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Introduction 

Specific learning disorder (SLD) is a 

neurodevelopmental disorder that is 

characterized by difficulties learning to 

read, spell, write, mathematics and 

academic skills. The prevalence of SLD is 

5-15% among school-age children [2].  

There is an increasing interest in immunological mechanisms in psychiatric disorders. The 

aim of this study is to determine the role of anti-Yo antibody in the etiology of SLD and to 

shed light on the immunological mechanisms that may be effective in the development of 

specific learning disorder. In specific learning disorder (SLD) is thought cerebellar 

functional and structural anomalies. Anti-Yo antibodies are immunoglobulin G (Ig G) which 

causes paraneoplastic cerebellar dejeneration with Purkinje cell death. The presence/absence 

of antibodies was tested by indirect immunofluorescence assay on 32 children with SLD and 

35 healthy children. Anti-Yo antibody positivity was not detected in any of the children with 

SLD participating in the study. In our study, no association was found between the disease 

and anti-Yo antibody in children with SLD. However, since there is not a sufficient number 

of studies in SLD, it is not possible to say whether serum antibodies have a pathogenic role 

in this disease. Further studies are needed to clarify the immunological factors in the etiology 

of SLD. 
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The cause of the SLD has not been fully 

elucidated. Theories that best represent 

SLD in cognitive and biological terms; 

phonological theory, rapid auditory 

processing theory, magnocellular theory 

and cerebellar theory [11, 22, 26-27, 34, 45-

46, 51-52]. 

In addition to academic skills, problems 

related to time evaluation, fine motor skills, 

coordination and balance are also observed 

in children with learning disabilities. 

Cerebellar theory has been proposed to 

explain these problems [26, 47].  

Because of it is closely related to the 

prefrontal cortex and basal ganglia, the 

cerebellum is thought to play an important 

role especially in cognitive processes such 

as verbal working memory, learning, 

attention, emotional and motor functions [3, 

16-17, 27, 38-40]. 

According to Nicholson's cerebellar 

dyslexia hypothesis, cerebellar deficits at 

birth cause problems with phonological, 

reading and processing speed. Stoodley's 

studies also supports this hypothesis and 

have reported that it is the cause of learning 

problems in adults [27, 48].  

Brunswick et al., found less activation of the 

left posteroinferior temporal cortex 

(Wernicke and Brocka area) as well as the 

left cerebellum in individuals with dyslexia 

during reading [4]. Also, structural 

differences reported in the inferior parietal 

lobe, inferior frontral gyrus and cerebellum 

[49]. Studies showed that the cerebellum is 

smaller in children with developmental 

dyslexia and reading performance was 

correlated with right frontal lobe and 

reported cerebellar - frontal circuit that is 

responsible for rapid automatic naming is 

abnormal [10]. In dyslexic individuals, left-

dominant cerebellar asymmetry was 

observed in the frontal lobe [10, 21]. 

Cerebellum of adults diagnosed with 

developmentally dyslexia shows less 

attachment to the angular gyrus and inferior 

frontal gyrus during reading [14, 44]. 

The aim of this study was determining the 

possible role of anti-Yo in etiology of SLD. 

Evidences increase that immunological 

mechanisms play an important role in the 

pathogenesis of neurodevelopmental 

disorders, emotional disorders and tic 

disorders. Studies have shown that 

individuals with tic disorder or attention 

deficit and hyperactivity disorder (ADHD) 

have a higher prevalence of allergic 

diseases comorbidity such as asthma, 

allergic rhinitis, atopic dermatitis, allergic 

conjunctivitis, and psychiatric comorbidity 

such as obsessive-compulsive disorder and 

anxiety disorder [6, 12]. 
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There are a limited number of studies 

investigating immunological mechanisms 

in SLD. An increase in the rate of learning 

disorder has been reported in children of 

mothers with systemic lupus erythematosus 

and these abnormalities were found to be 

associated with maternal disease and anti-

SSA positivity [25, 36, 43]. Anti-Yo 

antibody or Purkinje cell cytoplasmic 

antibody type 1 (PCA1) is marker of 

paraneoplastic syndrome in breast and 

ovary cancer and causes loss of purkinje cell 

and paraneoplastic cerebellar degeneration. 

Two studies showed a significant positive 

response to the anti-Yo antibody which in 

ADHD children [9, 29, 41-42, 54]. 

However, Haukanes et al. reported no 

associations between serum anti-Yo 

antibodies and ADHD in study with ADHD 

adults [13]. 

In this study, we aimed to contribute to the 

elucidation of the immunological 

mechanisms of specific learning disorder 

and the possible relationship between 

cerebellar anti-purkinje antibodies and SLD 

was investigated. 

Materials and Methods 

2.1. Subjects 

Our study is a cross-sectional and 

descriptive study for the detection of anti-

Yo antibody in the serum of 32 patients with 

SLD (19 male and 13 female, mean age of 

9.5 ± 1.6 years, age range of 7-14) and 

comparison with 35 healthy, age- and sex-

matched children (16 male, 19 female,  

mean age of 9.5 ± 2.3 years). 

Table 1: Age and Sex of study group 

  

SLD Patients 

 

Healthy Subjects 

 

P 

 Mean ± ss / n-% Mean ± ss / n-%  

Age 9.5 ± 1.6  9.5±2.3 0.799m 

Sex                   Female 13            40.6% 16           45.7% 0.675x2 

                         Male 19            59.4% 19           54.3%  

m Mann Whitney U Test/ x2 Chi- Square Test    
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Sociodemographic Data Collection Form, 

Disruptive Behavior Disorders Screening 

Scale according to Turgay Dsm-IV which 

was filled out by the children’s parents and 

school teachers were used [53]. 

All the children had no history of medical 

illness according to received information 

from parents.  A semi-structured psychiatric 

interview: the Schedule for Affective 

Disorders and Schizophrenia for School-

Age Children–Present and Lifetime Version 

(K-SADS-PL 1.0) was administered by an 

experienced child psychiatrist to screen 

current and past psychopathology [19]. 

SLD diagnoses were based on DSM-V 

criteria. All the SLD children and controls 

underwent an additional routine diagnostic 

assessment, including SLD diagnostic 

battery by two child psychiatrists.  They 

evaluated with complete blood count and 

thyroid function tests to exclude the 

diagnose of thyroiditis, allergic and 

autoimmune disease. 

In this report participants assessed by the 

Wechsler Intelligence Scales for Children-

Revised (WISC-R, 1974) to exclude 

intellectual disability. According to clinical 

assessment and psychometric test, all the 

children with neurodevelopmental disorder 

(included in ADHD), neurological disease, 

autoimmune and allergic disease, drug use, 

intelligent quotient (IQ)< 85 were excluded. 

Written informed consent was obtained 

from the parents of all the participants 

enrolled in the study. 

Table 2: Selection of Participants 

 

 

 

 

 

 

 

 

 

149 patients  

were included in the study (n=149) 

      117 of participiants were excluded: 

• IQ < 85                                 n= 46  

• Comorbidity of ADHD       n= 57 

• Comorbidity of epilepsy    n= 3  

• Refuse to participate to study  n=11  

32 of SLD’s participiants completed 

the  

study (n= 32) 
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2.2. Immunohistochemistry and 

Immunoblot 

Antibodies to Yo (Purkinje cell cytoplasmic 

antibody type 1 [PCA-1]) were detected by 

indirect immunofluorescence assay (IFA). 

The method was performed on a 

commercially available substrate of primate 

cerebellum and gut (Euroimmun 

Medizinische Labordiagnostika AG 

Lübeck, Germany). The presence of 

specific antibodies was determined by their 

reactions to cerebellar neurons (Purkinje, 

molecular, or granular cells).     After the 

peripheral blood samples were taken into a 

10 ml tube with gel, serum samples were 

obtained by centrifuging for 5 minutes at 

3200 rpm and they are kept at -800C until 

use. Neuronal antigens profile 2 kit 

(Euroimmun Medizinische 

Labordiagnostika AG Lübeck, Germany) 

was used to detect neuronal antibodies in 

serum samples. Euroimmun Indirect 

Immunofluorescence test was studied in 

accordance with the manufacturer's 

protocol (Euroimmun Medizinische 

Labordiagnostika AG). Serum samples of 

the patients and healthy children were 

diluted 1:10 with PBS-Tween 20 and 

incubated for 30 minutes with frozen 

sections of the primate cerebellum. After 

washing with PBS Tween 20, fluorescently 

labeled human IgG antibody was stained in 

the dark for 30 minutes. Anti-Yo positive 

control sample in the kit was used for each 

study. Slides were evaluated using a Nikon 

Eclipse E800 fluorescent microscope. 

During microscope evaluation, patient and 

control samples with suspicious staining 

were rerun by line blot method. Euroimmun 

Neuronal Antigen Profile 2 kit (Euroimmun 

Medizinische Labordiagnostika AG) 

containing strips coated with recombinant 

amphiphysin, CRMP5, PNMA2 (Ma2 / Ta), 

Ri (Nova1), CDR2 / Yo and Hu antigens 

was used and studied according to the kit 

protocol. Test strips with 1:10 diluted serum 

samples were incubated on shaker for 30 

minutes. Incubation was continued for 30 

minutes on the shaker using anti-human IgG 

labeled conjugate after washing. Rinses 

were performed and the substrate solution 

was added and incubated for 10 minutes on 

a shaker. Test strips were evaluated with 

EuroLineScan software 

(EuroLineScanV3.4.4). 

2.3. Statistics 

All statistical analyses were performed 

using IBM SPSS (Statistical Package for 

Social Sciences) Statistics for Windows, 

Version 22.0, IBM Corp., Armonk, NY, 

USA. The distribution of variables was 

measured by the Kolmogorov-Simirnov 

test. Mann-Whitney-U test in the analysis of 
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quantitative independent data; In the 

analysis of nominal variables, Chi-Square 

test and Fischer’s Exact test were used when 

the Chi-Square test conditions were not 

met. The alpha level was set at .05 for all the 

analyses. 

Results 

The two groups were matched for age and 

sex. All the SLD patients are with reading 

disorder. %44 of SLD children (n=14) have 

comorbidity with impairment in written 

expression. %9 of SLD children (n=3) have 

also mathematics disability. %47 of SLD 

children (n=15) have comorbidities 

impairment in reading, mathematics and 

written expression.  

The K-SADS PL 1.0 showed that the SLD 

children were affected by the following 

comorbidities: six had separation anxiety 

disorder, four had specific fobia, three had 

speech sound disorder and two had 

enuresis. Six of the 32 patients that we 

studied with the indirect 

immunofluorescence microscopy method to 

detect the Yo antibody were suspected for 

antibody positivity. Six suspected samples 

were tested with immunoblot method, and 

all cases were negative for anti-Yo antibody. 

None of the 35 healthy subject’s sera stained 

the purkinje cells. 

 

 
Figure 1: Distribution of the subjects in the SLD group in terms of reading disorder, mathematics 

disorder, written expression disorder 
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Table 3: Comparison of anti-Yo positivity 

    SLD Cases 

n                 % 

Healthy Cases 

n                 % 

P 

 

                          (+) 

Antibody 

0            0.00%   0            0.00%    

1.000 x2 

                          (-)                    32             100% 35             100%  

x2 Chi- Square Test    

Discussions 

According to our findings, no association 

was found between the disease and anti-Yo 

antibody in children with SLD. To our 

knowledge, this is the first study to 

investigate the presence of an autoimmune 

marker in children with SLD. 

Considering the studies on the prevalence of 

anti-Yo antibodies, our study results are 

consistent with previous studies on the 

presence of anti-Yo antibodies in the 

healthy population and the study of 

Haukanes (2015) [7, 13, 29]. Serum 

antibodies directed against Yo antigen is 

associated with paraneoplastic cerebellar 

degeneration [8, 20, 28, 35]. The fact that 

onconeural autoantibodies are seronegative 

years before cancer diagnosis is one of the 

diagnostic criteria of paraneoplastic 

neurological syndromes [50]. Longitudinal 

studies are needed to understand whether 

antibody positivity found in the studies of 

Passarelli and Donfrencesco is actually 

associated with etiological background of 

ADHD or whether it is positive as an 

immune marker of malignancy that will 

develop in the future [9, 29].SLD is a 

heterogeneous disorder. Some of our 

sample who shows symptoms of reading 

disorder, have comorbidities with 

mathematics or written expression disorder. 

This heterogeneity may affect the results of 

our study. In past studies, it can be observed 

that depression patients with and without 

melancholic properties have different 

immune profiles [24, 37]. Heterogeneity is 

also seen in its etiology of SLD [5, 11, 22-

23, 26-27, 34, 46, 51-52]. Previous studies 

show the great majority of dyslexic children 
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have phonological deficits and 

motor\cerebellar deficits are associated with 

comorbidities such as ADHD and 

developmental coordination disorder [32-

34, 56]. When a battery consisting of 

psychometric, phonological, auditory, 

visual and cerebellar tests was applied to 

dyslexic and healthy individuals, it was 

observed that the majority of dyslexic 

participants were individuals with 

phonological deficits [34]. Negative anti-Yo 

antibody in our study sample may be due to 

the low prevalence of motor / cerebellar 

problems in our samples. 

The inflammatory response of maternal 

infection during pregnancy was associated 

with neurodevelopmental disorders in 

offspring [15, 18, 30, 57]. The fact that anti-

Yo antibody positivity was found 

significantly in mothers of autistic children 

points to the relationship between  maternal 

antibody and the disease [1]. In another 

study conducted by injecting sera from 

mothers of dyslexic children into pregnant 

mice, abnormal cerebellar metabolites were 

observed in offspring with impaired motor 

and coordination skills, behavioral changes, 

and magnetic resonance spectroscopy [55]. 

In the future, investigating this antibody in 

mothers of individuals with SLD will be 

illuminating in terms of etiopathogenesis. 

Limitations 

The first limitation in our study was that the 

patient and control group could not be 

evaluated with sleep-wake EEG and cranial 

MRI due to difficulties in clinical operation. 

Autoantibody tests for celiac disease and 

Hashimoto's thyroiditis have not been 

tested. Participants were evaluated with 

psychical and neurological examination and 

the information in the history of medical 

diseases of children by family. 

As a second limitation, the SLD group 

included in our study has heterogeneous 

symptoms. The fact that the whole sample 

consists of one of the tables with reading 

impairment, with mathematics disorder, or 

with written expression disorder, that is, 

working with a homogeneous group, may 

produce different results in the relationship 

between SLD and anti-Yo. 

Our third limitation is that when evaluating 

the patient and control groups, patients with 

no cerebellar dysfunction are included in 

the study. Supporting future studies with 

clinical cerebellar tests and including cases 

with cerebellar dysfunction may 

significantly affect the results. 

Our fourth and final limitation is that our 

sample size is limited. Increasing the 

number of people included in our study in 

the future will increase the strength of our 
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study in order to test our hypothesis and will 

shed light on the antibody-disease 

relationship by allowing statistically 

significant evaluations even if the group is 

heterogeneous. 
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