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AbsTrACT
Objective To investigate the role of neuroinflammation 
in asymptomatic and symptomatic amyotrophic lateral 
sclerosis (aLs) and frontotemporal dementia (FTD) 
mutation carriers.
Methods The neuroinflammatory markers 
chitotriosidase 1 (chIT1), YKL-40 and glial fibrillary 
acidic protein (GFap) were measured in cerebrospinal 
fluid (csF) and blood samples from asymptomatic and 
symptomatic aLs/FTD mutation carriers, sporadic cases 
and controls by eLIsa.
results csF levels of chIT1, YKL-40 and GFap were 
unaffected in asymptomatic mutation carriers (n=16). 
chIT1 and YKL-40 were increased in gaLs (p<0.001, 
n=65) whereas GFap was not affected. patients 
with aLs carrying a chIT1 polymorphism had lower 
chIT1 concentrations in csF (−80%) whereas this 
polymorphism had no influence on disease severity. 
In gFTD (n=23), increased YKL-40 and GFap were 
observed (p<0.05), whereas chIT1 was nearly not 
affected. The same profile as in gaLs and gFTD was 
observed in saLs (n=64/70) and sFTD (n=20/26). csF 
and blood concentrations correlated moderately (chIT1, 
r=0.51) to weak (YKL-40, r=0.30, GFap, r=0.39). 
Blood concentrations of these three markers were not 
significantly altered in any of the groups except chIT1 in 
gaLs of the Ulm cohort (p<0.05).
Conclusion Our data indicate that neuroinflammation 
is linked to the symptomatic phase of aLs/FTD and 
shows a similar pattern in sporadic and genetic 
cases. aLs and FTD are characterised by a different 
neuroinflammatory profile, which might be one driver of 
the diverse presentations of the aLs/FTD syndrome.

INTrOduCTION
Amyotrophic lateral sclerosis (ALS) and fronto-
temporal dementia (FTD) are rare neurodegener-
ative diseases and thought to represent different 
manifestations of a single disease syndrome with 
shared pathogenesis.1–3 To date, the cause of ALS 
and FTD is unclear for most (ie, sporadic) cases 
(sALS and sFTD) except for 5%–10% of patients 
with a clear monogenic background (gALS, gFTD) 

and there is no disease-modifying treatment option 
available.4 5 The most prevalent identified gene 
mutation in both disease entities is a large intronic 
GGGGCC-hexanucleotide expansion in C9orf72. 
Other genes affected in gALS or gFTD include 
SOD1, FUS, TARDBP, TBK1, NEK1, MAPT and 
GRN.4 6

Neuroinflammation is an important hallmark 
of ALS and FTD (reviewed in refs 7 8). Acti-
vated microglia and astrocytes are observed in 
the central nervous system (CNS) of patients with 
ALS/FTD by immunohistochemistry9 10 and PET 
imaging.11 Also preclinical disease models show 
substantial microglia activation and astrogliosis 
and the inhibition of inflammatory pathways is 
beneficial.7 However, anti-inflammatory drugs 
failed so far in human clinical trials12 and the 
contribution of neuroinflammation to the diseases 
is still controversial. Especially, its temporal role 
is unclear and relies largely on transgenic animal 
models8 and a direct comparison of the neuroin-
flammatory pattern between ALS and FTD is also 
missing. To study the preclinical phase of ALS/
FTD in human individuals, we recently established 
a cohort of asymptomatic ALS and FTD gene 
mutation carriers and we could successfully show 
that axonal degeneration increases massively with 
disease onset.13

In the present study, we used the inflammatory 
marker proteins chitotriosidase 1 (CHIT1), chiti-
nase-3-like protein 1 (CHI3L1, YKL-40) and glial 
fibrillary acidic protein (GFAP) in cerebrospinal 
fluid (CSF) to characterise neuroinflammation in 
asymptomatic and symptomatic ALS/FTD gene 
mutation carriers to get a hint about the temporal 
initiation of neuroinflammation in ALS/FTD. We 
selected these three markers because recent studies 
by our group14 and other groups15–17 consistently 
showed increased concentrations of CHIT1 and 
YKL-40 in sALS supporting their reliability. GFAP 
is a brain-specific protein and an established marker 
of astrogliosis. In addition to the temporal role, we 
compared the neuroinflammatory profile between 
patients with ALS and FTD and also between 
sporadic and genetic cases.

LM
U

 M
uenchen. P

rotected by copyright.
 on O

ctober 6, 2022 at U
niversitaetsbibliothek der

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp-2018-318868 on 17 S
eptem

ber 2018. D
ow

nloaded from
 

http://jnnp.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/jnnp-2018-318868&domain=pdf&date_stamp=2018-11-13
http://dx.doi.org/10.1136/jnnp-2018-319377
http://dx.doi.org/10.1136/jnnp-2018-319377
http://jnnp.bmj.com/


5Oeckl p, et al. J Neurol Neurosurg Psychiatry 2019;90:4–10. doi:10.1136/jnnp-2018-318868

Neurodegeneration

Table 1 Characteristics of genetic ALS/FTD cohort

Characteristic
Controls
(n=36)

Asymptomatic 
mutation carriers
(n=26)

gALs ulm
(n=23)

gALs umeå
(n=43)

gFTd
(n=23) P values*

Age (years)† 39.1
29.2–49.6

42.9
30.7–51.0

55.6
49.8–68.7

62.1
53.7–66.2

59.8
54.9–71.3

<0.0001

Sex (F/M) 17/19 18/8 10/13 17/26 9/14 0.15

Gene mutations – 16x C9orf72
7x SOD1
2x FUS
1x TARDBP

11x C9orf72
10x SOD1
1x FUS
1x NEK1

22x C9orf72
21x SOD1

15x C9orf72
3x MAPT
4x GRN

ALSFRS-R† – – 40
35–46‡

NA –

FTLD-CDR† – – – – 9.0
5.5–16.0‡

Disease duration at LP 
(months)†

– – 12.0
4.9–21.9‡

27.8
14.1–79.5‡

38.8
19.2–104‡

CSF CHIT1
(pg/mL)†

1433
746–2278‡

2075
1020–3060‡

13 168
5356–38 734‡

12 400
4660–23 380

2520
898–6418

<0.0001

Blood CHIT1
(pg/mL)†

17 750
11 850–30 950

20 975
12 325–30 288‡

51 850
21 950–60 575‡§

21 225
15 150–36 200‡¶

31 300
21 338–53 663§

0.0094

CSF NfL
(pg/mL)†

202
141-283‡

210
97–281‡

5240
2807–12 870‡

5451
3500–8365‡

2145
1267–4648‡

<0.0001

CSF pNfH
(pg/mL)†

188
188–188‡

188
188–188‡

2143
1362-5101‡

2577
1423–3910

345
265–499‡

<0.0001

CSF YKL-40
(ng/mL)†**

141
126–180‡

153
108–165‡

220
155–409‡

341
235–460‡

268
220–353‡

<0.0001

Blood YKL-40
(ng/mL)†

55.0
43.5–68.5

54.5
44.0–60.0‡

62.0
41.3–136‡§

60.0
36.0–94.0‡¶

67.0
47.0–101‡

0.36

CSF GFAP
(pg/mL)†

404
358–596‡

414
287–517‡

593
353–806‡

504
316–669‡

1350
637–1728‡

0.0067

Blood GFAP
(pg/mL)†**

111
88.8–121

100
83.2–134‡

93.8
65.8–162‡§

105
62.0–136‡¶

126
82.2–231‡§

0.25

*Kruskal-Wallis test (Χ2 test for sex).
†Values are median and IQR.
‡Values are not available for all patients.
§Determined in blood serum.
¶Determined in blood plasma.
**Age adjusted.
ALS, amyotrophic lateral sclerosis; ALSFRS-R, ALS Functional Rating Scale-Revised; CHIT1, chitotriosidase 1; CSF, cerebrospinal fluid; F, female; FTD, frontotemporal dementia; 
FTLD-CDR, Frontotemporal Lobar Degeneration-specific Clinical Dementia Rating; gALS, genetic ALS; GFAP, glial fibrillary acidic protein; gFTD, genetic FTD; LP, lumbar puncture; 
M, male; NA, not available; NfL, neurofilament light chain; pNfH, phosphorylated neurofilament heavy chain; YKL-40, chitinase-3-like protein 1.

MATerIALs ANd MeThOds
Patients
The genetic patient cohort (table 1) consisted of patients with 
gALS recruited from the Department of Neurology of the Ulm 
University Hospital and University of Umeå and patients with 
gFTD (all with the behavioural variant of FTD, bvFTD) enrolled 
at different clinical centres of the German FTLD consortium 
(Ulm, Munich, Erlangen, Homburg, Bonn, FTLDc-TRACE 
study). Asymptomatic first-degree relatives of patients with 
familial ALS were recruited via the German Presymptomat-
ic-ALS cohort.13 First-degree relatives without a mutation were 
assigned to the control group, and mutation carriers without 
signs of upper or lower motor neuron affection formed the 
group of asymptomatic ALS/FTD mutation carriers.

Patients of the sporadic patient cohort (online supplemen-
tary table S1), recruited at the Department of Neurology, Ulm 
University Hospital, included sALS, sFTD (all bvFTD) and 
control patients without neurodegenerative disease.

Patients with ALS and FTD were diagnosed according to 
accepted criteria.18 19 All patients or their relatives gave written 
informed consent.

All patients underwent neuropsychological testing using 
standard procedures. Disease severity in patients with ALS 
was assessed using the ALS Functional Rating Scale-Revised 
(ALSFRS-R) and in patients with FTD using the FTLD-specific 
Clinical Dementia Rating score. Genetic testing for a panel of 
known ALS/FTD genes was performed according to standard 
protocols (details available on request). The 24 bp duplication 
of CHIT1 (c.1049_1072dup, NM_003465.2) was detected by 
size determination in agarose gel (4%) electrophoresis after PCR 
amplification.

CSF was collected at diagnostic evaluation by lumbar puncture 
(LP), centrifuged and stored within 2 hours at −80°C. Plasma 
(Umea cohort only) and serum samples (herein after referred to 
as blood samples) were treated likewise.

Postmortem spinal cord samples were obtained from five 
patients with gALS (two female, three male, age: 52.8±12.6 
years) and one patient with gFTD (male, age: 75 years) carrying 
C9orf72 mutations and five neurological controls (two female, 
three male, age: 57.6±10.1 years) with the following diag-
nosis: (1) polyradiculitis and toxic myopathy; (2) subdural 
haematoma, haemorrhagic infarct and multiple sclerosis; (3) 
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cerebral microangiopathy; (4) subdural haematoma, intracere-
bral bleeding and small vessel disease; and (5) argyrophilic grain 
disease and subcortical vascular encephalopathy.

biomarker determination in CsF, blood and spinal cord tissue
CSF and blood concentrations of CHIT1 were measured using 
an ELISA from MBL (Belgium).15 YKL-40 was measured with the 
MicroVue ELISA from Quidel (USA).20 GFAP in CSF was deter-
mined with an ELISA from BioVendor (Czech Republic) and 
GFAP in blood was measured with the Simoa GFAP Discovery 
Kit (Quanterix, USA). Neurofilaments (neurofilament light 
chain, NfL; phosphorylated neurofilament heavy chain, pNfH) 
were measured using ELISAs from Uman Diagnostics, Sweden 
(NfL) and BioVendor, Czech Republic (pNfH), respectively.

CHIT1 expression in postmortem spinal cord tissue of five 
patients with gALS and one patient with gFTD (all with large 
hexanucleotide expansions in C9orf72), four non-neurodegen-
erative controls and one patient with multiple sclerosis was 
analysed with immunoblot using a rabbit-anti-CHIT1 antibody 
(Sigma number HPA010575). Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) expression was used for normalisation.

statistical analysis
Statistical analysis was performed using GraphPad Prism V.5.0. 
Groups were compared by Mann-Whitney test (two tailed) or 
Kruskal-Wallis test and Dunn’s post hoc test. Correlation anal-
yses were performed using Spearman’s rank correlation coeffi-
cient. CSF YKL-40 and blood GFAP were age adjusted using a 
linear regression model. Frequencies of the CHIT1 24 bp dupli-
cation in exon 10, their deviation from Hardy-Weinberg equi-
librium and of sex in the cohorts were compared by Χ2 test. 
Densitometric analysis of immunoblots was performed using 
ImageJ V.1.48 software, and CHIT1 expression in spinal cord 
tissue was normalised to GAPDH and compared by Student’s 
t-test (two tailed). A p value <0.05 was regarded as statistically 
significant.

resuLTs
Chitotriosidase 1
Characteristics of patients are listed in table 1 (gALS/gFTD 
cohort) and table S1 (sALS/sFTD cohort). The patients with 
gALS and gFTD were older than controls (and asymptomatic 
mutation carriers) (p<0.001). The median CHIT1 concentration 
in CSF was fourfold to ninefold increased in the patients with 
gALS compared with controls, asymptomatic mutation carriers 
and gFTD cases. The other groups did not differ statistically 
from one another (figure 1A). Correlation of CHIT1 concen-
tration in CSF with age in controls was weak (r=0.37) and not 
significant (p=0.11). No significant differences of CHIT1 were 
observed in blood except between gALS from Ulm and controls 
(p<0.05, table 1). Blood and CSF concentrations of CHIT1 
were significantly correlated (r=0.51, p<0.0001) and CHIT1 
concentrations in CSF were strongly positively correlated with 
concentrations of the axonal degeneration markers NfL and 
pNfH (r=0.65 and r=0.69, p<0.0001). We confirmed increased 
CHIT1 expression also in spinal cord tissue of gALS cases by 
immunoblot (p<0.05) whereas no alteration was observed in the 
single autopsied FTD case (figure 1B,C).

A 24 bp duplication in exon 10 of the CHIT1 gene has been 
described previously resulting in reduced expression and activity 
of CHIT1.21 Because the prevalence of this polymorphism is 
high in European populations (35%–50%),22 we genotyped 
our genetic patient cohort to rule out differences in CHIT1 

concentrations due to CHIT1 genotypes. About 43% (n=12) 
and 4% (n=1) of control patients were either heterozygous 
or homozygous carriers of the 24 bp duplication of CHIT1 
(figure 1D), and the affected individuals are also highlighted in 
figure 1A. In all groups, no significant difference of the CHIT1 
genotype frequency to the Hardy-Weinberg equilibrium was 
observed. There was a tendency towards a lower frequency of 
this CHIT1 mutation in gALS cases from both centres, but this 
difference was not significant (p=0.38). CHIT1 concentrations 
were lower in CSF and serum in heterozygous and homozygous 
carriers of the 24 bp duplication. Notably, CHIT1 concentra-
tions were increased in CSF in patients with gALS independently 
from the CHIT1 genotype (figure 1E).

Patients with gALS carrying the CHIT1 24 bp duplication 
had significantly lower CHIT1 concentrations in CSF compared 
with non-carriers, but neurofilament concentrations and age at 
disease onset were not affected by the CHIT1 polymorphism 
(figure 1F).

YKL-40
In agreement with previous studies,23 24 YKL-40 showed a 
moderate correlation with age in CSF of control patients 
(r=0.41, p=0.01) but not in serum (r=0.17, p=0.38), there-
fore only CSF values of YKL-40 were age adjusted. CSF YKL-40 
was significantly increased in gALS and gFTD compared with 
controls and asymptomatic mutation carriers (figure 2A) by a 
factor of 2–5. There was no difference between controls and 
asymptomatic mutation carriers and between gALS and gFTD. 
We did not observe alterations in blood YKL-40 (p=0.36, 
table 1) and there was only a weak correlation between CSF 
and blood concentrations (r=0.30, p=0.0053). Since data about 
YKL-40 in CSF of patients with sALS are limited, we investigated 
an additional cohort of age (p=0.88) and sex-matched (p=0.91) 
patients with sALS and sFTD. Both patients with sALS and sFTD 
had increased concentration of YKL-40 in CSF with slightly 
higher values in sFTD compared with sALS (p<0.05, figure 2B). 
Correlation analysis showed a strong correlation of CSF YKL-40 
concentrations with the axonal degeneration markers NfL 
(r=0.73, p<0.0001) and pNfH (r=0.71, p<0.0001), a weak 
correlation with the ALSFRS-R score (r=−0.42, p<0.0001) and 
no correlation with disease duration at LP (r=−0.18, p=0.11).

Glial fibrillary acidic protein
The GFAP concentration in CSF was significantly increased in 
gFTD compared with controls (p<0.05) and gALS (p<0.05, 
figure 2C). There was no difference between controls, asymp-
tomatic mutation carriers and gALS groups. Blood concen-
trations of GFAP did not differ between the groups studied 
(table 1). However, blood concentrations showed a strong 
correlation with age in control samples (r=0.70, p<0·0001) 
and therefore they were age adjusted. GFAP in CSF did not 
significantly correlate with age (r=0.28, p=0.05). We observed 
a weak correlation between blood and CSF GFAP (r=0.39, 
p=0.0002). For comparison with the genetic cases, we also 
analysed a larger group of age (p=0.88) and sex-matched 
(p=0.83) sALS and sFTD cases. Similarly, higher CSF GFAP 
concentrations were observed in patients with sFTD compared 
with sALS (p<0.001) and controls (p<0.01, figure 2D). The 
correlation of CSF GFAP with NfL and pNfH in the whole 
genetic cohort was very weak (r=0.04, p=0.73 and r=0.05, 
p=0.61) and also weak in the gFTD group (r=0.32, p=0.34 
and r=0.28, p=0.38). There was no significant correlation of 
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Figure 1 chIT1 is increased in patients with gaLs but not asymptomatic mutation carriers and gFTD. (a) chIT1 was measured in csF by eLIsa in healthy 
patients without aLs mutation (controls), in asymptomatic aLs/FTD mutation carriers (Mut carrier), in two independent cohorts (Ulm and Umeå) of patients 
with genetic aLs (gaLs), and in patients with genetic FTD (gFTD) suffering from the behavioural variant of FTD (bvFTD). Bars and whiskers are median and 
IQR, triangles are individual values. colours indicate the status of the 24 bp duplication of CHIT1: no duplication (green), heterozygous (pink), homozygous 
(blue), no information (grey). (B) chIT1 immunoblots from postmortem spinal cord tissue of patients with aLs and FTD carrying the C9orf72 mutation 
(c9aLs and c9FTD), multiple sclerosis (Ms) and non-neurodegenerative controls and (c) quantitative comparison of chIT1 expression relative to GapDh 
(mean±sD) using student’s t-test. (D) Frequency of the 24 bp dublication of CHIT1 in the disease groups, p=0.38 (Χ2 test). (e) chIT1 concentration in csF in 
the disease groups depending on CHIT1 genotype. (F) comparison of chIT1, NfL and pNfh concentrations in csF and age at disease onset in patients with 
gaLs (Ulm+Umeå) with or without the 24 bp duplication of CHIT1. heterozygous (het), homozygous (homo), no duplication (WT). Bars and whiskers are 
median and IQR, triangles are individual values. Groups were compared by Kruskal-Wallis test and Dunn’s post hoc test. aLs, amyotrophic lateral sclerosis; 
csF, cerebrospinal fluid; FTD, frontotemporal dementia; NfL, neurofilament light chain; pNfh, phosphorylated neurofilament heavy chain.

CSF GFAP with the ALSFRS-R score (r=−0.07, p=0.54) and 
disease duration at LP (r=0.10, p=0.40) in patients with ALS.

Correlation analysis and time course estimation
Correlation analysis of the three inflammatory markers in 
CSF yielded a moderately strong correlation of CHIT1 with 
YKL-40 (r=0.52, p<0.0001) and very weak correlation of 
CHIT1 and YKL-40 with GFAP (r=0.14, p=0.28 and r=0.09, 
p=0.46).

To simulate a presymptomatic time span, we used the 
parental age of onset to estimate the time to disease onset as 
previously described.13 The estimated time course of CHIT1, 
YKL-40 and NfL is shown in figure 3 for the asymptomatic 
mutation carriers and gALS cases. Here, a sudden increase of 
CHIT1 and YKL-40 with symptom onset, similar to the previ-
ously reported neurofilaments,13 is seen.
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Figure 2 Increased levels of YKL-40 in aLs/FTD and GFap in FTD but not asymptomatic mutation carriers. YKL-40 and GFap were measured by eLIsa in 
csF of (a, c) healthy patients without aLs mutation (controls), in asymptomatic aLs/FTD mutation carriers (Mut carrier), in two independent cohorts (Ulm 
and Umeå) of patients with genetic aLs (gaLs), and in patients with genetic FTD (gFTD) suffering from the behavioural variant of FTD (bvFTD) and (B, D) in 
csF of control patients without neurodegenerative disease (controls), patients with sporadic aLs and sporadic bvFTD (saLs and sFTD). Bars and whiskers are 
median and IQR, triangles are individual values. Groups were compared by Kruskal-Wallis test and Dunn’s post hoc test. aLs, amyotrophic lateral sclerosis; 
csF, cerebrospinal fluid; FTD, frontotemporal dementia; GFap, glial fibrillary acidic protein.

dIsCussION
The identification of early pathophysiological events in ALS 
and FTD is challenging because diagnosis is based on clinical 
symptoms18 19 making presymptomatic disease phases inacces-
sible to researchers. Studies of ALS/FTD mutation carriers offer 
a unique opportunity to investigate the critical preclinical phase 
because they can be identified and followed before symptom 
onset.13 25 We measured the microglia and astroglia markers 
CHIT1, YKL-40 and GFAP in CSF from asymptomatic mutation 
carriers and observed no significant differences of these markers 
compared with controls. The strong correlation of CHIT1 and 
YKL-40 in CSF with the axonal degeneration markers NfL and 
pNfH further supports a close link between neuroinflammation 
and the degenerative phase of the diseases. Additionally, in one 

individual with SOD1 mutation—only showing first electromy-
ography abnormalities and therefore representing the transition 
from the presymptomatic to the symptomatic phase—increased 
neurofilament levels but normal CHIT1 (no CHIT1 poly-
morphism) and slightly increased YKL-40 (203 ng/mL) were 
measured. This observation in this single individual could be 
additional evidence that axonal damage precedes neuroinflam-
mation in ALS, but clearly awaits further confirmation. Overall, 
these findings suggest that neuroinflammation—as evaluated 
by this panel of established neuroinflammatory markers—is 
either not an early event in ALS and FTD or a different kind of 
neuroinflammation not reflected in changes in CHIT1, YKL-40 
or GFAP is taking place in the initial stages of these diseases. 
However, our clinical findings are in agreement with studies in 
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Figure 3 estimated time course of biomarkers in cerebrospinal fluid (csF). Disease duration at the time of lumbar puncture is shown to estimate the time 
course of chIT1, YKL-40 and NfL in csF of asymptomatic mutation carriers and patients with genetic amyotrophic lateral sclerosis (aLs). The concentrations 
of chIT1, YKL-40 and NfL were normalised to the respective mean concentration of the asymptomatic mutation carriers to allow a better comparison of the 
magnitude of changes. The assumed time to disease onset in the asymptomatic mutation carriers was estimated using the parental age of onset. Two cases 
were already older than their affected relatives and for this graph we assumed that they will have their disease onset within 6 months. One individual with 
SOD1 mutation showed early electromyography (eMG) abnormalities and was defined as time point 0 month. NfL, neurofilament light chain.

transgenic human mutant SOD1 mouse models. Here also the 
initiation of microglia activation and astrogliosis occurs around 
symptom onset or even later.26

The observed increase of CHIT1 and YKL-40 levels in CSF 
of patients with gALS indicates profound neuroinflammation in 
the symptomatic phase of ALS. Our finding in gALS is in agree-
ment with the previously reported CHIT1 increase in CSF of 
patients with sALS by our group14 and other groups.15–17 In this 
context, our observation that the 24 bp duplication in exon 10 
of CHIT1, leading to lower CHIT levels,21 did not affect axonal 
degeneration and disease severity in patients with ALS indicates 
that CHIT1 itself is just a marker of the neuroinflammatory 
process and does not actively contribute to it. We also showed 
that YKL-40 is increased in both gALS and sALS which has been 
described only for sALS before.16 17 27 In contrast, GFAP levels in 
CSF are not altered in gALS and sALS. Overall, our results show 
that the neuroinflammatory profile investigated here is similar 
in gALS and sALS and may indicate that neuroinflammation is a 
shared pathophysiological process in both gALS and sALS.

The increased levels of YKL-40 and GFAP in patients with 
FTD also indicate profound neuroinflammation in the symptom-
atic phase of FTD. Our results support previous observations of 
increased YKL-4023 24 and GFAP28 in CSF of patients with sFTD 
and we could demonstrate similar changes in gFTD. Thus, our 
data indicate a similar neuroinflammatory profile in gFTD and 
sFTD and support the notion that it is a shared mechanism in 
gFTD and sFTD pathophysiology.

In contrast to CSF, no significant alterations of YKL-40 and 
GFAP were observed in blood. YKL-40 is not a CNS-specific 
protein and blood levels are also influenced by other tissues. 
Changes of YKL-40 in the CNS might have a lower impact on 
blood than on CSF levels. GFAP levels and group differences 
in blood are lower than in CSF. This is also known from other 
CNS-derived proteins such as NfL13 and could explain the 
missing significance in blood.

Although the increased CSF concentrations of the inflamma-
tory markers studied here support profound neuroinflammation 
in both ALS and FTD, we observed significant differences in 

the neuroinflammatory profile between the diseases. Increased 
CSF levels of CHIT1 are characteristic of ALS whereas GFAP 
is increased in FTD only. YKL-40 is increased in both although 
higher levels were observed in sFTD but with considerable 
overlap. The selective increase of GFAP in FTD and not ALS 
also explains why GFAP did not correlate with neurofilaments, 
in contrast to CHIT1 and YKL-40, because a massive increase 
in CSF neurofilaments is characteristic for ALS. CHIT1 is 
thought to be a marker of microglia/macrophage activation14 
and the increased CSF levels in ALS are also in agreement with 
the observed peripheral monocyte and macrophage activation 
in ALS.29

GFAP and YKL-40 in CSF are both considered to be markers of 
astrogliosis27 30 and thus, it is surprising that they behave differ-
ently in ALS and FTD. Interestingly, we observed only a very 
weak correlation of their CSF concentrations which is in agree-
ment with a previous report.31 This could indicate that different 
astrocyte subpopulations or a different spatial distribution are 
reflected by GFAP and YKL-40. Overall, the elevated GFAP 
concentration in FTD indicates a higher degree or different type 
of astrogliosis compared with ALS. GFAP determination in CSF 
might be an additional tool to improve identification of FTD in 
patients with ALS. Nevertheless, follow-up studies are needed to 
evaluate the diagnostic potential of GFAP to detect FTD among 
patients with ALS.

Limitations of the study: The samples used here were 
obtained from longitudinal studies where neuropathological 
data were not yet available. Especially sFTD cases are charac-
terised by different types of neuropathology (eg, tau or TDP43 
pathology5) and this heterogeneity could have influenced our 
observations (considering that sALS is mainly associated with 
TDP43 pathology3).

It is also of note that 40% of the asymptomatic mutation 
carriers carry mutations related to ALS only (7x SOD1, 2x 
FUS, 1x TARDBP). Thus, ALS-related effects might be overes-
timated and FTD-related effects underestimated. Since we did 
not observe significant alterations in the asymptomatic mutation 
carriers only the last case could be relevant.
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In conclusion, our data from asymptomatic mutation carriers 
indicate that neuroinflammation is linked to the symptomatic 
phase of ALS and FTD, which is in agreement with preclinical 
studies in mice. We show that neuroinflammation is a shared 
mechanism in sporadic and genetic forms of both diseases 
supporting the use of mutation-based animal models to study 
neuroinflammatory mechanisms. ALS and FTD are character-
ised by a different neuroinflammatory pattern with more severe 
macrophage/microglia activation in ALS and astrocytosis in 
FTD. These differences might be one driver for the manifesta-
tion of the ALS/FTD syndrome as FTD or ALS.
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