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Background: Cerebrospinal fluid (CSF) markers of disease in patients with radiologically isolated syndrome (RIS) are the subject of intense investigation, because they have the potential to enhance our understanding of the natural disease course and provide insights into similarities and differences between RIS and other multiple sclerosis (MS) disease identities.

Methods: Here we compared neurofilament light chain (NFL) and progranulin (PGRN) levels in the CSF in RIS patients with levels in patients with different subtypes of MS and healthy controls (HC) using Kruskal–Wallis one-way analysis of variance.

Results: Median CSF NFL concentrations in RIS patients did not differ to those in HC and clinically isolated syndrome (CIS) patients, but were significantly lower than in relapsing remitting (RRMS) and primary progressive (PPMS) MS patients. In contrast, RIS patients exhibited higher median CSF PGRN levels than HC and showed no significant differences compared with CIS, RRMS, and PPMS cases.

Conclusion: We postulate that elevated PGRN values in the CSF of RIS patients might indicate inflammatory and repair activity prior to axonal disintegration.
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INTRODUCTION

Widespread routine clinical implementation of magnetic resonance imaging (MRI) leads to incidental detection of MRI abnormalities suggestive of multiple sclerosis (MS) in patients undergoing cerebral MRI due to non-specific neurological symptoms (e.g., headache, dizziness) (1). Among these patients, a considerable number, mainly young men, develop radiological and clinical progression to relapsing (RRMS) or primary progressive (PPMS) forms of MS within 5 years (2, 3). This observation led to the establishment of the definition of the radiologically isolated syndrome (RIS) (4) as a probable preclinical variant of MS (5, 6). Additionally, a fraction of these patients exhibit oligoclonal bands (OCBs) in the cerebrospinal fluid (CSF), similar to those found in patients with a clinically isolated syndrome (CIS) (7).

Because early disease-modifying treatment (DMT) could delay the conversion from CIS to clinical MS (8), and repeated MRI examinations have led to early identification of progression to MS from CIS, with the offer of more powerful therapies, the question arises as to whether RIS patients could profit from these procedures as well. To address this question, the understanding of pro- and anti-inflammatory activity, repair mechanisms, and axonal loss, in the absence of noticeable clinical events, needs to be expanded to estimate the clinical relevance of incidentally diagnosed MRI lesions.

We consider CSF progranulin (PGRN) and neurofilament light chain (NFL) to serve as in vivo measures of inflammatory activity, tissue repair and neuroaxonal damage. In short, in the central nervous system, PGRN is mainly expressed in neurons and microglia (9). Considering anti-inflammatory and repair activity, progranulin (PRGN) has been identified as a molecule, which could regulate inflammation after axonal injury in the context of MS-associated relapses and continuous inflammation in progressive forms of MS by overexpression in activated microglia (10).

Neurofilaments are structural constituents of the neuroaxonal cytoskeleton and integral components of synapses; they are essential for axonal growth, transport, and signaling pathways (11, 12). White matter and cortical injury is related to elevated CSF NFL that represents a downstream effect of neuroaxonal loss (13), and CSF NFL increase has been found in early MS disease stages with axonal injury as well (14).

In the current study, we assessed the concentrations of CSF PGRN and NFL in RIS patients as potential markers of early repair mechanisms/inflammation and axonal loss, to compare them with the CSF PGRN and NFL concentrations in controls and patients at different MS disease stages and with different MS subtypes.

METHODS

Patients, Controls, and Clinical Assessment

Our cross-sectional study included n = 23 RIS patients, diagnosed according to the criteria proposed by Okuda et al. (4) and MAGNIMS (15), and n = 15 CIS, n = 15 RRMS and n = 26 PPMS patients, diagnosed according to the McDonald criteria (2010) (16). All patients were recruited retrospectively at the Department of Neurology, Otto-von-Guericke University Magdeburg, Germany, between 2012 and 2017. Due to the retrospective character of the study, written informant consent was not obtained, but all analyses were taken from diagnostic procedures in clinical routine.

All patients underwent a lumbar puncture (LP) and their clinical disability was assessed applying the Expanded Disability Status Scale (EDSS) (17). Reasons for performing a MRI examination in RIS patients were non-specific complaints including headache (n = 7 [30%]), non-specific dizziness (n = 5 [22%]), tinnitus (n = 3 [13%]), transitory ischemic attack (5 [22%]), back pain (n = 2 [9%]) and idiopathic peripheral facial palsy (n = 1 [4%]). In MS patients, disease duration was defined as time in months from symptom onset to the LP, while in RIS cases it was defined as time from the patients' first complaints to the LP. CIS, RRMS and PPMS patients neither presented with a relapse within the last 4 weeks, nor did they received any disease-modifying treatment.

CSF was additionally acquired from a hospital-based cohort of n = 30 healthy controls (HC). The CSF from the HC group was obtained from individuals in whom the presence of a neurological disorder had been suspected, but these individuals were deemed to be healthy in retrospect and in particular have normal cerebral MRI scans. In addition to the clinical classification, patients included in the control group also fulfilled the following Reiber laboratory criteria defining a non-inflammatory CSF [<5 cells/μl, >500 mg protein/ml, <2 mmol/l lactate, no disruption of the blood/CSF barrier, no oligoclonal bands (OCB) in the CSF, and no intrathecal immunoglobulin (Ig) G, IgA, or IgM synthesis] (18).

The study was approved by the local ethics committee (No. 07/17).

Neuro-Imaging Investigations

Brain and spinal cord MRI scans from patients originated from non-standardized protocols from differing MRI units and magnetic field strengths (1.5 or 3.0 Tesla) were performed within 6 months or after CSF measurement. All examinations included T1- and T2-weighted spin-echo sequences with the administration of gadolinium (Gd). Abnormalities including T1-hypointesities, T2-hyperintesities, and Gd-enhanced T1-lesions were initially identified by a neuroradiologist and they were subsequently verified by a MS specialist (M.P.). Brain and spinal cord scans of all RIS cases were reviewed to confirm the fulfillment of dissemination in space (DIS) criteria (4).

CSF Measures

Immediately after LP, CSF cells were counted, and total protein, albumin quotient (Qalb), and OCBs were measured. The remaining CSF material was centrifuged at 4°C, aliquoted, and stored at −80°C until PGRN and NFL analysis was performed. PGRN and NFL levels were measured using commercially available ELISA kits (PGRN: Human Progranulin ELISA kit, Mediagnost, Reutlingen, Germany; NFL: UmanDiagnostics NF-light®, Umeå, Sweden) following the instructions provided by the manufacturer. All samples were processed in duplicate, in serial procedures, and the mean was taken for statistical analysis.

Statistical Analysis

Statistical analysis was conducted using SPSS 21 (IBM, Armonk, New York, USA). Comparisons of categorical variables (e.g., sex or OCBs) were performed using a α2-test. Moreover, a univariate analysis of variance, including the estimated marginal means was performed to evaluate between-subject-effects and the effect of age, sex on PGRN and NFL. For further group comparisons of continuous variables (e.g., age, CSF NFL, CSF PGRN, disease duration, EDSS), a Kruskal–Wallis one-way analysis of variance was conducted with group (HC vs. RIS vs. CIS vs. RRMS vs. PPMS patients) as the independent variable, applying pairwise post-hoc testing (Dunn-Bonferroni-test).

RESULTS

Cohort Characterization and MRI Examination

The demographics, the clinical and MRI data of the cohorts are provided in Table 1. Median age and sex [χ2(4) = 0.07] did not differ between SC, RIS, CIS, and RRMS patients, whereas PPMS patients were significantly older than SC, RIS (p < 0.001, respectively) and RRMS patients (p = 0.002). Median disease duration was longer in PPMS compared to RIS and CIS (p < 0.001, respectively). Median EDSS at the time of LP differed between RIS compared to RRMS and PPMS (p = 0.007; p < 0.001), as well as between CIS and PPMS (p < 0.001) and RRMS vs. PPMS (p = 0.02).


Table 1. Summary of the clinical and radiologic data of all investigated groups.
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CSF Examination

CSF cell count was significantly higher in RRMS compared with PPMS patients and HC as well as between RIS and HC patients. OCBs were present exclusively in the CSF of 19 (83%) RIS, 25 (96%) PPMS, and all (100%) CIS and RRMS patients (Table 2). Univariate analysis underlined the group difference in particular, and the absence of an effect of age and sex on PGRN and NFL levels.


Table 2. Summary of the cerebrospinal fluid results of all investigated groups.
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The concentration of CSF NFL was significantly higher in CIS, RRMS, and PPMS compared to RIS and HC, while there were no significant differences between RIS and HC (Figure 1 and Table 2). The comparison of CSF PRGN between groups revealed significantly higher levels in CIS, RIS, RRMS, and PPMS than detected in HC (Figure 1 and Table 2).
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FIGURE 1. Neurofilament light (NFL) and Progranulin (PGRN) in cerebrospinal fluid (CSF). CIS, clinically isolated syndrome; HC, healthy controls; PPMS, primary progressive multiple sclerosis; RIS, radiologically isolated syndrome; RRMS, relapsing remitting multiple sclerosis. Boxes indicate the interquartile range, bars indicates median CSF-NFL/PGRN values, and Whiskers present the 95% Cl. Group comparisons were conducted using a Kruskal–Wallis one way analysis of variance with post-hoc Dunn–Bonferroni-testing. P < 0.05 were deemed to be statistically significant. RIS, CIS, RRMS, and PPMS showed higher CSF PGRN values than HC, while PPMS and RRMS also differed in contrast to RIS cases. RJS, CIS, RRMS, and PPMS showed higher CSF PGRN values than HC. *P < 0.005; **P < 0.001.



DISCUSSION

Detection and characterization of early biomarkers in RIS patients, in order to investigate whether they could reflect MS disease courses, is an ongoing challenge. We compared the concentrations of CSF PGRN and NFL in RIS patients with the concentrations in healthy controls and in patients at different disease stages and with different subtypes of treatment-naive MS in the absence of an acute clinical relapse. Our analysis revealed similar PGRN concentrations in RIS patients to those found in several MS subtypes. PGRN levels were significantly higher, on the other hand, in RIS patients than in HC, while NFL concentrations did not differ between the RIS and HC cohorts.

To the best of our knowledge, the current study provides the largest comparison of CSF PGRN levels in different subtypes of MS, including RIS patients, to date. Surprisingly, while NFL values in the CSF of RIS patients were comparable with the HC cohort and significant lower compared with those in patients at different MS disease stages, the RIS cohort exhibited significantly higher concentrations of PRGN in comparison with the HC cohort and showed similar concentrations to those found in patients with the different MS subtypes.

Former studies have reported elevated (19) or unchanged CSF PGRN values in MS but included patients who had experienced an acute relapse (20). The absence of differences of CSF PGRN thus seems to be unusual, because acute inflammation is considered to provoke PGRN expression (19). Furthermore, it has been shown that disease-modifying treatment could decrease PGRN levels (19). In order to exclude heterogeneity, we divided the cohorts into distinct subtypes (RIS, CIS, RRMS, PPMS), comprising only patients without an acute clinical relapse and also without disease-modifying treatments.

The role of PGRN is currently under intense investigation, and microglia cells have been identified as expressing and secreting PGRN after axonal injury (21). CSF PGRN level seems to be largely unaffected by blood PGRN concentration and in turn potential blood-CSF barrier disruption which underline the specificity of intrathecal produced PRGN (22). In addition, PGRN levels correlate with the concentration of the proinflammatory cytokine interleukin 6, which is elevated after acute (19) and chronic axonal injury (10). However, NFL levels were not increased in our RIS cohort, indicating that PGRN could be secreted even before axonal injury is detectable in the CSF via elevated NFL concentrations. This finding leads us to speculate tentatively that PGRN may be upregulated early, at the beginning of disease activity, and that RIS might in turn be a prodromal stage of MS. PGRN may thus shed new light on, clinically silent, disease-related alterations at the earliest MS stages. In line with histological findings that inflammation is the primary hallmark of MS and induces neuronal injury (23, 24), we suggest that PGRN might be more sensitive to detecting early disease-related abnormalities, also in RIS cases, in the face of (still) normal axonal integration, as measured by NFL levels (25).

The finding of missing NFL elevation in RIS patients is surprising, given the early, MRI-detectable neurodegeneration already found in the RIS cohorts (26) and the recognized association between raised CSF NFL and GD-enhancing white matter lesions in RIS patients (27). However, no GD-enhancing white matter lesions were present in our RIS group, suggesting that our cohort is more homogeneous or less severely affected, and acute axonal loss might thus play an insignificant role and be therefore not detectable via the elevated NFL concentrations that are seen in relapsing and progressive MS patients (14, 28, 29).

In addition to the MRI findings resulting in a diagnosis of RIS, we identified CSF abnormalities, e.g., OCBs in the CSF, in almost all of our RIS patients, which is in line with previous studies, in which OCBs were identified as independent predictors for early conversion to MS (27, 30). Our RIS-cohort may thus be characterized as high-risk patients (27) for conversion. However, the prevalence of OCBs is not specific for MS (31), nor does it mirror acute or continuous inflammatory activity (32).

Here we demonstrated significantly elevated CSF PGRN levels in RIS and MS patients during the clinically silent or non-relapsing phase, presumably suggesting ongoing inflammation, while only the later disease stages revealed an increased CSF NFL, thus mirroring axonal injury in addition. We here report the results from a pilot study. The limitations are the relatively small sample size and the higher mean age of PPMS patients. Standardized MRI, in addition, might assist to improve the evaluation of the relationship between white matter lesion volume and CSF-PGRN in MS patients. Hence, longitudinal studies with a larger sample size are needed to overcome these limitations and to determine the prognostic role of PGRN in MS and in particular in RIS patients.

ETHICS STATEMENT

The study was approved by the local ethics committee, Otto-von-Guericke-University, Magdeburg, Germany (No. 07/17).

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual contribution to the work, and approved it for publication.

ACKNOWLEDGMENTS

We thank Kerstin Kaiser and Jeanette Witzke, Department of Neurology, Otto-von-Guericke University, Magdeburg, Germany, for excellent technical assistance.

REFERENCES

 1. Granberg T, Martola J, Kristoffersen-Wiberg M, Aspelin P, Fredrikson S. Radiologically isolated syndrome–incidental magnetic resonance imaging findings suggestive of multiple sclerosis, a systematic review. Mult Scler. (2013) 19:271–80. doi: 10.1177/1352458512451943

 2. Okuda DT, Siva A, Kantarci O, Inglese M, Katz I, Tutuncu M, et al. Radiologically isolated syndrome: 5-year risk for an initial clinical event. PLoS ONE (2014) 9:e90509. doi: 10.1371/journal.pone.0090509

 3. Lebrun C, Bensa C, Debouverie M, De Seze J, Wiertlievski S, Brochet B, et al. Unexpected multiple sclerosis: follow-up of 30 patients with magnetic resonance imaging and clinical conversion profile. J Neurol Neurosurg Psychiatr. (2008) 79:195–8. doi: 10.1136/jnnp.2006.108274

 4. Okuda DT, Mowry EM, Beheshtian A, Waubant E, Baranzini SE, Goodin DS, et al. Incidental MRI anomalies suggestive of multiple sclerosis: the radiologically isolated syndrome. Neurology (2009) 72:800–5. doi: 10.1212/01.wnl.0000335764.14513.1a

 5. Makhani N, Lebrun C, Siva A, Brassat D, Carra Dallière C, Seze J, et al. Radiologically isolated syndrome in children: clinical and radiologic outcomes. Neurol Neuroimmunol Neuroinflamm. (2017) 4:e395. doi: 10.1212/NXI.0000000000000395

 6. Alcaide-Leon P, Cybulsky K, Sankar S, Casserly C, Leung G, Hohol M, et al. Quantitative spinal cord MRI in radiologically isolated syndrome. Neurol Neuroimmunol Neuroinflamm. (2018) 5:e436. doi: 10.1212/NXI.0000000000000436

 7. Gabelić T, Radmilović M, Posavec V, Skvorc A, Bošković M, Adamec I, et al. Differences in oligoclonal bands and visual evoked potentials in patients with radiologically and clinically isolated syndrome. Acta Neurol Belg. (2013) 113:13–7. doi: 10.1007/s13760-012-0106-1

 8. Leist TP, Comi G, Cree BA, Coyle PK, Freedman MS, Hartung HP, et al. Effect of oral cladribine on time to conversion to clinically definite multiple sclerosis in patients with a first demyelinating event (ORACLE MS): A phase 3 randomised trial. Lancet Neurol. (2014) 13:257–67. doi: 10.1016/S1474-4422(14)70005-5

 9. Eriksen JL, Mackenzie IRA. Progranulin: normal function and role in neurodegeneration. J Neurochem. (2008) 104:287–97. doi: 10.1111/j.1471-4159.2007.04968.x

 10. Vercellino M, Grifoni S, Romagnolo A, Masera S, Mattioda A, Trebini C, et al. Progranulin expression in brain tissue and cerebrospinal fluid levels in multiple sclerosis. Mult Scler. (2011) 17:1194–201. doi: 10.1177/1352458511406164

 11. Oberstadt M, Claßen J, Arendt T, Holzer M. TDP-43 and Cytoskeletal Proteins in ALS. Mol Neurobiol. (2018) 55:3143–51. doi: 10.1007/s12035-017-0543-1

 12. Petzold A, Gveric D, Groves M, Schmierer K, Grant D, Chapman M, et al. Phosphorylation and compactness of neurofilaments in multiple sclerosis: indicators of axonal pathology. Exp Neurol. (2008) 213:326–35. doi: 10.1016/j.expneurol.2008.06.008

 13. Bergman J, Dring A, Zetterberg H, Blennow K, Norgren N, Gilthorpe J, et al. Neurofilament light in CSF and serum is a sensitive marker for axonal white matter injury in MS. Neurol Neuroimmunol Neuroinflamm. (2016) 3:e271. doi: 10.1212/NXI.0000000000000271

 14. Kuhle J, Plattner K, Bestwick JP, Lindberg RL, Ramagopalan SV, Norgren N, et al. A comparative study of CSF neurofilament light and heavy chain protein in MS. Mult Scler. (2013) 19:1597–603. doi: 10.1177/1352458513482374

 15. De Stefano N, Giorgio A, Tintoré M, Pia Amato M, Kappos L, Palace J, et al. Radiologically isolated syndrome or subclinical multiple sclerosis: MAGNIMS consensus recommendations. Mult Scler. (2018) 24:214–21. doi: 10.1177/1352458517717808

 16. Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al. Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol. (2011) 69:292–302. doi: 10.1002/ana.22366

 17. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded disability status scale (EDSS). Neurology (1983) 33:1444–52. doi: 10.1212/WNL.33.11.1444

 18. Reiber H, Lange P. Quantification of virus-specific antibodies in cerebrospinal fluid and serum: sensitive and specific detection of antibody synthesis in brain. Clin Chem. (1991) 37:1153–60.

 19. Kimura A, Takemura M, Saito K, Serrero G, Yoshikura N, Hayashi Y, et al. Increased cerebrospinal fluid progranulin correlates with interleukin-6 in the acute phase of neuromyelitis optica spectrum disorder. J Neuroimmunol. (2017) 305:175–81. doi: 10.1016/j.jneuroim.2017.01.006

 20. Riz M, de Galimberti D, Fenoglio C, Piccio LM, Scalabrini D, Venturelli E, et al. Cerebrospinal fluid progranulin levels in patients with different multiple sclerosis subtypes. Neurosci Lett. (2010) 469:234–6. doi: 10.1016/j.neulet.2009.12.002

 21. Naphade SB, Kigerl KA, Jakeman LB, Kostyk SK, Popovich PG, Kuret J. Progranulin expression is upregulated after spinal contusion in mice. Acta Neuropathol. (2010) 119:123–33. doi: 10.1007/s00401-009-0616-y

 22. Feneberg E, Steinacker P, Volk AE, Weishaupt JH, Wollmer MA, Boxer A, et al. Progranulin as a candidate biomarker for therapeutic trial in patients with ALS and FTLD. J Neural Transm. (2016) 123:289–96. doi: 10.1007/s00702-015-1486-1

 23. Bitsch A, Schuchardt J, Bunkowski S, Kuhlmann T, Brück W. Acute axonal injury in multiple sclerosis. Correlation with demyelination and inflammation. Brain (2000) 123:1174–83. doi: 10.1093/brain/123.6.1174

 24. Brück W. The pathology of multiple sclerosis is the result of focal inflammatory demyelination with axonal damage. J Neurol. (2005) 252(Suppl. 5):v3–9. doi: 10.1007/s00415-005-5002-7

 25. Giorgio A, Stromillo ML, De Leucio A, Rossi F, Brandes I, Hakiki B, et al. Appraisal of brain connectivity in radiologically isolated syndrome by modeling imaging measures. J Neurosci. (2015) 35:550–8. doi: 10.1523/JNEUROSCI.2557-14.2015

 26. Azevedo CJ, Overton E, Khadka S, Buckley J, Liu S, Sampat M, et al. Early CNS neurodegeneration in radiologically isolated syndrome. Neurol Neuroimmunol Neuroinflamm. (2015) 2:e102. doi: 10.1212/NXI.0000000000000102

 27. Matute-Blanch C, Villar LM, Álvarez-Cermeño JC, Rejdak K, Evdoshenko E, Makshakov G, et al. Neurofilament light chain and oligoclonal bands are prognostic biomarkers in radiologically isolated syndrome. Brain (2018) 141:1085–93. doi: 10.1093/brain/awy021

 28. Lycke JN, Karlsson JE, Andersen O, Rosengren LE. Neurofilament protein in cerebrospinal fluid: a potential marker of activity in multiple sclerosis. J Neurol Neurosurg Psychiatr. (1998) 64:402–4. doi: 10.1136/jnnp.64.3.402

 29. Semra YK, Seidi OA, Sharief MK. Heightened intrathecal release of axonal cytoskeletal proteins in multiple sclerosis is associated with progressive disease and clinical disability. J Neuroimmunol. (2002) 122:132–9. doi: 10.1016/S0165-5728(01)00455-6

 30. Thouvenot E, Hinsinger G, Demattei C, Uygunoglu U, Castelnovo G, Pittion-Vouyovitch S, et al. Cerebrospinal fluid chitinase-3-like protein 1 level is not an independent predictive factor for the risk of clinical conversion in radiologically isolated syndrome. Mult Scler. (2018). doi: 10.1177/1352458518767043. [Epub ahead of print].

 31. Jarius S, Eichhorn P, Franciotta D, Petereit HF, Akman-Demir G, Wick M, et al. The MRZ reaction as a highly specific marker of multiple sclerosis: re-evaluation and structured review of the literature. J Neurol. (2017) 264:453–66. doi: 10.1007/s00415-016-8360-4

 32. Haertle M, Kallweit U, Weller M, Linnebank M. The presence of oligoclonal IgG bands in human CSF during the course of neurological diseases. J Neurol. (2014) 261:554–60. doi: 10.1007/s00415-013-7234-2

Conflict of Interest Statement: MP received speaker honoraria from Roche, Genzyme, and Novartis as well as travel, accommodation, and meeting expenses from Novartis, Biogen Idec, Genzyme, and MERCK Serono. DB has received honoraria from Bristol-Myers Squibb. JP has received honoraria and research support from Alexion, Bayer, Biogen, Chugai, MerckSerono, Novartis, Genyzme, MedImmune, Shire, Teva, and serves on scientific advisory boards for Alexion, MedImmune, and Novartis. He has received funding from Deutsche Forschungsgemeinschaft (DFG Exc 257), Bundesministerium für Bildung und Forschung (Competence Network Multiple Sclerosis), Guthy Jackson Charitable Foundation, EU Framework Program 7, National Multiple Sclerosis Society of the USA.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2018 Pawlitzki, Sweeney-Reed, Bittner, Lux, Vielhaber, Schreiber, Paul and Neumann. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-09-01075-t002.jpg
HC(N RIS (N cis RRMS PPMS p-values

=30) =29 N=15 (=15 (V=26
HCvs. RIS HCvs.CIS HCvs. HCvs.  RISvs. RISvs. RISvs. CISvs. CISvs. RRMSvs.
RRMS PPMS cis RRMS PPMS RRMS PPMS PPMS

CSFCel  1(0-4) 3(0-19) 3125 4(1-1§) 10-14 0001 008 001 1.0 10 1.0 0.09 10 1.0 0.04

count /pl

CSF protein 311 371 321 421 410 02 10 0.04 0.001 1.0 1.0 1.0 1.0 1.0 1.0

(mg/d) (178-460)  (238-009)  (226-491)  (255-650)  (248-1047)

Posiive OCB, 0 (0) 19(83) 15(100)  15(100)  25(96) - - - - - - - - - -

N (%)

Qalb 43 47 4.08 55 50 005 005 005 0.05 0.05 005 0.05 005 005 005
(23-64) (28118 (8072 (2589  (20-188

CSF NFL 742 914 1206 1893 1699 10 0.03 <0.001 <0.001 03 <0.001 <0.001 08 0.5 10

(pg/mi) (857-1424) (306-2552) (628-2762) (364-6458) (990-4275)

CSFPGRN 0,67 082 080 0.80 091 0.004 0.04 0.004 <0001 1.0 1.0 07 1.0 06 1.0

(pg/mi) (0.43-1.12) (050-1.20) (060-1.45) (0.63-1.80) (0.52-1.50)

N, number of participants; unless otherwise reported median (range) s given. CIS, clnically isolated syncrome; CSF; cerebrospinal flid; HC, healthy controls; NFL, neurofiement light chain; PGRN, progranulin; PPMS, primary progressive
muttple scierosis; Qalb, albumin quotient; RIS, radiologically isolated syndrome; RRMS, relepsing remitting muliple sclerosis. Disease duration wes defined as the timespan between symptom onset and time of lumbar puncture. For
group comparisons a Kruskal-Wallis one-way analysis of variance with post-hoc Dunn-Bonferroni-testing were conducted. Bold value indicates P-values < 0.05 were deemed to be statistically significant.





OPS/images/fneur-09-01075-g001.gif





OPS/images/fneur-09-01075-t001.jpg
HC (N =30) RIS (N =23) CIS (N = 15) RRMS (N = 15) PPMS (N = 26)

Age at lumbar puncture (years) 35(18-49) 37 (18-72) 44 (21-61) 33(17-55) 52 (26-71)
Male SEX, N (%) 12(39) 8(35) 3(16) 6(30) 15 (60)
Disease duration (months) - 6(0-89) 4(1-78) 19 (2-174) 61 (12-255)
EDSS - 0(0-15) 1(0-35) 15(0-6) 45 (2-75)
Presence of Gd+ lesions, n (%) - 0(0) 0(0) 4(29) 3(11.5)
Presence of periventricular lesions, n (%) - 22(96) 13(87) 13(87) 25 (96)
Presence of infratentorial lesions, n (%) - 9(39) 3(20) 7 (46) 16 (62)
Presence of juxtacortical lesions, 1 (%) - 14.(61) 8(53) 10(67) 20(77)
Presence of spinal cord lesions lesions, n (%) - 4(17) 5(33) 8(53) 20(77)

N, number of participants; unless otherwise reported median (range) is given. CSF, cerebrospinal fluid; CIS, Clinically isolated syndrome; EDSS, Expanded Disability Status Scale; Gd+, Gadolinium enhancing; HC, healthy controls;
PPMS, primary progressive multiple sclerosis; RIS, radiologically isolated syndrome; RRMS, relapsing remitting multiple sclerosis. Disease duration was defined as the timespan between symptom onset and the date of lumbar puncture.
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