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Neurofilament light chain levels correlate with clinical
measures in CLN3 disease
An N. Dang Do, MD, PhD 1✉, Ninet Sinaii, PhD, MPH2,7, Ruturaj R. Masvekar, PhD3,7, Eva H. Baker, MD, PhD4, Audrey E. Thurm, PhD5,
Ariane G. Soldatos, MD6, Simona E. Bianconi, MD1, Bibiana Bielekova, MD3 and Forbes D. Porter, MD, PhD1

PURPOSE: CLN3 disease is a neurodegenerative disorder with onset in childhood. It affects multiple functions at different
developmental stages. Incomplete understanding of the pathophysiology hampers identification of cell and tissue biochemical
compounds reflective of the disease process. As treatment approaches are being explored, more sensitive, objective, quantifiable,
and clinically relevant biomarkers are needed.
METHODS: We collected prospective biosamples from 21 phenotyped individuals with CLN3. We measured neurofilament light
chain (NEFL) levels, a marker of neuronal damage, in cross-sectional CSF and serum samples from individuals with CLN3 and in
pediatric non-CLN3 controls using two different assays.
RESULTS: Cerebrospinal fluid (CSF) and serum NEFL levels are significantly higher in CLN3 (CSF: 2096 ± 1202; serum: 29.0 ± 18.0 pg/
mL) versus similarly aged non-CLN3 (CSF: 345 ± 610; serum: 6.7 ± 3.2 pg/mL) samples. NEFL levels correlate with Unified Batten
Disease Rating Scale and adaptive behavior composite scores, and magnetic resonance (MR) spectroscopy markers. NEFL levels
from CSF and serum are strongly correlated (rp= 0.83; p < 0.0001).
CONCLUSION: CSF and serum NEFL levels increase in multiple neurologic conditions. Here, we show that CSF and serum NEFL
levels also increase in CLN3 (versus non-CLN3) and correlate with other disease-relevant measures. These findings suggest NEFL as
a relevant and feasible biomarker for applications in CLN3 clinical trials and management.
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INTRODUCTION
Collectively, the neuronal ceroid lipofuscinoses (NCLs) comprise
one of the most common groups of diseases with neurodegen-
erative presentation in the pediatric age range. Of the 13 known
NCL types, CLN3 disease (OMIM 204200; juvenile neuronal ceroid
lipofuscinosis, Batten disease) is the most common. Since the
first description of individuals with the juvenile onset type of NCL
by Otto Christian Stengel in 1826, its clinical symptoms and
presentation have been extensively characterized.1,2 CLN3 disease
is a pan-ethnic, autosomal recessive, neurodegenerative disease
with an estimated incidence ranging from 1:10,000 in Scandinavia
to 1:100,000 worldwide.3 While it is considered a lysosomal
disease based on accumulation of autofluorescent storage
materials in the organelle, the function of the protein encoded
by the CLN3 gene has not been clearly elucidated.4 The most
common pathogenic variant in CLN3 is a 966-bp (commonly
known as 1-kb, exons 7–8) deletion found in homozygous or
compound heterozygous state in ~95% of individuals with CLN3
disease.5,6

Frequent symptoms reported in individuals with the typical
CLN3 disease course include progressive vision loss leading to
blindness, neurocognitive decline, and loss of previously
acquired ability leading to dementia, behavioral and psychiatric
disturbances, development of seizures and a movement disorder
similar to what is seen in Parkinson disease.1,2,7 The vision loss is
reflected in decreased to absent electroretinogram responses,
and thinning to loss of distinct retinal cell layers on optical
coherence tomography. Neurocognitive plateauing and declines

are demonstrated by decreased performance on neuropsycho-
logical tests in areas such as IQ8 and adaptive behavior.9 Brain
volumetric imaging has also demonstrated generalized volume
loss, correlating with disease duration.10 The Hamburg scale11

and the Unified Batten Disease Rating Scale (UBDRS)12 provide
clinical ratings of disease severity and progression.
Challenges remain in the application of the above outcome

measures in the typical short-term design of interventional trials.
CLN3 symptoms present asynchronously over a relatively
protracted time frame. A high portion of affected individuals
harbor functionally significant vision loss by 6–7 years of age,
whereas the Parkinsonian motor abnormalities have typical onset
in the midteen years. In addition, clinical assessment measures
rely partially on the evaluators’ expertise and the affected
individuals’ cooperation. Longitudinal and quantitative assess-
ments may be limited by disease state, methodologies, and
resource availability. Recent work on identifying disease-reflective
biochemical markers for CLN3 employed different tissues and
analysis methods that yielded variable results.13–15 Furthermore,
the proposed candidate biomarkers need additional work to
demonstrate clinical validity.
Neurofilament light (NEFL) chain is an intermediate filament

type with an estimated molecular weight of 70–86 kDa.16 It is a
stable component of the neuronal axon and has a low turnover
rate.17–19 Processes leading to neuronal damage ranging from
physical in traumatic brain injuries, to inflammation in multiple
sclerosis, to abnormal and normal aging cause release of NEFL
from injured cells.16,20–23 Individuals with different forms of
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dementia have elevated level of NEFL in the cerebrospinal fluid
(CSF) compared with that seen in healthy controls, with non-
Alzheimer-like dementia types having higher CSF NEFL levels.22

Elevated CSF NEFL level is also seen in individuals with other
degenerative conditions involving motor neurons such as
amyotrophic lateral sclerosis and Parkinson disease.20,23,24 The
small size of NEFL permits its diffusion from CSF into blood, thus
the elevated NEFL profile is also detected in plasma and serum
samples from individuals with various neurodegenerative
diseases.20,24–27

To complement clinical outcome measures and provide an
objective assessment of disease status and progression, we
incorporated biospecimen collection and biochemical marker
discovery in a natural history study of individuals with CLN3
(NCT03307304). In this report, we investigated the level of NEFL
in CSF and corresponding serum samples at baseline from
individuals with CLN3 disease.
We hypothesized that NEFL level would be higher in

individuals with CLN3 compared with those without CLN3 (e.g.,
healthy and unaffected, non-neurodegenerative conditions). We
anticipated that NEFL level would correlate with CLN3 clinical
outcome measures.

MATERIALS AND METHODS
Clinical measures and sample collections
We evaluated individuals with CLN3 using the UBDRS subdomains (27-item
physical, 5-item capability given actual vision, and 7-item clinical summary
[Clinical Global Impression; CGI]).12,28 A weighted score for each subdomain
was calculated as follows: [total score for all completed items / (total
possible score of all items – total possible score of missing items)] × total
possible score of all items. We also obtained Vineland adaptive behavior
composite (ABC) scores;29 and magnetic resonance (MR) spectroscopy
quantification of metabolites (creatine [Cr], glutamine/glutamate/GABA
[Glx], and N-acetyl aspartate [NAA]) from a voxel in the midline parietal
gray matter (PGM).30 Available demographics and genotype for all samples,
biomarker analyses completed, and a summary of relevant outcome
measures for the CLN3 samples are described in Tables 1, S1, and S2.
We collected serum samples in the morning following an overnight fast

in tubes with no anticoagulant or preservative. We collected CSF samples
on the same morning, typically under sedation, using standard procedures.
Collected CSF samples were transported at room temperature and
aliquoted for storage at −80 °C within 1 hour of collection. If the CSF
sample was visually observed to have blood contamination, it was
centrifuged at 3400 rpm for 10minutes and the supernatant aliquoted for
storage. We requested pediatric anonymized, leftover, unused CSF samples
from outside clinical laboratories for use as unaffected CSF controls
(pediatric laboratory controls; NCT00344331). These samples had informa-
tion on the individuals’ sex and age at the time of sampling. We collected

fasting serum samples from unaffected siblings of individuals with CLN3
(pediatric healthy siblings; NCT03307304) to use as unaffected serum
controls.

Neurofilament light chain assays
Proximal extension assay (PEA). We randomized the position of samples
on a 96-well plate31 and aliquoted 40 microliters of CSF samples per well.
The sample plate was sealed, frozen, and shipped on dry ice to Olink®
(Boston, MA) for Neuro Exploratory Panel32 assay. For analyses, we used
the normalized protein expression (NPX) value, a logarithmic relative
quantitative value where an increase of 1 NPX represents a doubling of
protein expression level.33

ELISA. We used a solid-phase sandwich enzyme-linked immunosorbent
assay (ELISA) kit (UmanDiagnostics, Umea, Sweden; catalog number: 10-
7002 RUO) and followed the manufacturer’s instructions to measure CSF
NEFL levels. Limit of detection (LOD) was 33 pg/ml. All samples were
diluted 1:2 and analyzed blindly and in singlets. Samples were analyzed
batch-wise, in two batches (plates). Location of study samples on each
plate was randomized.31 In each batch we analyzed a control sample in
duplicate. Coefficient of variation (CV) for control sample across batches
was 2.2%, confirming assay precision and reproducibly. For values less than
the LOD, 16.5 pg/ml (midpoint between 0 and 33 given 1:2 dilution)
was used.

Single molecule array (SimoaTM). We used a SimoaTM assay kit (Quanterix,
Billerica, MA; product number: 103186) and a SimoaTM HD-1 analyzer to
measure serum NEFL levels. LOD was 0.038 pg/ml. All samples were diluted
1:4 and analyzed blindly and in singlets in a single batch (plate). Location
of study samples on each plate was randomized.31 Quality control samples
(QCs) provided with the kit have measured concentrations within given
range, confirming assay precision.

Statistical analyses
Data were described and checked by frequency distributions (percentages)
and simple descriptive statistics (mean ± SD). Distributional assumptions
were assessed, and data were log-transformed as necessary. Where data
distributions were uncertain, both parametric and nonparametric tests
were carried out; no differences in conclusions were observed. Continuous
data between groups were compared using t-tests (and nonparametric
Wilcoxon rank-sum tests, if appropriate). Analysis of variance (ANOVA) (and
Kruskal–Wallis) tests compared the various subgroups; p values from post
hoc subgroup/pairwise tests were corrected for multiplicity (built-in
Bonferroni). Correlation analyses used the Pearson correlation coefficient
and Fisher’s z-transformation for bias correction, and 95% confidence
intervals (CIs) were computed and are shown in the figures. P values for the
correlation analyses were corrected for multiple comparisons using the
stepdown Bonferroni method. Where described (i.e., Fig. 3), both raw and
multiple comparison-corrected p values were provided. Data were

Table 1. CSF and serum sample characteristics and assayed methods.

Group Age (years) Sex, n (%) Assay method

n Median Range Female Male CSF Serum

Q1 Q3 Full PEA ELISA SimoaTM

CLN3 21 11.4 7.8 15.4 6.8–20.7 10 (48) 11 (52) ✓ ✓ ✓

Comparators (n) 32 33 34

Pediatric laboratory controls 20 12.5 7.5 15.5 3.0–20.0 10 (50) 10 (50) ✓

PLC subset 9 14.0 7.0 17.0 4.8–20.0 2 (22) 7 (78) ✓ ✓

Pediatric healthy siblings 10 10.8 9.4 13.3 6.3–18.7 4 (40) 6 (60) ✓

CTD 12 7.0 3.9 10.8 3.2–14.3 0 12 ✓ ✓ ✓

SLOS 12 9.4 5.2 13.7 2.6–21.0 5 (42) 7 (58) ✓ ✓

CSF cerebrospinal fluid, CTD creatine transporter deficiency, ELISA enzyme-linked immunosorbent assay, PEA proximal extension assay, PLC pediatric laboratory
controls, Q1 quartile 1, 25th percentile, Q3 quartile 3, 75th percentile, SimoaTM single molecule array, SLOS Smith–Lemli–Opitz syndrome.
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analyzed using SAS v9.4 (SAS Institute, Inc, Cary, NC). Graphs were
generated using SAS, Microsoft Excel, and PowerPoint.

RESULTS
Sample and data characteristics
Age and sex distributions for the cohorts are similar among the
comparison groups (Table 1). While log-transformations of data
(i.e., for ELISA) improved distributions, they had minimal impact
on the conclusions; thus, results are reported and shown in their
original raw scales for easier interpretation. In addition, the data
were assessed for factors that could potentially influence results
as follows. Of the 21 CLN3 samples, 6 were collected from three
affected sibling pairs. Sensitivity analyses excluding the older
and the younger of the siblings revealed negligible effects on
the correlations and confidence intervals; thus, we elected to
keep all 21 samples in all analyses. Calculations made using
measured NEFL levels versus those using age-adjusted (for CSF
ELISA and serum SimoaTM samples) and blood volume-adjusted
(for serum samples) levels did not alter any of the conclusions.
Multiple regression analyses on the correlations of interest
adjusting for age generally showed small percentages (<10%)
of the variability in the outcomes accounted by age. There
were a few exceptions; however, none of the conclusions
from the models with or without age were different. Thus, we
decided to use measured CSF and serum NEFL levels in further
analyses.

NEFL levels in individuals with CLN3 disease are elevated in CSF
and serum
NEFL levels in CSF samples measured by PEA and ELISA. While both
PEA and ELISA measure expressed NEFL level, each has a unique
advantage. PEA incorporates quantitative reverse transcription
polymerase chain reaction (qRT-PCR) for signal amplification, thus
expanding the sensitivity range and reducing the amount of
sample input required. This is relevant for a screening assay. ELISA
assay provides the ability for absolute quantitation of NEFL level, a
function currently unavailable with the PEA method. Absolute
quantification allows results to be compared across time and from
different cohorts. The purpose of using both methods was to
explore their utility, not to compare directly the results.
Values from PEA and ELISA assays were strongly correlated

(rp= 0.69; p < 0.0001) (Fig. S1). CSF NEFL normalized protein
expression (NPX) value by PEA was higher in the CLN3 (9.3 ± 1.0)
compared with that in the combined non-CLN3 (7.4 ± 2.7; p=
0.0013) samples (Fig. S2a). ANOVA and post hoc subgroup
comparisons showed a difference in NEFL levels in the CLN3
versus creatine transporter deficiency (CTD, p= 0.0005), but not in
the CLN3 versus pediatric laboratory control (p= 0.32) sample
pairings (Fig. S2b). CSF sample from healthy, unaffected pediatric
individuals cannot be obtained for research purpose. Pediatric
laboratory control samples were collected from individuals with
clinical indications for a lumbar puncture. These samples have
multiple limitations including limited number and volume,
incomplete clinical information, different collection and handling
and likely include individuals with neurological processes affecting
NEFL level. These limitations became apparent when using PEA,
and thus for the ELISA we included as comparison pediatric
samples from two non-neurodegenerative disorders (CTD and
SLOS) that were collected under similar conditions.
CSF NEFL measured by ELISA was much higher (2096 ± 1202

pg/mL) in the CLN3 compared with 345 ± 610 pg/mL in the non-
CLN3 cohort (p < 0.0001) (Fig. S3). Post hoc subgroup compar-
isons showed that the difference was driven by CLN3 versus
each of pediatric laboratory control (PLC, p= 0.0017), CTD (p <
0.0001), and Smith–Lemli–Opitz syndrome (SLOS, p < 0.0001)
sample pairings (Fig. 1).

NEFL levels in serum samples measured by single molecule array
(SimoaTM). Blood samples are relatively more easily obtained
and more practical for multicenter therapeutic trials. Thus, we
explored NEFL level in CLN3 versus non-CLN3 (pediatric healthy
sibling [PHS], CTD, SLOS) serum samples, and the correlation
between paired CSF and serum samples. Mean serum NEFL
level was higher in CLN3 (29.0 ± 18.0 pg/mL) than non-CLN3
(6.7 ± 3.2 pg/mL; p < 0.0001) samples (Fig. S4). ANOVA and
subgroup comparisons showed that the difference was reflected
in CLN3 versus each of PHS (p < 0.0001), CTD (p < 0.0001), and
SLOS (p < 0.0001) sample pairings (Fig. 2). NEFL level in
corresponding CSF and serum samples correlated positively
between PEA (rp= 0.75; p < 0.0001) or ELISA (rp= 0.83; p <
0.0001) versus SimoaTM measurements (Fig. S5).

NEFL levels correlate with clinical outcome measures
NEFL levels positively correlated with age in CSF by ELISA (rp=
0.62, 95% CI= [0.25, 0.83], padj= 0.02) and PEA (rp= 0.47, [0.05,
0.75], padj= 0.11), although the latter value had a larger CI and
adjusted p value (Fig. S6). Serum NEFL level did not correlate with
age (rp= 0.28, [−0.18, 0.63], padj= 0.66). We tested correlations
between CSF or serum NEFL levels and other clinical outcome
measures (UBDRS and Vineland ABC scores, and MR spectroscopy
measurements) in CLN3 study participants (Figs. 3, S6, S7). Higher
UBDRS physical and CGI scores indicate more severe,12,28,34

whereas higher capability with actual vision12,34 and Vineland
ABC scores (manuscript submitted) indicate less severe disease.
Higher levels of N-acetyl aspartate (NAA), glutamatergic (Glx), and
creatine (Cr) on spectroscopy indicate the presence of healthy
neurons.30

NEFL levels in both CSF and serum were positively correlated
with UBDRS physical (CSF by ELISA: rp= 0.66, [0.32, 0.85], padj=
0.006; serum by SimoaTM: rp= 0.65, [0.30, 0.84], padj= 0.01), and
inversely correlated with UBDRS capability (CSF by ELISA: rp=
−0.62, [−0.83, −0.25], padj= 0.01; serum by SimoaTM: rp=−0.60,
[−0.82, −0.23], padj= 0.02) scores. CSF NEFL level measured by
both PEA and ELISA also showed positive correlations with UBDRS
CGI (PEA: rp= 0.74, [0.45, 0.89], padj= .001; ELISA: rp= 0.64, [0.29,
0.84], padj= 0.001), and inverse correlations with Vineland ABC
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scores (PEA: rp=−0.74, [−0.89, −0.44], padj= 0.001; ELISA: rp=
−0.54, [−0.79, −0.14], padj= .04) and with Glx markers level (PEA:
rp=−0.63, [−0.84,−0.26], padj= 0.01; ELISA: rp=−0.62, [−0.83,
−0.24], padj= 0.02) in the PGM. CSF NEFL levels measured by
ELISA showed the most correlations (Fig. 3). In addition to those
seen with PEA, CSF NEFL levels by ELISA also inversely correlated
with PGM Cr (rp=−0.58, [−0.81, −0.18], padj= 0.02) and NAA
(rp=−0.60, [−0.82, −0.21], padj= 0.02) MR spectroscopy measure-
ments. Serum NEFL levels showed relations with all but PGM Cr
outcome measures; however, they were only retained with UBDRS
physical (rp= 0.65, [0.30, 0.84], padj= 0.01) and UBDRS capability
(rp=−0.60, [−0.82, −0.23], padj= 0.02) scores after adjustment for
multiple comparisons.
We used a weighted combined score of all seven items in the

UBDRS clinical summary subdomain in this study to incorporate
the scores for all relevant symptoms related to CLN3 disease. Since
prior publications (Fig. S8) only used individual CGI item scores,
we also performed correlation analyses using only the single-item
overall CGI score. The latter method yielded slightly lower
correlation coefficients and larger CIs and p values (Fig. S8),
reflecting the decreased variabilities resulting from using a more
discrete CGI value set. However, the outcomes and conclusions
described above did not change.

DISCUSSION
While much progress has been made in designing and refining
quantitative assessments to characterize disease progression in
individuals with CLN3, opportunities remain for identification of
additional measures that are objective and accessible, with a
potential for sensitivity to reflect short-term changes. Here, we
show that cross-sectional CSF NEFL level in a cohort of pediatric
study participants with CLN3 reflects clinical state as assessed by
disease rating scale, adaptive behavior evaluation, and brain MR
spectroscopy. Furthermore, the correlations hold for NEFL level in
corresponding serum samples from individuals with CLN3. This
latter finding is particularly important and applicable in the
pediatric population as serum samples are relatively more feasibly
obtained from both affected and unaffected children.
Prior work identifying CLN3 biomarkers awaits additional

validation before translation into clinical application.13–15 Lebrun
et al.14 performed microarray analysis on lymphocytes from eight
individuals homozygous for the common 1-kb deletion variant.
They confirmed top candidate genes in cerebellar precursor cells
from CbCln3Δex7/8 mice and Cln3 small interfering RNA (siRNA)-
treated HeLa and SH-SY5Y cells. NEFL RNA expression level
decreased by threefold in lymphoblasts from individuals with
CLN3 compared with that from similarly aged healthy controls.
This decrease was present only in individuals classified as having a
slow, and not in those with a rapid or average, disease
progression. A paradoxically decreased messenger RNA (mRNA)
level, in the setting of increased NEFL protein level, has also been
observed in spinal cord tissue from individuals with amyotrophic
lateral sclerosis.35 The excess NEFL protein, in combination with
another protein member of the neurofilament complex, forms
intracellular accumulation that is thought to interfere with normal
axonal transport activity.19 It is unclear whether this contributes to
a negative feedback regulation of NEFL mRNA expression.
Hersrud et al.13 used immunoassays, two-dimensional differ-

ence gel electrophoresis, and western blotting to analyze plasma
samples from individuals with CLN3 versus those from healthy
controls of similar ages. NEFL was not one of the analytes in their
list of candidate biomarkers. Lack of inclusion of NEFL on the
immunoassay panels or of method sensitivity for detecting a
neuronally derived protein in peripheral blood samples are two
possible explanations for why changes in NEFL level was not
reported. Sleat et al.15 interrogated postmortem brain tissue and
ventricular CSF from individuals with CLN3, compared with
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postmortem samples from older unaffected individuals, using
untargeted mass spectrometry. NEFL was also not identified as a
candidate biomarker through this approach. Several factors may
contribute to this including lack of age-similar controls, as NEFL
level increases with increasing age.36,37 The half-life of transgenic
human and innately expressed NEFL protein in mice ranges from
months to weeks,17,18 thus NEFL degradation should not be an
explanation for its absence on the candidate biomarker list. As the
authors alluded to, biomarker levels from this experiment reflect
the end-stage time point of the disease, when perhaps certain
pathophysiological changes were no longer present.15

Most recently, Kuper et al.38 demonstrated correlations of CLN3
disease state to lymphocyte vacuoles and lysosomal associated
membrane protein 1 (LAMP1) expression in human blood. The
vacuole-related measures were higher in samples from individuals
with classic than those with vision-only CLN3 presentation, and
higher than those from individuals without CLN3. LAMP1 level in
lymphocytes also correlated with CLN3 disease state, but not with
vacuole-related measures. In addition, LAMP1 expression pattern
differed in the CD20-positive B-lymphocytes compared with the
CD4/CD8+ T-lymphocytes. Based on these findings, the authors
have begun to incorporate LAMP1 assay in their diagnosis of CLN3
disease. As these measures lack correlation with disease progres-
sion, further research is needed to assess their relevance to other
CLN3 outcome measures and application in clinical trials.38

Elevation in NEFL level, both in CSF and blood, has been observed
in multiple adult neurodegenerative conditions compared with
healthy controls. The typical magnitude of NEFL increase ranges
from 228.9 pg/mL (Alzheimer dementia) to 9285 pg/mL (amyo-
trophic lateral sclerosis) in CSF, and 23 pg/mL (Alzheimer and
Parkinson) to 296 pg/mL (sporadic Creutzfeldt–Jakob) in blood.24

Very few studies have examined NEFL levels in pediatric neurode-
generative diseases. Even fewer evaluate CSF NEFL in affected or
similarly aged control groups. Wong et al.27 showed elevated serum
NEFL levels in children with acquired demyelinating syndromes
(36.1 pg/mL) versus age-matched controls with no specific neuro-
logical disorder (6.1 pg/mL). They showed good correlation between
the CSF and serum NEFL levels in the affected group but did not
compare CSF samples with an age-matched control group. Also
using serum samples, Ru et al.25 reported significantly elevated NEFL
levels in children with late-infantile/CLN2 disease (79.8-388.1 pg/mL)
compared with age-similar controls (2.1–5.5 pg/mL). Using CSF
samples from pediatric and adult individuals with clinically isolated
syndrome of neuroinflammatory nature, van der Vuurst de Vries
et al.39 proposed that high CSF NEFL level suggested a severe
neurodegenerative process and is predictive of progression to
clinically definite multiple sclerosis. They based the hypothesis partly
on measured CSF NEFL level of 4888 pg/mL in the pediatric clinically
definite multiple sclerosis group compared with 2683 pg/mL in the
pediatric clinically isolated syndrome group after adjusting for age.
While no pediatric CSF control samples were measured, the NEFL
level in unaffected adult CSF controls was 444 pg/mL.39 In a rare
pediatric study using historical CSF controls, Olsson et al.40 showed
that children with spinal muscular atrophy type 1 had untreated CSF
NEFL levels of 4598 ± 981 pg/mL compared with 148 ± 39 pg/mL in
the age-similar historical controls with nonspecific neurologic
presentation.
Compared with these studies, CSF NEFL levels of the pediatric

laboratory controls in our study are high, likely reflecting the acute
pathological processes that necessitate a workup involving lumbar
puncture. CSF NEFL levels in the non-neurodegenerative cohorts,
CTD and SLOS, are similar to those reported for adult24 and
pediatric40 controls. Serum NEFL levels in the unaffected pediatric
healthy siblings control, CTD, and SLOS groups in this study are
within the ranges previously reported for pediatric controls.25,27

This suggests that CSF and serum samples from pediatric non-
neurodegenerative conditions may be considered for use as

comparators, given the general limitation on available samples
from healthy, unaffected pediatric individuals.
CSF and serum NEFL values in the CLN3 cohort are clearly

elevated above levels reported for pediatric or adult controls, and
in the ranges of those for neurodegenerative conditions. Proximal
extension assay appears to be more discriminant at the lower end,
whereas ELISA is more at the higher end, of NEFL level detection.
Of note, participant SP5.2.2 with genotype, history, and evaluation
findings consistent with a vision-only phenotype has CSF and
plasma NEFL levels lower than others in the cohort and in the
range of normal values. This suggests that NEFL level may be an
additional useful quantitative measure for delineating the pheno-
typic spectrum of CLN3-related disorders. Interestingly, the
magnitude of NEFL elevation in CSF and serum samples from
the CLN3 cohort appears to be less than those seen in conditions
with more severe presentation and earlier onset such as CLN2
disease25 and spinal muscular atrophy type 1.40

In addition to correlating with respective disease severity scale
measurements, elevated NEFL level also reflects findings on brain
imaging. Higher NEFL level correlated with more disordered or
abnormal white matter tract parameters in amyotrophic lateral
sclerosis,41 with subsequent decrease in brain volume and greater
number of contrast-enhancing lesions in multiple sclerosis,27,39,42

and decreased baseline and higher atrophy rate of brain volume
in Alzheimer dementia.26 NEFL has also been shown to reflect
treatment effect, i.e., decreasing following one or multiple doses
of experimental pharmacologic agents.25,40 In our study, NEFL
levels negatively correlate with MR spectroscopy markers for
healthy neurons. Correlation of NAA, Glx and Cr spectroscopy
levels with disease severity has been reported in infantile NCL30

and will be described for CLN3 in a separate report.
While we describe here the largest number of clinically well-

characterized CLN3 CSF and serum samples evaluated for NEFL
level to date, the relatively small size and cross-sectional nature
are limitations to this study. While CSF NEFL level appears more
sensitive in reflecting disease outcome measures the findings of
high correlation between CSF and serum NEFL levels, and among
serum NEFL level and clinical outcome measures, suggest a
feasible approach for enlarging both the affected and control
cohorts. Continuation of longitudinal follow up and sample
collection in natural history studies will allow evaluations of the
long-term trends of NEFL level in CLN3 disease, including
investigating whether NEFL level decreases as neurons die as
part of the neurodegenerative process. This does not appear to be
the case in this cohort as NEFL level positively correlated with
markers of more severe disease. NEFL is not a specific biomarker
for CLN3 disease based on its response pattern in multiple other
neurological diseases. However, as noted above, further char-
acterization of the magnitude and range of NEFL expression may
help to distinguish among conditions by their disease course and
age of onset.25,39,40 NEFL level may also be an early marker for
response to treatment.25,40

Data from this study suggest that CSF NEFL level strongly
reflects neurologically based clinical outcome measures in CLN3.
This portends a role for following CSF NEFL level as an objective,
quantitative, longitudinal outcome measure in future clinical trials.
Furthermore, correlation of CSF and serum NEFL level with the
UBDRS physical and capability domains suggests clinical validity of
this biomarker, and the potential for serum NEFL as a minimally
invasive testing option for monitoring disease progression. We
anticipate that the ongoing natural history study (NCT03307304),
and similar efforts for collecting biospecimens that are accom-
panied by extensive phenotyping of the affected individuals,
will provide further insights into the applicability of NEFL as a
biomarker for CLN3 disease.
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