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ABSTRACT

OBJECTIVES: Attention Deficit Hyperactivity Disorder (ADHD) is a neurobehavioral disorder that
begins in early childhood, and many factors play role in its etiology. Many studies have been
conducted to identify the causes of ADHD, but the exact factors are still unknown. Although
cerebellar dysfunction in the etiology of ADHD was shown in different studies, the possible
causes of dysfunction and the role of neuroinflammation among these causes has not been
clarified yet. Anti-Yo is an antibody against the antigens in the cytoplasm of purkinje cells
and indicates cerebellar degeneration, and Anti-Hu and Anti-Ri are antibodies against cellular
nuclear antigens of purkinje cells. This study aimed to evaluate the role of
neuroinflammation that is a potential cause of cerebellar dysfunction, which is thought to be
an important factor in the development of ADHD.

METHODS: This is a cross-sectional and descriptive study that aimed to evaluate the potential
association between ADHD and cerebellar neuroinflammation by comparing the serum anti-
purkinje cell antibody measurements between case and control groups. The cases were
recruited at the Gazi University Child Psychiatry Department, and laboratory analyses were
performed at the Ankara Numune Research and Training Hospital Medical Microbiology
Department. Sixty children and adolescents with ADHD, and 60 healthy controls were
planned to be included in the study. Cases that admitted with ADHD symptoms were given
Conners teacher forms according to routine procedure; then the cases with scores over the
cut-off of Conners teacher form were evaluated clinically for a diagnosis of ADHD, and after
clinical evaluations they were asked to participate the study if they met the eligibility criteria.
If they accept to participate the study, informed consents were given to cases and parents,
and meanwhile, Turkish version of Schedule for Affective Disorders and Schizophrenia for
School Age Children-Present and Lifetime Version (K-SADS-PL) was also applied to cases. A 5-
ml serum was spared from the blood samples that obtained for routine test during
diagnosis. Control group was planned to be formed from the blood samples of 60 healthy
children that admitted to child psychiatry clinic for counselling. At the time of analyses,
diluted according to the directions of manufacturers, incubated with fluorescent staining
including antibodies (Anti-Hu, Anti-Yo, and Anti-Ri), and evaluated under immunofluorescent
microscope by three specialists.

RESULTS: Sixty healthy volunteers and 60 cases with ADHD were included in the study. Some of
the samples were excluded from the study due to the damage to laboratory tubes during
transport. Assessments were conducted with 52 ADHD and 52 healthy control samples. The
male/female ratio was 41/11(78.8%/21.2%) in the patient group and 35/17 (67.3%/32.7%) in
the control group (p=0.185). Average age was 9.81 +2.41 in the patient group and 9.46 +
2.14 in the control group (p=0.442). No positive results were obtained for anti-Purkinje
antibody in ADHD or control groups.

CONCLUSIONS: No evidence regarding the potential role of cerebellar neuroinflammation in
the etiology of ADHD was determined in this study. But these results need replication in
larger samples and different methods.
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Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is a
neurobehavioral disorder that begins in early child-
hood, and a number of factors play role in its etiology
[1]. Several studies have been conducted to identify the
causes of ADHD but the exact factors are still unknown
[2]. Cerebellar dysfunction was shown in the etiology

of ADHD in various studies. At first, cerebellum
plays a critical role in cognitive function, especially in
learning, attention and emotional regulation [3]. In
this context, cerebellum cognitive and affective syn-
drome (CCAS) may be remembered for what cerebellar
impairment contributes [4]. Additionally, ADHD
semptom severity has strongly related with cerebellar
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circuits dysfunction [5] and cerebellar volume [6,7]
especially vermis [8]. On the other hand, distruption
of cerebellar GABAergic neurons in juvenile preterm
guinea pigs are associated with cognitive and behav-
ioural problems [9] and treadmill exercise and MPH
alleviated the ADHD-induced the decrease of balance
and the number of calbindine-positive cells, and the
increase of GFAP expression and Bax/Bcl-2 ratio in
the cerebellum of rats [10]. Although dysfunction of
cerebellum is well documented in ADHD, the possible
causes of the dysfunction and the role of neuroinflam-
mation in these causes have not been clarified yet [10-
12]. Potential roles of neuroinflammation and autoim-
munity were adressed and assessed in many psychiatric
diseases [13]. For example, between 25% and 75% of
lupus patients have psychiatric symptoms may include
anxiety, mood and psychotic disturbances [13]. Like-
wise, autoimmune encephalitides are characterized by
an acute onset of psychiatric features and cognitive
dysfunctions [13]. PANDAS, which is characterized
by acute manifestation of obsessive/compulsive symp-
toms and tics following group A B-hemolytic strepto-
coccal infection, is known to include cross-reactivity
between anti-streptococcal antibodies and basal ganglia
proteins [14]. Anti-Yo is an antibody against the anti-
gens in the cytoplasm of Purkinje cells and indicates
cerebellar degeneration; Anti-Hu and Anti-Ri are anti-
bodies against cellular nuclear antigens, and they
become positive in paraneoplastic conditions and neu-
ropathies [15]. There is only one pilot study in the lit-
erature that evaluated the anti-Purkinje antibodies
(Anti-Hu, Anti-Yo and Anti-Ri) and cerebellar neuroi-
nflammation [16]. To the authors’ knowledge, there are
no replication studies on the possible role of anti-Pur-
kinje autoantibodies since 2013, the time of the pilot
study, despite the accumulation of a significant amount
of data indicating cerebellar dysfunction in ADHD.

This study aimed to evaluate the role of neuroi-
nflammation as a potential cause of cerebellar dys-
function, which is thought to be an important aspect
in the development of ADHD, in a large sample.
The hypothesis of the study is that seropositivity for
anti-Purkinje antibodies (anti-Hu, anti-Yo and anti-
Ri) is higher in patients with combined-type ADHD
compared with control group and that the cerebellar
neuroinflammation is an important factor in the
etiology of ADHD.

Material and methods
Subjects

This study, which has a analytical sectional case-con-
trol design, aimed at examining the possible role of cer-
ebellar neuroinflammation in the etiology of ADHD by
comparing the seroprevalence of autoantibodies in the
case and control groups.

The study included the patients admitted to the out-
patient clinic of Gazi University Child and Adolescent
Psychiatry Department. The process of including sub-
jects has been illustrated in Figure 1. The number of
subject for this study was determined by power analysis
using with android application programme of Pyys ,
when 0.05 has been accepted for type 1 error, 0.10
for type 2 error and 25% for the differences between
two groups according to previous studies.

The patients in the study group were between the
ages of 6 and 12 years, were diagnosed with com-
bined-type ADHD only based on K-SADS-PL and
DSM-IV-TR to homogenize the ADHD group, did
not have any additional psychiatric disorders other
than Oppositional Defiant Disorder (ODD), did not
have any neurological/chronic diseases, and had a
total IQ score greater than 90. The study protocol
was approved by Clinical Research Ethics Committee
of Gazi University, School of Medicine (Date: Dec 22,
2014; No: 570).

Data collection tools

Sociodemographic and clinical data collection

form

A data form was prepared for the purpose of this study
and filled in during the interview with the children and
their parents.

Turkish version of schedule for affective disorders
and schizophrenia for school age children-present
and lifetime version (K-SADS-PL)

It was used to determine the diagnosis of the patients in
the study group. The patients were diagnosed after
interview of the patients and one of their parents by
the responsible resident researcher, then by the clinical
evaluation of the executive faculty researcher. Scale is a
semi-structured interview form developed by Kaufman
et al. to determine past and current psychopathologic
disorders in children and adolescents (6-18 years of
age) [17]. Its validity and reliability in Turkish were
studied by Gokler et al. [18]. The child psychiatrist
who performed the interviews has been trained and
had certification to conduct this semi-structured
interview.

Conners’ teacher rating scale (CTRS) for attention
deficit hyperactivity disorder

This scale was developed by Conners [19], and revised
by Goyotte et al. [20]. Adaptation, validation, and
reliability studies in Turkish were done by Dereboy
et al. [21]. The scale contains questions for teachers
about hyperactivity, attention deficit, and behavioral
problems of the child in school. In this study, this
scale was used to analyze the probable relationships
of the polymorphisms with clinical characteristics.



PSYCHIATRY AND CLINICAL PSYCHOPHARMACOLOGY 437

The children and their families were
informed about the study if they met the
inclusion criteria to the study after they
had been examined by a child
psychiatrist ~and  diagnosed  with
combined-type ADHD as a result of the
clinical examination and scales. The
Conners’ teacher rating scales (CTRSs)
for ADHD were filled by teachers.

The patients included in the study were re-
examined by the executive researcher. In this
context, the diagnosis of ADHD was
confirmed.

After the second clinical examination, if the the
patient was diagnosed with combined-type
ADHD according to the Diagnostic and
Statistical Manual of Mental Disorders Fourth
Edition Text Revision (DSM-IV-TR), both the
child and their parents were administered
Turkish version of Schedule for Affective
Disorders and Schizophrenia for School Age
Children-Present and Lifetime Version (K-
SADS-PL), a semi-structured diagnostic tool,
by the child psychiatrist responsible for the
study.

60 subjects who admitted to Gazi University
Child and Adolescent Psychiatry Department

with problems of adolescence, school
adaptation, family relations, or similar
problems requiring counseling but not
diagnosed with any psychiatric disorders after
clinical examination and K-SADS-PL. The
control group had similar sociodemographic
characteristics with the ADHD group, and was
composed of healthy and sex- and age-matched

children.

Figure 1. The process of including subjects.

Wechsler intelligence scale for children-revised
(WISC-R)

This scale was developed by Wechler in 1949, and
revised in 1974 (WISC-R) to increase the age range
of the scale between 6 and 16 years of age [22]. Savasir
et al. have performed the reliability and validity studies
in Turkish [23].

Immunofluorescence microscopy

Serum samples were prepared in Gazi University Bio-
chemistry Laboratory; after 30 min incubation period,
samples were centrifuged at 1200 g for 3 min, and the
sera were aliquoted into microcentrifuge tubes and
stored at —80°C. Later, the samples were analyzed in
the Microbiology Clinic at Ankara Numune Training
and Research Hospital. Antibodies against Yo, Hu,
and Ri were detected by indirect immunofluorescence
assay (IFA). The assay was performed on cerebellum,
nerves, intestine substrate of monkey and HEp-2

cells. Primate cerebellum and primate nerves are the
standard substrates for the determination of various
neuronal antibodies. The parallel use of primate intes-
tine substrates permits the reliable differentiation from
other autoantibodies (e.g. ANA) and makes it possible
to distinguish between anti-Ri and anti-Hu (Euroim-
mun Germany). The presence of specific antibodies
was determined by their specific reactions to the cer-
ebellar neurons. The patients’ sera were first diluted
1:10 in PBS-Tween and then incubated with the sub-
strate provided in the presence of fluoresceinlabelled
anti-human IgG conjugate in order to allow binding
of the antibodies to the specific antigens of the sub-
strate. The antibodies against Yo stain exclusively the
cytoplasm of the Purkinje cells in the cerebellum. In
the case of antibodies against Hu and Ri all neuronal
nuclei in the grey matter show a granular fluorescence.
The anti-Hu antibodies react in the intestine with cell
nuclei of the plexus myentericus, whereas anti-Ri
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antibodies do not. The immunofluorescence was
visualized by means of a fluorescence microscope
(EUROSTAR III , EUROIMMUN, Germany) at amag-
nification of 20x and 40x . All samples were evaluated
with immunofluorescence microscope by three differ-
ent experts and were sent to the Euroimmun center
in Germany for reevaluation and confirmation.

Statistics

The statistical analysis of the data was done with SPSS
15.0 (SPSS Inc., USA). Chi square ()(2 9and Fisher’s
Exact test were used to evaluate the relationships
between the categorical/nominal variables (sex, pro-
portion of anti-Yo, anti-Ri, and anti-Hu Ab positive/
negative results). To test for the strength of agreement,
the percent of inter-rater agreement was conducted.
The alpha value for significance was 0.05.

Results

The study was initiated with 60 healthy subjects and 60
subjects with ADHD. However, some of the samples
were excluded from the study due to the damage to lab-
oratory tubes during transport. Assessments were con-
ducted with 52 ADHD and 52 control samples. The
male/female ratio was 41/11(78.8%/21.2%) in the
patient group and 35/17 (67.3%/32.7%) in the control
group (p =0.185). Average age was 9.81 £2.41 in the
patient group and 9.46 + 2.14 in the control group (p
=0.442). The patient and control groups were similar
regarding mean age and the gender distribution. No
positive results were obtained for anti-Purkinje anti-
body in ADHD or control groups. The Percent Agree-
ment between three microbiologists is 83.3%. Socio-
demographic, clinical and laboratory variables have
been described in Table 1.

Discussion

This study has investigated the possible differences
between combined-type ADHD cases and controls in
terms of the seroprevalence of anti-Yo, anti-Ri and
anti-Hu antibodies against cerebellar Purkinje cells.
However, all subjects in the control and case group

Table 1. Sociodemographic and clinical characteristics.

Age (n, p)

ADHD/control (mean + SD)
Gender (n/%; p)

ADHD group (boy/girl) (n, %)
Control group (boy/girl) (n, %)
CTRS rates

9.81+£241/946+2.14 0442

41/11 (78.8%/21.2%) 0.185
35/17 (67.3%/32.7%)

CTRS - Hyperactivity (mean + SD) 12.93 +3.39
CTRS - Attention deficit (mean * SD) 15.97 £4.32
CTRS - Behavior problems(mean + SD) 8.86 +4.42
Anti-Purkinje autoantibodies

Anti-Hu (ADHD/control) 0/0
Anti-Yo (ADHD/Control) 0/0
Anti-Ri (ADHD/Control) 0/0

were found to be seronegative for the relevant anti-
bodies. This suggests that anti-Purkinje autoantibodies
are not involved in the development of cerebellar dys-
function in ADHD. Although Passarelli et al. have
found clues for a possible association in their pilot
study; we have found no relationship between anti-
Purkinje autoantibodies and ADHD in our replication
study [16].

Although cerebellum occupies 10% of the area cov-
ered by all brain regions, it surely bears more tasks than
its share [24]. On one hand, it forms reciprocal connec-
tions with the cerebral cortex via the thalamus and the
pontine nucleus; on the other hand, it has reciprocal
pathways to the vestibular system and spinal cord
[25]. Cerebellum has regulatory, organizing, and opti-
mizing functions in both motor tasks and cognitive
and affective tasks [26]. By creating a model with an
internal regulation before the behavior emerges, it
fine-tunes the motor, cognitive, and affective processes
as well as allowing the relevant behavior/motor process
to be automated over time [27-29]. All these functions
are provided by the pathways in the cerebellocortical
closed circuit system [26]. Injuries of the anterior
lobe of the cerebellum more often lead to loss of sen-
sorimotor functions such as dysmetria, ataxia, and dys-
diadokinosis while posterior lobe injuries more often
result in failure of cognitive and affective regulation
such as cognitive dysmetry and cerebellar cognitive
affective syndrome [CCAS] [3]. Recently, structural
and functional imaging studies allow detection of pro-
blems in cerebellocortical pathways and cerebellar pro-
blems in many neuropsychiatric disorders such as
autism, ADHD, and dyslexia where cognitive and affec-
tive regulation are affected and abnormal and inap-
propriate behaviors are observed [30].

Strong evidences from neuroimaging studies are the
reduction in cerebellar volume, especially a reduction
in the posterior lobe including lobes 8 and 9 [31], the
evidence of correlation with reduction in the posterior
lobe volume in ADHD clinical features, and the associ-
ation of ADHD symptomatology with cerebellar ver-
mis [8,30,31]. The significant improvement was
observed in the cerebellar volume in the ADHD cases
treated with methylphenidate (MPH) compared to
those not treated with MPH and the significant
improvement was observed in postural control in
ADHD cases with MPH treatment implicate the cer-
ebellum and cerebellocortical pathways in ADHD
etiology [32,33]. In a study evaluating the role of atypi-
cal fronto-cerebellar circuit in the etiopathogenesis of
ADHD, an increased neuronal activation was detected
in the posterior cerebellar lobe [11]. In another study,
treadmill exercises were shown to increase dendritic
plasticity in Purkinje cells in rats [34]. In yet another
study designed based on this finding, treadmill exer-
cises were shown to contribute to the improvement
of ADHD symptoms by reducing Purkinje cell loss



and astrocytic activation in spontaneous hyperactive
rats [10]. A study by Bucci et al., the MPH treatment
was shown to improve the decreased postural instabil-
ity, which was increased as a clear sign of cerebellar
dysfunction in children with ADHD compared with
controls [33]. However, it is not yet clear when and
how cerebellar damage is initiated, what triggers the
damage, and which pathophysiological processes are
involved in ADHD. Significant association of ADHD
with autoimmune diseases such as asthma and allergy
is known [35]. In this context, it was suggested that
the autoantibodies against Purkinje cells might be the
cause of cerebellar dysfunction. In the study by Passar-
elli et al. involving 30 patients with ADHD and 17
healthy controls, anti-Yo autoantibodies specific for
cytoplasm of Purkinje cells were probed as possible
biomarker for ADHD, and promising results were
obtained with significant positive rates observed in
patients with ADHD compared with the controls.
Interestingly, a lower seropositivity was found in
ODD and conduct disorder compared with ADHD in
that study [16]. The low number of samples was a
major limitation of that study and has prevented the
generalization of the results. In a study investigating
GADG65 autoantibodies, which were seropositive for
diseases such as chronic cerebellar ataxia, in neurode-
velopmental disorders, seropositivity was found 27%
in ADHD and 15% in autism. In the same study, sera
of 53% of children with ADHD were reactivated with
mouse cerebellar cells [36]. In light of these findings,
cerebellar damage as well as increased cellular acti-
vation to compensate for hypofrontality were evident
in ADHD although not as severely and frequently as
in otistic patients [37]. In our study of ethiopathogen-
esis of cerebellar dysfunction, seronegativity of anti-
Purkinje autoantibodies found in all patients with
ADHD suggests that these autoantibodies have no
role in pathogenesis and that other possible causes
should be considered in Purkinje cell dysfunction.

Although the benefical results of anti-Purkinje auto-
antibodies on ADHD, there was a limitation of the cur-
rent study. Patients with combined type ADHD
without comorbidity other than ODD, could not
reflect the universe properly as known ADHD is a
highly comorbid condition and this resrict the general-
ization of our results.

Conclusion

The role of cerebellar dysfunction in ADHD is clear;
however, it is not yet clear what the cause of cerebellar
dysfunction in ADHD is. Although Purkinje cell
damage emerged as a potential factor and a possible
association has been suggested by a single pilot study;
our study, which constitutes a replication of this
study with a larger sample, indicated for the first
time that there was no association between anti-
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Purkinje autoantibodies and ADHD. In this context,
groups of more homogeneous cases should be formed
firstly by treating the clinical findings that are indica-
tive of cerebellar dysfunction as endophenotypes. Sec-
ondly, anti-Purkinje autoantibodies can be said to
have lost their significance in the pathogenesis of cer-
ebellar dysfunction in ADHD, and other possible
hypotheses should be explored.
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