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Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by social,
stereotypical, and repetitive behaviors. Neural dysregulation was proposed as an etiological factor in
ASD. The sodium leakage channel (NCA), regulated by NLF-1 (NCA localization factor-1), has a major
role in maintaining the physiological excitatory function of neurons. We aimed to examine the level
of NLF-1in ASD children and correlate it with the severity of the disease. We examined the plasma
levels of NLF-1 in 80 ASD and neurotypical children using ELISA. The diagnosis and severity of ASD
were based on the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV),
Childhood Autism Rating Score, Social Responsiveness Scale, and Short Sensory Profile. Then, we
compared the levels of NLF-1 with the severity of the disease and behavioral and sensory symptoms.
Our results showed a significant decrease in the plasma levels of NLF-1 in ASD children compared to
neurotypical children (p<0.001). Additionally, NLF-1 was significantly correlated with the severity of
the behavioral symptoms of ASD (p <0.05). The low levels of NLF-1in ASD children potentially affect
the severity of their behavioral symptoms by reducing neuron excitability through NCA. These novel
findings open a new venue for pharmacological and possible genetic research involving NCA in ASD
children.

Autism spectrum disorder (ASD) is a construct used to describe a neurodevelopmental disorder with a specific
combination of impaired social communication and repetitive, stereotypical behavior. Multifactorial etiopatho-
genesis was linked to ASD, including genetic, immune, and environmental factors. Other factors related to ASD
are neurogenic dysregulation observed in neuroimaging and electrophysiological studies'. Neurogenic dysregula-
tions were also reported by studying specific neurogenic biomarkers that detect neuroinflammation, abnormal
neural and synaptic excitation and channelopathy®?.

Neural excitation, which is affected in ASD, might be caused by channelopathy. The sodium leakage channel
(NCA) is one of the channels that affect neural function. It is highly expressed in the central nervous system and
associated with synapse development. The NCA jon channel interacts with the M3 muscarinic receptor upon
activation by acetylcholine. A protein identified to regulate neural membrane potential and excitability through
NCA is known as protein NLF-1 (NCA localization factor-1). NLF-1 is an endoplasmic reticulum-resident
protein that interacts with NCA, affecting its folding*. Decreased NLF-1 or NCA induces hyperpolarization and
reduced neural excitability®.
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Several neurodegenerative and psychiatric disorders were found to be associated with NCA dysfunction
through NLF-1, such as attention-deficit/hyperactivity disorder (AD/HD) and depression*. Similar symptoms
in AD/HD and depression were reported in ASD children®’. Additionally, working or short-term memory,
which is affected in ASD children, requires a normally functioning NCA®’. In addition, studies have reported
that abnormal NCA function leads to speech impairment and cognitive delay, which are early signs of ASD'*!!,

This is the first study to investigate the effect of NLF-1 in ASD children. Given the association of neural dys-
function in ASD patients and the severity of the disease, we aimed to investigate the correlation between ASD
and NLF-1 as a disorder biomarker and determine its correlation with the severity of the symptoms of ASD.

Methods

This study was conducted with the approval of the Institutional Review Board of the Faculty of Medicine, King
Saud University, according to the most recent Declaration of Helsinki. The parents of all participants gave
informed consent before the assessment.

Participants. A total of 80 children were recruited into two groups, the ASD group and the neurotypical
group. The ASD group included 40 male ASD children aged from 3 to 12 years old recruited by the Autism
Research and Treatment Center, Faculty of Medicine, King Saud University and King Khalid University Hospi-
tal. Age- and sex-matched neurotypical children were recruited from the pediatrics clinic of King Khalid Uni-
versity Hospital for routine follow-up.

This study included children with confirmed ASD diagnoses based on the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-IV). Any child with an active illness, infectious disease or neuropsy-
chiatric disorder was excluded from the study.

Assessing autistic symptoms and severity. Childhood Autism Rating Score (CARS). 'The Childhood
Autism Rating Score is a widely used observational rating scale for the diagnosis and detection of autism and to
discriminate children with ASD from other types of intellectual delays'2. The CARS consist of 15 domains assess-
ing behaviors associated with autism. Each domain is scored on a scale from 1 (normal) to 4 (severe abnormal-
ity). Children with a total score of 30 a below indicate that the child is not autistic.

A score between 30 and 36.5 indicated mild to moderate autism. Severe autism is indicated with a CARS
score between 37 and 60. The CARS domains are categorized into items relating to people, emotional response,
imitation, body use, object use, listening response, fear or nervousness, verbal communication, nonverbal com-
munication, activity level, level and consistency of intellectual response, adaptation to change, visual response,
taste, smell and touch response, and general impressions.

Social Responsiveness Scale (SRS). The Social Responsiveness Scale is a valid scale to measure the severity of
ASD symptoms and to distinguish ASD behavior from other disorders accompanied by disruptive behavior
disorders. The scale comprises 65 items that parents or teachers can complete within 15-20 min'?. It is a quanti-
tative questionnaire completed by the parents or the teacher based on the child’s observed behavior for the past
six months.

The scale assessment areas include autistic mannerisms, social awareness, cognition, communication, and
motivation. It has an ordinary 4-point scale of "0" (not true) to "3" (almost always true). Then, the scores are
categorized to a cutoff score of 60 as follows: a mild to moderate range of social impairment is for children scored
60-75, and severe social impairment is for children scored 76 or higher.

Short sensory profile (SSP).  'The short sensory profile questionnaire contains 38 items categorized into seven
categories. Each category can classify a certain level of sensory abnormality measured on a 5-point Likert scale
(1 being "Always" and five being "Never") 4. The subscales are in the following areas: tactile sensitivity (7 items),
taste/smell sensitivity (4 items), movement sensitivity (3 items), seeking sensation (7 items), auditory filtering
(6 items), low-energy levels (6 items), and visual/auditory sensitivity (5 items). The SSP final score classifies
children with normal sensory responses and children with sensory disabilities of different levels. Lower scores
indicate a more sensory disability. Children who scored lower than 142 were children with a severe sensory
disability, those who scored between 143 and 152 were children with mild to a moderate sensory disability, and
those who scored above 153 were children with typical sensory performance.

Measurement of plasma NLF-1. Blood was collected in EDTA tubes from participants in both the ASD
and control groups. Then, the samples were centrifuged to isolate the plasma, aliquoted, and stored at—80 °C
until analysis. The plasma concentration of NLF-1 was measured by ELISA using a commercial kit according
to the manufacturer’s instructions (human NLE-1 ELISA kit, Wuhan EIAab Science Company, Wuhan, China).
Samples and standards were added to the precoated plate with antibodies specific for NLF-1 and analyzed in
duplicate for each protein of interest.

Statistical analysis. Data are presented as the mean +standard deviation. The Mann-Whitney test was
used for non-normally distributed data to compare the plasma levels of NLF-1 in two groups, ASD and control.
Also, Spearman correlation was used when comparing two variables, for example, age with NLF-1. Statistical
analysis was performed with SPSS software, version 25. Two-tailed tests for statistical significance were per-
formed where p <0.05 was considered significant. Statistical significance was denoted as *p <0.05; **p <0.01.
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Ethical approval. Institutional Review Board and Guidelines of Health Sciences Colleges Research on
Human Subjects, King Saud University, College of Medicine. Ref. No. 22/0122/IRB approved this study. An
informed consent form was obtained from all participant’s parents or legal guardians prior to participation for
approving processing and publishing data.

Results

The mean age of the ASD group was 6.3 +2 years, and the mean age of the control group was 5.8 + 3 years. Other
demographics, including a family history of psychiatric and autoimmune disorders, are shown in Table 1. The
ASD children were subcategorized according to the severity of the disease (CARS), behavioral symptoms (SRS),
and sensory disability (SSP) into mild, moderate, and severe categories. The mean CARS scores for the mild to
moderate ASD group were 32.5+ 1.7 and 42.6 + 6.4, respectively. The mean SRS score was 65.9 £ 11 in the mild to
moderate group and 130.9 + 3 in the severe group. The SSP scores were 168.5 + 3 for the typical (normal sensory
performance) ASD group and 122.9 + 22 for the abnormal ASD group.

Table 2 shows the plasma levels of NLF-1 in the ASD and control groups. Figure 1 demonstrates a significant
correlation between the plasma levels of NLF-1 in the ASD and control groups (p <0.001). Our results showed
that plasma levels of NLF-1 are significantly decreased in ASD children compared to neurotypical children. The
mean difference between the two groups was 387.1 pg/ml.

Control (mean+SD) | ASD (mean +SD)

Age (years) 58+3 6.3%2

Family medical history % (n) % (n)

Depression 7 (18) -

Bipolar 5(12.5) -

Schizophrenia 3(7.5) -

Rheumatoid arthritis 4 (10) 2 (5)

Systemic lupus erythematosus 3(7.5) 1(0.4)

Multiple sclerosis 2(5) 2(5)

Table 1. Study demographics.

Biomarker Control (mean+SD) ASD (mean +SD) p value
NLEF-1 (pg/ml) 1041.4+543.2 654.4+320.4 <0.001

Table 2. Plasma levels of NLF-1 in ASD and neurotypical groups.
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Figure 1. The comparison between plasma levels of NLF-1 in ASD group and neurotypical group.

Scientific Reports | (2023) 13:9747 | https://doi.org/10.1038/s41598-023-36953-0 nature portfolio



www.nature.com/scientificreports/

Figure 2 shows a significant negative correlation. Even though the data are not normally distributed, cor-
relation analysis showed a negative correlation between age and NLF-1 in both groups (p <0.05), r=— 0.250.

Figure 3 shows the subcategories of ASD according to SSR, CARS and SSP scores and Table 3 shows the cor-
relation between ASD subgroups with plasma levels of NLF-1.

To measure the severity of ASD behaviors, the ASD children were subcategorized into mild to moderate
and severe groups according to their SRS scores. The plasma level of NLF-1 in the mild to moderate ASD group
was (954.2+213), and NLF-1 in the severe ASD group was (590.7 + 304). Mann-Whitney analysis showed that
plasma levels of NLF-1 were significantly higher in the mild to moderate ASD group than in the severe ASD
group (p <0.05).

ASD children were also categorized according to CARS score, which measures the severity of the disease,
into mild to moderate and severe subgroups. Children in the moderate group had plasma NLF-1 levels of
(708.1 +£363), while children with severe ASD had NLF-1 levels of (606.6 +308). The correlation test showed
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Figure 2. The correlation between plasma levels of NLF-1 and age in both ASD group and neurotypical group.
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Figure 3. Plasma levels of NLF-1 in ASD subgroups of CARS, SRS and SSP.
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Behavioral test Mild to moderate (mean + SD) Severe (mean +SD) p value
SRS 954.2+213 590.7 +304 0.004**
CARS 708.1+363 606.6+308 0.883
SSp 665.1+346 646.4+ 307 0.373

Table 3. Plasma levels of NLF-1 (pg/ml) in ASD subgroups. SRS Social Responsiveness Scale, CARS
Childhood Autism Rating Score, SSP Short Sensory Profile. **Correlation is significant at the 0.01 level.

that the plasma levels of NLF-1 were higher in children with moderate severity than children with severe ASD,
but this correlation did not reach significance.

Sensory impairment in ASD children was measured by SSP and correlated with plasma levels of NLF-1. ASD
children were subcategorized according to their performance in SSP into ASD children with typical sensory per-
formance (normal) and ASD children with abnormal sensory performance. Plasma levels of NLF-1 were higher
in ASD children with normal sensory performance than in ASD children with abnormal sensory performance,
but this correlation was not significant (Table 3).

Discussion

Biomarkers of neural dysfunction have been extensively studied in ASD as a disease and severity indicator'.
Channelopathy, such as dysfunctional potassium, sodium and calcium channels, was reported in ASD and was
found to be associated with ASD symptoms®’. For example, a defect in the CN2A gene, which encodes a voltage
channel, was reported in ASD and was associated with intellectual disability in ASD children'®"”.

Another channel associated with neurodevelopmental and psychiatric disorders is the sodium leakage channel
(NCA). NCA is mainly expressed in the central nervous system (CNS) and is essential for maintaining normal
neuronal excitability. The function of the NCA channel is affected by NLE-1. Abnormal NLF-1 leads to reduced
NCA leakage currents and membrane potential hyperpolarization, which affects nerve excitability*. Addition-
ally, NCA is physiologically essential for normal neuron excitability in the case of calcium concentration defects,
which might lead to epilepsy'®". Other physiological functions that are affected due to dysfunctional NCA are
pain sensitivity, intellectual functions, and circadian rhythm, which are also reported in ASD patients>>*20-2>,
In ASD, dysfunction in calcium channels has been extensively reported, which might be linked to reduced NCA
activity due to low NLE-1%.

This study demonstrates that NLF-1 level is significantly lower in ASD children than in neurotypical children.
In an attempt to relate our finding to the severity of ASD, it is interesting to associate the recorded lower NLF-1
to glutamate excitotoxicity as ascertained etiological mechanism. Glutamate clearance from the extracellular
space is determined by external glutamate levels and sodium concentrations (1Glu— and 3Na+), usually trans-
ported from the synaptic cleft and entering the astrocytic compartment. Because glutamate is removed from
the synaptic cleft compartment by sodium-dependent excitatory amino-acid transporters, lower NLF-1, as a
regulator of NCA, could disrupt glutamate clearance, overstimulate glutamate receptors, and result in neuronal
excitotoxic death**?”. Additionally, since NCA-mediated currents at the cellular level drive spontaneous firing
in GABAergic neurons and depolarize the resting membrane potential in hippocampal neurons, lower NLF-1,
as a regulator of NCA, may be connected to the excitatory/inhibitory imbalance that is a hallmark of ASD**-*.

Children in the current study who had mild to moderate ASD had lower plasma levels of NLF-1, and those
who had severe ASD had even much lower levels, demonstrating a significant relationship between NLF-1 and
the severity of ASD. Our study further tested this finding by correlation analysis, where an increase in SRS score
was significantly related to a decrease in NLF-1 level. The severity of ASD behavior in lower NLF-1 levels agrees
with a previous report that linked NCA mutation in children with speech and cognitive impairment, which are
also the early behavioral signs of ASD'**!,

NLF-1 has a negative age correlation (decreases as people age), and this result is consistent with earlier
research showing that ASD patients experience worsening symptoms as they age®. In addition, compared to
younger ASD patients, older ASD patients have smaller brains, a shrinking hippocampus, and worsening anxiety
and short-term memory®-3..

In conclusion, our results point to a potential connection between the ASD symptoms experienced by our
studied patients and the disturbed NCA activity. Although more studies are required to understand the rela-
tionship between NCA and the ASD phenotype fully, we are confident that NCA (as measured by NLF-1) plays
arole in ASD, the severity of the condition, and aging. This finding will open a new research venue and be the
focus of future studies.
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