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Unique gene expression pattern of peripheral
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   Sjögren's syndrome (SS) is a unique autoimmune disease that shows dry mouth (xerostomia) and dry eye

(xerophthalmia). Some SS patients develop visceral involvement, including malignant lymphoma. However,

the molecular markers for disease activity or disease progression of SS have not been established. There-

fore, the gene expression pattern in SS peripheral blood was examined by DNA microarray analysis. The

gene expression patterns of primary and secondary SS were similar, but different from that of rheumatoid

arthritis. Interferon (IFN)-inducible genes were upregulated in primary and secondary SS. The interferon

gene signature was more prominent in primary SS compared to secondary SS. Primary and secondary SS

were distinguishable based on the gene expression pattern of peripheral blood. The most upregulated gene,

IFNα-inducible protein 27, showed a significant positive correlation with serum IgG level in SS. IFN-

inducible genes could be markers for disease activity. The expression of ribosomal protein S27 and S29

genes was upregulated in peripheral blood from SS patients with marginal zone B cell lymphoma. The levels

of ribosomal protein S27 and S29 expression were decreased after chemotherapy against lymphoma. The

ribosomal protein S27 and S29 genes could be molecular markers for lymphoma development in SS.
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Introduction
   Sjögren's syndrome (SS) is a chronic autoimmune disease char-
acterized by lymphocytic infiltration into salivary and lacrimal
glands. Chronic inflammation leads to salivary and lacrimal gland
destruction, and ultimately results in dry mouth (xerostomia) and

dry eye (xerophthalmia). Although the precise mechanism of
disease development is not known, the mechanisms underlying
destruction of salivary glands have been partially clarified1-7).
However, it is difficult to identify patients with disease progres-
sion or develop visceral involvement. For example, it is well
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Table 1  Target genes analyzed by cDNA microarray

Figure 1 Gene expression pattern in peripheral blood from patients with primary (n=10) and secondary
(n=5) Sjögren's syndrome, and with rheumatoid arthritis (n=10) (top 20 genes in primary SS)

Gray: IFN-inducible genes; pink: upregulated genes compared to normal controls; blue: downregulated genes compared to nor-
mal controls. Numbers in each column represent the ratio of each gene expression level against normal control.

known that SS patients have a higher prevalence of malignant
lymphoma, but there are no definite markers for lymphoma de-
velopment in SS. It is also difficult to measure disease activity
in SS. It is important to identify the molecular markers for dis-
ease progression or disease activity.
   In systemic lupus erythematosus (SLE), genome-wide gene
expression analysis was performed using peripheral blood, and
upregulation of interferon (IFN)-inducible genes was reported8-
11). Upregulation of IFN-inducible genes is correlated with more
severe disease in SLE8). Moreover, the expression of several IFN-
inducible genes was shown to be related to disease severity, and
some representative gene expression levels could be significant
biomarkers for evaluation of treatment for lupus nephritis11).
   There have been several reports of gene expression analysis in
SS targeting the salivary glands12,13). It would be advantageous
to use as easily accessible samples as possible to evaluate dis-

ease activity or progression in clinical practice. Here, we exam-
ined the gene expression profile in SS peripheral blood by cDNA
microarray analysis. The expression levels of some genes were
found to be related to particular clinical manifestations or labo-
ratory data. Here, we propose several candidate molecular mark-
ers for SS disease activity or disease progression.

Interferon-inducible genes are upregu-
lated in SS peripheral blood
   First, gene expression in the peripheral blood of primary SS
patients was examined by cDNA microarray analysis. We pre-
pared a low-density DNA microarray for mRNA expression pro-
filing in whole blood. Genes for this microarray were selected
from the public database of SAGE results (http://133.11.248.12/;
homepage of the Department of Molecular Preventive Medicine,
School of Medicine, The University of Tokyo) from activated
blood cells, such as T cells, dendritic cells, monocytes, and mac-
rophages. Microarray analysis was performed using a DNA
microarray system (Genomessage V2, GEO accession #GPL
5460, Japan Genome Solutions) with 778 genes (Table 1). Refer-
ence RNA was established from a mixture of whole blood RNA
samples from healthy volunteers. Many IFN-inducible genes
were found to be upregulated in the peripheral blood of primary
SS patients compared to normal controls (manuscript in prepa-
ration). Ten of the top 20 upregulated genes were IFN-inducible
genes in primary SS. The most highly upregulated gene was
IFNα-inducible protein 27 (IFI27), the expression level of which
was 56-fold higher than that in normal controls. On the other
hand, downregulated genes were more variable. However, three
interleukin 1β-related molecules were found among those that
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Figure 2 Correlation of IFI27 level with
serum IgG level

The IFI27 expression showed a significant posi-
tive correlation with serum IgG level (r=0.600,
p<0.01)

Table 2 IFI27 expression according to the presence or absence
of SS clinical features

There were no significant correlations between IFI27 and clinical parameters.
However, the IFI27 level in anti-SS-A antibody-negative patients was greater
compared to anti-SS-A antibody-positive patients although the difference did
not reach statistical significance.

were downregulated in SS (data not shown).
   Next, we performed cDNA microarray analysis using periph-
eral blood from 5 secondary SS patients (4 with systemic sclero-
sis, 1 with SLE). The gene expression pattern of secondary SS
patients was similar to that of primary SS patients. Among the
top 20 upregulated genes in secondary SS, 16 genes were also
included in the top 20 genes in primary SS (manuscript in
preparation). Likewise, the pattern of downregulated genes in
secondary SS was similar to that of primary SS. However, there
were some genes that were differentially expressed between pri-
mary and secondary SS. Some of the IFN-inducible genes were
significantly more upregulated in primary SS compared to sec-
ondary SS.
   Finally, we compared the gene signatures of primary and sec-
ondary SS with that of rheumatoid arthritis (RA). The results

indicated that primary and secondary SS had a unique gene sig-
nature compared to RA (Figure 1).

IFI27 expression level showed a corre-
lation with some clinical parameters
   To investigate the significance of the upregulation of IFN-in-
ducible genes in SS, the relationships of clinical and laboratory
parameters with the most highly upregulated gene, IFI27, were
examined. As shown in Figure 2, IFI27 expression showed a
significant positive correlation with serum IgG level (r=0.600,
p<0.01). There were no significant correlations  between IFI27
and any other parameters, except that IFI27 level in anti-SS-A
antibody-negative patients was greater than that in anti-SS-A
antibody-positive patients although the difference was not sta-
tistically significant (Table 2). IFI27 is one of the IFN-induc-
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Table 3 Top 20 upregulated genes in two SS patients complicated
by marginal zone B cell lymphoma

Eight of the 20 top upregulated genes in SS with lymphoma were ribosomal protein
genes (gray).

Table 4 Genes expression levels of which were significantly changed
after chemotherapy including rituximab in an SS patient with
marginal zone B cell lymphoma

Five of the top 10 genes that showed a decrease in expression level were ribosomal
protein genes (gray). Among the ribosomal protein genes, the levels of ribosomal
protein S29 and S27 gene expression were decreased to the greatest extent after
chemotherapy (44% and 54% of the values before chemotherapy, respectively).

ible genes, reported to be upregulated in psoriatic skin14) and in
the peripheral blood of SLE patients15).
   The above findings suggest that IFN-inducible genes, such as
IFI27, could be useful as molecular markers for disease activity
related to the pathogenesis of SS.

Differentially expressed genes in SS pa-
tients complicated by malignant lym-
phoma
   The gene expression pattern in the peripheral blood from SS
patients with malignant lymphoma was analyzed because SS
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Figure 3 Real-time PCR analysis of ribosomal protein S27 and S29 mRNA expression in (A) peripheral
blood and (B) salivary glands and lymph nodes

Peripheral blood samples from an SS patient with marginal zone B cell lymphoma (maltoma), an SS patient with plasmacytoma,
and an SS patient without lymphoid malignancy were examined for the expression of ribosomal protein S29 and S27 by real-time
PCR. The ribosomal protein S29 and S27 genes were most upregulated in peripheral blood from an SS patient with marginal zone
B cell lymphoma. Peripheral blood samples from a patient with diffuse large B cell lymphoma, from a patient with lung maltoma,
and from a patient with follicular lymphoma were used as disease controls.

Figure 4 Time course analysis of mRNA of riboso-
mal protein S27 and S29 in peripheral
blood from an SS patient with marginal
zone B cell lymphoma (maltoma)

The levels of ribosomal protein S29 and S27 gene expression
were significantly upregulated before chemotherapy, and de-
creased after therapy. The levels of ribosomal protein S29 and
S27 gene expression paralleled those of a well-known lym-
phoma activity marker, soluble interleukin-2 receptor (sIL-2R).
Time points: 1, 6 months before chemotherapy; 2, just before
chemotherapy; 3, just after chemotherapy; 4, 3 months after
chemotherapy.

B

A

patients have significantly higher rates of developing lymphoma,
which is typically mucosa-associated lymphoid tissue-type lym-
phoma (marginal zone B cell lymphoma). Two SS patients with
marginal zone B cell lymphoma were examined by DNA micro-
array analysis. In peripheral blood from these two patients, many
IFN-inducible genes were upregulated just as seen in SS patients
without lymphoma. However, many other genes were differen-
tially expressed in SS with lymphoma compared to SS without
lymphoma. Interestingly, 8 of the 20 most highly upregulated
genes in SS with lymphoma were ribosomal protein genes (Table
3).
   Rituximab-CHOP chemotherapy was performed in an SS pa-

tient with marginal zone B cell lymphoma. To identify candi-
date genes related to lymphomagenesis in SS, cDNA microarray
analysis using peripheral blood before and after chemotherapy
was performed. Five of the top 10 genes that showed a signifi-
cant decrease in expression level were ribosomal protein genes
(Table 4). The ribosomal proteins S29 and S27 showed the most
significant decreases in expression level after chemotherapy (44%
and 54% of those before chemotherapy, respectively). The ribo-
somal proteins S29 and S27 were reported to be associated with
proliferating cells and tumor tissues16-19).
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Confirmation of significance of ribosomal
protein S29 and S27 genes in the lym-
phomagenesis of SS patients
   To further analyze the significance of upregulated ribosomal
protein gene expression in peripheral blood from SS patients with
lymphoma, real-time PCR analysis of gene expression levels
using peripheral blood or lymphoma tissues was performed. First,
peripheral blood samples from an SS patient with marginal zone
B cell lymphoma, an SS patient with plasmacytoma, and an SS
patient without lymphoid malignancy were examined for the
expression of ribosomal protein S29 and S27 by real-time PCR.
As shown in Figure 3A, the ribosomal protein S29 and S27 genes
were most upregulated in peripheral blood from the SS patient
with marginal zone B cell lymphoma.
   Next, lymphoma tissues were subjected to analysis of riboso-
mal protein gene expression by real-time PCR. Again, the ribo-
somal protein S29 and S27 genes were upregulated to the great-
est extent in lymphoma tissue from the SS patient with marginal
zone B cell lymphoma developed in the parotid gland (Figure
3B).
   Finally, time course analysis of the levels of ribosomal protein
S29 and S27 gene expression was performed using peripheral
blood by real-time PCR in another SS patient with marginal zone
B cell lymphoma who received rituximab-CHOP therapy. The
levels of ribosomal protein S29 and S27 gene expression were
significantly upregulated before chemotherapy, and decreased
after therapy (Figure 4). Moreover, the levels of ribosomal pro-
tein S29 and S27 gene expression paralleled those of a well-
known lymphoma activity marker, soluble interleukin-2 recep-
tor (sIL-2R). These findings suggest that the ribosomal protein
S29 and S27 genes could be molecular markers for lymphoma
development in SS.

Conclusions
   Upregulation of IFN-inducible genes was one of the charac-
teristics of the gene signature of peripheral blood in SS. Interest-
ingly, the gene upregulated to the greatest extent in SS periph-
eral blood, IFI27, showed a significant positive correlation with
serum IgG level. This finding suggested that abnormal expres-
sion of IFN-inducible genes is associated with immunological
abnormalities in SS. In SLE, a phase I trial of an anti-IFNα
monoclonal antibody resulted in neutralization of overexpression
of IFN-inducible genes in peripheral bood20). The findings re-
ported here indicated that SS is an autoimmune disease in which
anti-IFN therapy would be effective. Another important finding
is the upregulation of ribosomal protein genes in peripheral blood
from SS patients with marginal zone B cell lymphoma. By fol-

lowing up the expression of ribosomal protein genes, it would
be possible to detect lymphomas in SS patients at a very early
stage. Gene expression analysis of the above molecules may pro-
vide a unique tool for identification of subsets of SS patients
who should be treated vigorously or be followed up carefully for
visceral involvement, including lymphoma.
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