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Abstract OBJECTIVES: Evaluate the levels of a neurotrophic factor and some neurotrophins 
in the plasma of patients with Autism Spectrum Disorders (ASD). 
DESIGN: This study enrolled 30 children with ASD and 19 healthy children. 
Plasma levels of the neurotrophins BDNF, NGF, NT3, NT4 and of the neuro-
trophic factor GDNF were measured by Enzyme-Linked Immunosorbent Assay.
SETTING: The etiopathogenesis of ASD is largely unknown, but it seems to 
involve dysfunction in several biological systems. One of these systems comprises 
the neurotrophic factors, which are molecules involved in many processes in the 
central nervous system, including neuronal survival, synaptogenesis and synaptic 
plasticity. Recent studies have shown association between neurotrophic factors 
and ASD. 
RESULTS: No differences in plasma BDNF, NGF, NT3, NT4 and GDNF were 
found between ASD and control. Neurotrophic factors are not altered in ASD.
CONCLUSIONS: These molecules may play a minor role in ASD. 
 

INTRODUCTION
Autism spectrum disorders (ASDs) are neurode-
velopmental diseases characterized by restricted 
interests, repetitive behaviors, and deficient lan-
guage and social skills. Initially, autism was con-
sidered a rare disorder, and even in the 1980’s its 
prevalence was considered of 5 per 10,000 persons 
(Newschaffer et al. 2007). However, recent studies 

have shown that its prevalence may be of 1 child 
in every 110 (Mulvihill et al. 2009), even though 
this increasing prevalence could be attributable 
to factors such as new administrative classifica-
tions, policy and practice changes, and increased 
awareness (Levy et al. 2009). There is a lack of data 
concerning prevalence in Brazil, but it is estimated 
that autism affects more than 1 million Brazilians 
(Paula et al. 2011).
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It is believed that early therapy intervention may be 
efficacious in ASD. But as reviewed by Rogers and Vis-
mara (2008), many studies show insufficient improve-
ment in autistic patients even after early therapy. Thus, 
the search for new therapies has increased the number 
of papers investigating ASDs. Of note, many authors are 
trying to unravel the mechanism that leads to autistic 
disorder. It is clear that neurodevelopment is disrupted 
in ASDs as several studies show changes in white matter 
structures when comparing children with ASDs and 
control children (Barnea-Goraly et al. 2010; Cheng et al. 
2010). There is also evidence for incorrect neural con-
nections between regions of the central nervous system 
in ASDs. As reviewed by Wass (2010), some regions in 
the brain of ASD children exhibit overconnectivity while 
others present underconnectivity of neurons. In this 
context, the investigation of molecules involved in neu-
rodevelopment may be central to better understand the 
etiopathogenesis of ASDs. Among many molecules pos-
sibly involved in neurodevelopment, neurotrophins and 
neurotrophic factors are some of the most studied factors.

Neurotrophins are central to many processes in the 
central nervous system, from differentiation and neu-
ronal survival to synaptogenesis and activity-dependent 
forms of synaptic plasticity (Lu et al. 2005). Up to date, 
there are four described neurotrophins: brain-derived 
neurotrophic factor (BDNF), nerve growth factor (NGF) 
neurotrophin 3 (NT-3) and neurotrophin 4/5 (NT-4/5). 
They bind to two distinct classes of transmembrane 
receptor: the p75 neurotrophin receptor (p75NTR) 
and the Trk family of receptor tyrosine kinases, which 
includes TrkA, TrkB and TrkC (Lu et al. 2005). These 
receptors can associate with other membrane bound 
molecules, such as sortilin and LINGO-1 and the bind-
ing of neurotrophins to their receptors may elicit sev-
eral biological responses. Some of these responses are 
opposite as neurotrophins can promote either survival 
or cell death, either myelination or inhibition of neu-
rite outgrowth (Lu et al. 2005). Besides neurotrophins, 
molecules classified as neurotrophic factors may be also 
relevant for the etiology of autism. These molecules 
act through binding to glycosylphophatidylinositol 
anchored receptors, and the glial derived neurotrophic 

factor (GDNF) is an example of neurotrophic factor 
(Pascual et al. 2011). GDNF is important in the neu-
ronal survival, though its exact function is still under 
investigation (Pascual et al. 2011).

There is evidence that brain of ASD children may 
present underconnectivity of neurons when compared 
to healthy children (Cherkassky et al. 2006). As neuro-
trophins and neurotrophic factors are important in the 
formation of brain connections, we hypothesize that 
there is change in the circulating levels of these factors 
in ASDs. Thus, in this study, we measured plasma levels 
of four neurotrophins and of the neurotrophic factor 
GDNF from ASD children and compared them with 
control children.

MATERIAL AND METHODS
Subjects
In this study 30 patients diagnosed with ASD and 19 
children without psychiatric diseases and above 4 years 
of age were enrolled. Patients were recruited at the 
Child Psychiatry Clinic from the University Hospital, 
Universidade Federal de Minas Gerais, Brazil. All chil-
dren fulfilled the DSM-IV-TR diagnostic criteria for 
autism. The principal investigators of the manuscript 
invited parents of controls (children without psychiatric 
diseases) and their children to participate and give their 
consent. Written informed consent was obtained from 
all participants. Patients were excluded if their medical 
histories included any of the following: severe auditive 
and visual deficiencies, neuroectodermosis, neoplasias 
of the nervous system, degenerative diseases, demyelin-
ating diseases and inflammatory diseases. Patients and 
controls were matched for age, gender, maternal age 
at child birth (Table 1). The local institutional review 
board approved the study, which is in accordance with 
the Helsinki Declaration of 1975.

Samples
Ten milliliters of blood were drawn from each subject 
by venipuncture into a sodium heparin tube (Vacuplast, 
Huangyn, China) on the same day of the clinical assess-
ment. All procedures were performed between 8 and 10 
a.m. to minimize biological differences due to circadian 
rhythms (Choi et al. 2011). The blood was immedi-
ately centrifuged at 3000×g for 10 min, 4 °C, twice. The 
plasma was collected and stored at –80 °C until assayed. 
Plasma levels of BDNF, NGF, NT-3, NT4/5 and GDNF 
were measured by enzyme-linked immunosorbent 
assay (ELISA), according to the procedures supplied by 
the manufacturer (DuoSet, R&D Systems, Minneapo-
lis, MN, USA). All samples were assayed in duplicate. 
Detection limits were defined at 5 pg/mL. Concentra-
tions are expressed as pg/mL.

Social responsiveness scale
The Social Responsiveness Scale (SRS) (Constantino 
et al. 2003) is a 65-item rating scale that ascertains 

Tab. 1. Socio-demographic and clinical feature of patients with 
autism spectrum disorders and controls.

Controls 
(n=19)

ASD 
(n=30)

p-value

Male % 78.90 83.90 0.66a

Age in years – median 
(range)

8.0
(5.0-15.0)

8.0 
(3.5–23.0)

0.91b

Maternal age in years 
– median (range)

26.0 
(17.5-49.0)

30.0 
(19.0-43.0)

0.06b

Social Responsiveness 
Scale – mean (±SE)

60.89 
(±1.83)

101.20 
(±3.44)

<0.0001b

aPearson chi-square test; bMann-Whitney
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autistic symptoms across the entire range of severity 
in which they occur in nature. It is a parent- and/or 
teacher-report measure of children’s social impairment 
in naturalistic social settings. Each item on the scale 
inquires about an observed aspect of reciprocal social 
behavior that is rated on a scale from “0” (never true) 
to “3” (almost always true). The SRS was applied to par-
ents from patients and control children as a measure of 
severity of autistic symptoms.

Statistical analysis
Medians were compared using Mann-Whitney U test. 
Spearman’s correlation analyses were performed to 
examine the relation of BDNF, NGF, NT3, NT4/5 and 
GNDF levels with age and maternal age. Pearson chi-
square test was used to evaluate proportion of males 
between controls and ASD patients. All statistical tests 
were two-tailed using a significance level of α=0.05. 
Statistical analyses were performed using SPSS software 
version 19.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
From the 30 patients enrolled, 15 were taking 
antipsychotics, 8 antiepileptic drugs and 5 methylphe-
nidate, while 8 were not taking any drug at the moment 
that blood was collected. The other drugs used were: 
benzodiazepines (4), imipramine (1), and methylphe-
nidate (5).

As it is shown in Figure 1, no differences were found 
in plasma levels of the four neurotrophins analysed 
when comparing ASDs and healthy children. There 
was not either any difference in the plasma levels of fhe 
neurotrophic factor GDNF when comparing ASDs and 
healthy children (Figure 2). ASDs and healthy children 
differed in SRS scores but no correlation was found 
between any neurotrophin and SRS, gender or maternal 
age at child birth.

DISCUSSION
To the best of our knowledge, this is the first compre-
hensive assessment of neurotrophins and GDNF in 
ASD. We did not find any difference between healthy 
children and children with ASD. This may sound para-
doxical as neurotrophins are molecules involved in the 
generation of connections between neurons in the cen-
tral nervous system (CNS) and the putative physiopa-
thology of autism involves the occurrence of abnormal 
connections (Neul 2011). Conversely, changes in the 
levels of neurotrophic factors in the brain may not lead 
to changes in these same molecules in the blood (Lanz 
et al. 2012).

Studies involving neurotrophins, neurotrophic fac-
tors and autism have presented strikingly different 
results, with neurotrophin levels being lower, similar or 
higher in ASD when compared to controls. The neu-
rotrophic factor NT4/5 and BDNF were found to be 

Fig. 1. Plasma levels of neurotrophins in children with autism 
and controls. A) Levels of BDNF were not different (p=0.28) 
in children with autism (median [range]; 3 962 pg/mL 
[1 726–15 071]) when compared to children without autism 
(3 730 pg/mL [1 987–7 680]). B) Levels of NGF were not different 
(p=0.40) in autistic children (110 pg/mL [23.40–1 269]) when 
compared with children without autism (113 pg/mL [17.04–
607.6]). C) Levels of NT3 were not different (p=0.74) in autistic 
children (243.3 pg/mL [156.1–603.0]) when compared with 
children without autism (208.9 pg/mL [165.1–1245]). D) Levels of 
NT4/5 were not different (p=0.88) in autistic children (99.15 pg/
mL [64.63–456.9]) when compared with children without autism 
(116.4 pg/mL [63.78–539.8]). Bars represent means.*p<0.05 
**p<0.01 ***p<0.001
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Fig. 2. Plasma levels of the neurotrophic factor GDNF in children 
with autism and controls. Levels of GDNF were not different 
(p=0.75) in children with autism (median [range]; 138.2pg/mL 
[106.0–250.1]) when compared with children without autism 
(141.5 pg/mL [113.5–220.6]).

Neurotrophic factors in autism

elevated in children with ASD when compared to con-
trol children or children with cerebral palsy (Nelson et 
al. 2001). However, NT3 and NGF were not different 
in the cohort investigated by Nelson et al. It is relevant 
to state that blood was taken from these children at 
the moment of birth, thus, before the development of 
autistic symptoms. A study using a similar approach 
(Abdallah et al. 2013) found decreased levels of BDNF 
and NT4/5 at the moment of birth from children who 
became autistic. This raises the question of the role of 
these neurotrophic factors during development and 
the consequences of their dysfunction. As we found 
no difference in children with autism in our study 
when compared to controls, it may be speculated that 
the differences found in early life of children who will 
become autistic vanish after the first years of develop-
ment. Besides, NT4/5 promotes the development and 
survival of selected peripheral and CNS neurons (Fan 
et al. 2000), and its functions overlap with those of 
BDNF. Even though no differences were found among 
the neurotrophins evaluated, our data are in agreement 
with a pilot study from Miyazaki et al. (2004), in which 
no differences were found in serum levels of BDNF and 
NT4/5 between ASD children and controls.

Studies investigating only BDNF have also found 
conflicting results. Al-Ayadhi (2012) used a cohort of 
patients similar to our work but found an increase in 
serum BDNF from patients with mild autism. Inter-
estingly, when considering only patients with severe 
autism, there was no change in serum BDNF levels 
when compared to control children. However, in a 
study with adults, ASD group had lower levels of BDNF 
when compared to controls (Hashimoto et al. 2006). A 
possible explanation for such distinct results may be 
a change in the levels of BDNF through development. 
Katoh-Semba (2007) stratified patients from 0–9 years 
old and from 10–19 years old and found an interest-
ing change in the profile of BDNF serum levels. While 
BDNF levels from ASD were lower in children from 
0–9 years when compared to age matched controls, 

BDNF levels were higher in children from 10–19 with 
ASD when compared to controls. In this context, as 
the median of our group was 8 years, it is possible that 
our data reflects the turning point, that is, the moment 
when BDNF levels from ASD children are increasing 
compared to controls, but not yet significantly elevated.

The role of NT-3 in the brain overlaps those of other 
neurotrophins, which makes it another important 
neurotrophin to investigate. Levels of NT-3 in neona-
tal blood from ASDs were not different from controls 
(Nelson et al. 2001). However, NT-3 levels in the cere-
bellum of ASD children are elevated when compared to 
controls (Sajdel-Sulkowska et al. 2009). There is also an 
increase in NT-3 levels in specific regions of the brain: 
in dorsolateral prefrontal cortex in the case of older 
autistic cases and Wernicke’s area and cingulated gyrus 
in the younger cases (Sajdel-Sulkowska et al. 2011). In 
this sense, our findings seem controversial as we could 
not detect differences in the levels of plasma NT-3, but 
it is relevant to state that changes in the levels of these 
neurotrophins in the brain may not necessarily induce 
changes in their levels in plasma.

NGF was also investigated by Nelson (2001) in 
neonatal blood of ASDs, and the levels of this neuro-
trophin were not different between ASDs and controls. 
In a work that investigated frozen samples from patients 
with Rett syndrome, a disorder of the autism spectrum, 
cerebrospinal fluid (CSF) levels of NGF were decreased 
when compared to controls (Riikonen 2003). However, 
the serum levels in the same study were not different 
between patients with Rett syndrome and controls. The 
lack of any difference in the levels of plasma or serum 
NGF may indicate that this neurotrophin plays a minor 
role in ASD.

The neurotrophic factor GDNF was also investigated 
by Riikonen (2003) in CSF from patients with Rett syn-
drome, but no difference was found between patients 
and controls.

The high variability of neurotrophin and neuro-
trophic factors results is a challenge in these studies. 
Even though it is logical to consider these molecules 
as essential in understanding the pathophysiology of 
ASDs, it is also possible that their importance is being 
overestimated. This would explain why these studies 
present such variable results. Another possibility is that 
the levels of these molecules vary considerably with the 
age and studies have not yet analyzed narrow age ranges. 
The fact that these molecules present overlapping func-
tions may also contribute to this high variability.

There are two main limitations in our study. First, 
most patients were medicated. Many of these patients 
present a severe form of autism and are followed in a 
tertiary center. It would be unethical to keep these 
patients without medication. As our sample came from 
a tertiary health care unit, this may prevent the general-
ization of the results.

Further studies involving larger samples from clini-
cal and community settings are warranted.
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CONCLUSION
In conclusion, we found that there is no difference in 
the plasma levels of neurotrophins and GDNF between 
ASD patients and healthy children. In this sense, we 
suggest that the levels of neurotrophic factors in the 
plasma of ASD may not be an adequate parameter to 
study autism.

ACKNOWLEDGMENTS
This work was supported by CAPES. We would like to 
thank Makelly Kézia Brum Ribeiro for the technical 
assistance.

REFERENCES

1  Abdallah MW, Mortensen EL, Greaves-Lord K, Larsen N, Bonefeld-
Jørgensen EC, Nørgaard-Pedersen B et al. (2013). Neonatal levels 
of neurotrophic factors and risk of autism spectrum disorders. 
Acta Psychiatr Scand. 128(1): 61–9.

2  Al-Ayadhi LY (2012). Relationship between Sonic hedgehog 
protein, brain-derived neurotrophic factor and oxidative stress 
in autism spectrum disorders. Neurochem Res. 37(2): 394–400.

3  Barnea-Goraly N, Lotspeich LJ, Reiss AL (2010). Similar white 
matter aberrations in children with autism and their unaffected 
siblings: a diffusion tensor imaging study using tract-based spa-
tial statistics. Arch Gen Psychiatry. 67(10): 1052–60.

4  Cheng Y, Chou KH, Chen IY, Fan YT, Decety J, Lin CP (2010). Atypi-
cal development of white matter microstructure in adolescents 
with autism spectrum disorders. Neuroimage. 50(3): 873–82.

5  Cherkassky VL, Kana RK, Keller TA, Just MA (2006). Functional 
connectivity in a baseline resting-state network in autism. Neu-
roreport. 17(16): 1687–90.

6  Choi SW, Bhang S, Ahn JH (2011). Diurnal variation and gender 
differences of plasma brain-derived neurotrophic factor in 
healthy human subjects, Psychiatry. Res. 186(2–3): 427–30.

7  Constantino JN, Davis SA, Todd RD, Schindler MK, Gross MM, 
Brophy SL et al. (2003). Validation of a brief quantitative measure 
of autistic traits: comparison of the social responsiveness scale 
with the autism diagnostic interview-revised, J. Autism. Dev. 
Disord. 33(4): 427–33.

8  Fan G, Egles C, Sun Y, Minichiello L, Renger JJ, Klein R et al (2000) 
Knocking the NT4 gene into the BDNF locus rescues BDNF 
deficient mice and reveals distinct NT4 and BDNF activities. Nat 
Neurosci. 3(4): 350–7.

9  Hashimoto K, Iwata Y, Nakamura K, Tsujii M, Tsuchiya KJ, Sekine 
Y, (2006). Reduced serum levels of brain-derived neurotrophic 
factor in adult male patients with autism. Prog Neuropsycho-
pharmacol Biol Psychiatry. 30(8): 1529–31.

10  Katoh-Semba R, Wakako R, Komori T, Shigemi H, Miyazaki N, Ito 
H et al (2007). Age-related changes in BDNF protein levels in 
human serum: differences between autism cases and normal 
controls. Int J Devl Neuroscience. 25: 367–372.

11  Lanz TA, Bove SE, Pilsmaker CD, Mariga A, Drummond EM, 
Cadelina GW et al. (2012) Robust changes in expression of brain-
derived neurotrophic factor (BDNF) mRNA and protein across 
the brain do not translate to detectable changes in BDNF levels 
in CSF or plasma, Biomarkers 17(6): 524–31.

12  Levy SE, Mandell DS, Schultz RT (2009). Autism. Lancet. 
374(9701): 1627–38.

13  Lu B, Pang PT, Woo NH (2005). The yin and yang of neurotrophin 
action. Nat Rev Neurosci. 6(8): 603–14.

14  Miyazaki K, Narita N, Sakuta R, Miyahara T, Naruse H, Okado N 
et al (2004). Serum neurotrophin concentrations in autism and 
mental retardation: a pilot study.Brain Dev. 26(5): 292–5.

15  Mulvihill B, Wingate M, Kirby RS, Pettygrove S, Cunniff C, Meaney 
FJ, et al. (2009). Autism and Developmental Disabilities Moni-
toring Network Surveillance Year 2006 Principal Investigators; 
Centers for Disease Control and Prevention (CDC). Prevalence 
of autism spectrum disorders – Autism and Developmental 
Disabilities Monitoring Network, United States, 2006. MMWR 
Surveill Summ. 58(10): 1–20. 

16  Nelson KB, Grether JK, Croen LA, Dambrosia JM, Dickens BF, Jel-
liffe LL et al. (2001). Neuropeptides and neurotrophins in neo-
natal blood of children with autism or mental retardation. Ann 
Neurol. 49(5): 597–606.

17   Neul JL (2011). Unfolding neurodevelopmental disorders: the 
mystery of developing connections. Nat. Med. 17(11): 1353–5.

18  Newschaffer CJ, Croen LA, Daniels J, Giarelli E, Grether JK, Levy 
SE, et al (2007). The epidemiology of autism spectrum disorders. 
Annu Rev Public Health. 28: 235–58.

19  Pascual A, Hidalgo-Figueroa M, Gómez-Díaz R, López-Barneo J 
(2011). GDNF and protection of adult central catecholaminergic 
neurons. J Mol Endocrinol. 46(3): R83–92.

20  Paula CS, Fombonne E, Gadia C, Tuchman R, Rosanoff M (2011). 
Autism in Brazil: perspectives from science and society. Rev 
Assoc Med Bras. 57(1): 2–5.

21  Riikonen R (2003). Neurotrophic factors in the pathogenesis of 
Rett syndrome. J Child Neurol. 18(10): 693–7.

22  Rogers SJ, Vismara LA (2008). Evidence-based comprehensive 
treatments for early autism. J Clin Child Adolesc Psychol. 37(1): 
8–38.

23  Sajdel-Sulkowska EM, Xu M, Koibuchi N (2009). Increase in cer-
ebellar neurotrophin-3 and oxidative stress markers in autism. 
Cerebellum. 8: 366–72.

24  Sajdel-Sulkowska EM, Xu M, McGinnis W, Koibuchi N (2011). 
Brain region-specific changes in oxidative stress and neuro-
trophin levels in autism spectrum disorders (ASD). Cerebellum. 
10(1): 43–8.

25  Wass S (2011). Distortions and disconnections: disrupted brain 
connectivity inautism. Brain Cogn. 75(1): 18–28.


