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CHI3L1 in the CSF is a potential
biomarker for anti-leucine-rich
glioma inactivated 1 encephalitis

Jinyi Li**, Hongyan Li?*!, Yunhuan Wang®, Xiuhe Zhao",
Shengjun Wang™ and Ling Li*

tDepartment of Neurology, Qilu Hospital, Cheeloo College of Medicine, Shandong University,
Jinan, Shandong, China, 2Department of Neurology, Qilu Hospital, Cheeloo College of Medicine,
Shandong University, Qingdao, Shandong, China

Objective: Anti-leucine-rich glioma inactivated 1(LGI1) encephalitis is one rare
autoimmune encephalitis which is accompanied by inflammatory responses.
(Anti-leucine-rich glioma inactivated 1 (anti-LGl1) encephalitis is an
autoimmune disease mediated by inflammatory responses.)This study aimed
to investigate the Chitinase 3-like 1(CHI3L1) in anti-LGllencephalitis patients
and evaluate its association with modified Rankin Scale (mRS) score in anti-LGI1
encephalitis at admission and 6 months follow-up.(This study looked into the
relationship between Chitinase 3-like 1 (CHI3L1) and the modified Ranking
Scale (mRS) score in anti-LGI1 encephalitis patients at admission and 6 months
later.)

Methods: Thirty-five patients with anti-LGI1 encephalitis and 22 patients with
non-inflammatory neurological disease were enrolled in this study. (We
enrolled 35 patients with anti-LGI1 encephalitis and 22 patients with non-
inflammatory neurological disease.)Cerebrospinal fluid (CSF) and serum levels
of CHI3L1 were measured by enzyme-linked immunosorbent assay. (We
quantified CHI3L1 in the serum and cerebrospinal fluid (CSF) by performing
an enzyme-linked immunosorbent assay.)Patients were evaluated for mRS
score at admission and at 6 months follow-up.(We recorded the mRS score
of the patients at admission and 6 months later.)

Results: CHI3L1 levels in CSF and serum were highly elevated in patients with
anti-LGI1 encephalitis at admission compared those with the controls.(At
admission, patients with anti-LGI1 encephalitis had elevated CHI3L1 levels in
the CSF and serum.) Additionally, patients presenting with cognitive impairment
had significantly higher CSF CHI3L1 levels and mRS scores than those without
cognitive impairment symptoms. Patients presenting with only faciobrachial
dystonic seizures at admission had lower CSF CHI3L1 levels than those with
other symptoms. Finally, CSF CHI3L1 levels were positively correlated with CSF
lactate levels.
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Conclusion: CHI3L1 levelin CSF is correlated with the severity and prognosis of
anti-LGI1 encephalitis. (CSF CHI3L1 levels are correlated with the severity and
prognosis of anti-LGI1 encephalitis.)

KEYWORDS

LGI1 encephalitis, cerebrospinal fluid, chitinase 3-like 1, modified rankin

scale, prognosis

Introduction

Anti-leucine-rich glioma inactivated 1 (anti-LGI1)
encephalitis is a type of rare autoimmune encephalitis (1). The
main clinical manifestations of anti-LGI1 encephalitis are
memory loss, seizures, mental behavioral abnormalities and
faciobrachial dystonic seizures(FBDS) (2-4). Chitinase-3 like-
protein-1 (CHI3L1), a chitinase-like protein, is generated and
released by various cells, including macrophages, microglia,
including macrophages, microglia, neutrophils, synoviocytes,
chondrocytes, fibroblast-like cells, smooth muscle cells, and
tumor cells (5-8). CHI3L1 forms a multimeric complex with
interleukin-13 receptor 0.2 and interacts with transmembrane
protein 219 (TMEM219), activating the Erk, Akt, and Wnt-
linked signaling pathways and suppressing inflammatory cell
apoptosis (5, 9, 10). Some studies have shown that patients with
anti-N-methyl-d-aspartate receptor (NMDAR) encephalitis
have higher CHI3LI levels in the cerebrospinal fluid (CSF)
than viral encephalitis patients or healthy people (11, 12). The
study showed thatCSF CHI3L1 levels were positively correlated
with the modified Rankin Scale (mRS) score and serum
interleukin-6(IL-6) in anti-NMDAR encephalitis (12),
suggesting that CSF CHI3LI level may be positively correlated
with the severity of anti-NMDAR encephalitis. However, few
studies have documented serum and CSF CHI3L1 levels in
patients with anti-LGI1 encephalitis. Thus, we investigated the
changes in serum and CSF CHI3L1 levels in anti-LGI1
encephalitis patients and their relationship with severity and
prognosis. In parallel, this study analyzed the association
between clinical characteristics and mRS score at admission
and 6 months later.

Material and methods
Patients and controls

We retrospectively studied 35 patients with anti-LGI1
encephalitis. All included patients met the diagnostic criteria
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for anti-LGI1 encephalitis (13). The control group comprised 22
noninflammatory neurological disorder patients, which included
migraine (n = 5), anxiety disorder (n=8), cervical/lumbar disc
herniation (n=5), ischemic cerebrovascular disease (n=4). All
patients underwent a lumbar puncturewithin 7 days after
admission for a cerebrospinal fluidCSF examinationanalysis
before starting their immunosuppressants treatment. (Table 1)
We assessed the patients’ neurological status by recording their
mRS score (14) at admission and 6 months after discharge.

The local ethics committee at the Qilu Hospital of Shandong
University approved this study, and all participants provided
written informed consent.

Quantification of serum and CSF CHI3L1

CSF and serum samples were centrifuged immediately after
collection and then stored at —80°C for testing. Commercially
available sandwich ELISA kits were used according to the
manufacturer’s instructions to quantify CHI3L1 in the CSF
and serum. (Elabscience Biotechnology Co. Ltd).

Statistical analysis

All statistical analyses were performed using SPSS 26.
Continuous variables of normally distributed data were
presented as the mean +* standard deviation. Non-normally
distributed datawere presented as the median and interquartile
range (IQR). Groups were compared using Student’s t-test. Since
CHI3L1 concentrations are non-normally distributed, we
compared the anti-LGI1 encephalitis group and the control
group using the Mann Whitney U. Spearman’s test was used to
assess the correlation between CSF CHI3L1 levels and mRS scores.
Correlations between the CHI3L1 levels and the clinical data were
analyzed by multiple linear regression. Receiver operator
characteristic (ROC) curves were used to assess the
discriminating power of CHI3L1 levels in anti-LGI1 encephalitis
patients. A value of p < 0.05 was considered statistically significant.
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TABLE 1 Clinical data and laboratory findings of anti-LGI1 encephalitis patients (n=35)and controls (n=22).

Anti-LGI1 encephalitis Control

Age of onset (years, mean + SD) 6191 + 11.20 59.70 £ 11.73
male/Female 27/8 13/9
CSF samples(%) 30/35(85.71) 22/22 (100)
Serum samples(%) 30/35(85.71) 22/22 (100)
Clinical features(%)

Psychiatric/behavioral problems 14/35(40.00)

cognitive disturbance 22/35(62.86)

Seizures 14/35(40.00)

FBDS 20/35(57.14)

Initial mRS (median,IQR) 2 (1-3)

6-months follow-up mRS (median, IQR) 1(1-2)

Abnormal EEG(%) 23/33(69.70)

Abnormal brain MRI(%)
CSF WBC count (x106, median, range)
CSF Protein (g/L, median, IQR)

Anti-LGI1 antibodies in CSF(%)

15/34(44.12)
1.6 (1-4) 1(1-2)
0.38(0.27-0.50) 0.40 + 0.18

34/35(97.14)

Anti-LGI1 antibodies in Serum(%)

32/33(96.97)

Hyponatremia(%)

20/35(57.14)

CSF CHI3L1 (pg/ml)

Serum CHI3L1 (pg/ml)

1216.30(511.78-1750.24)

919.86(600.09-3110.75)

493.93(354.90-735.98)

610.01(388.66-1355.32)

CSF, Cerebrospinal fluid; FBDS, faciobrachial dystonic seizures; mRS, modified Rankin Scale scores; IQR, Inter quartile range; EEG, Electroencephalogram; MRI, Magnetic Resonance

Imaging; WBC, white blood cell; CHI3L1, Chitinase 3-like 1.

Results
Clinical features and demographics

Table 1 lists the clinical features of the included patients. The
mean age of the patients with anti-LGI1 encephalitis was 61.91 +
11.20 years, and that of the control group was 59.70 + 11.73
years. The male to female ratio of patients recruited with anti-
LGI1 encephalitis versus controls was 27/8 and 13/9 respectively.
The median mRS score during the onset of anti-LGI1
encephalitis patients was 2 (1-3). The median mRS score
during the 6 months follow-up of anti-LGIl encephalitis
patients wasl (1-2). All anti-LGI1 encephalitis patients were
treated with methylprednisolone alone or combined with
intravenous immunoglobulin during phase of disease, followed
by a gradual reduction of the prednisone dose.
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Clinical features related to mRS at
admission and 6 months later in anti-
LGI1 encephalitis patients

A Simple linear regression analysis revealed that the mRS score
at admission was positively associated with hyponatremia(=0.468,
p=0.003) and negatively associated with FBDS ($=-0.426, p=0.005).
The multiple linear regression analysis also revealed that the mRS
score at admission was positively associated with hyponatremia
(B=0.364, p=0.025) and negatively correlated with FBDS (3=-0.395,
p=0.016). The mRS score at admission was not associated with
serum/CSF LGI1 antibody titers, abnormal brain MRI, CSF protein
concentrations, CSF white blood cell count, CSF immunoglobulin
G, A, and M titers, and CSF lactate levels.

Meanwhile, the simple linear regression analysis and
multiple linear regression analysis revealed that mRS score at
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the 6-month follow-up examination was not associated with
serum/CSF LGI1 antibody titers, abnormal brain MRI,
hyponatremia, FBDS, CSF protein concentrations, CSF white
blood cell count, CSF immunoglobulin G, A, and M titers, and
CSF lactate levels.

Increased CSF and serum CHI3L1 levels
in anti-LGI1 encephalitis patients

We quantified CHI3L1 in CSF (1 =30) and serum samples (n
=30) from patients with anti-LGI1 encephalitis (n =35), and
controls (n = 22) using an ELISA assay. Patients with anti-LGI1
encephalitis had significantly higher CHI3L1 levels in the serum
and CSF than controls. (p=0.0026 and p=0.0331, respectively;
Figures 1A, B).

Next, we evaluated whether CHI3L1 levels could be used to
identify anti-LGI1 encephalitis patients using ROC curves. The
area under the ROC curve (AUC) of CSF and serum CHI3L1
levels were 0.7377 and 0.6742, respectively (Figures 1C, D). The
optimal cut-off values for CSF and serum levels were 868.6 pg/
mL and 712.12pg/mL, respectively.
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Anti-LGI1 encephalitis patients with
cognitive impairment symptoms had
high CSF levels and mRS scores

Patients with anti-LGI1 encephalitis presenting with
cognitive impairments (n = 18) had significantly higher CSF
CHI3LI1 levels than those without cognitive impairment
symptoms (n = 12, p = 0.022, Figure 2A), but these two
groups had similar serum CHI3L1 levels (Figure 2B). Patients
with anti-LGI1 encephalitis who presented with cognitive
impairments had significantly higher mRS scores on admission
(p < 0.001, Figure 2C) and at the 6-month follow-up
examination (p = 0.018, Figure 2D) than those without
cognitive impairment symptoms.

Next, patients with other symptoms, such as psychotic
behavior abnormalities or seizures, and those without these
symptoms had similar CHI3L1 levels. Interestingly, anti-LGI1
encephalitis patients who presented with only FBDS at
admission (n = 6) had significantly lower CSF CHI3LI levels
than those without FBDS symptoms (n = 24, p = 0.029;
Figure 2E). However, these two groups had similar serum
CHIBL1 levels (p = 0.481; Figure 2F).
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CHI3L1 level difference in serum and cerebrospinal fluid of LGI1 patients with different clinical presentations. Cerebrospinal fluid (A) and serum
(B) CHI3LL levels in anti-LGI1 encephalitis patients with and without cognitive impairment; mRS scores at admission (C) and at 6-month follow-
up (D) of anti-LGI1 antibody encephalitis presenting with cognitive impairment and those without cognitive impairment symptomes;
Cerebrospinal fluid (E) and serum (F) CHI3L1 levels in anti-LGI1 encephalitis patients presenting with only FBDS and other symptoms; Cl
Patients presenting with cognitive impairments, Non-ClI: Patients presenting without cognitive impairments.

Clinical features related to increased CSF
CHI3L1 concentrations in anti-LGI1
encephalitis patients

The CSF CHI3L1 level were correlated with the patients’
mRS scores at admission(r =0.516, p= 0.004; Figure 3A) and 6
months later (r=0.552, p=0.002; Figure 3B). Meanwhile, serum
CHI3L1 concentrations and other clinical features were not
associated with the patients’ mRS score of the patients at
admission (r=0.086, p=0.652; Figure 3C) and 6 months later
(r=-0.003, p=0.988; Figure 3D).

The simple linear regression analysis revealed that CSF CHI3L1
levels were positively correlated with the patients’ mRS scores at
admission (=0.448, p=0.013), and 6-months later (=0.450,
p=0.013) and with the patients’ CSF lactate levels ($=0.451,
p=0.014). The multiple linear regression analysis showed that CSF
CHI3LI levels were positively correlated with the patients’ mRS
score at the 6-month follow-up examination ($=0.422, p=0.011)
and the patients’ CSF lactate levels (3=0.420, p=0.012).

However, the simple linear regression analysis and multiple
linear regression analysis revealed no correlation between serum
CHIBLI levels and the mRS score of the patients at onset and 6-
months follow-up and other clinical features.

Discussion

Autoimmune encephalitis is often accompanied by
inflammatory cell activation and cytokineproduction during
pathogenesis (15, 16). Anti-LGI1 encephalitis patients have
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elevated neurofilament light chain protein, glial fibrillary acidic
protein and chemokine ligand 13 levels and reduced Visinin-like
protein 1, Synaptosomal Associated Protein-25 (SNAP-25) and
neurogranin levels in the serumand CSF (17-21). However, none of
these biomarkers reflect microglia activation. CHI3L1, also has been
named YKL-40 in humans, is produced by macrophages, microglial
cell and neutrophils (5, 22). As a pro-inflammatory factor, CHI3L1
inhibits inflammatory cell apoptosis and death by inducing PKB/
Akt phosphorylation, inhibiting Fas expression (23). Moreover,
CHI3LI promotes the activation and differentiation of immune
cells, such as macrophages, dendritic cells and T lymphocytes (24).

Some studies have indicated that elevated CSF CHI3L1 are
associated with Alzheimer’s disease, multiple sclerosis and
Parkinson’s disease (22, 25-29). One study has shown that
CHIBLI levels are significantly elevated in the CSF of patients
with anti-LGI1 encephalitis. However, that study only included
seven patients (21) Patients with anti-NMDAR encephalitis also
have elevated CSF CHI3L1 levels (11, 12). Additionally, CSF
CHI3LI levels are associated with the mRS score both at
admission and 6 months later (11, 12, 16) An [18F]-DPA714
PET/CT scan study revealed that one patient with recurrent anti-
LGI1 encephalitis had activated microglia in the left medial
temporal lobe indicating that microglia play a major role in the
pathogenesis of anti-LGI1 encephalitis (30). Active microglia
might increase CHI3L1 levels in the CSF. Furthermore, CHI3L1
increases T lymphocyte levels, particularly Th2 cells in type 2
inflammatory responses (31). Additionally, neutrophils and
endothelial cells also secrete CHI3L1 and may, therefore,
contribute to the elevation of CSF CHI3L1 levels in LGI1
patients (32, 33).
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The present study, that patients with anti-LGI1 encephalitis
had elevated serum and CSF CHI3L1 levels. CSF CHI3LI levels
were correlated with mRS scores at admission and 6 months
later. Moreover, CSF CHI3LI levels were higher in anti-LGI1
encephalitis patients presenting with cognitive impairment than
those without cognitive impairment symptoms. Note-worthily,
patients presenting with only FBDS at admission had
significantly lower CSF CHI3L1 levels than patients with
other symptoms.

These results imply that CSF CHI3L1 levels were associated
with severity and outcomes. Most patients presenting with only
FBDS at admission did not suffer from serious anti-LGI1
encephalitis. A recent Mayo Clinic study have reported that more
than half of patients with anti-LGI1 encephalitis presented with
FBDS (34). Those patients with FBDS have no obvious
inflammatory responses in the CSF at the early disease stage (35).
In these patients, early immunotherapy usually yields good results
(36, 37).

Our results revealed that the mRS score at admission was
positively correlated with hyponatremia, suggesting that
hyponatremia is also related to the severity of the disease.
One study demonstrated that the prognosis of anti-LGI1
encephalitis patients with hyponatremia is poor (38). In this
study, CSF CHI3L1 levels were correlated with CSF lactate
levels. These results suggest that metabolic and inflammatory
factors are both involved in the pathogenesis of patients with
anti-LGI1 encephalitis.
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There are some limitations to our study. First, the patients
population remains relatively small. Second, the serum and CSF
samples obtained in the follow-up examination were not studied.

Conclusion

CSF CHIBLI levels are correlated with the severity and
prognosis of anti-LGI1 encephalitis.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement
The studies involving human participants were reviewed and
approved by ethics committee of the Qilu Hospital of Shandong

University. The patients/participants provided their written
informed consent to participate in this study.

Author contributions

JL and HL, drafting/revision of the manuscript, data
acquisition, study concept and design, and data analysis and

frontiersin.org


https://doi.org/10.3389/fimmu.2022.1071219
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

interpretation. YW, major role in sample collection. XZ, SW and
LL, revision of the manuscript, study concept and design, and
data analysis and interpretation. All authors contributed to the
article and approved the submitted version.

Funding

This work is supported by Qingdao Key Health Discipline
Development Fund; Qingdao Clinical Research Center for Rare
Diseases of Nervous System(22-3-7-lczx-3-nsh); Clinical New
Technology Project of Qilu Hospital of Shandong University
(Clinical study on the efficacy of neuromodulation combined
with stereotactic electroencephalography in the treatment of
intractable epilepsy associated with anxiety and depression).

References

1. Uy CE, Binks S, Irani SR. Autoimmune encephalitis: clinical spectrum and
management. Pract Neurol (2021) 21(5):412-23. doi: 10.1136/practneurol-2020-
002567

2. Lai M, Huijbers MG, Lancaster E, Graus F, Bataller L, Balice-Gordon R, et al.
Investigation of LGI1 as the antigen in limbic encephalitis previously attributed to
potassium channels: a case series. Lancet Neurol (2010) 9(8):776-85. doi: 10.1016/
$1474-4422(10)70137-x

3. Seery N, Butzkueven H, O'Brien TJ, Monif M. Contemporary advances in
antibody-mediated encephalitis: anti-LGI1 and anti-Caspr2 antibody (Ab)-mediated
encephalitides. Autoimmun Rev (2022) 21(5):103074. doi: 10.1016/j.autrev.2022.103074

4. Sen A, Wang J, Laue-Gizzi H, Lee T, Ghougassian D, Somerville ER.
Pathognomonic seizures in limbic encephalitis associated with anti-LGI1
antibodies. Lancet (London England) (2014) 383(9933):2018. doi: 10.1016/s0140-
6736(14)60684-x

5. Zhao T, Su Z, Li Y, Zhang X, You Q. Chitinase-3 like-protein-1 function and
its role in diseases. Signal Transduct Targeted Ther (2020) 5(1):201. doi: 10.1038/
541392-020-00303-7

6. Hakala BE, White C, Recklies AD. Human cartilage gp-39, a major secretory
product of articular chondrocytes and synovial cells, is a mammalian member of a
chitinase protein family. J Biol Chem (1993) 268(34):25803-10. doi: 10.1016/S0021-
9258(19)74461-5

7. Shackelton LM, Mann DM, Millis AJ. Identification of a 38-kDa heparin-
binding glycoprotein (gp38k) in differentiating vascular smooth muscle cells as a
member of a group of proteins associated with tissue remodeling. J Biol Chem
(1995) 270(22):13076-83. doi: 10.1074/jbc.270.22.13076

8. Janelidze S, Mattsson N, Stomrud E, Lindberg O, Palmqvist S, Zetterberg H,
et al. CSF biomarkers of neuroinflammation and cerebrovascular dysfunction in
early Alzheimer disease. Neurology (2018) 91(9):e867-¢77. doi: 10.1212/
wnl.0000000000006082

9. Kawada M, Seno H, Kanda K, Nakanishi Y, Akitake R, Komekado H, et al.
Chitinase 3-like 1 promotes macrophage recruitment and angiogenesis in
colorectal cancer. Oncogene (2012) 31(26):3111-23. doi: 10.1038/0nc.2011.498

10. Edwards LA, Thiessen B, Dragowska WH, Daynard T, Bally MB, Dedhar S.
Inhibition of ILK in PTEN-mutant human glioblastomas inhibits PKB/Akt
activation, induces apoptosis, and delays tumor growth. Oncogene (2005) 24
(22):3596-605. doi: 10.1038/sj.0nc.1208427

11. Zhao J, Wang C, Zhang Y, Sun R, Wang H, Li G, et al. Elevated CHI3L1 and
OPN levels in patients with anti-n-methyl-d-aspartate receptor encephalitis. J
Neuroimmunol (2019) 334:577005. doi: 10.1016/j.jneuroim.2019.577005

12. ChenJ, Ding Y, Zheng D, Wang Z, Pan S, Ji T, et al. Elevation of YKL-40 in
the CSF of anti-NMDAR encephalitis patients is associated with poor prognosis.
Front Neurol (2018) 9:727. doi: 10.3389/fneur.2018.00727

13. Graus F, Titulaer MJ, Balu R, Benseler S, Bien CG, Cellucci T, et al. A clinical
approach to diagnosis of autoimmune encephalitis. Lancet Neurol (2016) 15
(4):391-404. doi: 10.1016/S1474-4422(15)00401-9

Frontiers in Immunology

10.3389/fimmu.2022.1071219

Conflict of interest

The 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.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

14. Bamford JM, Sandercock PA, Warlow CP, Slattery J. Interobserver
agreement for the assessment of handicap in stroke patients. Stroke (1989) 20
(6):828. doi: 10.1161/01.5tr.20.6.828

15. Hacohen Y, Singh R, Rossi M, Lang B, Hemingway C, Lim M, et al. Clinical
relevance of voltage-gated potassium channel-complex antibodies in children.
Neurology (2015) 85(11):967-75. doi: 10.1212/wnl.0000000000001922

16. Zhang S, Mao C, Li X, Miao W, Teng J. Advances in potential cerebrospinal
fluid biomarkers for autoimmune encephalitis: A review. Front Neurol (2022)
13:746653. doi: 10.3389/fneur.2022.746653

17. Nissen MS, Ryding M, Nilsson AC, Madsen JS, Olsen DA, Halekoh U, et al.
CSF-neurofilament light chain levels in NMDAR and LGI1 encephalitis: A national
cohort study. Front Immunol (2021) 12:719432. doi: 10.3389/fimmu.2021.719432

18. Kunchok A, McKeon A, Zekeridou A, Flanagan EP, Dubey D, Lennon VA,
et al. Autoimmune/Paraneoplastic encephalitis antibody biomarkers: Frequency,
age, and sex associations. Mayo Clin Proc (2022) 97(3):547-59. doi: 10.1016/
j.mayocp.2021.07.023

19. Kortvelyessy P, Goihl A, Guttek K, Schraven B, Priiss H, Reinhold D. Serum
and CSF cytokine levels mirror different neuroimmunological mechanisms in
patients with LGI1 and Caspr2 encephalitis. Cytokine (2020) 135:155226.
doi: 10.1016/j.cyt0.2020.155226

20. Lin YT, Yang X, Lv JW, Liu XW, Wang SJ. CXCLI13 is a biomarker of anti-
Leucine-Rich glioma-inactivated protein 1 encephalitis patients. Neuropsychiatr
Dis Treat (2019) 15:2909-15. doi: 10.2147/ndt.S222258

21. Day GS, Yarbrough MY, Kortvelyessy P, Priiss H, Bucelli RC, Fritzler MJ,
et al. Prospective quantification of CSF biomarkers in antibody-mediated
encephalitis. Neurology (2021) 96(20):e2546-e57. doi: 10.1212/
wnl.0000000000011937

22. Lananna BV, McKee CA, King MW, Del-Aguila JL, Dimitry JM, Farias
FHG, et al. Chi3l1/YKL-40 is controlled by the astrocyte circadian clock and
regulates neuroinflammation and alzheimer's disease pathogenesis. Sci Trans Med
(2020) 12(574):eax3519. doi: 10.1126/scitranslmed.aax3519

23. Lee CG, Da Silva CA, Dela Cruz CS, Ahangari F, Ma B, Kang MJ, et al. Role
of chitin and chitinase/chitinase-like proteins in inflammation, tissue remodeling,
and injury. Annu Rev Physiol (2011) 73:479-501. doi: 10.1146/annurev-physiol-
012110-142250

24. He CH, Lee CG, Dela Cruz CS, Lee CM, Zhou Y, Ahangari F, et al. Chitinase
3-like 1 regulates cellular and tissue responses via IL-13 receptor 2. Cell Rep
(2013) 4(4):830-41. doi: 10.1016/j.celrep.2013.07.032

25. Olsson B, Lautner R, Andreasson U, Ohrfelt A, Portelius E, Bjerke M, et al.
CSF and blood biomarkers for the diagnosis of alzheimer's disease: a systematic
review and meta-analysis. Lancet Neurol (2016) 15(7):673-84. doi: 10.1016/s1474-
4422(16)00070-3

26. Molinuevo JL, Ayton S, Batrla R, Bednar MM, Bittner T, Cummings J, et al.
Current state of alzheimer's fluid biomarkers. Acta Neuropathol (2018) 136(6):821—
53. doi: 10.1007/s00401-018-1932-x

frontiersin.org


https://doi.org/10.1136/practneurol-2020-002567
https://doi.org/10.1136/practneurol-2020-002567
https://doi.org/10.1016/s1474-4422(10)70137-x
https://doi.org/10.1016/s1474-4422(10)70137-x
https://doi.org/10.1016/j.autrev.2022.103074
https://doi.org/10.1016/s0140-6736(14)60684-x
https://doi.org/10.1016/s0140-6736(14)60684-x
https://doi.org/10.1038/s41392-020-00303-7
https://doi.org/10.1038/s41392-020-00303-7
https://doi.org/10.1016/S0021-9258(19)74461-5
https://doi.org/10.1016/S0021-9258(19)74461-5
https://doi.org/10.1074/jbc.270.22.13076
https://doi.org/10.1212/wnl.0000000000006082
https://doi.org/10.1212/wnl.0000000000006082
https://doi.org/10.1038/onc.2011.498
https://doi.org/10.1038/sj.onc.1208427
https://doi.org/10.1016/j.jneuroim.2019.577005
https://doi.org/10.3389/fneur.2018.00727
https://doi.org/10.1016/S1474-4422(15)00401-9
https://doi.org/10.1161/01.str.20.6.828
https://doi.org/10.1212/wnl.0000000000001922
https://doi.org/10.3389/fneur.2022.746653
https://doi.org/10.3389/fimmu.2021.719432
https://doi.org/10.1016/j.mayocp.2021.07.023
https://doi.org/10.1016/j.mayocp.2021.07.023
https://doi.org/10.1016/j.cyto.2020.155226
https://doi.org/10.2147/ndt.S222258
https://doi.org/10.1212/wnl.0000000000011937
https://doi.org/10.1212/wnl.0000000000011937
https://doi.org/10.1126/scitranslmed.aax3519
https://doi.org/10.1146/annurev-physiol-012110-142250
https://doi.org/10.1146/annurev-physiol-012110-142250
https://doi.org/10.1016/j.celrep.2013.07.032
https://doi.org/10.1016/s1474-4422(16)00070-3
https://doi.org/10.1016/s1474-4422(16)00070-3
https://doi.org/10.1007/s00401-018-1932-x
https://doi.org/10.3389/fimmu.2022.1071219
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

27. Wood H. Multiple sclerosis: Biomarkers and genetic variants reflect disease
course in multiple sclerosis. Nat Rev Neurol (2016) 12(10):553. doi: 10.1038/
nrneurol.2016.142

28. Canté E, Tintoré M, Villar LM, Costa C, Nurtdinov R, Alvarez-Cermefio JC,
et al. Chitinase 3-like 1: prognostic biomarker in clinically isolated syndromes.
Brain (2015) 138(Pt 4):918-31. doi: 10.1093/brain/awv017

29. Magdalinou NK, Paterson RW, Schott JM, Fox NC, Mummery C, Blennow K,
et al. A panel of nine cerebrospinal fluid biomarkers may identify patients with atypical
parkinsonian syndromes. ] Neurol Neurosurg Psychiatry (2015) 86(11):1240-7.
doi: 10.1136/jnnp-2014-309562

30. Wang J, Jin L, Zhang X, Yu H, Ge J, Deng B, et al. Activated microglia by
(18)F-DPA714 PET in a case of anti-LGIl autoimmune encephalitis. |
Neuroimmunol (2022) 368:577879. doi: 10.1016/j.jneuroim.2022.577879

31. Shurin MR, Yanamala N, Kisin ER, Tkach AV, Shurin GV, Murray AR, et al.
Graphene oxide attenuates Th2-type immune responses, but augments airway
remodeling and hyperresponsiveness in a murine model of asthma. ACS Nano (2014)
8(6):5585-99. doi: 10.1021/nn406454u

32. Bergmann O], Johansen JS, Klausen TW, Mylin AK, Kristensen JS, Kjeldsen
E, et al. High serum concentration of YKL-40 is associated with short survival in
patients with acute myeloid leukemia. Clin Cancer Res an Off ] Am Assoc Cancer
Res (2005) 11(24 Pt 1):8644-52. doi: 10.1158/1078-0432.Ccr-05-1317

Frontiers in Immunology

08

10.3389/fimmu.2022.1071219

33. Junker N, Johansen JS, Hansen LT, Lund EL, Kristjansen PE. Regulation of
YKL-40 expression during genotoxic or microenvironmental stress in human
glioblastoma cells. Cancer Sci (2005) 96(3):183-90. doi: 10.1111/j.1349-
7006.2005.00026.x

34. Rodriguez A, Klein CJ, Sechi E, Alden E, Basso MR, Pudumjee S, et al.
LGI1 antibody encephalitis: acute treatment comparisons and outcome. J
Neurol Neurosurg Psychiatry (2022) 93(3):309-15. doi: 10.1136/jnnp-2021-
327302

35. Escudero D, Guasp M, Arifo H, Gaig C, Martinez-Hernandez E,
Dalmau J, et al. Antibody-associated CNS syndromes without signs of
inflammation in the elderly. Neurology (2017) 89(14):1471-5. doi: 10.1212/
wnl.0000000000004541

36. Thompson J, Bi M, Murchison AG, Makuch M, Bien CG, Chu K, et al. The
importance of early immunotherapy in patients with faciobrachial dystonic
seizures. Brain (2018) 141(2):348-56. doi: 10.1093/brain/awx323

37. Bing-Lei W, Jia-Hua Z, Yan L, Zan Y, Xin B, Jian-Hua S, et al. Three cases of
antibody-LGI1 limbic encephalitis and review of literature. Int J Neurosci (2019)
129(7):642-8. doi: 10.1080/00207454.2018.1512985

38. Zhao Q, Sun L, Zhao D, Chen Y, Li M, Lu Y, et al. Clinical features of anti-
leucine-rich glioma-inactivated 1 encephalitis in northeast China. Clin Neurol
Neurosurg (2021) 203:106542. doi: 10.1016/j.clineuro.2021.106542

frontiersin.org


https://doi.org/10.1038/nrneurol.2016.142
https://doi.org/10.1038/nrneurol.2016.142
https://doi.org/10.1093/brain/awv017
https://doi.org/10.1136/jnnp-2014-309562
https://doi.org/10.1016/j.jneuroim.2022.577879
https://doi.org/10.1021/nn406454u
https://doi.org/10.1158/1078-0432.Ccr-05-1317
https://doi.org/10.1111/j.1349-7006.2005.00026.x
https://doi.org/10.1111/j.1349-7006.2005.00026.x
https://doi.org/10.1136/jnnp-2021-327302
https://doi.org/10.1136/jnnp-2021-327302
https://doi.org/10.1212/wnl.0000000000004541
https://doi.org/10.1212/wnl.0000000000004541
https://doi.org/10.1093/brain/awx323
https://doi.org/10.1080/00207454.2018.1512985
https://doi.org/10.1016/j.clineuro.2021.106542
https://doi.org/10.3389/fimmu.2022.1071219
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	CHI3L1 in the CSF is a potential biomarker for anti-leucine-rich glioma inactivated 1 encephalitis
	Introduction
	Material and methods
	Patients and controls
	Quantification of serum and CSF CHI3L1
	Statistical analysis

	Results
	Clinical features and demographics
	Clinical features related to mRS at admission and 6 months later in anti-LGI1 encephalitis patients
	Increased CSF and serum CHI3L1 levels in anti-LGI1 encephalitis patients
	Anti-LGI1 encephalitis patients with cognitive impairment symptoms had high CSF levels and mRS scores
	Clinical features related to increased CSF CHI3L1 concentrations in anti-LGI1 encephalitis patients

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


