/46 kDa (OAS1) D00068 2.08
7* IFN-α/ß-inducible p44 (p44) (IFI44) NM_006417 2.07
8 Ribosomal protein L41 AF02844 2.04
9 HLA-class II, DQ alpha 1 (HLA-DQA1) M34996 1.96
10 fte-1 (v-fos transformation effector protein), ribosomal protein S3a M84711 1.95
11 2-5A synthetase (71 kDa) M87434 1.83
12 Ribosomal protein L7 (RPL7) X57959 1.72
13 2-5A synthetase (1.8 kb RNA) X02875 1.70
14 Heat shock protein 90 alpha (HSPCA) X15183 1.70
15* IFN-inducible double-strand RNA-activated protein kinase (p68 kinase) (PKR) M35663 1.69
16 Ribosomal protein L36a (RPL36AL) M15661 1.66
17 Ribosomal protein S27 (RPS27) U57847 1.66
18* IFN-induced 17/15 kDa protein (G1P2) M13755 1.60
19 CX3C chemokine receptor-1 (CX3CR1) BC028078 1.57
20 NADH: ubiquinone oxidoreductase MLRQ subunit U94586 1.55
21* IFI-6-16, IFN-α-inducible (G1P3) BC011601 1.52
22 Ribosomal protein L11 (RPL11) X79234 1.47
23 Immunoglobulin heavy constant gamma 3 J00230 1.46
24 CD81 (antiproliferative antibody 1) M33680 1.46
25 Pros-27 (prosomal RNA-binding protein p27) X59417 1.45
26 Thymosin ß-10 (TMSB10) M20259 1.45
27 Granzyme A (granzyme 1, cytotoxic T-lymphocyte-associated serine esterase 3) BC015739 1.44
28 Elongation factor 1-α (EEF1A1) X16869 1.44
29 Neuroleukin (NLK); glucose phosphate isomerase (GPI) K03515 1.42
30* STAT1α, IFN-α stimulated gene, transcription factor ISGF-3 (91 or 84 kD) M97935 1.41

* Genes regulated by type I IFN.

Table 5. Top 10 genes showing upregulated expression in peripheral blood from 10 patients with RA relative to 10 controls, by microarray analysis.

No. Gene Name Gene Bank No. Mean Expression Level

1 Orosomucoid-1 X02544 3.16
2 α-1 acid glycoprotein (Orosomucoid-1) M13692 2.42
3 S100 calcium binding protein A9 (calgranulin B) (S100A9) X06233 1.98
4 Interleukin 1 receptor, type II (IL1R2) U74649 1.95
5 dsRNA adenosine deaminase RNA-specific (ADAR) U10439 1.80
6* ISG-56K (IFN-inducible 56k protein) X03557 1.79
7 AP-1 clathrin adaptor complex, sigma 1B subunit AB015320 1.72
8* IFN-inducible double-strand RNA-activated protein kinase (p68 kinase) (PKR) M35663 1.71
9* IFN-α/ß/γ-inducible IFI-56K (IFI-56K) M24594 1.71
10 Glycogen phosphorylase type IV (PYGL) M36807 1.66

* Genes regulated by type I IFN.
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specific biomarkers. Serum IgG, soluble IL-2 receptor,
ß2-microglobulin, anti-Ro/SSA, and anti-La/SSB have been
found at elevated concentrations in sera from patients with
SS, but none individually was sufficiently sensitive or spe-
cific to use for evaluation of disease activity20,21,22. To mon-
itor disease activity and to apply more appropriate treat-
ment, there is increasing interest in the identification of bio-
markers for SS.

Our study showed that IFN-inducible genes reveal the
most significant difference between SS patients and healthy
controls in microarray screening, and IFI27 is expressed at
the highest level in the peripheral blood of SS patients. The
level of IFI27 was significantly correlated with various clin-
ical measures. The number of patients in our experimental
groups was too small to discuss the differences between pri-
mary and secondary SS. Although IFI27 is reported to be
upregulated in patients with SLE and DM7, IFI27 is not the
most upregulated gene in these diseases. Moreover, we

showed that IFI27 expression is much higher in SS com-
pared to RA. These findings suggest that IFI27 could serve
as an SS-specific biomarker.

Plasmacytoid dendritic cells (pDC) are the main produc-
ers of type I IFN. Viruses may initiate the production of
IFN; continuous IFN-α synthesis is caused by immune com-
plexes that activate pDC to prolong IFN-α production at the
tissue level in patients with SS17. As pDC are detectable in
the salivary glands of patients with SS, they are considered
an important source of type I IFN14. The systemic type I IFN
signature in patients with SS may be linked to higher sys-
temic pDC activation23. Genes involved in IFN signaling
are upregulated in labial salivary gland cells of primary
SS13,24. In response to immunological stimuli such as
 apoptotic cells or viruses, hyperactive pDC may cause SS in
those who have susceptibility for developing auto immune
disorders like Bcl-2 antagonist killer 1 (BAK1)
 polymorphisms13,24.

IFN-inducible genes, such as IP-10, Mig, I-TAC,
STAT1α, and STAT1ß, are highly expressed in the salivary
gland tissues of patients with SS11,25,26,27. Type I IFN stim-
ulation of DC has been reported to increase the production
of B cell-activating factor (BAFF) belonging to the tumor
necrosis factor (TNF) family23,28. BAFF is known to pro-
mote B cell survival and Ig class-switching29,30. In the SS
salivary gland, infiltrating inflammatory cells strongly
express BAFF protein31. As a result, the elevated serum IgG
concentration may be a reflection of enhanced IFN-α activ-
ity. Indeed, in our study, the level of serum IgG correlated
with expression levels of IFI27. These findings suggest that
the IFN pathway is important in the pathogenesis of SS. The
mechanism of IFN pathway upregulation remains to be elu-
cidated in future studies.

SS and SLE share some clinical and immunological fea-

Figure 1. Relative expression of IFI27 in primary SS was 111.1 ± 212.3, in
secondary SS 218.6 ± 36.0, and in healthy controls 9.1 ± 22.7. IFI27 gene
expression was significantly increased in patients with primary (*p < 0.01)
and secondary Sjögren’s syndrome (**p < 0.05) compared with controls
(Mann-Whitney U test).

Figure 2. Linear regression analysis showed a significant positive correla-
tion between relative expression of IFI27 and serum IgG levels in patients
with Sjögren’s syndrome (r2 = 0.1316, p < 0.0274).

Table 6. IFI27 expression was correlated with serum IgG, ß2-microglobu-
lin (ß2MG), soluble interleukin 2 receptor (sIL-2R), erythrocyte sedimen-
tation rate (ESR), and antinuclear antibody (ANA) titer. Correlation analy-
ses using Spearman’s correlation coefficients were performed to estimate
associations between mRNA expression levels and clinical variables in the
SS patient group.

Indicator R p

Saxon test, g per 2 min 0.2094 0.093
Schirmer R, mm/5 min 0.0768 0.709
Schirmer L, mm/5 min –0.0859 0.677
Focus score 0.3675 0.093
Lymph, per µl –0.1468 0.400
ESR, mm/h 0.3334 0.047*
IgG, mg/dl 0.4618 0.004*
ß2MG, µg/ml 0.3849 0.022*
sIL-2R, U/ml 0.4734 0.005*
C3, mg/dl –0.1926 0.260
C4, mg/dl –0.1593 0.353
ANA (speckled-type) 0.4452 0.007*

* Significant.
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tures, including the presence of infiltrating pDC in target
organs and activation of IFN pathways. In SLE, the serum
concentration of IFN-α is correlated with both disease activ-
ity and severity as well as clinical manifestations such as
fever and rashes28,32,33. One of the major differences
between the 2 diseases is the organ specificity of SS. Our
data showed that the expression level of IFI27 was not cor-
related with the sicca symptoms. These observations suggest
that expression of IFN-inducible genes may be not only a
dynamic component of the SS disease process, but also a
relatively stable characteristic. Nine (29%) of 37 patients
with SS showed IFI27 gene levels that were significantly
increased (above 100-fold); and 6 (66.7%) of the 9 cases
were complicated by interstitial nephritis, aplastic anemia,
mononeuritis multiplex, primary biliary cirrhosis, liver dys-
function, and hypothyroidism, respectively. Longitudinal
analysis of subsets of patients with SS based on
IFN-inducible gene levels is necessary to determine whether
IFN-inducible genes affect disease progression.

Anti-IFN-α monoclonal antibody can neutralize over -
expression of type I IFN-inducible genes in whole blood and
lesional skin from SLE patients, and has profound effects on
signaling pathways, including BAFF, TNF-α, and IL-10,
which may be located downstream of IFN-α28. Cortico -
steroid therapy has previously been shown to downregulate
IFN-inducible gene expression10. In this study, 8 (21.6%)
SS patients received oral corticosteroid therapy (average
prednisolone 9.4 mg/day). One, with interstitial nephritis,
received 30 mg/day prednisolone. The remaining 7 patients
were treated with low-dose prednisolone (2–10 mg/day) as
maintenance therapy. The expression of IFI27 was not cor-
related with the steroid dose. Our data suggest that
anti-IFN-α agents may be useful in SS patients who show
elevated serum IgG, ß2-microglobulin, soluble IL-2 recep-
tor, ESR, and ANA titer. Treatment of SS with anti-TNF
agents has not been successful to date. Interestingly, etaner-
cept was not effective for SS because etanercept exacerbates
overexpression of IFN-α and BAFF34.

Our data suggest an important role of the IFN pathway in
the pathogenesis of SS. IFI27 could be an effective and spe-
cific biomarker related to disease activity or disease pro-
gression in SS. The IFN pathway could be a novel thera-
peutic target in SS in the future.
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