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Abstract

Background: Interleukin (IL)-6 is recognised as an important cytokine involved in inflammatory diseases of the central
nervous system (CNS).

Objective: To perform a large retrospective study designed to test cerebrospinal fluid (CSF) IL-6 levels in the context of
neurological diseases, and evaluate its usefulness as a biomarker to help discriminate multiple sclerosis (MS) from other
inflammatory neurological diseases (OIND).

Patients and Methods: We analyzed 374 CSF samples for IL-6 using a quantitative enzyme-linked immunosorbent assay.
Groups tested were composed of demyelinating diseases of the CNS (DD, n = 117), including relapsing-remitting MS (RRMS,
n = 65), primary progressive MS (PPMS, n = 11), clinically isolated syndrome (CIS, n = 11), optic neuritis (ON, n = 30); idiopathic
transverse myelitis (ITM, n = 10); other inflammatory neurological diseases (OIND, n = 35); and non-inflammatory
neurological diseases (NIND, n = 212). Differences between groups were analysed using Kruskal2Wallis test and
Mann2Whitney U-test.

Results: CSF IL-6 levels exceeded the positivity cut-off of 10 pg/ml in 18 (51.4%) of the 35 OIND samples, but in only three
(3.9%) of the 76 MS samples collected. CSF IL-6 was negative for all NIND samples tested (0/212). IL-6 cut-off of 10 pg/ml
offers 96% sensitivity to exclude MS.

Conclusion: CSF IL-6 may help to differentiate MS from its major differential diagnosis group, OIND.
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Introduction

Multiple sclerosis (MS) is an autoimmune disease of multifac-

torial origin that affects the central nervous system (CNS). [1] Its

pathology is characterised by a combination of inflammation,

demyelination, and axonal damage. [2] These processes are not

uniformly represented across patient populations, but can

predominate selectively in individual patients, contributing to the

heterogeneity of phenotypic expression of the disease. [3] Due to

its complex nature, there is probably no single protein that can

serve as a biomarker for MS in a clinically relevant way. However,

individuals with MS might be differentiated from those with other

inflammatory neurological diseases (OIND), non-inflammatory

neurological diseases (NIND) and healthy controls (HC) using a

distinct set of individual proteins that are not independently

reliable indicators of disease state.

Cerebrospinal fluid (CSF) is a promising body fluid for the

search of biomarkers associated with chronic neurological disease.

[4,5] Because the CSF compartment is in close anatomical contact

with the brain interstitial fluid, biochemical changes related to MS

may be reflected in the CSF. [6,7] Among mediators recognised to

contribute to inflammatory processes in the CNS, accumulating

evidence indicates that interleukin-6 (IL-6) is a potential marker of

CNS diseases. IL-6 is a pleiotropic glycoprotein cytokine reported

to mediate signal transduction between immune cells, [8] and is

considered a ‘‘double-edged sword’’ mediator because it has both

pro-inflammatory and potentially neuroprotective functions. [9]

Elevated IL-6 levels have recently been reported in the CSF of

patients with inflammatory CNS diseases, such as idiopathic

transverse myelitis (ITM), [10] acute disseminated encephalomy-

elitis (ADEM), [11] and neuromyelitis optica (NMO), [12]

indicating the possible role of IL-6 as a biomarker of inflammatory
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CNS conditions. The clinical recognition of CSF IL-6 as

biomarker of distinct CNS conditions has not yet been clearly

demonstrated, partly because of the lack of large cohorts to

sufficiently power the studies.

The recently revised 2010 MS criteria have been simplified to

allow easier diagnosis of MS without losing sensitivity or

specificity. [13] These new criteria also emphasize the importance

of excluding other conditions that may mimic MS. As a large

number of diseases can mimic brain lesion changes that are seen in

MS, it is therefore important to exclude these conditions with

appropriate clinical and laboratory investigations before making a

definite diagnosis of MS. In this regard, new biomarkers that may

help to discriminate between MS and other closely related CNS

diseases are mandatory.

In the present study, we investigated the potential of CSF IL-6

as a biomarker of CNS inflammatory diseases by evaluating its

levels in a large number of patients with a variety of CNS

disorders, primarily to differentiate MS from other inflammatory

conditions that may mimic MS.

Patients and Methods

Ethics Statement
This study was performed on cerebrospinal fluids (CSF)

collected in excess during regular spinal taps that were stored

anonymously in a centralized biobank for retrospective research

purposes. This research was conducted accordingly to the

regulations of the Act on Medical Research Involving Human

Subjects of the Geneva University Hospital (HUGO.R-

E.DG.0010). Neither written nor recorded verbal informed

consent was compulsory for this research study involving the

retrospective analysis of fluid collection, as the resulting research

data set was completely anonymous. The Geneva University

Hospital Medical Ethical board approved this study and consent

process: Authorization # 07-261R (NAC 07-102R).

Study Design
This study included CSF samples from 374 patients represent-

ing 22 definite diagnoses and classified into four major diagnostic

groups, which are summarised in Fig. 1. All 374 CSF specimens

were obtained in the Division of Neurology at the Geneva

University Hospital (Switzerland). We obtained 117 CSF samples

from clinically ascertained patients with demyelinating diseases of

the CNS: relapsing-remitting MS (RRMS) (n = 65), primary-

progressive MS (PPMS) (n = 11), optic neuritis (ON) (n = 30), and

clinically isolated syndrome (CIS) (n = 11). All CSF samples from

MS and CIS patients were obtained during a relapse episode (i.e.

within 4 weeks of a relapse, with the exception of PPMS). No

patients with MS had received disease-modifying treatments up to

the time of sample collection. All CIS patients were confirmed to

have MS over time according to 2005 McDonald criteria. [14]

Clinical and radiological characteristics of demyelinating disease

(DD) patients are summarised in Tables 1 and 2. There was a 10-

day maximal delay between MRI and spinal tap. Our study also

included CSF samples from patients with idiopathic transverse

myelitis (ITM, n= 10), as defined elsewhere, [15] and 35 patients

with the following miscellaneous inflammatory neurological

disorders (OIND) affecting the CNS: neurosarcoidosis (NS,

n = 11), paraneoplastic syndrome (PNS, n = 3), neurolupus (NL,

n = 4), neuro-Behcet’s disease (NB, n = 2), primary angiitis of the

CNS (PACNS; n= 7), neuroborreliosis (NBo, n = 2), neuro-

Sjögren’s syndrome (NSj, n = 4), Churg-Strauss syndrome with

CNS involvement (CSS, n = 1), and Wegener’s granulomatosis

with CNS involvement (WG, n= 1). We also obtained control CSF

from 212 patients with the following non-inflammatory neurolog-

ical diseases (NIND): polyneuropathy (PNP; n= 40), primary

headaches (PH; n= 43), lumbar discopathy (LD; n= 20), normal

pressure hydrocephalus (NPH; n= 12), extrapyramidal syndromes

(EPD; n= 26), amyotrophic lateral sclerosis (ALS; n= 22), vascular

encephalopathy (VE; n= 8), and Bell’s palsy (BP, n= 41).

Procedures
We used the revised 2005 McDonald Criteria [14] to diagnose

MS. Three neurologists (AW, VK, and PHL) assigned final

diagnoses to patients by reviewing all case histories and laboratory

data, without knowledge of the serological results. We collected

demographic and clinical information, including race, sex, age at

onset, neurological symptoms and signs, history of autoimmunity,

recording laboratory, and imaging data. CSF white blood cell

(WBC) count and the determination of CSF-specific oligoclonal

bands (OB) were retrieved from our CSF biobank database. OB

testing was performed by electrophoresis and/or isoelectric

focusing (IEF). CSF samples were obtained at the time of patients’

admission for routine diagnostic purposes. For MS patients, all

lumbar punctures were made within 1 month of a relapse. CSF

samples were stored at 280uC within 2 h of sampling. All CSF

samples were tested in duplicate by an observer blinded to all

clinical information. IL-6 measurement was performed with a

quantitative and commercially available enzyme-linked immuno-

sorbent assay (ELISA) according to the manufacturer’s instructions

(R&D, # DY206). Results were expressed as pg/ml.

Statistical Analysis
Owing to the asymmetric data distribution of CSF IL-6 levels,

we applied non-parametric tests for statistical analysis. We used

the Kruskal2Wallis test for the distribution analysis, and the

Mann2Whitney U-test for the head-to-head comparisons. A p-

value ,0.05 was considered statistically significant. We used

receiver operating characteristic (ROC) curve analysis to deter-

mine the power (sensitivity and specificity) of CSF IL-6 indices as a

discriminatory diagnostic marker for MS. The area under the

curve (AUC) was also evaluated. The Division of Clinical

Epidemiology at the Geneva University Hospital (DC) performed

all statistical analyses using SPSS (v. 18.0) statistical software.

Results

The levels of CSF IL-6 in different disease subgroups are shown

in Fig. 2. We used ROC curves to determine the CSF IL-6

threshold value that would provide the best sensitivity and

specificity as a discriminative criterion for clinical MS diagnosis.

The cut-off value for CSF IL-6 was set at 10 pg/ml, yielding a

96% sensitivity to exclude MS at this value.

Given this cut-off value, CSF was IL-62positive in 40% of

patients with ITM (4/10; median: 4 pg/ml; interquartile range

(IQR) 70) and 51% of patients with OIND (19/35; median:

15 pg/ml; IQR 111). By contrast, CSF was IL-62positive in only

3.9% of MS patients (3/76; positive patients were all RRMS

patients; median: 0 pg/ml; IQR 0.4), and in no patients with other

DD, such as ON (median: 0 pg/ml; IQR 0.7) and CIS (median:

0 pg/ml; IQR 0.4). IL-62positive CSF was not observed in

patients with NIND (median: 0 pg/ml; IQR 0.2).

Head-to-head comparisons among the four different groups

(ITM, OIND, DD, NIND; Fig. 2) indicated that results were

statistically different between MS patients and patients with ITM

(p,0.0001) or OIND (p,0.0001), but failed to reach significance

between MS patients and patients with ON (p= 0.79) or NIND

(p= 0.11). In particular, no CSF IL-6 levels greater than 7.6 pg/

CSF IL-6 in CNS Inflammatory Diseases
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ml were observed in patients with NIND. In comparison, IL-6

reached levels as high as 250 pg/ml or 900 pg/ml in patients with

ITM or OIND, respectively. We observed no IL-6 values greater

than 33 pg/ml in patients with DD. We observed no differences

among ON (n= 11), CIS (n= 11), RRMS (n= 65), and PPMS

(n= 11) groups under scrutiny for CSF IL-6 index (p = 0.327).

With the exception of three IL-62positive samples, all in the

RRMS group, we observed no IL-6 positivity in the CSF of DD

patients (Fig. 2). Among the diseases of the OIND group,

neuroborreliosis, Wegener disease, neurosarcoidosis and neurolu-

pus have yielded the highest mean IL-6 levels. No statistically

significant difference was found between the different subgroups

(p = 0.66).

The clinical, biological, and radiological characteristics of DD

patients are summarised in Tables 1 and 2. Notably, gadolinium-

positive brain and spinal cord lesions, a classical hallmark of acute

CNS inflammation in MS, were observed in 34% and 42% of

RRMS patients, respectively. In addition, increased CSF WBC

(.5 mm3) were observed in 60% of RRMS patients. Therefore,

neither radiological nor biological patterns of inflammation

observed in RRMS patients correlated with the observation of

absent or low-level CSF IL-6.

It is noteworthy that the levels of IL-6 in the three IL-62positive

MS samples were found to be low (13 pg/ml, 28 pg/ml and

33 pg/ml, respectively) compared with ITM and OIND IL-

62positive samples. Two of the three IL-62positive RRMS

samples were associated with an elevated WBC CSF count above

the average for the group (mean: 8 WBC). Two of them were also

OB-positive. The brain MRI available for these three IL-

62positive MS patients revealed no T1 gadolinium-positive

lesions; this was also the case regarding the single available spinal

cord MRI. This finding indicates that the elevated CSF IL-6 levels

observed in the three MS patients were not correlated with

biological or radiological signs of CNS/CSF inflammation.

The proportion of positive CSF OB in RRMS and PPMS

patients was 91%, which is compatible with observations of other

Figure 1. Description of the patient subgroups. ITM, idiopathic transverse myelitis; OIND, other inflammatory neurological diseases; NS,
neurosarcoidosis; PNS, paraneoplastic syndrome; NL, neurolupus; NB, neuro-Behcet’s disease; PACNS, primary angiitis of the central nervous system;
NBo, neuroborreliosis; NSj, neuro-Sjögren’s syndrome; CSS, Churg-Strauss syndrome; WG, Wegener granulomatosis; DD, demyelinating diseases; ON,
optic neuritis; CIS, clinically isolated syndrome; RRMS, relapsing-remitting multiple sclerosis; PPMS, primary progressive multiple sclerosis; NIND, non-
inflammatory neurological diseases; PNP, peripheral polyneuropathy; PH, primary headaches; LD, lumbar discopathy; NPH, normal pressure
hydrocephalus; EPS, extrapyramidal syndromes; ALS, amyotrophic lateral sclerosis; VE, vascular encephalopathy; BP, Bell’s palsy.
doi:10.1371/journal.pone.0072399.g001

Table 1. Clinical and biological characteristics of DD patients (n = 117).

ON (n=30) CIS (n =11) RRMS (n=65) PPMS (n=11)

Age (years), mean (6 SD) 33.1 (611.6) 37.4 (614.2) 34.7 (610.3) 52.7 (612.6)

Female, n (%) 6 (20) 8 (73) 40 (62) 6 (55)

Disease duration (months), mean (6 SD) 2.9 (67.6) 2.2 (62.2) 29.8 (649.3) 122.3 (6150.8)

EDSS, mean (6 SD) N/A 1.8 (60.8) 2.7 (61.3) 3.4 (61.5)

OB+(%) 13 (43) 9 (82) 59 (91) 10 (91)

CSF WBC.5 (%) 12 (40%) 5 (45%) 38 (60%) 2 (20%)

DD, demyelinating diseases; ON, optic neuritis; CIS, clinically isolated syndrome; RRMS, relapsing remitting multiple sclerosis; PPMS, primary progressive multiple
sclerosis; SD, standard deviation; EDSS, expanded disability status scale; OB, oligoclonal bands; CSF, cerebrospinal fluid; WBC, white blood cells.
doi:10.1371/journal.pone.0072399.t001

CSF IL-6 in CNS Inflammatory Diseases
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MS cohorts. [16] Noteworthy, no OB were found in the samples of

the OND group. In the OIND group, 18,7% of the samples were

OB-positive.

We then compared the usefulness of OB versus IL-6 to

discriminate MS patients. We observed that the absence of CSF

IL-6 (96% sensitivity) was similar to the presence of OB (91%

sensitivity) to confirm MS diagnosis. In addition, ROC curve

analysis demonstrated that CSF IL-6 levels were more closely

linked to MS than WBC counts, when the MS and OND groups

were compared (data not shown). Altogether, these results strongly

suggest that the measurement of IL-6 CSF levels as a quantitative

assay could be useful to support a discriminatory clinical diagnosis

of MS. It is however important to underline that OB testing

mainly helps distinguishing between MS and healthy subjects or

non-inflammatory neurological diseases, whereas IL-6 helps in our

view in distinguishing MS and OIND.

Table 2. Radiological characteristics of DD group subjects (n = 117).

ON (n=30) CIS (n=11) RRMS (n=65) PPMS (n=11)

Brain MRI n= 18/30 n = 8/11 n= 55/65 n= 11/11

T1-Gd+ lesions, n (%) 5 (31) 0 19 (34) 0

Only T2 lesions, n (%) 6 (32) 4 (50) 36 (66) 11 (100)

No lesions, n (%) 7 (37) 4 (50) 0 0

Spinal cord MRI n= 7/30 n = 7/11 n= 42/65 n= 11/11

T1-Gd+ lesions, n (%) 0 1 (14) 20 (48) 0

Only T2 lesions, n (%) 3 (43) 3 (43) 11 (26) 9 (82)

No lesions, n (%) 4 (57) 3 (43) 11 (26) 2 (18)

MRI, Magnetic Resonance Imaging; Gd, Gadolinium.
doi:10.1371/journal.pone.0072399.t002

Figure 2. Distribution of CSF IL-6 levels in patient subgroups. The CSF IL-6 levels of all individual patients were measured using quantitative
ELISA. Data are expressed as pg/ml and represented on a logarithmic scale. Only significant p-values are shown in the graph (p,0.001; Kruskal–Wallis
test). The horizontal line shows the estimated optimal cut-off values for CSF IL-6 levels (10 pg/ml). ITM, idiopathic transverse myelitis; OIND, other
inflammatory neurological diseases; ON, optic neuritis; CIS, clinically isolated syndrome; RRMS, relapsing-remitting multiple sclerosis; PPMS, primary
progressive multiple sclerosis; NIND, non-inflammatory neurological diseases; DD, demyelinating diseases.
doi:10.1371/journal.pone.0072399.g002

CSF IL-6 in CNS Inflammatory Diseases
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Discussion

The use of biomarkers is increasingly proposed as a method to

refine the diagnosis and guide the treatment of numerous diseases.

To date, no biomarker has had sufficient full-scale testing to

qualify as a useful addition to standard diagnostic and prognostic

factors, or to guide the prescription of specific treatments for MS.

A recent study has shown promising results with the demonstra-

tion of the potassium channel KIR4.1 as a target of the

autoantibody response in MS. [17] CSF OB detection remains

currently the preferred biological test performed by physicians that

investigate MS patients, although it is no longer required by the

2010 revised MS criteria. [13] When applying these revised

criteria, it remains imperative that alternative diagnoses be

considered and excluded. Thus, the identification of clinical and

paraclinical red flags is of particular importance when diagnosing

MS. Studies have investigated the possible usefulness of IL-6 as a

biomarker of CNS diseases, especially in the context of demye-

linating diseases; however, the small size of the studied samples

and the inclusion of restricted neurological conditions limit its

usefulness in clinical practice. We addressed this question in the

present study by taking advantage of a large-scale data set that

encompasses a variety of neurological conditions.

ROC curves, which represent the probability that a test will

yield false-positive or false-negative results for all possible cut-off

values, were drawn to determine the optimal cut-off value of CSF

IL-6 to discriminate MS from OIND, a group of CNS

inflammatory diseases considered in the classical differential

diagnosis of MS. The results presented in this study indicate that

elevated IL-6 levels (.10 pg/ml) are observed almost exclusively

in CSF samples from patients with OIND and ITM, which likely

reflects the inflammatory characteristics of the diseases represented

in these groups. Thus, the measurement of CSF IL-6 with a cut-off

of 10 pg/ml yielded a sensitivity of 96% to differentiate patients

with MS from those with OIND of the CNS. Notably, these results

have direct clinical implications, because ITM and OIND are

typical diagnoses that may mimic MS and could therefore be

mistaken for MS according to clinical presentation or MRI-

restricted assessment. In contrast, CSF samples from patients with

ON, CIS, MS, and NIND were negative for IL-6 reactivity, with

the exception of three RRMS CSF samples that exhibited low IL-6

levels. Regarding the clinical and radiological characteristics of

these patients, no difference with the other samples of the group

was found. A satisfactory explanation for this low CSF IL-6

positivity is thus not available. In addition, separated analysis in

patients with distinct DD revealed comparable results between the

subgroups.

No single CSF test has proven fully reliable for distinguishing

MS from OIND. Only CSF parameters such as CSF OB and IgG

index are currently used to assist with MS diagnosis, although CSF

analysis is no longer required for a diagnosis of MS. [13] In a

hypothetical MS diagnosis, elevated CSF IL-6 values (i.e..10 pg/

ml) would indicate the need to investigate other possible diagnoses,

especially in the spectrum represented here by the OIND group.

Alternatively, CSF IL-6 measurement might be particularly

relevant in cases of suspected clinical MS that are negative for

CSF OB. In this regard, when MS is suspected in a patient with

negative OB, the demonstration of IL-6 reactivity would strongly

suggest the presence of another CNS inflammatory disease. Thus,

the addition of a CSF IL-6 measurement combined with the

detection of OB would permit a rapid discriminatory diagnosis in

the context of MS.

IL-6 is a pleiotropic cytokine that is present during inflamma-

tion. [18] Elevated IL-6 levels are observed in almost every

infectious and/or inflammatory condition. IL-6 is detectable in the

CSF during viral, bacterial, and fungal infections of the CNS in

humans. [19] Elevated IL-6 levels are also detectable in various

diseases in which autoimmunity may play a role, such as

rheumatoid arthritis [20] and lupus erythematosus. [21] In

agreement with the results of our study, and despite the fact that

MS is considered an autoimmune disease, little if any IL-6 has

been detected in the CSF of MS patients. [19,22,23] To date,

immunological markers of inflammation demonstrate little or no

correlation with MS clinical disease progression, and there are few

data on sufficiently long follow-up periods. [24] These results do

not exclude the possibility that IL-6 is involved in MS

pathogenesis. Indeed, IL-6 is produced locally in lesions and

may not reach the CSF. The detection of IL-6 immunoreactivity

in microglial cells and in reactive astrocytes in active MS plaques

supports this hypothesis. [25] Surprisingly, IL-6 levels were

elevated in the serum of MS patients, and were greater than

levels in the CSF. [26] Nevertheless, our data suggest that IL-6

may not be primarily produced locally in the CSF of MS patients,

or at least not released in the CSF compartment, in contrast to

ITM or OIND.

In conclusion, we propose the measurement of CSF IL-6 as a

relevant screen to discriminate MS patients from patients with

OIND that may classically mimic MS. Although this test lacks

specificity for any particular disease, the high IL-6 in the CSF

renders the likelihood of MS less probable. In addition, this test

could be easily performed on a routine basis in any center that is

equipped to test CSF samples. Thus, we believe that this test

should be considered as an added value to the CSF OB

determination to help confirm or exclude MS.
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