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RAPID COMMUNICATION
Potential risk genes for primary Sjogren’s
syndrome from a meta-analysis by linear
regression and random forest classification
Primary Sjögren’s syndrome (pSS) is one of the most wide-
spread autoimmune diseases with unknown origin, charac-
terized by a lymphocytic infiltrate of the exocrine glands
and the production of anti-SSA/Ro and anti-SSB/La anti-
bodies that cause dysfunction and destruction mainly of
salivary and lachrymal glands, leading to dry eyes and dry
mouth. In the absence of a standardized evidence-based
screening tool to decide which patients with dry eye must
be referred for study of this pathology, there is a tendency
to have a continuous underdiagnosis of the disease, causing
the calculation of its prevalence to be inaccurate.1 To
improve our understanding of the underlying molecular
nature, we analyzed public microarray-based gene
expression profiles of salivary glands (GSE23117) and saliva
(GSE7451) from primary Sjögren’s syndrome (pSS) patients
and controls. Unlike the two microarrays published before,
we showed a specific common set of genes and an extensive
study of biological pathways and networks showing a po-
tential detonating factor. We included a machine learning
model to distinguish pSS patients from controls, opening a
possible means of detecting biomarkers to diagnose,
monitor the response to treatment, and predict the prog-
nosis of pSS.

Through linear regression, we first identified differen-
tially expressed genes (DEGs) between pSS patients and
controls within each dataset. For the GSE23117 dataset,
1561 significant genes (P < 0.05; FDR corrected) were
found, of which 860 were overexpressed and 701 were
underexpressed in pSS patients and the five more significant
genes overexpressed in this study group were GBP1, CXCL9,
GBP3, NLRC5, and CXCL10 (Fig. S1A and Table S1). For the
GSE7451 dataset, 7 significant genes (P < 0.05; FDR cor-
rected) were found overexpressed in pSS patients, where
IFIT3, ISG15, IFIT1, RSAD2, and CMPK2 were the 5 more
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significant genes (Fig. S1B and Table S1). The similarity
between significant gene expression profiles of different
samples was graphed in a heatmap with an unsupervised
bidirectional hierarchical cluster analysis (Fig. 1A, B). The
heatmap showed a clearly different expression profile of
genes between pSS patients and controls. A Fisher’s exact
test corrected by BH was conducted to assess the strength
of the association between both gene lists, founding 5
common genes: CARD16, CMPK2, IFIT2, IFIT3, and RSAD2
(P Z 1.8e�05, odds ratio: 37.7).

Interestingly, IFIT2 and IFIT3 genes are highly expressed
to help IFIT1 during the intrinsic immune response against
viruses such as papillomavirus and hepatitis.2 Furthermore,
RSDA2 has a double function because it directly suppresses
viral replication and facilitates the production of IFN-I
mediated by TLR7 and TLR9 which induces transcription of
the IFIT gene family to which IFIT2 and IFIT3 belong.3

Regarding CMPK2, it has been involved in the response
against various viral diseases and is also found on chromo-
some 2, adjacent and inverted with respect to RSAD2.4

Lastly, it should be noted that the molecular function of
CARD16 remains unknown and is not yet very clear. One of
the described functions of CARD16 is that, when is oligo-
merized, it promotes CARD-mediated molecular assembly
and activation of CASP1, which allows the release of
interleukin (IL)-1b, thus initiating the inflammation pro-
cess.5 This agrees with the fact that such a gene is over-
expressed in pSS patients in this study since one of the main
characteristics of this disease is a chronic inflammation of
salivary glands.

To know which metabolic pathways were implicated in
these genes differentially expressed between the two study
groups and which diseases they were related to, we con-
ducted a deep functional analysis. The functional enrich-
ment analysis based on Gene Ontology (GO) terms showed
four significant terms for GSE23117, all belonging to the
category of biological process (BP), and 80 significant terms
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Figure 1 Genetic, functional, and random forest analysis (RF) of this study. (A, B) Unsupervised hierarchical clustering analysis of
the differentially expressed genes in GSE23117 and GSE7451, respectively. The green color represents controls and the red color
represents patients. (C, D) Gene-Concept Network of GO term in GSE23117 and GSE7451, respectively. (E) The UpSet plot shows the
ordered enrichment KEGG pathways of GSE23117. (F) Gene-Concept Network of KEGG terms between controls and primary Sjög-
ren’s syndrome (pSS) patients in GSE23117. (G, H) Network of DO terms enrichment analysis of GSE23117 and GSE7451, respectively.
(I) Gene-Concept Network of DO terms between control and pSS patients in GSE7451. (J) The out-of-bag (OOB) error rate was 25%
using the RF machine learning model. (K) Receiver operator characteristic (ROC) curve analysis for validating the model, providing
an area under the curve (AUC) of 0.8277. (L) The top variables contributing to the RF model are shown. The mean decrease in Gini
measures the importance of each variable to the model; a higher score indicates a higher importance of the variable.
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for GSE7451, 68 in the category of biological process (BP)
and 12 in the category of molecular function (MF), being
“GO:0051607” (“virus defense response”) and
“GO:0009615” (“virus response”) overrepresented in both
datasets (Fig. S2 and Table S2). To evaluate which genes
were involved in those enriched pathways and which genes
belonged to multiple annotation categories, the top five
significant GO terms and the implied genes were repre-
sented in a genetic concept network, observing an influ-
ence of IFIT2, IFIT3, and RSAD2 in response to the virus
within pSS patients in both datasets (Fig. 1C, D). On the
other hand, the result of the KEGG terms analysis showed a
total of 21 significant KEGG terms for GSE23117, all related
to viruses, cancer, and processes of the immune system,
which shared many genes (Fig. 1E and Table S3). These
results were represented in a genetic concept network,
where several genes were shared by annotations related to
the virus, such as CTNNB1, CXCL9, CXCL10, or RSAD2,
among others (Fig. 1F). In GSE7451, only one significant
KEGG term (hsa05160 -hepatitis C term) was found (Table
S3), which was also overrepresented in GSE23117 dataset.
Interestingly, the Disease Ontology (DO) terms showed
eight significant terms for GSE23117 and five for GSE7451
results (Table S4). The two sample sets showed terms
related to hepatitis, as well as some terms associated with
other viruses and cancer. These enriched terms were
organized into a network with edges connecting over-
lapping gene sets, identifying the different functional
modules (Fig. 1G, H). In the case of GSE23117, only DO
terms related to the virus were connected; however, in
GSE7451, all DO terms were interconnected. In addition,
GSE7451 showed the term “autosomal dominant disease”,
which was associated with CARD16 (Fig. 1I).

These results seem to coincide with other studies, which
point to viruses as triggers of this autoimmune disease and
where more than 90% of adults with certain autoimmune
diseases present IgG against certain viruses such as Epstein
Barr virus, cytomegalovirus, or hepatitis C, among others.1

Finally, using a random forest (RF) machine learning
approach, 6230 common genes from the GSE23117 and
GSE7451 datasets were analyzed (Fig. 1J). The RF model
distinguished pSS patients from controls with an 82.77%
prediction accuracy (Fig. 1K), supporting a distinctive ge-
netic profile in pSS patients. The variables contributing
most to the model were IFIT2, IFIT3, RSAD2, and CARD16,
followed by CMPK2 (Fig. 1L). These results were confirmed
when the expression of the top four individual genes
differentiating patients from controls was assessed by
conventional statistical analysis (Fig. S3A) in the global
dataset. Notably, receiver operator characteristic (ROC)
analysis of these genes showed an AUC of 0.883, 0.973,
0.917, and 0.927, respectively (Fig. S3B).

In conclusion, upregulated genes in pSS patients had
previously been pointed out as potentially related to this
disease in previous literature, proposing IFIT2, IFIT3,
RSAD2, CARD16, and CMPK2 expression as possible biolog-
ical biomarkers for pSS diagnosis. Furthermore, there are
no published studies in the literature on CARD16 linked with
pSS in salivary glands and saliva samples, so we raise the
importance of this gene in the development of this disease.
The results of the functional enrichment analysis of this
study propose pathways related to the hepatitis C virus as a
possible trigger for pSS disease, fitting the results of other
studies in the literature. Lastly, few studies have addressed
machine learning in this disease and although our results
are based on a small cohort, we propose a novel possible
classification model of this disease in which the genes with
the most weight coincide with those found using Fisher’s
exact test corrected by BH between both gene lists.
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