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Background: Although antibody-mediated immune responses are considered pathogenic
and responsible for neural injury in anti-leucine-rich glioma-inactivated protein 1 (anti-LGI1)
encephalitis, previous studies have indicated that cytokines and chemokines might play roles
in the pathogenic process by serving as B cell enhancers. In this study, we detected the
profiles of cytokines and chemokines in the cerebral fluid (CSF) and serum of patients with
anti-LGI1 encephalitis to identify potential biomarkers.

Methods: Sixteen patients diagnosed with anti-LGI1 encephalitis and nine patients diag-
nosed with noninflammatory neurologic disorders were included in the study. Cytokines and
chemokines including IL-6, IL-10, IL-17, CXCL12, CXCL13, BAFF and HMGBI in serum
and CSF were measured.

Results: The serum and CSF levels of CXCL13 were significantly higher in patients with anti-
LGI1 encephalitis (36.32+34.71 pg/mL and 2.2342.41 pg/mL, respectively) than in controls (10.84
+5.02 pg/mL and 0.34+0.21 pg/mL, respectively). There was no significant difference in serum or
CSF levels of IL-6, IL-10, IL-17, CXCL12, BAFF and HMGBI1 between the two groups.
Conclusion: CXCL13 is a potential biomarker of active inflammation in anti-LGI1 ence-
phalitis. The distinctive response of cytokines and chemokines might be closely linked to the
mechanisms underlying this condition.

Keywords: leucine-rich glioma-inactivated protein 1, CXCL13, cytokine, encephalitis,
biomarker

Introduction
Autoimmune encephalitis (AE) associated with antibodies against neuronal surface
antigens has been attracting extensive attention since anti-NMDA receptor
(NMDAR) encephalitis was first described a dozen years ago. This family of
autoimmune encephalitis that includes anti-NMDAR, anti-leucine-rich glioma-inac-
tivated protein 1 (anti-LGI1) encephalitis, shares some common characteristics, and
this group of antibodies seems to be directly pathogenic.' > However, the triggers
and underlying causes of the pathogenic pathways that allow antibodies to obtain
access to the central nervous system (CNS) are poorly understood.* Although the
roles of several inflammatory cytokines/chemokines have been implicated in sev-
eral studies about AE, their effects have not yet been fully established in detail.!
Cytokines are biologically active low molecular weight polypeptides that act as
intercellular messengers at sites of inflammation. According to their cytokine profiles,
naive T cells are divided into distinct subsets that promote different types of inflam-
matory responses indifferent immunological disorders.” Chemokines, a superfamily of
small proteins, and their receptors play a central role in the inflammatory recruitment of
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leukocytes and other cell types into the CNS.® Thus, the
presence of specific cytokines/chemokines could reflect dif-
ferent underlying pathways and act as a biomarker of inflam-
matory diseases. For instance, B cell markers, such as
CXCL13(B-lymphocyte chemoattractant, BLC) and BAFF
(B cell activating factor), have been most extensively inves-
tigated and are found to be elevated in autoantibody-asso-
ciated CNS disorders; while helper T cell2 (Th2) and Th17
cytokines, such as interleukin (IL)4, IL-5, CCL17, IL-6, IL-
17, and CXCLS, are frequently elevated in acute dissemi-
nated encephalomyelitis (ADEM) and neuromyelitis optica
(NMO); and Th1 and Th17 cytokines, such as tumor necrosis
factora (TNF-a)), CXCL10, IL-6, IL-17, and 1L-23, are more
commonly elevated in multiple sclerosis.” Compared with
the widely accepted diagnostic value of antibodies in AE,
few studies have explored chemokines and cytokines in this
condition, and existing studies have mainly investigated anti-
NMDAR encephalitis, in which both B cell- and T cell-
mediated immune activation are indicated.*'! In this study,
we detected a series of cytokines and chemokines in the CSF
and serum of patients with anti-LGI1 encephalitis to illustrate
the underlying inflammatory mechanisms. These cytokines
and chemokines included B cell markers such as CXCL12
(constitutively secrete the chemokine stromal cell-derived
factor-1, SDF-1), CXCL13 and BAFF, T help cell markers
such as IL-6 and IL-17, a regulatory T cell marker IL-10 and
a key molecule that links tissue damage and inflammation
chemokine HMGBI1 (high-mobility group box protein 1).

Materials And Methods

Sixteen patients diagnosed with anti-LGI1 encephalitis at
Qilu Hospital of Shandong University and Shandong
Provincial Hospital from 2016 to 2018 were included in the
study. The diagnosis was based on limbic encephalitis symp-
toms and the detection of specific anti-LGI1 antibodies as
previous reported.'? Commercially available cell-based
assays were used to detect anti-LGI1 antibodies. The control
group consisted of nine patients with noninflammatory neu-
rologic disorders, whose serum and CSF samples did not
reveal anti-LGI1 antibodies. The diagnoses of these patients
included headache (n=3), cervical radiculopathy (n=2), non-
specific dizziness (n=1), vasovagal syncope (n=1), seizure
(n=1) and essential tremor (n=1). This study was approved
by the Ethics Committee of Qilu Hospital of Shandong
University and the Ethics
Provincial Hospital. This study was conducted in accordance

Committee of Shandong

with the Declaration of Helsinki. Informed consents were
written and obtained from all patients.

Serum and CSF samples were obtained immediately
after the patients were hospitalized in an active disease
state, prior to immunotherapy. Samples were stored at
—80°C until the assays were performed. The levels of
cytokines and chemokines, including IL-6, IL-10, IL-17,
CXCL12, CXCL13, BAFF and HMGB1 were measured
by enzyme-linked immunosorbent assay (ELISA) using
the human ELISA kits (Abcam, Cambridge, UK).
Samples were diluted and measured according to the man-
ufacturer’s instructions. The cytokine and chemokine con-
centrations were calculated using standard curves.

Data are expressed as the means +standard deviations
(SD) and are statistically analyzed using SPSS version
20.0. Independent-samples #-tests were used to compare
the levels of cytokines and chemokines between the anti-
LGI1 antibody group and the control group. Differences
with P <0.05 were considered significant.

Results

The clinical features of sixteen patients with anti-LGI1
encephalitis and nine control patients were listed in
Table 1. There was no difference in age or sex between

the two groups. The anti-LGI1 encephalitis patients

Table | Clinical Features Of Anti-LGIl And Control Patients

LGII Control
(n=16) (n=9)
Age, mean * SD 53.2+10.8 48.9+25.7
Sex, male/female 14/2 72
Clinical manifestations
Cognitive deficit, % 75% 11.1%
Psychiatric symptoms, % 18.8% 0%
Seizures, % 93.8% 11.1%
FBDS, % 31.3% 0%
Abnormal brain MRI (unilateral/bilateral | 56.3% 0%
limbic lobe lesions), %
Abnormal EEG (widespread slow 43.8% 11.1%
waves; spike waves), %
Abnormal CSF
CSF pleocytosis (>6 ceIIs/mm3), % 25% 11.1%
CSF WBC count (cells/mms), mean + | 3.3%3.0 2.0+2.3
SD
CSF protein level (g/L), mean + SD 0.51+0.34 0.38+0.17
CSF protein elevation, % 25% 0%

Abbreviations: LGII, anti-leucine-rich glioma inactivated-1; FBDS, faciobrachial
dystonic seizures; MRI, magnetic resonance imaging; CSF, cerebral spinal fluid; SD,
standard deviation; WBC, white blood cell.
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presented with more neuropsychiatric manifestations
including cognitive impairments (75%), seizures (93.8%)
and faciobrachial dystonic seizures (FBDS)(31.3%) than
those were found in the controls. Widespread slow waves
and paroxysmal sharp/spike waves were often found on
EEG (43.8%) and mesial temporal region abnormalities
were often observed on MRI scans (56.3%) in anti-LGI1
encephalitis patients. CSF leukocyte counts and protein
levels were not obviously elevated. Anti-LGI1 antibody
tests were positive in all sixteen anti-LGI1 encephalitis
patients, including ten serum samples and sixteen CSF
samples.

The cytokine and chemokine concentrations were detected
in ten serum samples and sixteen CSF samples of patients
with anti-LGI1 encephalitis. The serum and CSF levels
of CXCL13 (36.32+34.71 pg/mL; 2.23+2.41 pg/mL) were
significantly higher in patients with anti-LGI1 encephalitis
than those in controls (10.84+5.02 pg/mL; 0.34+0.21 pg/
mL). (P<0.05; Figures 1 and 2) The serum levels of IL-6
(0.16+0.37 pg/mL), 1L-10 (1.88+2.47 pg/mL), IL-17 (5.26
+1.78 pg/mL), CXCL12 (2302.01+1490.43 pg/mL), BAFF
(0.2340.14 pg/mL) and HMGBI1 (2901.21+985.93 pg/mL)
were not significantly different between the anti-LGI1 ence-
phalitis group and the control group (0.19+0.21 pg/mL; 0.59
+0.91 pg/mL; 7.924+4.67 pg/mL; 2313.33£722.29 pg/mL; 0.23
+0.15 pg/mlL; 3122.78+545.33 pg/mL, respectively).
(Figure 1) The CSF levels of IL-6 (4.91+6.38 pg/mL), IL-10
(1.44+1.21pg/mL), 1IL-17 (8.39+2.66pg/mL), CXCLI12
(912.51+642.99 pg/mL), BAFF (0.10£0.07 pg/mL) and
HMGBI1 (4277.56+1168.29 pg/mL) were not different
between the anti-LGI1 encephalitis group and the control
group (1.51£0.64 pg/mL; 0.75+0.53 pg/mL; 11.85+4.09 pg/
mL; 1322.22+773.14 pg/mL; 0.13£0.23 pg/mL; 3735.33
+243.88 pg/mL, respectively). (Figure 2)

Discussion

In this study, patients with anti-LGI1 antibody encephalitis
have prominent clinical manifestations including seizures,
memory deficits and FBDS. About one half patients
showed epileptic or slow waves on EEG exams and tem-
poral region abnormalities by MRI scans. We revealed that
levels of CXCL13 were higher in both serum and CSF of
patients with acute anti-LGI1 encephalitis than in controls.
There was no difference in serum/CSF levels of other
cytokines or chemokines, including IL-6, IL-10, IL-17,
CXCL12, BAFF and HMGBI, between the two groups.
We propose that CXCL13might be a potential biomarker
for active neuroinflammation in anti-LGI1 encephalitis.

CXCL13 is undetectable in the normal CNS, and
localizes to infiltrating immune cells in active CNS
inflammation."> CXCRS5, the receptor for CXCLI13, is
expressed on virtually all B cells as well as, naive and
memory T cells."*'> CXCL13 has been shown to be broadly
elevated in both inflammatory and infectious CNS condi-
tions, including multiple sclerosis,'*"'® neuroborreliosis,!”!®
anti-NMDAR  encephalitis”'® and other neurological
diseases.”® The level of CXCL13 is most consistently corre-
lated with CSF B cells, plasmablasts and intrathecal immu-

noglobulin production,”?'

suggesting that CXCL13 maybe a
biomarker for neuroinflammation, especially B cell recruit-
ment to the CSF. It seems that elevated CXCL13 is asso-
ciated with inflammatory activity, but not with a specific
pathogen. In this study, we found that CXCL13 levels were
higher in anti-LGI1 encephalitis group than in controls, indi-
cating the presence of active inflammation despite the unre-
markable pleocytosis observed in the majority of our
patients. The close linkage between CXCLI13 and B cell
function also corresponded with the widely accepted point
that humoral immunity played a critical role in anti-LGI1
encephalitis.' A different conclusion was drawn in another
study in which CXCL13 was unchanged in either serum or
CSF samples obtained from an anti-LGI1 encephalitis
group.”> We assume that this might be partially due to
small sample bias, and the course of the disease could
also be a factor that influences the level of cytokine/
chemokines.'"'* Based on these considerations, we specu-
late that serum/CSF levels of CXCL13 could be a potential
biomarker to evaluate the inflammatory response in anti-
LGI1 encephalitis.

One characteristic that deserves consideration is that
CXCLI13 levels were increased in both serum and CSF in
anti-LGI1 group, with higher level in serum than CSF.
Interestingly, in patients with anti-NMDAR encephalitis,
the increases of CXCL13 and other cytokines/chemokines
were observed only in CSF, and no dynamic changes were
observed in the peripheral blood.”'*** These distinctions
might provide clues suggesting that the intrathecal synth-
esis of NMDAR antibodies is the main source of patho-
genic attacks in anti-NMDAR encephalitis, while the
CXCLI13 and LGI1 antibodies detected in CSF probably
resulted from leakage through the blood brain barrier
(BBB) in anti-LGI1 encephalitis.

Limited neuropathological studies have revealed vari-
ably intense T cell infiltration in the brain tissues of
patients with anti-LGI1 encephalitis, although T cell were
not considered a major contributer.”® This observation
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Figure | Serum cytokine/chemokine changes in anti-LGI| encephalitis patients.

Notes: Serum CXCLI3 (E) levels were higher in anti-LGI| encephalitis patients than in controls. IL-6 (A), IL-10 (B), IL-17 (C), CXCLI2 (D), BAFF (F) and HMGBI (G) levels were
not different between the anti-LGI| encephalitis group and the control group. *P-value <0.05; ns: p-value >0.05.

Abbreviations: LGII, anti-leucine-rich glioma inactivated-1; IL, interleukin; CXCLI2, stromal cell-derived factor-1; CXCLI3, C-X-C motif chemokine |3; BAFF, B cell
activation factor; HMGBI, high-mobility group box protein .
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raised questions regarding the still largely unknown
mechanisms underlying the recruitment of B and T cells
into the inflamed CNS. Cytokines/chemokines might be
key components of the crosstalk between humoral and
cell-mediated immunity. In a previous study, AE patients
with antibodies to cell surface antigens (undistinguished
LGI1 and NMDAR) had higher serum Th17 cytokine (IL-
17, IL-23) levels than those were found in patients with
antibodies against intracellular antigens,** indicating a role
for Th cells in supporting B cell reactions. However, this
family of AE is not absolutely the same, even with regard
to characteristics of immune activation and pathological
features. In this study of anti-LGI1 encephalitis, we failed
to find difference in the level of Th cell markers (such as
IL-6,10, 17) between the anti-LGI1 group and the control
group, though these factors are important for the activation
of B cells. Interestingly, in anti-NMDAR encephalitis,
apart from an increase in the level of CXCLI13, a wider
range of cytokines/chemokines associated with Th cells
(also known as B cell enhancers), including IL-6, IL-17,
IL-10 and HMGBI, was upregulated.®'®!'?? This finding
could be of great clinical significance in anti-NMDA
encephalitis in light of the fact that these cytokines/che-
mokines were correlated with both inflammation severity
and prognosis. We assumed that the profiles of cytokines/
chemokines in CSF and serum might reflect the different
immunological mechanisms that underlie anti-NMDAR
and anti-LGI1 encephalitis and could correspond to some
of their clinical characteristics. For example, patients with
anti-LGI1encephalitis usually seem to respond faster than
those with anti-NMDAR encephalitis at the beginning of
immunotherapy.”>?’ Obtaining additional details could
promote the evaluation of disease severity more precisely
and the exploration of therapeutic targets in the future.

In conclusion, serum/CSF CXCL13 level is a potential
biomarker of active inflammation in anti-LGI1 encephali-
tis. The distinctive responses of cytokines and chemokines
might be closely linked to underlying mechanisms. Further
exploration might provide more information about patho-
genic mechanisms, diagnostic biomarkers, prognosis pre-
diction, and potential targets for individual therapy.
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