
INTRODUCTION
Multiple sclerosis (MS) is an inflamma-

tory and demyelinating disease of the
central nervous system (CNS), which is
thought to be immune-mediated (1). One
of the characteristic features of MS is the
fluctuating disease activity, with clinical
relapses separated by remissions. The
immunologic events leading to relapse
are not well defined, and better under-
standing of these events might suggest
new treatment strategies.

Events occurring inside the CNS are
difficult to study, but relapses likely are
triggered by events outside the CNS.
Many relapses follow minor infections,
such as viral upper respiratory infections
(2,3). Treatments which interfere with the
migration of lymphocytes into the CNS
greatly reduce the number of relapses
(4). Thus, changes in gene expression in
peripheral blood leukocytes might clarify

the mechanism of MS relapses. Previous
studies using microarray technology to
measure gene expression changes in MS
relapse had interesting results, but are
limited by multiple factors, including the
available microarrays, the use of un-
paired samples, small sample sizes, and
possible alteration of gene expression
during sample preparation (5–8). We
have extended these findings using a
larger population of subjects with paired
relapse and stable samples from each,
and comprehensive measurements of
mRNA expression.

MATERIALS AND METHODS

Study Subjects
Heparinized blood samples were ob-

tained from 14 patients with relapsing-
remitting MS during an acute exacerba-
tion and while clinically stable. The

relapse specimen was obtained within
the first wk of a clinical relapse, and all
relapse specimens were obtained before
initiation of corticosteroid treatment. The
patients were evaluated by a single expe-
rienced neurologist (JW Lindsey), and re-
lapses were defined by the occurrence of
new symptoms and physical findings
(nine subjects) or the worsening of exist-
ing symptoms (five subjects) with a du-
ration of at least 48 h in the absence of
infection or other illness. The symptoms
and deficits defining the relapse were
typical for MS, and included hemipare-
sis, paraparesis, sensory loss in various
distributions, unilateral ataxia, and
myelopathy. The stable specimens were
obtained at least 1 month before or 3
months after a clinical relapse. Six sub-
jects had the stable sample collected first,
and eight had the relapse sample col-
lected first. The mean interval between
the two samples was 307 d (range 63 to
672 d). Nine patients were female, and
five were male. Six patients were on in-
terferon at both times, two were on no
disease-modifying treatment, four were
on glatiramer acetate at both times, and
two were untreated at time of relapse
and on glatiramer when the stable speci-
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stable sample for each of the 14 subjects
using the paired class comparison tool in
BRB. There were 14,421 expressed tran-
scripts, and 71 of them changed expres-
sion in relapse at the P < 0.001 signifi-
cance level, 46 increased and 25
decreased (Table 1). Since the P values
are not corrected for multiple compar-
isons, we would expect that about 14 of
these 71 transcripts are false positives.
There were 530 transcripts which were
significantly changed at the P < 0.01 sig-
nificance level. The differences in expres-
sion between relapse and stable were
typically modest. On initial inspection of
the results, it appeared that most of the
transcripts which decreased in relapse
are expressed in antigen presenting cells.
To further investigate this, we measured
RNA expression in T cells and non-T cells
from two normal controls and calculated
the ratio of expression in non-T cells
compared with T cells for each tran-
script. Nearly all the transcripts which
decreased in relapse are expressed more
highly in non-T cells (Figure 1A). We
considered the possibility that this is due
to a decrease in the number of non-T cells
in the blood in relapse. But transcripts
known to be expressed mainly in
non-T cells such as CD11b and CD14
were not decreased significantly, and the
100 transcripts expressed most highly in
non-T cells are not decreased consistently
in relapse (Figure 1B). We verified our
classification of transcripts as being ex-
pressed in non-T or T cells by compari-
son with the human data available on
the Immunological Genome Project web-
site (http://www.imgen.org/). Of the 22
transcripts we classified as increased in
non-T cells, 15 were clearly increased
in non-T cells, 2 were equivocal, and 5
were not found in the database.

We investigated whether particular
pathways were altered in relapse using
both the pathways analysis tools in BRB
and Ingenuity (Figure 2, Table 2). Sev-
eral pathways were identified as having
significant alterations. In general, in each
pathway there were only a handful of
significantly altered transcripts. For ex-
ample, in the BioCarta cytokine network

oDrop ND-1000 Spectrophotometer
(NanoDrop Technologies, DE, USA). An
aliquot of 750 ng was loaded onto the mi-
croarray, hybridized at 58°C in an Illu-
mina Hybridization Oven for 17 h,
washed and incubated with streptavidin-
Cy3 to detect the biotin-labeled cRNA.
Arrays were dried and scanned with the
Illumina BeadArray Reader. Each chip
contains eight separate microarrays, and
the samples were run on five separate
chips in five different experiments with
the stable and relapse specimen for each
patient on the same chip. Data were ex-
tracted, background subtracted, and nor-
malized by quantiles using Illumina
BeadStudio 3.2, and then exported to a
worksheet. These files for all experiments
were combined in a single worksheet,
and data for non-expressed transcripts
were removed. The edited worksheet was
then analyzed using BRB-ArrayTools
3.8.0 and Ingenuity (version 8.0). We
identified genes that were differentially
expressed between the two classes using
the Class Comparison tool in BRB which
utilizes a random-variance t test without
correction for multiple testing but with
calculation of the false discovery rate (9).

ELISA
Enzyme-linked immunosorbent assay

(ELISA) for C1Q was performed as de-
scribed using commercially available an-
tibodies (Quidel, San Diego, CA, USA)
(10), except the incubation with serum
was decreased from overnight to 2 h.
ELISA for interleukin-16 (IL-16) and
 interleukin-1 receptor antagonist (IL-
1RA) were performed with commercial
ELISA kits (R&D Systems, Minneapolis,
MN, USA) according to the manufac-
turer’s instructions.

Web Deposition of Data
The microarray data have been de-

posited in the Gene Expression Omnibus,
http://www. ncbi. nlm.nih.gov/geo/,
 accession number GSE19224.

RESULTS
RNA expression of PBMC in relapse

was compared with the corresponding

men was collected. Although the patients
were on different treatments, the paired
design of the study should minimize the
known effects of treatment on RNA ex-
pression. The inclusion of the two pa-
tients whose treatment changed did not
alter the results significantly. Serum spec-
imens were collected from 20 patients in
relapse and while stable, including 13 of
the 14 patients in the microarray experi-
ment. Specimen collection was approved
by the Committee for the Protection of
Human Subjects at the University of
Texas Health Science Center at Houston,
and all subjects signed informed consent
before blood collection.

T-Cell and Non-T-Cell Isolation
Peripheral blood mononuclear cells

(PBMC) from patients were isolated with
Ficoll density gradients, lysed in Trizol
(Invitrogen, Carlsbad, CA, USA), and
stored frozen at –80°C, and total RNA
was extracted using combined Trizol and
RNeasy spin columns (Qiagen, Valencia,
CA, USA). For the comparison of T and
non-T cells, two buffy coats were ob-
tained from the Gulf Coast Regional
Blood Center and PBMC were isolated
with Ficoll. T cells were isolated with
positive selection with mouse mono-
clonal anti-CD4 and CD8 antibodies
(Southern Biotech, Birmingham, AL,
USA) and Dynal antimouse IgG mag-
netic beads (Invitrogen). The positively
selected cells were lysed with Trizol
while still bound to the magnetic beads.
The unbound cells also were lysed in Tri-
zol as non-T cells. Serum was separated
from cells and stored at –80°C.

RNA Expression
RNA expression was profiled on Illu-

mina (San Diego, CA, USA) beadchip hu-
manRef-8 v3.0 microarrays at the Univer-
sity of Texas-Houston Quantitative
Genomics Core Laboratory. Two hundred
ng of total RNA were amplified and puri-
fied using Illumina TotalPrep RNA Am-
plification Kit (Ambion, Austin, TX, USA)
following kit instructions. Amplified
cRNA was subsequently purified and
concentration was measured by Nan-
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Table 1. Differentially expressed transcripts. 

Gene Parametric Relapse/
symbol P value FDRa stableb Non-T/Tc Description

LAMP2 1.69E–05 0.15 0.69 3.22 lysosomal-associated membrane protein 2, transcript variant LAMP2B
ZNF607 2.65E–05 0.15 1.83 0.63 zinc finger protein 607
RBL2 3.19E-05 0.15 1.23 0.49 retinoblastoma-like 2 (p130)
SIRPB1 4.14E–05 0.15 0.76 4.05 signal-regulatory protein β 1
RNH1 1.03E–04 0.20 0.80 1.97 ribonuclease/angiogenin inhibitor 1, transcript variant 4
PILRA 1.72E–04 0.20 0.80 4.43 paired immunoglobin-like type 2 receptor alpha, transcript variant 3
PEX1 1.85E–04 0.20 1.25 0.51 peroxisome biogenesis factor 1
C11orf47 1.89E–04 0.20 1.52 0.63 chromosome 11 open reading frame 47
CDA 2.09E–04 0.20 0.76 4.01 cytidine deaminase
TBC1D4 2.19E–04 0.20 1.25 0.13 TBC1 domain family, member 4
CCDC130 2.29E–04 0.20 1.21 0.67 coiled-coil domain containing 130
APOBEC3A 2.46E–04 0.20 0.59 3.01 apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like 3A
CDKN1C 2.54E–04 0.20 0.73 5.95 cyclin-dependent kinase inhibitor 1C (p57, Kip2)
MGEA5 2.55E–04 0.20 1.31 0.50 meningioma expressed antigen 5 (hyaluronidase)
PILRA 2.62E–04 0.20 0.80 3.77 paired immunoglobin-like type 2 receptor alpha, transcript variant 2
CDC16 2.72E–04 0.20 1.19 0.62 cell division cycle 16 homolog (S. cerevisiae), transcript variant 2
IL1RN 2.79E–04 0.20 0.65 8.73 interleukin 1 receptor antagonist, transcript variant 4
LPCAT2 2.80E–04 0.20 0.69 3.85 lysophosphatidylcholine acyltransferase 2
SLC7A6 2.80E–04 0.20 1.25 0.54 solute carrier family 7 (cationic amino acid transporter, y + system), member 6, 

transcript variant 2
C1QB 2.94E–04 0.20 0.58 9.16 complement component 1, q subcomponent, B chain
RBM33 3.86E–04 0.20 1.35 0.58 RNA binding motif protein 33, transcript variant 1
ZDHHC11 3.93E–04 0.20 1.42 0.15 zinc finger, DHHC-type containing 11
DNA2 3.99E–04 0.20 1.33 0.75 DNA replication helicase 2 homolog (yeast)
ZNF671 4.01E–04 0.20 1.20 0.47 zinc finger protein 671
PMS2L3 4.06E–04 0.20 1.20 0.69 postmeiotic segregation increased 2-like 3, transcript variant 2
AP3M2 4.07E–04 0.20 1.22 0.16 adaptor-related protein complex 3, mu 2 subunit
GSTM1 4.09E–04 0.20 1.20 0.72 glutathione S-transferase M1, transcript variant 1
EIF2S2 4.14E–04 0.20 1.25 1.25 eukaryotic translation initiation factor 2, subunit 2 beta, 38kDa
ORMDL1 4.51E–04 0.20 1.22 0.28 ORM1-like 1 (S. cerevisiae)
MTMR15 4.51E–04 0.20 1.25 0.26 myotubularin related protein 15
MARCO 4.62E–04 0.20 0.67 4.43 macrophage receptor with collagenous structure
KLHL3 4.71E–04 0.20 1.32 0.30 kelch-like 3 (Drosophila)
BCL6 4.92E–04 0.20 0.76 1.45 B-cell CLL/lymphoma 6 (zinc finger protein 51), transcript variant 1
CDC16 5.10E–04 0.20 1.20 0.63 cell division cycle 16 homolog (S. cerevisiae), transcript variant 2
ZNF30 5.47E–04 0.20 1.34 0.31 zinc finger protein 30, transcript variant 2
LIN9 5.60E–04 0.20 1.85 0.64 lin-9 homolog (C. elegans)
LIPE 5.92E–04 0.20 1.68 0.88 lipase, hormone-sensitive
FPR2 6.01E–04 0.20 0.69 6.67 formyl peptide receptor 2, transcript variant 1
ZAK 6.36E–04 0.20 0.74 1.61 sterile α motif and leucine zipper containing kinase AZK, transcript variant 1
KTELC1 6.37E–04 0.20 1.18 0.40 KTEL (Lys-Tyr-Glu-Leu) containing 1
SPI1 6.64E–04 0.20 0.77 5.19 spleen focus forming virus (SFFV) proviral integration oncogene spi1, 

transcript variant 2
CDRT4 6.80E–04 0.20 1.39 0.34 CMT1A duplicated region transcript 4
ZNF831 6.98E–04 0.20 1.36 0.13 zinc finger protein 831
AP4B1 7.13E–04 0.20 1.18 0.54 adaptor-related protein complex 4, β 1 subunit
C15orf39 7.19E–04 0.20 0.79 4.05 chromosome 15 open reading frame 39
C1orf107 7.21E–04 0.20 1.35 0.37 chromosome 1 open reading frame 107
GSTM2 7.31E–04 0.20 1.23 0.65 glutathione S-transferase M2 (muscle)
BTAF1 7.42E–04 0.20 1.24 0.97 BTAF1 RNA polymerase II, B-TFIID transcription factor-associated, 170kDa (Mot1 

homolog, S. cerevisiae)
NANS 7.58E–04 0.20 0.83 1.04 N-acetylneuraminic acid synthase (sialic acid synthase)

Continued



pathway, the changes significant at the
P < 0.05 level were increased expression
of mRNA for IL-16 and  lymphotoxin-α
and decreased expression of interferon-γ,
IL-6 and IL-15. The prion pathway iden-

tified in both BioCarta and KEGG analy-
sis has decreased expression of BCL2
and the prion protein as the only two
changes significant at P < 0.05. We also
analyzed the changes in expression by

gene ontology. The most significant al-
terations were for the “immune system
process” and “immune response” terms.
The most significant changes included
decreases in the interleukin 1 family
transcript IL1F7 and decreases in
 multiple members of the leukocyte
 immunoglobulin-like receptor family.

In unsupervised hierarchical clustering
based on the 14,421 expressed tran-
scripts, the samples clustered based on
the experiment and subject (Figure 3).
There were three large clusters, and two
of the clusters were formed by the sam-
ples from a single experiment. For 11 of
the 14 subjects, the nearest neighbor was
the paired sample from that subject.
There was no separation based on dis-
ease status (relapse versus stable), dis-
ease modifying treatment, or gender.

We investigated whether the changes
in mRNA expression correlated with
changes in protein expression in serum
for three of the transcripts. The decrease
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Table 1. Continued.

BRI3 7.65E–04 0.20 0.85 2.81 brain protein I3
ZNF518A 7.81E–04 0.20 1.24 0.71 zinc finger protein 518A
LAMP2 7.86E–04 0.20 0.82 3.07 lysosomal-associated membrane protein 2, transcript variant LAMP2A
CHPT1 7.94E–04 0.20 0.77 2.34 choline phosphotransferase 1
AGL 7.98E–04 0.20 1.26 0.25 amylo-1, 6-glucosidase, 4-α-glucanotransferase (glycogen debranching enzyme, 

glycogen storage disease type III), transcript variant 1
FOXO1 8.14E–04 0.20 1.22 0.42 forkhead box O1
BID 8.45E–04 0.20 0.86 2.91 BH3 interacting domain death agonist, transcript variant 1
PRKD3 8.65E–04 0.20 1.19 0.77 protein kinase D3
FLJ20850 8.70E–04 0.20 1.33 0.21 hypothetical protein FLJ20850
POLR2J4 8.71E–04 0.20 2.33 0.38 polymerase (RNA) II (DNA directed) polypeptide J4, pseudogene
ANGEL2 8.94E–04 0.20 1.22 0.48 angel homolog 2 (Drosophila)
ZMYM1 9.00E–04 0.20 1.25 0.59 zinc finger, MYM-type 1
SEH1L 9.02E–04 0.20 1.18 0.81 SEH1-like (S. cerevisiae), transcript variant 1
TTC14 9.06E–04 0.20 1.21 0.64 tetratricopeptide repeat domain 14, transcript variant 1
HSH2D 9.31E–04 0.20 0.73 2.20 hematopoietic SH2 domain containing
PILRB 9.32E–04 0.20 1.59 0.34 paired immunoglobin-like type 2 receptor beta, transcript variant 2
GOLGA8B 9.47E–04 0.20 1.37 0.36 golgi autoantigen, golgin subfamily a, 8B
IL16 9.51E–04 0.20 1.30 0.48 interleukin 16 (lymphocyte chemoattractant factor), transcript variant 2
ALDH5A1 9.67E–04 0.20 1.32 0.21 aldehyde dehydrogenase 5 family, member A1 (succinate-semialdehyde 

dehydrogenase), nuclear gene encoding mitochondrial protein, transcript 
variant 2

NSUN5C 9.80E–04 0.20 1.40 0.62 NOL1/NOP2/Sun domain family, member 5C, transcript variant 1
THOC4 9.84E–04 0.20 0.79 0.95 THO complex 4
KCNK7 9.93E–04 0.20 0.39 2.06 potassium channel, subfamily K, member 7, transcript variant D

aFalse discovery rate.
bGeometric mean ratio of expression in relapse to expression while stable.
cGeometric mean ratio of expression in non-T cells to expression in T cells.

Figure 1. Changes in expression in T versus non-T cells. (A) The ratio of relapse versus sta-
ble and non-T versus T expression for the 71 transcripts with significance of P < 0.001. The
ratio of relapse to stable is on the y axis on a linear scale, the ratio of non-T to T is on the
x axis on a logarithmic scale. (B) Ratio of relapse to stable versus non-T to T for the 100
transcripts with the highest bias to expression in non-T cells. There is no general decrease
in transcripts expressed in non-T cells. 



in IL-1 receptor antagonist mRNA was
matched by a corresponding decrease in
the amount of protein in the serum. In
stable disease, the concentration of IL-
1RA was 537 ± 414 pg/mL, with a mean
decrease of 96 ± 178 pg/mL in relapse
(P = 0.030, paired t test, n = 19, mean ±
standard deviation). There was a modest
correlation between the change in ex-
pression of protein on ELISA and change
in mRNA on microarray (r = 0.39, n =
13). In contrast, the amount of IL-16 pro-

tein was not increased in relapse. The
concentration of IL-16 in the stable sam-
ples was 197 ± 72 pg/mL, with a mean
decrease of 4 ± 75 pg/mL in relapse
(P not significant, n = 19). One of the
most significantly decreased transcripts
was the complement protein C1QB.
C1QC also was decreased, but with a
lower significance level. The C1Q protein
is a complex of C1QA, C1QB and C1QC,
and is synthesized in macrophages or
dendritic cells and secreted into the

serum (11). The amount of C1Q in stable
disease was 78.7 ± 4.3 μg/mL with an in-
crease of 0.5 ± 6.8 in relapse (not signifi-
cant, n = 20).

DISCUSSION
We have compared gene expression in

relapse and remission in paired samples
from 14 MS patients using microarrays
which cover the known expressed
mRNA in the human genome. We found
significant changes in expression of sev-
eral mRNA, which may clarify the nature
of the disease process in MS. Several fea-
tures of these results deserve comment.

First, the most salient finding is that
there were changes in both T cells and
non-T cells. The changes in non-T cells
were primarily decreases in selected
transcripts. Not all non-T transcripts
were decreased, so this does not appear
to be due to migration of these cells out
of the blood in relapse, but rather to a
change in the expressed genes. Where
their function is known, many of the de-
creased transcripts have a regulatory or
inhibitory role. CDKN1C and ZAK are
both likely inhibitors of cell division,
IL1RN inhibits the activity of interleukin-1,
and PILRA has a tyrosine-based in-
hibitory motif and regulates the protein
tyrosine phosphatase SHP-1, which is
central in the control of cell signaling
and may be altered in MS (12). The
downregulation of mRNA for inhibitory
proteins suggests that the non-T cells are
becoming activated. Further study is
needed to define the types of non-T cell
involved.
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Table 2. Differentially expressed pathways.a

BioCarta KEGG Ingenuity

Cytokine network Complement and coagulation cascades IL-10 signaling
RNA polymerase II transcription Cell cycle Production of nitric oxide and reactive 

oxygen species in macrophages
Dendritic cells in regulating TH1 and TH2 Hematopoietic cell lineage LXR/RXR activation
development

Ca++/Calmodulin-dependent protein kinase Prion disease NF-κB signaling
activation

Prion pathway Role of PKR in interferon induction and 
antiviral response

aP < 0.005 for BioCarta and KEGG pathways, P values for Ingenuity pathways in Figure 2.

Figure 2. Ingenuity pathways. Bar denotes statistical significance, squares indicate the
fraction of transcripts in that pathway that are changed. 



In contrast, mRNA differentially ex-
pressed in T cells were increased pre-
dominantly in expression. The ones with
the most significant changes in expres-
sion are involved in metabolic processes
or are of unknown function. The most
significant change in a cytokine mRNA is
the increase in IL16, which is known to
be chemotactic for cells bearing CD4.
Other cytokine mRNA changes are de-
creased IFNG, IL6, and IL15.

Second, the changes in expression are
modest in size, in the range of 70% to
130% of the baseline values. There are
several potential explanations for this. It
is probable that only a fraction of circulat-
ing PBMC are involved in the immuno-
logic events causing a clinical relapse.
Also, the disease process in MS is more
continuously active than the clinical
symptoms indicate, so many of our stable
samples probably have similar changes.
Finally, we used PBMC, which contain a
variety of different cell types, so changes
in mRNA expression in a single cell type
may be obscured by expression of the
same mRNA in other cell types.

Third, the changes in mRNA expres-
sion did not necessarily predict changes
in protein concentration in serum. Multi-
ple factors could contribute to this, in-
cluding post-transcriptional regulation,
rates of protein secretion into serum, the
half-life of the protein in serum, and cell
types other than PBMC secreting particu-
lar proteins. The microarray results are
better interpreted as an indicator of the
internal state of the PBMC rather than
the external milieu in the serum.

There have been several previous stud-
ies of expression changes in relapse, and
we compared transcripts reported to be
altered in those studies with our set of
530 transcripts altered at a significance
level of 0.01. The concordance between
our results and previous studies is lim-
ited. This is not unexpected given differ-
ences in methods. The majority of previ-
ous studies compared small numbers of
patients in relapse to a different group of
stable patients. The large variability of
gene expression between individuals
seen in this study (Figure 3) suggests
that any changes due to relapse are likely

to be obscured. Only two studies used
paired samples, and both of those stud-
ies tested only T cells positively selected
by anti-CD3 antibody. This approach dis-
cards the information from non-T cells,
which proved to be interesting in our
study. It also might cause changes in
mRNA expression in the T cells due to
crosslinking of CD3, with unknown ef-
fects on the results. In this work, we iso-
lated the PBMC and stabilized RNA as
quickly as possible to minimize ex vivo
changes in mRNA  expression.

The most directly comparable study is
that of Satoh et al. (8). This study in-
cluded only six subjects with paired sam-
ples, used a relatively small microarray
with 1,258 selected transcripts, and posi-
tively selected T cells with anti-CD3 anti-
body. They identified 43 differentially ex-
pressed genes, none of which were
altered in this study. Achiron et al. have
reported two studies, which compared
unpaired samples, some from patients in
relapse and others from different patients
in remission (5,13). We replicated their
findings that BCL2 is decreased and
BNIP3 is increased. More recent work
from the same group reports that expres-
sion of a small set of mRNA can be used
to predict relapse (14), but the transcripts
they used as predictors were not altered
in our patients. Arthur et al. also reported
a comparison of unpaired relapse and re-
mission patients (6), but comparison
with their results is difficult since they
compared relapse to controls and remis-
sion to controls rather than directly com-
paring relapse and remission. They
found decreased CDKN1C in both re-
lapse and remission, and an increase in
OGT in relapse, but not remission.
Malmestrom et al. compared expression
in 10 subjects with paired relapse and re-
mission samples (7), but they used anti-
CD3 antibody to positively select T cells,
and their reported results cover only a
limited range of transcripts and proteins
in CD8 cells with no overlap with our
findings. Finally, we found no overlap
with the findings of Brynedal et al., who
compared expression from unpaired
blood samples from 10 stable patients
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Figure 3. Hierarchical clustering. Dendrogram constructed using BRB ArrayTools with cen-
tered correlation and average linkage. The branch labels give the experiment number
(1–5), the subject number (1–14), clinical status, treatment, and gender. The samples from
the first two experiments formed large clusters. For 11 of the subjects, the nearest neigh-
bor for the stable sample is the corresponding relapse sample from that subject. There
was no tendency to cluster by clinical status, treatment, or gender. S, stable; R, relapse; I,
interferon; G, glatiramer; N, no treatment; m, male; f, female. 



and 14 patients in relapse (15). The poor
agreement of our study and previous
work is likely due to differences in mi-
croarrays, differences in the cell types
used as the source of mRNA, the use of
paired rather than unpaired samples, the
limited results reported from some stud-
ies, and small sample sizes leading to
false positive results.

The concordance of our pathway anal-
ysis with previous studies is likewise
limited. We found that the NF-κB path-
way was changed in agreement with
Satoh et al. (8). We found changes in
some transcripts involved in apoptosis as
discussed above, but we did not find sig-
nificant alterations in apoptotic path-
ways as reported by Achiron et al. and
Arthur et al. (6,13).

We found better concordance with
studies comparing MS patients and con-
trols (Table 3). It is reasonable to expect
that some of the mRNA changes that dis-
tinguish MS patients from controls might
also distinguish MS relapses from remis-

sions. Indeed, we found concordant
changes in many transcripts which had
previously been reported to be changed
in MS (16–19). Of particular interest is
the large number of concordant findings
with the study of Corvol et al. (17). This
is somewhat unexpected, since they
studied gene expression in negatively se-
lected CD4 T cells in patients with clini-
cally isolated syndrome. This suggests
that transcripts altered early in disease
also change in relapse. Since their CD4
cells were 95% pure, and they still mea-
sured changes in transcripts expressed
primarily in non-T cells, this raises the
question of whether they are finding
changes in the residual non-T cells or if
these transcripts also are altered in CD4
cells. In addition to gene expression
studies, we compared our results to the
findings of genome-wide association
studies in MS (20,21). Three of the loci
identified in recent studies, IL7R,
PTGER4 and TYK2, had changes in ex-
pression during relapse.

The three proteins we studied all
have potential relevance to MS. C1Q
has immune regulatory properties and
decreases in C1Q are associated with
autoimmunity (11). Although we could
not demonstrate a change in serum
C1Q in our 19 patients, others have
measured a decrease in C1Q and other
complement components in a larger
group of MS patients in relapse (22).
IL-16 has been implicated in autoim-
mune diseases (23), including MS and
animal models of MS (24,25), and IL-16
is downregulated during interferon
treatment of MS (26). IL-1RA has
 antiinflammatory activity, and de-
creases in IL-1RA would be expected to
cause  inflammation. The role of IL-1RA
genotype as a risk factor for MS is con-
troversial (27), but IL-1RA protein is in-
creased during interferon or glatiramer
treatment (28,29). The only previous
study measuring IL-1RA protein in re-
lapse found it was increased rather than
decreased (30), but they compared
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Table 3. Concordant changes. 

Gene Parametric Relapse/
symbol P value stable NonT/T Description Reference

PILRA 1.72E–04 0.80 4.43 paired immunoglobin-like type 2 receptor alpha, transcript variant 3 (17)
CDKN1C 2.54E–04 0.73 5.95 cyclin-dependent kinase inhibitor 1C (p57, Kip2) (6,17)
IL1RN 2.79E–04 0.65 8.73 interleukin 1 receptor antagonist, transcript variant 4 (17)
BCL6 4.92E–04 0.76 1.45 B-cell CLL/lymphoma 6 (zinc finger protein 51), transcript variant 1 (17)
CHPT1 7.94E–04 0.77 2.34 choline phosphotransferase 1 (17)
TTC14 9.06E–04 1.21 0.64 tetratricopeptide repeat domain 14, transcript variant 1 (17)
IL16 9.51E–04 1.30 0.48 interleukin 16 (lymphocyte chemoattractant factor), transcript variant 2 (19)
ALDH5A1 9.67E–04 1.32 0.21 aldehyde dehydrogenase 5 family, member A1 (succinate-semialdehyde (17)

dehydrogenase), nuclear gene encoding mitochondrial protein, transcript 
variant 2

OGT 1.01E–03 1.34 0.40 O-linked N-acetylglucosamine (GlcNAc) transferase (UDP-N-acetylglucosamine: (6,18)
polypeptide-N-acetylglucosaminyl transferase), transcript variant 1

PDE7A 1.63E–03 1.47 0.65 phosphodiesterase 7A, transcript variant 2 (18)
BTN3A1 2.22E–03 1.21 0.52 butyrophilin, subfamily 3, member A1 (19)
MS4A1 2.66E–03 1.31 1.78 membrane-spanning 4-domains, subfamily A, member 1, transcript variant 3 (19)
BNIP3 2.95E–03 1.17 0.15 BCL2/adenovirus E1B 19kDa interacting protein 3, nuclear gene encoding (13)

mitochondrial protein
IL7R 3.23E–03 1.31 0.10 interleukin 7 receptor (16,18,20,21)
ATM 4.73E–03 1.24 0.27 ataxia telangiectasia mutated, transcript variant 1 (18)
PTERG4 5.73E–03 0.82 0.81 prostaglandin E receptor 4 (subtype EP4) (20,21)
NINJ1 6.16E–03 0.78 1.96 ninjurin 1 (18)
BCL2 8.28E–03 0.37 1.02 B-cell CLL/lymphoma 2, nuclear gene encoding mitochondrial protein, (13)

transcript variant beta
PLAUR 8.44E–03 0.61 3.92 plasminogen activator, urokinase receptor, transcript variant 1 (18)
TYK2 8.96E–03 1.12 1.13 Homo sapiens tyrosine kinase 2 (TYK2), mRNA. (20,21)



IL-1RA levels in eight relapsing patients
to a different group of stable patients.

One consideration in interpreting these
results is that we tested patients only at
two time points—the onset of clinical
symptoms and while clinically stable.
The hypothesized immune activation in
the periphery should occur before in-
flammation in the CNS. By the time
symptoms appear, the relevant changes
in the peripheral blood may have de-
clined or even resolved. One prospective
study with blood samples done every 2
to 4 weeks found that stimulated IFN-γ
production in vitro peaked 1 to 2 weeks
before clinical symptoms, and continued
to decline after the onset of symptoms
(31). This is consistent with our observa-
tion of decreased IFNG mRNA at the
time of onset of symptoms. Some of the
changes measured in blood at the onset
of symptoms may reflect the resolution
of recent immune activation.

In conclusion, the observed changes in
gene expression in PBMC with MS re-
lapse suggest an activation of non-T cells
and changes in function in T cells. Fur-
ther investigation of the events occurring
with MS relapse should be pursued. The
optimum study would include more sub-
jects, perform serial sampling of patients
at frequent time intervals, use MRI rather
than clinical relapse as the measure of
MS disease activity, include a white cell
differential to document the proportion
of monocytes and lymphocytes and
study more homogeneous populations of
leukocytes.
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