
Persistent Angiogenesis in the Autism Brain: An 
Immunocytochemical Study of Postmortem Cortex, Brainstem 
and Cerebellum

E. C. Azmitia1, Z. T. Saccomano1, M. F. Alzoobaee1, M. Boldrini2,3, and P. M. Whitaker-
Azmitia4

E. C. Azmitia: eca1@nyu.edu
1Departments of Biology and Psychiatry, New York University, 100 Washington Square East, New 
York, NY 10003, USA

2Division of Molecular Imaging and Neuropathology, New York State Psychiatric Institute, New 
York, NY, USA

3Department of Psychiatry, Columbia University, New York, NY 10032, USA

4Departments of Psychology Program in Integrative Neuroscience, and Psychiatry, Stony Brook 
University, Stony Brook, NY 11794, USA

Abstract

In the current work, we conducted an immunocytochemical search for markers of ongoing 

neurogenesis (e.g. nestin) in auditory cortex from postmortem sections of autism spectrum 

disorder (ASD) and age-matched control donors. We found nestin labeling in cells of the vascular 

system, indicating blood vessels plasticity. Evidence of angiogenesis was seen throughout superior 

temporal cortex (primary auditory cortex), fusiform cortex (face recognition center), pons/

midbrain and cerebellum in postmortem brains from ASD patients but not control brains. We 

found significant increases in both nestin and CD34, which are markers of angiogenesis localized 

to pericyte cells and endothelial cells, respectively. This labeling profile is indicative of splitting 

(intussusceptive), rather than sprouting, angiogenesis indicating the blood vessels are in constant 

flux rather than continually expanding.
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Introduction

Autism is a pervasive developmental disorder that is characterized by a wide spectrum of 

abnormal behaviors and alterations in many brain structures. People with autism spectrum 

disorder (ASD) have core deficits in communication, social interaction, and stereotypy 

(Maenner et al. 2012). In addition, they tend to experience cognitive delays, slowed 

acquisition of fine motor skills (Hellendoorn et al. 2015; Seal and Bonvillian 1997) and a 

number of comorbid psychiatric disorders such as OCD, depression and ADHD (Leyfer et 

al. 2006; Simonoff et al. 2008). Neuropathology has been found in nearly every region of the 

ASD brain including cortex, hypothalamus, brainstem and cerebellum (Azmitia and 

Impallomeni 2014; Blatt 2012; Boddaert et al. 2009;Courchesne 1997; Haar et al. 2014; 

Hutsler and Casanova 2015; Kulesza Jr. et al. 2011; Kurth et al. 2011; Rodier et al. 1996; 

Uppal et al. 2014; Wegiel et al. 2013). These findings indicate a large shift in brain 

organization in ASD disorder patients that may underlie the functional changes.

The brain changes in ASD begin very early in development and extend into childhood. 

Evidence of disruption in neurogenesis, dysgenesis and migration are found in young ASD 

brains (Courchesne 1997; Wegiel et al. 2010). In children with ASD, cortical neurons may 

be more numerous, densely packed, (Courchesne et al. 2011; Casanova et al. 2006) and 

smaller (Casanova et al. 2013, Jacot-Descombes et al. 2012; van Kooten et al. 2008; Fatemi 

et al. 2002). If neuronal development is prolonged, it is possible that neurons are continually 

added to the cortex of young ASD patients. Our initial hypothesis was that neuronal 

proliferation is increased in the postmortem cortex of ASD patients. Our aim was to use a 

specific nestin antibody to search for dividing neurons in young children and adolescents. 

Nestin is found in all cells capable of proliferation (Lendahl et al. 1990; Michalczyk and 

Ziman 2005). In our samples, no neurons were stained with nestin, but an increase in nestin 

immunoreactivity (IR) was found in the pericytes surrounding the blood vessels of ASD 

compared to control brain donors. A similar differential staining was found with antibodies 

against CD34, which labels circulating endothelial cell precursors that participate in 

angiogenesis (Zengin et al. 2006; Peichev et al. 2000).

Using nestin and CD34 as markers, as well as a number of other vascular markers, blood 

vessels in ASD and control brain tissues were microscopically examined in superior 

temporal cortex (STC), which contains the primary auditory area. The STC, involved in 

language, auditory processing and social cognition processing, has previously been found to 

be altered in autism (Bigler et al. 2007; Ventola et al. 2013) and to have increased grey 

matter volume, particularly in the young autism brain (Xiao et al. 2014). We now report a 

prolonged presence of splitting angiogenesis in STC in ASD compared to control donors, 

which is characterized by nestin-positive pericytes and CD34-positive endothelial cells. No 

significant differences were found with the other, non-angiogenic markers of blood vessel 

cells. The consistency of this finding across all our donors prompted an examination of other 

brain regions. We found significant increased nestin-positive blood vessels in fusiform 

cortex, midbrain/pons and cerebellum in ASD but not control patients. Our current work 

shows that blood vessel plasticity is a global component of the ASD brain. We speculate in 

the discussion section that ongoing rearrangement of brain microvasculature could be a 

corollary of the increased functions seen in primary sensory system in the ASD brain.
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Materials and Methods

Postmortem Brains

Our work was an immunocytochemically based study of vascular cell plasticity using 

postmortem brains to compare the process of angiogenesis in 10 children/young adults with 

ASD and their age matched controls. The work was performed in the authors’ home 

institution at NYU and Columbia University, with assistance provided by graduate students. 

The postmortem brains were obtained from the Brain Bank for Disabilities and Aging in 

Staten Island, Harvard Brain Tissue Repository and the NICHD Brain and Tissue Bank for 

Developmental Disorders at University of Maryland, Baltimore. To our knowledge no 

laboratory has published a vascular cellular study with donor brains used in our current 

work. All ASD donors were diagnosed using the Autism Diagnostic Interview™, Revised 

(ADI™-R). The demographic summaries autopsy records obtained from the autism brain net 

(www.ATPPortal.org) and the are shown in Table 1 for the ASD and “no known psychiatric 

diagnosis” control donors. The average age for the ASD group (n = 10; 14.5 years, range 

2.8–28 years) is similar to the control group (n = 10; 15.1 years, range 1.8–32 years). The 

ASD group was all male while seven out of the 11 control group were male. The unequal 

distribution of sex for the ASD donors reflects the availability of postmortem brain tissue 

(Casanova et al. 2009; Fatemi et al. 2014; Fung et al. 2014). The postmortem interval was 

14.8 h for ASD and 17.1 h for control group. The drug and seizure histories of the ASD 

donors were obtained from the case documents (ADI™-R and medical records) on the 

autism brain net site and are shown in Table 2.

Immunocytochemistry

Hemispheric sections were embedded with propylene glycol and serial 50 µm-thick sections 

were cut on a sliding microtome at room temperature (RT). The STC, fusiform cortex, 

midbrain/pons and cerebellum were selected for study. The postmortem sections were 

prepared for primary antibody exposure as previously described (Azmitia and Nixon 2008). 

The sections were then transferred to primary antibody (1/1000) and shaken at 5 °C for 48 h. 

Specific antibodies selected for study were against membrane-associated proteins [Ulex 

Europaeus Agglutinin, mouse monoclonal (UEA-1) (Vector Laboratories, Burlingame, CA), 

CD146, mouse monoclonal (Serotec, Raleigh, NC.) and CD34 mouse monoclonal (Abcam 

Cambridge, MA) or protein filaments (vimentin rabbit polyclonal (Dako, Carpinteria, CA), 

nestin mouse monoclonal (Millipore, Temecula, CA), and alpha-smooth muscle actin rabbit 

polyclonal (α-SMA) (Abcam Cambridge, MA)]. The sections are brought back to RT and 

treated with anti-mouse or anti-rabbit secondary using ImmPRESS™ polymerized reporter 

enzyme for 30 min before staining with diaminobenzodine as substrate. UEA-1 is a 

fluorescein labeled lectin and was visualized by a secondary reaction with a peroxidase 

labeled goat antibody raised against fluorescein. The sections were mounted onto gelatinized 

slides, dried and cover-slipped.

Morphometrics/stereology

Pictures for quantitative measures of IR vessels were taken at 250× magnification using a 

25× Pl Fluotar 0.6 N.A. objective and captured with Canon E05 Rebel T1i digital camera at 

18.0— megapixel. High-resolution pictures used Helicon Focus 2012 
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(www.heliconsoft.com) software to make composite photos of photographs taken at 630× 

magnification using a 63× Pl-Apo 1.40 N.A. oil objective. The areas for analysis were 

photographed from coded slides to include layers II– V of the temporal and fusiform 

cortices, midbrain tegmentum, pontine fibers and cerebellar cortex. All pictures were stored 

by code for analysis using NIH ImageJ as previously described (see Akbari et al. 1994; 

Azmitia et al. 2011a, b). Stereological measures were made directly from the brain slides as 

previously described (Boldrini et al. 2012).

Statistics

MATLAB® was used for statistical evaluation of all ImageJ morphometric measures. The 

total IR volumes (µm3) for nestin and CD34 in STC were evaluated in independent samples 

t-tests with equal variances not assumed. For immunocytochemistry, ANOVA followed by 

post hoc Tukey and Student’s t test was used to compare cell numbers, size and staining 

intensity of differentially expressed proteins between groups, age, and postmortem interval 

as covariates. The vessel length of vimentin–labeled blood vessels was measured by 

unbiased stereology (Boldrini et al. 2012) using the “space-ball” method (MBF Biosciences 

Inc., Williston, VT). Regression analysis was used to correlate IR-density and fiber length 

by age and stain to produce a Pearson correlation coefficient and show linear dependence 

between two variables.

Results

Pericytes at different maturation stages were identified with antibodies against CD146 

(immature) and α-SMA (mature) (Fig. 1). The CD146-positive immature pericytes (panels A 

and B) were on many large blood vessels (arterioles) with cell bodies evident lining the 

outside surface. In the STC of postmortem sections, the staining of arterioles with CD146 

extended from the pia layer to the white matter (Fig. 1). α-SMA is expressed inside mature 

pericytes, which line the outside of blood vessels (Fig. 1c, d). α-SMA-positive cells were 

seen lining the outer surface of all arterioles from the pia surface into the deeper cortical 

gray and white matter. Capillaries were largely unstained. Vimentin-positive pericytes (Fig. 

1e, f) were seen on the outside surface of both arterioles and capillary blood vessels 

throughout the cortical gray and white matter from both control and ASD donors at all ages 

examined (Fig. 1).

Nestin-positive pericytes were located along the outside wall of blood vessels Figure 1g, h 

STC sections from young control donors (1.8 and 2.1 years) showed nestin-positive labeling 

on blood vessels throughout the cortex (Fig. 2). The nestin-positive label was seen in both 

precapillary arterioles (diameter = 28.3 + 3.2 µm) and capillary vessels (diameter = 6.3 + 0.4 

µm; Fig. 2a, c). Nestin-positive pericyte processes uniformly covered most of the surface of 

blood vessels and the staining was more intense at the branch points of capillaries (Fig. 2). 

The appearance and distribution of nestin-positive pericytes in STC in ASD donors (2.8–28 

years) was similar to those seen in the younger control brains (1.8–2.1 years; Fig. 2b, d). As 

in controls, the nestin-positive pericytes were in both pre-capillary arterioles (diameter = 

25.9 + 1.1 µm) and capillary vessels (diameter = 8.7 + 0.4 µm) in all layers of the cortical 

gray (layers I-VI) and white matter with the heaviest labeling also seen at the vessel branch 
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points (Fig. 2c). In addition to the nestin-positive pericytes, there were scattered nestin-

positive cells in the deeper layers of cortex in the young brains from ASD donors (2.8 and 

8.5 years). These cells were often in close contact with nestin-IR blood vessels and were 

identified as microglial cells from their size and morphology.

An age comparison of nestin-positive pericytes in STC showed marked differences between 

the control and ASD donors. In controls, no nestin-positive pericytes on blood vessels were 

seen after the age of 2.1 years (Fig. 3) and, at ages 8.5–32 years (n = 8) blood vessels were 

devoid of nestin-positive pericytes. In contrast to control donors, the blood vessels from 

ASD donors were covered with nestin-positive pericytes at all ages between 2.8 and 28 years 

in STC (Fig. 3).

To determine the regional distribution of the nestin-positive pericytes, postmortem sections 

of the fusiform cortex, cerebellum and midbrain/pons from adolescent ASD and control 

donors were also stained with nestin (Fig. 4). The nestin-positive pericytes on blood vessels 

were seen in all brain regions of ASD but not control donors (Fig. 4).

UEA-1 is a lectin that binds specifically to endothelial cells. The UEA-1 positive cells were 

comparable in ASD and control STC samples at all ages examined (Fig. 5a, b).

CD34 is a cell adhesion molecule that is expressed by immature and migrating endothelial 

cells involved in angiogenesis. Only one control brain (UMB-1670) showed CD34 labeling. 

In contrast to controls, the STC from ASD donors consistently showed CD34 labeling in 

blood vessels (Fig. 6). In ASD, the CD34-positive endothelial cells were seen in all layers of 

the gray and white matter of the STC in both pre-capillary arterioles and capillary vessels 

and appeared at all ages (2.8 and 28 years).

ASD and control brains differed significantly in the volume of nestin- and CD34-positive 

blood vessels in the STC. The morphometric results are based on over 56,000 IR blood 

vessels in 50 mm3 of brain tissue (Fig. 7). The measures for nestin and CD34 were obtained 

from the same autistic (14.6 avg. 2.8–28 years, n = 10) and control brains (15.0 avg. 1.9–

25.6 years, n = 10) (Fig. 7A). The total volume (µm3) of nestin IR differed significantly 

between ASD and control (n = 20, x̄autism = 10.30 × 106 µm3, x̄control = 1.39 × 106 µm3, p 
= 0.016). The total volume (µm3) of CD34 IR also differed significantly (n = 20, x ̄autism = 

12.52 × 106 µm3, x̄control = 0.87 × 106 µm3, p = 0.038). The non-angiogenic markers for 

pericytes (vimentin-ir, α-SMA and CD146) and endothelial cells (UEA-1) showed no 

significant differences in the staining densities between ASD and control donors.

All regions of the brain examined (STC, fusiform, pons/ midbrain and cerebellar cortex) had 

significantly higher densities of nestin IR in ASD compared to control patients (Fig. 7a). 

Measures in the midbrain/pons section were higher in the upper tegmentum (4.9 + 1.1 vs. 

0.91 + 0.89 × 106 µm3/mm3) and among the fibers of the lower pons (7.34 + 0.74 vs. 0.72 

+ 0.72 × 106 µm3/ mm3) for ASD compared to control brains, respectively. Measures were 

higher in the molecular (7.14 + 1.50 vs. 0.19 + 0.16 × 106 µm3/mm3) and granular layers 

(6.47 + 0.36 vs. 0.42 + 0.24 × 106 µm3/mm3) for ASD compared to control brains, 

respectively. Vimentin-positive blood vessels was measured by unbiased stereology in a 

subset of the samples from ASD (n = 5) and control (n = 6) donors (Fig. 7c). The space ball 

Azmitia et al. Page 5

J Autism Dev Disord. Author manuscript; available in PMC 2016 April 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



analysis found the calculated correlation coefficients were not significantly different 

between ASD and control donors.

Discussion

This is the first cellular study of blood vessels in ASD brains and shows angiogenesis 

persists in children and young adults with ASD past the time it ceases in typically 

developing individuals. Non-angiogenic differentiation markers (UEA-1, CD146, vimentin 

and α-SMA) were similar in ASD and control samples whereas angiogenic markers (nestin 

and CD34) were found to be highly increased in ASD and almost nonexistent in controls. 

Brain blood vessels consist of a lumen surrounded by endothelial cells and an outer layer of 

contractile pericytes. UEA-1, a lectin, was used as a pan-endothelial marker (Holthöfer et al. 

1982) and CD34 targeted migrating immature endothelial cells (Peichev et al. 2000; Zengin 

et al. 2006; Goligorsky and Salven 2013). Pericytes can be labeled by a number of different 

antibodies depending on their differentiation state (Ozen et al. 2012). Immature pericytes 

were labeled both with CD146, a mesenchymal stem cell marker (Covas et al. 2008; Dore-

Duffy et al. 2011), and with vimentin, a fibrillary cytoskeletal protein seen in immature cells 

(Thanabalasundaram et al. 2011; Gerlach et al. 2012). Mature pericytes on arterioles were 

labeled with α-SMA, which can restrict the diameter of arterioles to regulate blood flow 

(Bandopadhyay et al. 2001; Toribatake et al. 1997). Proliferating pericytes were specifically 

stained with nestin (Burri et al. 2002; Djonov et al. 2002). Therefore, nestin-positive 

pericytes and CD34-positive endothelial cells detect angiogenesis and were both found to be 

increased in ASD. The labeling of pericytes in the ASD brain is consistent with studies of 

splitting angiogenesis in adult rat brain capillaries where pericytes, but not endothelial cells, 

proliferate (Dore-Duffy et al. 2006). Pericytes are involved in various stages of angiogenesis 

including initiation, extension, and maturation of blood vessels (Hirschi and D’Amore 

1997). In the postnatal brain, blood vessel reorganization occurs with minimal proliferation 

of endothelial cells by a process called splitting (intussusceptive) angiogenesis, which is 

directed by proliferating pericytes (De-Spiegelaere et al. 2011). Splitting angiogenesis aids 

neuronal rearrangement and uses the original basement membrane so there is little 

disruption to the blood–brain barrier (Farahani et al. 2012) as in the case of sprouting 

angiogenesis (Zhang et al. 2002).

Global Implications for Autism Pathology

Evidence for global blood vessel reorganization in the brain by splitting angiogenesis was 

noted in STC, fusiform cortex, brainstem and cerebellum from ASD donors. A major 

question in ASD research concerns how a single neural system could broadcast 

neuropathologies throughout the brain. Pathological changes have been identified in nearly 

every area of the brain examined from the brainstem (Courchesne 1997; Wegiel et al. 2013) 

to the cortex (Azmitia and Impallomeni 2014; Hutsler and Casanova 2015). The vascular 

system has the capacity to reach the entire CNS and provides pericytes and endothelial cells 

as new cellular targets not typically studied in ASD.
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Angiogenic Triggers

The postmortem brains used in this study came from severely affected ASD patients, many 

were medicated and died from complications related to ASD. Two potential causes of 

angiogenesis warrant discussion as they may have potential implications for the 

interpretation of these findings: seizures and serotonin drugs. First, increases in brain 

activity may be responsible for the angiogenesis (Marchi and Lerner-Natoli 2013; Morin-

Brureau et al. 2012; Romariz et al. 2014). 60 % of the ASD donors in our current work had a 

history of seizures (Table 2), although only two donors required anti-seizure medication. The 

presence of seizures in our autism donor collection is higher than seen in the general ASD 

population where 20–46 % of ASD patients have a history of seizures (Tuchman 2013; 

Hughes and Melyn 2005; Mulligan and Trauner 2014; Jones et al. 2015). However, a much 

higher percentage of abnormal brain activity is found when direct measures of cortical 

activity are made in autism patients. In these studies, 67–70 % of ASD patients have 

abnormal EEG (Mulligan and Trauner 2014 Valvo et al. 2015), which is compatible with the 

results of our donors. This high percentage is relevant since seizures have been shown to 

promote splitting angiogenesis (Dzietko et al. 2013; Sakurai et al. 2013; Marchi and Lerner-

Natoli 2013; Marcon et al. 2009; Rigau et al. 2007). Second, many ASD children are given 

drugs to stimulate the serotonin system with antidepressant and antipsychotic medication 

(Table 2). Serotonin is implicated in ASD (Anderson 2002; Whitaker-Azmitia 2005; Lam et 

al. 2006). Serotonin increasing drugs, such as SSRIs, can promote angiogenesis (Warner-

Schmidt and Duman 2007; Peters et al. 2014, Boldrini et al. 2012, Fraser et al. 1979). Thus, 

both the fact our donors received serotonin drugs and had seizures could help explain the 

prevalence of splitting angiogenesis in our material.

Functional Consequence

Sustained angiogenesis may contribute to prolonged neuroplasticity in the ASD brain. We 

propose the sustained splitting angiogenesis is a necessary component to maintain the 

heightened neuronal activity reported in ASD patients. Many biological and functional 

indicators are increased in ASD including cerebral metabolic rate (Rumsey et al. 1985; 

Siegel et al. 1992), regional synchronous electrical activity (Perez Velazquez et al. 2009; 

Rumsey and Ernst 2000), sensitivity to sound (Stiegler and Davis 2010; Thabet 2014); 

cortical activity in deactivation centers at rest (Kennedy et al. 2006a, b), low-level 

visuospatial processing (Guy et al. 2015), visual-tactile interactions (Poole et al. 2015); 

attention to low-level perceptual information (O’Connor and Kirk 2008) and over-connected, 

redundant cortical networks (Whyte et al. 2015; Keown et al. 2013; Supekar et al. 2013). It 

can be suggested that sustained rearrangement of microvasculature permits excessive shorter 

and local connections to be maintained and prevents the growth of longer and more complex 

brain connections required for language and social interactions. Use of anti-angiogenic 

drugs may provide a novel treatment strategy for reducing neuronal activity in ASD patients 

by inhibiting vascular plasticity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Pericyte cell labeling in cerebral blood vessels was performed in an 8.5 year. old ASD donor 

(HSB-4640). All antibodies were mouse monoclonal and were used at 1:1000 dilution. a, b: 

The label with CD146 showed pericyte cell bodies on the abluminal surface of arteriole 

vessels. CD146 is a mesenchymal stem cell marker that labels pericytes cells in the brain. 

No clear labeling of smaller vessels (capillaries) was found. c, d The label with α-SMA 

showed pericyte cell bodies and fibers on the abluminal surface of arteriole vessels. α-SMA 

is the contractile protein in smooth muscle and in pericytes. No clear labeling of smaller 
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vessels (capillaries) was found. e, f Vimentin IR of cell bodies and fibers appeared on the 

abluminal surface of arteriole and capillaries. Vimentin labeled the cell and its processes 

similar to nestin-positive pericytes. Vimentin is a fibrillary cytoskeletal protein seen in 

immature pericytes. g, h The label with nestin showed pericyte cell bodies and fibers on the 

abluminal surface of arteriole vessels. Nestin is a fibrillary cytoskeletal protein expressed in 

cells that are capable of proliferate. a, c, e, g were photographed with a ×25 (scale bar 50 

µm) and × 63 (scale bar 30 µm) objective
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Fig. 2. 
Nestin IR of blood vessels was performed in STC of control 2.1 years. (a, b, c) and ASD 

donor, age 2.8 years. (d, e). a A low power view showed the nestin-positive arterioles and 

capillaries in Layer I–VI of the STC in young control. The nestin-positive blood vessels 

were distributed over all cortical layers. b A view of layer III–V of the STC showed the 

vessels labeled by the nestin antibody in control (b) and ASD donors (d). Both precapillary 

arterioles and capillary vessels were labeled. At a higher magnification, the uneven cellular 

labeling pattern of nestin was apparent in both control (c) and ASD (e) nestin-positive 

vessels with heavier staining at the junction of the vessels. Nestin-positive glial cells were 

frequently seen in layer V adjacent to labeled blood vessels in ASD (e) but not NDI controls. 

Scale bar for a and d = 300 µm and scale bar for c and e is 50 µm
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Fig. 3. 
Age comparison of nestin IR was made between control and ASD donors. Nestin-positive 

blood vessels were shown in STC from ASD donors ages 2.8 year (B-6399), 8.5 year 

(HSB-4640), 14.4 year (UMB-4899) and 20.8 year (UMB-4999). In the NKD control 

donors, nestin-positive blood vessels were seen at age 2.1 year, (BTB-4235), but not at 8.6 

year (UMB-1706), 13.7 year, (UMB-1790) or 20.5 year (UMB-4590). All donors were male 

except for the youngest control brain, which was a female. In the youngest ASD case (2.8 

years), nestin-positive labeling was seen in cells in STC layer V. Scale bar 50 µm
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Fig. 4. 
Postmortem sections of the cerebellum (HSB-4640 ASD 8.5 year; UMB-1706 control 8.6 

year); midbrain/pons and fusiform cortex (UMB4305 ASD 12.9 year; UNB1790 control 

13.7 year) from ASD (a, c, e) and control (b, d, f) donors were reacted with nestin antibody. 

Nestin-positive blood vessels were seen only in the ASD donors in all regions examined. In 

the cerebellar cortex, the nestin-positive vessels were seen in molecular (M), Purkinje (P) 

and granular (G) layers in ASD (a) but not control donors (b). In a midbrain/pons section, 

nestin positive vessels were seen in the midbrain tegmentum in ASD (c) but not in control 
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(d) donors. In fusiform cortex the nestin-positive vessels were seen in layer IV/V from the 

fusiform cortex in ASD (e) but not in control donors (f). Scale bar 50 µm
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Fig. 5. 
Endothelial cell labeling was shown in cerebral blood vessels in an 8.5 year old ASD donor 

(USB-4640). All antibodies were mouse monoclonal and were used at 1:1000 dilutions (a, 
b). The label with UEA1 showed endothelial cell bodies on the luminal surface of all blood 

vessels. UEA1, a lectin, is a specific marker of endothelial cells. There was no cross 

reactivity to pericytes or glial cells (c, d). The label with CD34 showed endothelial cell 

bodies and processes on the luminal surface of blood vessels. CD34 is a transmembrane 

glycoprotein involved in cell–cell adhesion and expressed in hematopoietic progenitor cell 

antigen found in bone marrow and in developing blood vessels in a variety of organs. Scale 
bar was 50 µm for a, c and 30 µm for b, d

Azmitia et al. Page 19

J Autism Dev Disord. Author manuscript; available in PMC 2016 April 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 6. 
Age comparison of CD34 IR was compared between control and ASD donors. CD34-

positive cells were shown in STC from ASD donors ages 2.8 year (B-6399), 8.5 year 

(HSB-4640), 14.4 years (UMB-4899) and 20.8 year (UMB-4999) and NKD control donors, 

ages 2.1 year, (BTB-4235), 8.6 year (UMB-1706), 13.7 year, (UMB-1790) and 20.5 year 

(UMB-4590). Scale bar 50 µm
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Fig. 7. 
The volume density of antibody labeling was determined using morphometric and 

stereological methods. The total volumes of IRvessels were measured in the STC (a, b), 

while the total sum for vessel length using stereology was plotted against age (c). a IR of 

various vascular antibodies were measured in STC. The graph (a) shows the average total 

volume of immunocytochemically-labeled profiles in STC for ASD samples relative to 

control values. The only significant increases were seen for nestin and CD34 antibodies, 

both of which are indicators of angiogenesis. **p = 0.0157. *p = 0.0385. No other antibody 
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staining showed any significant difference between ASD and control STC. b Nestin IR was 

measured across brain region (b). The total volume for nestin-IR was divided across brain 

region between ASD and control. c Vessel length was stereologically measured for coded 

sections of ASD and control donor STC stained with a specific vimentin antibody. This 

graph plotted various brains for average vessel length density across age and no significant 

difference between ASD and control was found
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Table 2

Summary of autistic donor symptoms and drug history from ATP website (www.ATPPortal.org)

Cases Age Symptoms Drug history Seizures

AN03345 2.8 Aggression Not known No

HSB-4640 8.5 Respiratory illness, sweaty, aggressive, scoliosis Xopenex, Albuterol, Pulmacort, Prednisone
(respiratory medication)

Yes

AN01293 9 Restricted, repetitive and stereotyped behaviors Subtherapeutic medication level No

Cal-105 11.9 Anxious, irritable, hypotonia Subtherapeutic medication level No

UMB-4305 12.9 Bipolar, aggression, fecal smearing Seroquel**, Zyprexa**. Depakote*,

Clonazepam*
Yes

UMB-4315 14.1 restricted, repetitive and stereotyped behaviors Subtherapeutic medication level Yes (died)

UMB-4899 14.4 Stereotypy Subtherapeutic medication level Yes

UMB-4999 20.8 Aggression, OCD, anxious, restless, biting, head-
banging, sleep disorder, gastric distress

Risperdal**. Zoloft***, Prozac***,
naltrexone

No

IBR 93-01 23 Aggression, hyperactivity, sleep disorder Seroquel**, thioridazine**, propranolol, Yes (died)

AN08166 28 Aggressive, rigid, anxious, sleep disruption Antipsychotics, mood stabilizers, SRI and

SSRI’s Geodon, Tegretol*
Yes (died)

The symptoms are obtained from both the ADIr and medical records of the patient provided on the portal. Drug history is available from the 
medical records available on line.

*Anti-seizure medication

**antipsychotic medication

***antidepressant medication
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