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The pathogenesis of autism spectrum disorder (ASD) likely involves genetic and environmental factors, 

impacting the complex neurodevelopmental and behavioral abnormalities of the disorder. Scientific research 

studies emerging within the past two decades suggest that immune dysfunction and inflammation have 

pathogenic influences through different mechanisms, all leading to both a chronic state of low grade 

inflammation, and alterations in the central nervous system and immune response, respectively. The high 

mobility group box-1 protein (HMGB1) is an inflammatory marker which has been shown to play a role in 

inducing and influencing neuroinflammation. Current evidences suggest a possible role in the multiple 

pathogenic mechanisms of ASD. The aim of this manuscript is to review the major hypothesis for ASD 

pathogenesis, with specific regards to the immunological ones, and to provide a comprehensive review of the 

current data about the association between HMGB1 and ASD. A systematic search has been carried out through 

Medline via Pubmed to identify all original articles published in English, on the basis of the following keywords: 

“HMGB1”, “autism”, “autism spectrum disorder”, “neuroinflammation”, and “child”. 
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irstly described by Kanner in 1943, autism 

spectrum disorder (ASD) is a lifelong disorder 

of neural development that occurs within the first 

three years of life, and it is characterized by deficits 

of social communication and repetitive and 

stereotyped behaviors and interests (1-3). An 

increasing trend in prevalence and incidence of 

ASD in the general population is observed 

worldwide (4). According to the most recent data 

coming from the centers for disease control and 

prevention, 1 in 88 children is affected, with a 

prevalence that is 4-5 times higher in boys than in 

girls (5). In the United States, the disease 

prevalence has been estimated at 14.6 per 1000 

children, and 1 in 68 in children aged 8 years (6). 

The pathogenesis of ASD is complex and still 

controversial. ASD risk is associated with genetic 

factors (7), but studies carried on identical twins 

F 
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suggest that there are more environmental 

components than previously believed (8). Many 

environmental factors associated with the risk of 

ASD have been identified, and one candidate is the 

host inflammatory response (9). The aim of this 

manuscript is to review the major hypotheses for 

ASD pathogenesis, with specific regards to the 

immunological ones, and to provide a 

comprehensive review of the current data about the 

association between HMGB1 and ASD. A 

systematic search was carried out through Medline 

via Pubmed (https:// www.ncbi .nlm.nih. gov/ 

pubmed) to identify all original articles published in 

English, on the basis of the following keywords: 

“HMGB1”, “autism”, “autism spectrum disorder”, 

“neuroinflammation”, and “child”.  

Imunological dysfunction and inflammation in 

autism spectrum disorders  

Both innate and adaptive branches of the 

immune system can impact neural development, 

cognitive functions, and behavioral pattern. From 

fetal development to adulthood, the immune system 

and central nervous system (CNS) interact with 

each other, influencing both systemic immune 

response (peripheral immune system) and local 

CNS immune function (the so-called ‘neuro-

immunity’) (10). During fetal development, the 

activation of the maternal immune system may lead 

to changes in neural development; this is an 

important risk factor for ASD. Various interrelated 

factors may cause dysregulation of the maternal 

immune system. A study conducted by Zerbo et al. 

(11) found that maternal infectious diseases 

diagnosed at a hospital admission, especially 

bacterial ones, were related to increased risk of 

ASD. Infections during pregnancy, such as rubella 

(12- 14) or influenza virus (15), can create an 

inflammatory immune environment and trigger the 

production of maternal cytokines and chemokines, 

which can not only affect directly the placenta but 

also may cross the placenta, and enter in the fetal 

compartment, exerting effects on the fetus 

development (10). These effects can also be 

achieved in the absence of active infection, via 

generalized inflammatory response or loss of 

immune regulation (16). Animal models of 

maternal immune activation (MIA) have been 

particularly significant in highlighting the 

importance of maternal immune regulation (16-20). 

In addition, several studies have demonstrated that 

up to about 10% of mothers with ASD children and 

only 0–2% of controls have humoral antibodies 

against fetal brain proteins (10, 21-23). These anti-

brain auto-antibodies can likewise gain access to 

the developing fetal brain and bind to fetal proteins, 

thereby impairing the course of neurodevelopment. 

Human leukocyte antigen (HLA) genes on 

chromosome 6 and killer-cell immunoglobulin-like 

receptor (KIR) genes on chromosome 19 are two 

large multigene complexes interacting to eliminate 

unwanted virally infected and malignant cells, and 

seem to be linked to the risk of developing ASD 

(24). Data suggest that HLA alleles and KIR 

activating genes/haplotypes are common variants in 

different autism populations (24-26). For instance, 

an activating cB01/tA01 KIR gene-content 

haplotype and the cognate ligand HLA-C1k that 

activates this haplotype are significantly increased 

in ASD, thus increasing natural killer (NK)-cell 

killing (27). ASD subjects and their mothers have 

less HLA-G-mediated immune tolerance during 

pregnancy (28). At the uterine maternal/fetal 

interface, maternal NK-cells express leukocyte-

associated immunoglobulin-like receptor (LAIR) 

and KIR molecules; they interact with HLA-G non-

classical I molecules expressed on trophoblast cells 

during pregnancy to suppress normal immune 

responses (28). Guerini et al. (29) have shown that 

ASD subjects have an increase in a 14 bp insertion, 

and lower levels of soluble HLA-G protein. 

Although ASD is not a classical immune-

mediated disorder, there is an increasing interest in 

investigating the role of the immune system and 

inflammation in the development and persistence of 
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the complex neurological and behavioral 

abnormalities related to ASD (30-32). Literature 

data strongly suggest that individuals with ASD 

differ in immune profile and markers, especially in 

the pro-inflammatory ones, from healthy 

individuals or those without ASD. Abnormal 

interplay between innate and adaptive immunity 

and CNS in ASD, leading to chronic low-grade 

inflammation in the CNS, has been reported (33-

36). Lower percentage of CD4 T lymphocytes, 

skewed CD4:CD8 T cell ratio (31) and, more 

recently, altered function of T regulatory cells and 

NK cells have been found in ASD patients (37-39). 

Additionally, aberrant expression of many pro-

inflammatory cytokines and chemokines, such as 

inteleukin-1(IL-1), interleukin-6 (IL-6), interleukin-

8 (IL-8) and interleukin (IL-12), as well as 

macrophage migration inhibitory factor (MIF) and 

platelet derived growth factor (PDGF)  has been 

demonstrated in ASD patients in peripheral blood, 

cerebrospinal fluid or brain tissues (40), and 

gastrointestinal system (40-42). Nonetheless, the 

results are still inconclusive. Saresella et al. (43) 

suggested the existence of an “autism 

endophenotype” that expands immune aberrations 

to relatives who are seemingly unaffected by the 

core symptoms of ASD, but present autistic traits, 

including delayed verbal, cognitive, and motor 

development. They showed systemic immunologic 

dysfunction in ASD children, such as the 

augmentation of pro-inflammatory and interleukin-

10–producing immune cells, the increase of CD8+ 

naïve T lymphocytes, and the reduction of CD8+ 

effector memory and CD4+ terminally differenti-

ated; similar immune dysregulation was also 

observed in related, unaffected siblings of autistic 

children, but not in healthy control subjects. Other 

studies further support evidence of a disturbed 

immune system with altered cytokine levels in ASD 

children compared with related or unrelated siblings 

(44-46). Napolioni et al. (46) found no significant 

differences in plasma-cytokine levels between 

children with ASD and their related non-autistic 

siblings. However, a significant association of 

cytokine levels – especially IL-1- with the quanti-

tative traits and the clinical subgroups of ASD was 

found, confirming the impact of immune alterations 

on the core symptoms of ASD. Further studies are 

warranted. 

High mobility group box-1 protein and autism 

spectrum disorder 

Levels of many immune markers  have been 

shown to be altered in ASD, revealing a trend 

toward pro-inflammatory immune activity (9,41). 

Some studies have demonstrated an 

association between serum levels of high mobility 

group box-1 protein (HMGB1), an inflammatory 

cytokine-like marker, and ASD-related symptoms 

incidence, prevalence and severity. For this reason, 

it is believed that this protein can play a role in both 

CNS-dysfunction and non-CNS abnormalities and 

co-morbidities associated with ASD, such as 

gastrointestinal disorders. A summary of the 

original research studies investigating the 

association between HMGB1 and autism spectrum 

disorder is provided in Table 1. HMGB1 is a highly 

conserved, intranuclear non-histone protein widely 

expressed in cells of vertebrates. It has a potent pro-

inflammatory activity and can be passively released 

from necrotic cells or actively secreted in response 

to pro-inflammatory stimuli, either infectious 

(including lipopolysaccharides) or non-infectious, 

such as the so- called damage-associated  molecular 

patterns (DAMPs) released from damaged tissues 

(47,48). Inflammatory cytokines, such as tumor 

necrosis factor alpha (TNF-α), IL-1, IL-6 and, IL-8 

act as intermediate (49). Regulation of HMGB1 

secretion is crucial for HMGB-1 mediated 

inflammation control, and depends on various 

processes such as phosphorylation (50), acetylation, 

and methylation (51). Once secreted, HMGB1 

exerts its pro-inflammatory activity by activating 

the innate immunity through signal transduction in 

toll-like  receptors  2/4  (TLRs-2/4)  (52),  and  the  
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Table 1. Overview of the original research studies investigating the role of HMGB1 in autism spectrum disorder. 

 

 

Authors 

 

 

Title 

Study population        HMGB1 in ASD patients 

 

Patients 

 

Controls 

Serum 

levels 

Significant association 

EGF EGFR HGF Symptoms 

Emanuele 

et al. (58) 

“Increased serum levels 

of high mobility group 

box 1 protein in patients 

with autistic disorder” 

22 

young 

adults 

28 

young 

adults 

 

 

 

 

__ 

 

__ 

 

__ 

Social 

interaction 

(ADI-R 

social 

scores) 

Russo 

(59) 

“Decreased epidermal 

growth factor (EGF) 

associated with HMGB1 

and increased 

hyperactivity in children 

with autism” 

38 

children 

 

40 

children 

   

__ 

 

__ 

 

__ 

Russo 

(62) 

“Increased epidermal 

growth factor receptor 

(EGFR) associated with 

hepatocyte growth factor 

(HGF) and symptom 

severity in children with 

autism spectrum 

disorders (ASDs)” 

33 

children 

34 

children 

  

__ 

 

 

 

  

__ 

Babinská 

et al. (49) 

 

“Increased plasma levels 

of the high mobility 

group box 1 protein 

(HMGB1) are associated 

with a higher score of 

gastrointestinal 

dysfunction in 

individuals with autism” 

31 

children 

and 

adults  

 

16 

children 

and 

adults  

 

 

 

 

_ 

 

_ 

 

_ 

Gastro-

intestinal 

(GI score) 

HMGB1: High mobility box1; ASD: autism spectrum disorders; EGF: epidermal growth factor; EGFR: epidermal growth factor receptor; 

HGF: hepatocyte growth factor; ADI-R: autism diagnostic interview-revised.  

 

receptor for advanced glycation end- products 

(RAGE) (53). HMGB1 is able to cross the blood-

brain barrier. The brain cells may therefore be 

exposed to HMGB1 released both in the brain and 

in the periphery, including the intestinal mucosa 

(47, 54, 55). Saresella et al. (56) showed that the 

inflammasome system is activated in ASD. They 

stimulated ASD subject cells with adenosine 

triphosphate (ATP) and found that mRNA for the 

proteins whose assembly results in the formation of 

active inflammasome complexes are up-regulated; 

caspase-1 and inflammasome- associated cytokines, 

such as IL-1β and IL-18 are produced and activated 

in these patients. These data could possibly explain 

the origin of the neuroinflammation suggested to be 

present in this disease (43). Due to the well-known 

role of HMGB-1 in inflammasome activation (57), 

it would be interesting to address specific studies on 

a possible involvement of HMGB1, as another 

DAMPs, in the inflammasome assembly leading to 

pro- inflammatory cytokine production responsible 

of ASD-associated inflammation. Increased 

HMGB1 serum levels have been observed in 

inflammatory and autoimmune disorders, including 

Huntington disease, Alzheimer's disease, 

Parkinson's disease and multiple sclerosis (47). The 

existing scientific evidence indicates a possible 

involvement of HMGB1 in the pathogenesis of 
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ASD. In 2010, Emanuele et al. (58) firstly 

suggested that HMGB1 can play a role in ASD. 

They observed higher HMGB1 blood 

concentrations in a sample of young adults with 

ASD than in healthy age- and gender- matched 

controls (10.8± 2.6 ng/mL versus 5.6±2.5 ng/mL 

respectively, P<0.001). Similar results were 

reported by Russo (59) and Babinskà et al. (49), 

who found high plasma levels of HMGB1 in ASD 

young and adult patients, compared to neurotypical 

controls. Moreover, it was found that HMGB1 

plasma levels were related with low plasma 

concentration of epidermal growth factor (EGF), 

that is involved in growth and differentiation of 

cells in the CNS (60) and gastrointestinal tract (61). 

HMGB1 levels was also found to be related with 

epidermal growth factor receptor (EGFR), 

significantly elevated in the blood of autistic 

children (62), and hepatocyte growth factor (HGF), 

significantly decreased in blood of ASD children 

(mean age of 10 years) with severe gastrointestinal 

manifestations (63). 

Furthermore, HMGB1 seems to have 

influence on ASD-related symptoms incidence, 

prevalence and severity. An independent direct 

association has been found between HMGB1 blood 

levels and the domain A scores in the autism 

diagnostic interview-revised (ADI-R), which 

reflects social deficits. Accordingly, higher 

HMGB1 levels were associated with a worse social 

interaction, thus, suggesting that this molecule 

could be considered as a biomarker related with the 

social interactions in this neurodevelopmental 

disorder (58). Non CNS-abnormalities seem to be 

involved too. Babinskà et al. (49) enrolled 31 

children and young adults (26 males and 5 females) 

with severe autism, aged 2-22 years (mean age 9.0± 

5.6 years), and assessed 6 types of gastrointestinal 

symptoms (abdominal pain, flatulence and bloating, 

diarrhea, constipation, pain in defecation, and 

abundant feces) through a questionnaire, 

investigating about their type, frequency and 

severity within the last three months. A score of 

gastrointestinal disorders (GI score) was calculated. 

Gastrointestinal problems were registered in 96.8% 

of autistic patients, which was higher than controls 

(66.6%). GI score prevalence and severity were 

higher in autistic patients with serum HMGB1 

levels> 11 ng/mL than in patients with lower serum 

levels (83.3% vs 38.9%, respectively). HMGB1 is 

secreted by human inflamed intestinal tissues and is 

abundantly found in the stools of pediatric patients 

with inflammatory bowel diseases (IBDs), so that 

HMGB1 has been proposed as a novel marker of 

intestinal mucosal inflammation. This dosage may 

be a non-invasive method for clinical evaluation of 

the intestinal infectious diseases severity (64). In 

ASD patients, it has been demonstrated that the 

intestinal flora is dysfunctional (65), and it is 

believed that it may support a chronic low-grade 

inflammation and increased permeability of the 

intestinal wall, allowing inflammatory mediators to 

enter the circulation and likely cross the blood-brain 

barrier, hence influencing the brain function, 

including behavior (66, 67). 

Nowadays possible clinical targeting of 

HMGB1 is being explored. Treatment with 

inhibitors of HMGB1 activity has been proven 

efficacious in reducing the inflammatory activity in 

a broad range of preclinical disease models (68). 

Conclusion 

In summary, increased HMGB1 levels have 

been found in the blood of young and adult patients 

with autism spectrum disorder. The literature 

survey carried out in our paper shows that only few 

studies have investigated HMGB1 serum levels in 

subjects with ASD, and that all of them have been 

performed in small samples. Further limitations are 

the lack of additional standardized verification of 

autism spectrum disorder diagnosis and the possible 

autistic symptoms in healthy controls, and the lack 

of data about the severity of the disorder. It should 

also be distinguished between children and adult 

with ASD, and particularly between Asperger 
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syndrome and high functioning autism in adults. 

More larger-scale studies are needed to be 

performed to clarify the role of HMGB1 in the 

pathogenesis of autism spectrum disorder, 

potentially leading to novel disease markers and 

targeted therapeutics. 

Conflict of Interest 

The authors declared no conflict of interest. 

 

References  

1. Arlington VA. Diagnostic and statistical manual of mental 

disorders. 5th ed. American Psychiatric Publishing: American 

Psychiatric Association; 2013. 

2. Wu S, Ding Y, Wu F, et al. Family history of autoimmune 

diseases is associated with an increased risk of autism in 

children: A systematic review and meta-analysis. Neurosci 

Biobehav Rev 2015;55:322-32. 

3. Bakroon A, Lakshminarayanan V. Visual function in autism 

spectrum disorders: a critical review. Clin Exp Optom 

2016;99:297-308. 

4. Elsabbagh M, Divan G, Koh YJ, et al. Global prevalence of 

autism and other pervasive developmental disorders. Autism Res 

2012;5:160-79. 

5. Prevalence of autism spectrum disorders--Autism and 

Developmental Disabilities Monitoring Network, 14 sites, 

United States, 2008. MMWR Surveill Summ 2012;61:1-19. 

6. Christensen DL, Baio J, Van Naarden Braun K, et al. 

Prevalence and Characteristics of Autism Spectrum Disorder 

Among Children Aged 8 Years--Autism and Developmental 

Disabilities Monitoring Network, 11 Sites, United States, 2012. 

MMWR Surveill Summ 2016;65:1-23. 

7. Robinson EB, Neale BM, Hyman SE. Genetic research in 

autism spectrum disorders. Curr Opin Pediatr 2015;27:685-91. 

8. Hallmayer J, Cleveland S, Torres A, et al. Genetic heritability 

and shared environmental factors among twin pairs with autism. 

Arch Gen Psychiatry 2011;68:1095-102. 

9. Depino AM. Peripheral and central inflammation in autism 

spectrum disorders. Mol Cell Neurosci 2013;53:69-76. 

10. Meltzer A, Van de Water J. The Role of the Immune System 

in Autism Spectrum Disorder. Neuropsychopharmacology 

2017;42:284-98. 

11.  Zerbo  O,  Qian  Y,  Yoshida  C,  et  al.  Maternal  Infection  

During Pregnancy and Autism Spectrum Disorders. J Autism 

Dev Disord 2015;45:4015-25. 

12. Chess S. Autism in children with congenital rubella. J 

Autism Child Schizophr 1971;1:33-47. 

13. Chess S. Follow-up report on autism in congenital rubella. J 

Autism Child Schizophr 1977;7:69-81. 

14. Chess S, Fernandez P, Korn S. Behavioral consequences of 

congenital rubella. J Pediatr 1978;93:699-703. 

15. Atladottir HO, Henriksen TB, Schendel DE, et al. Autism 

after infection, febrile episodes, and antibiotic use during 

pregnancy: an exploratory study. Pediatrics 2012;130:e1447-54. 

16. Shi L, Fatemi SH, Sidwell RW, et al. Maternal influenza 

infection causes marked behavioral and pharmacological 

changes in the offspring. J Neurosci 2003;23:297-302. 

17. Malkova NV, Yu CZ, Hsiao EY, et al. Maternal immune 

activation yields offspring displaying mouse versions of the 

three core symptoms of autism. Brain Behav Immun 

2012;26:607-16. 

18. Bauman MD, Iosif AM, Smith SE, et al. Activation of the 

maternal immune system during pregnancy alters behavioral 

development of rhesus monkey offspring. Biol Psychiatry 

2014;75:332-41. 

19. Weber-Stadlbauer U, Richetto J, Labouesse MA, et al. 

Transgenerational transmission and modification of pathological 

traits induced by prenatal immune activation. Mol Psychiatry 

2017;22:102-12. 

20. Careaga M, Murai T, Bauman MD. Maternal Immune 

Activation and Autism Spectrum Disorder: From Rodents to 

Nonhuman and Human Primates. Biol Psychiatry 2017;81:391-

401. 

21. Croen LA, Braunschweig D, Haapanen L, et al. Maternal 

mid-pregnancy autoantibodies to fetal brain protein: the early 

markers for autism study. Biol Psychiatry 2008;64:583-8. 

22. Braunschweig D, Van de Water J. Maternal autoantibodies in 

autism. Arch Neurol 2012;69:693-9. 

23. Brimberg L, Sadiq A, Gregersen PK, et al. Brain-reactive 

IgG correlates with autoimmunity in mothers of a child with an 

autism spectrum disorder. Mol Psychiatry 2013;18:1171-7. 

24. Torres AR, Sweeten TL, Johnson RC, et al. Common 

Genetic Variants Found in HLA and KIR Immune Genes in 

Autism Spectrum Disorder. Front Neurosci 2016;10:463. 

25.  Torres  AR,  Westover  JB,  Rosenspire  AJ.  HLA  Immune  

 [
 D

O
I:

 1
0.

22
08

8/
ac

ad
pu

b.
B

U
M

S.
6.

3.
14

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

26
-0

7-
12

 ]
 

                               6 / 8

http://dx.doi.org/10.22088/acadpub.BUMS.6.3.148
http://ijmcmed.org/article-1-711-en.html


Dipasquale V et al. 

 

Int J Mol Cell Med Summer 2017; Vol 6 No 3   154 

Function Genes in Autism. Autism Res Treat 

2012;2012:959073. 

26. Guerini FR, Bolognesi E, Chiappedi M, et al. Activating KIR 

molecules and their cognate ligands prevail in children with a 

diagnosis of ASD and in their mothers. Brain Behav Immun 

2014;36:54-60. 

27. Torres A, Westover J, Benson M, et al. A Killer 

Immunoglobulin - Like Receptor Gene - Content Haplotype and 

A Cognate Human Leukocyte Antigen Ligand are Associated 

with Autism. Autism Open Access 2016;6. 

28. Tilburgs T, Evans JH, Crespo AC, et al. The HLA-G cycle 

provides for both NK tolerance and immunity at the maternal-

fetal interface. Proc Natl Acad Sci U S A 2015;112:13312-7. 

29. Guerini FR, Bolognesi E, Chiappedi M, et al. An HLA-G( 

*)14bp insertion/deletion polymorphism associates with the 

development of autistic spectrum disorders. Brain Behav Immun 

2015;44:207-12. 

30. Pardo CA, Eberhart CG. The neurobiology of autism. Brain 

Pathol 2007;17:434-47. 

1. Mead J, Ashwood P. Evidence supporting an altered immune 

response in ASD. Immunol Lett 2015;163:49-55. 

32. Estes ML, McAllister AK. Immune mediators in the brain 

and peripheral tissues in autism spectrum disorder. Nat Rev 

Neurosci 2015;16:469-86. 

33. Voineagu I, Wang X, Johnston P, et al. Transcriptomic 

analysis of autistic brain reveals convergent molecular 

pathology. Nature 2011;474:380-4. 

34. Gupta S, Ellis SE, Ashar FN, et al. Transcriptome analysis 

reveals dysregulation of innate immune response genes and 

neuronal activity-dependent genes in autism. Nat Commun 

2014;5:5748. 

35. Careaga M, Ashwood P. Autism spectrum disorders: from 

immunity to behavior. Methods Mol Biol 2012;934:219-40. 

36. Di Marco B, Bonaccorso CM, Aloisi E, et al. Neuro-

Inflammatory Mechanisms in Developmental Disorders 

Associated with Intellectual Disability and Autism Spectrum 

Disorder: A Neuro- Immune Perspective. CNS Neurol Disord 

Drug Targets 2016;15:448-63. 

37. Mostafa GA, Al Shehab A, Fouad NR. Frequency of 

CD4+CD25high regulatory T cells in the peripheral blood of 

Egyptian children with autism. J Child Neurol 2010;25:328-35. 

38. Ashwood P, Krakowiak P, Hertz-Picciotto I, et al. Altered T 

cell responses in children with autism. Brain Behav Immun 

2011;25:840-9. 

39. Ashwood P, Corbett BA, Kantor A, et al. In search of 

cellular immunophenotypes in the blood of children with autism. 

PLoS One 2011;6:e19299. 

40. Pardo CA, Farmer CA, Thurm A, et al. Serum and 

cerebrospinal fluid immune mediators in children with autistic 

disorder: a longitudinal study. Mol Autism 2017;8:1. 

41. Onore C, Careaga M, Ashwood P. The role of immune 

dysfunction in the pathophysiology of autism. Brain Behav 

Immun 2012;26:383-92. 

42. Goines PE, Ashwood P. Cytokine dysregulation in autism 

spectrum disorders (ASD): possible role of the environment. 

Neurotoxicol Teratol 2013;36:67-81. 

43. Saresella M, Marventano I, Guerini FR, et al. An autistic 

endophenotype results in complex immune dysfunction in 

healthy siblings of autistic children. Biol Psychiatry 

2009;66:978-84. 

44. Careaga M, Van de Water J, Ashwood P. Immune 

dysfunction in autism: a pathway to treatment. 

Neurotherapeutics 2010;7:283-92. 

45. Manzardo AM, Henkhaus R, Dhillon S, et al. Plasma 

cytokine levels in children with autistic disorder and unrelated 

siblings. Int J Dev Neurosci 2012;30:121-7. 

46. Napolioni V, Ober-Reynolds B, Szelinger S, et al. Plasma 

cytokine profiling in sibling pairs discordant for autism spectrum 

disorder. J Neuroinflammation 2013;10:38. 

47. Fang P, Schachner M, Shen YQ. HMGB1 in development 

and diseases of the central nervous system. Mol Neurobiol 

2012;45:499-506. 

48. Naglova H, Bucova M. HMGB1 and its physiological and 

pathological roles. Bratisl Lek Listy 2012;113:163-71. 

49. Babinska K, Bucova M, Durmanova V, et al. Increased 

plasma levels of the high mobility group box 1 protein 

(HMGB1) are associated with a higher score of gastrointestinal 

dysfunction in individuals with autism. Physiol Res 2014;63 

Suppl 4:S613-8. 

50. Oh YJ, Youn JH, Ji Y, et al. HMGB1 is phosphorylated by 

classical protein kinase C and is secreted by a calcium-dependent 

mechanism. J Immunol 2009;182:5800-9. 

 [
 D

O
I:

 1
0.

22
08

8/
ac

ad
pu

b.
B

U
M

S.
6.

3.
14

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

26
-0

7-
12

 ]
 

                               7 / 8

http://dx.doi.org/10.22088/acadpub.BUMS.6.3.148
http://ijmcmed.org/article-1-711-en.html


High Mobility Group Box 1 Protein in Autism Spectrum Disorders  

 

155   Int J Mol Cell Med Summer 2017; Vol 6 No 3 

51. Rauvala H, Rouhiainen A. Physiological and 

pathophysiological outcomes of the interactions of HMGB1 with 

cell surface receptors. Biochim Biophys Acta 2010;1799:164-

70.52. Yu M, Wang H, Ding A, et al. HMGB1 signals through 

toll-like receptor (TLR) 4 and TLR2. Shock 2006;26:174-9. 

53. Rauvala H, Rouhiainen A. RAGE as a receptor of HMGB1 

(Amphoterin): roles in health and disease. Curr Mol Med 

2007;7:725-34. 

54. Pedrazzi M, Patrone M, Passalacqua M, et al. Selective 

proinflammatory activation of astrocytes by high-mobility group 

box 1 protein signaling. J Immunol 2007;179:8525-32. 

55. Muhammad S, Barakat W, Stoyanov S, et al. The HMGB1 

receptor RAGE mediates ischemic brain damage. J Neurosci 

2008;28:12023-31. 

56. Saresella M, Piancone F, Marventano I, et al. Multiple 

inflammasome complexes are activated in autistic spectrum 

disorders. Brain Behav Immun 2016;57:125-33. 

57. Lu B, Nakamura T, Inouye K, et al. Novel role of PKR in 

inflammasome activation and HMGB1 release. Nature 

2012;488:670-4. 

58. Emanuele E, Boso M, Brondino N, et al. Increased serum 

levels of high mobility group box 1 protein in patients with 

autistic disorder. Prog Neuropsychopharmacol Biol Psychiatry 

2010;34:681-3. 

59. Russo AJ. Decreased Epidermal Growth Factor (EGF) 

Associated with HMGB1 and Increased Hyperactivity in 

Children with Autism. Biomarker Insights 2013;8:35-41. 

60. Xian CJ, Zhou X-F. EGF family of growth factors:  

essential roles and functional redundancy in the nerve system. 

Frontiers in bioscience : a journal and virtual library [serial on 

the Internet]. 2004; 9: Available from: 

http://europepmc.org/abstract/MED/14766347 

61. Menard D, Tremblay E, Ferretti E, et al. Anti-inflammatory 

effects of epidermal growth factor on the immature human 

intestine. Physiol Genomics 2012;44:268-80. 

62. Russo AJ. Increased Epidermal Growth Factor Receptor 

(EGFR) Associated with Hepatocyte Growth Factor (HGF) and 

Symptom Severity in Children with Autism Spectrum Disorders 

(ASDs). J Cent Nerv Syst Dis 2014;6:79-83. 

63. Russo AJ, Krigsman A, Jepson B, et al. Decreased Serum 

Hepatocyte Growth Factor (HGF) in Autistic Children with 

Severe Gastrointestinal Disease. Biomark Insights 2009;4:181-

90. 

64. Vitali R, Stronati L, Negroni A, et al. Fecal HMGB1 is a 

novel marker of intestinal mucosal inflammation in pediatric 

inflammatory bowel disease. Am J Gastroenterol 

2011;106:2029-40. 

65. Adams JB, Johansen LJ, Powell LD, et al. Gastrointestinal 

flora and gastrointestinal status in children with autism--

comparisons to typical children and correlation with autism 

severity. BMC Gastroenterol 2011;11:22. 

66. Coury DL, Ashwood P, Fasano A, et al. Gastrointestinal 

conditions in children with autism spectrum disorder: developing 

a research agenda. Pediatrics 2012;130 Suppl 2:S160-8. 

67. de Theije CG, Wu J, da Silva SL, et al. Pathways underlying 

the gut-to-brain connection in autism spectrum disorders as 

future targets for disease management. Eur J Pharmacol 

2011;668 Suppl 1:S70-80. 

68. Yang H, Tracey KJ. Targeting HMGB1 in inflammation. 

Biochim Biophys Acta 2010;1799:149-56. 

 

 [
 D

O
I:

 1
0.

22
08

8/
ac

ad
pu

b.
B

U
M

S.
6.

3.
14

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

26
-0

7-
12

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://europepmc.org/abstract/MED/14766347
http://dx.doi.org/10.22088/acadpub.BUMS.6.3.148
http://ijmcmed.org/article-1-711-en.html
http://www.tcpdf.org

