
In: Multiple Sclerosis ISBN 978-1-61324-848-5 

Editor: E. Scholz and C. Müller, pp. 131-142  © 2012 Nova Science Publishers, Inc. 

 

 

 

 

 

 

 

 

Chapter VII 
 

 

Immunoglobulin Free Light Chains  

in the Diagnosis of Multiple Sclerosis 
 

 

Batia Kaplan
1,*, Sizilia Golderman

1
 and Ben-Ami Sela

2,3
 

1
Heller Institute of Medical Research, Sheba Medical Center, Tel-Hashomer, Israel 

2
Institute of Chemical Pathology, Sheba Medical Center, Tel-Hashomer, Israel  

3
Sackler School of Medicine, Tel-Aviv University, Tel-Aviv, Israel 

 

 

Abstract 
 

The diagnosis of multiple sclerosis (MS) is based on clinical criteria, magnetic 

resonance imaging (MRI) data and laboratory findings. The latter include information 

obtainable from analysis of cerebrospinal fluid (CSF) where demonstration of oligoclonal 

immunoglobulin G (IgG) bands (OCB) indicates an intrathecal production of IgGs and 

supports diagnosis of MS. One of the major disadvantages of this commonly used test is 

that OCBs might be detected in other inflammatory and infectious diseases of the central 

nervous system. Thus, search for novel technologies and new MS-specific markers is of 

diagnostic value. 

This review highlights the potential importance of Ig free light chains (FLCs) as 

novel diagnostic markers for MS. Different methods applied to analyze FLCs in the CSF 

of MS patients are described. These include immunochemical methods based on 

electrophoretic techniques, as well as radioimmunoassay and nephelometric 

immunoassay. Application of these methods brought valuable information with regard to 

the characteristic features of FLCs in MS:  and  level, their oligoclonality and 

monomer-dimer patterns. In this review, the advantages and disadvantages of the 

reported methods are discussed with respect to their specificity, sensitivity, complexity 

and availability. While none of the reported methods is perfect, many of them may 

complement each other by providing a more comprehensive characterization of FLCs in 

MS. Considering the heterogeneous nature of MS, such information may assist in further 
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studies aimed to establish new laboratory markers for different forms and stages of this 

disease. 

 

 

Introduction 
 

Multiple sclerosis (MS) is a central nervous system (CNS)-specific, putatively 

autoimmune disease that triggers inflammation in the brain and spinal cord and results in 

demyelination, axonal damage and neuronal loss. As in other chronic inflammatory diseases, 

the CNS of patients with multiple sclerosis shows infiltration of activated T cells and 

macrophages, dendritic cells, B cells and plasma cells. This implies potential roles for both 

cellular and humoral immune responses and the engagement of different immunopathological 

effector mechanisms yielding CNS tissue destruction [1]. The diagnosis for MS is based on 

clinical criteria, magnetic resonance imaging (MRI) data and laboratory findings [2]. The 

latter include information obtainable from analysis of cerebrospinal fluid (CSF) where 

demonstration of oligoclonal immunoglobulin G (IgG) bands (OCBs) indicates an intrathecal 

production of Igs and supports the diagnosis of MS.  

Although demonstration of OCBs in CSF is a commonly accepted test in MS 

management, OCBs might be detected in other inflammatory and infectious CNS diseases [3]. 

Another disadvantage of the OCB test is that this technique is qualitative and highly depends 

on skills and experience of laboratory personnel. Problems might also arise with the 

interpretation of a single weak band, and additional techniques might be crucial to obtain a 

more conclusive diagnosis. In this respect, development of novel laboratory techniques and 

the search for new reliable MS-specific markers remains of considerable diagnostic 

importance for MS.  

The potential importance of immunoglobulin free light chains (FLCs) in the diagnosis of 

MS was first described in the late 70s. Early immunochemical methods were mainly based on 

electrophoretic techniques, such as immunoelectrophoresis [4, 5], sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE) [6], agarose electrophoresis or 

isoelectrofocusing [7-9]. These studies demonstrated increased levels of FLCs in the CSF of 

MS patients. The applied methods, however, were basically qualitative, their specificity in 

MS remains questionable, and they are not used for routine CSF analyses. For quantification 

of FLCs in CSF, radioimmunoassay [10, 11] and nephelometric immunoassay [12-14] were 

applied. Recently, the nephelometric FLC assay [15, 16] gained special attention in MS 

studies. In contrast to the OCB test, this FLC test is highly automated, it allows quantitative 

determination of FLCs, and demonstrates the significantly increased 

, albeit the high sensitivity of the nephelometric FLC assay [12-14], its 

specificity was lower than that of the conventional OCB test [13, 14]. As a result, the OCB 

test still prevails as the most commonly used laboratory method to support the diagnosis of 

MS. 

In a recent study in our laboratory we applied Western blot technique to analyze the 

monomer-dimer patterns of  and  type FLCs in patients with MS and other neurological 

diseases [17]. The combined use of the FLC indices accounting for monomeric and dimeric 

FLC-  and  levels and /  and serum, was found to show some 

promising improvements in the diagnosis of MS. 
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This review is focused on FLC studies in MS including the issues of FLC production 

within CNS, the possible role of FLCs in MS pathogenesis and their diagnostic value. The 

importance of FLCs as a biomarker for MS is highlighted. Advantages and disadvantages of 

different methods for FLC analysis are discussed with respect to their utility as diagnostic 

tests for MS.  

 

 

FLCs in Health and Disease 
 

Human immunoglobulin (Ig) molecules consist of two identical heavy chains and two 

identical light chains. The latter exist as two isotypes,  or , and they are covalently linked to 

heavy chains. Any given antibody molecule has either  or -type light chain but not both. 

FLC-  molecules (chromosome 2) are constructed from about forty functional V  gene 

segments, five J  gene segments and a single C  gene. FLC-  molecules (chromosome 22) 

are constructed from approximately thirty V  gene segments, four pairs of functional J  gene 

segments and a C  gene. FLCs are incorporated into Ig molecules during B lymphocyte 

development and are expressed initially on the surface of pre B-cells. Production of FLCs 

occurs throughout the rest of B-cell development and in plasma cells, where the secretion is 

highest [16]. 

Normally, light chains are produced in excess over heavy chains. In a healthy state, the 

majority of light chains in the serum are bound to heavy chains, and the serum level of the 

secreted unbound light chains, i.e., so-called free light chains (FLCs), is low. FLCs can also 

be detected in urine, cerebrospinal fluid and synovial fluid, where the physiological levels of 

FLCs are also low. Under pathological conditions, however, production of FLCs might be 

abnormally high [16]). In monoclonal gammopathies, such as multiple myeloma, primary 

systemic amyloidosis (AL amyloidosis), and non-amyloid light chain deposition disease, the 

levels of monoclonal FLCs in the serum are significantly increased. Serum levels of 

polyclonal FLCs might be markedly elevated in some patients with inflammatory or 

autoimmune diseases associated with generalized increased B-cell activation, e.g., systemic 

lupus erithematosus, AIDS, and Sjogren's disease. In MS, because of the inflammation of 

CNS, synthesis of intrathecal FLCs leads to their accumulation in the CSF of the affected 

patients. 

FLC molecules are usually monomers and dimers but higher polymeric forms might also 

exist [18-22]. Dimeric FLC are composed of two identical monomeric FLCs (either kappa or 

lambda) bound to each other by covalent or non-covalent links.  FLCs have a stronger 

tendency to dimerization (and oligomerization) compared to that of 

non-covalent dimerization of FLCs, the intermolecular electrostatic, hydrophobic and 

hydrogen bonds may play a role. Covalent binding of FLC monomers into dimers involves 

formation of an interchain disulfide bond between C-terminal FLC cysteins via oxidation of 

their thiol (SH) groups acting as electron donors. Formation of disulfide bonds occurs 

intracellulary and is catalyzed by a family of oxi-reductases. Activity of these enzymes 

depends on the environmental conditions within the cell, especially on redox potential [23, 

24]. Under pathological conditions, however, shift in redox potential may occur thus affecting 

the subtle balance between monomeric and dimeric states. Alternatively, the peculiarities of 

FLC structure caused by somatic mutations or/and post-translational modifications might also 
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affect formation of inter-molecular disulfide bonds [25]. Marked increase in the level of 

dimeric and multimeric FLC forms was demonstrated in the serum of patients with 

monoclonal gammopathies, such as multiple myeloma [22, 26] and AL amyloidosis [27]. Our 

recent study showed significant increase in the proportion of dimeric  FLCs in the CSF of 

about 50% of the tested MS patients [17].  

 

 

Intrathecal Production of FLCs  

and their Role in MS 
 

Intrathecal antibody production and presence of oligoclonal IgGs in the CSF are the 

characteristic features of MS. Therefore, many studies are focused on the elucidation of 

mechanisms of B-cell trafficking, survival, and differentiation in the CNS leading to the 

intrathecal Ig synthesis. It was found that peripherally activated B-cells (plasmablasts) may be 

selectively recruited to MS brain where they differentiate into antibody producing cells. 

Alternatively, the circulating memory B-cells might enter the CNS and then expand and 

mature locally mimicking a germinal center reaction [28, 29]. The lymphoid follicle-like 

structures in the cerebral meninges were detected in about 40% of the secondary progressive 

MS cases [1]. These findings support the view that B-cell maturation can be sustained locally 

within the CNS and contribute to the establishment of a compartmentalized humoral immune 

response.  

Intrathecal production of FLCs in MS usually occurs alongside production of intact IgGs. 

However, in some MS cases the abnormal increase in  FLCs in CSF was observed without 

concomitant increase in IgG production [13, 30] and in the absence of oligoclonal IgG 

banding [17, 13, 31, 32]. These studies suggest that production of FLCs might be selectively 

increased as a result of an ongoing intrathecal humoral immune response [33].  

Despite the considerable progress toward understanding the humoral immune response 

developing in the CNS of MS patients, it was not yet clarified whether the intrathecally 

produced antibodies are relevant to the pathology of this disease [34]. In respect to intrathecal 

FLCs, they have been long considered as the meaningless remnants of spillover in Ig 

production by B-cells [35]. However, the recently discovered ability of FLCs to sensitize 

mast cells shed new light on their potential role in immune responses. It was shown that  

FLCs induce mast cells degranulation and de novo synthesis and release of inflammatory 

mediators [33, 35, 36]. Significant elevation of the specific mast cell markers in the CSF of 

MS patients [35, 37, 38], increased number of mast cells in MS brain [35], together with 

increased CSF levels of FLC in this disease [12-14, 17], support the view that FLCs may play 

a role in the pathogenesis of MS [38]. However, many important questions must be answered 

before a role for FLCs in MS can be ascertained. It still remains unclear whether FLCs 

interact with mast cells, and if so, the elucidation of membrane receptor involved in FLC-

mediated responses will become crucial [35]. Further studies are required to understand the 

mechanism of mast cell activation in MS. 
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Analysis of Intrathecal  and  FLCs in MS 
 

FLCs were first detected in the CSF of MS patients by using single radial 

immunodiffusion [39, 40]. The following early studies were mainly based on agarose 

electrophoresis or isoelectrofocusing [7-9] and radioimmunoassay [10, 11]. In some studies 

the predominance of  over -type FLCs was demonstrated [7, 41]. Other studies, however, 

showed the abnormally high CSF level of  rather than -FLCs [10, 11]. Oligoclonality of 

both  and 

capillary blotting technique [9]. Similarly, isoelectrofocusing of CSF samples from 50 

patients with definite MS diagnosis demonstrated oligoclonal banding of  and 

92% and 86% MS cases, respectively [42]. However, since the increased  and 

the oligoclonality of FLCs were also observed in other non-MS neurological diseases, the 

utility of FLC testing in the diagnosis of MS is still questionable.  

At present, due to the development of a highly automated nephelometrc FLC assay [16], 

there is a growing renewed interest in CSF FLCs as potential markers for MS [12-14, 43]. In 

contrast to the previously used electrophoresis-based immunochemical techniques, the 

nephelometric FLC assay allowed quantification of  and  FLCs. The developed method 

also made possible construction of FLC indices to account for the differences in FLC level in 

patient's CSF and serum (FLC CSF/serum ratio), and for the deterioration of blood-CSF-

barrier (albumin CSF/serum ratio). Comparison of  and  FLC index values determined by 

this assay showed that -FLC index was more specifically related to MS comparing with -

FLC index [13, 14]. In MS, the -FLC indices varied from 2 to 618, and were significantly 

higher as compared to those in other non-inflammatory CNS diseases (from 1 to 74) [13]. 

According to another report [14], -FLC indices ranged from 2.03 to 1514 in MS, whereas 

the highest -FLC index value in a control group was 6.18. Thus, the increased intrathecal 

production of  type FLCs was considered as an important pathological feature characterizing 

MS.  

Although high values of -FLCs values were typically found in MS patients, it remains 

uncertain whether the intrathecal  level may serve as an independent diagnostic parameter. 

Both  and  may be significantly increased not only in MS but also in other non-MS 

inflammatory disease  -FLCs in CSF by nephelometric assay showed 

high sensitivity in detecting MS, however, the specificity of this assay was lower than of the 

OCB test [14] and even lower than the IgG index [13]. Most probably, the increased -FLC 

values are suggestive of MS, hence this FLC parameter together with other laboratory data 

and clinical indications, should be taken into consideration in the diagnosis of MS.  

The predictive value of FLC analysis remains unclear. Some studies pointed to the 

predictive values of FLC-  levels in CSF for the progression on expanded disability status 

score (EDSS) in MS ([44, 45]. Other authors, however, found no relationship between FLC-  

index and duration of disease or MS progression evaluated by EDSS [13].  

Although the utility of FLCs in the diagnosis of MS still raises many questions, there is 

no doubt that both the electrophoretic techniques and the nephelometric assay mentioned 

above are useful to elucidate the distinct pathological features of immunoglobulin synthesis in 

this disease. In this respect, it is noteworthy that selection of the method for FLC analysis, as 

well as interpretation of the obtained data, should be done by taking into account the 
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advantages and disadvantages of the used techniques. The electrophoresis-based techniques 

are usually qualitative, more laborious and less sensitive as compared to nephelometric FLC 

assay. However, these techniques are relatively inexpensive and could be easily applied in 

clinical laboratories. In contrast, the nephelometric assay is rapid, simple and allows 

quantitative determination of the FLC level. However, this assay requires special and 

expensive equipment which may not be available in clinical laboratories. Another limit of the 

nephelometric FLC assay is the overestimation of FLC values in samples containing high 

amounts of dimeric and multimeric forms of FLCs [46, 47], that may complicate the 

interpretation of the obtainable data.  

Thus, it appears that there is no single perfect method of FLC analysis to diagnose MS. 

Comparison of data obtained by FLC analysis and by other laboratory tests (including 

oligoclonal IgG banding) seems to be important, whereas search for new diagnostic FLC tests 

remains to be challenging.  

 

 

Figure 1. Western blot analysis of FLCs in the CSF of MS (cases #162, 5, 33) versus non-MS (case #158) 

patients. Samples were run by SDS-PAGE on 10-20% polyacrylamide gels under non-reducing conditions 

and immunostained using anti-  and anti-  antibodies. Typical examples of the common and rare FLC 

profiles in MS are displayed. The commonly observed FLC profile (#162 and 5) show the significantly 

increased levels of  monomers and dimers, as well as the increase of  /  monomer ratios. The level of  

dimers is patient-specific. The rare MS profile (#33) is characterized by significantly elevated lambda dimers, 

whereas the levels of kappa and lambda monomers are law. 
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Figure 2. Western blot analysis of FLCs in the CSF versus serum of MS (cases #471 and 25) and non-MS 

(case #4) patients. Samples were run by SDS-PAGE on 10-20% polyacrylamide gels under non-reducing 

conditions and immunostained using anti-  and anti-  antibodies. Typical examples of FLC profiles in the 

CSF and serum of the same patients are displayed. In a common FLC profile observed in MS (#471), /  

monomer ratio in the CSF is high comparing to that in the serum. In the rare FLC profile (#25),  

dimer/monomer ratio is high in the CSF comparing with that in the serum. None of these FLC patterns in 

CSF versus serum is observed in the non-MS case (#4).  

 

Analysis of Monomeric and Dimeric FLCs in MS 
 

In our search for new diagnostic FLC parameters, we relied on our and findings of others, 

pointing to abnormal changes in the dimerization and polymerization of FLCs under certain 

pathological conditions, such as multiple myeloma, amyloidosis and non-amyloid light chain 

deposition disease [22, 25, 27, 48, 49]. Therefore, in contrast to the previously reported 

techniques used for FLC analysis, we evaluated the level of monomeric and covalently bound 

dimeric FLCs by employing the non-reducing SDS-PAGE coupled with immunoblotting [17]. 

In this report, data analysis was based on a quantitative evaluation of the intensity of 

immunoreactive bands of  and  and dimers, as a measure of their levels in the 

CSF and serum. The intensity of the immunoreactive bands of the tested CSF samples was 
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normalized with that of the positive control (MS) sample (ratio of the intensity of 

immunoreactive band in the control to that in the tested sample). Abnormally increased levels 

of monomeric and dimeric -FLC were observed in the MS group (18 patients with definite 

MS diagnosis and 3 MS/CIS patients) as compared to control group (n=8) and a large part of 

patients with other non-MS neurological diseases (20 out of 29). In contrast to -FLCs, the 

level of  monomer in MS was low and comparable to that of the controls. The level of 

lambda dimer, however, varied within the MS group from normal to highly increased values. 

We found that  but not  level, as well as monomeric rather than dimeric  ratios are the 

preferable FLC parameters for differentiation between MS and non-MS patient groups. Three 

most informative diagnostic FLC indices were selected: a) CSF  index accounting for 

monomer level (Test 1), b) CSF  monomer index (Test 2), c) ratio of  monomer 

intensity values in the serum to that in CSF (Test 3). Although each of these selected tests 

allowed the statistically significant differentiation between the MS and non-MS patient 

groups, none of these FLC indices taken separately was efficient enough to differentiate MS 

from other neurological diseases. However, the combined use of these FLC indices was 

highly effective for the diagnosis of MS. Mathematical multiplication of the above mentioned 

FLC index values was used to construct the Combined Test Index for monomers (CTIm). It 

allowed the determination of threshold value to efficiently differentiate MS from the non-MS 

cases. The developed FLC method demonstrated high specificity and sensitivity for MS as 

compared to the conventional OCB test applied for the same patients. 

Our current examination of CSF samples was carried out with an extended number of 

patients with definite MS diagnosis (n=46). This study revealed some rare MS cases showing 

normal levels of  and  monomers   dimers. Such 

pathological FLC pattern was not observed in the non-MS group (unpublished data). Taken 

together our reported data [17] and our new findings, we assume that the intrathecal FLCs in 

MS exhibit two different pathological profiles. In a common FLC profile (found in about 90% 

MS cases), significantly increased monomer and dimer levels are observed. In such cases,  

monomer level is close to that observed in the controls, while  dimer level is patient-specific 

and varies from normal to high values. In a less frequent FLC MS profile (about 10%), the 

most prominent feature is the increase in  dimer level; no significant increase was found in  

and  type monomer level (Figure 1). Figure 2 demonstrates differences between the FLC 

profiles in CSF versus that in the serum of the same MS patient. In a common FLC profile 

observed in MS, /  monomer ratio in the CSF is high in comparison to that in the serum. In 

the less frequent FLC profile,  dimer/monomer ratio was high in the CSF comparing with 

that in the serum. Thus, for the quantitative assessment of the less frequent FLC profiles in 

MS, the following FLC indices was determined: CSF  dimer level index (Test 4), CSF  

dimer/monomer ratio index (Test 5), and ratio of  dimer/monomer value in the serum to that 

in the CSF (Test 6). We found that Combined Test Index for dimers (CTId) constructed using 

multiplication of Test 4, Test 5, and Test 6 values could be used as an additional test to 

diagnose MS. According to the results of our previous report [17] and those obtained by our 

presently conducted study, most MS patients show normal level of  monomer but an 

abnormally high level of  monomer and a CTIm value of less than 4 (common FLC profile 

in MS). In some less frequent MS cases, however,  and  monomer levels are close to 

normal, but  dimers are significantly elevated and the CTId value is <0.007. Based on these 
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criteria, analysis of 46 cases with definite MS and 37cases with other non-MS neurological 

diseases showed high specificity (95.7%) and sensitivity (95.6%) of the applied technique. 

Oligoclonality test applied for the same patients yielded a specificity of 80% and sensitivity 

of 85.1%. Thus, analysis of monomer-dimer profiles of  and  FLCs appears to be of 

promising diagnostic importance in MS.  

 

 

Conclusions 
 

Intrathecal production of FLCs is now regarded as an important part of humoral immune 

response developing in the CNS of MS patients. In this respect, detection and analysis of 

FLCs is of considerable interest, as it could contribute to the diagnosis of MS and may help to 

explore the possible link between FLC parameters and the form, stage and severity of MS 

disease. In most reports, importance of either -FLC level or FLC oligoclonality was 

highlighted as a characteristic feature of MS. However, the specificity of such tests based on a 

single FLC parameter was insufficient to differentiate MS from other neurological diseases. 

In our methodological approach, different FLC parameters were taken into consideration to 

support or exclude the diagnosis of MS. In contrast to the nephelometric FLC assay which 

allows an estimation of the total amount of all molecular forms of FLCs (monomers. dimers 

and multimers), our technique makes possible differential analysis of FLC monomers and 

covalently bound dimers. We revealed abnormalities of FLC dimerization in the CSF of MS 

patients, and this finding was taken into account when selecting the diagnostically useful 

markers for MS. The developed method showed high specificity and sensitivity as compared 

to the commonly used IgG oligoclonality test.  

Although the reported methods of FLC analysis are different in their sensitivity and 

specificity, some of them may complement each other by providing a more comprehensive 

characterization of FLCs, for example, determination of oligoclonality of FLCs (by 

isoelectrofocusing or high resolution agarose gel electrophoresis), pI (isoelectrofocusing), 

concentration (nephelometry), monomer-dimer pattern (SDS-PAGE). Considering the 

heterogeneous nature of MS, such information may assist in the further studies aimed to 

establish new laboratory markers for different forms and stages of this disease. 
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