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Abstract
Recent studies showed that B cells play a major role in the pathogenesis of neurodegeneration in multiple sclerosis (MS). In this study,
we aimed to determine the possible link between immunoglobulin free light chains (FLC) and brain atrophy in patientswithMS.Ninety-
two patients (32males and 60 females) withMSwere included. Kappa and lambda FLC concentrations in serum and cerebrospinal fluid
(CSF) samples ofMSpatientsweremeasured using ELISA assay. FLCquotients (Q-k andQ-λ, respectively)were calculated. In a cross-
sectional group (n= 92), the MRI data were acquired within 6 months from the date of the lumbar puncture. Twenty patients from this
cohort performed a follow-up MRI after 1 year of observation. Brain volumes were calculated with SIENAX and the brain atrophy
(percentage brain volume change (PBVC)) was assessed with SIENA. Spearman’s test was performed to assess correlations. We have
shown statistically significant correlation of Expanded Disability Status Scale (EDSS) level with normalized brain volume (NBV, r=−
0.2721, p= 0.0062), white matter volume (WMV, r=− 0.2425, p= 0.015), and gray matter volume (GMV, r=− 0.216, p= 0.0309).
Multiple Sclerosis Severity Score (MSSS) score correlated with NBV (r=− 0.2521, p= 0.0352) and WMV (r=− 0.315, p= 0.0079).
Neither EDSS, nor MSSS scores correlated with the age of patients and relapse rate during the first year and 5 years. In our study, we
found statistically significant correlations of k-FLC in the CSF with NBV (r=− 0.311, p= 0.003) and with GMV (r=− 0.213, p=
0.0423). Q-k correlated onlywithNBV (r=− 0.340, p= 0.006) andQ-λwere negatively correlatedwithWMV (r=− 0.366, p= 0.003).
We did not find correlations of k-FLC in CSF, λ-FLC in CSF, Q-k, and Q-λ with duration of MS course, EDSS, MSSS, number of
relapses during the first year, and during the first 5 years of disease. Additionally, we subdivided the study population in accordance with
level of k-FLCCSF, Q-k, and Q-λ on the 25th and 75th percentile subgroups (25-k-FLCCSF/75-k-FLCCSF; 25-λ-FLCCSF/75-λ-FLCCSF;
25-Q-k/75-Q-k; 25-Q-λ/75-Q-λ). We found statistically significant difference of NBV and GMV between 25-k-FLCCSF and 75-k-
FLCCSF subgroups (p= 0.0047, p= 0.0297 respectively), NBV between 25-Q-k and 75-Q-k subgroups (p= 0.038), and NBV and
WMV between 25-Q-λ and 75-Q-λ subgroups (p= 0.0446, p= 0.0026 respectively). PBVC in the prospective group showed negative
correlation with kappa FLC in the CSF (r=− 0.4853, p= 0.0301) and Q-k (r=− 0.6132, p= 0.0224), but not with other clinical,
epidemiological data. In this study, we showed a strong negative correlation of k-FLC, Q-k, and Q-λwith brain atrophy in MS patients.
Additionally, patientswith high concentration of FLChad lower brain volumes.We did not find correlations of FLCwith the relapse rate,
age of patients, and MS time course. In the prospective group, the rate of atrophy was correlated with k-FLC and Q-k. We suggest that
level of intrathecal production of FLC can be a good prognostic biomarker for MS.
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Introduction

Multiple Sclerosis (MS) is an autoimmune inflammatory de-
myelinating disease of the central nervous system (CNS) with
prominent neurodegeneration [1]. Histological and imaging
studies revealed that neurodegeneration in MS proceeds in
parallel with episodes of demyelination [2]. Over the last de-
cade, a number of studies showed that brain neurodegenera-
tion in MS patients occurs at earliest stages of MS and at
significantly faster rate than in healthy persons (0.5–1% per
year vs 0.1–0.3% respectively) [3].

Demyelination, axonal loss, and subsequent neuronal death
lead to evident cerebral and spinal cord atrophy that is the
cause of long-term disability in MS patients. Main culprits
of neurodegeneration in MS remain to be identified, but it
was shown that Wallerian degeneration after acute axon tran-
section, mitochondrial dysfunction, oxidative stress, iron ac-
cumulation, toxic cytokines milieu, altered axonal ion homeo-
stasis, and activation of microglia may play a role in neuronal
death [4].

For a long time, it was thought that T cells are the most
important player in the pathogenesis of MS. But today, it
became clear that B cells also have prominent role not only
in episodes of demyelination, but also in the neuronal death. It
was substantiated by demonstration of B cells in white matter
lesions of MS patients, their presence in the ectopic lymphoid
follicles, increased concentration of B cell–related cytokines
in cerebrospinal fluid (CSF) (e.g., CXCL13 and BAFF), re-
stricted activation of the humoral immune response in the
CNS, synthesis of myelin-specific autoantibodies, and also
the good clinical response to the B cell depletion therapy [5,
6]. A number of recent studies also demonstrated that concen-
trations of B cells in the CSF correlate with gray matter atro-
phy [7].

Increased intrathecal production of immunoglobulins (Ig)
was the first identified immunologic biomarker of MS. Kappa
and lambda light chains (k-FLC and λ-FLC respectively) are
the structural part of Ig molecules. Elevated CSF concentra-
tions of k-FLC and λ-FLC were typically found in CIS and
MS patients and their diagnostic significance in MS was con-
sistently confirmed by the several research groups [8, 9]. FLC
can be the early-term and long-term prognostic marker for MS
[10]. Our group has found that MS patients with higher con-
centration of kappa FLC achieve irreversible disability faster
than MS patients with lower FLC concentrations [11]. These
data can reflect the possible link between FLC and neurode-
generation in MS.

Aim

The aim of this study is to determine the possible link between
FLC and brain atrophy in MS patients.

Materials and methods

This study was approved by the local Ethics Committee of the
Municipal Clinical Hospital No 31, City Center of Multiple
Sclerosis and Autoimmune Diseases. All participants provid-
ed written informed consent.

In the first part of this study, we performed a cross-sectional
analysis of clinical, radiological, and immunological data of
the heterogeneous group of 92 patients, diagnosed with
RRMS and secondary progressive MS (SPMS) according to
the McDonald 2010 criteria [12]. Lumbar puncture and serum
sampling were performed in all patients at the time of diagno-
sis of the disease. Immunological tests were carried out during
the first week after sample acquisition.

All data were collected for the time of MRI study.
Demography data included the gender and the age. Duration
time of MS course (dated from the first relapse), number of
relapses during the first year of disease, number of relapses
during the first 5 years of disease, Expanded Disability Status
Scale (EDSS) score, and Multiple Sclerosis Severity Score
(MSSS) measured at the time of MRI was collected.

In a subgroup of patients (n = 20), the prospectively ana-
lyzed brain atrophy rate after 1 year of follow-up (prospective-
ly studied subgroup).

Demographical data are presented in Table 1.
Kappa and lambda FLC concentrations in serum and CSF

samples of patients were measured using ELISA assay
(Polignost Ltd., St. Petersburg, Russia) based on monoclonal
anti-k and anti-λ antibodies directed against cryptic epitopes of
FLC molecules. This ELISA test has shown good concordance
with nephelometric measurement of FLC [8]. To exclude pos-
sible influence of serum FLC concentration on the CSF con-
centration, we calculated FLC quotients (Q-k and Q-λ, respec-
tively): Q-FLC = FLCCSF/FLCSERUM. Calculation of FLC in-
dex that includes quotient of albumin as a marker of blood-
brain barrier (BBB) integrity was considered to be unnecessary.
This is explained by preservation of BBB, assessed by albumin
quotient, in patients with definite MS [13, 14].

Table 1 Clinical and epidemiological data of studied MS patients

Clinical and epidemiological data of studied patients Values

Median duration of MS course (months) 22 (0, 472)

Median number of relapses during the
first year of disease (years)

1 (1, 4)

Mean number of relapses during the
first 5 years of disease (years)

2.485 ± 1.395

Median EDSS score 2 (0, 6.5)

Mean MSSS score 4.825 ± 2.509

Gender (male/female) 32/60

Median age (years) 32.5 (18, 65)

MS, multiple sclerosis; EDSS, Expanded Disability Status Scale; MSSS,
Multiple Sclerosis Severity Score
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In all patients in this study, the normalized brain volume
(NBV), gray matter volume (GMV), and white matter volume
(WMV) were measured with automated brain morphometric
technique called SIENAX, part of FSL package [15]. The
MRI data were acquired within 6 months from the date of
the lumbar puncture. 1.5 Tesla T1-weighted MRI sequences
with 1-mm isometric voxel were used to estimate NBV, GMV,
and WMV. A prospective group of patients performed a sec-
ond MRI after 1-year follow-up on the same machine. In this
subgroup, the two-time point percentage brain volume change
(PBVC) was estimated with SIENA (part of FSL) [15].
Volumes are presented in cubic millimeter.

Numerical data were analyzed with GraphPad Prism 6
(GraphPad Software Inc., CA, USA). To test for normality,
the Kolmogorov-Smirnov test was applied. All data demon-
strated non-normal distributions have been analyzed using
non-parametric Mann-Whitney U test. Data with normal

distribution were compared with help of parametric statistical
methods. A two-sided p value < 0.05 was considered to indi-
cate statistical significance. The analysis of correlation was
performed using non-parametric Spearman’s r value.

Results

Associations between brain volumes (NBV, GMV, WMV)
and clinical and epidemiological data were evaluated. We
did not find statistically significant correlation of NBV,
GMV, andWMVwith number of relapses during the first year
of disease and first 5 years of disease, but WMVand number
of relapses during the first year of disease had a trend to sta-
tistical significance (p = 0.06). The age of patients correlated
with NBV (r = − 0.3880, p = 0.0001) and GMV (r = − 0.5239,
p = < 0.0001), but not with WMV.
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Picture 1 Correlation of EDSS
score with brain volumes.
Correlations of EDSS level with a
normalized brain volume, b gray
matter volume, and cwhite matter
volume. EDSS Kurtzke’s
Expanded Disability Status Scale
score
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Picture 2 Correlations of MSSS
score with brain volumes.
Correlation of MSSS level with a
normalized brain volume and b
white matter volume. MSSS
Multiple Sclerosis Severity Score
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We identified that brain volumes (NBV, WMV, and
GMV) correlated with level of EDSS: NBV (r = −
0.2721, p = 0.0062); WMV (r = − 0.2425, p = 0.015);
and GMV (r = − 0.216, p = 0.0309). Additionally, MSSS
level correlated with NBV (r = − 0.2521, p = 0.0352) and

WMV (r = − 0.315, p = 0.0079), but not with GMV
(Pictures 1 and 2). We did not find significant correla-
tions of EDSS and MSSS with the MS relapse rate dur-
ing the first year and 5 years and the age of patients
(data not shown).
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Picture 3 Correlations of FLC
and Q-k with brain
volumes (values on the picture are
replaced by their ranks).
Correlations of kappa FLC in
CSF with a normalized brain
volume and b gray matter
volume. Correlations of Q-k with
c normalized brain volume and
correlation of Q-l with d white
matter volume. K-FLC kappa free
light chains, CSF cerebrospinal
fluid, Q-k kappa free light chain
quotients, Q-λ lambda free light
chain quotients
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Picture 4 Difference of brain
atrophy between 25th and 75th
percentiles of k-FLC
concentrations and Q-k.
Difference of a normalized brain
volume and b gray matter volume
between 25 per FLC-K CSF and
75 per FLC-K CSF subgroups,
and difference of c normalized
brain volume between 25 per Q-k
and 75 per Q-k subgroups. K-
FLC kappa free light chains, CSF
cerebrospinal fluid, Q-k kappa
free light chain quotients

Light chains and multiple sclerosis



To detect possible links between FLC and brain volumes,
we evaluated associations of k-FLC and lambda FLC in the
CSF, Q-k, and Q-λwith NBV, GMV, andWMV.We identified
statistically significant correlations of k-FLC in the CSF with
NBV (r = − 0.311, p = 0.003) and with GMV (r = − 0.213, p =
0.0423), but not with WMV (r = 0.043, p = 0.671). Q-k cor-
related with NBV (r = − 0.340, p = 0.006), but not withWMV
(r = − 0.123, p = 0.367) or GMV (r = 0.014, p = 0.897). We

also identified that Q-λ were negatively associated with
WMV (r = − 0.366, p = 0.003), but not with BMV (r = −
0.113, p = 0.674), GMV (r = − 0.034, p = 0.245).We did not
find correlations of k-FLC in CSF, λ-FLC in CSF, Q-k and
Q-λ with time of MS course, EDSS, MSSS, age of patients,
number of relapses during the first year of disease, and num-
ber of relapses during the first 5 years of disease (Picture 3).

To further investigate the FLC correlation with brain vol-
umes, the study populationwas subdivided in accordancewith
level of k-FLCCSF, λ-FLCCSF, Q-k, and Q-λ on 25th and 75th
percentile subgroups (25-k-FLCCSF/75-k-FLCCSF; 25-λ-
FLCCSF/75-λ-FLCCSF; 25-Q-k/75-Q-k; 25-Q-λ/75-Q-λ).
After that, brain volumes were compared between 25th and
75th percentile subgroups of λ-FLCCSF, k-FLCCSF, Q-k, and
Q-λ. The age and the time ofMS course did not differ between
percentile subgroups (p = 0.45 and p = 0.76 respectively).

We identified statistically significant difference of NBV
and GMV between 25-k-FLCCSF and 75-k-FLCCSF sub-
groups (p = 0.0047, p = 0.0297 respectively), NBV between
25-Q-k and 75-Q-k subgroups (p = 0.038), and NBV and
WMV between 25-Q-λ and 75-Q-λ subgroups (p = 0.0446,
p = 0.0026 respectively) (Pictures 4 and 5).

In the prospective group of patients with MS, we identified
negative correlation of brain volume changes with kappa FLC
in the CSF (r = − 0.4853, p = 0.0301) and Q-k (r = − 0.6132,
p = 0.0224), but not with other clinical (rate of relapses and
EDSS level), epidemiological data (age of patients and time of
MS course) and λ-FLCCSF and Q-λ (Picture 6).

Discussion

Neuroinflammation and neurodegeneration are two related
processes that are characteristic for patients with MS. B cells
play the major role in neurodegeneration in MS. They reside
in the brain parenchyma, cerebrospinal fluid, and
leptomeninges. It is supposed that B cells can drive neurode-
generation by producing autoantibodies or other soluble toxic
factors and also via activation of other cell population (e.g.,
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microglia); however, exact mechanisms are to be elucidated
[4]. Plasmacytes and plasmablasts are specialized producers
of k-FLC and λ-FLC. Animal model studies have shown that
these cells can populate and reside inside the inflamed CNS.
Concentrations of CSF FLC-k predict conversion to MS and
have prognostic significance for future disability after 2 years
following CIS and for long-term disease prognosis that was
not dependent from the relapse rate or MRI activity [8].

The goal of this research was to evaluate possible links of
FLC concentrations with brain atrophy.

The decrease of brain volume is a normal process in aging
during which a healthy person loses 0.1–0.3% of brain matter
annually [3]. These data explain identified correlation of NBV
(r = − 0.3880, p = 0.0001) and GMV (r = − 0.5239, p = <
0.0001) with the age of patients in our study.

Acute demyelination of WM and GM can lead to axonal
transection and subsequent Wallerian degeneration of neurons
[2]. In this study, we did not show statistically significant
correlation of inflammatory demyelinating activity of MS pa-
tients (number of relapses during the first year and first 5 years
of the disease) with NBV, WMV, and GMV, which is in line
with some research groups that also did not find the link be-
tween the relapse rate and brain atrophy [16, 17].

In patients with MS, demyelination, loss of neurons, and
neuroinflammation are the main processes, leading to the at-
rophy of white and gray matter and disability progression. In
this study, we identified statistically significant negative cor-
relation of EDSS score with GMV, WMV, NBV, and MSSS
with WMV and NBV. Interestingly, Fisniku et al. found that
disability scores correlated with GMV, but not with WMV
[18]. Correlation of disability scores with WMV in our study
can be explained by short mean time of MS course duration in
patients included to the research.

Although correlation between disability level, measured by
EDSS and MSSS, and clinical inflammatory activity and age
of patients was absent. These data suggest that neurodegener-
ation on the later stages is caused by a process that is indepen-
dent of demyelination, andmyelin loss is not linkedwith long-
standing disability of MS patients.

In accordance with previously published data, high intra-
thecal concentrations of FLC predict worse early-term and
long-term prognosis of MS patients [10]. In this study, we
performed correlation analysis of brain volumes and FLC.
We showed strong negative correlation of k-FLC with GMV
and NBV, Q-k with NBV, and also negative correlation of Q-l
with NBVandWMV. FLC did not correlate with other clinical
and demography variables. These data were additionally con-
firmed by increased brain atrophy in patients with high con-
centration of FLC variables (75th percentile subgroups) that
showed significant correlation with brain volumes. These data
suggest that concentration of FLCmay predict increased brain
atrophy independently of the relapse rate, age of patients, and
MS time course. Kappa FLC was shown to be a good

prognostic factor for MS, but to our knowledge, this is one
of the first studies that identified the link of FLC and the brain
matter shrinkage. Nevertheless, it was shown that intrathecal
production of immunoglobulin is linked with profound brain
atrophy [19].

FLC can be a marker of B cell–mediated process that
may not be related to acute demyelination, but can be
associated with neuroinflammation and subsequent neuro-
degeneration. Interestingly, that only intrathecal concen-
tration of kappa FLC correlated with GMV, but lambda
FLC correlated with WMV atrophy. These data should be
further evaluated.

We also found that in prospectively studied group con-
centrations of k-FLC and Q-k negatively correlated with
rates of brain atrophy (r = − 0.4853 and r = − 0.6132, re-
spectively) that reflects faster rates of atrophy in patients
with high FLC concentrations. We have already showed
the clinical link of high concentration of kappa FLC with
achievement of irreversible disability [11]. Newly re-
ceived data directly reflect association of elevated concen-
tration of kappa FLC and Q-kappa with neurodegenera-
tion in MS patients. Our data are compatible with the
study of María S. Sáez et al. that showed correlation of
kappa and lambda FLC in CSF with PBVC (r = − 0.72
and r = − 0.65, respectively) in clinically isolated syn-
drome [20]. The absence of statistically significant corre-
lation of PBVC with lambda FLC in our study can be
explained by MRI performance on the later stage of MS,
with probably more significant influence of kappa FLC
with increasing disease duration.

Presented results of the study encourage us to assume that
level of intrathecal production of FLC in patients withMS can
help to predict future neurodegeneration and the rate of brain
atrophy. The main cause of neurodegeneration and brain atro-
phy inMS is still a matter of debate. Elevated concentration of
FLC in CSF and their association with brain atrophy and dis-
ease progression can be a marker of unknown mechanisms of
B cell–mediated neuronal death.
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