
Epilepsy Currents
2021, Vol. 21(6) 419–420
© The Author(s) 2021
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/15357597211042195
journals.sagepub.com/home/epi

Caught in the Act: Cerebrospinal Fluid Markers
of Concurrent Mechanisms of
Antibody-Mediated Encephalitis
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Objective. To determine whether neuronal and neuroaxonal injury, neuroinflammation, and synaptic dysfunction associate with
clinical course and outcomes in antibody-mediated encephalitis (AME), we measured biomarkers of these processes in CSF from
patients presenting with AME and cognitively normal individuals. Methods. Biomarkers of neuronal (total tau, VILIP-1) and
neuroaxonal damage (neurofilament light chain [NfL]), inflammation (YKL-40), and synaptic function (neurogranin, SNAP-25)
were measured in CSF obtained from 45 patients at the time of diagnosis of NMDA receptor (n = 34) or LGI1/CASPR2 (n = 11)
AME and 39 age- and sex-similar cognitively normal individuals. The association between biomarkers and modified Rankin Scale
(mRS) scores were evaluated in a subset (n = 20) of longitudinally followed patients. Results. Biomarkers of neuroaxonal injury
(NfL) and neuroinflammation (YKL-40) were elevated in AME cases at presentation, whereas markers of neuronal injury and
synaptic function were stable (total tau) or decreased (VILIP-1, SNAP-25, neurogranin). The log-transformed ratio of YKL-40/
SNAP-25 optimally discriminated patients from cognitively normal individuals (area under the receiver operating characteristic
curve .99; 95% confidence interval .97, >.99). Younger age (ρ = �.56; P = .01), lower VILIP-1 (ρ = �.60; P < .01) and SNAP-25
(ρ = �.54; P = .01), and higher log10(YKL-40/SNAP-25) (ρ = .48; P = .04) associated with greater disease severity (higher mRS
score) in prospectively followed patients. Higher YKL-40 (ρ = .60; P = .02) and neurogranin (ρ = .55; P = .03) at presentation
were associated with higher mRS scores 12 months following hospital discharge. Conclusions. CSF biomarkers suggest that
neuronal integrity is acutely maintained in AME, despite neuroaxonal compromise. Low levels of biomarkers of synaptic function
may reflect antibody-mediated internalization of cell surface receptors and may represent an acute correlate of antibody-
mediated synaptic dysfunction, with the potential to inform disease severity and outcomes.

Commentary

Autoimmune encephalitis with antibody to neuronal surface anti-
gens has emerged as an important class of neurological disorders.1

How the immune reaction and the antibody itself contribute to the
signs and symptoms of the disease and to the long-term neuro-
logical damage and functional disability is still being unraveled.

In vitro models indicate that most of these antibodies exert a
functional, and thus potentially reversible, effect on receptors and
ion channels trafficking, leading to internalization of molecules that
are important for axonal and synaptic transmission.2 This likely
explains the sometimes spectacular response and frequently
complete clinical recovery after immune therapies are given.
However, the few available pathological studies of biopsy and
autopsy samples have also revealed inflammatory reaction in the
brain tissue. Patients with N-methyl-D-aspartate receptor
(NMDAR) antibody encephalitis mostly show antibody-producing
cells, while patients with voltage-gated potassium channel
(VGKC)-complex antibody encephalitis, including leucine-rich,
glioma inactivated-1 (LGI1) also present signs of an antibody-
and complement-mediated neuronal injury and cerebral atrophy.3,4

These findings are line with the known risk of developing hip-
pocampal sclerosis, epilepsy, and irreversible long-term memory
deficits after LGI1 antibody encephalitis, especially if treatment is
delayed, while acute and long-term brain injury is less frequently
reported in NMDAR antibody encephalitis. These data suggest that
the pathophysiology of antibody-mediated encephalitis is a com-
plex interplay of axonal and synaptic dysfunction, inflammation,
and neuronal injury, not to mention the additional effect of seizures
and status epilepticus (SE) which are frequent in this setting.

Being able to tease out and quantify the extent of these different
mechanisms at the individual level might be of diagnostic, thera-
peutic and prognostic value. In this study, the authors investigated
the level of cerebrospinal fluid (CSF) biomarkers of neuronal (tau,
visinin-like protein-1 [VILIP-1]), axonal (neurofilament light chain
[NFL]), and synaptic (synaptosomal-associated protein-25 [SNAP-
25] and neurogranin) integrity and of glial activation and neuro-
inflammation (chitinase-3-like protein [YKL-40]) in patients with
antibody-mediated encephalitis.5 Several of these markers might be
familiar to some neurologists, but perhaps less to epilepsy spe-
cialists, as they have been studied in other neurological diseases,
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such as degenerative disorders, stroke, traumatic or anoxic brain
injury, and multiple sclerosis, usually with promising results. Some,
such as tau and VILIP-1, have also been linked to neuronal injury
secondary to seizures and SE.6,7

The authors included 45 patients (34 with NMDAR, 7 with
LGI1, and 4 with contactin-associated protein-like 2 [Caspr2]
antibody) and 39 controls matched for age and sex. Compared to
controls, patients had an increased level of inflammatory and
axonal injury markers and a decreased level of synaptic integrity
markers compared to controls, and independently of age and
time from onset to the lumbar puncture. There was, overall, little
evidence of neuronal injury. These results might have been
mostly driven by the larger subgroup of patients with NMDAR
antibodies. The authors thus performed a post-hoc analysis that
revealed differences between the NMDAR and LGI1/Caspr2
subgroups, with the latter showing higher levels of markers of
neuronal injury. Altogether, this set of findings remarkably
confirms, in human patients at the acute phase of the disorder,
what we know thus far from in vitro and pathological studies in
terms of pathophysiological similarities and differences be-
tween NMDAR and LGI1/Caspr2 antibody encephalitis.

It is not sure yet whether these markers will prove useful for
the differential diagnosis of autoimmune encephalitis from other
diseases with similar clinical manifestations, as controls were all
healthy subjects. It would now be important to see if they can
also discriminate encephalitis with antibodies to neuronal
surface antigen, including other antibodies than NMDAR and
LGI/Caspr2, from clinically related conditions, such as para-
neoplastic encephalitis with antibodies to intracellular antigens
(Hu, etc.) and infectious encephalitis. Also, simultaneously
exploring the complementary value of additional markers that
have been identified in recent studies, such as cytokines and
chemokines,8-10 would be of interest, with the aim to provide a
broader set of diagnostic and prognostic markers.

Another question that remains, given the known association
between some of these biomarkers (tau, VILIP-1) and epilepsy and
seizures, is how much of the observed differences with controls
might be due to seizures andSE-related brain dysfunction and injury.
It would have been interesting, for example, to compare the levels of
biomarkers between patients with different seizure burdens.

The relationship between CSF biomarkers and outcome was
less convincing, largely because the subgroup of patients who
were followed until 12 months was small (N = 20; 10 NMDAR
and 10 LGI1/Caspr2). Also, there were differences in severity
and outcome between the NMDAR and LGI1/Caspr2 groups.
As expected, patients with NMDAR encephalitis had a more
severe course, requiring ICU admission, multiple immune
therapies, and more time in the hospital. They reached a worse
clinical status during the acute phase and tended to have less
favorable outcome at discharge and at 12 months. So, while a
few associations between biomarkers and outcome were noted,
they should be interpreted with caution, as they might reflect
differences between the types of encephalitis rather than real
prognostic information. Further studies with larger samples
should now aim to confirm these associations within “pure”
populations of antibody-specific subtypes of antibody-mediated

encephalitis. That being said, 1 finding deserves to be men-
tioned. Markers of synaptic integrity were interestingly lower in
patients with the most severe clinical presentation in the acute
stage but were higher in patients with worse functional outcome.
This could suggest that antibody-mediated internalization of
synaptic proteins plays a key role in the acute clinical mani-
festations of the disorder but not in the long-term sequelae,
which might rather be attributed to the other mechanisms: in-
flammation and neuronal injury.

Altogether, this study expands our understanding of this
important but still poorly understood group of disorders and
opens new doors for diagnosis and treatment.

By Nicolas Gaspard

References

1. Ramanathan S, Al-Diwani A, Waters P, Irani SR. The

autoantibody-mediated encephalitides: from clinical observations
to molecular pathogenesis. J Neurol. 2021;268(5):1689-1707. doi:

10.1007/s00415-019-09590-9. Epub 2019 Oct 26. PMID:
31655889; PMCID: PMC8068716.

2. Dalmau J, Gleichman AJ, Hughes EG, et al. Anti-NMDA-receptor

encephalitis: case series and analysis of the effects of antibodies. Lancet
Neurol. 2008;7(12):1091-1098. doi:10.1016/S1474-4422(08)70224-2

3. Bien CG, Vincent A, Barnett MH, et al. Immunopathology of
autoantibody-associated encephalitides: clues for pathogenesis.

Brain. 2012;135(Pt 5):1622-1638. doi: 10.1093/brain/aws082.
4. Carreño M, Bien CG, Asadi-Pooya AA, et al. Epilepsy surgery in

drug resistant temporal lobe epilepsy associated with neuronal

antibodies. Epilepsy Res. 2017;129:101-105. doi: 10.1016/j.
eplepsyres.2016.12.010.
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