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Abstract

Background: Identifying new biomarkers is needed to 
overcome the diagnostic difficulties of pediatric multiple 
sclerosis (MS). Recently, we developed a new technique 
including CSF analysis of free light chain (FLC) monomers 
and dimers, which can improve diagnosis of adult MS. The 
present study has been designed to evaluate the utility of 
our technique for MS diagnosis in children.
Methods: Patients with MS (n = 21) and non-MS demyeli-
nating or inflammatory neurological disorders (n = 35) par-
ticipated in the study. MS diagnosis was based on clinical 
and magnetic resonance imaging (MRI) findings. Western 
blot analysis was applied to examine FLC in the patients’ 
CSF and serum. FLC indices for FLC monomer and dimer 
levels and κ/λ ratios were estimated. The samples were 
also analyzed by oligoclonality test.
Results: The study revealed abnormally elevated levels of 
κ-FLC monomers and dimers in the CSF of 10 MS patients 
(“κ-type MS”). Increased amounts of λ dimers were found 
in six MS cases (“λ-type MS”), while high levels of both κ 
and λ FLC (“mixed type MS”) were documented in three MS 
cases. MRI and clinical assessment showed a more aggres-
sive disease form for the “mixed” and “λ-type” cases. Our 
method demonstrated higher sensitivity (90.5%) and 
specificity (91.4%) for discrimination between MS and 

non-MS patients, as compared to oligoclonality test (81% 
and 65.7%, respectively).
Conclusions: The proposed method may significantly con-
tribute to diagnosis and prognosis of pediatric MS.

Keywords: cerebrospinal fluid; dimers; free light chains; 
monomers; pediatric multiple sclerosis.

Introduction
Pediatric multiple sclerosis (MS) is considered a rare 
disease, accounting for only 3%–5% of all MS cases [1]. 
The first symptoms of MS often appear as individual 
demyelinative events, which can be clinically expressed 
as optic neuritis (ON), transverse myelitis (TMY) or show 
other neurological signs due to brainstem, cerebellar or 
hemispheric dysfunction. A growing body of evidence 
suggests that early treatment may slow the progression 
of MS [2]. Prediction and characterization of the future 
attacks might be helpful, but, unfortunately, such prog-
nostic tests are still missing.

MS diagnosis is based on the combination of a typical 
demyelinative clinical presentation, which is not specific 
but suggestive for MS, plus a typical dynamic magnetic 
resonance imaging (MRI), which fits the McDonald cri-
teria [3]. However, despite high sensitivity of MRI, other 
central nervous system (CNS) diseases may mimic MS 
radiologically [4]. In children the differential diagnosis 
is wider as compared to adults, even within the demyeli-
nating spectrum disorder per se (e.g. acute disseminated 
encephalomyelitis [ADEM] vs. MS) [5]. In such cases a 
proper interpretation of the MRI findings might be diffi-
cult, and supporting laboratory data may be needed for 
correct diagnosis. In the commonly used diagnostic labo-
ratory test, the demonstration of oligoclonal immuno-
globulin (Ig) bands indicates an intrathecal production of 
Igs and supports the diagnosis of MS. Yet, the sensitivity 
of this method in pediatric MS is not clear, as it varies sig-
nificantly in different studies [6]. Thus, a search for new 
biomarkers of pediatric MS, and developing of new, more 
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precise diagnostic techniques is crucial for effective and 
timely treatment.

Intrathecal production of κ and λ Ig free light chains 
(FLC) is now regarded as an important immunological 
response developing in the CNS of MS patients. Thanks 
to the development of highly sensitive nephelometric FLC 
assays, the importance of FLC analysis in MS diagnosis 
was established. The nephelometric assay, allowing the 
quantification of total level of monomeric plus dimeric 
FLC, showed a significant increase of κ-FLC in the CSF 
of MS patients [7–9]. Yet, the specificity of this assay for 
the diagnosis of MS remained lower than that of the oligo-
clonality test [9] and even of the IgG index [8].

Recently, we employed a semiquantitative Western 
blotting technique to analyze FLC in the CSF-serum 
sample pairs of adult patients with MS and related dis-
eases [10–12]. In contrast to the previously used FLC 
assays [7–9], we differentially analyzed the monomeric 
and covalently-bound dimeric forms of FLC. A number of 
the diagnostically useful FLC indices were established by 
us to distinguish MS from other neurological diseases in 
adults. The specificity and sensitivity of our method were 
both high compared to the oligoclonality test.

In the present study, aimed to reveal new reliable bio-
markers of the pediatric MS, we applied our new method-
ological approach of FLC analysis and showed the utility 
of this technique in the MS diagnosis in children.

Materials and methods
Patients and samples

CSF and serum samples, collected from 64 pediatric patients (age 
range 1–17 years), were stored at −20 °C temperature until used. The 
patient groups were defined as follows:
1.	 Patients with definite MS diagnosis (n = 21);
2.	 Patients with other demyelinating neurological disorders 

(n = 20), including (ADEM, n = 3), neuromyelitis optica (NMO, 
n = 2), clinically isolated syndrome (CIS, n = 8), radiologically 
isolated syndrome (RIS, n = 2), transverse myelitis (TMY, n = 2), 
optic neuritis (ON) with the seropositivity to myelin oligoden-
drocyte glycoprotein (MOG+, n = 1), Guillain-Barré syndrome 
(GBS, n = 2);

3.	 Patients with non-demyelinating neurological diseases (n = 15). 
These included cases with vasculitis (n = 1), Susac syndrome 
(n = 1), Rasmussen’s encephalopathy (RE, n = 3, one of them 
electrical status epilepticus in sleep [ESES]), epilepsy (n = 2), 
Hashimoto disease (n = 1), migraine (n = 3), cerebral autosomal-
dominant arteriopathy with subcortical infarcts and leukoen-
cephalopathy (CADASIL, n = 1), Sydenham’s chorea (n = 1), 
monoplegia of left upper extremity (n = 1), non-MS (patient 
under observation, n = 1);

4.	 Control group (negative control) of patients (n = 8) with no evi-
dence for demyelinating, inflammatory, autoimmune, or other 
well-defined neurological disease.

MS diagnosis was based on dissemination in time and space as dem-
onstrated by clinical and MRI findings [3]. The study was approved by 
the institutional review board (Rabin Medical Center, 0104-15-RMC). 
All participants have signed the written informed consent forms.

Oligoclonality test

A standard procedure for detection of IgG bands was used by employ-
ing high-resolution agarose gel electrophoresis (Hydragel six CSF) 
coupled with immunofixation (Sebia, Moulineaux, France) [10, 11].

FLC analysis by Western blotting

CSF and serum samples were obtained from each patient participat-
ing in this study. Preparation of CSF and serum samples for Western 
blot analysis was performed as described in [11] with some modifi-
cations. CSF sample was mixed with electrophoresis sample buffer 
(S.B.x5), 2:1 (vol/vol). Serum sample was diluted with phosphate 
buffered saline (PBS), 1:40 (vol/vol), and the diluted serum sample 
was mixed with S.B.x2, 1:3 (vol/vol). CSF and serum samples were 
run on 10%–20% Nu-Sep Tris-Tricine gels (Gradipore, Frenchs Forest, 
Australia) under non-reducing conditions and blotted onto nitrocel-
lulose (Schleicher and Schuell, Dassel, Germany). Rabbit antibodies 
to human Ig κ and λ light chains (DAKO, Carpinteria, CA, USA) were 
used as primary antibodies. Peroxidase conjugated goat anti-rabbit 
IgG antibodies were used as secondary antibody (Sigma-Aldrich, 
Israel). Super-Signal West Pico Chemiluminescent Substrate (Pierce, 
Rockford, IL, USA) was used to visualize immunoreactive bands on 
X-ray films (FujiFilm Corp., Tokyo, Japan) at exposure times from 5 
to 50 s.

Software [10] was used for quantitative evaluation of the inten-
sity of FLC immunoreactive bands. The obtained intensity value in 
the tested CSF sample was normalized relative to that in the control 
sample: intensity of FLC band of positive control divided by inten-
sity of FLC band of tested sample. The positive control sample, rep-
resenting a mixture of CSF samples obtained from 15 patients with 
definite MS diagnosis, was included in each electrophoretic run 
alongside the tested samples. The following FLC indices (I) were 
calculated:
1.	 I0 and I1 – CSF λ and κ monomer level indices, respectively,
2.	 I2 – CSF monomeric κ/λ ratio index,
3.	 I3 – index to compare the κ/λ monomer ratio in the CSF vs. that 

in the serum (κ/λSERUM/κ/λCSF),
4.	 I4 – CSF λ dimer level index,
5.	 I5 – CSF λ dimerization index: λ dimer/monomer ratio (λD/M),
6.	 I6 – index to compare the λ dimerization in the CSF to that in the 

serum (λD/MSERUM/λD/MCSF).

Of importance, I0, I 1, I2, I4 and I5 indices are calculated using nor-
malized intensity values, while I3 and I6 are calculated without nor-
malization. (Notably, the lower index values point to the higher FLC 
levels, higher κ/λ ratios and higher λ dimerization values.)
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Statistical analysis

Fisher’s exact two-tailed test was applied to compare the three dis-
tinct MS patient subgroups (characterized by the differences in their 
FLC monomer-dimer patterns; see Results) with respect to the clini-
cal and MRI data.

Results

FLC patterns in the MS patients

Analysis of the CSF-serum samples from control individu-
als and MS patients revealed striking differences between 
these two groups in relation to their FLC monomer-dimer 
(M-D) patterns in the CSF. The control individuals (n = 8) 
demonstrated a weak or no immunoreactivity in the area 
corresponding to FLC monomers (25  kDa) and dimers 
(50 kDa) in the CSF. In contrast, 19 out of 21 MS patients 
showed significantly increased levels of κ-FLC monomers 
and dimers, and/or increased levels of λ dimers (Figure 1).

To establish the clear-cut FLC criteria allowing the 
differentiation of MS from other non-MS neurological 

diseases, we determined quantitatively the intensities of 
immunoreactive FLC bands which were then used to cal-
culate the FLC indices (I) as already described. The calcu-
lated FLC indices of pediatric patients with the clinically 
definite MS diagnosis are displayed in Table 1. The 10 MS 
cases (patients #1–10) showed high intensity of immu-
noreactive κ-FLC bands (I1 mean = 1.12 ± 0.96) together 
with the relatively low immunoreactivity of λ monomers 
(I0 mean = 9.21 ± 8.71) and dimers (I4 mean = 8.29 ± 7.87). 
Also, κ/λ ratio of monomeric FLC in the CSF was signifi-
cantly higher than that in the serum of the same patient 
(I3 mean = 0.19 ± 0.13) (“κ type” FLC pattern, Figure 1B). 
In six MS cases (patients #11–16), the major abnormal-
ity was manifested by high intensity of dimeric λ-FLC 
bands (I4 mean = 0.85 ± 0.67); in these cases the value of λ 
dimerization was much higher in the CSF than that in the 
serum (I6 mean = 0.09 ± 0.007). Of note, the κ monomer 
levels varied widely (I1 from 0.67 to 18) among these 
five patients (“λ type” FLC pattern, Figure 1C). Three 
MS cases (patients #17–19) showed high levels of κ FLC 
(monomers and dimers) and λ dimers (“mixed type” FLC 
pattern, Figure 1D). In all these MS cases the immuno-
reactivity of λ monomer bands was relatively weak (I0 
mean = 9.21 ± 8.71).

Figure 1: Western blot analysis of the FLC monomer-dimer patterns in MS patients (B, C, D) and control individual/negative control (A). 
FLC bands were detected using anti-κ (a.κ) and anti-λ (a.λ) antibodies. 1-CSF positive control (MS), 2 and 3 – the tested CSF and serum 
samples, respectively. (B–D) – MS patients with “κ-type”, “λ-type” and “mixed type” FLC patterns, respectively.
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Based on these calculations, the FLC criteria were 
established to support the diagnosis of pediatric MS (con-
ditions A or B):
1.	 In case of MS (conditions A or B), I0 ≥ 0.2 and I1 < 20.
2.	 A: I1 ≤ 3 and I2 ≤ 1 and I3 ≤ 0.7;
3.	 B: I4 ≤ 0.8 or I4 ≤ 3 and I5 ≤ 2 and I6 ≤ 0.05.

The obtained results were also helpful to determine three 
different pathological patterns of FLC observed in MS:
1.	 “κ type” FLC pattern: only conditions A are satisfied,
2.	 “λ type” FLC pattern: only conditions B are satisfied,
3.	 “Mixed type” FLC pattern: both conditions (A and B) 

are satisfied.

FLC patterns in the non-MS patients

In patients with non-MS neurological diseases, the FLC 
patterns of 31 out of 34 cases were different from those 
observed in MS (Table 2). In two out of seven CIS cases 
the immunoreactivity of FLC monomer and dimer bands 
in the CSF was very weak as compared to MS (patients 
#24 and #26). In other two CIS patients (#23 and #25) 
the κ-FLCs were not detectable, while the λ-FLC bands 
were very weak (Figure  2A, case 23, track 4). The CIS 

patient #27  showed only slight increase in FLC levels, 
which was incompatible with MS (I1 = 10.5 and I4 = 6.5). 
In one of seven CIS cases (patient #22), κ monomer level 
was significantly increased (I1 = 1.96), but in contrast 
to MS, no abnormalities were found by comparing the 
κ/λ monomer ratio in the CSF versus that in the serum 
(I3 = 1.63). It is remarkable, that this patient showed sero-
positivity to myelin basic protein (MBP). The CIS patient 
#28  showed FLC pattern typical of MS; of note, this 
patient converted to MS during the 1st year of the patient 
follow-up.

In ADEM, each of the three tested cases showed differ-
ent FLC patterns, but none of the patterns resembled MS. 
The abnormally high levels of κ monomers were observed 
in two NMO cases: I1 = 0.71 (patient #32) (Figure 2B, track 
4), and I1 = 1.09 (patient #33). However, the other FLC 
indices in these NMO patients showed no abnormalities 
typical of MS (Table 2). One patient with vasculitis (# 44, 
Susac syndrome) displayed the FLC pattern typical of MS. 
In the second vasculitis patient (#45), κ-FLCs were not 
measurable and only slight increase of λ dimer level was 
observed. Also, in one of the two RIS cases (patient #36) 
FLC pattern was close to normal, while the second RIS 
patient (#37) showed the MS-like FLC pattern (this patient 
had a family history of MS).

Table 1: MS patients: data of FLC analysis and OCB test versus clinical diagnosis.

Patient # Age, 
years

I0 I1 I2 I3 I4 I5 I6 FLC test:  
MS/non-MS

OCB test Clinical 
diagnosis

1 16 7.0 0.89 0.13 0.16 10.17 1.45 0.03 MS κ-type + MS
2 14.5 2.30 1.10 0.48 0.18 13.60 5.88 0.40 MS κ-type Inconclusive MS
3 16 15.0 0.41 0.03 0.09 6.33 0.42 0.29 MS κ-type + MS
4 17 1.60 0.84 0.53 0.36 1.02 0.64 0.14 MS κ-type + MS
5 16 0.35 0.19 0.55 0.40 1.26 3.57 0.23 MS κ-type + MS
6 16 22.0 1.67 0.08 0.02 18.22 0.83 0.01 MS κ-type + MS
7 17 7.75 1.75 0.23 0.10 12.00 0.67 1.3 MS κ-type Inconclusive MS
8 17 6.0 0.47 0.08 0.26 3.57 0.60 0.13 MS κ-type + MS
9 15 0.55 0.44 0.81 0.37 1.0 1.82 0.09 MS κ-type + MS
10 14.5 27.0 1.91 0.07 0.04 25.64 0.95 0.06 MS κ-type + MS
11 11.5 0.40 2.36 5.91 3.66 0.57 1.43 0.01 MS λ-type + MS
12 10.5 3.50 18.0 4.0 1.20 2.06 0.59 0.03 MS λ-type + MS
13 15 0.40 2.58 6.45 2.17 0.57 1.41 0.12 MS λ-type + MS
14 15 0.23 0.67 2.91 1.84 0.42 1.82 0.19 MS λ-type + MS
15 16 0.7 1.7 2.53 3.01 0.72 1.08 0.094 MS λ-type + MS
16 16 15.00 3.53 0.47 0.18 1.54 0.11 0.04 MS λ-type + MS
17 14 9.5 0.51 0.03 0.02 2.58 0.27 0.04 MS mixed type + MS
18 14 2.25 0.52 0.23 0.07 3.0 1.33 0.04 MS mixed type Inconclusive MS
19 7 0.75 0.18 0.24 0.15 0.86 1.14 0.05 MS mixed type + MS
20 14.5 6.00 8.00 1.33 2.62 5.00 0.83 0.06 Non-MS + MS
21 11 1.33 n.m n.m n.m 19.33 14.29 0.18 Non-MS – MS

OCB test positive (+), presence of ≥2 bands in CSF, and their absence in serum; OCB test negative (−), absence of oligoclonal bands in CSF; 
OCB test is inconclusive, a very weak immunostaining intensity of bands.
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Taken together, the FLC patterns in seven out of 35 
non-MS cases were close to normal (i.e. similar to the 
negative control): CIS (n = 2), RE (n = 1), epilepsy (n = 1), 
monoplegia of left upper extremity (n = 1), migraine 
(n = 1), non-MS case under observation (n = 1). Mild/mod-
erate abnormalities of FLC patterns were observed in other 
non-MS patients (n = 16), which included patients with 
CIS (n = 3), TMY (n = 2), GBS (n = 2), RIS (n = 1), migraine 
(n = 1), Sydenham’s chorea (n = 1), Hashimoto disease 
(n = 1), ADEM (n = 1), ON & MOG+ (n = 1), RIS (n = 1) and 
CADASYL (n = 1). Nine out of 35 non-MS cases demon-
strated highly abnormal FLC patterns which, however, 

differed from the FLC patterns in MS: ADEM (n = 2), CIS (1), 
RE (n = 2), epilepsy (n = 2), NMO (n = 2). In three non-MS 
cases (Susac syndrome [n = 1], CIS [n = 1] and RIS [n = 1]) 
the FLC patterns resembled those of MS.

FLC pattern analysis and oligoclonality test 
versus clinical diagnosis

The FLC diagnostic criteria were applied to support or dis-
favor the MS diagnosis (Tables 1 and 2). We found that in 
19 out of 21 patients with clinically definite MS, the results 

Table 2: Non-MS patients: data of FLC analysis and OCB test versus clinical diagnosis.

Patient # Age, 
years

I0 I1 I2 I3 I4 I5 I6 FLC test: 
MS/non-MS

OCB test Clinical diagnosis

22 11.5 0.36 1.96 5.39 1.63 3.30 9.09 0.39 Non-MS Inconclusive CIS
23 13 6.00 n.m n.m n.m 12.92 2.17 0.31 Non-MS – CIS
24 14 n.m n.m n.m n.m n.m n.m n.m Non-MS – CIS
25 8 3.20 n.m n.m n.m 14.40 4.55 0.15 Non-MS – CIS
26 15.5 n.m n.m n.m n.m n.m n.m n.m Non-MS – CIS
27 14 3.10 10.50 3.30 1.14 6.50 2.00 0.17 Non-MS – CIS
28 16 3.40 2.14 0.63 2.25 1.29 0.40 0.01 MS λ + CIS
29 2.5 0.86 n.m n.m n.m 0.61 0.71 0.00 Non-MS – ADEM
30 3 7.50 n.m n.m n.m 3.66 n.m n.m Non-MS + ADEM
31 14 0.04 n.c n.c n.c n.c n.c n.c Non-MS + ADEM
32 11.5 0.20 0.71 3.57 4.84 10.00 50.00 1.39 Non-MS – NMO
33 17.5 1.00 1.09 1.09 1.90 2.71 2.70 0.10 Non-MS + NMO
34 4 n.m n.m n.m n.m 6.33 n.m n.m Non-MS – TMY
35 5 4.00 6.60 1.60 0.70 18.66 4.76 0.37 Non-MS – TMY
36 16.5 1.00 n.m n.m n.m 7.50 n.m n.m Non-MS – RIS
37 14 6.0 0.28 0.05 0.07 5.17 0.86 0.13 MS κ + RIS
38 6 n.m 8.50 n.m n.m 4.11 n.m n.m Non-MS – ON & MOG+
39 9 1.43 5.70 4.00 2.40 3.55 2.50 0.30 Non-MS – GBS
40 16.5 1.90 4.54 1.25 0.21 6.40 1.82 0.16 Non-MS GBS
41 2 0.12 1.82 14.60 8.51 0.57 4.55 0.59 Non-MS + RE
42 5.5 4.00 n.m n.m n.m 1.67 0.42 0.01 Non-MS – RE
43 13 n.m n.m n.m n.m n.m n.m n.m Non-MS – RE
44 6 0.33 1.00 3.00 0.76 0.40 1.19 0.03 MS λ Inconclusive Susac
45 5 7.50 n.m n.m n.m 8.18 n.m n.m Non-MS Inconclusive Vasculitis
46 14 n.m n.m n.m n.m n.m n.m n.m Non-MS – Epilepsy
47 3.5 0.1 n.m n.m n.m 0.43 3.85 n.d Non-MS + Epilepsy
48 17 0.075 n.m n.m n.m 0.3 4.00 n.d Non-MS + ESES
49 17.5 n.m n.m n.m n.m 27.30 n.m n.m Non-MS – Hashimoto
50 8.5 n.m n.m n.m n.m 15.30 n.m n.m Non-MS – Sydenham chorea
51 1 n.m n.m n.m n.m n.m n.m n.m Non-MS – Monoplegia left extremity
52 15 2.31 2.35 1.02 1.53 10.82 n.m 0.95 Non-MS Inconclusive CADASIL
53 8.9 n.m n.m n.m n.m n.m 4.76 n.m Non-MS – Migraine
54 17.5 5.00 7.80 1.55 1.14 51.50 n.m n.m Non-MS – Migraine
55 14.5 n.m n.m n.m n.m n.m n.m n.m Non-MS – Migraine
56 n.m n.m n.m n.m n.m n.m n.m Non-MS – Observation

OCB test positive (+), presence of ≥2 bands in CSF, and their absence in serum; OCB test negative (−), absence of oligoclonal bands in CSF; 
OCB test is inconclusive, a very weak immunostaining intensity of bands. n.m., not measurable, very low immunoreactivity (none or trace) of 
FLC bands; n.d., not done; n.c., not calculated, very high immunoreactivity of FLC bands.
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of our FLC analysis supported this diagnosis (sensitivity 
90.5%). The results of the oligoclonality test showed that 
17 cases were oligopositive, three cases remained incon-
clusive, and one case was oligonegative (sensitivity 81%).

Our FLC criteria were also applied for the non-MS 
patient group: 32 out of 35 non-MS cases tested disfavored 
the MS diagnosis (specificity 91.4%). The oligoclonality 
test rejected the MS diagnosis in 23 out of 35 cases, in four 
cases the results were inconclusive, and eight cases were 
oligopositive (specificity 65.7%).

FLC pattern analysis in MS versus MRI and 
clinical symptoms

Comparison of the FLC data with those of MRI and clinical 
assessment at the time of MS diagnosis (Table 3) showed 
that “mixed type” and “λ type” patients demonstrated a 
more active onset of the disease as compared to the “κ 
type” MS patients. Fisher’s exact two-tailed test showed 
significant differences when comparing the MS patient 

group with ”mixed plus λ types” versus that with “κ type” 
with respect to:
1.	 amount of brain lesions with a T2 number load >20, 

p = 0.015;
2.	 amount of active brain lesions with a number of gado-

linium enhanced lesions (Gd+) > 3, p = 0.003;
3.	 presence of lesions in spinal cord, p = 0.009.

Discussion
The results of our present study have demonstrated the 
diagnostic importance of FLC monomers and dimers anal-
ysis in the diagnosis of pediatric MS. This method showed 
higher sensitivity (90.5%) and specificity (91.4%) in dif-
ferentiation of MS from other neurological (non-MS) dis-
eases as compared to the routine oligoclonal bands (OCB) 
test performed using Sebia agarose gel electrophoresis 
coupled with immunofixation (81% and 65.7%, respec-
tively). In the future, however, we will check the diagnos-
tic efficiency of our technique against the electrofocusing 

Figure 2: Western blot analysis of the FLC monomer-dimer patterns in the non-MS patients.
FLC bands were detected using anti-κ (a.κ) and anti-λ (a.λ) antibodies. (A) 1 – positive control (MS, CSF); 2 and 3 – TMY (patient #35) CSF and 
serum, respectively; 4 and 5 – CIS (#23), CSF and serum, respectively; 6 and 7 – Sydenham’s chorea (#50) CSF and serum, respectively. (B) 1 
– positive control (MS, CSF), 2 and 3 – RE (#42) CSF and serum, respectively, 4 and 5 – NMO (#32) CSF and serum, respectively.
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based OCB analysis which is presently considered as a pre-
ferred method to demonstrate oligoclonal Igs in CSF [13].

It is worth mentioning that our Western blot based 
FLC monomer-dimer pattern analysis is semiquantita-
tive and more laborious compared to the nephelometric 
FLC assay, which allows quantitative estimation of total 
FLC levels (monomers plus dimers). On the other hand, 
our method does not require expensive equipment and 
can be applied in an ordinary clinical laboratory provid-
ing valuable information on FLC pathology which cannot 
be obtained by nephelometry. We believe that these two 
techniques of FLC analysis may complement each other, 
thus further contributing to a precise diagnosis of MS. In 
addition, by using the nephelometric FLC assay, we can 
determine the FLC levels at which the electrophoretically 
resolved FLC bands are weak or unmeasurable and not 
indicative of MS (see Table 2). This is important from a 
practical point of view, as in such clear-cut non-MS cases 
our test may not be necessary.

Our FLC monomer-dimer analysis showed that simi-
larly to our findings in the adult MS population [11], the 
young MS patients displayed three distinct pathological 
FLC patterns, characterized by increased levels of κ mon-
omers and dimers and/or λ dimers. The reasons for such 
differences in the immunological response of MS patients 
remain unclear. We suppose that these differences may be 
related to the heterogeneous nature of MS disease, indi-
cating a possible link between FLC parameters and the 
clinical form of the disease, its severity and progression. 
Actually, the clinical and MRI data, obtained in this study, 
indicate the more aggressive onset of the disease in chil-
dren with “mixed and λ-MS types” than those with “κ-MS 
type” (Table 3). Longitudinal follow-up of MS patients is 
needed to understand whether the determination of FLC 
M-D pattern type could be helpful in predicting the disease 
course and prognosis and establishing the optimal treat-
ment regiment at an individual patient level.

Comparison of the FLC patterns between CIS and MS 
patients was of special interest in our study, especially in 
view of the conflicting data obtained by using the neph-
elometric FLC assays [14–16]. According to some studies, 
the FLC levels were similar in these two diseases [14]. 
Other reports [15, 16], however, showed that the FLC levels 
in CIS patients were significantly lower than those in MS. 
Our results were close to those of the latter studies: FLC 
levels in six out seven of our pediatric CIS patients were 
low compared to those of MS.

Another important issue is the prognostic value of FLC 
with respect to conversion of CIS to MS. One of our seven 
tested pediatric CIS patients showed FLC M-D pattern 
typical of MS; however, in his case the conversion to MS 

occurred within a 1-year period. In contrast, CIS patients 
with the FLC patterns disfavoring MS (six out of seven CIS 
cases) remained stable over 1–2.5-year period of their fol-
low-up. In this respect it is worth mentioning the results 
of our 5-year follow-up of eight adult patients, who were 
diagnosed with CIS at the onset of disease, but showed 
MS-like FLC patterns. We found that seven of these eight 
CIS cases converted to MS, and only one of them remained 
stable (unpublished data). Interestingly, some studies 
employing nephelometric FLC assay [17, 18] showed that 
high κ FLC concentration in the CSF might predict the con-
version of CIS to MS. In other studies, however, no signifi-
cant differences in the κ FLC levels were found between 
the stable CIS patients and those who converted to MS 
[16]. We suppose that estimation of a single FLC parameter 
(e.g. κ-FLC only) is insufficient for the evaluation of the 
prognosis of demyelinating diseases, while the considera-
tion of several FLC parameters (as done in our study) may 
be more fruitful for this purpose.

Taken together, high CSF levels of FLC per se are indic-
ative of MS, but not sufficient for the precise diagnosis. 
Our study shows that the determination and combined 
use of different FLC parameters, including the assess-
ment of FLC dimerization, may be of diagnostic and even 
of prognostic importance. Our preliminary results showed 
that the proportion of cases with “λ type” MS was high in 
our young MS patients (30%) compared to adults (10%) 
[11]. In fact, the increased λ dimer levels observed in our 
MS patients with “λ and mixed type” FLC patterns tend to 
associate with a more aggressive onset of the disease. The 
pathophysiologic relevance of the increased formation 
of the covalently-bound FLC dimers is not clear yet, but 
the structural differences of FLC monomers and dimers 
imply possible differences in their biological activity [19]. 
Structurally, FLC dimers resemble Fab region of whole Igs 
[20], so the binding capabilities of dimers may prevail over 
that of monomers. The dimeric FLC may interact with B 
lymphocytes [21] and act as pathogenic miniautoantibod-
ies by binding the factor H [22]. FLC are capable of sen-
sitizing mast cells [23–25], and a possibility was raised 
that dimerization of FLC is a necessary condition related 
to cross-linkage of membrane elements [26]. Although 
precise mechanisms of the enhanced formation of cova-
lent FLC dimers are still not understood in MS, recent find-
ings suggest that both the structural peculiarities of FLC, 
as well as the disease-related environmental conditions, 
such as oxidative stress, may play a role [27–29]. Further 
studies including the structural analysis of FLC and the 
determination of oxidative stress markers in MS may give 
insight to these issues and also contribute to the accurate 
diagnosis of the pediatric MS.
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