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Abstract

Receptor for advanced glycation end products (RAGE) is an immunoglobulin superfamily receptor that binds to HMGB1. High
mobility group box 1 (HMGB1) proteins are diverse nuclear proteins that function as proinflammatory cytokines. In this study we
measured RAGE in autistic children, with and without GI disease. In this study, we found RAGE significantly increased in an autistic
group, particularly those with GI disease. This suggests that a HMGB1/RAGE pathway may be associated with inflammation seen in
many individuals with autism.
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Introduction

Receptor for advanced glycation end products (RAGE) is an immunoglobulin superfamily receptor that binds to HMGB1 [1] and
HMGB1-RAGE signaling is associated with several cancers [2,3]. So, HMGB1 secretion is considered to be associated with anti-cancer
inflammation which occurs during chemotherapy [4]. As a result, HMGB1 may be a biomarker of inflammation, as well as a marker associ-

ated with the prognosis of certain tumor progression.

High mobility group box 1 (HMGB1) proteins are nuclear proteins with extensive functional diversity. These proteins were first puri-
fied from cell nuclei in the 1970s [5]. The HMGB1 gene produces a protein product that contains two 80-amino acid DNA-binding domains
(A-box and B-box) and a negatively charged C-terminus [6]. Intra-nuclear HMGB1 is a chromatin structural protein, while extracellular
HMGB1 acts as a proinflammatory cytokine [7,8]. HMGB1 is also multi-functional, which could be the reason it is associated with the etiol-

ogy of Alzheimer’s disease [9] and arthritis [10].

There is evidence that a RAGE dependent HMGB1 pathway helps promote intestinal inflammation [11]. We previously reported sig-
nificantly higher levels of HMBG1 in an autistic group [12]. This study measured RAGE in autistic children with and without GI disease.

Methods

Subjects
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Plasma RAGE was measured in 27 (20 male mean age 10.6 years) autistic children and 22 age and neurotypical controls (17 male mean age

13.2 years). Subject plasmas were gotten from the Autism Genetic Resource Exchange (AGRE)™

This study was approved by the IRB of the Health Research Institute.

Plasma

All plasma was received frozen and immediately placed at -7°C before Immunoassay analysis.

Immuno-array assays

Immuno-array assays were performed by RayBiotech, Inc, Peachtree Corners, GA. 30092, as previously described [18].
Statistics

Unpaired t-test and odds ratios with 95% confidence intervals was used for statistical analysis.

Results

Plasma RAGE was measured in 27 (20 male mean age 10.6 years) autistic children and 22 age and gender similar neurotypical controls
(17 male mean age 13.2 years) using immuno-arrays. We found that Individuals with autism had significantly higher RAGE (393 +/- 136 pg/
ul) when compared to RAGE in controls (312 +/- 68) (p = 0.03) (Figure 1).
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Figure 1: Square Lumbar Muscle Unilateral Activation (closed kinetic chain), Square Lumbar Muscle Bilateal Activation
(closed kinetic chain), Square Lumbar Muscle Unilateral Activation (open kinetic chain) - left to right.

*The Health Research Institute is a comprehensive treatment and research center, specializing in the care of individuals with neurologi-

cal disorders, including autism.

**TWe gratefully acknowledge that all autism family serums were provided by the Autism Genetic Resource Exchange (AGRE) Consor-
tium and the participating AGRE families. The Autism Genetic Resource Exchange is a program of Cure Autism Now and is supported, in
part, by grant MH64547 from the National Institute of Mental Health to Daniel H. Geschwind (PI).
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We also found that autistic individuals with GI disease had significantly higher RAGE (504 +/- 151 pg/ul) than autistic individuals
without GI disease (358 +/- 56 pg/ul) (p = 0.04) (Figure 2).
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Figure 2: Autistic individuals with GI disease had significantly higher RAGE (504 +/- 151 pg/ul)
than autistic individuals without GI disease (358 +/- 56 pg/ul) (p = 0.04).

Discussion

High mobility group box-1 (HMGB1) is a prominent mediator of inflammatory diseases. It is a nuclear protein that initiates inflamma-
tion, binds to IL-1 and lipopolysaccharides (LPS), and works with a Toll-like receptor (TLR) 4-mediated pro-inflammatory response [13].
HMGBI1 is actively released from activated monocytes and macrophages after the proinflammatory stimulation by cytokines. Regulation
of HMGB1 secretion is dependent on processes such as phosphorylation by calcium-dependent protein kinase C [14], as well as acetyla-

tion and methylation [15]. HMGB1 and TLR4 have been associated with seizures in experimental animals [16,17].
Conclusion

The data presented here shows that RAGE is significantly higher in autistic individuals, and those autistic individuals with GI disease
have significantly higher RAGE than those that do not have GI disease. We suggest that a HMGB1/RAGE pathway may be associated with
inflammation and particularly inflammation associated with GI disease in individuals with autism.

Bibliography
1. Sims GP, et al. “HMGB1 and RAGE in inflammation and cancer”. Annual Review of Immunology 28 (2010): 367-388.

2. KangR, et al “The receptor for advanced glycation end products (RAGE) sustains autophagy and limits apoptosis, promoting pan-
creatic tumor cell survival”. Cell Death and Differentiation 17.4 (2010): 666-676.

Citation: A] Russo., et al. “Increased Receptor for Advanced Glycation End Products (RAGE) in Children with Autism”. EC Paediatrics 9.5
(2020): 31-34.


https://www.ncbi.nlm.nih.gov/pubmed/20192808
https://www.ncbi.nlm.nih.gov/pubmed/19834494
https://www.ncbi.nlm.nih.gov/pubmed/19834494

Increased Receptor for Advanced Glycation End Products (RAGE) in Children with Autism

10.

11.

12.

13.

14.

15.

16.

17.

18.

34

Leclerc E., et al. “RAGE and S100 protein transcription levels are highly variable in human melanoma tumors and cells”. General
Physiology and Biophysics 28 (2009): F65-F75.

Apetoh L., et al. “Toll-like receptor 4-dependent contribution of the immune system to anticancer chemotherapy and radiotherapy”.
Nature Medicine 13.9 (2007): 1050-1059.

Van Beijnum JR,, et al. “Convergence and amplification of toll-like receptor (TLR) and receptor for advanced glycation end products
(RAGE) signaling pathways via high mobility group B1 (HMGB1)". Angiogenesis 11.1 (2008): 91-99.

Ferrari S., et al. “The active gene that encodes human high mobility group 1 protein (HMG1) contains introns and maps to chromo-
some 13”. Genomics 35.2 (1996): 367-371.

Hsieh M],, et al. “Transcriptional regulation of Mcl-1 plays an important role of cellular protective effector of vincristine-triggered
autophagy in oral cancer cells”. Expert Opinion on Therapeutic Targets 19.4 (2015): 455-470.

Zhao L., et al. “Melatonin alleviates brain injury in mice subjected to cecal ligation and puncture via attenuating inflammation, apop-
tosis, and oxidative stress: the role of SIRT1 signaling”. Journal of Pineal Research 59.2 (2015): 230-239.

Takata K., et al. “Role of high mobility group protein-1 (HMGB1) in amyloid- homeostasis”. Biochemical and Biophysical Research
Communications 301.3 (2003): 699-703.

Ulloa L and Messmer D. “High-mobility group box 1 (HMGB1) protein: friend and foe”. Cytokine and Growth Factor Reviews 17.3
(2006): 189-201.

Chandrashekaran Varun,, et al. “High mobility group box 1 (HMGB1)-RAGE interaction mediates ectopic Intestinal inflammation in
NAFLD”. Journal of Immunology 198.1 201 (2017): 11.

Russo AJ. “Decreased Epidermal Growth Factor (EGF) Associated with HMGB1 and Increased Hyperactivity in Children with Autism”.
Biomark Insights 8 (2013): 35-41.

Oh Y], et al “HMGB1 is phosphorylated by classical protein kinase C and is secreted by a calcium-dependent mechanism”. Journal of
Immunology 182 (2009): 5800-5809.

Rauvala H and Rouhiainen A. “Physiological and pathophysiological outcomes of the interactions of HMGB1 with cell surface recep-
tors”. Biochimica et Biophysica Acta 1799 (2010): 164-170.

Maroso M., et al. “Toll-like receptor 4 and high-mobility group box-1 are involved in ictogenesis and can be targeted to reduce sei-
zures”. Nature Medicine 16 (2010): 413-419.

Vezzani A, et al. “The role of inflammation in epilepsy”. Nature Reviews Neurology 7 (2011): 31-40.

Craig CG,, et al. “In vivo growth factor expansion of endogenous subependymal neural precursor cell populations in the adult mouse
brain”. The Journal of Neuroscience 16 (1996): 2649-2658.

Che G, et al. “Knockdown of Heparanase Suppresses Invasion of Human Trophoblasts by Activating MAPK Signaling Pathway”. Dis-
ease Markers (2018): 38.

Volume 9 Issue 5 May 2020
© All rights reserved by AJ Russo., et al.

Citation: A] Russo., et al. “Increased Receptor for Advanced Glycation End Products (RAGE) in Children with Autism”. EC Paediatrics 9.5
(2020): 31-34.


https://europepmc.org/article/med/20093728
https://europepmc.org/article/med/20093728
https://www.ncbi.nlm.nih.gov/pubmed/17704786
https://www.ncbi.nlm.nih.gov/pubmed/17704786
https://link.springer.com/article/10.1007/s10456-008-9093-5
https://link.springer.com/article/10.1007/s10456-008-9093-5
https://www.ncbi.nlm.nih.gov/pubmed/8661151
https://www.ncbi.nlm.nih.gov/pubmed/8661151
https://www.researchgate.net/publication/271336216_Transcriptional_regulation_of_Mcl-1_plays_an_important_role_of_cellular_protective_effector_of_vincristine-triggered_autophagy_in_oral_cancer_cells
https://www.researchgate.net/publication/271336216_Transcriptional_regulation_of_Mcl-1_plays_an_important_role_of_cellular_protective_effector_of_vincristine-triggered_autophagy_in_oral_cancer_cells
https://www.ncbi.nlm.nih.gov/pubmed/26094939
https://www.ncbi.nlm.nih.gov/pubmed/26094939
https://www.ncbi.nlm.nih.gov/pubmed/12565837
https://www.ncbi.nlm.nih.gov/pubmed/12565837
https://www.rndsystems.com/target/hmgb1-hmg-1?category=Proteins%20and%20Enzymes&gclid=EAIaIQobChMI5oDusoL86AIVhH0rCh0-FgePEAAYASAAEgLz-fD_BwE
https://www.rndsystems.com/target/hmgb1-hmg-1?category=Proteins%20and%20Enzymes&gclid=EAIaIQobChMI5oDusoL86AIVhH0rCh0-FgePEAAYASAAEgLz-fD_BwE
https://www.jimmunol.org/content/198/1_Supplement/201.11
https://www.jimmunol.org/content/198/1_Supplement/201.11
https://www.ncbi.nlm.nih.gov/pubmed/23645980
https://www.ncbi.nlm.nih.gov/pubmed/23645980
https://www.ncbi.nlm.nih.gov/pubmed/19380828
https://www.ncbi.nlm.nih.gov/pubmed/19380828
https://www.ncbi.nlm.nih.gov/pubmed/19914413
https://www.ncbi.nlm.nih.gov/pubmed/19914413
https://www.ncbi.nlm.nih.gov/pubmed/20348922
https://www.ncbi.nlm.nih.gov/pubmed/20348922
https://www.ncbi.nlm.nih.gov/pubmed/21135885
https://europepmc.org/article/pmc/pmc6578757
https://europepmc.org/article/pmc/pmc6578757
https://www.ncbi.nlm.nih.gov/pubmed/29849826https:/www.ncbi.nlm.nih.gov/pubmed/29849826
https://www.ncbi.nlm.nih.gov/pubmed/29849826https:/www.ncbi.nlm.nih.gov/pubmed/29849826

	_GoBack

