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Objective - The detection of oligoclonal immunoglobulin free light chains 
(FLC) in the diagnosis of multiple sclerosis (MS) was compared to IgG 
isoelectric focusing. Material and methods - Cerebrospinal fluid and serum 
samples from 69 patients with possible first attacks of MS, 50 patients with 
clinically definite MS (CDMS), and 118 patients with other neurological 
diseases (OND) were analyzed. IgG and FLC oligoclonal bands were 
detected by isoelectric focusing and immunoperoxidase staining. 
Results - Intrathecal synthesis of IgG, kappa FLC, and lambda FLC 
oligoclonal bands, respectively, was seen in 92%, 92%, and 86% of MS 
patients; in 61%, 62%, and 64% of patients with possible first attacks of MS; 
and in 3%, 370, and 8% of the patients with OND. In control patients 
without IgG synthesis intrathecal lambda FLC synthesis was more common 
than kappa FLC synthesis (P=0.03). Conclusion - Kappa FLC detection 
proved as useful as IgG analysis for the laboratory diagnosis of MS whereas 
the presence of intrathecal lambda FLC synthesis was less specific. 

The diagnosis of multiple sclerosis (MS) is based 
on clinical criteria (1). The detection of intrathecal 
IgG synthesis, preferably by isoelectric focusing for 
the detection of oligoclonal bands, is recognized as 
an important aid in the diagnosis (1,2). In addition 
to whole immunoglobulins, free immunoglobulin 
light chains (FLC) are synthesized within the 
central nervous system in patients with MS (2, 3). 
Previous studies suggested that the detection of 
intrathecal FLC synthesis may be an important 
additional measure in the diagnosis of MS (4-12). 
The purpose of the present study was to evaluate 
the diagnostic value obtained by detection of kappa 
and lambda FLC oligoclonal bands by isoelectric 
focusing and immunoblotting. 

Material and methods 

Paired cerebrospinal fluid (CSF) and serum samples 
from 237 patients were examined. Sixty-nine patients 
had possible or probable first attacks of MS, 50 had 
clinically definite MS (CDMS) according to the Poser 
criteria (l), and 118 had other non-inflammatory 
neurological diseases (OND; spinal disk herniation 
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[41], back pain [36], spinal stenosis [21], cerebro- 
vascular disease [5], peripheral neuropathy [4], 
tumor [3], headache [2], vertigo [2], vitamin B,, 
deficiency [l], amyotrophic lateral sclerosis [l], no 
evidence of neurological disease [2]). The samples 
from patients with suspected or definite MS were 
obtained from consecutive outpatients from the 
Department of Neurology. Samples from the patients 
with other neurological diseases were obtained 
from patients undergoing a diagnostic lumbar 
puncture or a myelography at the Department of 
Neurology or the Department of Neurosurgery. All 
samples were stored at -80°C. 

Free immunoglobulin kappa and lambda light 
chains were detected by isoelectric focusing in an 
agarose gel using a modified version of a previously 
described method (13, 14). Briefly, 0.5 mm thick 1% 
Agarose IEF gels (Pharmacia, Uppsala, Sweden) 
containing a mixture of ampholytes (1.5% v/v 
Pharmalyte pH 8-10.5 and 3.5% v/v Pharmalyte 
pH 3-10, Pharmacia, Uppsala, Sweden) were cast 
on Gelbond sheets (FMC Bioproducts, Maine, 
USA). CSF ( 8 ~ 1 ,  undiluted) and serum samples 
(8 PI, diluted 1 : 500 in PBS buffer) from individual 

161 



Krakauer et al. 

patients were analyzed in parallel. The gels were 
focused on a Multiphor I1 apparatus with an ECPS 
2000/150 power supply (Pharmacia) with an inter- 
electrode distance of 7 cm, applying 0.015 W/cm2. 
Voltage was integrated over time to a total of 
600 Vh using a volthour integrator (Pharmacia). 
Typically the initial voltage was 180-200 V which 
increased during approximately 90 min to 600- 
700 V After focusing, the gel was quickly dragged 
through tap water and preblotted with a sheet of 
dry nitrocellulose (BA85, Schleicher & Schuell, 
Dassel, FRG). Finally, the proteins in the gel were 
blotted for 20 min on to a sheet of nitrocellulose 
prewetted in PBS and subsequently blocked in 2% 
casein (C3400, Sigma Chemical Co., St Louis, 
Missouri, USA) for 20 min. After washing the 
nitrocellulose membrane twice in tap water, the 
following incubations were performed at room 
temperature: overnight incubation with rabbit anti- 
human free kappa light chain antiserum (DAKO 
A100, DAKO A/S, Glostrup, Denmark) or rabbit 
anti-human free lambda light chain antiserum 
(DAKO A101) diluted 1 : 500 in PBS with 0.2% 
casein; incubation for 1 h with biotinylated swine 
anti-rabbit antiserum (DAKO E353) diluted 
1 : 1000 in PBS with 0.2% casein; and incubation 
for 1 h with avidin-peroxidase conjugate (Sigma 
A3151) 1 pg/ml in PBS with 0.2% casein. Each 
incubation was followed by 2 washes in tap water 
and 3 washes in TBS (25 mM Trizma base, 0.5 M 
NaC1, pH 7.5). IgG oligoclonal bands were detected 
by a similar procedure except that the immuno- 
staining was based on a rabbit antiserum specific 
for the Fc fragment of human IgG (1 h, DAKO 
A423, 1 : 500) and a horseradish peroxidase conju- 
gated goat anti-rabbit antiserum (1 h, DAKO P448, 
1 : 500). In specificity studies anti-human IgA 
(DAKO A262) and anti-human IgM (DAKO 
A425) antibodies were used instead of the anti-IgG 
antiserum. All blots were stained by immersion in 
a solution of 0.6 mg/ml 3-amino-9-ethyl carbazol 
(Sigma A5754) and 0.6pl/ml H20, in 50mM 
sodium acetate, pH 5.0 for 10 min. 

The isoelectric focusing patterns were assessed 
according to a recent consensus report from “The 
Committee of the European Concerted Action for 
Multiple Sclerosis” as follows (2): 1) normal CSF; 
2) CSF restricted oligoclonal bands: local synthesis; 
3) CSF restricted oligoclonal bands with additional, 
identical bands in CSF and serum: local synthesis; 
4) identical oligoclonal bands in CSF and serum: 
not local synthesis; 5 )  monoclonal bands in CSF 
and serum: not local synthesis. 

Albumin concentrations were measured in 
serum and CSF by rate-nephelometry using the 
ArrayTM Protein System (Beckman Instruments, 
Inc., Brea, CA, USA) and reagents supplied by the 

manufacturer. Intra- and interassay variation for 
albumin determinations in serum and CSF was 
below 5 YO. IgA and IgM concentrations in CSF and 
serum were determined by ELISA as previously 
described in detail (15). Intra- and interassay vari- 
ation was below 10% for these assays. CSF-serum 
concentration quotients for albumin (Qa,,,), IgA 
(a,,,) and IgM (QIgM) were calculated and the 
presence of intrathecal IgA and IgM synthesis was 
estimated by extended immunoglobulin index for- 
mulae (15-17). The upper reference limit of the 
extended IgA index (?deA/Qal~.ls) and the extended 
IgM index (QIgM/Qalb are 1.02 and 20.9, respec- 
tively (15). 

Frequencies are given with 95% confidence 
intervals. The x2 test was used for statistical com- 
parisons. Kappa statistics were used to estimate the 
interobserver agreement in the interpretation of 
banding patterns. The kappa quotient (K) values, 
ranging from 0 to 1, are given with 95% confidence 
intervals. A K value of 0 represents no greater 
agreement than would be expected by chance. A K 
value of 1 represents perfect agreement. Empiri- 
cally K values of 0.61-0.80 correspond to good 
agreement and values of 0.81-1.00 correspond to 
very good agreement (18). 

Results 

Isoelectric focusing and FLC immunoblotting 
always revealed a polyclonal background pattern, 
i.e., a homogenous staining over a wide pH range, 
and like IgG bands oligoclonal FLC bands were 
observed as discrete bands over the entire pH 
range of the gels. The specificity of the FLC 
blotting procedure was assessed by comparing the 
results obtained in IgG, IgA, and IgM blotting to 
the results of FLC blotting in 10 patients with 
intrathecal synthesis of kappa and lambda FLC. We 
found no evidence of crossreactivity since no bands 
corresponding to the FLC bands were seen on the 
IgG, IgA, or IgM blots. 

When the banding patterns were classified 
according to the elaborate system described in the 
consensus report from “The Committee of the 
European Concerted Action for Multiple Sclero- 
sis” we found good interobserver agreement in 
the interpretation of IgG (~=0.76;  0.69-0.83), 
kappa (~=0.79;  0.72-0.86) and lambda (~=0.65;  
0.57-0.72) FLC results. The level of agreement 
was, however, better when only the presence or 
absence of intrathecal synthesis was assessed 
(IgG: ~=0 .93 ,  0.88-0.98; kappa bands: ~ = 0 . 9 7 ,  
0.93-1.00; lambda bands: ~=0 .90 ,  0.84-0.95). In 
the following we therefore discriminate only 
between the presence or absence of intrathecal 
synthesis. 
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The prevalences of intrathecal synthesis of IgG 
and FLC in the 3 patient groups are shown in Table 
1. The prevalences of IgG, kappa, and lambda FLC 
were all significantly higher in the patients with 
CDMS than in patients with either possible first 
attacks of MS or the control subjects (all P<O.Ol). 
In patients with CDMS most subjects had con- 
comitant synthesis of IgG and both types of FLC. 
One patient with CDMS did, however, have 
intrathecal synthesis of kappa and lambda FLC in 
the absence of an oligoclonal IgG pattern. This 
patient had normal extended IgA and IgM indices. 

In the group of patients with possible first attacks 
of MS, intrathecal synthesis of IgG or FLC was less 
common than among CDMS patients (Table 1; all 
P<O.Ol). Intrathecal synthesis of IgG or FLC was, 
on the other hand, significantly more common in 
patients with possible first attacks of MS than in 
the control group (Table 1; all P<O.OOl). As in the 
CDMS group, most patients with intrathecal syn- 
thesis of IgG had concomitant intrathecal FLC 
synthesis. However, 2 patients with possible first 
attacks of MS had intrathecal IgG synthesis in the 
absence of intrathecal FLC synthesis. One had a 
postinfectious myelopathy and 1 had brain stem 
symptoms; the latter patient had an increased 
extended IgM index. Six patients with possible first 
attacks of MS had intrathecal FLC synthesis with- 
out concomitant intrathecal IgG synthesis. Among 
these 6 patients one had isolated intrathecal kappa 
FLC synthesis and increased extended IgA and 
IgM indices, 3 had isolated intrathecal lambda FLC 
synthesis and normal extended IgA and IgM indi- 
ces, and 2 had both intrathecal kappa and lambda 
FLC synthesis and normal extended IgA and IgM 
indices. 

Only 4 patients in the OND group had intra- 
thecal synthesis of IgG. Among these, 1 patient 
with spondylolistesis had no intrathecal FLC syn- 
thesis of IgG whereas the 3 remaining patients had 
intrathecal synthesis of both kappa and lambda 

FLC (1 with low back pain, 1 with polyneuropa- 
thy). Intrathecal kappa FLC synthesis in the OND 
group was always accompanied by intrathecal IgG 
synthesis. Isolated intrathecal synthesis of lambda 
FLC, i.e., in the absence of IgG or kappa FLC 
synthesis, occurred in 6 patients in the OND group 
whereas no patients in the OND group had isolated 
intrathecal synthesis of kappa FLC (P=0.03). The 
6 patients with isolated synthesis of lambda FLC 
suffered from disc herniation [3], low back pain [2], 
and disc degeneration [l]; none of these patients 
had increased extended IgA or IgM indices. 

Discussion 

Oligoclonal intrathecal synthesis of IgG or FLC 
can be detected by isoelectric focusing if the syn- 
thesis level is above a threshold determined by the 
polyclonal background level. In the healthy CNS, 
low concentrations of FLC and IgG can be found 
due to diffusion across the blood-CSF barrier. A 
theoretical advantage in the detection of FLC 
instead of IgG oligoclonal bands is that the con- 
centration of FLC in serum and, consequently, the 
polyclonal background in CSF, is lower than for 
IgG because the FLC are rapidly cleared from 
plasma by the kidneys. The results of the present 
study demonstrate that the detection of intrathecal 
synthesis of kappa FLC conveys approximately the 
same information as the detection of an oligoclonal 
IgG response in patients with possible or definite 
MS. Furthermore, the interobserver agreement 
when classifying the FLC isoelectric focusing 
patterns is comparable to that observed in iso- 
electric focusing studies of IgG (13). 

Previous studies have established the presence 
of intrathecal immunoglobulin FLC synthesis in 
patients with MS (3-12, 19-21). The presence of 
intrathecal kappa FLC synthesis was reported 
to be slightly more common than intrathecal IgG 
synthesis in patients with MS or acute optic neuritis 

Table 1 lntrathecal synthesis of IgG. kappa and lambda immunoglobulin free light chains (FLC) in patients wi th  possible first attacks of multiple sclerosis (MS). clinically definite 
MS. and neurological control subjects (number of patients percentage of patients wi th  95% confidence intervals in parentheses) 

Possible or probable first attacks of MS Clinically definite MS Other neurological diseases 

Number of patients 69 50 118 

IgG intrathecal synthesis 42 (61 %. 48-721) 46 (92%. 81 -98%) 4 13%, 1-9%) 

Kappa free light chain intrathecal synthesis 43 (62%. 50-74%) 46 (92%. 81-98%) 3 13%. 1-9%) 

Lambda FLC intrathecal synthesis 44 (64%. 51 -75%) 43 (86%, 73-94%) 9 (8%. 4-15%) 

9 (8%. 4-15%) Kappa and/or lambda FLC intrathecal synthesis 

IgG intrathecal synthesis without FLC intrathecal synthesis 2 (3%. 0-10%) 0 (0%. 0-7%) 1(1%. 0-5%) 

Kappa FLC intrathecal synthesis without IgG intrathecal synthesis 1 (2%.  0-11%) 0 (0%. 0-496) 

47 (94%. 83-99%) 46 (67%. 54-78%) 

3 (4%. 1 4 2 % )  

lambda FLC intrathecal synthesis without IgG intrathecal synthesis 5 (7%. 2-16%) 1 (2%.  0-11%) 6 (5%, 2-13%) 
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(9, 10). Other studies, including the present one, 
suggest that the presence of intrathecal kappa FLC 
and IgG synthesis are closely associated (9, 11). 
Quantitative measurements of kappa FLC are 
superior to various IgG formulae, including the 
IgG index, in the diagnosis of MS (4, 5, 10). The 
detection of IgG oligoclonal bands does, however, 
appear to be more sensitive than quantitative 
kappa FLC measurements (8, 22). 

Whether intrathecal synthesis of kappa or 
lambda FLC is most prevalent in MS is contro- 
versial and comparisons of the different studies are 
hampered by the many different methods used for 
the detection of FLC synthesis (3-12,19-22). Most 
studies do, however, suggest that the presence of 
lambda FLC intrathecal synthesis may be less 
specific for the diagnosis of MS than the presence 
of kappa FLC intrathecal synthesis. It has, indeed, 
been suggested that the presence of lambda FLC 
synthesis may serve as a general marker of intra- 
thecal immune activation (7). In agreement with 
these results we found that in patients without IgG 
oligoclonal bands, isolated intrathecal synthesis of 
lambda FLC was more common than isolated 
intrathecal synthesis of kappa FLC. Only in a 
minority of these patients did we find evidence of 
intrathecal synthesis of other immunoglobulin iso- 
types by quantitative methods and isolated intra- 
thecal lambda FLC synthesis did not appear to be 
associated with MS. It has been suggested that 
intrathecal synthesis of immunoglobulin FLC may 
correlate with disease activity in patients with MS 
(7, 8, 23, 24). The presence of such a correlation 
could not be assessed in the present study since 
qualitative analysis by isoelectric focusing does not 
necessarily reflect the concentrations of immuno- 
globulin FLCs. 

"he available evidence suggests that an increase 
in sensitivity in the detection of intrathecal 
immunoglobulin synthesis may be achieved by 
assessing both FLC and IgG synthesis. In the 
diagnosis of MS it does, however, appear that only 
the detection of intrathecal kappa FLC synthesis 
has a sufficient specificity to be of any importance. 
The marginal benefit of combining assessments of 
intrathecal kappa FLC and IgG synthesis should 
be weighed against the fact that the isoelectric 
focusing methods used to detect intrathecal FLC 
synthesis are rather laborious. Furthermore, the 
predictive value of the detection of isolated intra- 
thecal synthesis of kappa FLC for the future devel- 
opment of clinically definite MS is not known with 
certainty. 
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