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Abstract: Autism spectrum disorder (ASD) is a common neurodevelopmental disorder
characterized by difficulties with social interaction, repetitive behavior, and additional features,
such as special interests. Its precise etiology is unclear. Recently, immunological mechanisms, such
as maternal autoantibodies/infections, have increasingly been the subject of discussion.
Cerebrospinal fluid (CSF) investigations play a decisive role in the detection of immunological
processes in the brain. This study therefore retrospectively analyzed the CSF findings of adult
patients with ASD. CSF basic measures (white blood cell count, total protein, albumin quotient,
immunoglobulin G (IgG) index, and oligoclonal bands) and various antineuronal antibody findings
of 36 adult patients with ASD, who had received lumbar puncture, were compared with an earlier
described mentally healthy control group of 39 patients with idiopathic intracranial hypertension.
CSF protein concentrations and albumin quotients of patients with ASD were significantly higher
as compared to controls (age corrected: p = 0.003 and p = 0.004, respectively); 17% of the patients
with ASD showed increased albumin quotients. After correction for age and gender, the group effect
for total protein remained significant (p = 0.041) and showed a tendency for albumin quotient (p =
0.079). In the CSF of two ASD patients, an intrathecal synthesis of anti-glutamate decarboxylase 65
(GADG65) antibodies was found. In total, more of the ASD patients (44%) presented abnormal
findings in CSF basic diagnostics compared to controls (18%; p = 0.013). A subgroup of the patients
with adult ASD showed indication of a blood-brain barrier dysfunction, and two patients displayed
an intrathecal synthesis of anti-GAD65 antibodies; thus, the role of these antibodies in patients with
ASD should be further investigated. The results of the study are limited by its retrospective and
open design. The group differences in blood-brain barrier markers could be influenced by a
different gender distribution between ASD patients and controls.

Keywords: Asperger syndrome; autism spectrum disorder; adults; cerebrospinal fluid; antibodies;
blood-brain barrier; GAD65
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1. Introduction

Autism spectrum disorder (ASD) is a common neurodevelopmental disorder characterized by
deficits in social interaction and communication, unusually narrowed interests, and repetitive
behavior in different situations [1]. Furthermore, the disorder involves specific alterations in social
and sensory perception as well as in language [2]. The description of ASD in the Diagnostic and
Statistical Manual of Mental Disorders, version 5 (DSM-5) demonstrates the clear tendency of the
scientific community to subsume the various previous autism subtypes of the DSM-IV and of the
International Statistical Classification of Diseases and Related Health Problems, version 10 (ICD-10)
(childhood autism (ICD-10 F84.0, corresponding in the DSM-IV to autistic disorder 299.00), atypical
autism (ICD-10 F84.1, not listed in the DSM-IV), and Asperger syndrome (ICD-10 F84.5, DSM-IV
299.80)) under a single diagnostic category [1,3,4]. ASD is a lifelong condition affecting
predominantly males that is already present in early childhood, persists into adulthood, and is often
accompanied by a variety of psychiatric comorbidities [1,2]. Despite the growing public and scientific
interest in ASD over the past decades [5], which reflects increasing prevalence rates that are well
above 1% and up to 2.7% depending on the populations studied [6,7], the disorder’s precise etiology
and pathophysiology remain elusive.

Genetic mechanisms certainly play an important role, and strong causal effects on ASD have
long been known [8] for several rare genetic variants, such as tuberous sclerosis [9] and the fragile X
syndrome [10]. Further genetic studies have shown the association of hundreds of distinct gene
variants with autism, accounting, however, for only a fraction of ASD diagnoses [8,11]. Only recently,
in the largest genome-wide association study (GWAS) for ASD to date, several single loci with
genome-wide significance for association with ASD were reported for the first time [12]. Not only the
phenotypic expression of ASD but also its etiology appear to be heterogeneous [13,14].

In recent studies, immunological mechanisms have increasingly been discussed as risk factors
for altered neuronal development in ASD patients [15]. In particular, there is increasing evidence that
maternal immune-dysfunction during gestation may lead to an ASD-like phenotype in susceptible
offspring [11,16]. The first hints of the role of maternal prenatal infections were identified in the
context of a significant increase in ASD after a rubella epidemic in the US in 1964 [17,18]. Furthermore,
studies in large Danish registries found an elevated likelihood of ASD in children whose mothers
were hospitalized during pregnancy due to a viral infection [19]. The possible importance of immune-
dysfunction for an increased ASD risk is further supported by Scandinavian registry studies that
reported a significant association between positive family history for autoimmune diseases and ASD
[20,21]. Likewise, children of mothers with systemic lupus erythematosus have a doubled risk for
ASD [22]. Potential mechanisms for an accentuated immune activation to affect neurological
development are via cytokines, autoantibodies [11], or maternal anti-fetal brain antibodies [23,24]. In
line with this, in post-mortem brains and the cerebrospinal fluid (CSF) of ASD patients, a
proinflammatory cytokine profile has been found with activated microglia and astrocytes as signs of
neuroinflammation [25].

In patients, CSF analysis is the most precise method for investigating subtle inflammation in the
central nervous system (CNS) [26-28]. Furthermore, there is evidence that CSF circulation, which
usually supplies growth hormones and signal molecules and cleanses the brain of harmful substances
for proper brain development, is impaired in ASD [29]. Earlier CSF studies in ASD have analyzed
children and infants as well as post-mortem material but not adult patients. This may be due to the
fact that diagnostic procedures of potential brain disease are initiated at time of diagnosis (i.e., earlier
in development and not in adulthood). Another reason might be that no CSF sampling is performed
in adult ASD patients who are not characterized by mental retardation or further
psychiatric/neurological symptoms. Therefore, this study’s rationale is to retrospectively analyze the
CSF findings of adult patients with ASD.



Brain Sci. 2020, 10, 355 30f18

2. Participants and Methods

The study was part of a larger project of retrospective biomarker detection that was approved
by the local ethics committee (Faculty of Medicine, Freiburg University, 396/18).

2.1. Study Sample

We included 36 patients with ASD who had received a lumbar puncture at our tertiary care
hospital from 2010 to 2018. The patients were diagnosed by experienced senior physicians following
German guidelines [30] as described in detail in earlier papers [31,32] and were classified following
ICD-10. Patients with neurodegenerative disorders were excluded from the study; examples include
mild cognitive impairment (ICD-10: F06.7) or dementia (ICD-10: F03), substance abuse (ICD-10:
F1x.2), or severe neurological diseases other than epilepsy (because of its known association with
ASD) [33,34]. The presence of other common comorbid conditions in patients with ASD was not
defined as an exclusion criterion; examples include affective disorders (ICD-10: F30-F39), or
neurodevelopmental disorders such as attention deficit hyperactivity disorder (ADHD; ICD-10:
F90.x), or Tourette syndrome (ICD-10: F95.2).

The control group comprised 39 mentally healthy controls with idiopathic intracranial
hypertension (IIH; ICD-10: G93.2), a non-inflammatory neurological disease characterized by
increased intracranial pressure of unknown origin. All controls with clearly identifiable secondary
forms of intracranial hypertension, those being treated with psychotropic drugs at the time of the
lumbar puncture, and those with a history of psychiatric or neurological disorders (except headache)
were excluded. This control group was collected in the context of a previous CSF study [35-37].

All the clinical and demographic data of the ASD patients were extracted from medical reports.
Patients’” psychometric data had been collected as part of routine clinical documentation, including
the Clinical Global Impression (CGI) score [38], the Global Assessment of Functioning (GAF) score
[4], and psychopathological scores based on the German Association for Methodology and
Documentation in Psychiatry (AMDP) [39].

2.2. CSF and Instrument-Based Diagnostics

All of the included participants were informed about the lumbar puncture and gave their written
informed consent. The CSF analyses were performed in the CSF laboratory at the Department of
Neurology (https://www.uniklinik-freiburg.de/neurologie/klinik/diagnostische-
einrichtungen/liquor-labor.html) as described in previous studies [40-42]. Routine CSF analysis
included the determination of white blood cell (WBC) count, total protein concentration, albumin
quotient (AQ), immunoglobulin G (IgG) index, and oligoclonal bands (OCBs). Antibodies against cell
surface antigens (NMDA-receptor, LGI1, CASPR2, AMPA1/2-receptor, GABA-B-receptor) were
identified in the CSF using fixed-cell assays (Euroimmun®). Antibodies in serum against
paraneoplastic intracellular antigens (Yo, Hu, CV2/CRMP5, Ri, Mal/2, SOX1, Tr, Zic4, glutamate
decarboxylase 65 (GADG65), amphiphysin) were screened using immunoblots (Ravo line assay®). In
individual cases, the anti-GAD65 antibody levels were measured in serum and CSF additionally
using a radioimmunoassay (Medipan®, see [28] for comparison). All ASD patients received cerebral
magnetic resonance imaging (MRI) assessed by experienced neuroradiologists as well as
electroencephalograms (EEGs) assessed by the attending physicians.

2.3. Statistical Analyses

Data analysis was conducted with Statistical Package for the Social Sciences, version 25 (IBM
Corp., Armonk, NY, USA). Group comparisons of categorical variables were conducted with
Pearson’s Chi-squared test. If the result in any of the cells of the contingency table was below 5,
Fisher’s exact test was used. One-way analyses of covariance (ANCOVAs) were conducted to
determine whether there was a statistically significant difference between the patients and the
controls in their CSF basis findings while controlling for the effect of age. Spearman’s rank correlation
coefficient was used for correlation analysis between CSF parameters (WBC count, protein
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concentration, AQ, and IgG index) of the ASD group and their psychometric scores, such as CGI,
GAF, and AMDP as well as the number of inpatient stays, suicide attempts, and age. Further
ANCOVAs were performed to detect significant influences of gender as well as the presence of
abnormalities in EEGs or MRI on CSF parameters of ASD patients while controlling for the effect of
age. To control the false discovery rate in multiple testing we calculated adjusted p-values with R (R
Core Team, 2019) using the Benjamini-Hochberg procedure [43]. Thereby the p-values of the CSF
basic diagnostics were adjusted together, then the p-values of the number of subjects with abnormal
CSF diagnostics as a separate group and finally the p-values of each correlation of a CSF parameter
with the psychometric data. A p-value of less than 0.05 was considered statistically significant.

3. Results

3.1. Clinical and Demographic Data

For clinical and demographic data of the patient and control samples see Table 1. The ASD and
the control cohort differed significantly in gender ratio (p <0.001) and age (p = 0.03). According to the
ICD-10 subgroups of ASD, 34 patients were coded as diagnosed with Asperger syndrome (ICD-10:
F84.5) and two with atypical autism (ICD-10: F84.1). All ASD patients had psychiatric comorbidities,
of which depression was the most prevalent (75%).

Most of the ASD patients were single (86.1%), lived with their parents/guardians (47.2%) and
were either working (30.6%) or in training (30.6%). The majority had achieved intermediate (38.9%)
to high (38.9%) education. Most patients had a positive family history for some psychiatric disease in
first-degree relatives (63.9%).

Table 1. Clinical and demographic data of patients and controls.

Neuropsychiatric comorbidity

Depression
ADHD

Schizophreniform disorders

n=27 (86.1%)
n="6(16.7%)

n=>5(13.9%)

History of epilepsy n=2(5.6%) -
Obsessive compulsive disorder n=2(5.6%) -
Personality disorder n=2(5.6%) -

Others

n="7*(19.4%)

Civil status
Single

Married

n=31(86.1%)

n=3(8.3%)

Patients with Autism (= Controls (n = Statistics
36) 39)
Gender 13 F23 M 33F:6 M p <0.001
Average age at time of lumbar puncture (age 28.94+9.9 34.6+12.0
range) (18-53 years) (18-61 years) p=003
Diagnosis

F84.5 n =234 (94.4%) -

F84.1 n=2(5.6%) -

G93.2 - n =39 (100%)
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Unknown

n=2(5.6%)

Educational level
Low
Intermediate
High

Unknown

n=>5(13.9%)
n =14 (38.9%)
n=14 (38.9%)

n=>3(8.3%)

Employment
Unemployed
Working
Education/training
Occupational disability

Others/unknown

n="7(19.4%)
n =11 (30.6%)
n =11 (30.6%)
n=4(11.1%)

n=>3(8.3%)

Living situation
Alone
With partner/family
With parents/custodian
Psychiatric transitional arrangement

Others/unknown

n=13 (36.1%)
n=2(5.6%)
n=17 (47.2%)
n=1(2.8%)

n=3(8.3%)

Family history for any psychiatric disease **

Positive
Negative

Unknown

=23 (63.9%)
n="9(25.0%)

n=4(11.1%)

Number of previous inpatient stays
None
1
2
3
More than 3

Unknown

n=12 (33.3%)
n=4(11.1%)
n="7(19.4%)
n=3(8.3%)
n="7(19.4%)

n=3(8.3%)

Burden of acute events
None
Mild
Intermediate
Severe
Extreme

Unknown

1n="6(16.7%)
n=17 (47.2%)
n=>5(13.9%)
n=4(11.1%)
n=1(2.8%)

n=>3(8.3%)

50f 18
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Burden of long-term life circumstances

None n=2(5.6%)
Mild n =10 (27.8%)
Intermediate n=9(25.0%)
Severe n=9(25.0%)

Extreme n=2(5.6%)
Unknown n=4(11.1%)

Number of suicide attempts

None n =28 (77.8%)

1 n==6(16.7%)
2 n=1(2.8%)
Unknown n=12.8%)

* Bipolar disorder, anorexia nervosa, narcolepsy, Tourette syndrome, insomnia, substance induced
psychotic disorder, dissociative disorder. ** In first-degree relatives. Abbreviations: F = female, M =
male, ADHD = attention deficit hyperactivity disorder, n = number.

3.2. CSF Diagnostics

At the time of lumbar puncture, most of the ASD patients (75%) were treated with psychotropic
medications, of which the most prevalent were atypical neuroleptics (52.8%) and antidepressants

(55.6%). An exact listing of psychotropic medications used at the time of lumbar puncture is provided
in Table 2.

Table 2. Psychotropic medication at time of lumbar puncture.

Patients with ASD
(n=36)
Class of Medication

Selective serotonin reuptake inhibitor n==6(16.7%)
Selective serotonin/noradrenaline reuptake inhibitor n=4(11.1%)
Tricyclic antidepressants n==6(16.7%)

Bupropion n=23(8.3%)

Mirtazapine n=2(5.6%)

Typical neuroleptics n=1(2.8%)
Atypical neuroleptics n=19 (52.8%)

Lithium n=1(2.8%)
Anticonvulsants n=7(19.4%)

Benzodiazepine n=1(2.8%)

Methylphenidate n=2(5.6%)

Melatonin n=>5(13.9%)



Brain Sci. 2020, 10, 355 7 of 18

Others n=4%*(11.1%)

Number of Different Medication Classes per Patient

Same class/only one drug n=9(25.0%)
Two drugs n=7(19.4%)

Three drugs n=9(25.0%)

More than three n=2(5.6%)
Unmedicated n=9 (25.0%)

The number refers to different drug classes. If several drugs of the same class were taken, only one
was included. * One patient with comorbid ADHD received atypical off-label treatment with
levodopa + carbidopa (this was changed to bupropion after lumbar puncture); another patient took
biperiden and clonidine. Abbreviations: ASD = Autism spectrum disorder; ADHD = attention deficit
hyperactivity disorder; n = number.

Of the 36 ASD patients, three (8.3%) showed a slightly elevated WBC count, 12 (33.3%) an increased
total protein, and six (16.7%) an increased age-dependent AQ. CSF-specific OCBs were found in one
patient with ASD (2.8%) and in none of the control patients, and no patient showed an increased IgG
index. In summary, 16 of the 36 patients (44.4%) presented abnormal CSF basic diagnostic findings,
which differed significantly (p = 0.013) from respective findings in controls with abnormal CSF
measures (7 of 39; 18%). The ANCOVAs conducted with age correction showed a significant
difference between ASD patients and controls in total protein (Fq,) = 6.450, p = 0.003) and AQ (Fq,)
=5.878, p = 0.004), but not regarding WBC counts or IgG index. For this analysis, data from 36 ASD
patients and 39 controls were evaluated except for the WBC count, for which data from only 35
controls were available. All results of the CSF basic diagnostic are summarized in Tables 3 and 4.

Table 3. CSF basis diagnostics.

Reference [44] ASD Patients Controls Statistics
(n=36) (n=39) (Unadjusted p-Value)
WBC count . )
(Mean + SD) <5/pL 1.94+1.37 2.60 +7.59 p=0.698 (0.698)
Total protein <450 mg/L 47814 +391.1 309.33 + 142.5 - 0.009 (0.003)
(Mean + SD) - & EE I 200t 1a2. p=0. .
<40 years: 6.5 x
1073
Albumin quotient 40-60 years: 8 x )
(Mean + SD) 10°3; 5.84 +5.66 3.93+1.81 p =0.009 (0.004)
>60 years: 9.3 x
103
IgG index
< =
(Mean + SD) <0.7 mg/L 0.50 + 0.39 0.50 + 0.038 p=0.257 (0.193)

The control group was created for an earlier project and the results were published earlier [35-37].
Abbreviations: CSF = cerebrospinal fluid; WBC = white blood cell, SD = standard deviation, IgG =
immunoglobulin G, n = number. * Data of only 35 controls are available. One of them suffered from
pleocytosis (46 cells/uL), which normalized independently, and was interpreted as reactive
pleocytosis. p-Values adjusted by Benjamini—-Hochberg procedure. Bold = significant at p < 0.05.



Brain Sci. 2020, 10, 355 8 of 18
Table 4. Number of subjects with abnormal CSF diagnostics.
ASD Patients Controls (U::caiﬁxssti::i
(n=36) (n=39) jastedp
Value)

Increased WBC count (25/pL)

Increased total protein
(>450 mg/L)

n=3(8.3%)*

n=12 (33.3%)

n=1(2.9%)* p=0.115 (0.086)

n=6(15.4%) p=0.115 (0.069)

Increased age-dependent albumin

quotient (<40 years: 6.5 x 1073; 40-60 n==6(16.7%) n=2(5.1%) p=0.191 (0.143)
years: 8 x 1073; >60 years: 9.3 x 107%)
Increased IgG index (>0.7 mg/L) n=0 n=0 -
CSF specific OCBs n=1(2.8%) *** n=0*** p=0.324 (0.324)
Pati ith 1 CSF basi
atients with abnormal CSF basis 16/36 (44.4%) 7/39 (18%) p=0013

diagnostics

The control group was created for an earlier project and the results previously published (see [35-
37]). The number of patients with abnormalities in CSF diagnostics, as a summary of previous tests,
was not corrected for multiple testing. Abbreviations: WBC = white blood cell; SD = standard
deviation; IgG = immunoglobulin G; OCBs = oligoclonal bands; #n = number. * 5, 6 and 6 white blood
cells without blood admixture. ** Only data of 35 controls are available. One of them suffered from
reactive pleocytosis (46 cells/uL), which regressed independently to normal WBC counts and was
interpreted as reactive pleocytosis. *** Two additional findings were not considered positive: one
patient had an isolated OCB in the CSF, another patient had 1-2 very weak bands in the CSF. ****
Only available from 38 (of 39) control patients. p-Values adjusted by Benjamini-Hochberg procedure.
Bold = significant at p < 0.05.

In a secondary analysis, we additionally investigated the effect of gender and the interaction
between age and gender in these ANCOVAs. Here, the group effect for total protein remained
significant (Fa,70) = 4.327, p = 0.041) and for AQ a tendency could still be observed (Fu) =3.167, p =
0.079). We found a significant interaction between age and gender in the ANCOV As for total protein
(Fa = 6.510, p = 0.013) as well as AQ (Fa7) = 5.299, p = 0.024), but gender alone had no significant
effect on the models for total protein (Fu0) = 2.073, p = 0.154) and AQ (Fw.7) = 1.834, p = 0.180). For
WBC count and IgG index no significant group effects or interactions were detected.

Most ASD patients additionally received screenings for antineuronal antibodies against cell
surface antigens (n = 31) or intracellular antigens (1 = 34) (Table 5). Two of the patients tested were
positive for anti-GAD65 antibodies in serum and CSF, and one patient had a nonspecific reaction for

anti-Yo antibodies in serum.

Table 5. Antineuronal autoantibody findings.

Patients with ASD (n = 36)

Antibodies against Cell

Surface Antigens in CSF

Antibodies against Paraneoplastic
Intracellular Antigens in Serum

Not analyzed
Negative

Positive

n=>5(13.9%)
n=231(86.1%)

n=0

n=2 (5.6%)
n =32 (88.2%)

n=2%(5.6%)

* Two patients displayed anti-glutamate decarboxylase 65 (GAD65) antibodies, additionally one
patient had a non-specific reaction for anti-Yo antibodies, which was not rated as a positive result.
Abbreviations: ASD = Autism spectrum disorder, CSF = cerebrospinal fluid; n = number.
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3.3. Instrument-Based Diagnostics

All patients received an EEG and an MRI scan of the brain. Sixteen ASD patients (44.4%) showed
abnormalities in their MRI scans, the most frequent being white matter lesions/cerebral
microangiopathy (25%). In the EEGs, generalized intermittent slow activity was found in five patients
(13.9%) and focal slowing in three patients (8.3%). One patient (2.8%) had a history of epilepsy and
showed corresponding epileptiform discharges with frontal spike wave complexes (Table 6).

Table 6. MRI and EEG pathologies in the ASD patient group.

MRI Abnormalities

Patients (n = 36)

White matter lesions/cerebral microangiopathy
Generalized cortical atrophy
Localized cortical atrophy
Pineal cyst
Other anatomical variants
More than one abnormality

Normal findings

n=12 (33.3%)
n=2(5.6%)
n=1(2.8%)
n=4(11.1%)

n=4%*(11.1%)
n="7(19.4%)

1 =20 (55.6%)

Total number of MRI abnormalities

16/36 patients (44.4%)

EEG pathologies

Patients (1 = 36)

Continuous generalized/regional slow activity
Intermittent generalized slow activity
Intermittent focal slow activity
Epileptiform discharges

Absence of EEG pathologies

n=>5(13.9%)
n=3(8.3%)
n=1(2.8%)

n =28 (77.8%)

Total number of EEG pathologies

8/36 patients (22.2%)

* Arachnoidal cyst, asymmetric lateral ventricles, asymmetric vertebral artery, enlarged Virchow—
Robin’s space. Abbreviations: MRI = magnetic resonance imaging; EEG = electroencephalogram; n =
number.

3.4. Clinical Characteristics of ASD Patients with anti-GAD65 Antibodies

The two ASD patients who tested positive for anti-GAD65 antibodies in serum (patient (1): 14
U/mL; patient (2) 101 U/mL; reference <2.0 U/mL) displayed an increased antibody index (patient (1):
50.4, patient (2): 20.3; reference <1.5) indicating an intrathecal anti-GAD65 antibody synthesis. Both
patients were relatively young, patient (1) was male and patient (2) was female. Both patients suffered
from comorbid depression; patient (1) also suffered from tic disorder and patient (2) from anxious
jitteriness and Hashimoto thyroiditis. Both patients had no diabetes mellitus (HbAlc levels were in
the normal range) and no epilepsy. However, in patient (1), initially a slightly elevated WBC count
in the CSF (6/pL; reference <5/uL; with normalization in the follow-up), increased streptolysin
antibody levels, as well as anatomical alterations in the form of asymmetric lateral ventricles in the
MRI and abnormal frontal slow waves in the EEG (which were partly generalized) were identified.
A complementary [®F] fluorodeoxyglucose positron emission tomography of the brain showed age-
appropriate cerebral glucose utilization without patterns for an acute inflammatory CNS disease. In
patient (2), the laboratory results, MRI, EEG, and CSF basis diagnostics were all essentially normal.
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3.5. Correlation Analyses

For the ASD group we found significant negative correlations between WBC count and AMDP
scores for formal thought disorders (r = -0.336, p = 0.045; n = 36) and delusion (r = -0.457, p = 0.005; n
=36) as well as number of suicide attempts (r =—0.405, p = 0.014; n = 36). This corresponds to moderate
effect sizes of the correlation coefficients according to Cohen but were not significant after
adjustments that control for the false discovery rate (p = 0.27/0.09/0.126). Furthermore, age correlated
with total protein (r=0.338, p=0.043; n=36) and AQ (r=0.474, p = 0.004; n = 36). All other correlations
between the CSF basic diagnostic parameters and the psychometric data were not significant. No
significant influence of gender or the presence of EEG or MRI abnormalities on CSF parameters of
ASD patients was detected.

4. Discussion

The main findings of this study are higher CSF levels of AQs in patients with ASD indicate
potential blood-brain barrier (BBB) dysfunction and an intrathecal synthesis of anti-GAD65
antibodies in two patients with ASD. Overall, we found abnormal CSF basic findings in almost half
of the ASD patients—significantly more than in the control group.

4.1. Significance of Increased CSF Protein Levels

Altogether the ASD group presented significantly higher CSF levels of total protein (478.1 vs.
309.3 mg/dL) and AQs (5.84 vs. 3.93) compared to the control group. Accordingly, 33.3% of ASD
patients had an increased total protein and 16.7% an increased albumin ratio, which compares well
to figures in similarly aged patients with schizophreniform psychosis (total protein increase in
psychosis in 42.4%, increased AQs in 21.8%) [40] and to the previously reported proportion of
neurological patients with a non-inflammatory disease of the CNS with isolated BBB dysfunction
(17.5%) [45]. The serum/CSF AQ is clinically considered the “gold standard” for the assessment of
BBB function [46]. Since albumin is only produced in the liver, it can reach the CSF only via the BBB.
Nevertheless, it is still a matter of debate whether BBB dysfunction as measured with elevated AQs
is the sequel of “leakage” at the site of small vessels and capillaries or a reduced CSF drainage in the
context of disturbances of CSF flow [47,48]. For ASD, an altered CSF flow was suggested by Shen et
al. [29]. In their study of the MRIs of infants who later developed autism, the authors observed an
increased extra-axial CSF volume as a possible sign of reduced CSF circulation [49]. Interestingly, the
protein concentration in the extra-axial CSF was also significantly elevated compared to healthy
children [29]. Thus, it has been suggested that an impaired CSF circulation may lead to an altered
distribution of growth factors and signal molecules in the brain as well as a disturbed cleansing of
neurotoxins, which can cause neuroinflammation when they accumulate [29].

4.2. EEG and MRI Findings

The link between epilepsy and autism is well known, and thus an EEG is an important diagnostic
procedure in patients with ASD. However, in addition to the detection of epileptiform discharges in
a subgroup of patients, increased nonspecific EEG abnormalities in the form of, for example, slowing
or asymmetries [50], as well as hints of long-range underconnectivity [51] in ASD patients have been
described. The current study included one patient with comorbid epilepsy and epileptiform
discharges, and 19% of the patients presented only focal or generalized slow activity. A previous
study with a small sample size discerned a statistically significant difference between ASD patients
and healthy controls in the rate of slow activity after hyperventilation [52]. One quarter of ASD
patients in the current study showed nonspecific white matter alterations in their MRI. Other mental
illnesses, such as depression, present similar rates [41]. It is assumed that these are caused by micro-
or macroangiopathic diseases resulting from a dysfunction of the neurovascular unit, which can also
lead to a BBB dysfunction [53]. Neuroinflammation can lead to defects in the neovascular unit and,
reciprocally, defects in the neurovascular unit can also promote neuroinflammatory processes in the
brain. However, the significance and clinical relevance of these white matter alterations remain
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unclear. Further studies in larger and more homogeneous subgroups of ASD patients are needed to
develop a better understanding.

4.3. Antibody Findings

The presence of brain-reactive antibodies in patients with ASD has been reported in numerous
studies [54]. Accordingly, Singer et al. [55] observed a greater prevalence of autoantibodies in the
serum of autistic children than in their non-autistic siblings or healthy controls (in human brain slices
of the caudate nucleus, putamen, prefrontal cortex, cerebellum, and cingulate gyrus). Moreover, the
presence of brain-reactive antibodies in either the patient or the mother is associated with a more
severe degree of autism [56] and has been reported to lead to markedly greater brain enlargement in
preschool children who later develop ASD [57]. In the current study, the authors identified two
patients (5.6%) who presented an intrathecal synthesis of anti-GAD65 antibodies. GAD65 is an
enzyme that catalyzes the intracellular synthesis of the inhibitory neurotransmitter y-amino butyric
acid (GABA) through the decarboxylation of glutamate in brain cells and the pancreatic islet (3-cells
of the pancreas. Autoantibodies against GAD65 are common at the onset of type I diabetes but have
also been reported in various neurological disorders, such as stiff person syndrome, cerebral ataxia,
and, in some cases, in epilepsy and limbic encephalitis [58,59]. Interestingly, type I diabetes is a
common co-morbidity not only of patients with ASD but also of their mothers and first-degree
relatives [54,60,61]. In the healthy population, the prevalence of anti-GAD65 antibodies ranged from
0.5% to 1.1% [62,63]. Small studies in patients with ASD have described a higher incidence in ASD
patients, ranging from 5% (three of 60 patients) [64] to 15% (three of 20 patients) [65]. There are,
however, contradictory findings that may be related to diverse subgroups of ASD patients or to
measurement techniques for anti-GAD65 antibodies [66]. It is important to note that most studies
only tested antibodies in serum and did not comment on BBB integrity or the presence of antibodies
in the CSF. Presumably, the antibodies are relevant for brain alteration only when they can reach the
brain tissue from the serum through a “leaky” BBB due, for instance, to injury or inflammation or
when they are synthesized intrathecally [67]. Although why are anti-GAD65 antibodies associated
with diabetes mellitus in one patient, stiff person syndrome in another, and with autism in a third?
The time at which antibodies reach specific organs as well as genetic predispositions (HLA
haplotype) seem to play important roles [68], and environmental factors may be important. The
pathophysiology of neuropsychiatric disease in association with anti-GAD65 antibodies is poorly
understood to date. The gene expression of GAD65 appears to be reduced in ASD patients in certain
brain regions, such as the cerebellar dentate nuclei [69,70], and also in the cortex of mice whose
mothers during pregnancy received the anti-epileptic drug valproate, which is associated with a high
risk of autism [71]. Moreover, hypermethylation of the GAD1 promoter has been observed in the
offspring of mice that received a nonspecific immune response by means of a poly (I:C) injection
during pregnancy [72]. One possible pathomechanism is the direct intracellular binding of anti-
GAD®G65 antibodies to the cytoplasmic GAD65 through unknown mechanisms leading to a change in
GABAergic transmission. While a strong binding has been demonstrated in vitro [73], the application
of anti-GADG65 antibodies in the CSF of mice in vivo did not lead to a change in hippocampal
GABAergic transmission [74]. Thus, the pathophysiological functioning of anti-GAD65 antibodies
seems to be more complex than, for example, in the case of the immunoglobulin G antibodies against
the surface N-methyl D-aspartate receptor. In this context, we need to consider that GAD65
antibodies themselves may not be pathophysiologically active, but rather an immunological
epiphenomenon of an unknown underlying pathomechanism [75]. Thus, the formation of anti-
GADSG65 antibodies could be secondary to the destruction of GABAergic neurons by, for instance,
hitherto unidentified antibodies and the release of intracellular GAD into CSF [75,76]. This would
also explain the clinical heterogeneity of diseases associated with anti-GAD65 antibodies and their
different responsiveness to immunosuppressive therapies. In all cases, anti-GAD65 antibodies
function at least as a disease marker of an unknown but most likely immune mediated process [76].

Case reports have described severe neurological diseases in association with anti-GAD65
antibodies, such as limbic encephalitis and epilepsy, that barely responded to classical
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immunotherapy, such as steroids or intravenous immunoglobulins (IVIGs), and required more
aggressive treatment with monoclonal antibodies, such as basiliximab or rituximab [77,78].
Nevertheless, it has been reported at least in one patient with ASD with clinically relevant high anti-
GADG65 antibodies and comorbid type I diabetes, that there was a relevant benefit from therapy with
IVIGs [64].

4.4. Limitations

This study was performed openly and retrospectively. The decision to conduct lumbar
punctures followed clinical criteria to exclude a secondary organic pathology and was not a routine
procedure; therefore, the patient group is not representative of all patients with ASD. In addition, the
control group’s unclear IIH pathophysiology may have introduced a confounder to data in this
group. In patients with IIH, larger amounts of CSF were removed due to therapy. Given that a clear
reduction of the AQ between the first 4 mL and the last 4 mL of a total of 24 mL of CSF of a lumbar
puncture has been described [79,80], false low values in the control group are possible. Moreover, the
AQ may vary due to body weight, smoking, degenerative disc disease, hypothyroidism, or gender
[80,81]. Particularly noteworthy is the gender difference between our patient and control groups.
However, we did not find a gender effect in our secondary analysis of the CSF parameters but in the
gender corrected ANOVA, however, only the group difference in the protein concentrations was still
significant, whereas the AQ showed only a tendential increase in the ASD patients. Our findings
could therefore be partly caused by a gender difference. Furthermore, the measured values for total
protein and sometimes additionally AQ of one third of the ASD patients were also increased
compared to established reference values. Differences on other CSF parameters like WBC and IgG
due to gender have not been observed.

Psychotropic medication may also have had an influence on the total protein in the CSF and
AQs. While three quarters of the ASD patients were medicated, the control group did not receive
psychiatric medication. It has been indicated that, for example, antipsychotic drugs in bipolar
patients may lead to an increased AQ [82]. However, other studies found no influence of
antipsychotic [83-85] or antidepressant [86] medication on CSF properties. Finally, depression and
other comorbidities may have confounded our results.

5. Conclusions

The present retrospective study on CSF measures provides no clear-cut positive evidence for
relevant inflammatory alterations in adult ASD, however, it does suggest a trend toward a BBB
dysfunction in some adult patients with ASD. The identification of anti-GAD65 antibodies in some
patients with ASD may be relevant for future research in an effort to define etiological and clinical
sub-phenotypes of ASD informing more personalized treatment approaches.

Author Contributions: K.R., L.T.v.E., and D.E. designed the study. K.R. and D.E. performed the data research
and created the structure of the paper. HK. and M.M. supported data search. K.R. wrote the first manuscript,
and D.E. critically revised it. T.R. and R.D. helped in interpreting the CSF basic analyses. T.B. supported the
neuroanatomical interpretation. S.M. supported statistical analyses. L.T.v.E., KN., D.D., M.M., HK,, and K.D.
critically revised the clinical interpretation of our findings. All authors were critically involved in the theoretical
discussion and composition of the manuscript. All authors have read and agreed to the published version of the
manuscript.

Funding: The article processing charge was funded by the German Research Foundation (DFG) and the
University of Freiburg in the funding programme Open Access Publishing.

Acknowledgments: D.E. was supported by the Berta-Ottenstein-Programme for Advanced Clinician Scientists,
Faculty of Medicine, University of Freiburg.

Conflicts of Interest: KR., S.M., KN., D.D., M.M., HK,, T.B., and D.E. declare no conflicts of interest; L.T.v.E.:
Advisory boards, lectures, or travel grants within the last three years: Roche, Eli Lilly, Janssen-Cilag, Novartis,
Shire, UCB, GSK, Servier, Janssen and Cyberonics; T.R.: Travel grants from Biogen and Novartis; R.D.: Lecture
fees from Roche and travel grants from Biogen; K.D.: Steering Committee Neurosciences, Janssen; The funders



Brain Sci. 2020, 10, 355 13 of 18

had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript, or in the decision to publish the results.

Abbreviations
ADHD Attention deficit hyperactivity disorder
AMDP Association for Methodology and Documentation in Psychiatry (in German:
Arbeitsgemeinschaft fiir Methodik und Dokumentation in der Psychiatrie)
ANCOVA One-way analysis of covariance
AQ Albumin quotient
ASD Autism spectrum disorder
BBB Blood-brain barrier
Cal Clinical Global Impression
CNS Central nervous system
CSF Cerebrospinal fluid
EEG Electroencephalography
F Female
GABA Y-amino butyric acid
GAD65 Glutamate decarboxylase 65
GAF Global Assessment of Functioning
GWAS Genome-wide association study
IgG Immunoglobulin G
ITH Idiopathic intracranial hypertension
IVIG Intravenous immunoglobulins
M Male
MRI Magnetic resonance imaging
n Number
OCB Oligoclonal band
SD Standard deviation
WBC White blood count
y Years
References

1.  World Health Organization. ICD-10 International Statistical Classification of Diseases and Related Health
Problems: 10th Revision ICD-10, 5th ed.; World Health Organization: Geneva, Switzerland, 2016.

2. Van Elst, L.T.; Pick, M,; Biscaldi, M.; Fangmeier, T.; Riedel, A. High-functioning autism spectrum disorder
as a basic disorder in adult psychiatry and psychotherapy: Psychopathological presentation, clinical
relevance and therapeutic concepts. Eur. Arch. Psychiatry Clin. Neurosci. 2013, 263, 189-196,
doi:10.1007/s00406-013-0459-3.

3. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-5, 5th ed.;
American Psychiatric Publishing: Washington, DC, USA, 2013.



Brain Sci. 2020, 10, 355 14 of 18

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-IV-TR, 4th ed.;
American Psychiatric Association: Arlington, VA, USA, 2009.

Lai, M.-C.; Lombardo, M.V.; Baron-Cohen, S. Autism. Lancet 2014, 383, 896-910, doi:10.1016/S0140-
6736(13)61539-1.

Baio, J.; Wiggins, L.; Christensen, D.L.; Maenner, M.]J.; Daniels, J.; Warren, Z.; Kurzius-Spencer, M.;
Zahorodny, W.; Robinson, C.; Rosenberg, C.R.; et al. Prevalence of Autism Spectrum Disorder Among
Children Aged 8 Years — Autism and Developmental Disabilities Monitoring Network, 11 Sites, United
States, 2014. MMWR. Surveill. Summ. 2018, 67, 1-23, doi:10.15585/mmwr.ss6706al.

Kim, Y.S.; Leventhal, B.L.; Koh, Y.-].; Fombonne, E.; Laska, E.; Lim, E.-C.; Cheon, K.-A.; Kim, S.-].; Kim, Y .-
K.; Lee, H,; et al. Prevalence of Autism Spectrum Disorders in a Total Population Sample. Am. ]. Psychiatry
2011, 168, 904-912, doi:10.1176/appi.ajp.2011.10101532.

Vorstman, J.A.S,; Parr, ].R.; Moreno-De-Luca, D.; Anney, RJ.L.; Jr, ] I.N.; Hallmayer, J.F. Autism genetics:
Opportunities and challenges for clinical translation. Nat. Rev. Genet. 2017, 18, 362-376,
doi:10.1038/nrg.2017 4.

Crino, P.B.; Nathanson, K.L.; Henske, E.P. The Tuberous Sclerosis Complex. N. Engl. J. Med. 2006, 355, 1345—
1356, doi:10.1056/NEJMra055323.

Kidd, S.A.; Lachiewicz, A.; Barbouth, D.; Blitz, R K.; Delahunty, C.; McBrien, D.M.; Visootsak, J.; Berry-
Kravis, E. Fragile X Syndrome: A Review of Associated Medical Problems. Pediatr. 2014, 134, 995-1005,
doi:10.1542/peds.2013-4301.

Meltzer, A.; Van De Water, J. The Role of the Immune System in Autism Spectrum Disorder.
Neuropsychopharmacology 2016, 42, 284-298, doi:10.1038/npp.2016.158.

Grove, J.; Autism Spectrum Disorder Working Group of the Psychiatric Genomics Consortium; Ripke, S.;
Als, T.D.; Mattheisen, M.; Walters, RK.; Won, H.; Pallesen, J.; Agerbo, E.; Andreassen, O.A.; et al.
Identification of common genetic risk variants for autism spectrum disorder. Nat. Genet. 2019, 51, 431444,
doi:10.1038/s41588-019-0344-8.

Happé, F.; Ronald, A.; Plomin, R. Time to give up on a single explanation for autism. Nat. Neurosci. 2006,
9, 1218-1220, doi:10.1038/nn1770.

Levy, S.E.; Mandell, D.S.; Schultz, R.T. Autism. Lancet 2009, 374, 1627-1638, doi:10.1016/50140-
6736(09)61376-3.

Edmiston, E.; Ashwood, P.; Van De Water, ]J. Autoimmunity, Autoantibodies, and Autism Spectrum
Disorder. Boil. Psychiatry 2016, 81, 383-390, doi:10.1016/j.biopsych.2016.08.031.

Onore, C.; Careaga, M.; Ashwood, P. The role of immune dysfunction in the pathophysiology of autism.
Brain Behav. Immun. 2011, 26, 383-392, d0i:10.1016/j.bbi.2011.08.007.

Chess, S.; Fernandez, P.; Korn, S. Behavioral consequences of congenital rubella. |. Pediatr. 1978, 93, 699—
703.

Chess, S. Autism in children with congenital rubella. ]. Autism Dev. Disord. 1971, 1, 33-47,
doi:10.1007/BF01537741.

Atladéttir, H. O.; Thorsen, P.; Ostergaard, L.; Schendel, D.E.; Lemcke, S.; Abdallah, M.; Parner, E. Maternal
Infection Requiring Hospitalization During Pregnancy and Autism Spectrum Disorders. J. Autism Dev.
Disord. 2010, 40, 1423-1430, doi:10.1007/s10803-010-1006-y.

Atladottir, H. Osk; Pedersen, M.G.; Thorsen, P.; Mortensen, P.B.; Deleuran, B.; Eaton, W.W.; Parner, E.;
Sutton, R.M.; Niles, D.E.; Nysaether, J.; et al. Association of Family History of Autoimmune Diseases and
Autism Spectrum Disorders. Pediatrics 2009, 124, 687-694, doi:10.1542/peds.2008-2445.

Keil, A.P.; Daniels, J.L.; Forssén, U.; Hultman, C.; Cnattingius, S.; Soderberg, K.C.; Feychting, M.; Sparén,
P. Parental Autoimmune Diseases Associated With Autism Spectrum Disorders in Offspring. Epidemiology
2010, 21, 805-808, doi:10.1097/EDE.0b013e3181{26e3f.

Vinet, E.; Pineau, C.A.; Clarke, A.; Scott, S.; Fombonne, E.; Joseph, L.; Platt, R.; Bernatsky, S. Increased Risk
of Autism Spectrum Disorders in Children Born to Women With Systemic Lupus Erythematosus: Results
From a Large Population-Based Cohort. Arthritis Rheumatol. 2015, 67, 3201-3208, doi:10.1002/art.39320.
Braunschweig, D.; Ashwood, P.; Krakowiak, P.; Hertz-Picciotto, I.; Hansen, R.; Croen, L.A.; Pessah, I.N.;
Van De Water, J. Autism: Maternally derived antibodies specific for fetal brain proteins. NeuroToxicology
2007, 29, 226-231, doi:10.1016/j.neuro.2007.10.010.



Brain Sci. 2020, 10, 355 15 of 18

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Braunschweig, D.; Krakowiak, P.; Duncanson, P.; Boyce, R.; Hansen, R.L.; Ashwood, P.; Hertz-Picciotto, I.;
Pessah, LN.; Van De Water, J. Autism-specific maternal autoantibodies recognize critical proteins in
developing brain. Transl. Psychiatry 2013, 3, €277, doi:10.1038/tp.2013.50.

Vargas, D.L.; Nascimbene, C.; Krishnan, C.; Zimmerman, A.W.; Pardo, C.A. Neuroglial activation and
neuroinflammation in the brain of patients with autism. Ann. Neurol. 2004, 57, 67-81, doi:10.1002/ana.20315.
Bechter, K. CSF diagnostics in psychiatry —Present status—Future projects. Neurol. Psychiatry Brain Res.
2016, 22, 69-74, d0i:10.1016/j.npbr.2016.01.008.

Endres, D.; Bechter, K.; Priiss, H.; Hasan, A.; Steiner, ]J.; Leypoldt, F.; Van Elst, L.T. Autoantikorper-
assoziierte schizophreniforme Psychosen: Klinische Symptomatik. Der Nervenarzt 2019, 90, 547-563,
doi:10.1007/s00115-019-0700-z.

Van Elst, L.T.; Bechter, K; Priiss, H.; Hasan, A.; Steiner, J.; Leypoldt, F.; Endres, D. [Autoantibody-
associated schizophreniform psychoses: Pathophysiology, diagnostics, and treatment]. Der Nervenarzt
2019, 90, 745-761, doi:10.1007/s00115-019-0735-1.

Shen, M.D. Cerebrospinal fluid and the early brain development of autism. J. Neurodev. Disord. 2018, 10, 39,
doi:10.1186/s11689-018-9256-7.

Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften (AWMEF). Autismus-
Spektrum-Storungen im Kindes-, Jugend- und Erwachsenenalter. 2016. Available online:
https://www.awmf.org/uploads/tx_szleitlinien/028-0181_S3_Autismus-Spektrum-Stoerungen_ASS-
Diagnostik_2016-05.pdf (accessed on 15 December 2019).

Van Elst, L.T.; Maier, S.; Fangmeier, T.; Endres, D.; Mueller, G.T.; Nickel, K.; Ebert, D.; Lange, T.; Hennig,
J.; Biscaldi, M.; et al. Disturbed cingulate glutamate metabolism in adults with high-functioning autism
spectrum disorder: Evidence in support of the excitatory/inhibitory imbalance hypothesis. Mol. Psychiatry
2014, 19, 1314-1325, doi:10.1038/mp.2014.62.

Endres, D.; Van Elst, L.T.; Meyer, S.A.; Feige, B.; Nickel, K.; Bubl, A.; Riedel, A.; Ebert, D.; Lange, T.;
Glauche, V.; et al. Glutathione metabolism in the prefrontal brain of adults with high-functioning autism
spectrum disorder: An MRS study. Mol. Autism 2017, 8, 10, doi:10.1186/s13229-017-0122-3.

Patterson, P.H. Maternal infection and immune involvement in autism. Trends Mol. Med. 2011, 17, 389-394,
doi:10.1016/j.molmed.2011.03.001.

Tebartz van Elst, L.; Perlov, E. Epilepsie und Psyche: Psychische Storungen bei Epilepsie— Epileptische Phinomene
in der Psychiatrie, 1st ed.; Kohlhammer: Stuttgart, Germany, 2013.

Kuzior, H.; Fiebich, B.; Yousif, N.M.; Saliba, SW.; Ziegler, C.; Nickel, K.; Maier, S.; Sii3, P.; Runge, K.;
Matysik, M.; et al. Increased IL-8 Concentrations in the Cerebrospinal Fluid of Patients with Unipolar
Depression. Under review. 2020.

Balla, A.; Endres, D.; Fiebich, B.; Stich, O.; Dersch, R.; Tebartz van Elst, L. The role of intrathecal-specific
antibody synthesis against neurotropic infectious agents in patients with schizophreniform disorders.
Poster-Session P-02. Poster 009. WPA XVII World Congress of Psychiatry Berlin 2017.

Kuzior, H.; Fiebich, B.; Saliba, S.W.; Yousif, N.; Gargouri, B.; Blank, T.; Ziegler, C.; Tebartz van Elst, L.,
Endres, D. Erhohte Interleukin-8 Levels im Liquor von Patienten mit unipolaren Depressionen. Poster 012,
DGPPN congress Berlin 2018.

Rush, A.J. Handbook of Psychiatric Measures, 1st ed.; American Psychiatric Association: Washington, DC,
USA, 2000.

Das AMDP-System: Manual zur Dokumentation Psychiatrischer Befunde, 10th ed.; Hogrefe: Gottingen,
Germany, 2018.

Endres, D.; Perlov, E.; Baumgartner, A.; Hottenrott, T.; Dersch, R.; Stich, O.; Van Elst, L.T. Immunological
findings in psychotic syndromes: A tertiary care hospital’s CSF sample of 180 patients. Front. Hum.
Neurosci. 2015, 9, 897, doi:10.3389/fnhum.2015.00476.

Endres, D.; Perlov, E.; Dersch, R.; Baumgartner, A.; Hottenrott, T.; Berger, B.; Stich, O.; Van Elst, L.T.
Evidence of cerebrospinal fluid abnormalities in patients with depressive syndromes. J. Affect. Disord. 2016,
198, 178-184, d0i:10.1016/j.jad.2016.03.030.

Endres, D.; Dersch, R.; Hottenrott, T.; Perlov, E.; Maier, S.; Van Calker, D.; Hochstuhl, B.; Venhoff, N.; Stich,
O.; Van Elst, L.T. Alterations in Cerebrospinal Fluid in Patients with Bipolar Syndromes. Front. Psychol.
2016, 7, 1689, doi:10.3389/fpsyt.2016.00194.

Benjamini, Y.; Hochberg, Y. Controlling the False Discovery Rate: A Practical and Powerful Approach to
Multiple Testing. J. R. Stat. Soc. Ser. B 1995, 57, 289-300.



Brain Sci. 2020, 10, 355 16 of 18

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Hufschmidt, A.; Liicking, C.H.; Rauer, S.; Glocker, F.X. (Eds.) Neurologie Compact: Fiir Klinik und Praxis, 7th
ed.; Georg Thieme Verlag: Stuttgart, Germany; New York, NY, USA, 2017.

Brettschneider, J.; Claus, A.; Kassubek, ].; Tumani, H. Isolated blood—cerebrospinal fluid barrier
dysfunction: Prevalence and associated diseases. J. Neurol. 2005, 252, 1067-1073, doi:10.1007/s00415-005-
0817-9.

Reiber, H.; Peter, ].B. Cerebrospinal fluid analysis: Disease-related data patterns and evaluation programs.
J. Neurol. Sci. 2001, 184, 101-122.

Asgari, M.; De Zélicourt, D.; Kurtcuoglu, V. Barrier dysfunction or drainage reduction: Differentiating
causes of CSF protein increase. Fluids Barriers CNS 2017, 14, 14, d0i:10.1186/s12987-017-0063-4.

Reiber, H. Flow rate of cerebrospinal fluid (CSF)— A concept common to normal blood-CSF barrier function
and to dysfunction in neurological diseases. ]. Neurol. Sci. 1994, 122, 189-203, doi:10.1016/0022-
510X(94)90298-4.

Shen, M.D.; Kim, S.H.; McKinstry, R.C.; Gu, H.; Hazlett, H.C.; Nordahl, C.W.; Emerson, R.W.; Shaw, D.;
Elison, J.T.; Swanson, M.R.; et al. Increased Extra-axial Cerebrospinal Fluid in High-Risk Infants Who Later
Develop Autism. Boil. Psychiatry 2017, 82, 186-193, doi:10.1016/j.biopsych.2017.02.1095.

Keller, R.; Basta, R.; Salerno, L.; Elia, M. Autism, epilepsy, and synaptopathies: A not rare association.
Neurol. Sci. 2017, 38, 1353-1361, d0i:10.1007/s10072-017-2974-x.

O'Reilly, C.; Lewis, J.D.; Elsabbagh, M. Is functional brain connectivity atypical in autism? A systematic
review of EEG and MEG studies. PLoS ONE 2017, 12, e0175870, doi:10.1371/journal.pone.0175870.

Endres, D.; Maier, S.; Feige, B.; Posielski, N.A.; Nickel, K.; Ebert, D.; Riedel, A.; Philipsen, A.; Perlov, E.;
Van Elst, L.T. Altered Intermittent Rhythmic Delta and Theta Activity in the Electroencephalographies of
High Functioning Adult Patients with Autism Spectrum Disorder. Front. Hum. Neurosci. 2017, 11, 27,
doi:10.3389/fnhum.2017.00066.

Najjar, S.; Pearlman, D.; Devinsky, O.; Najjar, A.; Zagzag, D. Neurovascular unit dysfunction with blood-
brain barrier hyperpermeability contributes to major depressive disorder: A review of clinical and
experimental evidence. J. Neuroinflammation 2013, 10, 142, doi:10.1186/1742-2094-10-142.

Hughes, HK,; Ko, EM.; Rose, D.; Ashwood, P. Inmune Dysfunction and Autoimmunity as Pathological
Mechanisms in  Autism  Spectrum Disorders. Front. Cell.  Neurosci. 2018, 12, 405,
doi:10.3389/fncel.2018.00405.

Singer, H.S.; Morris, C.M.; Williams, P.N.; Yoon, D.Y.; Hong, J.J.; Zimmerman, A.W. Antibrain antibodies
in children with autism and their unaffected siblings. ]. Neuroimmunol. 2006, 178, 149-155,
doi:10.1016/j.jneuroim.2006.05.025.

Piras, I.S.; Haapanen, L.; Napolioni, V.; Sacco, R.; Van De Water, J.; Persico, A.M. Anti-brain antibodies are
associated with more severe cognitive and behavioral profiles in Italian children with Autism Spectrum
Disorder. Brain Behav. Immun. 2014, 38, 91-99, doi:10.1016/j.bbi.2013.12.020.

Nordahl, CW.; Braunschweig, D.; losif, A.-M.; Lee, A.; Rogers, S.; Ashwood, P.; Amaral, D.G.; Van De
Water, J. Maternal autoantibodies are associated with abnormal brain enlargement in a subgroup of
children with autism spectrum disorder. Brain Behav. Immun. 2013, 30, 61-65, doi:10.1016/j.bbi.2013.01.084.
Kaufman, D.L.; Erlander, M.G.; Clare-Salzler, M.; Atkinson, M.A.; MacLaren, N.K.; Tobin, Al].
Autoimmunity to two forms of glutamate decarboxylase in insulin-dependent diabetes mellitus. J. Clin.
Investig. 1992, 89, 283-292.

Lancaster, E.; Dalmau, J. Neuronal autoantigens--pathogenesis, associated disorders and antibody testing.
Nat. Rev. Neurol. 2012, 8, 380-390, d0i:10.1038/nrneurol.2012.99.

Chen, M.-H.; Su, T.-P.; Chen, Y.-S; Hsu, J.-W.; Huang, K.-L.; Chang, W.-H.; Chen, T.-J.; Bai, Y.-M.
Comorbidity of allergic and autoimmune diseases in patients with autism spectrum disorder: A nationwide
population-based study. Res. Autism Spectr. Disord. 2013, 7, 205-212, d0i:10.1016/j.rasd.2012.08.008.

Comi, AM.; Zimmerman, A.W.; Frye, V.H.; Law, P.A.; Peeden, J.N. Familial clustering of autoimmune
disorders and evaluation of medical risk factors in autism. J. Child Neurol. 1999, 14, 388-394,
doi:10.1177/088307389901400608.

Dahm, L.; Ott, C,; Steiner, J.; Stepniak, B.; Teegen, B.; Saschenbrecker, S.; Hammer, C.; Borowski, K,;
Begemann, M.; Lemke, S.; et al. Seroprevalence of autoantibodies against brain antigens in health and
disease. Ann. Neurol. 2014, 76, 82-94, d0i:10.1002/ana.24189.

Rolandsson, O.; Hagg, E.; Hampe, C.; Sullivan, E.P., Jr.; Nilsson, M.; Jansson, G.; Hallmans, G.; Lernmark,
A. Glutamate decarboxylase (GAD65) and tyrosine phosphatase-like protein (IA-2) autoantibodies index



Brain Sci. 2020, 10, 355 17 of 18

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

in a regional population is related to glucose intolerance and body mass index. Diabetologia 1999, 42, 555—
559, doi:10.1007/s001250051194.

Connery, K.; Tippett, M.; Delhey, L.M.; Rose, S.; Slattery, J.C.; Kahler, S.G.; Hahn, J.; Kruger, U.;
Cunningham, M.W.; Shimasaki, C.; et al. Intravenous immunoglobulin for the treatment of autoimmune
encephalopathy in children with autism. Transl. Psychiatry 2018, 8, 148, doi:10.1038/s41398-018-0214-7.
Rout, U.K,; Mungan, N.K,; Dhossche, D.M. Presence of GAD65 autoantibodies in the serum of children
with autism or ADHD. Eur. Child Adolesc. Psychiatry 2012, 21, 141-147, d0i:10.1007/s00787-012-0245-1.
Kalra, S.; Burbelo, P.D.; Bayat, A.; Ching, K.H.; Thurm, A.; Iadarola, M.].; Swedo, S.E. No evidence of
antibodies against GAD65 and other specific antigens in children with autism. BBA Clin. 2015, 4, 81-84,
doi:10.1016/j.bbacli.2015.08.001.

Ehrenreich, H. Autoantibodies against N-methyl-d-aspartate receptor 1 in health and disease. Curr. Opin.
Neurol. 2018, 31, 306-312, doi:10.1097/WC0O.0000000000000546.

Belbezier, A.; Joubert, B.; Montero-Martin, G.; Fernandez-Vina, M.; Fabien, N.; Rogemond, V.; Mignot, E.;
Honnorat, J. Multiplex family with GADG65-Abs neurologic syndromes. Neurol. Neuroimmunol.
Neuroinflammation 2017, 5, €416, doi:10.1212/NXI.0000000000000416.

Yip, J.; Soghomonian, J.-J.; Blatt, G.]. Decreased GAD65 mRNA levels in select subpopulations of neurons
in the cerebellar dentate nuclei in autism: An in situ hybridization study. Autism Res. 2009, 2, 50-59,
doi:10.1002/aur.62.

Blatt, G.J.; Fatemi, S. Alterations in GABAergic Biomarkers in the Autism Brain: Research Findings and
Clinical Implications. Anat. Rec. Adv. Integr. Anat. Evol. Boil. 2011, 294, 1646-1652, d0i:10.1002/ar.21252.
Chau, D.K.-F.; Choi, A.Y.-T.; Yang, W.; Leung, W.N.; Chan, C.W. Downregulation of glutamatergic and
GABAergic proteins in valproric acid associated social impairment during adolescence in mice. Behav. Brain
Res. 2017, 316, 255-260, doi:10.1016/j.bbr.2016.09.003.

Labouesse, M.A.; Dong, E.; Grayson, D.R.; Guidotti, A.; Meyer, U. Maternal immune activation induces
GAD1 and GAD2 promoter remodeling in the offspring prefrontal cortex. Epigenetics 2015, 10, 1143-1155,
doi:10.1080/15592294.2015.1114202.

Dalakas, M.C.; Li, M.; Fujii, M.; Jacobowitz, D.M. Stiff person syndrome: Quantification, specificity, and
intrathecal synthesis of GAD65 antibodies. Neurology 2001, 57, 780-784, doi:10.1212/wnl.57.5.780.

Hackert, J.K.; Miiller, L.; Rohde, M.; Bien, C.G.; Bien, C.G.; Kirschstein, T. Anti-GAD65 Containing
Cerebrospinal Fluid Does not Alter GABAergic Transmission. Front. Cell. Neurosci. 2016, 10, 923,
doi:10.3389/fncel.2016.00130.

Dalakas, M.C. Advances in the pathogenesis and treatment of patients with stiff person syndrome. Curr.
Neurol. Neurosci. Rep. 2008, 8, 48-55.

Stagg, C.J.; Lang, B.; Best, ].G.; McKnight, K.; Cavey, A.; Johansen-Berg, H.; Vincent, A.; Palace, J.
Autoantibodies to glutamic acid decarboxylase in patients with epilepsy are associated with low cortical
GABA levels. Epilepsia 2010, 51, 1898-1901, doi:10.1111/j.1528-1167.2010.02644.x.

Widman, G.; Golombeck, K.; Hautzel, H.; Gross, C.C.; Quesada, C.M.; Witt, J.-A.; Rota-Kops, E.; Ermert, | ;
Greschus, S.; Surges, R.; et al. Treating a GAD65 Antibody-Associated Limbic Encephalitis with
Basiliximab: A Case Study. Front. Neurol. 2015, 6, 167, doi:10.3389/fneur.2015.00167.

Daif, A.; Lukas, R.V,; Issa, N.P.; Javed, A.; VanHaerents, S.; Reder, A.T.; Tao, J.X.; Warnke, P.; Rose, S.;
Towle, V.L,; et al. Antiglutamic acid decarboxylase 65 (GAD65) antibody-associated epilepsy. Epilepsy
Behav. 2018, 80, 331-336, d0i:10.1016/j.yebeh.2018.01.021.

Blennow, K.; Fredman, P.; Wallin, A.; Gottfries, C.-G.; Langstrom, G.; Svennerholm, L. Protein Analyses in
Cerebrospinal Fluid. Eur. Neurol. 1993, 33, 126-128, doi:10.1159/000116918.

Brainin, M.; Barnes, M.P.; Gilhus, N.E. (Eds.) European Handbook of Neurological Management: Volume 1, 2nd
ed.; Wiley-Blackwell: Chichester, West Sussex, UK, 2010.

Castellazzi, M.; Morotti, A.; Tamborino, C.; Alessi, F.; Pilotto, S.; Baldi, E.; Caniatti, L.M.; Trentini, A.;
Casetta, I.; Granieri, E.; et al. Increased age and male sex are independently associated with higher
frequency of blood—cerebrospinal fluid barrier dysfunction using the albumin quotient. Fluids Barriers CNS
2020, 17, 1-9, doi:10.1186/s12987-020-0173-2.

Zetterberg, H.; Jakobsson, J.; Redsédter, M.; Andreasson, U.; Palsson, E.; Ekman, CJ.; Sellgren, C.M.;
Johansson, A.G.; Blennow, K.; Landen, M. Blood-cerebrospinal fluid barrier dysfunction in patients with
bipolar disorder in relation to antipsychotic treatment. Psychiatry Res. 2014, 217, 143-146,
doi:10.1016/j.psychres.2014.03.045.



Brain Sci. 2020, 10, 355 18 of 18

83. Kirch, D.G,; Kaufmann, C.A.; Papadopoulos, N.M.; Martin, B.; Weinberger, D.R. Abnormal cerebrospinal
fluid protein indices in schizophrenia. Boil. Psychiatry 1985, 20, 1039-1046, doi:10.1016/0006-3223(85)90002-
2.

84. Axelsson, R.; Martensson, E.; Alling, C. Impairment of the Blood-Brain Barrier as an Aetiological Factor in
Paranoid Psychosis. Br. J. Psychiatry 1982, 141, 273-281, doi:10.1192/bjp.141.3.273.

85. Bauer, K.; Kornhuber, J. Blood-cerebrospinal fluid barrier in schizophrenic patients. Eur. Arch. Psychiatry
Clin. Neurosci. 1987, 236, 257-259.

86. Pitts, A.F.; Carroll, B.T.; Gehris, T.L.; Kathol, R.G.; Samuelson, S.D. Elevated CSF protein in male patients
with depression. Boil. Psychiatry 1990, 28, 629-637, d0i:10.1016/0006-3223(90)90401-M.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ @ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).




