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Abstract

Background: Quantification of kappa free light chains (KFLC) in cerebrospinal fluid shows high diagnostic sensitivity in
multiple sclerosis and clinically isolated syndrome patients. However, a clearly defined threshold value is still missing and a
possible prognostic value of the KFLC levels in these patients remains undefined.

Methods: Results of KFLC quantification in 420 controls were used to set an upper limit of normal KFLC concentration in CSF
under different blood-CSF-barrier conditions. Additionally, KFLC values of MS and CIS patients were assessed and results
were evaluated with reference to the patients corresponding disease courses.

Results: The calculated upper limit of normal KFLC-concentration covers 98% of these control patients. Using this cut-off,
plasma cell activity in CSF can be detected in 97% of MS patients and in 97% of CIS patients. However, there is no evidence
that the extent of KFLC elevation provides prognostic value in MS and CIS patients in this study.

Conclusion: KFLC determination should become a first line screen in the diagnostic algorithms of MS and CIS. The extent of
elevation of intrathecal KFLC has no prognostic value on the disease course in MS and CIS patients.
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Introduction

The detection of a humoral immune response by CSF analysis
supports the diagnostic process in cases of MS and CIS[1-3]. In
those patients, plasma cells located in the intrathecal space secrete
predominantly IgG and the quantitative and qualitative determi-
nation of this marker is part of current generally accepted
diagnostic criteria of MS [4]. However, quantitative IgG
measurement like IgG-index calculation showed low sensitivity
and specificity in different cohorts of MS patients [5,6] and the
diagnostic validity of IgG-quantification in MS diagnostics has
been questioned [7]. The current gold standard test for the
qualitative demonstration of oligoclonal IgG in the CSF is
isoelectric focusing (IEF) followed by immunoblotting [8]. This
demanding method of oligoclonal bands (OB) determination
reached high sensitivities (88-100%) in several studies in MS
patients [9-11]. However, a recent meta-analysis reported a
significantly lower incidence of OB in CIS cohorts with a
sensitivity of 68,6% [10].

The humoral immune response involves the production of both,
immunoglobulins (Ig) and free light chains (FLC) of which there
are two types: kappa free light chains (KFLC) and lambda free
light chains (LFLC). So far several studies have demonstrated
elevated levels of FLC in the CSF of MS patients, in particular
showing elevation of the KFLC [12-15]. More recently different
threshold values have been established for a KFLC-index [(CSF
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KFLC/serum KFLC)/(CSF albumin/serum albumin)] with var-
iable diagnostic performances [16,17].

There is evidence of a relation between a benign prognosis in
MS and an absent or non-detectable humoral immune response in
CSF. The absence of OB predicted a relatively benign course and
less disability in several studies on MS patients [18-21] but results
could not be reinforced by recent retrospective studies on big
cohorts of MS patients [22,23]. It has been suggested that the
presence of OB in CIS cohorts is combined with a shorter
conversion time to MS [24], Tintore et al additionally reported a
faster disability progression in those patients [25]. However, these
findings could not be confirmed by a study on 208 CIS patients
[26]. Moreover, two study groups described a correlation of raised
KFLC in CSF with disability prognosis in MS cohorts [27,28].
And Villar et al demonstrated a predictive value of high KFLC
levels in CSF concerning conversion to MS [29].

Methods

This study was approved by the Ethics Committee of the city of
Vienna.

Management: Health service of the city of Vienna.

Thomas Klestil Platz 8/2, 1030, Vienna, Austria.

All participants provided a written informed consent to
participate in this study. All samples were anonymized as
demanded by the local ethic committee.
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Figure 1. Threshold line of KFLC; sd = standard deviation.
doi:10.1371/journal.pone.0089945.g001

Subjects

Between 2001 and 2010, matched serum and CSF samples were
consecutively collected from 861 unselected patients who under-
went a lumbar puncture. We reviewed the patients records and
established the following diagnostic groups: MS group (n=65
patients (60 relapsing-remitting MS, 5 primary progressive MS))
fulfilling the criteria of dissemination in space and time for
diagnosis of MS according to recent criteria [30]. In none of these
cases the CSF results were the decisive diagnostic criteria. The CIS
group consisted of 69 patients presenting typical clinical symp-
tom(s) and magnetic resonance imaging (MRI) alteration(s) not
fulfilling the modified Barkhof criteria [30] and with no proof of a
dissemination in time in the disease course or by MRI-controls. All
patients with positive OB (n = 139) formed an OB-positive group.

+ mean value + 3x sd
= control group (n=420)
—threshold line

Kappa Free Light Chains in MS and CIS

Furthermore KFLC-levels of cohorts suffering from meningitis/
encephalitis (n=81) and from definite neuroborreliosis (n = 8)
were examined separately.

To evaluate a possible prognostic value of the KFLC index, MS
and CIS-patients with follow-up visits at least 3 years after lumbar
puncture were selected. All together we could examine three
homogeneous subgroups : 29 patients with relapsing-remitting MS
receiving immunomodulating therapy (glatirameracetate or inter-
feron beta), 5 patients suffering from primary progressive MS with
no specific MS medication and 24 patients who presented a CIS
with conversion to MS within the period under review and who
received no immunomodulating therapy. The mean period under
review was 55 months. The moderate and high elevated KFLC
values were grouped using an arbitrary cut-off and the
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Figure 2. KFLC threshold line in half-logarithmic diagrams with results of different patient groups.

doi:10.1371/journal.pone.0089945.g002
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corresponding clinical courses were compared: changes of the
Expanded Disability Status Scale (EDSS), number of relapses, time
period until conversion from CIS to MS. Moreover, CIS patients
showing no MS conversion within period under review were
investigated separately (n = 24).

Threshold Value of KFLC

A further group was established to define a threshold value of
KFLC in accordance to the integrity of the blood-CSF-barrier:
From the whole collective of 861 patients the following diagnoses
were excluded due to possible intrathecal plasma cell activity,
possible inflammatory alterations of the blood-CSF-barrier,
paraneoplastic FLC-production or blood contamination of the
CSF: MS, CIS, neuromyelitis optica, myelitis, neuroborreliosis,
neurosyphilis, neurosarcoidosis, (suspected) meningitis, (suspected)
encephalitis, Guillain-Barre syndrome (GBS), chronic inflamma-
tory demyelinating polyneuropathy, Miller-Fisher syndrome,
multiple myeloma/lymphoma, intracerebral haemorrhagia. The
remaining 420 individuals were selected as our control group
(included diagnoses: dementia, apoplexia, epilepsia, migraine,
hydrocephalus, cancer, tension headache, peripheral facial palsy).
Controls presenting an equal blood-CSF barrier function defined
by very similar albumin-ratios (albumin concentration in CSF
divided by albumin concentration in serum) were grouped to 23
separate subcohorts of 15-20 individuals each. The highest
variation of the albumin ratio within one subcohort was +/—
2,5x107%. For each subcohort of the control group the mean
value and the standard deviation of the corresponding KFLC-
quotient (KFLC concentration in CSF divided by KFLC
concentration in serum) values were calculated. These results of
mean value +3 x standard deviation were taken as the upper limit
of normal KFLC-quotient of each subcohort and were represent-
ing reference points of an upper threshold line.

Sample Collection and Laboratory Analyses

A cubital vein was punctured and 6 ml blood collected into a
gel-containing standard tube (Vacuette tube, Greiner Bio-One,
Kremsmiinster, Austria) for analysis of immunoglobulins and
KFLC. CSF obtained separately was processed within two hours
after lumbar puncture or stored at —80°C until further examina-
tion.

Serum albumin and immunoglobulin concentrations were
quantified using a Cobas Integra 700 (Roche Diagnostics) with
reagents supplied by the analyzer’s manufacturer. CSF albumin
and immunoglobulin concentrations were determined by nephe-
lometry on a Behring ProSpec (Dade-Behring, Marburg, Ger-
many) using reagents supplied by the analyzer’s manufacturer.
The IgG-index was calculated according to the following formula:
(CSF IgG/serum IgG)/(CSF albumin/serum albumin). Results
were interpreted using the IgG-quotient/albumin-quotient dia-
gram for demonstration of the intrathecally produced IgG-fraction
[31]. Detection of oligoclonal IgG banding was realized with
isoelectric focussing on agarose gel on a Helena SPIFE 2000
automated electrophoresis system (Helena BioSciences Europe,
Sunderland, UK) and subsequent immunoblotting using the
Helena IgG IEF Kit (Helena BioSciences). In collaboration with
other laboratories our OB detection unit participates in an
external quality control for OB with sample evaluation twice a
year.

Both CSF and serum KFLC concentrations were analyzed
using a Behring ProSpec with the serum free light chain
immunoassay (Freelite, The Binding Site, Birmingham, UK)
according to the manufacturer’s instructions. When performing 20
replicate tests on polyclonal sera the KFLC assay showed an intra-
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assay coefficient of variation (CV) of 7,9% at 0,7 mg/l and an
inter-assay GV of 8,7% at 14 mg/1 [32].

To evaluate the reliability of the assay for the low concentra-
tions in CSF another intra-assay test with 20 replications was
performed by our study group including concentrations of
0,1 mg/1, 0,2 mg/1, 0,4 mg/1 and 0,8 mg/1.

Results were expressed as KFLC-index determined by the
following ratio: (CSF KFLC/serum KFLC)/(CSF albumin/serum
albumin).

Statistical Analysis

Comparisons between groups were assessed using non-para-
metric methods (the Kruskal-Wallis test and the Mann-Whitney U
test). A two-sided p-value less than 0,05 was considered to indicate
statistical difference. The borderline of the KFLC-quotient/
Albumin-quotient diagram was constructed using linear regression
analysis by Microsoft Excel.

Results

The intra-assay tests showed low variations when measuring the
minor concentrations of KFLC that were regularly found in CSF,
with CVs of 4,0% for 0,1 mg/l, 3,4% for 0,2 mg/l, 3,7% for
0,4 mg/1 and 2,9% for 0,8 mg/1.

In our control group (n =420), we found low levels of KFLC in
CSF, the mean value was 0,17 mg/l1, the mean KFLC-index was
2,12. The mean albumin-ratios of the 23 different subcohorts of
our control group covered a range from $x10 % to 26 x10~?. The
threshold line constructed by using the mean value of KFLC-ratio
(KFLC in CSF divided by KFLC in serum) +3X standard
deviation of each subcohort covered 412 patients (98%) of our
control group (see Fig. 1). The 8 controls presenting with an
elevated KFLC-index had the following diagnoses : peripheral
facial palsy (2 patients), breast cancer (2 patients, one of them with
known cerebral metastasis), lung cancer (1), transient ischemic
attack (1 patient), Alzheimer’s disease (1 patient), suspected
amyotrophic lateral sclerosis (1 patient).

The formula of this threshold line is:

y=0,9358 * x ®%7 (x = albumin-ratio; y = KFLC-ratio ).

The OB positive group consisted of 139 patients suffering from
MS (n=61), CIS (n = 52), lyme neuroborreliosis (n = 8), meningitis
(n=4), meningoencephalitis (n=2), neurotuberculosis (n=2),
GBS (n = 2), neurosyphilis (n = 2), subacute sclerosing panenceph-
alitis (n = 1), breast cancer with meningeal carcinomatosis (n = 1),
chronic inflammatory demyelinating polyneuropathy (n=1),
paraneoplastic syndrome (n= 1), hydromyelia (n = 1), hydroceph-
alus internus (n=1). 78% of this group showed elevated
intrathecal IgG levels. When KFLC values of this group were
interpreted using our new established threshold line 136 of 139
patients (98%) exhibited elevated KFLC (see Fig. 2). Only three
patients presented with positive OB and KFLC values within the
normal ranges. The three corresponding diagnoses were one case
of hydromyelia, one case of paraneoplastic syndrome and one case
of bacterial meningitis.

In the MS group 61 of 65 patients had qualitatively detectable
intrathecal IgG production exhibiting OB with a sensitivity of
94%. The IgG-index calculation detected intrathecal plasma cell
activity in 85% of our MS group. Regarding our KFLC-index
threshold line, 63 of 65 patients (sensitivity of 97%) exhibited an
intrathecal humoral immune response in the form of an elevated
KFLC-index (see Fig. 2). In 2 MS patients none of our CSF
analyses could detect plasma cell activity. All patients with primary
progressive MS (n =5) were detected by all 3 methods (IgG-index,
OB, KFLC). The mean KFLC-index in MS patients was 140,74.
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CSF and serum samples of 69 CIS patients were examined. 56
of these patients showed OB (sensitivity 81%), 51 presented an
elevated IgG-index (sensitivity 74%). Including the KFLC values
of our CIS group in the diagram, we could detect intrathecal
inflammation in 67 of 69 CIS patients (sensitivity of 97%) (see
Fig. 2). In 2 CIS patients none of our GSF analyses could detect
plasma cell activity. The mean KFLC-index of the CIS group was
82,37. It was significantly lower compared to our MS group. Both,
the KFLC-index values of our MS group and of our CIS group
were significantly higher compared to our control group.

Regarding KFLC values of MS (n =4) and CIS (n = 13) patients
with no detectable OB we find several results above or near our
constructed borderline (see Fig. 2). All together two MS patients
and 11 CIS patients of this subgroup exhibited elevated KFLC-
index values. The mean KFLC-index was 13,2. No MS patient
but two CIS patients of this subgroup presented an elevated IgG-
index.

Patients suffering from meningitis/encephalitis (n =81) showed
a high variation in intrathecal KFLC values. The mean absolute
value was 0,89 mg/1(0,14-17,4 mg/1), the mean KFLC-index was
6,51. 59 out of 81 patients had normal KFLC-index values
according to our borderline.

All 8 patients presenting with a definite neuroborreliosis showed
positive OB and an elevated cell count in CSF and in all of them
raised CSF KFLC levels (mean 5,4 mg/l) and raised KFLC-
indices (mean 34,1) were discovered.

p-value (EDSS
after 3 years)
0,61

cohorts too small for statistical analysis

p-value (time until conversion)

mean EDSS

3 years
after onset

1,3
14
0,49

(relapses/

p-value
year)
0,42

EDSS-progression/year
mean time until conversion

mean
relapses/
year

0,59

mean
0,5/year
0,55/year
6,8 months
8,1 months

total
period
review
63,5 years
61,5 years
12 years
14,5 years
52 years
58,5 years

Prognostic Value

We formed similar sized cohorts of MS and CIS patients with
moderately and highly elevated KFLC-index values and compared
clinical changes over time. There was no significant difference
between the mean value of KFLC-index of the cohorts with
available clinical data and the mean value of the whole MS and
CIS groups. Within the period under review there was no evidence
of a prognostic value of the extent of KFLC-index elevation
concerning turnover-rate in untreated CIS patients and the
relapse-rate or EDSS progression in MS patients receiving
immunomodifying therapy (see table 1). Moreover, there was no
significant difference between the KFLC-index of the CIS group
showing MS conversion (KFLC-index 77,8) compared to the
stable CIS group (KFLC-index 82,7).

Mean KFLC-
Concentration under
in CSF (mg/l)

25,62

824
2,62
2,13
4,68
1,49

Mean
Kl-value
170,3
39,6

307

30,3

104

29,8

Discussion

Immunomodifying
treatment

yes
yes
no
no
no
no

The importance and use of CSF examination in the diagnostic
process of MS seems to have decreased when considering the latest
revision to diagnostic criteria of MS [33]. The method is not even
mentioned when experts try to formulate a diagnostic algorithm
for the CIS [34] However, neither clinical examinations nor MRI
analyses can deliver strong evidence of the inflammatory origin of
focal clinical deficits and/or MRI alterations. Moreover CSF
analyses are essential to rule out other neurological diseases that
can mimic MS or CIS [34].

Intrathecal plasma cell activity can be demonstrated qualita-
tively by IEF but the detection limit of this method considered as
the quantity of oligoclonal IgG that needs to accumulate for visible
bands is unknown. The diagnostic value can be raised by
specialists using a high sensitivity method for OCB detection
[11]. The results presented here of CSF examinations from OB
negative MS and CIS patients with sizable elevated KFLC-index
values give evidence that in 13 patients KFLC determination can
detect very low plasma cell activity in the CSF, beyond the
sensitivity of IEF calculation. One possible explanation might be
the fact that FLC are not only produced and secreted within the

Mean age
at onset
(years)

27,2
30

54,5
30,2
334

42

n=14

KI<100
KI<50

KI<100
n=13

16

Ki>100
KI>100
n=10

=5)
24)

KFLC-index; p-value less than 0,05 is considered to indicate statistical difference.

doi:10.1371/journal.pone.0089945.t001

Table 1. Prognostic value of KFLC-index in MS and CIS patients.

CIS patients with KI>50
conversion to

Relapsing-
remitting

MS patients
(n=29)
progressive MS
patients (n

MS (n

Primary

Kl
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IgG producing plasma cells but during all sorts of Ig production
processes. Furthermore this quantitative method is independent of
any mechanisms of clonal selection, that might be a more
pronounced process in the later stages of CIS or MS. That could
explain the significantly lower sensitivity of OB determination in
CIS cohorts compared to results in MS patients. The mean
KFLC-index of our MS group is significantly higher compared to
our CIS group. An ongoing and increasing plasma cell activity in
the MS disease course could explain this observation. None the
less, the underlying reason for the immunological phenomenon of
mainly KFLC production in the CSF in both MS and CIS patients
remains to be established.

FLC quantification measures intrathecal plasma cell activity
with high sensitivity and specificity outperforming IgG-index
calculation. It is a fast, automated laboratory method that is easily
integrated in routine diagnostics. The current study confirms
reliable measurement of low KFLC concentrations that were
regularly found in CSF. Results from these cohorts suggest the
implementation of KFLC determination as a screening method in
CSF analysis before further investigation for a possible intrathecal
immune response, especially where MS or CIS is suspected.

FLC are small molecules (22 kD) that can accumulate in the
CSF not only because of an intrathecal inflammatory process
but also due to an altered blood-CSF barrier. In a former study
[15] we demonstrated slightly elevated FLC levels in CSF in
patients with GBS (where the detection of a blood-CSF barrier
dysfunction is of high diagnostic relevance). We found raised
FLC indices in patients who suffered from meningitis/enceph-
alitis and whom had already reconstituted the blood-CSF
barrier. When interpreting CSF results one has to be aware that
a moderate elevation of both sorts of FLC in CSF, and the
corresponding indices, can also be an indication of former

blood-CSF barrier damage.

References

1. Tintore M, Rovira A, Rio J, Tur C, Pelayo R et al. (2008) Do oligoclonal bands
add information to MRI in first attacks of multiple sclerosis? Neurology 70:
1079-1083.

2. Zipoli V, Hakiki B, Portaccio E, Lolli F, Siracusa G et al. (2009) The
contribution of cerebrospinal fluid oligoclonal bands to the early diagnosis of
multiple sclerosis. Mult Scler 15: 472-478.

3. Schaffler N, Kopke S, Winkler L, Schippling S, Inglese M et al. (2011) Accuracy
of diagnostic tests in multiple sclerosis—a systematic review. Acta Neurol Scand
124: 151-164.

4. Polman CH, Reingold SC, Edan G, Filippi M, Hartung HP et al. (2005)
Diagnostic criteria for multiple sclerosis: 2005 revisions to the “McDonald
Ciriteria”. Ann Neurol 58: 840-846.

5. Reiber H, Ungefehr S, Jacobi C (1998) The intrathecal, polyspecific and
oligoclonal immune response in multiple sclerosis. Mult Scler 4: 111-117.

6. Lefvert AK, Link H. (1985) IgG production within the central nervous system: a
critical review of proposed formulae. Ann Neurol 17: 13-20.

7. McLean BN, Luxton RW, Thompson EJ (1990) A study of immunoglobulin G
in the cerebrospinal fluid of 1007 patients with suspected neurological disease
using isoelectric focusing and the Log IgG-Index. A comparison and diagnostic
applications. Brain 113: 1269-1289.

8. Freedman MS, Thompson EJ, Deisenhammer F, Giovanonni G, Grimsley G et
al. (2005) Recommended standard of cerebrospinal fluid analysis in the diagnosis
of multiple sclerosis: a consensus statement. Arch Neurol 62: 865-870.

9. Link H, Huang YM (2006) Oligoclonal bands in multiple sclerosis cerebrospinal
fluid: an update on methodology and clinical usefulness. J Neuroimmunol 180:
17-28.

10. Dobson R, Ramagopalan S, Davis A, Giovannoni G (2013) Cerebrospinal fluid
oligoclonal bands in multiple sclerosis and clinically isolated syndromes: a meta-
analysis of prevalence, prognosis and effect of latitude. J Neurol Neurosurg
Psychiatry 84: 909-914.

11. Villar LM, Masjuan ], Sadaba MC, Gonzalez-Porqué P, Plaza ] et al. (2005)
Early differential diagnosis of multiple sclerosis using a new oligoclonal band test.
Arch Neurol 62: 574-577.

12. Rudick RA, French CA, Breton D, Williams GW (1989) Relative diagnostic
value of cerebrospinal fluid kappa chains in MS: comparison with other
immunoglobulin tests. Neurology 39: 964-968.

PLOS ONE | www.plosone.org

Kappa Free Light Chains in MS and CIS

MS and CIS present with highly variable disease courses and to
clearly verify a possible prognostic marker large cohorts of patients
should be reviewed over decades of follow up. Several former
studies [27-29] describe a correlation of elevated KFLC values
with a worse MS conversion-rate and progression in comparison
to patients with normal intrathecal KFLC levels. Attaching great
importance to homogeneity we could investigate 58 MS and CIS
patients for a possible prognostic value of the extent of KFLC-
index elevation. Despite the variations in natural disease course
the homogenous MS and CIS cohorts with moderately and highly
elevated KFLC-index values show a very similar disease progres-
sion for the period under review (mean 55 months). Using an
arbitrary cut-off we can conclude that in this study the absolute
value of an elevated KFLC-index has no prognostic significance
on MS or CIS disease course. Furthermore in this study there is no
significant difference between the KFLC-index values of stable
CIS patients and those suffering a conversion to MS. This must
not be seen as a contradiction to the former reported observations
that normal CSF results may be combined with a better prognosis
in CIS and MS patients. However, normal CSF results, especially
normal KFLC-index values are a rare finding in MS and CIS and
the corresponding cohorts were too small for statistical analyses in
our study. Whilst there is no overt role for the extent of elevation
of KFLC-index in prognosis the clearly delineated raised KFLC-
index levels shown here are of indisputable diagnostic relevance in

MS and CIS.

Author Contributions

Conceived and designed the experiments: S. Presslauer. Performed the
experiments: S. Presslauer DM S. Parigger GSK. Analyzed the data: S.
Presslauer DM TB WH. Contributed reagents/materials/analysis tools:
DM WH. Wrote the paper: S. Presslauer.

13. Krakauer M, Schaldemose Nielsen H, Jensen J, Sellebjerg I (1998) Intrathecal
synthesis of free immunoglobulin light chains in multiple sclerosis. Acta Neurol
Scand 98: 161-165.

14. Goffette S, Schluep M, Henry H, Duprez T, Sindic CJ (2004) Detection of
oligoclonal free kappa chains in the absence of oligoclonal IgG in the CSF of
patients with suspected multiple sclerosis. ] Neurol Neurosurg Psychiatry 75:
308-310.

15. Kaplan B, Aizenbud BM, Golderman S, Yaskariev R, Sela BA (2010) Free light
chain monomers in the diagnosis of multiple sclerosis. J Neuroimmunol 229:
263-271.

16. Desplat-Jego S, Feuillet L, Pelletier J, Bernard D, Cherif AA, et al. (2005)
Quantification of immunoglobulin free light chains in cerebrospinal fluid by
nephelometry. J Clin Immunol 25: 338-345.

17. Presslauer S, Milosavljevic D, Brucke T, Bayer P, Hubl W (2008) Elevated levels
of kappa free light chains in CSF support the diagnosis of multiple sclerosis.
J Neurol 255: 1508-1514.

18. Zeman AZ, Kidd D, McLean BN, Kelly MA, Francis DA et al. (1996) A study of
oligoclonal band negative multiple sclerosis. J Neurol Neurosurg Psychiatry 60:
27-30.

19. Stendahl-Brodin L, Link H. (1980) Relation between benign course of multiple
sclerosis and low-grade humoral immune response in cerebrospinal fluid.
J Neurol Neurosurg Psychiatry 43: 102-105.

20. Joseph FG, Hirst CL, Pickersgill TP, Ben-Shlomo Y, Robertson NP et al. (2009)
CSF oligoclonal band status informs prognosis in multiple sclerosis: a case
control study of 100 patients. ] Neurol Neurosurg Psychiatry 80: 292-296.

21. Annunziata P, Giorgio A, De Santi L, Zipoli V, Portaccio E et al. (2006) Absence
of cerebrospinal fluid oligoclonal bands is associated with delayed disability
progression in relapsing-remitting MS patients treated with interferon-beta.
J Neurol Sci 244: 97-102.

22. Siritho S, Freedman MS (2009) The prognostic significance of cerebrospinal
fluid in multiple sclerosis. J Neurol Sci 279: 21-25.

23. Imrell K, Landtblom AM, Hillert J, Masterman T (2006) Multiple sclerosis with
and without CSF bands: clinically indistinguishable but immunogenetically
distinct. Neurology 67: 1062-1064.

24. Rojas JI, Patrucco L, Cristiano E (2010) Oligoclonal bands and MRI in clinically
isolated syndromes: predicting conversion time to multiple sclerosis. J Neurol
257: 1188-1191.

February 2014 | Volume 9 | Issue 2 | 89945



26.

27.

28.

29.

. Tintore M, Rovira A, Rio J, Otero S, Arrambide G et al. (2013) 1000 clinically

isolated syndromes (CIS) : the ‘Barcelona CIS inception cohort’” ECTRIMS
2013, October 03;oral presentation;abstract online available.

Gout O, Bouchareine A, Moulignier A, Deschamps R, Papeix C et al. (2011)
Prognostic value of cerebrospinal fluid analysis at the time of a first
demyelinating event. Mult Scler 17: 164-172.

Rudick RA, Medendorp SV, Namey M, Boyle S, Fischer J (1995) Multiple
sclerosis progression in a natural history study: predictive value of cerebrospinal
fluid free kappa light chains. Mult Scler 1: 150-155.

Rinker JR, 2nd, Trinkaus K, Cross AH (2006) Elevated CSF free kappa light
chains correlate with disability prognosis in multiple sclerosis. Neurology 67:
1288-1290.

Villar LM, Espino M, Costa-Frossard L, Muriel A, Jimenez J et al. (2012) High
levels of cerebrospinal fluid free kappa chains predict conversion to multiple
sclerosis. Clin Chim Acta 413: 1813-1816.

PLOS ONE | www.plosone.org

30.

31.

32.

34.

Kappa Free Light Chains in MS and CIS

McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP et al. (2001)
Recommended diagnostic criteria for multiple sclerosis: guidelines from the
International Panel on the diagnosis of multiple sclerosis. Ann Neurol 50: 121—
127.

Reiber H, Peter JB (2001) Cerebrospinal fluid analysis: disease-related data
patterns and evaluation programs. J Neurol Sci 184: 101-122.

Katzmann JA, Clark R]J, Abraham RS, Bryant S, Lymp JF et al. (2002) Serum
reference intervals and diagnostic ranges for free kappa and free lambda
immunoglobulin light chains: relative sensitivity for detection of monoclonal
light chains. Clin Chem 48: 1437-1444.

Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA et al. (2011)
Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald
criteria. Ann Neurol 69: 292-302.

Miller DH, Weinshenker BG, Filippi M, Banwell BL, Cohen JA et al. (2008)
Differential diagnosis of suspected multiple sclerosis: a consensus approach. Mult
Scler 14: 1157-1174.

February 2014 | Volume 9 | Issue 2 | 89945



