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Current Concepts of the Intrathecal Humoral Immune
Response and the Diagnostic Significance of the Detection
of Oligoclonal Immunoglobulins in Multiple Sclerosis
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Multiple sclerosis (MS) is a presumptively autoimmune demyelinating diseases of the central nervous sys-
tem. We present here a literature review including a list of potential antigens inducing the autoimmune
response, these including myelin and nonmyelin structures. None of the antibodies to any of these antigens
has sufficient specificity and sensitivity for use in routine laboratory practice. Oligoclonal immunoglobulins
identified by isoelectric focusing (IEF) are currently the main immunological markers for MS. The sensi-
tivity and specificity of the IEF method are 90% and 85%, respectively. The present article also discusses
additional markers such as oligoclonal IgM and the MRZ reaction.
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Multiple sclerosis (MS) is a multifactorial diseases
whose development depends on genetic predisposition and
the actions of environmental factors [1, 2]. Autoimmune
processes play a major role in the pathogenesis of this dis-
ease, producing inflammation, demyelination, degradation
of axons, and restoration of damaged myelin sheaths. The
processes make different contributions in each individual
patient with MS, with the result that there is no single bio-
marker for this disease. At the same time, the main meth-
od for the laboratory diagnosis of MS, which has a good
evidence base, consists of detection of oligoclonal immu-
noglobulins (OCI) in patients’ cerebrospinal fluid (CSF)
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[3, 4]. Detection of OCI in the CSF when it is absent from
the serum provides a highly sensitive and relatively specif-
ic method allowing differential diagnosis of MS. In most
cases, detection of OCI, along with clinical and MRI data,
establishes the diagnosis of MS.

Mechanisms of Formation of OCI

The pathogenesis of CNS damage in MS consist of a
complex interaction between various cell types involved in
the immune response. Although the main antigen provok-
ing at autoimmune reaction is currently unknown, there are
several theories explaining the mechanisms underlying OCI
production.

Four possible pathways to intrathecal OCI production
have been described [5]: 1) Ig-secreting cells undergoing
differentiation in the lymphoid organs arrive in the CNS and
accumulate in inflammatory foci independently of their an-
tigen specificity; 2) in proinflammatory conditions, memory
B-cells in the CNS differentiate into OCI-producing plasma
cells; 3) memory cells can differentiate into long-lived plas-
ma cells via activation of the immune response to one epitope
during the process of activation of an immune response to a
different epitope (bystander activation); 4) OCI-producing
plasma cells may form in “tertiary” ectopic lymphoid fol-
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licles, which are generally found along blood vessels in the
meninges [5]. These lymphoid follicles have only been seen
in patients with secondary progressive MS [6].

Most OCI are class G immunoglobulins (IgG) subclass
IgGl, though they can also be IgM or IgA [7]. Although
these immunoglobulins are called “oligoclonal,” to empha-
size their benign nature, these antibodies are in fact mono-
clonal paraproteins and each clone has unique properties.

The antigenic stimuli initiating and maintaining auto-
immune inflammation have thus far been controversial.
OCI in each patient have been shown to react with multiple
antigens. Because of their location in the compactly packed
myelin and on the outer surfaces of myelin sheaths, myelin
basic protein (MBP), myelin oligodendrocyte glycoprotein
(MOG), and myelin-associated glycoprotein (MAG) may
be potential targets of OCI [1, 8, 9]. At the same time, the
diagnostic and prognostic significance of anti-MBP and an-
ti-MOG antibodies is highly controversial. Autoantibodies
seen in MS patients have been found not to have high affin-
ity for myelin basic protein [10]. Anti-MOG antibodies
have been shown to recognize only conformational epitopes
of MOG and not its linear sequence, which increases the
probability that autoantibodies will cross-react [11, 12]. At
the same time, anti-MBP antibody levels in MS patients
were significantly greater than in a control group with non-
inflammatory CNS diseases [13]. Patients with clinically
isolated syndrome (CIS) with IgG reacting with MBP and
MOG were found to experience secondary exacerbations
earlier than patients with CIS but without anti-MBP and an-
ti-MOG antibodies. The relative risk of transformation into
full MS in patients with anti-MBP and anti MOG antibodies
was greater than that in patients lacking these antibodies
[14]. Other studies have yielded data not supporting a link
between anti-MOG and anti-MBP antibodies on the one
hand and an increased risk of transformation into full MS on
the other [15]. The list of potential antigens for autoantibod-
ies in MS expands continually. Reactivity to both myelin
and nonmyelin antigens has been demonstrated [16]. For
example, the list includes the small heat shock protein
of-crystallin, the specific neuroglial protein transaldolase,
neurofascin, which is a protein located in nodes of Ranvier,
neurofilament light subunits, nuclear ribonucleoprotein Al
(hn-RNP A1), and other molecules [6, 16, 17].

Antibodies can be targeted against a number of infec-
tious agents, including Epstein—Barr virus, herpes simples
virus, varicella zoster virus, and Chlamydia pneumoniae.
Recent studies have emphasized the important role of
Epstein—Barr virus in inducing MS [2, 18-20]. Despite the
fact that the detailed spectrum of oligoclonal antibody spec-
ificities has yet to be characterized, the antigens of various
viruses may be the targets for oligoclonal antibodies.
Immunoreactivity for Epstein—Barr virus antigens such as
BRRF2 and nuclear antigen-1 (EBNA-1) is significantly
greater in MS patients than members of the healthy popula-
tion [1]. Investigations of blood collected from MS patients

before disease onset confirmed a higher titer of anti-EBNA
antibodies in patients who subsequently developed MS than
in the group of patients remaining healthy [21-23].

Analysis of the results of epidemiological studies has
also supported the important role of Epstein—Barr virus in
the pathogenesis of MS. People experiencing infectious
mononucleosis or acute Epstein—Barr virus infections have
an increased risk of developing MS later in life [24, 25].
It has been suggested that molecular mimicry may trigger
the autoimmune reaction. The likely mechanism of induc-
tion of the autoimmune reaction is cross-reactivity between
Epstein—Barr virus antigens and MBP, MOG, and transaldo-
lase epitopes [26—28]. Furthermore, latent Epstein—Barr vi-
rus infection persisting within B cells in the CNS may have
local immunomodulatory effects, stimulating interferon-o
production in MS plaques [29].

Other neurotropic target viruses for OCI include mea-
sles, rubella, and varicella zoster viruses. Although immuno-
globulins produced against these viruses generally account
for just 2% of the total IgG content in CSF and only a small
fraction of OCI, synthesis of these is very characteristic of
MS and is seen in 80—-100% of patients with this disease
[30-35]. Detection of antibodies to this triad of viruses is
known as the MRZ reaction (measles, rubella, zoster). It
should be emphasized that development of MRZ antibodies
is not linked with intrathecal replication of the viruses them-
selves, as confirmed by PCR studies of patients’ CSF [30].
It has been suggested that the production of these antibodies
results from secondary activation of memory B cells specific
for these viruses, such that the secondary immune response
reflects the individual history of illnesses or immunizations.
Furthermore, higher OCI titers against rubella were seen
in the CSF of patients with MS from Germany than that of
patients from Cuba and this reflects epidemiological data
demonstrating a lower morbidity of rubella in Cuba [36].
Virus-specific plasma cells formed from activated memory
B cells are located in tertiary follicles because of the effects
of the anti-inflammatory environment, which contains im-
portant trace factors such as CXCL12, BAFF, interleukin-6,
and TBF-a [5]. Prolonged persistence of plasma cells in the
CNS results in prolonged production of MRZ antibodies.
Data from a prospective study showed that antibody titers
gradually increase over time [37], which is evidence for
slowly progressing recruitment of new plasma cells to the
process of autoimmune inflammation. In chronic infectious
diseases of the CNS, the MRZ reaction may also be positive,
suggesting a link between this phenomenon and chronic in-
flammation [38].

We have already noted that apart from the IgG frac-
tion, OCI also contain IgM and IgA fractions. IgM has a
special role in the pathogenesis of the disease. A number of
studies have shown that oligoclonal IgM synthesized by a
population of CD5* B lymphocytes were linked with a more
aggressive course of illness [39]. In fact, IgM species have
the greatest ability to activate the C3 component of the com-
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plement system, which is one of the key participants in the
inflammatory response and the formation of inflammatory
plaques in MS. Studies of the immunoreactivity of oligo-
clonal IgM have shown that a number of IgM oligoclonal
fractions display high reactivity to the lipid components of
myelin: phospholipids and glycolipids, particularly phos-
phatidylcholine. Damage to myelinated fibers due to IgM
may be mediated by complement-dependent demyelination,
as well as by activation of myelin phagocytosis by activated
macrophages and microglial cells via an interaction with Fc
receptors and complement receptors [39]. Thus, IgM species
have been shown to be not only an indicator of but also a par-
ticipant in immune inflammation in the CNS in MS patients.

Thus, various antibodies can trigger and maintain the
autoimmune reaction, resulting in intrathecal production of
antibodies by plasma cell clones, this occurring inde-
pendently of antibody production in the blood. Isolated an-
tibody synthesis in the CNS has the result that serological
methods cannot be used for diagnosis of MS. Thus far, the
“gold standard” for the immunological diagnosis of MS is
assay of OCI in the CSF.

Methods for Detecting Oligoclonal Antibodies

Attempts to study y-globulins in CSF samples by elec-
trophoresis were first reported in the 1940s and were crowned
by the detection of elevated y-immunoglobulin synthesis in
patients with neurosyphilis [40]. A similar picture was sub-
sequently seen in the CSF of MS patients. A the end of the
1950s, studies using radioactive iodine-labeled +y-globulin
showed that immunoglobulins in the CSF of MS patients do
not come from the serum [41]. This provided evidence that
antibodies in MS can be synthesized within the CNS.
Detection of OCI in MS was linked with the use of agarose
gel electrophoresis, which provides clearer separation of im-
munoglobulins. Studies reported by Laterre [42] emphasized
the importance of comparing serum and CSF electrophoresis
results, which identified a characteristic pattern of immuno-
globulin synthesis, and intrathecal synthesis was subse-
quently demonstrated in 86.9% of patients with full MS.
Electrophoresis was later replaced by isoelectric focusing
(IEF) followed by immunoblotting, as developed by Keir et
al. [43]. This method is currently the “gold standard” for the
laboratory diagnosis of MS and is recognized by most inter-
national experts [3].

In contrast to electrophoresis, IEF involves move-
ment of immunoglobulin molecules in a gel in an electric
field in accordance with their isoelectric points, which are
determined by differences in the amino acid sequences of
the constant and variable regions of immunoglobulins and
different variants of spatial modifications, e.g. glycosyla-
tion and sialylation. Antibodies produced by different B
cell clones show significant differences in their isoelectric
points [44], such that they can be separated by IEF. The sep-
arated molecules are then stained with peroxidase-labeled
antibodies, producing a characteristic pattern of bands in the
gel. Assessment of the result includes analysis of the clon-
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ality of the antibodies in serum and CSF. This test is quali-
tative, i.e., identifies the characteristic type of synthesis, the
number of bands not having great clinical significance. The
presence of oligoclonal antibodies can be identified when
two or more clearly visualized oligoclonal bands are pres-
ent. Analysis of paired serum is important for identification
of the type of synthesis. There are five classical types of
synthesis [4]. Type 1 is characterized by polyclonal syn-
thesis of antibodies in serum and CSF samples, oligoclonal
bands not being detected. This type of synthesis is seen in
normal subjects and patients with acute inflammatory pro-
cesses. In synthesis type 2, oligoclonal bands are absent
from serum but present in the CSF, confirming intrathecal
immunoglobulin synthesis. This type of synthesis is highly
specific for MS. In type 3 synthesis, oligoclonal bands are
seen in the CSF and, in smaller quantities, in serum sam-
ples, which is also evidence for intrathecal synthesis. In
type 4 synthesis, there are identical quantities of oligoclonal
bands in the CSF and serum. This type of synthesis implies
systemic rather than intrathecal antibody production, with
penetration into the CSF from the blood across a normal or
damaged blood-brain barrier (BBB). Type 5 is characterized
by monoclonal antibody synthesis, which is seen in multiple
myeloma, CNS lymphoma, and other paraproteinemias.

Use of IEF in Medical Practice

In most clinical studies of MS, the sensitivity of IEF
for detection of OCI is greater than 90%, while levels of
specificity reported by different authors are over 86% [4,
45]. Despite the fact that to date the role of OCI is not en-
tirely clear, detection in the CSF has a high correlation with
the presence of MS (70-95%) and in many cases helps to
establish the correct diagnosis. However, oligoclonal bands
are not seen in some MS patients. In addition, detection of
type 2 OCI synthesis is not absolutely specific for MS. OCI
in the CSF can be detected in 60% of cases of neuroborreli-
osis and neurosarcoidosis and 11-50% of patients with her-
pes, tuberculous, and HIV encephalitis, and also in rheu-
matic diseases (for example, systemic lupus erythematosus)
and systemic forms of vasculitis (for example, Sjogren’s
syndrome). In establishing the diagnosis, the physician
must therefore include data from the clinical picture and re-
sults from other investigations. This view is reflected in the
criteria of Poser and McDonald (2001, 2005), where one of
the supplementary methods is analysis of CSF for OCI [46].
A positive test for OCI softens the MRI criterion of spatial
dissemination. According to the 2010 McDonald criteria,
this analysis is recommended only for the diagnosis of the
primary progressive form of MS [47].

Analysis of OCI by IEF is a widely used and well stud-
ied method for the laboratory diagnosis of MS, and it also
has prognostic significance [48]. The role of oligoclonal
antibodies as an indicator predicting the risk that CIS will
develop into MS has been studied. Data from a prospec-
tive study of patients with CIS showed that when OCI are
detected in the CSF, the risk of this progression increases
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significantly [48]. An additional factor increasing this risk
is detection of foci of demyelination on MRI scans, which
is characteristic of MS; the risk is significantly greater when
both factors are present than when only one is positive or
when both are negative [49]. OCI detected by IEF constitute
a prognostic factor for earlier disability: thus, the times at
which EDSS scores of 4 and 6 are reached in OCI-positive
patients are earlier than those in OCI-negative patients [50].

An interesting feature of OCI is that once detected by
IEF, these antibodies do not disappear as the disease pro-
gresses, even when immunosuppressive therapy is used.
Methods based on direct actions on B cells, such as treat-
ment with rituximab (Mabthera), also have no effect.
Controversial data have been reported on the conversion of
patients from OClI-positive to OCI-negative after natali-
zumab (Tysabri) treatment [51], though this was refuted by
data reported by other investigators [52]. Autologous stem
cell transplantation (ASCT) also had no effect on intrathecal
OCI synthesis [53]. Despite pre-transplantation chemother-
apy, OCI synthesis beyond the BBB persists in the same
way as on use of other biopreparations. This fact does not
downplay the efficacy of ASCT treatment [54], though it
does suggest that if islets of tertiary lymphoid tissue beyond
the BBB persist, then the effect of ASCT may be incom-
plete. A potential method with direct influences on the
cross-barrier OCI synthesis consists of intrathecal adminis-
tration of biopreparations with effects on immune cells.
These methods are currently under study [38].

The MRZ reaction, based on assay of titers of oligoclo-
nal antibodies against three neurotropic viruses, has not
achieved wide use in the diagnosis of MS. At the same time,
measurement of MRZ antibodies may provide a more spe-
cific tool for the diagnosis of MS than detection of oligoclo-
nal bands [55]. A positive MRZ reaction is obtained when
there are elevated indexes of antibody activity against two
or more viruses. Data have been reported showing that the
MRZ reaction is encountered statistically significantly more
often among patients with CIS which transforms into full
MS by two years. The combination of positive tests for OCI
and a positive MRZ reaction with two or more foci on MRI
scans has greater diagnostic significance than positive re-
sults from a combination of two markers [55]. The fact that
a positive MRZ reaction can be obtained in the absence of
OCI in 1/3 of patients with recurrent-remitting MS and 2/3
of OClI-negative patients with secondary and primary pro-
gressive forms of MS [56] is interesting. Use of the MRZ
reaction for the diagnosis of complex cases among OCI-
negative patients may simplify the final diagnosis of MS.
Detection of OCI fractions against measles virus is signifi-
cantly linked with a larger number of foci of demyelination
in the T2 regime [57].

IgM OCI constitute a prognostic marker for disease
and are also seen when the course of MS is more aggressive.
The probability that CIS will convert to full MS when there
is intrathecal synthesis of IgM antibodies during the first

year of illness is 90% [58]. In five-year observations, exac-
erbations of MS were found more frequently among pa-
tients with intrathecal synthesis of oligoclonal IgM [58].
Detection of IgM OCI specific for the lipid structures of
myelin was associated with a short time interval between
the first and second exacerbations and with a greater degree
of disability on the EDSS. Interferon-1f treatment had a
marked therapeutic effect on patients with IgM OCI. This
group retained a relatively high frequency of exacerbations,
which was significantly different from that in a group of
patients negative for IgM OCI against lipid structures [39].
These data provide evidence of a link between IgM OCI and
more severe disease, a greater exacerbation frequency, and
a higher degree of disability.

Conclusions

In conclusion, OCI are a product of the immune re-
sponse to a number of protein and nonprotein CNS anti-
gens. Data have been obtained supporting the involvement
of OCI in the pathogenesis of the disease. Detection of IgG
OCl is currently regarded as the main diagnostic and prog-
nostic biomarker for MS for the immunological laboratory
diagnosis of MS. IEF used for detection of OCI has high
sensitivity and specificity, though the pathological type of
synthesis detected by this method can be encountered in
other chronic inflammatory diseases involving the CNS.
Testing of CSF for IgG OCl is therefore regarded as a sup-
plementary method for the diagnosis of MS, reflecting the
2010 revision of the McDonald criteria [47]. Other labora-
tory markers, such as the MRZ reaction and detection of
IgM OCI, have limited use in clinical practice. The develop-
ment of new techniques for evaluating local and systemic
immune reactions involving B cells in patients with CIS and
MS, as well as other inflammatory diseases, should throw
new light on the role of OCI and open a pathway to more
specific methods for the diagnosis of MS.

This study was carried out at the First St. Petersburg
State Medical University, Russian Ministry of Health, with
financial support from the Russian Scientific Foundation.
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