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Abstract

Background The C-X-C motif chemokine ligand 13
(CXCL13) and its receptor CXCRS play an important role
in the homing of B-lymphocytes. As a biomarker in the cer-
ebrospinal fluid (CSF), CXCL13 has increasingly been used
for the diagnosis of neuroborreliosis (NB). We evaluated the
diagnostic and prognostic potential of CXCL13 for NB and
other neuroinflammatory diseases in an unselected cohort,
paying attention to those patients particularly who might
benefit from newly emerging CXCL13-directed therapies.
Methods We report the CSF CXCL13 concentrations and
other relevant baseline characteristics for an unselected
cohort of 459 patients. We compare different diagnostic
groups and analyse the sensitivity and specificity of CSF
CXCL13 as a marker of NB. The course of the CXCL13
concentrations is reported in a subgroup of 19 patients.
Results 'We confirm the high diagnostic yield of CXCL13
for NB in this unselected cohort. The optimal cut-off for the
reliable diagnosis of NB was 93.83 pg/ml, resulting in a sen-
sitivity and specificity of 95 and 97%, respectively (positive
predictive value 55.9%, negative predictive value 99.8%),
surpassing the sensitivity of both serological testing and
PCR. CSF CXCL13 concentration showed a swift response
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to therapy. Non-NB patients with high CSF CXCL13 con-
centrations suffered from meningeosis neoplastica or infec-
tious encephalitis.

Conclusions CXCL13 is a valuable tool for the diagnosis
and assessment of therapeutic response in NB. Furthermore,
our data point towards an emerging role of CXCL13 in the
diagnosis and prognosis of viral encephalitis and meningeo-
sis neoplastica. These results are of particular interest in the
light of recently developed approaches to CXCL13-directed
therapeutic interventions.

Keywords CXCL13 - Chemokine - Neuroborreliosis -
Autoimmune diseases - Viral infections - Metastasis

Introduction

The C-X-C motif chemokine ligand 13 (CXCL13) is a
chemokine produced by antigen-presenting cells such as
follicular dendritic cells and macrophages. Via its recep-
tor—CXCR5—it serves as a chemoattractant, homing B
cells into secondary lymphoid organs [1-3].

Cerebrospinal fluid (CSF) CXCL13 was suggested to be
a highly specific and sensitive diagnostic marker for neu-
roborreliosis (NB; [4, 5]), but is also raised in other neuro-
infectious and inflammatory disorders [6, 7]. Recently, an
increasing focus has been on CXCL13 as a potential thera-
peutic target in these diseases [8].

We aimed to investigate the CXCL13 concentration in
the CSF of an unselected group of patients, intending to
improve our understanding of this chemokines diagnostic
and prognostic properties. We will discuss our findings for
the subgroup of patients diagnosed with NB, but also those
for other diagnostic groups. We will particularly empha-
size those nosological entities exhibiting extraordinarily
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high CSF CXCL13 levels, as these might be susceptible to
CXCL13-directed therapeutic interventions.

Methods
Patients

We included all patients in whom CSF analysis for CXCL13
was performed between May 2015 and November 2016
and whose documentation on clinical symptoms and diag-
nosis at discharge was available (n = 459). The results for
CXCL13 as well as all other blood and CSF parameters
and the patients’ clinical information were retrospectively
extracted from the patients’ electronic clinical records. NB
was diagnosed and diagnostic certainty was graded accord-
ing to Kaiser [9].

Laboratory analyses

For the detection of CXCL13 in the CSF, the Euroimmun
CXCL13-ELISA kit was used. 50 ul of native CSF were
placed in the Euroimmun Analyser. The concentration was
calculated by the software using a standard curve. When the
titers exceeded the highest value of the calibrator (usually
550 pg/ml), the CSF probe was diluted 1:10 and the diluted
was reanalysed as described above. When no further titration
was possible, the cut-off was used for statistical calculations.
Routine laboratory assays were used for all other CSF, serum
and peripheral blood assessment.

Statistical analysis

Excel and MedCalc statistical software were used for evalu-
ation of patient data and for creation of figures. We calcu-
lated absolute frequencies and percentages for categorical
variables and the median or mean and range or 95% con-
fidence intervals for continuous variables. Correlation was
calculated using Spearman’s rank coefficient. For sensitivity
and specificity analyses, a receiver operating characteristic
(ROC) curve analysis was performed. Groups were com-
pared using the Mann—Whitney U test and the Chi-square
test. Statistical significance was assumed for p < 0.05.

Results

608 patients at our department received a spinal tap
between May 2015 and November 2016. In 459, CSF
CXCL13 was determined, irrespective of the diagnos-
tic hypothesis. 19 patients received two or more spinal
taps with analysis of CXCL13. In NB patients, the first
tap was performed before initiation of treatment. 255 of

all patients were male. Median age was 57 years (range
15-87). The list of final diagnoses is displayed in Table 1.
Baseline characteristics of different diagnostic groups are
shown in Table 2.

CSF CXCL13 concentration

The median CSF CXCL13 concentration in all patients
was 10 pg/ml (range 0-6548 pg/ml), and 900 pg/ml (range
10-6500 pg/ml) in NB patients. Duration of symptoms
in NB and CSF CXCL13 concentration did not show a
significant correlation. Neither was there a significant dif-
ference between patients with the diagnoses of likely and
confirmed NB. At the optimal cut-off point of 93.83 pg/
ml, sensitivity and specificity for the diagnosis of NB
were 95 and 97%, respectively (Fig. 1; positive predictive
value 55.9%, negative predictive value 99.8%). Of 15 non-
NB patients surpassing this threshold, two suffered from
meningeosis neoplastica due to systemic neoplastic disease
(cervical carcinoma, Waldenstrom’s macroglobulinemia),
five from neuroimmunological disease (multiple sclerosis
(MS), neuromyelitis optica spectrum disorders, CNS vas-
culitis), three from viral encephalitis (HIV, varicella zos-
ter, tick-borne encephalitis), three from bacterial meningi-
tis, and two from encephalitis of undetermined aetiology
(both most probably viral). The highest CXCL13 values in
non-NB-patients were seen in HIV-associated encephalitis
in a patient naive to highly active antiretroviral therapy
(HAART; 1633 pg/ml), encephalitis of unknown origin
(2821 pg/ml), meningeosis neoplastica secondary to Wal-
denstrom’s macrogammaglobulinemia (6500 pg/ml) and
cervical carcinoma (6548 pg/ml). Only two MS patients
had a CSF CXCL13 concentration > 93.83 pg/ml, both
were seen during acute relapse. The median CXCL13 con-
centration in the CSF of NB patients and patients from any
other of the diagnostic groups were significantly different,
except for those with meningeosis secondary to systemic
neoplastic disease. This was due to the two extreme outli-
ers in this small cohort (Fig. 2).

The positive correlation of the CSF CXCL13 concen-
tration with the number of CSF lymphocytes (p = 0.45;
p < 0.0001) and CSF total white cell count (p = 0.46;
p < 0.0001) was highly significant, yet of moderate strength.
There was no significant correlation with CSF total protein,
glucose CSF/serum ratio, CSF lactate, serum C-reactive
protein, peripheral blood leukocytes and lymphocytes. 47%
of patients with an elevated CXCL13 concentration were
positive for oligoclonal bands (OCB; determined in 312
patients), while only 13% of patients with CXCL13 levels
below the cut-off of 93.83 pg/ml had positive OCB, result-
ing in a significant difference between these two groups
(p < 0.0001).
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Table 1 Diagnostic
classification used in this study

Diagnostic  Diagnostic group—description

No. of patients CSF CXCL13—

: . group—~no. median and range

with the res'pectlve qumber (pe/ml)

of patients included in each

diagnostic group, median CSF 1 Neuroborreliosis 20 900 (10; 6500)

gﬁ;ﬁfﬂfg:’ﬁ:}gamns and 2 CNS infections—bacterial 9 71.79 (0; 188.65)
3 CNS infections—viral and unknown agents 12 59 (22.33; 2820.7)
4 CNS infections—other agents 2 24.29 (10; 38.58)
5 Systemic neoplasia—haematological 3255 (10; 6500)
6 Systemic neoplasia—solid tumours 13.94 (10; 6548)
7 Vascular CNS lesions 16 10 (0; 41.29)
8 MS/RIS/CIS 36 15.25 (0; 212)
9 Neuroinflammatory disease other than MS (incl. 19 12.37 (10; 500)

limbic encephalitis)

10 Radiculo- and plexopathies incl. AIDP/CIDP 27 10 (0; 21.41)
11 Disorders of the muscle and neuromuscular junction 9 10 (0; 10)
12 Movement disorders 21 10 (0; 20)
13 Cognitive disorders 21 10 (0; 20)
14 Epilepsy 25 10 (0; 57.82)
15 Idiopathic cranial nerve palsies 30 10 (0; 20)
16 Neoplasia of the CNS and PNS 6 10 (10; 10)
17 Neuropathies and neuropathic pain 69 10 (05 20)
18 Spinal disorders 35 10 (0; 32.09)
19 Primary headaches 15 10 (0; 10)
20 Unspecific pain syndromes 36 10 (0; 53.96)
21 Unknown 9 10 (0; 51.07)
22 Others 35 10 (0; 20)
Total 459 10 (0; 6548)

CNS/PNS central/peripheral nervous system, AIDP/CIDP acute/chronic inflammatory demyelinating poly-
radiculoneuropathy, RIS/CIS radiologically/clinically isolated syndrome

Other diagnostic tests for NB

Borrelia IgG and/or IgM CSF/serum antibody indices (AI)
were tested in a total of 452 patients. 11 non-NB patients
had a positive IgG and/or IgM Al (AI > 1.5). Thus, the
specificity of these combined parameters was 98%. At 80%,
the sensitivity was lower than that of CXCL13, as the four
patients classified as likely NB had normal Al. Borrelia
burgdorferi PCR was performed for a total of 28 times in
20 NB patients. It was reported as weakly positive at least
once in three patients and negative in 17 patients, resulting
in a sensitivity of 15%.

CXCL13: course in repeat measurements

The patient cohort with multiple determinations of CXCL13
concentration included seven NB patients, all of whom
received iv ceftriaxone 2 g/day. Repeat spinal taps took
place after a median of 13 (range 10; 39) days. By then,
the CXCL13 concentration had dropped by a mean of 57%
(range 0; 99; Fig. 3). In one patient, the lack of CXCL13
decline corresponded to ongoing symptoms. His ceftriaxone
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dose was increased to 4 g/day, whereupon the symptoms
subsided. In two patients with unspecific symptoms attrib-
uted to “post-treatment Lyme disease” [10], CXCL13
had normalized from initially high values of > 6500 and
1330 pg/ml, respectively. The Borrelia burgdorferi IgM Al
was positive in only one out of seven NB patients with repeat
spinal tap (2.17 in the second tap 14 days after the first one,
which returned negative for Borrelia IgM). The IgG Al was
pathological (i.e. > 1.5) in five patients on the first tap. It
increased in five patients between the first and second spinal
tap and decreased in two.

Discussion
CXCL13 in neuroborreliosis

The results of the present study confirm the high diag-
nostic value of CSF CXCL13 in NB, reproducing its
high sensitivity and specificity in an unselected group of
patients, with a similar specificity but higher sensitivity
than Borrelia IgG/IgM-AI and a vastly higher sensitivity
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Criterion Sensitivity 95% Cl Specificity 95%Cl
100 NF—%
20 100.00 83.2-100.0 0.00 0.0-0.8
>4.6 100.00 83.2-100.0 843 6.0-11.4
>10 95.00 75.1-99.9  79.04 74.9-82.8
>93.83 95.00 75.1-99.9 96.58 94.4-98.1
>100 80.00 56.3-943 96.58 94.4-98.1
& >118.16  80.00 56.3-943 97.04 95.0-98.4
- >161 75.00 50.9-91.3 97.04 95.0-98.4
= >200.72  75.00 50.9-91.3 97.95 96.1-99.1
'E >21071  70.00 45.7-88.1 97.95 96.1-99.1
3 ¥ >236.8 70.00 457-88.1 98.63 97.0-99.5
>333.95  65.00 40.8-84.6 9863 97.0-99.5
Y >500 6500  408-846 99.09  97.7-99.8
] 7 >1376.7  35.00 154-59.2  99.09 97.7-99.8
: >1632.5  35.00 15.4-59.2  99.32 98.0-99.9
>2526 20.00 57-437  99.32 98.0-99.9
>2820.7  20.00 57-437  99.54 98.4-99.9
>5466.6  10.00 12-317 9954 98.4-99.9
. T L R !
20 40 60 80 100 >6500 0.00 0.0-168  99.77 98.7 - 100.0
100-Specificity (%)
>6548 0.00 0.0-16.8  100.00 99.2-100.0
a b

Fig. 1 Receiver operating characteristics curve (solid line; a) includ-
ing 95% confidence intervals (CI; dotted lines) for the discrimina-
tion between neuroborreliosis patients and all other patients by CSF
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Fig. 2 CSF CXCL13 concentrations in different diagnostic groups.
The solid horizontal lines indicate medians and 95% CI. The broken
line is located at the optimal cut-off value of 93.83 pg/ml NB neu-
roborreliosis (group 1 in Table 1); NPL CNS involvement in sys-
temic neoplasm (groups 5 and 6); MS multiple sclerosis (group 8);
inflamm = neuroinflammatory disease other than MS/CIS/RIS (group
9), others = all other diagnostic groups
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CXCL13 concentration. The table (b) shows sensitivities and specifi-
cities for different criterion values (indicated by the triangles in a).
The optimal cut-off value was 93.83 pg/ml

than Borrelia burgdorferi PCR. The optimal cut-off value
for CXCL13 in the CSF is located at the lower end of the
range reported so far (56—1229 pg/ml; [5, 12, 13]). These
discrepancies may be due to the different ELISA test kits
used [11, 12]. Individual prospective studies for the avail-
able kits would be desirable.

The high specificity of serological testing, i.e., CSF/
serum Borrelia IgG- and IgM antibody indices, found in
our cohort coincides with a recent study reporting values
between 97 and 99%. The sensitivity depends on the timing
of CSF analysis, increasing with later stages of the disease
[13]. Sensitivity of Borrelia burgdorferi PCR in the CSF
varies widely, but is generally lower than serology [9]. It
too depends on the timing of the spinal tap—being higher
in acute cases—as well as on the specific assay used. For an
optimal diagnostic outcome in patients with clinical signs
of NB considering both sensitivity and specificity, our data
suggest a combined approach of serological testing and
determination of CXCL13 in the CSF.

The CSF CXCL13 concentration in NB patients proves
to be a rapid and sensitive marker to assess therapeutic suc-
cess, far superior to Borrelia IgG/IgM Al [4]. CXCL13
may thereby help to distinguish patients with acute NB but
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insufficient therapeutic response from those suffering from
unspecific post-treatment Lyme disease symptoms.

Possible misdiagnoses of a raised CSF CXCL13 con-
centration include other neuroinflammatory disorders, par-
ticularly HIV-associated and other viral encephalitis and
leptomeningeal spread of systemic neoplastic disease. The
association with disorders causing a predominantly lym-
phocytic invasion of the intrathecal space is unsurprising
given the correlation of CXCL13 concentration with the
CSF total cell count and CSF total lymphocytes and the fact
that CXCL13 is the major determinant for B cell recruit-
ment to the CSF during neuroinflammation [14]. It would
be interesting to investigate the CSF of NB patients, patients
suffering from the diseases listed above and controls with
other neuroinflammatory disorders by flow cytometry to
investigate whether there are pathognomonic patterns of the
individual lymphocyte subpopulations.

CXCL13 in HIV

One of our patients exhibiting a particularly high CSF
CXCL13 concentration was an HIV patient naive to
HAART. His CSF showed inflammatory changes with a
moderately increased cell count. Clinically he displayed
psychotic symptoms. Relevant pathogens were excluded as
were markers of autoimmune disease. Thus, we suspected
HIV-associated encephalitis [15-17]. Elevated CXCL13
serum and CSF levels have been described in HIV [3, 11].
They have been implicated in impaired B cell trafficking and
functioning, thereby probably contributing causally to the
immunosuppression in HIV patients [3]. The same authors
describe a response of serum CXCL13 levels to HAART
therapy. A prospective study would be desirable in these
patients to assess the utility of serum CXCL13 as a marker
for response (and compliance) to antiretroviral therapy.

Patient 5
~-@-- Patient 6

e Patient 7

15 20 25 30 35 40
DAYS

CXCL13 in autoimmune disorders

CXCL13 has been implicated in the pathogenesis of auto-
immune disease by reducing elimination of autoreactive B
cells if overexpressed by follicular dendritic cells [2, 18].
In particular, CXCL13 has repeatedly been described as a
diagnostic marker in MS [7, 19]. However, for this indica-
tion it proved not be very sensitive in our cohort. Only two
patients had CXCL13 concentrations above the 93.83 pg/
ml threshold—both were in acute relapse. Interestingly,
we found similarly high levels of CXCL13 in our only two
patients with suspected neuromyelitis optica (NMO; sug-
gestive lesions, aquaporin-4 antibody negative). This might
either reflect a higher activity of the disease at the moment
of CXCL13 determination or point towards an increased sen-
sitivity of this marker in NMO spectrum disorders. Although
no significant differences of the median CSF CXCL13 levels
in NMO and MS have been described, NMO patients display
a wider range of CXCL13 levels with very high values in
some individuals [7].

CXCL13 in neoplastic disease

The two patients with the highest CSF CXCL13 concentra-
tions of all non-NB patients suffered from meningeal spread
of systemic neoplastic disease. This increase of CXCL13
concentration may be an unspecific reflection of inflam-
mation caused by neoplastic cells in the intrathecal space.
However, previous reports suggest a specific association of
CXCL13 with a subset of haematological and solid tumours.
One of our patients had Waldenstrém’s macrogammaglobu-
linemia. Increased serum and CSF CXCL13 levels have pre-
viously been described in B cell lymphoma [20-22]. Given
results obtained in patients with primary CNS lymphoma, it
has been suggested that CXCL13 may mediate chemotaxis
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of lymphoma cells, thereby contributing to their CNS tro-
pism [22]. Overexpression of CXCL13 and its receptor
CXCRS5 as well as increased serum levels of CXCL13 have
also been described in patients with B cell chronic lympho-
cytic leukaemia (CLL), potentially contributing to prolonged
survival of CLL cells [20].

The second patient with markedly elevated CSF CXCL13
concentration had carcinomatous meningeosis due to cervi-
cal cancer. To our knowledge, this association has not yet
been described. However, the CXCL13-CXCRS5 axis has
been associated with progression and metastasis in differ-
ent types of cancer, e.g. breast, colon and non-small cell lung
carcinoma, probably by inducing epithelial to mesenchy-
mal transition [23-25]. Increased CSF CXCL13 concentra-
tion may hence reflect the invasive potential of the primary
tumour. We suggest further studies of CXCL13 as a tumour
marker in the context of cervical carcinoma and other epithe-
lial neoplasms, correlating its parenchymal expression and
serum levels with the invasiveness and metastatic potential
of the tumour.

In conclusion, our data confirm the significance of
CXCL13 for the diagnosis and therapeutic monitoring in
NB. Beyond that, our data allude to an important role this
chemokine might play in the pathogenesis of viral encepha-
litis as well as CNS invasion by systemic neoplastic disease.
These assumptions should be confirmed in a prospective
study design. If this correlation turns out to be positive,
CXCL13 might not only serve as an interesting prognostic
marker, but also as a potential therapeutic target, e.g. by
employing recently developed CXCL13 specific monoclo-
nal antibodies, which are currently being tested in animal
models of autoimmune disease [2].
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