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Abstract

Circulating 45 and 62 kDa antibodies targeting the cerebellum were previously associated with

Autism Spectrum Disorder (ASD), lower adaptive/cognitive function and aberrant behaviors.

Moreover, 37, 39 and 73 kDa maternal antibodies (mAb) targeting the fetal brain were previously

correlated with broad autism spectrum, irritability, abnormal brain enlargement and impaired

expressive language. The present study aims towards clinically characterizing individuals with

brain-targeted IgG and/or exposed to maternal antibrain antibodies in a large sample of Italian

autistic children (N = 355), their unaffected siblings (N = 142) and mothers (N = 333). The

presence of patient- and mother-produced anti-brain antibodies does not confer increased risk of

autism within the same sibship. However, the 45 and 62 kDa antibodies are correlated with autism

severity: the 45 kDa Ab is associated with cognitive impairment and lower scores at the Vineland

Adaptive Behavior Scales, the 62 kDa Ab with motor stereotypies, while both correlate with larger

head circumference (all P < 0.05). On the other hand, maternal 37, 39 and 73 kDa antibrain

antibodies, either alone or in combination, are correlated with impaired verbal and non-verbal

language development, neurodevelopmental delay and sleep/wake cycle disturbances in their
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autistic children (P < 0.05). Presence of the 62 kDa autoAb in the child is significantly associated

with presence of the 39 and/or 73 kDa antibodies in his/her mother. Our results confirm and

extend previous observations in an ethnically distinct sample, providing further evidence of a

pathomorphic role for antibrain antibodies in autism while demonstrating their familial clustering.

Keywords

Autism; Autism Spectrum Disorder; Autoantibodies; Autoimmunity; Cerebellum; Cognitive
impairment; Language development; Macrocephaly; Sleep/wake cycle

1. Introduction

In recent years, several studies reported the presence of circulating IgG autoantibodies that

react with components of the central nervous system (CNS) in individuals with Autism

Spectrum Disorder (ASD) (Enstrom et al., 2009), a neurodevelopmental disease

characterized by deficits in social reciprocity and communication, as well as by unusually

restricted interests and repetitive behaviors (American Psychiatric Association, 2013). These

autoantibodies, displaying a significantly lower prevalence in population controls compared

to autistic individuals (Wills et al., 2009; Goines et al., 2011), seemingly target different

brain regions, including thalamus, hypothalamus, caudate nucleus, cerebral cortex, and

putamen, but most consistently the cerebellum (Cabanlit et al., 2007; Wills et al., 2007,

2011). Cerebellar specific IgG autoantibodies, initially estimated approximately 52 kDa in

size and directed mainly against calretinin-positive GABAergic Golgi cells, were identified

by Western Blot analysis in plasma from children with ASD (Cabanlit et al., 2007; Wills et

al., 2011). Histopathological and brain imaging studies have unveiled multiple abnormalities

in the cerebellum of many autistic individuals, including a significant reduction in Purkinje

cell number, cytoarchitectonic abnormalities and cytoplasmic inclusions in the deep

cerebellar nuclei, and vermal hypoplasia (Fatemi et al., 2012). At the clinical level, Goines

et al. (2011) later correlated the presence of anti-cerebellar autoantibodies defined as

recognizing bands at 45 and 62 kDa by western blot, with an autism diagnosis, lower

adaptive and cognitive function, as well as aberrant behaviors.

Meanwhile maternal antibodies have also been reported, specifically recognizing proteins

highly expressed in fetal brain tissue and exerting a negative impact on neural development

during gestation; these maternal antibrain antibodies display greater prevalence in mothers

of autistic children than in mothers of typically developing children (Dalton et al., 2003;

Zimmerman et al., 2007; Braunschweig et al., 2008; Brimberg et al., 2013; Nordahl et al.,

2013; Rossi et al., 2013; for review see Braunschweig and Van de Water, 2012). In fact,

early in prenatal life, the fetus relies on maternal IgG passing across the placenta into the

fetal circulation for protective immunity. This is passive immunity is triggered by the

environmental exposures of the mother and remains until the child is capable of mounting an

adaptive immune response. However, IgG that recognizes self-antigens can also cross the

placenta and reach the CNS before blood brain barrier formation, potentially interfering with

fetal neurodevelopment.
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A thorough understanding of the implication of autoimmunity in autism thus requires that

the relative role of child- and mother-produced antibrain antibodies be distinguished. The

aim of the present study was to tease out the complex interplay of these antibodies through

the characterization of the clinical and behavioral features associated with the presence of

either the patient-produced 45 and 62 kDa autoantibodies to adult brain, or the maternal 37,

39, and 73 kDa anti-fetal brain antibodies. This was accomplished by assessing a large

sample of Italian children diagnosed with ASD together with their unaffected siblings and

mothers. In addition to clinical signs and symptoms, behavioral features and family history,

we also looked at macrocephaly/macrosomy, a well-established autism endophenotype

consistently found in 18% of all ASD individuals assessed to date (Sacco R and Persico

AM, submitted), as well as principal components of the autism phenotype and defined

patient clusters previously identified by our group (Sacco et al., 2010, 2012). Finally, we

determined whether the presence of autoantibodies in ASD children is part of a broader

autoimmune liability expressed as either the presence of antibrain antibodies in their

mothers or as a positive history of autoimmune disorders in family members. To our

knowledge, this is the first study (a) exploring in parallel the presence of both maternal and

children autoantibodies, as well as their relationship with clinical and behavioral variables;

(b) using an ethnically distinct sample (Italian) as compared with previous studies, and (c)

characterizing unaffected siblings as controls to investigate the risk of autism conferred by

autoantibodies within the same sibship.

2. Methods

2.1. Subjects

A sample of 355 Italian autistic patients, 142 unaffected siblings and 333 mothers were

included in the investigation. Demographic and clinical characteristics of the sample are

summarized in Table 1. A total of 353 of these autistic individuals were born to mothers

characterized for the presence/absence of anti-fetal brain antibodies (M = 300; F = 53; age =

8.67 ± 5.63). Autistic behaviors were assessed using the Autism Diagnostic Interview-

Revised (ADI-R) (Rutter et al., 2003), and the Autism Diagnostic Observation Schedule

(ADOS) (Lord et al., 2002). Adaptive functioning was characterized using the Vineland

Adaptive Behavior Scales (VABS) (Sparrow et al., 1984). Developmental, clinical, and

family history variables were characterized using a previously-described questionnaire (see

Supplementary methods in Sacco et al., 2010). All parents gave written informed consent for

themselves and for their children. The consent form was approved by the Institutional

Review Board of University “Campus Bio-Medico” (Rome, Italy). Head circumference was

measured in 222 ASD patients aged <16 years old, and transformed into percentiles using

the sex- and age-specific standard tables currently adopted in the vast majority of European

countries and by the Italian Pediatric Association, as described (Sacco et al., 2010). In

addition, we investigated the association of child- and mother-produced antibrain antibodies

with the four Principal Components of the ASD phenotype described by Sacco et al. (2010),

namely “circadian & sensory dysfunction”, “immune dysfunction”, “neurodevelopmental

delay”, and “stereotypic behaviors”. The association of autoantibodies with one specific

component could pathophysiologically link dysimmune processes with neurobiological

mechanisms specifically relevant to a limited subset of autistic signs and symptoms.
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Finally, we investigated the association of antibrain antibodies with the ASD patient clusters

identified by Sacco et al. (2012) using hierarchical clustering, namely ICS (“immune +

circadian and sensory”), CS (“circadian and sensory”), S (“stereotypic behaviors”), and M

(“mixed”).

2.2. Sample collection and processing

Blood samples collected in EDTA were centrifuged for 25 min at 4 °C and 140×g within 20

min of venipuncture; 1 ml of supernatant (i.e., platelet-rich plasma) was stored at −80 °C

until use.

2.3. Protein preparation

Rhesus macaque brain tissue was placed in a 10-fold greater volume of 20 mM HEPES-OH,

pH 7.5 buffer supplemented with (in mM) 1 EDTA, 5 DTT, 1 PMSF, 0.2 Na2VO3, 1 NaF

and one tablet Complete (Roche, per 50 ml Buffer). The tissue was then mechanically

homogenized using a Polytron 3000 homogenizer (Brinkman) and sonicated for 3 min. The

sample was then centrifuged 10 min at 3000×g to remove insoluble material. The

supernatant was concentrated 5-fold by ultrafiltration (Mr. cutoff 10,000) and diluted in 50

mM Tris–HCl pH 6.8 containing 25% glycerol and 1% LDS. The protein sample

concentration was then adjusted to 3.5 mg/ml, as determined by BCA assay (Pierce). Human

adult cerebellum protein extract was purchased from Abcam (Cambridge, MA, USA) and

supplied as electrophoresis-ready purified protein sample. According to the manufacturer,

the human adult proteins were prepared identically to the Rhesus samples described above.

2.4. Western blotting

Western blotting was performed as previously described (Cabanlit et al., 2007), with

modifications detailed below. Briefly, SDS–PAGE was performed using pre-cast 4–12%

Prep-well or multi-well mini-gels (Invitrogen). Gels were loaded with 300 lg protein (or 10

μg/lane for multi-well mini-gels) in electrophoresis buffer containing 1× NuPAGE LDS

sample buffer (Invitrogen) and 100 mM DTT. The sample was heated to 95 °C for 10 min

and centrifuged for 5 min at 10,000×g. 6 μl of MagicMark molecular weight standard

(Invitrogen) was loaded into the marker well and protein sample(s) were loaded in the

appropriate well(s). Electrophoresis was carried out at 150 V for 80 min. The gel was then

transferred to 0.2 μm pore nitrocellulose membrane at 35 V for 16 h at 4 °C. Protein quality

and loading was confirmed by staining the membrane with Ponceau S (Sigma). Membranes

from preparative well gels were cut into strips and all blots were blocked with Blocker

Casein in PBS (Thermo Fisher) for 10 min and probed with maternal or child plasma diluted

1:400 for 2 h at room temperature. After washing, strips were incubated with goat anti-

human secondary antibody (Invitrogen), diluted 1:20,000 in PBS/0.05% Tween20 for 1 h.

Blots were then washed and incubated with Super Signal West chemiluminescent substrate

(Pierce) and imaged on a FluorChem 8900 imager (Alpha Innotech). Scoring for the

presence and apparent molecular weight of a positive band was performed by individuals

blinded to child diagnosis, using internal positive and negative controls on each blot.

Examples of representative Western blots for both maternal and children are displayed in the

Supplementary Figs. S1 and S2, respectively.
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2.5. Statistical analysis

Data analysis was performed using SPSS 21.0 software. Categorical variables were analyzed

by χ2 test, using Montecarlo permutations when more than 20% of cells had expected

frequencies below N = 5. Fisher’s exact test was applied for pairwise post hoc analyses on

language development. Continuous variables were tested using parametric Student t-tests or

non-parametric Mann–Whitney U-tests depending on the normality of the distribution, as

assessed using the Kolmogorov–Smirnoff statistics. The complete list of all variables is

available in Supplementary Table S1. Nominal P-values < 0.05 were considered as

significant and no correction for multiple testing was applied, in accordance with the

exploratory nature of this study (Rothman, 1990; Perneger, 1998; Savitz and Olshan, 1998;

Bender and Lange, 2001; Streiner and Norman, 2011). Data are reported as mean ± standard

deviation (S.D.), unless otherwise specified.

3. Results

The prevalence of anti-adult cerebellum Abs in 355 ASD children and 142 unaffected

siblings is shown in Fig. 1. No significant difference between the two groups was observed

for presence of either the 45 kDa, or the 62 kDa Abs (P = 0.200 and 0.101, respectively).

Only two autistic individuals and two unaffected siblings carried both Ab forms (Fig. 1).

The clinical characteristics significantly associated with the presence of the 45 and 62 kDa

Abs are listed in Tables 2 and 3, for categorical and continuous variables, respectively. We

found a significant association of the 45 kDa Ab with cognitive impairment, and of the 65

kDa Ab with gross motor stereotypies observed by the physician during the first visit, at a

time when the observer was obviously blind to the antibody status of the patients (P-values

= 0.020 and 0.032, respectively) (Table 2). Statistical analyses performed on continuous

variables confirmed the greater severity of autistic patients carrying anti-cerebellar

autoantibodies, as evidenced by significantly lower adaptive scores at three of the four

VABS subscales, i.e., Daily Living, Socialization, and Communication, as well as the

Adaptive Behavior Composite score (P = 0.013–0.028). This result is primarily driven by

the 45 kDa Ab, whereas the 62 kDa Ab is interestingly associated only with later birth order

(Table 3). Significantly higher ADI-R Social Interaction and ADOS Play and Imagination

subscores (Table 3), as well as greater percentages of autistic children not yet having

achieved sphincter control (Table 2), also point toward anti-brain autoantibodies conferring

greater clinical severity. The only negative associations pertain to self-injurious behavior,

less likely to occur among Ab + autistics, and interestingly recurrent ear infections at autism

onset as well as cumulative factor scores for principal component 2 “Immune Dysfunction”

(Tables 2 and 3).

Maternal autoantibodies (mAbs) were screened in 333 mothers, who gave birth to 353 out of

the 355 ASD children assessed here for antibrain autoantibodies. Prevalence of mAb 37, 39

and 73 kDa is shown in Fig. 2A, while the 37/73 and 39/73 combinations are shown in Fig.

2B. Overall, no difference in prevalence of maternal anti-fetal brain Abs was recorded

between autistic individuals and unaffected siblings (for all single mAbs and combinations,

P = 0.50–0.80), although a significant difference in birth order was detected for the presence

of the 39 kDa mAb (see below). The clinical characteristics significantly associated with the
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presence of mAbs 37, 39 and 73 kDa are reported in Tables 4 and 5 for categorical and

continuous variables, respectively. The autistic offspring of mothers carrying the 37 kDa

antibrain antibody display an abnormal sleep/wake cycle more frequently (Table 4) and

deficits both in non-verbal and in verbal language acquisition (Tables 4 and 5). In particular,

the association with non-verbal language development (overall P = 0.018 in Table 4) is

characterized by the absence of children exposed to maternal 37 kDa antibodies among

those with “typical development” (post hoc Fisher’s exact test, P = 0.041), while most show

a sizable “delay” (P = 0.063) or their non-verbal language was “never acquired” (P = 0.024).

A negative effect on communication skills is not limited to non-verbal language, as also age

at verbal language development is significantly higher among children exposed to the 37

kDa maternal antibody (Table 5). Meanwhile, also autistic children whose mothers carry the

73 kDa antibody, display verbal language deficits (overall P = 0.014 in Table 4), with

significantly lower rates of typical language development (P = 0.046) paralleled by

enhanced rates of language regression (P = 0.010) and lack of verbal language acquisition (P

= 0.056). Verbal and non-verbal communication deficits may fall into a broader picture,

since these children show significantly greater factor scores for principal component 3,

“neurodevelopmental delay” of Sacco et al. (2010). Indeed these children also show other

signs of abnormal and/or slow neurodevelopment, such as delayed onset of social smile and

abnormal kissing (referring to perioral muscle weakness involved in oral dyspraxia, and not

to kissing as a social behavior) (Table 4); furthermore, in the presence of both 39 and 73

kDa maternal antibodies, significantly lower VABS motor skills scores are recorded, likely

reflecting broad motor coordination deficits (Table 6). The presence of both 39 and 73 kDa

antibodies may also be associated with epilepsy, although small sample sizes here require

caution (Table 6), while the 73 kDa was interestingly more frequent among patients

belonging to the “immune-circadian-sensory” and “mixed” clusters described by Sacco et al.

(2012) (Table 4). No variable was significantly associated with the co-presence of 37 and 73

kDa mAbs, likely due to the relatively few mothers in that category.

Autistic individuals carrying either the 45 or the 62 kDa antibrain autoantibodies have

significantly larger head circumferences, whereas no effect on this parameter was detected

for maternal antibodies (Table 7). The presence of anti-brain autoantibodies is associated

with later birth order (62 kDa, Table 3), as well as greater numbers of sisters (45 kDa, Table

3). Overall, the distribution of mAbs, either alone or in combination, does not differ based

on birth order within the ASD sample (Table S2). However the 37 kDa mAb is correlated

with greater number of brothers (Table 5) and, perhaps more importantly, there is a

significant difference between autistic and unaffected siblings for the 39 kDa mAb, with the

latter significantly overrepresented among first-born and the former more frequently later-

born (P < 0.001, Table S3). Interestingly, 45/242 (18.6%) ASD children have first-degree

relatives diagnosed with an autoimmune disorder, but rates are significantly higher among

children whose mothers carry either the 37 or the 73 kDa Abs (Table 4). Similarly, the

presence of the 62 kDa autoantibody in an autistic individual predicts the presence of either

the 39 or the 73 kDa antibodies in his/her mother (Table 8).
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4. Discussion

In this study we investigated the clinical, cognitive, behavioral, morphological and familial

correlates of anti-cerebellar and antifetal brain antibodies in a sample of Italian ASD

children, unaffected siblings, and their mothers. Our results essentially show that, despite

not increasing the probability of being affected over being unaffected within the same

sibship, the 45 and 62 kDa antibrain antibodies present in many autistic individuals are

indeed associated with significantly greater cognitive impairment (45 kDa), autism severity

(45 kDa), and motor stereotypies (62 kDa) (Tables 2 and 3). Moreover, mAbs seemingly

interfere with neurodevelopment, especially affecting verbal and non-verbal language, sleep/

wake cycle and possibly social smile and motor development (Tables 4-6). Children’s

autoantibodies, but not mAbs, are associated in our sample with macrocephaly, one of the

best-characterized endophenotypes in autism research (Table 7) (Sacco et al., 2010). The

anti-cerebellar autoantibodies and the maternal anti-fetal brain antibodies analyzed here do

not seemingly confer a significantly greater risk of autism within the same sibship, since

differences in Ab prevalence between patients and unaffected siblings are largely non-

significant (Fig. 1). Goines et al. (2011) previously found an association of the 45 kDa Ab

with strict autism, but not with the broader Autism Spectrum Disorder, which was instead

assessed in our study. Wills et al. (2009) found a significantly increased prevalence of the 52

kDa band (further characterized as 45 kDa) in ASD children compared to unrelated controls.

Several investigators also found mAbs significantly more often in mothers of affected

children vs mothers of unaffected children (Braunschweig et al., 2008, 2012; Brimberg et

al., 2013; Rossi et al., 2013). However, Rossi et al. (2013) found superimposable

immunorectivity levels and Ab prevalence in age-matched typically developing and autistic

children. Most importantly, here we compare autistic individuals with their unaffected

siblings and not with population controls, as in other studies (Wills et al., 2009; Goines et

al., 2011; Rossi et al., 2013). Hence, our results collectively do provide strong evidence of

differential pathomorphic, albeit not pathogenic, roles in autism for anti-cerebellar

antibodies produced either by the patient or fetal-brain specific autoantibodies produced by

his/her mother.

The presence of the 45 kDa antibrain autoantibody is significantly associated with cognitive

impairment and lower functioning, as shown by the VABS for daily living, socialization,

communication, and composite scores. Similar results were reported by Goines et al. (2010),

who also recorded in their sample significantly lower VABS composite scores. In contrast,

the 62 kDa autoantibody is significantly associated with the presence of gross motor

stereotypies observed by the child neuropsychiatrist during the first visit, a result again

confirming previous findings by Goines et al. (2011) who reported aberrant behavior scores

on the ABC Stereotypy subscale. In addition to these variables, the presence of either 45 or

62 kDa autoantibodies is also associated with higher ADI-R social interaction and ADOS

play and imagination subscores, both pointing toward greater autism severity (Table 3). Also

the acquisition of sphincter control is largely less successful among ASD children positive

for either Ab (Table 2). Altogether, the consistency of present and previous results (Goines

et al., 2011), obtained in independent and ethnically-distinct samples using partly different
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measures, strongly supports their reliability and underscores the biological influence exerted

by the 45 and 62 kDa autoantibodies on autism severity.

Maternal antibodies (37, 39 and 73 kDa), either singly or in the 39 + 73 kDa combination,

are most clearly associated in our sample with impaired verbal and non-verbal language

acquisition and sleep/wake cycle disturbances (Tables 4-6). Carriers of the 37 kDa mAb

display either delayed or absent non-verbal language development (Table 4), while parents

of verbal children report mean onset of spoken language (i.e., initial five words in addition

to “mama” and “papa”) at 29.6 vs 17.0 months in non-carriers (Table 5). Furthermore,

autistic individuals carrying either the 73 kDa Ab or the 39 + 73 kDa combination show

regression or lack of verbal language significantly more often than non-carriers (Tables 4

and 6). Several hints posing these language deficits as possibly the most prominent feature

of a broader neurodevelopmental delay can be found in our data set. In fact, the 73 kDa

antibody is associated also with (a) delayed appearance of social smile, as reported by

parents, (b) oral dyspraxia as evidenced by abnormal kissing, and (c) significantly greater

cumulative factor scores for principal component 3 “neurodevelopmental delay” (Tables 4

and 5). Variables filling this component include: level of verbal language development, age

at verbal language development, age at non-verbal language development, age at walking,

age at acquisition of bladder control at night (Sacco et al., 2010). In addition, the 39 + 73

kDa combination is associated with significantly lower VABS scores for Motor Skills

(Table 6). These results largely replicate previous findings, whereby mAbs have been found

associated with high rates of language regression and poor expressive language scores

(Dalton et al., 2003; Braunschweig et al., 2012). Given the relatively small sample size of

autistic individuals exposed to mAbs here and in previous published studies, influences on

motor milestones will need to be specifically addressed in an independent and targeted

replication study. It will be interesting to verify to what extent potential influences on motor

development by mAbs may be autism-specific, or instead play a meaningful role in the

broad spectrum of motor dyspraxias.

In addition, mAbs are significantly more prevalent in mothers of autistic children with either

abnormal sleep/wake cycle or falling into the ICS “immune-circadian-sensory” cluster,

encompassing autistic patients mainly characterized by immune, sleep/wake cycle, and

sensory abnormalities (Sacco et al., 2012). Autoimmune mechanisms are indeed able to

affect mechanisms underlying the sleep/wake cycle, as shown in narcolepsy (Mahlios et al.,

2013; Cermakian et al., 2013). Interestingly, in the case of narcolepsy, as more generally in

autoimmunity, disease risk increases with birth order (Watson et al., 2012), which is indeed

associated with the presence of antibrain antibodies also in our autistic sample (Table 3). To

the extent of our current knowledge, Abs and mAbs do not bind to antigens located in the

suprachiasmatic nucleus. Hence the mechanism underlying this behavioral effect remains

elusive.

Recently, Nordahl et al. (2013) analyzed the correlation between 37 + 73 kDa mAbs and

total brain volume using structural magnetic resonance imaging (MRI), suggesting that these

mAbs may impact brain development and be an important factor leading to abnormal brain

enlargement in ASD. However, in our sample macrocephaly is associated with the presence

of the 45 and/or 62 kDa autoantibodies and not with mAbs 37 and 73 kDa (Table 7). While
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it is plausible that autoantibodies may promote cell proliferation (see below), the reason

behind this discrepancy requires further investigation. Age-dependent differences in head

growth rates (Courchesne et al., 2007) may provide some contribution as the mean age of

our patient sample is 9.06 years with a relatively broad range (Table 1), while the Nordahl et

al. (2013) sample includes 131 ASD and 50 typically developing preschoolers.

The array of neuronal cells and antigens targeted by autoantibodies present in the blood of

children, and mAbs is being actively investigated. The former bind several different cell

types in the cerebral and cerebellar cortex, hippocampus, amygdala and striatum (Wills et

al., 2011). Reactivity against a 52 kDa autoantibody, later more accurately identified as the

45 kDa Ab analysed here, was primarily detected in calbindin-positive Golgi interneurons

located in the Purkinje cell layer of the cerebellar cortex (Wills et al., 2007, 2011). Golgi

cells act as inhibitory interneurons upon Purkinje cells, modulating their outflow of neural

activity from the cerebellar cortex to the deep cerebellar nuclei (De Schutter et al., 2000;

Hirano et al., 2002). Interestingly, abnormal neurodevelopment or surgical lesions to the

cerebellum have indeed been correlated with autistic behaviors, decreased cognitive

function, language impairment and motor stereotypies (Fatemi et al., 2012; Riva and Giorgi,

2000). Molecular targets of these autoantibodies are still being sought, whereas the targets of

maternal antibodies have been recently unveiled. Braunschweig et al. (2013) identified

specific maternal IgG reactivity to six different proteins expressed in developing brain,

namely LDH, YBH, cypin, STIP1, CRMP1 and CRMP2. In particular, LDH, YBX1 and

STIP1 have been identified as targets of the mAbs analyzed in our study (37, 39 and 73 kDa,

respectively), whereas cypin, CRMP1 and CRMP2 bind mAbs sized 44 and 70 kDa not

assessed in our sample. LDH plays well-known roles in energy metabolism, although its

relevance in the fetal brain has not been fully determined. STIP1 is a major ligand of the

cellular prion protein: this interaction stimulates neurogenesis in cultured hippocampal

neurons and its inhibition yields impaired memory formation in rodents (Coitinho et al.,

2007). Anti-STIP1 autoantibodies have been detected in blood and cerebrospinal fluid (CSF)

of patients with neuro-Behcet’s disease (Vural et al., 2011). Finally, YBX1 (also known as

p50) is critically involved in the cell motility and migration required for successful neural

tube formation; most importantly, YBX1 acts as a DNA- and RNA-binding protein with

chaperone properties, interacting with MeCP2 and FMRP, notoriously involved in most

forms of Rett and Fragile-X syndrome, respectively (Eliseeva et al., 2011). Though

attempting to disentangle the contribution of each antigen to the clinical phenotype is at this

stage too premature, the participation of YBX1 in protein complexes critical for synaptic

physiology, as conclusively demonstrated in these neurodevelopment disorders, appears

especially promising.

Curiously, autoantibody carriers appear protected against recurrent ear infections during

early childhood and around the time of autism onset, an incident frequently reported by

parents of autistic children (Konstantareas and Homatidis, 1987; Tajima-Pozo et al., 2010).

Recurrent ear infections would be predicted to characterize a subset of ASD children unable

to eradicate infectious agents, due to reduced immune reactivity and to a cytokine profile

skewed toward anti-inflammation. On the contrary, the production of anti-brain

autoantibodies would logically be associated with individuals excessively prone to produce

an immune response and displaying a more pro-inflammatory cytokine profile. However,

Piras et al. Page 9

Brain Behav Immun. Author manuscript; available in PMC 2014 July 25.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



immune dysregulation with respect to immune homeostasis could affect both the response to

bacteria agents as well as loss of immune regulation in the same individual. It would be

interesting to verify this hypothesis exploring the cytokine profiles of these two subgroups

of ASD children (i.e., autoantibody carriers vs positive for recurrent ear infections).

Furthermore, cumulative factor scores for Principal Component 2, “Immune Dysfunction”,

are significantly lower among 45 kDa Ab carriers (Table 3). Variables filling this

component include: history of allergies in the patient, history of any allergic and/or

autoimmune disease in first-degree relatives, history of any recurrent infectious disease at

autism onset (ear, gastrointestinal, upper airways or other), obstetric complications or

recurrent abortions in the mother, pregnancy duration (Table S1) (Sacco et al., 2010).

Several immune anomalies have been described among individuals with ASD and their

close relatives, involving altered cytokine profiles, immunoglobulin levels and

neuroinflammation (Ashwood et al., 2006; Enstrom et al., 2009; Saresella et al., 2009;

Goines et al., 2011). However, our results indicate that the mechanisms leading to the

production of antibrain autoantibodies both in autistic individuals and in their mothers likely

differ from those underlying the “immune dysfunction” defined by principal component 2

(Sacco et al., 2010).

This study presents at least two limitations, which must be duly acknowledged. First, despite

assessing a large sample of autistic individuals, unaffected siblings and mothers, the

relatively low prevalence of some Abs and incomplete clinical data sets result in relatively

small numbers of carriers, especially for combinations of Abs. Secondly, our study does

indeed possess an exploratory nature in reference not only to the ethnicity of the

experimental sample, but also to many variables never assessed in prior studies. Hence the

number of variables tested here, coupled with the relatively low prevalence of Abs, makes it

impossible to reach P values < 0.05 when applying any strategy to correct for multiple

comparisons. This would raise significant risk of a type II error, because two observations

clearly speak in favor of the non-random nature of the vast majority of our nominally

significant results: (a) they are consistent with previous observations obtained in other

independent samples; (b) also within our data set, there is a clear convergence among

different variables measuring the same or highly similar phenomena (as one example, see

social communication-related variables in Tables 4 and 5). We have thus applied nominal

significance at P < 0.05 with no correction for multiple testing. This strategy is appropriate

for our study design according to many biostatisticians, who view correction for multiple

testing as unnecessary in exploratory analyses (Bender and Lange, 2001; Savitz and Olshan,

1998; Streiner and Norman, 2011), while others even argue it should be avoided altogether,

in order not to spuriously increase Type II error rates (Rothman, 1990; Perneger, 1998). On

the other hand, the reliability of our results is most convincing when the same outcome is

supported by two or more converging variables, while single positives (for example,

epilepsy in Table 6) should be viewed with caution until independently replicated, as they

may represent type I errors.

In summary, our results clearly indicate that, though not conferring autism risk within

sibships, antibrain Abs do play an important pathoplastic role in autism. Prenatal and/or

postnatal exposure to these Abs enhances autism severity by impairing cognitive processes
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and adaptive functioning, boosting motor stereotypies, altering the sleep/wake cycle,

delaying or halting neurodevelopment especially in reference to verbal and non-verbal

language. Our results, along with previous studies performed in independent samples,

support the potential use of anti-brain antibodies as biomarkers predicting autism severity

and clinical features of ASD, while possibly providing new avenues for preventive and

therapeutic strategies (Careaga et al., 2010).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Prevalence of the 45 and 62 kDa antibrain autoantibodies in 355 autistic individuals and 142

unaffected siblings.
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Fig. 2.
Percentage of autistic individuals born from 333 mothers positive for the 37, 39 and 73 kDa

mAbs either (A) alone or (B) in combination.
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Table 1

Demographic and clinical characteristics of the sample. Sample size (N) as stated at the top, unless otherwise

specified.

Mean/median SD Range

ASD children (N = 355)

Mean age (yr): 9.06 6.38 2–47

Median VABS scores: (N = 140) Communication 77.0 23–221

Daily living skills 72.0 19–180

Socialization 71.5 25–140

Motor skills 84.0 32–139

Composite 63.0 18–137

N Percent

Gender: Male 300 84.5%

Female 55 15.5%

M:F ratio 5.5:1

Family type: Simplex 324 94.7%

Multiplex 18 5.2%

DSM-IV diagnosis: Autistic disorder 274 77.2%

Asperger’s disorder 25 7.0%

PDD-NOS 56 15.8%

I.Q. (N = 182): >70 51 28.0%

≤70 131 72.3%

Unaffected siblings (N = 142)

Mean age (yr): 13.13 8.64 2-49

N Percent

Gender: Male 68 47.9%

Female 74 50.7%

M/F ratio 0.9:1

Family type: Simplex 138 97.2%

Multiplex 4 2.8%

Mothers (N = 333)

Mean age (yr): 31.90 5.80 18-53

N Percent

Family type: Simplex 318 95.5%

Multiplex 15 4.5%

Brain Behav Immun. Author manuscript; available in PMC 2014 July 25.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Piras et al. Page 17

T
ab

le
 2

C
lin

ic
al

 c
ha

ra
ct

er
iz

at
io

n 
of

 a
ut

is
tic

 in
di

vi
du

al
s 

ca
rr

yi
ng

 e
ith

er
 th

e 
45

 o
r 

th
e 

62
 k

D
a 

an
tib

ra
in

 a
ut

oa
nt

ib
od

ie
s 

(A
b+

).
 O

nl
y 

ca
te

go
ri

ca
l v

ar
ia

bl
es

 r
ea

ch
in

g 
a

no
m

in
al

 P
 <

 0
.0

5 
ar

e 
lis

te
d.

 D
at

a 
ar

e 
re

po
rt

ed
 a

s 
N

 (
%

).

A
ut

oa
nt

ib
od

y
C

at
eg

or
ic

al
 v

ar
ia

bl
es

T
ot

al
 N

A
b+

A
b−

P

45
 k

D
a

I.
Q

.
≤7

0
18

2
13

 (
10

0.
0)

11
8 

(6
9.

8)
0.

02
0

>
70

0 
(0

.0
)

51
 (

30
.2

)

H
is

to
ry

 o
f 

re
cu

rr
en

t o
tit

is
 a

t a
ut

is
m

 o
ns

et
Pr

es
en

t
27

7
0 

(0
.0

)
52

 (
20

.2
)

0.
02

6

A
bs

en
t

20
 (

10
0.

0)
20

5 
(7

9.
8)

62
 k

D
a

M
ot

or
 s

te
re

ot
yp

ie
s 

ob
se

rv
ed

 d
ur

in
g 

th
e 

fi
rs

t v
is

it
Pr

es
en

t
25

8
17

 (
94

.4
)

17
0 

(7
1.

1)
0.

03
2

A
bs

en
t

1 
(5

.6
)

69
 (

28
.9

)

E
ith

er
 4

5 
or

 6
2 

kD
a 

or
 b

ot
h

I.
Q

.
≤7

0
18

2
24

 (
92

.3
)

10
7 

(6
8.

6)
0.

01
3

>
70

2 
(7

.7
)

49
 (

31
.4

)

M
ot

or
 s

te
re

ot
yp

ie
s 

ob
se

rv
ed

 d
ur

in
g 

th
e 

fi
rs

t v
is

it
Pr

es
en

t
25

7
33

 (
86

.8
)

15
4 

(7
0.

3)
0.

03
5

A
bs

en
t

5 
(1

3.
2)

65
 (

29
.7

)

Sp
hi

nc
te

r 
co

nt
ro

l
T

yp
ic

al
 d

ev
el

op
m

en
t

22
5

14
 (

43
.8

)
12

2 
(6

3.
2)

0.
04

5

D
el

ay
ed

2 
(6

.3
)

17
 (

8.
8)

N
ev

er
 a

cq
ui

re
d

16
 (

50
.0

)
54

 (
28

.0
)

Se
lf

-i
nj

ur
io

us
 b

eh
av

io
r 

ob
se

rv
ed

 d
ur

in
g 

th
e 

fi
rs

t v
is

it
Pr

es
en

t
25

2
22

 (
64

.7
)

17
5 

(8
0.

3)
0.

04
1

A
bs

en
t

12
 (

35
.3

)
43

 (
19

.7
)

Brain Behav Immun. Author manuscript; available in PMC 2014 July 25.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Piras et al. Page 18

T
ab

le
 3

C
lin

ic
al

 c
ha

ra
ct

er
iz

at
io

n 
of

 a
ut

is
tic

 in
di

vi
du

al
s 

ca
rr

yi
ng

 e
ith

er
 th

e 
45

 o
r 

th
e 

62
 k

D
a 

an
tib

ra
in

 a
ut

oa
nt

ib
od

ie
s 

(A
b+

).
 O

nl
y 

co
nt

in
uo

us
 v

ar
ia

bl
es

 r
ea

ch
in

g 
a

no
m

in
al

 P
 <

 0
.0

5 
ar

e 
lis

te
d.

A
ut

oa
nt

ib
od

y
C

on
ti

nu
ou

s 
va

ri
ab

le
s

A
b+

A
b−

P

N
M

ea
n 

± 
SD

N
M

ea
n 

± 
SD

45
 k

D
a

N
um

be
r 

of
 s

is
te

rs
23

1.
04

 ±
1.

02
26

8
0.

53
 ±

 0
.6

7
0.

01
2

V
A

B
S 

da
ily

 li
vi

ng
14

57
.9

 ±
31

.7
12

8
79

.0
 ±

 3
3.

5
0.

01
3

V
A

B
S 

so
ci

al
iz

at
io

n
14

58
.9

 ±
18

.2
12

8
75

.9
 ±

 2
4.

0
0.

01
4

V
A

B
S 

co
m

m
un

ic
at

io
n

14
59

.6
 ±

19
.9

12
8

79
.5

 ±
 3

2.
0

0.
01

6

V
A

B
S 

ad
ap

tiv
e 

be
ha

vi
or

 c
om

po
si

te
11

52
.0

 ±
16

.0
10

9
70

.3
 ±

 2
8.

9
0.

02
8

Pr
in

ci
pa

l c
om

po
ne

nt
 2

 “
im

m
un

e 
dy

sf
un

ct
io

n”
12

−
0.

42
 ±

 0
.9

80
12

6
0.

11
 ±

1.
06

0.
04

4

62
 k

D
a

O
rd

er
 o

f 
bi

rt
h

19
2.

3 
±

1.
4

27
1

1.
6 

±
0.

7
0.

04
0

E
ith

er
 4

5 
or

 6
2 

kD
a 

or
 b

ot
h

A
D

I-
R

 s
oc

ia
l i

nt
er

ac
tio

n
12

26
.4

 ±
 5

.8
82

21
.0

 ±
7.

1
0.

02
3

V
A

B
S 

co
m

m
un

ic
at

io
n

24
65

.0
 ±

 2
2.

4
11

6
79

.9
 ±

 3
2.

6
0.

02
5

O
rd

er
 o

f 
bi

rt
h

39
2.

1 
±

1.
2

25
1

1.
6 

±
0.

7
0.

03
1

V
A

B
S 

so
ci

al
iz

at
io

n
24

64
.2

 ±
 2

2.
3

11
6

75
.9

 ±
 2

3.
9

0.
03

1

V
A

B
S 

da
ily

 li
vi

ng
24

63
.8

 ±
 3

0.
4

11
7

79
.4

 ±
 3

4.
0

0.
03

2

A
D

O
S 

pl
ay

 a
nd

 im
ag

in
at

io
n

13
3.

3 
±

1.
0

10
0

2.
4 

±
1.

5
0.

04
2

Brain Behav Immun. Author manuscript; available in PMC 2014 July 25.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Piras et al. Page 19

T
ab

le
 4

C
lin

ic
al

 c
ha

ra
ct

er
iz

at
io

n 
of

 a
ut

is
tic

 in
di

vi
du

al
s,

 w
ho

se
 m

ot
he

rs
 c

ar
ry

 e
ith

er
 th

e 
37

, 3
9 

or
 7

3 
kD

a 
an

tib
ra

in
 a

nt
ib

od
ie

s 
(m

A
b+

).
 O

nl
y 

ca
te

go
ri

ca
l v

ar
ia

bl
es

re
ac

hi
ng

 a
 n

om
in

al
 P

 <
 0

.0
5 

ar
e 

lis
te

d.
 D

at
a 

ar
e 

re
po

rt
ed

 a
s 

N
 (

%
).

M
at

er
na

l a
nt

ib
od

y
C

at
eg

or
ic

al
 v

ar
ia

bl
es

T
ot

al
 N

m
A

b+
m

A
b−

P

37
 k

D
a

Sl
ee

p/
w

ak
e 

cy
cl

e
N

or
m

al
23

2
4 

(3
0.

8)
14

1 
(6

4.
4)

0.
01

5

A
bn

or
m

al
9 

(6
9.

2)
78

 (
35

.6
)

N
on

-v
er

ba
l l

an
gu

ag
e

T
yp

ic
al

 d
ev

el
op

m
en

t
14

9
0 

(0
.0

)
62

 (
43

.7
)

0.
01

8

D
el

ay
ed

5 
(7

1.
4)

70
 (

49
.3

)

N
ev

er
 a

cq
ui

re
d

2 
(2

8.
6)

10
 (

7.
0)

A
ut

oi
m

m
un

e 
di

so
rd

er
 in

 I
 d

eg
re

e 
re

la
tiv

es
A

bs
en

t
24

2
9 

(6
0.

0)
18

8 
(8

2.
8)

0.
02

8

Pr
es

en
t

6 
(4

0.
0)

39
 (

17
.2

)

39
 k

D
a

I.
Q

.
≤7

0
18

0
26

 (
56

.5
)

99
 (

73
.9

)
0.

02
7

>
70

20
 (

43
.5

)
35

 (
26

.1
)

73
 k

D
a

A
ut

oi
m

m
un

e 
di

so
rd

er
 in

 I
 d

eg
re

e 
re

la
tiv

es
A

bs
en

t
24

2
24

 (
64

.9
)

17
3 

(8
4.

4)
0.

00
5

Pr
es

en
t

13
 (

35
.1

)
32

 (
15

.6
)

V
er

ba
l l

an
gu

ag
e

T
yp

ic
al

 d
ev

el
op

m
en

t
26

7
8 

(1
8.

2)
74

 (
33

.2
)

0.
01

4

D
el

ay
ed

19
 (

43
.2

)
99

 (
44

.4
)

R
eg

re
ss

io
n

4 
(9

.1
)

4 
(1

.8
)

N
ev

er
 A

cq
ui

re
d

13
 (

29
.5

)
46

 (
20

.6
)

Pa
tie

nt
 c

lu
st

er
s

C
S

13
0

1 
(3

.6
)

19
 (

18
.6

)
0.

02
9

M
ix

ed
12

 (
42

.9
)

26
 (

25
.5

)

St
er

eo
6 

(2
1.

4)
38

 (
37

.3
)

IC
S

9 
(3

2.
1)

19
 (

18
.6

)

A
ge

 a
t f

ir
st

 s
m

ile
<

5 
m

on
th

s
16

2
9 

(3
2.

1)
72

 (
53

.7
)

0.
03

8

≥5
 m

on
th

s
19

 (
67

.9
)

62
 (

46
.3

)

K
is

si
ng

N
or

m
al

16
3

17
 (

58
.6

)
10

3 
(7

6.
9)

0.
04

3

A
bn

or
m

al
12

 (
41

.3
)

31
 (

23
.1

)

Brain Behav Immun. Author manuscript; available in PMC 2014 July 25.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Piras et al. Page 20

T
ab

le
 5

C
lin

ic
al

 c
ha

ra
ct

er
iz

at
io

n 
of

 a
ut

is
tic

 in
di

vi
du

al
s,

 w
ho

se
 m

ot
he

rs
 c

ar
ry

 e
ith

er
 th

e 
37

, 3
9 

or
 7

3 
kD

a 
an

tib
ra

in
 a

nt
ib

od
ie

s 
(m

A
b+

).
 O

nl
y 

co
nt

in
uo

us
 v

ar
ia

bl
es

re
ac

hi
ng

 a
 n

om
in

al
 P

 <
 0

.0
5 

ar
e 

lis
te

d.
 D

at
a 

ar
e 

re
po

rt
ed

 a
s 

N
 (

%
).

M
at

er
na

l a
nt

ib
od

y
C

on
ti

nu
ou

s 
va

ri
ab

le
s

m
A

b+
m

A
b−

P

N
M

ea
n 

± 
SD

N
M

ea
n 

± 
SD

37
 k

D
a

V
A

B
S 

A
da

pt
iv

e 
be

ha
vi

or
 c

om
po

si
te

13
50

.9
 ±

 1
5.

8
10

6
71

.8
 ±

24
.4

0.
00

8

N
um

be
rs

 o
f 

br
ot

he
rs

18
1.

1 
±

1.
0

26
4

0.
5 

±
 0

.6
0.

01
2

A
ge

 a
t v

er
ba

l l
an

gu
ag

e 
de

ve
lo

pm
en

t (
m

o)
19

29
.6

 ±
 2

4.
2

24
4

17
.0

 ±
14

.4
0.

02
0

39
 k

D
a

A
D

O
S 

la
ng

ua
ge

/c
om

m
un

ic
at

io
n

31
5.

3 
±

 2
.7

85
6.

5 
±

 3
.0

0.
02

0

A
D

O
S 

so
ci

al
 in

te
ra

ct
io

n
31

9.
4 

±
 3

.0
85

10
.6

 ±
3.

1
0.

04
1

73
 k

D
a

Pr
in

ci
pa

l c
om

po
ne

nt
 3

 “
ne

ur
od

ev
el

op
m

en
ta

l d
el

ay
”

28
0.

37
 ±

 0
.9

10
2

−
0.

17
 ±

0.
9

0.
00

9

Brain Behav Immun. Author manuscript; available in PMC 2014 July 25.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Piras et al. Page 21

T
ab

le
 6

C
lin

ic
al

 c
ha

ra
ct

er
iz

at
io

n 
of

 a
ut

is
tic

 in
di

vi
du

al
s,

 w
ho

se
 m

ot
he

rs
 c

ar
ry

 b
ot

h 
th

e 
39

 a
nd

 7
3 

kD
a 

an
tib

ra
in

 a
nt

ib
od

ie
s 

(m
A

b+
/+

),
 a

s 
co

m
pa

re
d 

to
 c

hi
ld

re
n

w
ho

se
 m

ot
he

rs
 c

ar
ry

 e
ith

er
 m

A
b 

(+
/−

) 
or

 n
on

e 
(−

/−
).

 O
nl

y 
(A

) 
ca

te
go

ri
ca

l a
nd

 (
B

) 
co

nt
in

uo
us

 v
ar

ia
bl

es
 r

ea
ch

in
g 

a 
no

m
in

al
 P

 <
 0

.0
5 

ar
e 

lis
te

d.
 D

at
a 

ar
e

re
po

rt
ed

 a
s 

N
 (

%
).

N
A

b+
/+

A
b+

/−
A

b−
/−

P

(A
) 

C
at

eg
or

ic
al

 v
ar

ia
bl

es

E
pi

le
ps

y
A

bs
en

t
28

4
12

 (
85

.7
)

81
 (

95
.3

)
17

8 
(9

6.
2)

0.
01

3

R
ar

e
0 

(0
.0

)
4 

(4
.7

)
3 

(1
.6

)

Fr
eq

ue
nt

2 
(1

4.
3)

0 
(0

.0
)

4 
(2

.2
)

V
er

ba
l l

an
gu

ag
e

T
yp

ic
al

 d
ev

el
op

m
en

t
26

7
2 

(1
6.

7)
22

 (
26

.4
)

58
 (

33
.9

)
0.

01
5

D
el

ay
ed

4 
(3

3.
3)

39
 (

46
.4

)
75

 (
43

.9
)

R
eg

re
ss

io
n

2 
(1

6.
7)

5 
(6

.0
)

1 
(0

.6
)

N
ev

er
 A

cq
ui

re
d

4 
(3

3.
3)

18
 (

21
.4

)
37

 (
21

.6
)

Sl
ee

p/
w

ak
e 

cy
cl

e
N

or
m

al
23

2
3 

(3
0.

0)
42

 (
57

.5
)

10
0 

(6
7.

1)
0.

03
6

A
bn

or
m

al
7 

(7
0.

0)
31

 (
42

.5
)

49
 (

32
.9

)

I.
Q

.
>

70
18

0
2 

(2
2.

2)
24

 (
43

.6
)

29
 (

25
.0

)
0.

04
0

≤7
0

7 
(7

7.
8)

31
 (

56
.4

)
87

 (
75

.0
)

A
b+

/+
A

b+
/+

A
b−

/−
P

N
M

ea
n 

±
 S

D
N

M
ea

n 
±

 S
D

N
M

ea
n 

±
 S

D

(B
) 

C
on

ti
nu

ou
s 

va
ri

ab
le

s 
V

A
B

S 
(m

ot
or

 s
ki

lls
)

6
69

.3
 ±

 1
8.

0
34

92
.1

 ±
 2

4.
5

72
84

.5
 ±

 2
3.

7
0.

04
6

Brain Behav Immun. Author manuscript; available in PMC 2014 July 25.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Piras et al. Page 22

Table 7

Head circumference and presence of antibrain antibodies in 222 autistic individuals. Data are presented as

mean ± S.E.M. (N).

Ab+ Ab− Statistics P

Children

45 kDa 81.2 ±5.8 (N = 17) 69.8 ± 2.3 (N = 191) t = 1.820 (206 df) 0.082

62 kDa 79.7 ± 6.7 (N = 9) 70.3 ± 2.2 (N = 199) t = 1.338 (206 df) 0.214

45 and/or 62 kDa 80.7 ± 4.4 (N = 26) 69.3 ± 2.4 (N = 182) t = 2.286 (206 df) 0.027

Mothers

37 kDa 75.4 ± 9.1 (N = 14) 71.0 ± 2.2 (N = 189) t = 0.521 (201 df) 0.603

39 kDa 70.1 ± 4.5 (N = 48) 71.7 ± 2.4 (N = 155) t = −0.313 (201 df) 0.775

73 kDa 65.0 ± 5.0 (N = 39) 72.8 ± 2.3 (N = 164) t = −1.450 (201 df) 0.149

Ab +/+ Ab +/− or Ab −/+ Ab −/− Statistics P

37 kDa and 73 kDa 50.6 ± 21.5 (N = 4) 69.7 ± 4.6 (N = 43) 72.3 ± 2.4 (N = 156) F = 1.078 (2,219 df) 0.342

39 kDa and 73 kDa 77.6 ± 8.2 (N = 12) 64.6 ± 4.1 (N = 60) 73.8 ± 2.6 (N = 131) F = 2.172 (2,219 df) 0.117

+ Present; − absent.
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