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What is the Most Prevalent Pathology at the 
Root of Practically All Disease
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One of the most important medical discoveries of the past two 
decades has been that the immune system and inflammatory 
processes are involved in not just a few select disorders, but a 

wide variety of mental and physical health problems that 
dominate present-day morbidity and mortality worldwide 
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Indeed, chronic inflammatory diseases have been recognized 
as the most significant cause of death in the world today, 
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Understanding inflammation, its regulation, and relevance for 
health: A top scientific and public priority

George M. Slavich*

Cousins Center for Psychoneuroimmunology and Department of Psychiatry and Biobehavioral 
Sciences, University of California, Los Angeles, CA 90095-7076, USA

One of the most important scientific discoveries in health research in recent years has 
involved the realization that inflammation plays a role in not just a few disorders, but many 
disease conditions that cause substantial morbidity and contribute to early mortality 
(Couzin-Frankel, 2010). Included in this list are several psychiatric conditions, such as 
anxiety, unipolar and bipolar depression, schizophrenia, and post-traumatic stress disorder, 
as well as numerous physical disease conditions including asthma, rheumatoid arthritis, 
cardiovascular disease, obesity, diabetes, osteoporosis, Alzheimer’s disease, certain cancers, 
and stroke (Miller et al., 2011; Slavich and Irwin, 2014). All told, inflammation is involved 
in at least 8 of the top 10 leading causes of death in the United States today (Hoyert and Xu, 
2012). Understanding how inflammation promotes poor health, and how and when we can 
intervene to reduce inflammation-related disease risk, should thus be a top scientific and 
public priority.

Although it is easy to characterize inflammation as bad, the story is complicated and several 
issues remain unresolved. The first issue involves time course. Time-limited increases in 
inflammation are important for promoting wound healing and recovery and for limiting the 
spread of communicable infections. Inflammation, therefore, is certainly not always bad and 
rather can be absolutely critical for survival, especially during times of injury and infection. 
Presently, however, we have only a limited understanding of when elevated levels of 
inflammatory activity are helpful versus harmful. The second issue involves location. 
Although classic theories conceptualized inflammation as a localized process, novel assays 
for detecting different inflammatory mediators have ushered in new ideas about “systemic 
inflammation”. At the same time, these advancements have shown that inflammatory 
activity occurring in different places, including in peripheral tissues, different organs, oral 
fluids, and the central nervous system, are usually not highly correlated and likely have 
different effects on health. Therefore, although it is convenient to characterize individuals as 
having “high” versus “low” levels of inflammation, these descriptions are overly crude and 
highlight a need to talk about “elevated inflammation” in more precise terms. A third issue 
concerns conditional effects. Although inflammation is a core feature of some diseases, in 
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All told, inflammation is involved in at least 8 of the top 10 
leading causes of death in the United States today 



the 10 leading causes of death 

National Vital 
Statistics Reports 
Volume 64, Number 7 July 27, 2015 

Deaths: Leading Causes for 2011 
by Melonie Heron, Ph.D., Division of Vital Statistics 

Abstract 
Objectives—This report presents final 2011 data on the 10 

leading causes of death in the United States by age, sex, race, and 
Hispanic origin. Leading causes of infant, neonatal, and postneo-
natal death are also presented. This report supplements ‘‘Deaths: 
Final Data for 2011,’’ the National Center for Health Statistics’ annual 
report of final mortality statistics. 

Methods— Data in this report are based on information from all 
death certificates filed in the 50 states and the District of Columbia in 
2011. Causes of death classified by the International Classification of 
Diseases, 10th Revision (ICD–10) are ranked according to the number 
of deaths assigned to rankable causes. Cause-of-death statistics are 
based on the underlying cause of death. 

Results— In 2011, the 10 leading causes of death were, in rank 
order: Diseases of heart; Malignant neoplasms; Chronic lower respi-
ratory diseases; Cerebrovascular diseases; Accidents (unintentional 
injuries); Alzheimer’s disease; Diabetes mellitus; Influenza and pneu-
monia; Nephritis, nephrotic syndrome and nephrosis; and Intentional 
self-harm (suicide). They accounted for 74% of all deaths occurring 
in the United States. Differences in the rankings are evident by age, 
sex, race, and Hispanic origin. Leading causes of infant death for 2011 
were, in rank order: Congenital malformations, deformations and 
chromosomal abnormalities; Disorders related to short gestation and 
low birth weight, not elsewhere classified; Sudden infant death syn-
drome; Newborn affected by maternal complications of pregnancy; 
Accidents (unintentional injuries); Newborn affected by complications 
of placenta, cord and membranes; Bacterial sepsis of newborn; Respi-
ratory distress of newborn; Diseases of the circulatory system; and 
Neonatal hemorrhage. Important variations in the leading causes of 
infant death are noted for the neonatal and postneonatal periods. 

Keywords: leading causes of death • mortality • racial and ethnic 
differences • sex differences 

Introduction 

Ranking causes of death is a popular method of presenting 
mortality statistics. Leading cause-of-death data have been pub-
lished since 1952 (beginning with 1949 mortality data) when official 
tabulations ranking causes of death were first introduced (1). Users 
of this method of presentation should be aware of its inherent 
limitations. Ranking causes of death is to some extent an arbitrary 
procedure. The rank order of any particular cause of death will 
depend on the list of causes from which the selection is made and 
on the rules applied in making the selection. Different cause lists and 
ranking rules will typically produce different leading causes of death. 
Recognizing the need for a consistent ranking procedure to be used 
by state health departments and the National Office of Vital 
Statistics, in 1951 the Public Health Conference on Records and 
Statistics recommended that state and federal agencies responsible 
for identifying diseases of public health importance adopt a uniform 
ranking procedure using a standard list of causes of death (2). The 
procedures implemented in 1952 are essentially the same as those 
currently used by the Centers for Disease Control and Prevention’s 
National Center for Health Statistics (NCHS); however, the cause-of-
death lists have been expanded and altered over time with each 
subsequent revision of the International Classification of Diseases 
(ICD). Cause-of-death data are based on the underlying cause of 
death. 

Cause-of-death ranking is a useful tool for illustrating the relative 
burden of cause-specific mortality. However, it should be used with a 
clear understanding of what the rankings mean. Literally, the rankings 
denote the most frequently occurring causes of death among those 
causes eligible to be ranked. Rankings do not illustrate cause-specific 
mortality risk as depicted by mortality rates. The rank of a specific 
cause (i.e., its mortality burden relative to other causes) may decline 
over time even if its mortality rate has not changed, or its rank may 
remain the same over time even if its mortality rate is declining. 

It is also important to note that rankings do not necessarily denote 
the causes of death of greatest public health importance. Some causes 
of death of public health significance are excluded from the ranking 
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Table C. Deaths and percentage of total deaths for the 10 leading causes of death: United States, 2010–2011 
[An asterisk (*) preceding a cause-of-death code indicates that the code is not included in the International Classification of Diseases, 10th Revision (ICD–10); see Technical Notes] 

2011 2010 

Cause of death (based on ICD–10) Rank1 Deaths 

Percent 
of total 
deaths Deaths 

Percent 
of total 
deaths 

All causes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .  .  .  2,515,458 100.0 2,468,435 100.0 

Diseases of heart . . . . . . . . . . . . . . . . . . . . . . . .(I00–I09,I11,I13,I20–I51) 
Malignant neoplasms . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (C00–C97) 
Chronic lower respiratory diseases . . . . . . . . . . . . . . . . . . . . . .(J40–J47) 
Cerebrovascular diseases . . . . . . . . . . . . . . . . . . . . . . . . . . . (I60–I69) 
Accidents (unintentional injuries) . . . . . . . . . . . . . . . . . .(V01–X59,Y85–Y86) 
Alzheimer’s disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (G30) 
Diabetes mellitus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(E10–E14)2 

Influenza and pneumonia . . . . . . . . . . . . . . . . . . . . . . . . . . . .(J09–J18) 
Nephritis, nephrotic syndrome and nephrosis . . . . (N00–N07,N17–N19,N25–N27)3 

Intentional self-harm (suicide) . . . . . . . . . . . . . . . . .  (*U03,X60–X84,Y87.0) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

596,577 
576,691 
142,943 
128,932 
126,438 
84,974 
73,831 
53,826 
45,591 
39,518 

23.7 
22.9 
5.7 
5.1 
5.0 
3.4 
2.9 
2.1 
1.8 
1.6 

597,689 
574,743 
138,080 
129,476 
120,859 
83,494 
69,071 
50,097 
50,476 
38,364 

24.2 
23.3 
5.6 
5.2 
4.9 
3.4 
2.8 
2.0 
2.0 
1.6 

. . . Category not applicable  
1Based on number of deaths.  
2Because of coding-rule changes in data year 2011, the increase in number of deaths from Diabetes mellitus should be interpreted with caution; see Technical Notes.  
3Because of coding-rule changes in data year 2011, the decrease in number of deaths and rank order for Nephritis, nephrotic syndrome and nephrosis should be interpreted with caution; see Technical Notes.  

Comparing 2011 with 2010 (9), no changes occurred in the rank 
order of the 10 leading causes of death among females. However, 
among males, Influenza and pneumonia moved up from 10th to 9th 
rank, and kidney disease moved down from 9th rank to become the 
10th leading cause of death. The decrease in rank for kidney disease 
should be interpreted with caution because of coding-rule changes in 
2011 (see Technical Notes). 

Differences by age 
In 2011, the leading cause of death varied by age group 

(Figure 2). The leading cause of death for the population aged 1–44 

was unintentional injuries. The relative burden of mortality from this 
cause was far greater at younger ages, accounting for 31.9% of all 
deaths for age group 1–9, 40.5% of deaths for age group 10–24, 
and 27.1% of deaths for age group 25–44. In contrast, unintentional 
injuries was the third leading cause of death for age group 45–64 
(7.1% of deaths); the eighth leading cause for those aged 65 and 
over (2.4% of deaths); and the seventh leading cause for those 
aged 85 and over (2.4% of deaths). For the population aged 
45–64, the leading cause of death was cancer, accounting for 
31.9% of deaths. Cancer was the second leading cause for the 
populations aged 65 and over (21.7% of deaths), 25–44 (13.4% of 
deaths), 85 and over (12.2% of deaths), and 1–9 (11.9% of deaths). 

Men Women 

Kidney disease 
Influenza and 

5.4 

4.2 
3.1 

2.5 

6.3 

2.0 
2.0 
1.8 

24.1 

Heart disease 
24.6 

Cancer 

24.1 
Other 

Septicemia pneumonia 
Alzheimer's Kidney disease  

disease  Influenza and  
Suicide pneumonia  

Diabetes Diabetes  
Unintentional injuries  

Stroke 
Alzheimer's disease 

CLRD 
CLRD 

Stroke 
6.1 6.0 

4.7 

3.7 
2.8 

2.3 
1.8 
1.5 

Cancer 
21.8 

Other 
26.4 

Unintentional  
injuries  

NOTES: CLRD is Chronic lower respiratory diseases. Values show percentage of total deaths. 
Because of coding-rule changes in 2011, increases in deaths from diabetes and decreases in 
deaths and rank order for kidney disease should be interpreted with caution; see Technical Notes. 
SOURCE: CDC/NCHS, National Vital Statistics System, Mortality. 

Heart disease 
22.9 

Figure 1. Percent distribution of the 10 leading causes of death, by sex: United States, 2011 
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Fig. 1 |. Causes and consequences of low-grade systemic chronic inflammation.
Several causes of low-grade systemic chronic inflammation (SCI) and their consequences 
have been identified. As shown on the left, the most common triggers of SCI (in counter-
clockwise direction) include chronic infections, physical inactivity, (visceral) obesity, 
intestinal dysbiosis, diet, social isolation, psychological stress, disturbed sleep and disrupted 
circadian rhythm, and exposure to xenobiotics such as air pollutants, hazardous waste 
products, industrial chemicals and tobacco smoking. As shown on the right, the 
consequences of SCI (in clockwise direction) include metabolic syndrome, type 2 diabetes, 
non-alcoholic fatty liver disease (NAFLD), cardiovascular disease, cancer, depression, 
autoimmune diseases, neurodegenerative diseases, sarcopenia, osteoporosis and 
immunosenescence.
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barrier, so as to cause a systemic inflammatory and immune response. The persistence of CSI may
allow the pro-inflammatory molecules to cross the blood-brain barrier (BBB) and invade the CNS. Once
in the brain they can trigger inflammatory processes by activating microglia and astrocytes and pave
the way to specific chronic neurodegenerative diseases [6]. At present, it is not known what directs the
inflammation towards the CNS and not to other organs.Nutrients 2019, 11, x FOR PEER REVIEW 2 of 20 
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it is not possible to pass anything that does not have a specific transport system or is not lipophilic. 

To avoid neurological diseases of intestinal origin, the two barriers must remain intact.  
Here we deal with how pro-inflammatory dietary habits (the protracted intake of food that 

causes low-grade chronic inflammation) may lead to a persistent condition of increased permeability 
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neurodegenerative diseases. We suggest that the attack on the BBB might be ascribed to molecular 
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Figure 1. Chronic neurodegenerative diseases have a chronic inflammatory basis in common.

Therefore, propagation of the inflammatory state from the intestine to the CNS involves the
breakdown of two biological barriers: the intestinal barrier and the blood-brain barrier (BBB). Both
are characterized by the existence of intercellular tight junctions, and absence of fenestrations, hence
it is not possible to pass anything that does not have a specific transport system or is not lipophilic.
To avoid neurological diseases of intestinal origin, the two barriers must remain intact.

Here we deal with how pro-inflammatory dietary habits (the protracted intake of food that causes
low-grade chronic inflammation) may lead to a persistent condition of increased permeability of the
intestinal barrier and therefore contribute to the breakdown of the BBB and to neurodegenerative
diseases. We suggest that the attack on the BBB might be ascribed to molecular mimicry, with some
brain proteins of the undigested food molecules escaping from the intestine and cooperating with gut
microbiota in triggering chronic inflammation and an immune response.

2. Food is an Active Subject

To understand whether food has any e↵ect on human health, we should take into account that the
intake of food is not just an intake of energy (calories), but rather represents our sharing of energy with
the world which is congenial to us. The energy we take in the form of food does not have an exclusively
passive role but is active: it is transformed by the host and transforms it. It is indeed well known that
food can cause allergies or intolerances in the host that can even be toxic. An example of potential
toxicity is the grass pea flour that contains a neurotoxic amino acid, ODAP, (oxalyldiaminopropionic
acid, a structural analogue of the neurotransmitter glutamate). In the long run, ODAP causes a
neurodegenerative disease called “neurolathyrism” characterized by paralysis of the lower limbs [7,8].

Fundamentally, food can influence our state of health in two ways: (1) by addressing our
metabolism, and/or (2) conditioning the composition of our gut microbiota (Figure 2).

The concerted action of our dietary habits on both metabolism and gut microbiota may cause,
prevent or diminish chronic inflammation. As we shall see, chronic inflammation is correlated with
the various chronic diseases of our time, including the neurodegenerative ones.

Depression
AnxietySchizophrenia
Bipolar DisorderSeizures
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Abstract: As food is an active subject and may have anti-inflammatory or pro-inflammatory
e↵ects, dietary habits may modulate the low-grade neuroinflammation associated with chronic
neurodegenerative diseases. Food is living matter di↵erent from us, but made of our own nature.
Therefore, it is at the same time foreign to us (non-self ), if not yet digested, and like us (self ), after
its complete digestion. To avoid the e✏ux of undigested food from the lumen, the intestinal barrier
must remain intact. What and how much we eat shape the composition of gut microbiota. Gut
dysbiosis, as a consequence of Western diets, leads to intestinal inflammation and a leaky intestinal
barrier. The e✏ux of undigested food, microbes, endotoxins, as well as immune-competent cells
and molecules, causes chronic systemic inflammation. Opening of the blood-brain barrier may
trigger microglia and astrocytes and set up neuroinflammation. We suggest that what determines the
organ specificity of the autoimmune-inflammatory process may depend on food antigens resembling
proteins of the organ being attacked. This applies to the brain and neuroinflammatory diseases,
as to other organs and other diseases, including cancer. Understanding the cooperation between
microbiota and undigested food in inflammatory diseases may clarify organ specificity, allow the
setting up of adequate experimental models of disease and develop targeted dietary interventions.

Keywords: diet; gut microbiota; inflammation; intestinal barrier; blood-brain barrier; Alzheimer’s
disease; Parkinson’s disease; multiple sclerosis; autism spectrum disorders; amyotrophic
lateral sclerosis

1. Chronic Neurodegenerative Diseases are Associated with Low-Grade Chronic Inflammation

Despite having di↵erent etiology and di↵erent pathogenic mechanisms, chronic neurodegenerative
diseases, such as multiple sclerosis (MS), Alzheimer’s disease (AD), Parkinson’s disease (PD),
amyotrophic lateral sclerosis (ALS), and autism spectrum disorder (ASD), all have an inflammatory
nature in common [1] (Figure 1).

Fighting the inflammatory processes that underlie these diseases may reduce their progression
and their severity. Inflammation is an innate, non-specific defense process [2,3]. It occurs in response
to the presence of foreign material (non-self ), or as a consequence of tissue damage caused by physical,
chemical or biological agents, or by abnormalities such as the failure to eliminate waste or digest
nutrients. If the cause of inflammation persists, the inflammation also persists, usually with low
intensity, and is called low-grade chronic inflammation. As for the chronic neuroinflammatory diseases,
in most cases, the neuroinflammatory state does not originate in the central nervous system (CNS),
but is thought to come from a chronic systemic inflammation (CSI) [4–6]. Recent evidence suggests
that CSI may in turn result from a persistent intestinal inflammation spreading through the intestinal

Nutrients 2019, 11, 2714; doi:10.3390/nu11112714 www.mdpi.com/journal/nutrients 10

As for neuroinflammatory diseases, in most cases, the 
neuroinflammatory state does not originate in the central 

nervous system (CNS), but is thought to come from a chronic 
systemic inflammation (CSI) 

© www.theDr.com
Nutrients. 2019 Nov 9;11(11):2714
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Triggers and Mediators of Systemic Inflammation

• What Neurological Presenting 
Complaints in Your Practice 
are NOT Inflammatory? 



Detective Adrian Monk
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Premise #1
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The Brain is Your                                     
‘Yellow Canary in the Coal Mine’
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A ’canary in a coal mine’ is an 
advanced warning of some 

danger. The metaphor originates 
from the times when miners 
used to carry caged canaries 

while at work; if there was any 
methane or carbon monoxide in 
the mine, the canary would die 

before the levels of the gas 
reached those hazardous to 

humans.



Funct Neurol Rehabil Ergon 2013;3(2-3):173-181 ISSN: 2156-941X 
 © 2013 Nova Science Publishers, Inc. 

 

 
 
 
 

BRAIN-REACTIVE ANTIBODIES IN TRAUMATIC 
BRAIN INJURY 

 
 
 

Aristo Vojdani 
Immunosciences Lab., Inc., Los Angeles, CA USA 

ABSTRACT 

Neuroautoimmune diseases are disorders that involve the body’s immune system attacking its 
own brain or neural tissues. Normally the brain is protected from the outside world by the blood-
brain barrier (BBB), which is composed of highly specialized brain endothelial cells. However, 
repetitive traumatic brain injury (TBI), such as occurs in football and other sports, can lead to 
repeated disruptions to the BBB. This opening of the door to the brain can lead to a dysfunctional 
exchange of molecules between the blood and the brain. A dysfunctional immune system can 
mistakenly identify neural antigens as invasive agents and produce autoreactive antibodies against 
BBB proteins such as S100-B and various neural tissue antigens. S100-B has been used in 
conjunction with CT scanning to successfully confirm concussions or brain injuries. The detection 
of S100-B antibodies actually goes further to indicate that the BBB has been damaged and 
autoimmunity has been activated against the brain cells, and can even be used to indicate degree 
of recovery and when to return to normal activity. These findings support the importance of 
measuring antibodies against S100-B and other neural autoantigens in the diagnosis and therapy of 
patients with TBI. 
 

Keywords: Autoimmune, traumatic brain injury, autoantigens, S100-B antibodies 

INTRODUCTION 

Autoimmune diseases affect about 7% of the world’s population. In these disorders, pathogenic 
TH1 cells, autoreactive TH17 cells, antibodies and associated molecules attack antigens of various 
tissues, including brain tissue. Brain-reactive antibodies are detected in about 3% of the general 
population but do not contribute to brain pathology unless they cross the blood-brain barrier (BBB) 
[1].  

The BBB is composed of highly specialized brain endothelial cells which are fully differentiated 
to the neurovascular system. It is estimated that the human brain contains more than ten billion 
capillaries, which translates into one vessel for each neuron. The total length of the capillaries in the 
human brain is about 400 miles. In conjunction with microglia, astrocytic foot processes and 
pericytes, the BBB separates the neurons from various components of the circulating blood [2]. The 
endothelial tight junctions, together with astrocytic foot processes, prevent the passage of all soluble 

                                                        
 Correspondence: Dr. Aristo Vojdani, Immunosciences Lab., Inc. Los Angeles, CA USA, 822 S. Robertson Blvd., Ste. 312, 

Los Angeles, CA 90035 E-mail: drari@msn.com 

Funct Neurol Rehabil Ergon 2013;3(2-3):173-181 

It is estimated that the human brain contains more than 
ten billion capillaries, which translates into one vessel for 

each neuron. The total length of the capillaries in the 
human brain is about 400 miles. 
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What are the current numbers of 
frequency of brain dysfunction at 

both ends of life?
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The Prevalence of Parent-Reported Autism Spectrum Disorder Among US Children
Michael D. Kogan, PhD, a Catherine J. Vladutiu, PhD, MPH, a Laura A. Schieve, PhD, b Reem M. 
Ghandour, DrPH, a Stephen J. Blumberg, PhD, c Benjamin Zablotsky, PhD, c James M. Perrin, MD, d Paul 
Shattuck, PhD, e Karen A. Kuhlthau, PhD, d Robin L. Harwood, PhD, a Michael C. Lu, MD, MPHf

OBJECTIVES: To estimate the national prevalence of parent-reported autism spectrum disorder (ASD) diagnosis among US children aged 3 to 17 years as well as their treatment and health care experiences using the 2016 National Survey of Children’s Health (NSCH).
METHODS: The 2016 NSCH is a nationally representative survey of 50 212 children focused on the health and well-being of children aged 0 to 17 years. The NSCH collected parent-reported information on whether children ever received an ASD diagnosis by a care provider, current ASD status, health care use, access and challenges, and methods of treatment. We calculated weighted prevalence estimates of ASD, compared health care experiences of children with ASD to other children, and examined factors associated with increased likelihood of medication and behavioral treatment.
RESULTS: Parents of an estimated 1.5 million US children aged 3 to 17 years (2.50%) reported that their child had ever received an ASD diagnosis and currently had the condition. Children with parent-reported ASD diagnosis were more likely to have greater health care needs and difficulties accessing health care than children with other emotional or behavioral disorders (attention-deficit/hyperactivity disorder, anxiety, behavioral or conduct problems, depression, developmental delay, Down syndrome, intellectual disability, learning disability, Tourette syndrome) and children without these conditions. Of children with current ASD, 27% were taking medication for ASD-related symptoms, whereas 64% received behavioral treatments in the last 12 months, with variations by sociodemographic characteristics and co-occurring conditions.
CONCLUSIONS: The estimated prevalence of US children with a parent-reported ASD diagnosis is now 1 in 40, with rates of ASD-specific treatment usage varying by children’s sociodemographic and co-occurring conditions.

abstract
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PEDIATRICS Volume 142, number 6, December 2018:e20174161

WHAT’S KNOWN ON THIS SUBJECT: Previous studies over the 
last 20 years have shown an increasing prevalence of autism 
spectrum disorder (ASD) among US children. Moreover, families 
of children with ASD have reported greater health care needs 
and challenges compared with children with other emotional or 
behavioral conditions.

WHAT THIS STUDY ADDS: In this study, we present new 
nationally representative data on the prevalence of ASD, 
reported health care challenges, and estimates on ASD-
specific behavioral and medication treatments. The estimated 
prevalence of US children with parent-reported diagnosis of ASD 
is now 1 in 40.

To cite: Kogan MD, Vladutiu CJ, Schieve LA, et al. The 
Prevalence of Parent-Reported Autism Spectrum Disorder 
Among US Children. Pediatrics. 2018;142(6):e20174161

 by guest on November 17, 2019www.aappublications.org/newsDownloaded from 

WHAT THIS STUDY ADDS: 
The estimated prevalence of US children 
with parent-reported diagnosis of ASD is 

now 1 in 40. 

Pediatrics. 2018;142(6):e20174161 
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seniors dies with Alzheimer’s  
or another dementia.

MORTALITY  
AND MORBIDITY
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Normal levels 
of brain antibodies

(cellular regeneration, apoptosis, autophagy)

https://aspe.hhs.gov/advisory-council-july-2019-meeting-presentation-adrd-therapeutic-approaches

Emotional stress loss of tolerance

Infections (bacterial, viral, LPS, … loss of tolerance)
Environmental exposure loss of tolerance
Electromagnetic pollution loss of tolerance

Food sensitivities (loss of oral tolerance)

Structural loss of tolerance

hyposmia
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Elevated levels of antibodies - brain+                                    
(molecular mimicry, self-antigen modification, bystander activation, and immune reactivity modulation)

Creates a Breach of the Blood Brain Barrier(B4)

https://aspe.hhs.gov/advisory-council-july-2019-meeting-presentation-adrd-therapeutic-approaches

Emotional stress loss of tolerance

Infections (bacterial, viral, LPS, … loss of tolerance)
Environmental exposure loss of tolerance
Electromagnetic pollution loss of tolerance

Food sensitivities (loss of oral tolerance)

Structural loss of tolerance

hyposmia
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Elevated levels of antibodies - brain+                                    
(molecular mimicry, self-antigen modification, bystander activation, and immune reactivity modulation)

Creates a Breach of the Blood Brain Barrier(B4)

https://aspe.hhs.gov/advisory-council-july-2019-meeting-presentation-adrd-therapeutic-approaches

Emotional stress loss of tolerance

Infections (bacterial, viral, LPS, … loss of tolerance)
Environmental exposure loss of tolerance
Electromagnetic pollution loss of tolerance

Food sensitivities (loss of oral tolerance)

Structural loss of tolerance

hyposmia
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4 YEARS!

Early-Onset Dementia and Alzheimer’s Rates Grow for Younger Americans ( 2 )

BLUE CROSS BLUE SHIELD, THE HEALTH OF AMERICA REPORT®
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EARLY-ONSET DEMENTIA AND ALZHEIMER’S DISEASE  
COMBINED TRENDS

People living with either form of dementia have an average Health Index of 62.5, 
which means they are living at just 63% of optimal health5—leading to about 11 
years of healthy life lost.

While the total number of people diagnosed is relatively small, the diagnosis 
rate of early-onset dementia and Alzheimer’s disease is increasing especially 
in younger age groups.4 (See Exhibit 2.)

Each year, early-onset dementia 

and Alzheimer’s disease affect the 

daily lives of a growing number of 

Americans under 65. As measured  

by the Blue Cross Blue Shield (BCBS)

Health Index,SM in 2017, about 131,000 

commercially insured Americans1 

between the ages of 30 and 64 were 

diagnosed with either condition.

Dementia is a general term for 

cognitive decline in excess of typical 

aging. An adult with early-onset 

dementia may have trouble with  

memory, language and cognitive  

skills that can make it difficult to  

perform routine tasks. Early-onset  

Alzheimer’s disease is a form of  

dementia characterized by progressive 

brain deterioration, memory loss  

and an inability to independently  

care for oneself.2  

As early-onset dementia and 

Alzheimer’s disease continue to affect 

younger Americans, it is important to 

understand the impact of both forms  

of dementia on the health of Americans 

and their caregivers.3

Early-onset dementia and Alzheimer’s disease affects a growing number of 
younger commercially insured Americans. In 2017, about 131,000 people between 
the ages of 30 and 64 were diagnosed with either form of dementia. Diagnosis 
rates increased by 200% from 2013-2017 in ages 30 to 64. The average age of 
someone in the commercially insured population living with either condition  
is 49 and women are disproportionately impacted than men. (See Exhibit 1.)

PEOPLE  
DIAGNOSED  
IN 2017

19,000 34,000 78,000

EXHIBIT 2: DIAGNOSIS RATES OF EARLY-ONSET DEMENTIA AND ALZHEIMER’S  
BY AGE, PER 10,000 PEOPLE (COMBINED TOTALS, 2013 VS. 2017)

EXHIBIT 1: 2013 2017

Early-onset dementia  
and Alzheimer’s disease 
combined diagnosis rates 
for adults ages 30 to 64

4.2 per  
10,000 adults

12.6 per 
10,000 adults 200%

MORE COMMON IN WOMEN

58%
PERSON LIVING WITH  

EITHER FORM OF DEMENTIA

49
AVERAGE AGE
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Early-Onset Dementia and Alzheimer’s Rates Grow for Younger Americans ( 4 )

BLUE CROSS BLUE SHIELD, THE HEALTH OF AMERICA REPORT®

EARLY-ONSET ALZHEIMER’S DISEASE DIAGNOSIS RATE 
(PER 10,000 ADULTS AGES 30-64)

131%1.3
2013 2017 

3.0

0

8

407%
0.6 0.6

3.7

2.0

7.0

242% 2013
2017

Age 30-44 Age 45-54 Age 55-64

0.1

▲
▲

90%▲Overall diagnosis of the condition  
is small, but from 2013 to 2017, there 
were large increases in early-onset 
Alzheimer’s disease among people 
ages 30 to 54. (See Exhibit 5.)

A FOCUS ON EARLY-ONSET ALZHEIMER’S DISEASE

Early-onset Alzheimer’s is a form of dementia and can appear in people with early onset dementia. The condition 
is characterized by progressive brain deterioration, memory loss and an inability to independently care for oneself. 
In 2017, 37,000 commercially insured Americans between the ages of 30-64 were diagnosed with early-onset 
Alzheimer’s. The condition has grown by 131%, increasing from 1.3 per 10,000 adults, ages 30-64, in 2013 to 3.0 in 
2017. (See Exhibit 4.)

EXHIBIT 5: DIAGNOSIS RATES OF EARLY-ONSET ALZHEIMER’S DISEASE 
BY AGE, PER 10,000 PEOPLE (2013 VS. 2017)

commercially insured Americans between  
the ages of 30 and 64 were diagnosed  

with early-onset Alzheimer’s disease in 2017.

37,000+
EXHIBIT 4
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Early-Onset Dementia and Alzheimer’s Rates Grow for Younger Americans ( 4 )

BLUE CROSS BLUE SHIELD, THE HEALTH OF AMERICA REPORT®
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were large increases in early-onset 
Alzheimer’s disease among people 
ages 30 to 54. (See Exhibit 5.)

A FOCUS ON EARLY-ONSET ALZHEIMER’S DISEASE

Early-onset Alzheimer’s is a form of dementia and can appear in people with early onset dementia. The condition 
is characterized by progressive brain deterioration, memory loss and an inability to independently care for oneself. 
In 2017, 37,000 commercially insured Americans between the ages of 30-64 were diagnosed with early-onset 
Alzheimer’s. The condition has grown by 131%, increasing from 1.3 per 10,000 adults, ages 30-64, in 2013 to 3.0 in 
2017. (See Exhibit 4.)

EXHIBIT 5: DIAGNOSIS RATES OF EARLY-ONSET ALZHEIMER’S DISEASE 
BY AGE, PER 10,000 PEOPLE (2013 VS. 2017)

commercially insured Americans between  
the ages of 30 and 64 were diagnosed  

with early-onset Alzheimer’s disease in 2017.

37,000+
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Early-Onset Dementia and Alzheimer’s Rates Grow for Younger Americans ( 3 )

BLUE CROSS BLUE SHIELD, THE HEALTH OF AMERICA REPORT®

Diagnosis rates of early-onset 
dementia and Alzheimer’s 
disease are higher in the East, 
the South and parts of the 
Midwest, while western states 
show lower rates of diagnosis. 
(See Exhibit 3.)

About 40% of people 
ultimately diagnosed  
with early-onset  
Alzheimer’s disease  
were first diagnosed  

with early-onset dementia, cognitive  
or behavioral changes in the year prior. 

40%

There is not a definitive test for early-onset dementia or Alzheimer’s disease, as diagnosis is primarily based on 
an individual’s symptoms.6 As a result, people with early-onset dementia and Alzheimer’s disease often undergo 
different forms of testing and treatment prior to diagnosis.

86%
of people with early-
onset Alzheimer’s disease 
received brain imaging in 
the year prior to diagnosis.

57%
of people with early-onset 
Alzheimer’s disease filled an 
antidepressant medication  
in the year prior to diagnosis.

THE YEAR BEFORE DIAGNOSIS: EARLY-ONSET DEMENTIA AND ALZHEIMER’S DISEASE

4.0 – 5.5

5.6 – 7.1

7.2 – 8.0

8.1 – 9.6

9.7 – 13.0

DIAGNOSIS RATE,  
PER 10,000 PEOPLE, AGES 30-64

EXHIBIT 3: DIAGNOSIS RATE OF EARLY-ONSET DEMENTIA AND ALZHEIMER’S,  
BY STATE (2013-2017)
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So what is the takeaway from these 
startling statistics as to what is 

happening to our Brains?



27

and We’re Losing the Battle

The Brain, our ‘yellow canary in the coal mine’, is 
under constant assault from conception to elderly
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How Do We Begin to Understand Where This 
Degeneration is Coming From?First and foremost is the 

understanding that Alzheimer’s is 
a decades-long process of ongoing 
inflammation causing brain cell 

destruction
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Although there are dozens of environmental 
triggers that have contributed to an 

individuals’ specific inflammatory state, 
what’s the ‘Big Kahuna’?
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The activation of the zonulin pathway may represent a 
defensive mechanism that “flushes out” microorganisms.  
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Among the several potential intestinal luminal stimuli that can 
stimulate zonulin release (thus Intestinal Permeability), small 

exposure to large amounts of bacteria (and its exhaust LPS) and 
gluten, have been identified as the two most powerful triggers 
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Gluten is misinterpreted by the zonulin pathway as a potential 
harmful component of a microorganism. 



Celiac Disease and Nonceliac Gluten Sensitivity
A Review
Maureen M. Leonard, MD, MMSc; Anna Sapone, MD, PhD; Carlo Catassi, MD, MPH; Alessio Fasano, MD

C eliac disease is a chronic, small-intestinal immune-
mediated enteropathy initiated by exposure to dietary
gluten in genetically predisposed individuals and charac-

terized by specific autoantibodies against tissue transglutaminase
2 (anti-tTG2), endomysium, and/or deamidated gliadin peptide.1

Although up to 40% of the population carries the genotype HLA-DQ2
or HLA-DQ8, which is required for the development of celiac dis-
ease, only 2% to 3% of HLA-DQ2 or HLA-DQ8 carriers subsequently
develop celiac disease.2 Celiac disease, once considered a rela-
tively rare gastrointestinal condition affecting almost exclusively
young white children, can develop at any age and can affect almost
any race. Celiac disease was first described by Samuel Gee in 1887.
Wheat was hypothesized as the possible offending agent by
William Dicke in 1941.3

The epidemiology, clinical presentation, pathophysiology, and
management of the disease have changed since its initial descrip-

tion. There is strong evidence that celiac disease is an autoimmune
disease triggered by the ingestion of gluten present in wheat, bar-
ley, and rye in genetically predisposed individuals. The prevalence
of celiac disease in the general population is 1%, with regional dif-
ferences (Table 1).4 Celiac disease can affect any human organ or tis-
sue (Table 1 and Table 2).6

Nonceliac gluten sensitivity is a term used to describe individu-
als who have intestinal signs or symptoms, extraintestinal signs
or symptoms, or both, related to ingestion of gluten-containing
grains (Table 2), with improvement when these are removed from
a patient’s diet. The frequency of nonceliac gluten sensitivity
is unknown owing to the lack of validated biomarkers, but it is
thought to be more common than celiac disease. Wheat allergy, the
third gluten-related disorder, which will not be addressed in this
review, is defined as an adverse type-2 helper T-cell immunologic
reaction to wheat proteins and typically presents soon after wheat

IMPORTANCE The prevalence of gluten-related disorders is rising, and increasing numbers of
individuals are empirically trying a gluten-free diet for a variety of signs and symptoms. This
review aims to present current evidence regarding screening, diagnosis, and treatment for
celiac disease and nonceliac gluten sensitivity.

OBSERVATIONS Celiac disease is a gluten-induced immune-mediated enteropathy
characterized by a specific genetic genotype (HLA-DQ2 and HLA-DQ8 genes) and
autoantibodies (antitissue transglutaminase and antiendomysial). Although the
inflammatory process specifically targets the intestinal mucosa, patients may present
with gastrointestinal signs or symptoms, extraintestinal signs or symptoms, or both,
suggesting that celiac disease is a systemic disease. Nonceliac gluten sensitivity
is diagnosed in individuals who do not have celiac disease or wheat allergy but who
have intestinal symptoms, extraintestinal symptoms, or both, related to ingestion
of gluten-containing grains, with symptomatic improvement on their withdrawal. The
clinical variability and the lack of validated biomarkers for nonceliac gluten sensitivity make
establishing the prevalence, reaching a diagnosis, and further study of this condition
difficult. Nevertheless, it is possible to differentiate specific gluten-related disorders from
other conditions, based on currently available investigations and algorithms. Clinicians
cannot distinguish between celiac disease and nonceliac gluten sensitivity by symptoms,
as they are similar in both. Therefore, screening for celiac disease must occur before
a gluten-free diet is implemented, since once a patient initiates a gluten-free diet,
testing for celiac disease is no longer accurate.

CONCLUSIONS AND RELEVANCE Celiac disease and nonceliac gluten sensitivity are common.
Although both conditions are treated with a gluten-free diet, distinguishing between celiac
disease and nonceliac gluten sensitivity is important for long-term therapy. Patients with
celiac disease should be followed up closely for dietary adherence, nutritional deficiencies,
and the development of possible comorbidities.

JAMA. 2017;318(7):647-656. doi:10.1001/jama.2017.9730
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Previous studies have shown that gliadin (in wheat) can cause an 
immediate and transient increase in gut permeability.  This 

process takes place in all individuals who ingest gluten. 
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in celiac mucosa is highly variable and can occur both 
in childhood and in adulthood. The  only possible 
treatment of CD is a lifelong gluten-free diet (GFD).

Imbalance in the innate immune mechanisms 
is known to contribute to the pathogenesis of CD. 

Celiac disease (CD) is defined as the loss of oral 
tolerance to gluten in genetically predisposed individ-
uals; it is an organ-specific autoimmune disease with 
a prevalence of about 1% in Europe [1]. Clinical mani-
festation of the gluten-induced inflammatory response 

Iva Brynychova1, B–D, F, Iva Hoffmanova2, E, F, Milos Dvorak3, E, F,  
Pavlina Dankova1, A, C, E, F

Increased Expression of TLR4 and TLR7  
but Not Prolactin mRNA by Peripheral Blood Monocytes 
in Active Celiac Disease*
1 Department of Anthropology and Human Genetics, Faculty of Science, Charles University in Prague,  
 Czech Republic 
2 Second Department of Internal Medicine, Third Faculty of Medicine, Charles University in Prague,  
 Czech Republic 
3 First Medical Faculty, Charles University in Prague and General University Hospital in Prague, Czech Republic

A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation; 
D – writing the article; E – critical revision of the article; F – final approval of article

Abstract
Background. Celiac disease (CD) is an organ-specific autoimmune disease, and both adaptive and innate immu-
nity are involved in its development.
Objectives. The aim of the study was to determine whether the markers of intestinal mucosal inflammation in CD 
can be detected in peripheral blood monocytes (PBMs), and whether the immune properties of PBMs change as the 
clinical signs and symptoms of CD improve after the introduction of a gluten-free diet (GFD). The focus was on 
changes in mRNA expression of selected toll-like receptors (TLR2, TLR4, TLR7), stress cytokine prolactin (PRL), 
and pro- and anti-inflammatory cytokines (TNF-α, IL-6, IL-12, IL-10) in PBMs.
Material and Methods. The  study involved 20 CD patients diagnosed according to the European Society for 
Pediatric Gastroenterology, Hepatology and Nutrition criteria and Marsh criteria: 10 recently-diagnosed cases 
(rCD) and 10 on a GFD for a minimum of one year. The control group comprised 10 age- and sex-matched healthy 
volunteers. PBMs from peripheral blood specimens were separated using immunomagnetic CD14+ beads. Total 
RNA was isolated using a standard commercial kit. Cytokine and TLR mRNA  levels were quantified by relative 
qPCR with PGK1 as a reference gene.
Results. Significantly higher expression of TLR4 and TLR7 mRNA  was observed in PBMs from rCD patients 
compared to the healthy controls (1.63 times higher; p < 0.05). TLR7 mRNA levels in rCDs were also significantly 
elevated in comparison to the CD-GFD patients (2.11 times higher; p < 0.01). TNF-α mRNA expression tended 
to be higher in both groups of patients; by contrast, in IL-6 mRNA, a trend to a fourfold decrease was detected in 
PBMs from the CD-GFD subjects. IL-10, IL-12 and PRL levels did not differ among the groups.
Conclusions. The data suggest that the inflammatory process in rCD intestinal mucosa and submucosa reflecting 
enterocyte damage can be detected in PBMs in peripheral blood. Further, the cytokine and TLR expression profile 
in PBMs alters after one year of GFD treatment (Adv Clin Exp Med 2016, 25, 5, 887–893).
Key words: celiac disease, monocytes, cytokines, prolactin, innate immunity.
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Gliadin fragments have been identified to activate 
the innate immune system via TLR4  



It has taken nearly 2000 years to appre-
ciate that a common dietary protein
introduced to the human diet rela-

tively late in evolutionary terms (some
10 000 years ago), can produce human
disease not only of the gut but also the
skin and the nervous system. The pro-
tean neurological manifestations of glu-
ten sensitivity can occur without gut
involvement and neurologists must
therefore become familiar with the com-
mon neurological presentations and
means of diagnosis of this disease.

COELIAC DISEASE THROUGH THE
AGES: FROM GUT TO SKIN

” . . .the stomach being the
digestive organ, labours in
digestion, when diarrhoea
seizes the patient . . .and if

in addition, the patient’s
general system be

debilitated by atrophy of
the body, the coeliac

disease of a chronic nature
is formed”.1

This extract is from the book on
chronic diseases by Aretaeus the Cappa-
docian, one of the most distinguished
ancient Greek doctors of the first century
AD. This chapter, entitled “on the coeliac
diathesis”, was the first description of
coeliac disease (from the greek word
κοιλιακη meaning abdominal). Are-
taeus’ books were first published in Latin
in 1500 and the new Latin word coeliac
was used to translate κοιλιακη. Coeliac
disease (CD) remained obscure until
1887 when Samuel Gee gave a lecture
entitled On the coeliac affection2 at the Hos-
pital for Sick Children, Great Ormond
Street, London. In it he acknowledged
Areteaus’ contribution and went on to
give an accurate description of CD based
on his own clinical observations.

With clinical manifestations primarily
confined to the gastrointestinal tract or
attributable to malabsorption, it was
logical to assume that the target organ
and hence the key to the pathogenesis of

this disease was the gut. The first report
of neurological manifestations associ-
ated with CD was by Carnegie Brown in
1908.3 In his book entitled Sprue and its
treatment he mentioned two of his pa-
tients who developed “peripheral neuri-
tis”. Elders reported the association
between “sprue” and ataxia in 1925.4 The
validity of these and other such reports
before 1960 remains doubtful given that
a precise diagnosis of CD was not possi-
ble before the introduction of small
bowel biopsies.

The treatment of CD remained empiri-
cal until 1940–50 when the Dutch paedi-
atritian Willem Dicke noted the deleteri-
ous effect of wheat flour on children with
CD.5 Removal of dietary products contain-
ing wheat was shown to result in com-
plete resolution of the gastrointestinal
symptoms and a resumption of normal
health. The introduction of the small
bowel biopsy in 1950–60 confirmed the
gut as a target organ. The characteristic
features of villous atrophy, crypt hyperpla-
sia and increase in intraepithelial lym-
phocytes with improvement while on
gluten-free diet, became the mainstays of
the diagnosis of CD. In 1961 Taylor
published an immunological study of
CD.6 In his paper he commented that
“ . . .an obstacle to the acceptance of the
immunological theory of causation has
been the lack of satisfactory demonstra-
tion of antibodies to the protein con-
cerned”. He went on to demonstrate the
presence of circulating antibodies against
gliadin (antigliadin antibodies), the pro-
tein responsible for CD. This provided fur-
ther evidence that CD was immunologi-
cally mediated and that the immune
response is not confined to the mucosa of
the small bowel. Antigliadin antibodies
became a useful screening tool for the
diagnosis of CD.

In 1966, Marks et al demonstrated an
enteropathy in nine of 12 patients with
dermatitis herpetiformis,7 an itchy ve-
sicular skin rash mainly occurring over
the extensor aspect of the elbows and
knees. The enteropathy had a striking
similarity to that seen in CD. It was later
shown that the enteropathy and the skin
rash were gluten dependent but skin
involvement could occur even without
histological evidence of gut involvement.
This was the first evidence that the gut

may not be the sole protagonist in this
disease.

THE NEUROLOGY OF COELIAC
DISEASE
In 1966 Cooke published a landmark
paper on 16 patients with neurological
disorders associated with adult CD.8 This
was the first systematic review of the
subject after the introduction of diagnos-
tic criteria for CD. Ten of these patients
had a severe progressive neuropathy. All
patients had gait ataxia and some had
limb ataxia. Neuropathological data
from postmortem examinations showed
extensive perivascular inflammatory
changes affecting both the central and
peripheral nervous systems. A striking
feature was the loss of Purkinje cells
with atrophy and gliosis of the cerebel-
lum. All 16 patients had evidence of
severe malabsorption as evidenced by
anaemia and vitamin deficiencies as well
as profound weight loss.

Several case reports followed, prima-
rily based on patients with established
CD, often with persisting troublesome
gastrointestinal symptoms followed by
neurological dysfunction. Data from pa-
tients with CD presenting with gastro-
intestinal symptoms followed up in a
gastrointestinal clinic suggest that
otherwise unexplained neurological dys-
function is a complication in 6% to 10%
of cases.9

A review of all such reports (with
biopsy proved CD) from 1964 to date
shows that ataxia and peripheral neu-
ropathy are the commonest neurological
manifestations seen in patients with
established CD (table 1). Less common
manifestations include inflammatory
myopathies10 and myoclonic ataxia.11 Iso-
lated dementia is uncommon and most
cases tend to have additional neurologi-
cal features (for example, ataxia or neu-
ropathy). Patients with epilepsy associ-
ated with occipital calcifications on CT
and CD have been described,12 mainly in
Italy. Most present with epilepsy in

Gluten sensitivity
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Gluten sensitivity as a neurological
illness
M Hadjivassiliou, R A Grünewald, G A B Davies-Jones
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

From gut to brain

Table 1 Neurology of coeliac
disease (based on a review of 35
papers of single or multiple case
reports from 1964 to 2000)
Total number of patients 83
Male to female ratio 44:39
Mean age 48
Neurological diagnosis

Ataxia 29
Peripheral neuropathy 29
Myopathy 13
Ataxia with myoclonus 9
Myelopathy 4
Dementia (usually with

additional features)
6
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When the cause of a neurological disease is known, the 
percentage of those patients with elevated antibodies to gluten 
is 5%. When the cause of a neurological disease is unknown, 
the percentage of those patients with elevated antibodies to 

gluten is 57%.
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BRAIN-REACTIVE ANTIBODIES IN TRAUMATIC 
BRAIN INJURY 

 
 
 

Aristo Vojdani 
Immunosciences Lab., Inc., Los Angeles, CA USA 

ABSTRACT 

Neuroautoimmune diseases are disorders that involve the body’s immune system attacking its 
own brain or neural tissues. Normally the brain is protected from the outside world by the blood-
brain barrier (BBB), which is composed of highly specialized brain endothelial cells. However, 
repetitive traumatic brain injury (TBI), such as occurs in football and other sports, can lead to 
repeated disruptions to the BBB. This opening of the door to the brain can lead to a dysfunctional 
exchange of molecules between the blood and the brain. A dysfunctional immune system can 
mistakenly identify neural antigens as invasive agents and produce autoreactive antibodies against 
BBB proteins such as S100-B and various neural tissue antigens. S100-B has been used in 
conjunction with CT scanning to successfully confirm concussions or brain injuries. The detection 
of S100-B antibodies actually goes further to indicate that the BBB has been damaged and 
autoimmunity has been activated against the brain cells, and can even be used to indicate degree 
of recovery and when to return to normal activity. These findings support the importance of 
measuring antibodies against S100-B and other neural autoantigens in the diagnosis and therapy of 
patients with TBI. 
 

Keywords: Autoimmune, traumatic brain injury, autoantigens, S100-B antibodies 

INTRODUCTION 

Autoimmune diseases affect about 7% of the world’s population. In these disorders, pathogenic 
TH1 cells, autoreactive TH17 cells, antibodies and associated molecules attack antigens of various 
tissues, including brain tissue. Brain-reactive antibodies are detected in about 3% of the general 
population but do not contribute to brain pathology unless they cross the blood-brain barrier (BBB) 
[1].  

The BBB is composed of highly specialized brain endothelial cells which are fully differentiated 
to the neurovascular system. It is estimated that the human brain contains more than ten billion 
capillaries, which translates into one vessel for each neuron. The total length of the capillaries in the 
human brain is about 400 miles. In conjunction with microglia, astrocytic foot processes and 
pericytes, the BBB separates the neurons from various components of the circulating blood [2]. The 
endothelial tight junctions, together with astrocytic foot processes, prevent the passage of all soluble 
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It is estimated that the human brain contains more than 
ten billion capillaries, which translates into one vessel for 

each neuron. The total length of the capillaries in the 
human brain is about 400 miles. 
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Serum IgA Anti-Gliadin antibodies from patients with 
CD have been recently shown to strongly react with 

blood vessel structures in the human brain
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Triggers and Mediators of Systemic Inflammation

• If You Trust For Now That 
the Studies Quoted Here are 
Accurate Representatives of 
Basic Physiology, Which 
Patients With Systemic 
Inflammation Would you Not 
Test for a Loss of Tolerance 
to Wheat/Gluten? 
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Case Study #1
A 44 yr. old male with ’assumed’ 

rapidly progessing ALS 

41



Nat Clin Pract Neurol., Oct 2007 vol.3, no 10

A 44-year-old male was referred for a neurological opinion with 
a 6-month history of progressive right leg weakness, wasting 

and intermittent painful spasms of his right quadriceps. 
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In the preceding month the patient had also noticed 
progressive weakness of his right arm and difficulty when 
writing. He had no sensory symptoms. The patient’s only 

past medical history of note was migraine with aura.
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The patient’s initial presentation: 
ü progressive motor syndrome with absence of sensory signs
ü clinical evidence of upper and lower motor neuron 
degeneration
ü electromyographic evidence of widespread acute 
denervation
ühyperintensity in the corticospinal tracts on MRI. 
� A dx of Amyotrophic Lateral Sclerosis (ALS).
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His family hx revealed that a maternal aunt had 
Celiac Disease, a sister had Crohn’s disease, and 

his maternal grandmother had MS. 
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A is initial presentation, B is 2 months later
46
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Routine blood tests revealed:
• a mild microcytic anemia
i levels of serum iron
i serum ferritin 
i serum folate
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Blood tests revealed:
• elevated antiendomysial antibody 
• duodenal biopsy demonstrated villous atrophy, crypt 

hyperplasia and increased intraepithelial lymphocytes
(Marsh 3A), consistent with gluten-sensitive 
enteropathy (Celiac Disease)
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The patient was started on a GFD approximately 7 months 
after the onset of his initial neurological symptoms. No drugs, 

including riluzole or other agents with neuroprotective 
potential were given.
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9 months after initiation of treatment, the patient’s 
right arm function had returned to normal. 
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Improvement in the patient’s right leg function 
was noted, wasting was still present and there was 
some residual spasticity. He was now able to walk 
unaided, however, and his handwriting and ability 

to fasten buttons had returned to normal.
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initial

2 months        
later

9 months 
after GFD
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It is of critical clinical value to have valid tests 
identifying if the brain is suffering from chronic 

inflammatory conditions that eventually 
accumulates damage into become a disease.
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Test, Don’t 
Guess
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Abstract. Previous studies have reported immunoglobulin-positive neurons in Alzheimer’s disease (AD) brains, an observation
indicative of blood-brain barrier (BBB) breakdown. Recently, we demonstrated the nearly ubiquitous presence of brain-reactive
autoantibodies in human sera. The significance of these observations to AD pathology is unknown. Here, we show that IgG-
immunopositive neurons are abundant in brain regions exhibiting AD pathology, including intraneuronal amyloid-!42 (A!42)
and amyloid plaques, and confirm by western analysis that brain-reactive autoantibodies are nearly ubiquitous in human serum.
To investigate a possible interrelationship between neuronal antibody binding and A! pathology, we tested the effects of human
serum autoantibodies on the intraneuronal deposition of soluble A!42 peptide in adult mouse neurons in vitro (organotypic brain
slice cultures). Binding of human autoantibodies to mouse neurons dramatically increased the rate and extent of intraneuronal
A!42 accumulation in the mouse cerebral cortex and hippocampus. Additionally, individual sera exhibited variable potency
related to their capacity to enhance intraneuronal A!42 peptide accumulation and immunolabel neurons in AD brain sections.
Replacement of human sera with antibodies targeting abundant neuronal surface proteins resulted in a comparable enhancement
of A!42 accumulation in mouse neurons. Overall, results suggest that brain-reactive autoantibodies are ubiquitous in the blood and
that a defective BBB allows these antibodies to access the brain interstitium, bind to neuronal surfaces and enhance intraneuronal
deposition of A!42 in AD brains. Thus, in the context of BBB compromise, brain-reactive autoantibodies may be an important
risk factor for the initiation and/or progression of AD as well as other neurodegenerative diseases.
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive and dev-
astating neurodegenerative disorder of the elderly that
is highlighted by a dramatic reduction of memory and
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The identification of autoantibodies that play a role in the 
initiation phases of disease could be of possible therapeutic 

benefit. Not only could these autoantibodies be used to identify 
individuals at risk for developing AD prior to disease initiation, 

but they may also provide therapeutic targets. 

Journal of Alzheimer’s Disease 25 (2011) 605–622 
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We identified 2 distinct discontinuous gliadin sequence sets 
that, when combined, significantly improved the sensitivity 

(IgG, 97%; IgA, 99%) and specificity (IgG, 98%; IgA, 100%) 
(P < .001) for the diagnosis of CD. 

PLoS One. 2016 Jan 29;11(1)
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The relative noninvasiveness, broad availability, and 
versatility of the high-throughput peptide microarrays 
make this technology well suited for incorporation into 

routine health care and also provide a promising new tool 
for biomarker discovery. 

PLoS One. 2016 Jan 29;11(1)
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Testing for Brain Inflammation

• Antibodies to Brain Tissue
• Antibodies identifying a Breach 

of the Blood Brain Barrier
• Antibodies to optical and ANS 

disorders
• Antibodies to systemic Brain 

autoimmunity
• Antibodies to bacteria in the 

Brain causing inflammation
• Antibodies to viruses in the 

Brain causing inflammation
• Antibodies creating 

demyelination
• Antibodies creating peripheral 

neuropathies
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Anti-HHV-7 

HHV-7 has been less frequently associated with CNS disease than HHV-6, but found to be associated with encephalitis, 
meningitis, and demyelinating conditions. Similar to HHV 6A, increased levels of HHV-7 were found in multiple brain 
regions in Alzheimer’s disease (AD) patients. 46, 53

Anti-Streptococcal A
Group A beta-haemolytic streptococcal (GABHS) tonsillitis, more frequently known as streptococcal pharyngitis, is highly 
prevalent in children, especially in those who are between the ages of 5 and 15 years. A subset of these children may 
develop PANDAS characterized by pediatric obsessive-compulsive disorder (OCD) and tic disorder, and Sydenham 
Chorea. Anti-streptococcal A antibodies are shown to cross react with different brain proteins that could lead to 
neuropsychiatric symptoms.54 
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How are we supposed to 
understand a test like 

this?
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J of Neuroimmun 127 (2002) 145– 148

the most common neurological symptom in CD 
is peripheral neuropathies

22% of CD patients manifest symptoms               
of peripheral neuropathies

In this study, every one (100%) of these 
peripheral neuropathy CD patients had elevated 

anti-ganglioside antibodies
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REVIEW Open Access

An updated overview of spectrum of
gluten-related disorders: clinical and
diagnostic aspects
Nazanin Taraghikhah1, Sara Ashtari2, Nastaran Asri1, Bijan Shahbazkhani3, David Al-Dulaimi4,
Mohammad Rostami-Nejad2* , Mostafa Rezaei-Tavirani5, Mohammad Reza Razzaghi6 and Mohammad Reza Zali2

Abstract

The incidence of gluten-related disorders (GRDs) continues to increase and its global prevalence is estimated at
approximately 5% of the population. Celiac disease (CD), dermatitis herpetiformis (DH), gluten ataxia (GA), wheat
allergy (WA), and non-celiac gluten sensitivity (NCGS) are the five major GRDs that present with a wide range of
clinical manifestations. The diagnosis of GRDs can be challenging because the typical and atypical clinical
manifestations of the GRDs overlap. In this review, the current definitions of gluten-related disorders, focusing on
their clinical features, diagnostic and therapeutic approaches are presented. We concluded that GRDs are usually
diagnosed using a combination of clinical features, serological tests, and histopathological findings. Treatment
usually involves dietary modification.

Keywords: Gluten, Celiac disease, Diet, gluten-free, Ataxia, Hypersensitivity, Diagnosis

Background
Gluten-related disorders (GRDs) refer to a group of con-
ditions that are known to be caused by the ingestion of
the gluten proteins present in wheat, barley, and rye.
GRDs are heterogeneous, reflecting their autoimmune,
allergic, and non-autoimmune-allergic etiology. Celiac
disease (CD), dermatitis herpetiformis (DH), and gluten
ataxia (GA) are considered to be autoimmune. Wheat
allergy (WA) and non-celiac gluten sensitivity (NCGS)
are considered to be allergic and non-autoimmune-
allergic diseases [1–3].
GRDs are estimated to have a global prevalence of

approximately 5% [4]. Until two decades ago, CD and
other GRDs were considered to be almost exclusively
found in European populations. Advances in the

development of sensitive and specific serological tests
have led to an increase in the diagnosis of GRDs and
recognition that these conditions are a significant global
health issue [5]. The cultivation of ancient grasses, such
as the progenitors of modern wheat and barley, first
started in the Fertile Crescent of the Middle East
approximately 10,000 years ago. Cultivation of these
ancient grasses slowly spread across northern Europe
which coincided with the growth of the earliest civiliza-
tions and since then symptoms in keeping with GRDs
were reported [6–9]. Much later the mechanization of
agriculture and most recently, the industrial use of pesti-
cides, nitrogen-based fertilizers, and genetic modification
have led to the production of a vast amount of wheat,
including new types of wheat with high gluten content.
These gluten-rich wheats are used in the global food in-
dustry. These rapid changes in the amount and type of
wheat being consumed may be responsible for the global
increase in the prevalence of GRDs [5, 10]. In a short
period of time, in evolutionary timescales, wheat has

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: m.rostamii@gmail.com
2Gastroenterology and Liver Diseases Research Center, Research Institute for
Gastroenterology and Liver Diseases, Shahid Beheshti University of Medical
Sciences, Tehran, Iran
Full list of author information is available at the end of the article

Taraghikhah et al. BMC Gastroenterology          (2020) 20:258 
https://doi.org/10.1186/s12876-020-01390-0

BMC Gastroenterology (2020) 20:258 

There is a cross-reactivity between antigenic 
epitopes located at the level of Purkinje cells and 

gluten-related antibodies. In susceptible individuals, 
anti-gliadin antibodies may have a clinically 

significant direct or indirect neurotoxic effect 
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Introduction

The identification of brain metastases has important 

implications for treatment and prognosis. A total of 10–

15% of patients with lung cancer have brain metastases 

at diagnosis. The brain is a frequent site for progression 

of lung cancer because the blood-brain barrier (BBB) 

shelters the central nervous system (CNS) from systemic 

treatment (1). Guidelines suggest obtaining brain imaging 

at presentation in asymptomatic lung cancer patients with 

advanced stage non-small cell lung cancer, all patients with 

small cell carcinoma, and anyone with symptoms that could 

be related to the presence of brain metastases (2,3). On 

the other side, brain imaging is not routinely performed 

in longitudinal follow-up (4,5). The appropriate selection 

of patients at high risk of having brain metastasis could 

reduce the amount of unnecessary brain imaging, decrease 

costs and improve patient care. An accurate, inexpensive 

Original Article 

S100B and S100B autoantibody as biomarkers for early detection 
of brain metastases in lung cancer
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Background: S100B is an astrocytic protein that enters the blood stream when there is disruption of 

the blood-brain barrier (BBB). Over time, antibodies against S100B develop in the sera of patients who 

experience persistent or repeated BBB disruptions. We explored the use of serum S100B protein and S100B 

autoantibodies for the detection of brain metastasis in patients with lung cancer. 

Methods: One hundred and twenty eight untreated patients with lung cancer who had brain imaging 

performed as part of their routine evaluation, participated. Serum S100B protein levels were measured 

by direct ELISA and S100B autoantibody levels by reverse ELISA. These levels in patients with brain 

metastases were compared alone and in combination to those without brain metastases. 

Results: Eighteen (14%) patients had brain metastasis at the time of lung cancer diagnosis. An S100B 

cutoff of 0.058 ng/mL had a sensitivity of 89% and specificity of 43% for brain metastasis. When an 

autoantibody threshold of <2.00 absorbance units was used in conjunction with S100B, the sensitivity 

remained at 89%, and the specificity increased to 58%. The overall accuracy was 51% with S100B alone, 
improving to 62.5% when combined with autoantibodies. 

Conclusions: Serum S100B and S100B autoantibody levels may help to identify which lung cancer 

patients have brain metastases.

Keywords: Biomarker; brain metastasis; lung cancer; S100B; small vessel disease (SVD)
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S100B is an astrocytic protein that enters the blood stream 
when there is disruption of the blood-brain barrier (BBB) 
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Background: S100B is an astrocytic protein that enters the blood stream when there is disruption of 

the blood-brain barrier (BBB). Over time, antibodies against S100B develop in the sera of patients who 

experience persistent or repeated BBB disruptions. We explored the use of serum S100B protein and S100B 

autoantibodies for the detection of brain metastasis in patients with lung cancer. 

Methods: One hundred and twenty eight untreated patients with lung cancer who had brain imaging 

performed as part of their routine evaluation, participated. Serum S100B protein levels were measured 

by direct ELISA and S100B autoantibody levels by reverse ELISA. These levels in patients with brain 

metastases were compared alone and in combination to those without brain metastases. 

Results: Eighteen (14%) patients had brain metastasis at the time of lung cancer diagnosis. An S100B 

cutoff of 0.058 ng/mL had a sensitivity of 89% and specificity of 43% for brain metastasis. When an 

autoantibody threshold of <2.00 absorbance units was used in conjunction with S100B, the sensitivity 

remained at 89%, and the specificity increased to 58%. The overall accuracy was 51% with S100B alone, 
improving to 62.5% when combined with autoantibodies. 

Conclusions: Serum S100B and S100B autoantibody levels may help to identify which lung cancer 

patients have brain metastases.

Keywords: Biomarker; brain metastasis; lung cancer; S100B; small vessel disease (SVD)
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Over time, antibodies against S100B develop in the sera of 
patients who experience persistent or repeated BBB disruptions. 
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Multiple sclerosis (MS) is an autoimmune disease that affects the body’s central nervous system. Around 90% of MS sufferers are
diagnosed with relapsing-remitting MS (RRMS). We used ELISA to measure IgG, IgA, and IgM antibodies against linear epitopes
of human and plant aquaporins (AQP4) as well as neural antigens in RRMS patients and controls to determine whether patients
suffering from RRMS have simultaneous elevations in antibodies against these peptides and antigens. In comparison to controls,
significant elevations in isotype-specific antibodies against human and plant AQP4 and neural antigens such as MBP, MOG, and
S100B were detected in RRMS patients, indicating a high correlation in antibody reaction between plant aquaporins and brain
antigens. This correlation between the reactivities of RRMS patients with various tested antigens was the most significant for the
IgM isotype. We conclude that a subclass of patients with RRMS reacts to both plant and human AQP4 peptides. This immune
reaction against different plant aquaporins may help in the development of dietary modifications for patients with MS and other
neuroimmune disorders.

1. Introduction

Multiple sclerosis (MS) is characterized by the demyelination
of a nerve’s protective myelin sheaths in the brain and spi-
nal cord, which occurs due to inflammation and attack by
the body’s own immune system [1, 2]. This myelin damage
disrupts the communication between the brain and the rest
of the body. Symptoms may include fatigue, vertigo, cog-
nitive impairment, focal cortical deficits, unilateral painful
loss of vision, postural and action tremor, dysarthria, limb
incoordination and gait ataxia, diplopia, oscillopsia, pseu-
dobulbar palsy, and bladder dysfunction. In 1996, the United
States National Multiple Sclerosis Society described 4 clinical
courses of the disease [3]. In 2013, this set of courses was
reviewed by an international panel [4], resulting in the recog-
nition of 4main phenotypes of MS.The first type, relapsing-
remitting multiple sclerosis (RRMS), affects around 90% of
people who have MS. The defining elements of RRMS are

episodes of acute worsening of neurologic function followed
by a variable degree of recovery, with a stable course between
attacks [3]. The remaining 10% have one of these three
progressive forms: secondary progressive (SPMS), primary
progressive (PPMS), and progressive relapsing (PRMS).

Aquaporin 4 (AQP4) is a class of water channels found in
many cells of the body including the stomach, brain, lung, and
skeletal muscle [5]. AQP4 is the predominant water channel
in the central nervous system and is expressed in ependy-
mocytes, endothelial cells, and astrocyte foot processes at
the blood-brain barriers (BBB), but not in neurons [6, 7].
In the brain, AQP4 is believed to have a role in maintaining
homeostasis and water exchange, electrical activity, and
modulation of neuronal transmission and excitability [8, 9].

Neuromyelitis optica (NMO), or Devic’s disease, is a
severe inflammatory demyelinating disorder that affects the
white and gray matter in the brain and is classically restricted
to the optic nerves and spinal cord [10–12]. Studies have
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A significant percentage of RRMS patients showed 
elevation not only in antibodies against human AQP4 
and the aquaporins of soy, corn, tomato, and spinach, 

but also against MBP, MOG, and S100B. 
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Figure 4: IgA, IgM, and IgG isotypes are clustered together with
high correlations among the aquaporin peptides and brain proteins
in each isotype.
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Figure 5: Serial dilution of IgG (blue diamond), IgA (green tri-
angle), and IgM (red square) antibody against AQP4.

4. Discussion
In an earlier study [28], it was shown that several proteins in
nature have a significant similarity in sequence and structure
to human AQP4. The researchers found that IgG from the
sera of patients with NMO cross-reacted with a sequence
found in plant aquaporins and that this reactivity was much
higher in NMO patients than in controls. However, only
9 patients and 9 controls were involved in this study [28],
and no IgM or IgA antibody measurements were done. For
this reason, we wanted to examine whether or not this
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Figure 6: Serial dilution of IgG (blue diamond), IgA (green trian-
gle), and IgM (red square) antibody against tomato.
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Figure 7: Serial dilution of IgG (blue diamond), IgA (green trian-
gle), and IgM (red square) antibody against soy.
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Figure 8: Serial dilution of IgG (blue diamond), IgA (green trian-
gle), and IgM (red square) antibody against corn.
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Thermal processing of food (cooking) leads to the 
formation of various novel compounds. Among these, 

advanced glycation end products (AGEs) are well-known 
compounds hypothesized to cause harmful health effects.
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ABSTRACT

Over the past 2 decades there has been increasing evidence supporting an important contribution from food-derived advanced glycation end
products (AGEs) to the body pool of AGEs and therefore increased oxidative stress and inflammation, processes that play a major role in the
causation of chronic diseases. A 3-d symposium (1st Latin American Symposium of AGEs) to discuss this subject took place in Guanajuato,
Mexico, on 1–3 October 2014 with the participation of researchers from several countries. This review is a summary of the different presentations
and subjects discussed, and it is divided into 4 sections. The first section deals with current general knowledge about AGEs. The second section
dwells on mechanisms of action of AGEs, with special emphasis on the receptor for advanced glycation end products and the potential role of
AGEs in neurodegenerative diseases. The third section discusses different approaches to decrease the AGE burden. The last section discusses
current methodologic problems with measurement of AGEs in different samples. The subject under discussion is complex and extensive and
cannot be completely covered in a short review. Therefore, some areas of interest have been left out because of space. However, we hope this
review illustrates currently known facts about dietary AGEs as well as pointing out areas that require further research. Adv Nutr 2015;6:461–73.

Keywords: nutrition, oxidative stress, inflammation, insulin resistance, RAGE, nutraceutical

Introduction
In October 2014 a meeting on the potential role of dietary
advanced glycation end products (AGEs)14 took place in
Guanajuato, Mexico. Increasingly, it has become evident
that food-derived AGEs make a substantial contribution to

the systemic burden of AGEs and therefore predispose indi-
viduals to oxidative stress (OS) and inflammation, which
play a major role in the causation of chronic diseases. A group
of international experts in different areas of AGE research
from the United States, Spain, Mexico, Brazil, Argentina,
and Chile presented their work and discussed extensively
what is currently known and what areas of research need to
be emphasized to increase our understanding of the role of di-
etary AGEs in health and disease. Herein, we present a sum-
mary of the main presentations and discussions that took
place during this 3 d symposium. This review is divided into
the following 4 sections: 1) general background on AGEs; 2)
molecular pharmacology of AGEs, in which we discuss how
AGEs cause pathologic effects in the body, with particular at-
tention to the receptor for advanced glycation end products
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2 Author disclosures: J Uribarri, MD del Castillo, MP de la Maza, R Filip, A Gugliucci,
C Luevano-Contreras, MH Maćıas-Cervantes, DH Markowicz Bantos, A Medrano, T Menini,
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14 Abbreviations used: ACE, angiotensin-converting enzyme; AGE, advanced glycation end
product; AQC, 6-aminoquinonyl-N-hydroxysuccinimidyl-carbamate; CKD, chronic kidney
disease; esRAGE, endogenous secretory RAGE; OPA, ortho-phthalaldehyde; OS, oxidative
stress; RAGE, receptor for advanced glycation end products; sRAGE, soluble receptor for
advanced glycation end products.
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Foods rich in both protein and fat, mostly of animal origin, 
and cooked at high and dry heat, such as in broiling, 

grilling, frying, and roasting, tend to be the richest dietary 
sources of AGEs 
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Advanced Glycation End-Products and Their 
Receptor-Mediated Roles: Inflammation and 
Oxidative Stress 
 

 
Abstract 
Glycation is a protein modification, which results in a change in 
a protein structure. Glycation is believed to be the etiology of 
various age-related diseases such as diabetes mellitus and Alz-
heimer’s disease (AD). Activation of microglia and resident 
macrophages in the brain by glycated proteins with subsequent 
oxidative stress and cytokine release may be an important factor 
in the progression of AD. It is also suggested that interaction 
between an advanced glycation end product (AGE) and its re-
ceptor (RAGE) results in glial activation as well as cytokine 
release and reactive oxygen species release. The use of antioxi-
dants, receptor mediated compounds and reactive oxygen spe-
cies scavenging enzyme produce an opportunity to intervene 
with AGE-RAGE signaling pathway, and thereby to slow down 
the progression of aging-related diseases. 
Iran J Med Sci 2011; 36(3): 154-166. 
 
Keywords ● Advanced glycation end producs ● receptor for 
advanced glycation end products ● oxidative stress ● 
inflammation ● signaling pathway 
 
Introduction

The amino groups of proteins, particularly the side chain of 
lysine, arginine, and histidine react non-enzymatically with re-
ducing sugars. This post-translational modification called “gly-
cation” or “maillard reaction”, leads via reversible Schiff-base 
adducts to protein bound amadori products.1-3 By subsequent 
oxidation and dehydration, a broad range of brown heteroge-
neous products, mostly fluorescent with nitrogen- and oxygen- 
containing heterocyclic compounds, called advanced glycation 
end products (AGEs) are formed. The formation of AEGs is 
irreversible, and causes a resistant protein deposition to prote-
ase.4,5 The Maillard reaction was first described by L.C. Mail-
lard a chemist, who reported the formation of brown products 
upon heating a solution of amino acid (AA) and sugar.6 Sche-
matic representation of the Maillard reaction (A) and structures 
of AGEs (B, C and D),7 are shown in figure 1. 
 
Pathological Consequences of AGEs 
 
In vivo Glycation modifies the structural properties of proteins 
such as albumin and haemoglobin leading to inflammation and 
oxidative stress. The pathological role of AGEs in diseases 
such as diabetes mellitus (DM) is not fully understood. In addi-
tion to change of the protein structure, the receptor mediated 
mechanism of AGEs is of special interest.8 
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It is known that the blood brain barrier (BBB) is 
important for Aβ brain balance, and that BBB 

regulates the transport of Aβ through two receptors: 
the low density lipoprotein receptor related protein1 

(LRP1) and RAGE. 
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Advanced Glycation End-Products and Their 
Receptor-Mediated Roles: Inflammation and 
Oxidative Stress 
 

 
Abstract 
Glycation is a protein modification, which results in a change in 
a protein structure. Glycation is believed to be the etiology of 
various age-related diseases such as diabetes mellitus and Alz-
heimer’s disease (AD). Activation of microglia and resident 
macrophages in the brain by glycated proteins with subsequent 
oxidative stress and cytokine release may be an important factor 
in the progression of AD. It is also suggested that interaction 
between an advanced glycation end product (AGE) and its re-
ceptor (RAGE) results in glial activation as well as cytokine 
release and reactive oxygen species release. The use of antioxi-
dants, receptor mediated compounds and reactive oxygen spe-
cies scavenging enzyme produce an opportunity to intervene 
with AGE-RAGE signaling pathway, and thereby to slow down 
the progression of aging-related diseases. 
Iran J Med Sci 2011; 36(3): 154-166. 
 
Keywords ● Advanced glycation end producs ● receptor for 
advanced glycation end products ● oxidative stress ● 
inflammation ● signaling pathway 
 
Introduction

The amino groups of proteins, particularly the side chain of 
lysine, arginine, and histidine react non-enzymatically with re-
ducing sugars. This post-translational modification called “gly-
cation” or “maillard reaction”, leads via reversible Schiff-base 
adducts to protein bound amadori products.1-3 By subsequent 
oxidation and dehydration, a broad range of brown heteroge-
neous products, mostly fluorescent with nitrogen- and oxygen- 
containing heterocyclic compounds, called advanced glycation 
end products (AGEs) are formed. The formation of AEGs is 
irreversible, and causes a resistant protein deposition to prote-
ase.4,5 The Maillard reaction was first described by L.C. Mail-
lard a chemist, who reported the formation of brown products 
upon heating a solution of amino acid (AA) and sugar.6 Sche-
matic representation of the Maillard reaction (A) and structures 
of AGEs (B, C and D),7 are shown in figure 1. 
 
Pathological Consequences of AGEs 
 
In vivo Glycation modifies the structural properties of proteins 
such as albumin and haemoglobin leading to inflammation and 
oxidative stress. The pathological role of AGEs in diseases 
such as diabetes mellitus (DM) is not fully understood. In addi-
tion to change of the protein structure, the receptor mediated 
mechanism of AGEs is of special interest.8 
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Generally, efflux which is mediated by LRP1 is greater 
than influx by RAGE. In AD, changes in RAGE 

expression create an imbalance between the rates of 
influx and efflux of Aβ peptide through the BBB. 
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Over the past decades, thousands of published studies have amassed supporting recommendations to consume fruits and
vegetables for physiological and psychological health. Newer research has emerged to suggest that these plant-based foods contain
a plethora of not only vitamins and minerals, but perhaps, most importantly, phytonutrients.These phytonutrients have known
pleiotropic effects on cellular structure and function, ultimately resulting in the modulation of protein kinases and subsequent
epigenetic modification in a manner that leads to improved outcomes. Even though eating fruits and vegetables is a well-known
feature of a healthy dietary pattern, population intakes continue to be below federal recommendations. To encourage consumers
to include fruits and vegetables into their diet, an “eat by color” approach is proposed in this review. Although each individual food
may have numerous effects based on its constituents, the goal of this simplified approach was to identify general patterns of
benefits based on the preponderance of scientific data and knownmechanisms of food-based constituents. It is suggested that such
a consumer-oriented categorization of these plant-based foodsmay lead to greater recognition of their importance in the daily diet
throughout the lifespan. Other adjunctive strategies to heighten awareness of fruits and vegetables are discussed.

1. Introduction

While there continues to be debate about the inclusion of
meat, dairy, grains, and legumes in a healthy diet, there would
seem to be little disagreement in the scientific community that
eating fruits and vegetables is beneficial for one’s health.
Eating plant-based foods is part of many diverse dietary
patterns, including the well-studied Mediterranean diet [1],
vegan and vegetarian approaches, the hunter-gatherer (Pa-
leolithic) diet [2], and even the less well-studied, ketogenic
diet [3]. The quantity and quality of in vitro, animal, and
clinical data over several decades suggest that intake of fruits
and vegetables is associated with reducing chronic disease
risk, such as cardiovascular disease, diabetes, cataracts, cancer,
dementia, obesity, and others [4–7].

The search strategy for this review article was to start
with a scientific literature review of the health benefits of
fruits and vegetables, along with the predominant issues
surrounding deficiencies in intake. Secondly, the goal was to

organize the findings into a categorical system for ease of
understanding and application.

1.1. Phytonutrient Gap. Despite the widely known health
benefits of consuming fruits and vegetables, low intakes are
historically consistent, with recent data from the 2015 Be-
havioral Risk Factor Surveillance System indicating that
most adults (particularly men, young adults, and those living
in poverty) consume insufficient amounts [8]. Only nine
percent and twelve percent of American adults met the
recommendations for vegetables and fruits, respectively [8].
Moreover, a report [9] based on food consumption data
from the National Health andNutrition Examination Survey
(NHANES) conducted in 2003-2004 and 2005-2006 found
that eight out of ten Americans fall short in every color of
phytonutrients (referred to as a “phytonutrient gap”), es-
pecially in the color category of purple/blue foods (88% of
people neglected to meet their daily serving).
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repair DNA damage [106]. Beta-carotene was found to be
associated with sperm concentration in healthy, non-
smoking men [107]. In another study [108], beta-carotene
was one of the three antioxidants that significantly decreased
in seminal plasma of immunoinfertile men as compared to
levels in fertile men.

3.1. Wild Yam (Dioscorea). In traditional medicine, wild
yam is widely used to treat menopausal symptoms, most
likely due to its phytoestrogen content and corresponding
ability to stimulate ovarian estradiol synthesis [109–111]. In
one study [112], twenty-four healthy postmenopausal
women replaced their staple food of rice with 390 grams of

Table 3: Select foods, their (phyto)nutrient profile, and health benefits.

Color Food Some food formats researched Basic (phyto)nutrient profile Researched health benefits

Red Tomatoes Juice, powder, raw, sauce (prepared
with and without oil)

Carotenoids (e.g., lycopene),
flavonoids, vitamin C

(i) Reduction in inflammatory
markers

(ii) Reduction in postprandial
inflammation

(iii) Improvement in lipid markers

Red Strawberries Freeze-dried as beverage Polyphenols (flavonoids, phenolic
acids, tannins), vitamin C

(i) Reduction in postprandial
inflammation

(ii) Reduction in pain due to
osteoarthritis

Red Beets Cooked, raw juice Betalains (i) Reduction in inflammatory
markers

Orange Wild yam Cooked Phytoestrogens
(i) Increase in estrogen and

estrogen metabolites
(ii) Phytoestrogenic activity

Orange Carrots Not specified Alpha- and beta-carotene

(i) Decrease in rate of breast and
prostate cancer

(ii) Phytoestrogenic activity
(iii) Association with estrogen

metabolism

Orange Orange fruits Not specified Bioflavonoids, beta-carotene, beta-
cryptoxanthin

(i) Delay in ovarian senescence
(ii) Lower risk for endometriosis

Yellow Ginger Standardized extract Gingerols, shogaols (i) Decrease in nausea
(ii) Increase in gastric emptying

Yellow Citrus
(lemons) Juice, raw Hesperidin, nobiletin, rutin,

vitamin C

(i) Protective against gastric ulcer
(ii) Antidiabetic

(iii) Reduction in glycemic impact
Yellow Pineapple Juice Bromelain, serotonin (i) Enzymatic activity

Yellow Bananas Raw Prebiotic fiber, serotonin (i) Increase in bifidobacteria
(ii) Reduction in bloating

Green Leafy greens Raw, spinach Chlorophyll, folate, nitrates,
phylloquinone

(i) Reduction in blood pressure
(ii) Increase in nitric oxide
(iii) Increase in blood flow

Green Cruciferous
vegetables Not specified Glucosinolates, isothiocyanates,

sulforaphane

(i) Antioxidant action
(ii) Reduction in platelet

aggregation
(iii) Reduction in thrombus

formation

Blue-
purple

Concord grape
juice Juice Phenolic acids, stilbenes,

anthocyanins, proanthocyanins

(i) Improvement in spatial memory
and performance

(ii) Improvement in reaction time
on attention

(iii) Increase in calm ratings

Blue-
purple Blueberries Beverage, freeze-dried, raw

Flavonoids, procyanidins
(monomeric and oligomeric form),

flavonols (i.e., kaempferol,
quercetin, myricetin), phenolic
acids (mainly hydroxycinnamic
acids), derivatives of stilbenes

(i) Improvement in measures of
cognition

(ii) Benefit to mood
(iii) Improvement in

neuroplasticity

This table provides a summary of certain foods and accompanying animal and/or clinical research studies as discussed in this review article. Details on the
studies can be found in the respective color section in the text.
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NeuralZoomer plus

Positive Moderate
Negative

(IgG + IgA) IgM (IgG + IgA) IgM

Peripheral
Neuropathy
Anti-GM1

Brain
Autoimmunity
Anti-Purkinje cell

Blood Brain
Barrier Disruption
Anti-s100b

Optical and
Autonomic
nervous system
disorder
Anti-Aquaporin4

Brain
Autoimmunity
Anti-RAGE
peptide

Infection
Anti-HHV 6
Anti-
Streptococcal A

Demyelination Antigens

Anti-Tubulin Anti-Myelin
basic protein

Anti-Myelin
oligodendrocyte

glycoprotein

Anti-Myelin
proteolipid

protein
Anti-Neurofascin Anti-MAG

Blood Brain Barrier Disruption
Anti-Glial

fibrillary acidic
protein

Anti-Microglia
Anti-Glucose

regulated
protein 78

Optical and Autonomic nervous system disorder
Anti-Neuron

specific enolase Anti-Recoverin Anti-CV2

Peripheral Neuropathy

Anti-GM2 Anti-Hu Anti-Ri Anti-
Amphiphysin

Neuromuscular disorders
Anti-

Acetylcholine
receptors

Anti-Muscle
specific kinase

Anti-Voltage
gated calcium

channels

Anti-Voltage
gated potassium

channels
Anti-Titin

Brain Autoimmunity

Anti-Cerebellum Anti-Yo Anti-Amyloid
beta (25-35)

Anti-Amyloid
beta (1-42)

Anti-Tau Anti-Glutamate Anti-Dopamine
Anti-

Hydroxytryptami
ne

Anti-Alpha-
synuclein

Anti-α1 and β2
adrenergic
receptors

Anti-Endothelin
A receptor

Brain Inflammation
Anti-NMDA

receptor
Anti-AMPA

receptor
Anti-Dopamine

receptor 1
Anti-Dopamine

receptor 2
Anti-GABA
receptors

Anti-Dipeptidyl
aminopeptidase

like protein 6
Anti-Glycine

receptor Anti-Neurexin 3

Anti-Contactin-
Associated

Protein-like 2
Antibodies

Anti-Leucine-
rich glioma-
inactivated

protein 1 (Anti-
LGI1)

Anti-Ma

Infection
Anti-HSV1 Anti-HSV2 Anti-EBV Anti-CMV
Anti-HHV 7
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The most comprehensive practitioner education available for Non-
Celiac Gluten Sensitivity (NCGS), Celiac Disease (CD) and their 

impact on the development of Autoimmune Disorders.

This course provides research based education, the facts about 
celiac and non-celiac gluten sensitivity and related autoimmune 

disorders.
Identify and assess overt signs, as well as hidden symptoms

Administer and understand proper testing
Provide protocols based on test results and your assessments

Educate your clients on the need for the care you can now provide 
them 

What is the CGP Program?
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100% Online Course 
Video lectures and supplemental reading material

8 Modules, 8 Hours 
90 Days to complete at your own pace

Quizzes and Final Exam 
Once you pass, you have access to the exclusive member portal

And it doesn’t end here …

What To Expect
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Lifetime access to Resource Center
Webinars with Dr. O’Bryan and Guests

Lab Test Interpretation webinars
Patient/Client Education Material

Certificate of Completion
Important Research and Studies

Ongoing Support and Education
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Be THE Gluten practitioner, for everyone who walks 
into your office. 

Be the go-to practitioner on autoimmune conditions.
Increase patient retention, referrals, and compliance. 

As a Certified Gluten Practitioner, 
You Will …
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“This has been a fantastic learning experience, and I believe a "missing link" in the functional 
medicine part of my practice. I have been particularly impressed with the research that 

supports everything taught, as well as the good, the bad and the ugly about both testing and 
treatment protocol expectations. I am eager to incorporate what I have learned in my personal 

life and in my practice.”
- Melvin Mashner

“Dr. O'Bryan offers invaluable information and copious data (which I love!) to support my 
work with clients. The course provided compelling evidence in favor of screening for gluten 

sensitivity, not just in clients presenting with digestive symptoms. What an AHA! The course 
information on non-digestive systemic effects was really illuminating! Thank you so much for 

this invaluable program. I am looking forward to continuing to grow as a member of the 
Certified Gluten Practitioner community.”

- Francine Bernitz

“Cutting-edge information, broad application to so many symptoms of dysfunction. 
Fundamental and foundational. Well-done. It shouldn’t be missed. It should be mandatory.”

- Dona J M.D.

Testimonials Keep Coming!
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The Brain is your                                       
‘Yellow Canary in the Coal Mine’
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Take Care of Yourself
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Make Sure to Tell those Important to You 
How Much You Love them



“Thank You for Your Kind Attention”
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Wishing you Sunrises of Beauty throughout your life
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