Gene expression profiling in peripheral blood mononuclear cells reveals dependency on
multiple sclerosis activity
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Introduction
Multiple sclerosis (MS) is a common complex disease of the central nervous system
developing with demyelination and autoimmune inflammation [1]. Pronounced clinical
heterogeneity is one of the main MS features. The most common form of MS is relapsingremitting MS (RRMS), which is characterized by recurrent relapse followed by remission
(chronic inflammation). Approximately 10–15% of patients have primary-progressive MS
(PPMS) that manifests as an acute inflammation, which results in continuous increase of the
neurological deficit at the disease onset [2]. The transcriptome profiling in blood cells of patients
with PPMS and RRMS provides a better understanding of the pathogenic mechanisms that
underlying the development two main forms of MS.
Methods
We carried out a whole-genome transcriptome profiling in peripheral blood mononuclear
cells (PBMC) from representative groups of 7 PPMS patients, 31 RRMS patients in remission
and 7 healthy controls (HC) and performed three pairwise comparisons of data for each type of
cells.
Total RNA isolation from PBMC was performed with Purelink RNA micro Kit (Life
Technologies) with following ribosomal RNA depletion using Ribo-Zero Gold Kit (Epicentre).
SOLiD Total RNA-Seq Kit (Life Technologies) was used to construct DNA libraries. DNA
libraries were then amplified and sequenced on SOLID 5500xl platform (Life Technologies)
with read length of 75 bps and exact call chemistry (ECC) module application to improve
sequencing accuracy at the SB RAS Genomics Core Facility.
The analysis of the data consisted of the following steps:
•

•
•

The gene-based counts for reads as they were calculated by vendor-provided CLC
software were analysed by Deseq2 (1.22) R package. No reliable expression differences
were revealed. We switched to more detailed analysis, which was based on the raw
sequencing data.
Producing reads were corrected with vendor supplied correction utility SAET (2.4).
Raw reads were mapped by TopHat (2.1.0) on the human genome sequence
(GRCh38.p8) with supplied Ensembl annotation [3].

•
•
•
•
•

A custom annotation was created by Cufflinks package (2.2.1) from TopHat
transcriptome data with supplied guide Ensembl annotation [4].
Raw reads were again mapped by TopHat on the human genome sequence, but using the
custom annotation rather than Ensemble one.
Reads were counted in genes with htseq-count (0.6.1) [5].
The count data tables were analysed with edgeR-package (3.18) [6,7]. We used the
Benjamini–Hochberg procedure to control false discovery rate (FDR) at the level 0.05.
SAJR (0.01) was used for analysis of differential splicing [8].

Comparisons of patients groups were performed with GLM approach followed by likelihood
ratio test. Genes were considered differentially expressed if BH-corrected e p-value was below
0.05 and the absolute log2 fold change (log2FC) was above 2.
Results
Significant differences in gene expression profiles were found for all three pairwise
comparisons. RRMS patients in remission were characterized by the differences in the
expression of 339 genes, 80% of differentially expressed genes (DEG) were upregulated while
compared with healthy controls. When comparing PPMS patients with healthy controls, 71
DEGs were identified, about half of which were upregulated. Only 10 DEGs were revealed by
RRMS-PPMS comparison and half of these genes is overexpressed in RRMS patients.
Functional analysis of DEGs showed that major changes in RRMS patients compared to
healthy individuals were found in genes involved in regulation of inflammation and immune
response (e.g. IL1R2, logFC > 2; NFKB1, logFC < −2), nervous system development and
functioning (e.g. NBP, logFC > 2), cell adhesion and migration (e.g. CD44, logFC > 2),
cytoskeleton and vesicular transport functioning (e.g. TRAPPC5, logFC > 2; ARF4, logFC < −2),
ubiquitin-dependent protein degradation (e.g. ARIH1, logFC < −2; FBXL8, logFC > 2),
regulation of gene expression (e.g. EGR1, logFC < −3; SRCAP, logFC > 2).
PPMS patients compared to healthy controls are characterized by changes in expression
of a number of immune response genes (e.g. JCHAIN, logFC > 2; IGLL5, logFC > 3),
transcription factors (e.g. EGR1, logFC < −2.9; JUN, logFC < −2) and genes involved in
vesicular transport regulation (e.g. NFKB1, logFC < −2; ARF4, logFC < −2), cell adhesion (e.g.
VCAN, logFC > 2.5; CD36, logFC > 2), lipid biogenesis (e.g. ARSG, logFC > 2.5; ELOVL5,
logFC < −2) and nervous system functioning (e.g. DNAJC5, logFC > 2; TBR1, logFC < −2).
At the same time, the direct comparison of gene expression profiles in RRMS and PPMS
patients revealed DEGs associated with ubiquitin-dependent protein degeneration (e.g. ISG15,
logFC > 3.5), apoptosis regulation (e.g. GADD45B, logFC > 2.5), methyltransferase activity (e.g.
THUMPD2, logFC < −3) and expression of small RNA genes as well (e.g. MIR7641-2, logFC <
−7.8). THUMPD2 increased expression was observed in both PPMS comparisons (PPMS vs
RRMS, PPMS vs healthy controls).
Conclusions
The genomewide differential transcriptome analysis of PBMCs from RRMS patients in
remission, PPMS patients, and healthy controls identified patterns of differentially expressed
genes, which were associated with chronic and/or acute inflammation. The expression levels for
the majority of the DEGs were increased during the chronization of inflammatory process (in
RRMS in remission).
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