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Abstract: Background: The intrathecal humoral response is the characteristic diagnostic finding in
the cerebrospinal fluid (CSF) analysis of patients with multiple sclerosis (MS). Although the average
age of MS patients increases, little is known about the sensitivity of diagnostic markers in elderly
MS patients. Methods: In this retrospective two-center study, intrathecal free light chains kappa
fraction (FLCk IF) and oligoclonal bands (OCB) were studied in a large cohort of patients with
early and late onset relapsing (RMS) and progressive (PMS) MS. Furthermore, the humoral immune
profile in CSF was analyzed, including the polyspecific intrathecal immune response measured
as the MRZ reaction. Results: While the frequency of CSF-specific OCB did not differ between
early and late onset RMS and PMS, the sensitivity of positive FLCk IF and absolute FLCk IF values
were lower in PMS. The positivity of the MRZ reaction was equally frequent in early and late onset
RMS and PMS. PMS patients had higher local IgA concentrations than RMS patients (p = 0.0123).
Conclusions: OCB are slightly superior to FLCk IF in progressive MS in terms of sensitivity for
detecting intrathecal immunoglobulin synthesis. The MRZ reaction, as the most specific parameter
for MS, is also applicable in patients with late onset and progressive MS.

Keywords: multiple sclerosis; free light chains kappa; cerebrospinal fluid; humoral immune response;
immunoglobulins; oligoclonal bands; MRZ reaction; early onset MS; late onset MS; progressive MS

1. Introduction

The detection of an intrathecal humoral immune response is the characteristic finding
in the cerebrospinal fluid (CSF) analysis of patients with multiple sclerosis (MS) [1,2]. Since
intrathecal immunoglobulin (Ig) G synthesis can be detected in CSF by an oligoclonal band
(OCB) analysis in up to 99% of adult MS patients, this biomarker has been included in the
diagnostic criteria for MS [1-5]. Free light chains kappa (FLCKk) secreted by plasma cells
also reflects the intrathecal Ig synthesis and has gained importance in the diagnosis of MS
as an easily measured, quantifiable biomarker with similar sensitivity compared to the
OCB analysis [4-8]. The intrathecal humoral immune response of MS patients is stable
during the disease course, and the frequency of an intrathecal IgG synthesis measured by
OCB detection is the same in pediatric and adult MS [1]. However, less attention is paid to
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the humoral immune response in MS disease at older ages, especially in a MS diagnosis
in patients older than 50 years (so-called late onset MS). The diagnosis of late onset MS
patients is difficult, because the clinical presentation may be unusual, and thus, they are
often misdiagnosed [9-11]. The risk of conversion to a progressive disease course with the
dominance of neurodegenerative processes compared to the typical inflammatory changes
in relapsing-remitting stages increases with age [12,13]. Based on the disease course and
disability, a distinction is made between relapsing-remitting (RMS), primary-progressive
(PPMS), and secondary-progressive (SPMS) MS [14,15]. Primary-progressive MS accounts
for 10% of all MS patients and is more common in elderly and male patients [16-18]. Due to
a greater awareness of MS in elderly patients and greater availability of MRI diagnostics, the
number of patients older than 50 years first diagnosed with MS is increasing [11,12]. It also
has been shown that immunomodulatory or immunosuppressive MS therapies may not be
as effective in elderly MS patients [11,19]. Therefore, there is a need for better understanding
the immune pathogenesis in elderly MS patients. In the present study, we therefore aim
to answer two questions: (I) Are the current diagnostic CSF biomarkers suitable for the
detection of an intrathecal humoral immune response in elderly MS patients? (II) Can
the differences in these biomarkers provide evidence of an altered intrathecal humoral
immune response in late onset MS and different disease courses? To answer these, a
detailed humoral intrathecal immune profile consisting of the locally synthesized Ig and
FLCk concentrations, the intrathecal fraction of FLCk, the OCB types, and the polyspecific
intrathecal immune response, measured as a MRZ reaction (measles, rubella, and zoster
CSF/serum antibody index), was studied in a large cohort of MS patients with early onset
and late onset MS, with particular reference to different MS courses.

2. Materials and Methods
2.1. Patients

This retrospective, two-center study compromises a total of 250 patients, including
183 patients with RMS, 55 with PPMS, and 12 with SPMS. The latter are grouped under
progressive MS (PMS) in the following analysis (1 = 67) [20]. The patients were selected
according to their diagnosis. Disease progression was assumed to be clinical progression
independent of relapses for at least one year with at least one point in Kurtzke’s expanded
disability status scale (EDSS) assessment [15,20,21]. Of the 250 patients, 186 were classified
as having early onset MS, because the first clinical events suggestive of MS occurred before
the age of 50 years, while 64 patients were classified as having late onset MS, with the
first clinical event after the age of 50 years [9]. Patients presented to the Department
of Neurology at Hannover Medical School (MHH) or the Department of Neurology at
University Medicine Greifswald (UMG) between 2005 and 2021, and a MS diagnosis
according to the revised 2017 McDonald criteria have been included in the analysis [3].
Additional information on patient characteristics, basic CSF analytic results, and clinical
data is described in Table 1.

Table 1. Demographic and clinical data.

RMS, Early RMS, Late PMS, Early PMS, Late
Onset m=160) Onset(n=23) Onset(n=26) Onset (n=41)

Age (years), median

(min-max) 31 (18-49) 57 (51-73) 43.5 (22-49) 58 (44-74)
Females/males ratio 2.3 3.6 1.6 3
EDSS, median
(min—max) 2 (0-4.5) 2 (0-3.5) 3 (0-7.5) 4 (2-7.5)
Gadolinium-enhancing
inflammatory MRI o o o o
93/154 (60%) 12/23 (52%) 4/19 (21%) 3/29 (10%)

lesions, n/available
MRI (%)
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Table 1. Cont.

RMS, Early RMS, Late PMS, Early PMS, Late
Onset (n=160) Onset (n=23) Onset (n =26) Onset (n = 41)

Cell count (per uL
CSF), mean (min—-max)

CSF-specific
oligoclonal bands, 158 (99%) 23 (100%) 26 (100%) 39 (95%)
n (O/o)

FLCk concentration in
serum (mg/L), mean
(min—-max)

10 (0-96) 5 (1-19) 5 (0-20) 5 (0-31)

11 (0.6-33) 13 (4-25) 13 (7-29) 15 (7-32)

FLCk concentration in
CSF (mg/L), mean
(min—-max)

5 (0.09-31) 6 (0.55-24) 6 (0.15-20) 4 (0.13-20)

Intrathecal fraction of
FLCk (FLCk IF)
according to Reiber’s
diagram, 1 (%)
eGFR
(mL/min/1.73 m2),
mean (min—-max)

CSF = cerebrospinal fluid, FLCk = free light chains kappa, IF = intrathecal fraction, EDSS = expanded disability
status scale, eGFR = estimated glomerular filtration rate, and MRI = magnet resonance imaging.

156 (98%) 23 (100%) 24 (92%) 37 (90%)

110 (66-142) 89 (68-111) 101 (74-130) 87 (57-116)

2.2. Analytical Procedures

Paired CSF and serum samples were analyzed in the Neurochemistry Laboratory of
the Department of Neurology of the MHH and in the Interdisciplinary CSF Laboratory of
the UMG, according to routine diagnostic procedures. Fuchs-Rosenthal counting chambers
were used to manually determine the cell count in the CSF. Kinetic nephelometry (Beckman
Coulter IMMAGE, Brea, CA, USA (MHH); BN ProSpec, Siemens Healthcare Diagnostics
Products GmbH, Marburg, Germany (UMG)) was used to measure the albumin, IgG, IgM,
and IgA concentrations in CSF and serum samples. Reiber’s quotient diagrams were
used to estimate the intrathecal synthesized fraction of IgG, IgA, and IgM [22]. Isoelectric
focusing in polyacrylamide gels (EDC, Tiibingen, Germany), followed by silver staining
(MHH) (n =172/250 (69%), early onset RMS = 107/160 (67%); late onset RMS = 8/23 (35%);
early onset PMS = 23/26 (88%); late onset PMS = 34/41 (83%)) or isoelectric focusing with
a semi-automated agarose electrophoresis system (Hydragel 9 CSF, Hydrasys 2Scan, Sebia
GmbH, Fulda, Germany) (UMG) (n = 78/250 (31%), early onset RMS = 53/160 (33%); late
onset RMS = 15/23 (65%); early onset PMS = 3/26 (12%); late onset PMS = 7/41 (17%)) was
used to detect CSF-specific OCB [23]. The following OCB patterns were distinguished: no
bands in CSF and serum (type 1), bands in CSF-only (type 2), bands in CSF and additional
identical bands in serum and CSF (type 3), and identical bands in serum and CSF (type
4) [24]. As an indicator of renal function, the estimated glomerular filtration rate (eGFR)
was calculated using the CKD-EPI creatinine equation [25].

2.3. FLCk Determination

To determinate FLCk concentrations in CSF and serum samples, a nephelometric assay
(N Latex FLC kappa Kit; Siemens Healthcare Diagnostics Products GmbH, Erlangen, Germany)
was used in both centers according to the manufacturer’s instructions on a BN ProSpec analyzer
(Siemens Healthcare Diagnostics Products GmbH, Erlangen, Germany). The CSF predilution
was set to 1:2, the serum predilution was set to 1:100, and the lower limit of quantification of the
assay was set to 0.034 mg/L. The hyperbolic reference range and the amount of intrathecally
synthesized FLCk (FLCk IF) and IgG, IgA, and IgM were calculated according to the formulas
described by Reiber et al. (discrimination line: Qy;, (FLCk) = (3.27(Qap? + 33)%° — 82) x 1073;
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Qim (IgG) = 093 x \/ (QAIb)> +6 x 1076 — 1.7 x 1073, Qum (IgA) = 0.77 x

V(QA) +23x 1076 — 3.1 x 10°%; Qupy (1gM) = 0.67 x 1/ (QAIb)? +120 x 106 —
7.1 x 1073; and reference range: Qmean (FLCk/IgG/IgA/IgM) £ 3 CV) [4]. For statistical
comparisons, the local concentration of FLCKk, IgG, IgA, and IgM (FLCk/IgG/IgA /IgM)) was

calculated as follows: FLCk/IgG/A/Mioc = (QrLck/15G/1gA /1gM — Qmean FLCK/1gG/IgA/IgM) X
FLCk/IgG/IgA/IgM serum (mg/L) [4,7].

2.4. Polyspecific Immune Response

The polyspecific immune response, known as the MRZ-reaction, was considered
partially positive if at least two out of three virus-specific antibody indices (Al) against
measles, rubella, and varicella zoster (VZV) viruses were elevated. Virus-specific Al
were calculated using the following formula: (CSF virus-IgG/serum virus-IgG)/(CSF IgG
total /serum IgG total) (positive: Al > 1.4) [26,27]. Viral IgG was measured in the CSF and
serum using ELISA kits from Virion/Serion (Wiirzburg, Germany) (MHH). A polyclonal
rabbit anti-human IgG-HRP from Agilent (Santa Clara, CA, USA) was used as the detection
antibody (MHH). For UMG samples, an in-house ELISA method was used. Virion/Serion
(Serion Elisa classic, Wiirzburg, Germany) microtiter plates and antibodies from SIGMA
(P0214), conjugated with alkaline phosphatase, were used. Concentrations of viral IgG in
the CSF and serum were determined using the standard curve [26,27].

2.5. Statistical Analysis

Statistical analysis and graphical processing were performed using GraphPad Prism
(La Jolla, CA, USA; version 5.02), SPSS 25.0 (IBM Co., Armonk, NY, USA), and RStudio
(R version 3.5.1 2018-07-02). The statistical significance level was set at 5%. The D’ Agostino
& Pearson omnibus normality test was applied to assess the normal distribution. Mean,
median, minimum (min), and maximum (max) were used to describe the data. The Mann—
Whitney U Test was used to analyze the independent values. The Kruskal-Wallis test and
the Friedman test with Dunn’s Multiple Comparison post hoc test were used to compare the
groups. Contingency table analyses were performed using chi-square and Fisher “s exact
test. Significant correlations were assessed with Spearman’s r (nonparametric distributed
values) and Pearson’s r (Gaussian distributed values). A multiple regression analysis was
performed to investigate the factors influencing the humoral CSF parameters (magnetic
resonance imaging (MRI) gadolinium enhancement, EDSS, disease course, and early or late
onset). Bonferroni correction was used for the post hoc analyses.

3. Results

Demographic data and basic CSF parameters of the included patient samples are
shown in Table 1. None of the included patients (1 = 250) were receiving effective disease-
modifying therapy (DMT) at the time of a lumbar puncture. In early onset MS patients,
an RMS disease course was more frequent than a PMS course, whereas, in late onset MS
patients, a PMS disease course was more frequently observed. In 90% (n = 225) of the
patients, an MRI of the brain was available at the time of CSF sampling. Gadolinium
enhancement was present in 112 out of 225 patients (50%). Patients with RMS had a
significantly higher proportion of gadolinium-enhancing inflammatory MRI lesions than
patients with PMS independent of the age of onset (p < 0.0001). The median EDSS score as
a measure of MS-associated disability was higher in patients with PMS than in patients
with RMS independent of the age of onset (p < 0.0001).

3.1. Different OCB Pattern in Progressive versus Relapsing MS

The OCB analysis showed a diagnostic sensitivity of 99% in early and 100% in late
onset RMS and 95% in late and 100% in early onset PMS (p = 0.2934). Samples from patients
with early onset and late onset RMS showed type 2 OCB patterns more frequently than
patients with early and late onset PMS (overall p = 0.0009) (Figure 1). OCB type 3, on
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the other hand, was more frequent in patients with PMS compared to patients with RMS
(overall p = 0.0036). When comparing OCB types 2 and 3 between early and late onset RMS,
as well as between early and late onset PMS patients, no statistically significant differences
became apparent (OCB 2: RMS p =1, PMS: 0.1956; OCB 3: RMS p = 0.7320, PMS 0.4168). In
contrast, a comparison of OCB types 2 and 3 between late onset RMS and late onset PMS
patients revealed a significantly lower frequency of OCB type 2 and a higher frequency of
OCB type 3 in PMS patients (OCB type 2: p = 0.0449; OCB type 3: p = 0.0466).

p = 0.0009

p = 0.0036

n.s.

ER LR E-F [P ER LR E:F 1P ER LR EF P ER LE PR 1P

OCB type
1

OCB type QCB type OCB type
2 3 4

Figure 1. Oligoclonal band (OCB) pattern in multiple sclerosis. E-R/E-RMS = early onset relaps-
ing multiple sclerosis, L-R/L-RMS = late onset relapsing multiple sclerosis, E-P/E-PMS = early
onset progressive multiple sclerosis, L-P/L-PMS = late onset progressive multiple sclerosis, and
n.s. = not statistically significant. Overall, the p-values for OCB types 2 and 3 are statistically signif-
icant. For OCB type 2, the comparison of early and late onset RMS and early and late onset PMS
was not statistically significant (RMS p = 1, PMS: 0.1956). Comparison between the early onset of
RMS and PMS, as well as between late onset RMS and PMS, was statistically significant (early onset
MS: p = 0.2168; late onset MS: p = 0.0449). For OCB type 3, comparison between early and late onset
RMS and early and late onset PMS was not statistically significant (RMS p = 0.7320, PMS 0.4168).
Comparison between the early onset of RMS and PMS, as well as late onset RMS and PMS, was
statistically significant (early onset MS: p = 0.1137; late onset MS: p = 0.0466).

3.2. Equal Sensitivity of the MRZ Reaction in Early and Late Onset RMS and PMS

The polyspecific immune response (“MRZ reaction”) as the most specific parameter
for MS was equally frequent in all investigated patient cohorts (p = 0.4950): RMS with early
onset (80/136, 59%) and late onset (12/20, 60%) and PMS with early onset (18/24, 75%) and
late onset (19/33, 58%) (Figure 2A,B).
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Figure 2. FLCk quotients of the RMS cohort (A) and PMS cohort (B) in double logarithmic free light
chain kappa (FLCk) quotient diagrams. OCB positivity is represented by black and negativity by
grey coloration. Circles represent early onset, triangles late onset MS squares represent samples with
MRZ positivity, thombus MRZ negativity. (A) In RMS patients, 98% of the QFLCk values are above
the Qgr ck (lim) reference range in early onset and in 100% in late onset RMS. (B) In PMS patients,
90% of the QFLCk values are above the Qg i (lim) reference range in early onset and in 92% in
late onset PMS. IF = intrathecal fraction, FLCk = free light chains kappa, MS = multiple sclerosis,
RMS = relapsing MS, PMS = progressive MS, OCB = oligoclonal bands, and MRZ = measles, rubella,
and zoster reaction.
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3.3. Lower Sensitivity of the FLCk IF in Progressive MS

As shown in Figure 2A and Table 1, the FLCk IF is applicable to the first lumbar
puncture in patients with RMS with a sensitivity of 98% and 100% (early and late onset)
and with a lower sensitivity of 92% and 90% (early and late onset) in patients with PMS
(Figure 2B). Frequencies of FLCk IF positivity were not statistically different between early
and late onset MS patients independent of the disease course (RMS early versus late: p = 1;
PMS early versus late: p = 1). Furthermore, frequencies of FLCk IF positivity were not
statistically different between PMS and RMS in patients with early as well as late onset
MS (early onset RMS and early onset PMS: p = 0.1979; late onset RMS and late onset
PMS: p = 0.2876). Whereas there was no significant difference in FLCk levels (FLCky )
between early and late onset RMS as well as early and late onset PMS (p = 0.0940, Figure 3D),
patients with PMS have lower absolute FLCk IF values than RMS patients independent of
the age of onset (p = 0.0009, age-corrected p = 0.0153). To shed more light on these results,
we have included the following analyses: absolute FLCk values in sera were significantly
higher in MS patients with late onset independent of the disease course (p < 0.0001, age-
corrected p = 0.0263). Absolute CSF FLCk concentrations were not significantly different
between different MS disease courses (p = 0.1339).

A) B)
=0.0123
= 2501 s = 50 2
£ o 2 ¢
, o
g g
@ 2001 £ 407
= [+ 2 ©
g . 3
= 1504 5 304
° L ]
& . ° < b
.g 0g® oo E (o] .
£ 1001 S o T 20
by [P % . ., > 0,0 -
> i —2e8  Ceepe® = o :
K] L] —setee s h] o .
o 504 ®_o® o0 _ o0 [ 104 ) °
3 ® . @ QP ce® o
S 0 . M £ . —teve—
g b ..'...‘ ° ..s. L] .w.. L g ‘W‘. . _"‘-:.."_ m‘ v
£ 0 = 0 0 ®eone o 00®
E-RMS L-RMS E-PMS L-PMS E-RMS L-RMS E-PMS L-PMS
D)
C)
= 104 3 40
g) £
8‘ ns j -
= 8 o S S,
3’ T 30 o®
= x °
z g
s 6 w
N 3
g ° = E
£ 4 %0 2
& °OO°°° . ° E
= | e . :
m 980 L4 Q:. 2
8 21 09400 . oo, i s
= —ges ° @
£ P S 111 N
c °
= 0- T T T €
E-RMS L-RMS E-PMS L-PMS E-RMS L-RMS E-PMS L-PMS

Figure 3. Levels of intrathecally synthesized IgG (A), IgA (B), IgM (C) and free light chains kappa;
FLCk (D) given as local concentrations. Loc = Local concentration, E-RMS = early onset relapsing
multiple sclerosis, L-RMS = late onset relapsing multiple sclerosis, E-PMS = early onset progressive
multiple sclerosis, L-PMS = late onset progressive multiple sclerosis, and n.s. = not statistically
significant. Overall, the p-value in (B) is statistically significant. Comparison between early onset
and late onset RMS and PMS was not statistically significant (early versus late RMS: p = 0.4769; early
versus late PMS: 0.6638). Comparison of early onset RMS and PMS, as well as late onset RMS and

PMS, was statistically significant for early, as well as late, onset MS (early onset MS: p = 0.0073; late
onset MS: p = 0.0077).
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No correlation between MRI gadolinium enhancement or EDSS and local FLCk concen-
trations was demonstrated (p = 0.751, p = 0.917, respectively). The renal function estimated
by eGFR was significantly lower in patients with late onset MS compared with early onset
MS patients (p < 0.0001, age-corrected p < 0.0001), independent of the disease course.

3.4. Changes in Locally Synthesized IgA in Progressive MS

Intrathecally synthesized IgG levels given as local concentrations (IgGpoc) were not
significantly different between cohorts, as shown in Figure 3A (p = 0.2277). Looking at the
intrathecally synthesized IgA and M levels given as local concentrations (IgAyoc, IgMpoc)
shows that no significant differences between early and late onset RMS and early and late
PMS were found for local IgM concentrations (p = 0.0845) but that PMS patients have higher
local IgA concentrations in the CSF than RMS patients, independent of the age of onset
(overall p = 0.0123) (Figure 3B,C). When comparing IgA; .. of early and late onset RMS, as
well as early and late onset PMS patients, no statistically significant differences became
apparent (early versus late onset RMS: p = 0.4769; early versus late onset PMS: 0.6638).
In contrast, a comparison between IgA; . of early onset RMS and early onset PMS, as
well as between late onset RMS and late onset PMS patients, revealed significantly higher
concentrations in PMS patients (early onset MS: p = 0.0073; late onset MS: p = 0.0077).

4. Discussion

In the present study, we were able to show changes in the diagnostic CSF biomarkers
in the form of a lower frequency of an intrathecal fraction of FLCk in MS patients with a
progressive disease course, as well as changes in the humoral immune profile in the form
of higher local IgA concentrations in patients with progressive MS.

Immunological changes in the disease course of MS associated with ageing include
B-cell immunosenescence [28,29]. This term covers the reduction and functional alterations
of the naive B-cell population, as well as a decrease in the clonal expansion capacity of
memory cells, antibody levels, and a decrease in antibody specificity [19,28,29]. Based on
this, it could be hypothesized that the humoral immune response in the CNS also changes,
which would have implications for the diagnosis of MS in older ages.

An important finding of the present study is that the detection of an intrathecal
fraction of FLCk as a diagnostic biomarker is less frequent in PMS than in RMS patients
independent of the age of onset, although this difference is not statistically significant. This
should be taken into account when considering the analysis of FLCk in the diagnosis of
progressive MS. In comparison, the analysis of OCB as the previous reference standard is
more sensitive for detecting intrathecal Ig synthesis in these patient cohorts. One reason
for the slightly lower diagnostic sensitivity of the intrathecal fraction of FLCk compared
with OCB in our study may be the method of OCB determination. All FLCk negative
samples revealed pathological OCB results in the silver staining method after isoelectric
focusing on polyacrylamide gels. Studies using silver staining to detect OCB showed a
better performance with higher rates of OCB-positive patients than other methods of OCB
determination, even if the cause of this has not been conclusively clarified [30]. Therefore,
we recommend that the OCB detection is performed by silver staining if a clinical suspicion
of MS and negative FLCk levels are present. Another known risk factor for a false negative
intrathecal fraction of FLCk values is pathologic renal function parameters and elevated
serum FLCk levels [31]. Although the patients described here with negative FLCk IF did not
have pathologic renal function parameters or elevated FLCk serum levels, the absolutely
lower FLCk IF values in late onset MS patients suggest that the risk for false-negative FLCk
IF values increases with age [31]. A recent study suggested that the age-related impairment
of renal function in elderly patients may result in decreased urinary excretion of FLCk and
subsequently higher serum concentrations [31]. Consistent with these observations, the
patients with late onset RMS and the PMS patients in our study had significantly lower
renal function, as measured by eGFR (Table 1). Therefore, our results suggest that the
intrathecal fraction of FLCk should be interpreted carefully as a diagnostic parameter in
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PMS patients with symptoms suggestive of the first clinical event of MS, especially when
the renal function is impaired or serum FLCk concentrations are elevated due to increased
synthesis [4,31]. In these cases, an OCB analysis should preferably be performed with silver
staining to exclude “false” negative FLCk IF results.

Several studies have proposed FLCk as a prognostic biomarker in MS, as correla-
tions between FLCk concentrations in CSF, FLCk indices, or the intrathecal fraction of
FLCk and disease progression, according to EDSS, have been reported [32,33]. However,
the major limitations of these studies are that few patients with high EDSS scores were
included, and neither renal function impairment nor higher serum FLCk values were con-
sidered [31-34]. In addition, the results in progressive MS patients have not been reported
in detail [32,33,35-39]. In the present study, intrathecally synthesized FLCk described as
a local concentration (FLCkp ) showed no significant correlation with the EDSS scores.
In line with these considerations, no correlations between FLCk concentrations or FLCk
indices and EDSS were observed in various other studies [40—43].

So far, there is limited evidence of IgA in different types of MS. However, Abdelhak
et al. reported elevated IgA indices in almost 25% of PPMS patients studied [44]. Since a
negative correlation was observed between intrathecally produced IgA and the progression
rate, a possible protective role of intrathecally produced IgA was suggested [44]. In the
present study, IgA . in CSF was significantly higher in PMS compared to RMS patients,
suggesting a relationship between the relapse rate or disease activity and low CSF IgAp .
However, these findings need further elucidation.

Age-related effects have to be considered not only in the FLCk analysis but also in the
analysis of different OCB types. A different distribution of OCB patterns in RMS, SPMS,
and PPMS patients has been described previously, with a preponderance of a type 2 pattern
in all MS types and a higher prevalence of types 3 and 4 patterns in chronic progressive
MS patients [18,45,46]. We were able to replicate this observation. In contrast to the study
by Villar et al., which found a dominance of the type 3 OCB pattern in PPMS patients
(64% of all included patients), most other studies concluded that a type 2 OCB pattern is
predominant in chronic progressive MS patients, as well as in RMS patients [18,45-47]. The
exceptionally high percentage of a type 3 OCB pattern in PPMS patients reported by Villar
et al. points to possible pre-analytic or methodical causes for these findings [18,45]. The
high frequency of type 3 OCB patterns in chronic progressive MS and late onset MS may be
due to the higher likelihood of systemic infections and blood—CSF barrier dysfunction in
older patients in general [18,47,48]. Thus, this phenomenon is most likely age-related and
does not reflect a disease-specific mechanism.

Since infectious diseases are more common than chronic autoimmune diseases in the
elderly, the MRZ reaction has a great importance for the differential diagnosis of MS in
elderly patients. In contrast to the determination of OCB, which are completely nonspecific
for MS and only indicate intrathecal nonspecific IgG synthesis, the MRZ response is the
most specific parameter for chronic autoimmune CNS diseases currently available [49].
It is the most specific biomarker for the diagnosis of MS, so that equal frequencies of
polyspecific immune responses would have been expected in all MS patients of different
ages in the present study [50,51]. Furthermore, in the study of Hottenrott et al., PPMS and
RMS patients had the same frequency of MRZ positivity, so that the present results are
consistent with the literature [51].

Limitations

It is clear that the humoral intrathecal immune response alone can provide little
information about complex pathophysiological immunological processes. Thus, this ret-
rospective analysis cannot rely on the immunophenotyping of B and T cells, which could
provide additional information in this regard. As the focus of the study was exclusively
on the application of the biomarkers in multiple sclerosis, no statement can be made on
the specificity of the diagnostic markers mentioned. To assess the changes in the immune
response with age, intraindividual longitudinal analyses would certainly be desirable. Due
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to the necessary time interval of several intraindividual lumbar punctures to a CSF analysis
of several decades to assess the age effect, we conducted this cross-sectional study instead.

5. Conclusions

The intrathecal humoral immune response, reflected in the CSE-specific OCB and MRZ
response, remains largely stable when comparing different disease courses of MS and the
age of diagnosis. This is of utmost importance for the diagnosis of MS in elderly patients,
as the current diagnostic criteria use an OCB analysis as a surrogate for the dissemination
in time when MRI criteria or a clinical disease course are not sufficient [3]. FLCk IF can also
be used with high sensitivity in patients with late onset MS and PMS but is slightly inferior
to previous markers in terms of diagnostic sensitivity in these patients.
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