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FIGURE 2: THE FIVE MOST COMMON PSYCHIATRIC 
DISORDERS WORLDWIDE.
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Presenter
Presentation Notes
Autism spectrum disorder (ASD) is a behaviorally defined disorder, which now affects ~ 2% of children in the United States1. Although the standard-of-care for ASD is behavioral therapy, such therapy requires full-time engagement with one or several therapists for many years. In many cases, outcomes are suboptimal and/or incomplete2. Thus, medical therapies that can augment behavioral therapy are urgently needed.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7698629/
https://dx.doi.org/10.3390%2Fmolecules25225388


By the time they turn 18 as many as 50 percent of all children and 
teens, will meet the diagnostic criteria for at least one mental health 
disorder.

Five times as many high school and college students today say they are 
dealing with anxiety, and other health disorders, as young people of 
the same age did when surveyed during the great depression.

Anxiety, which manifests as social anxiety, separation anxiety, or 
phobias among other symptoms is the most prevalent diagnosis 
affecting as many as one third of adolescents.

INCREASING PREVALENCE OF MENTAL 
HEALTH DISORDERS IN ADOLESCENTS AND 

TEENS

©copyright Kenneth A. Bock, M.D. 2021



• There are many factors that contribute to chronic stress in adolescents. 
They include: 

• peer pressure

• increased pressure to perform in school, work and sports

• social media and its constant demands for attention and perfection

• (cyber)bullying

• “FOMO” (fear of missing out) 

• social instability due to a sense of vulnerability in foundational institutions 
like school and houses of worship 

CONTRIBUTORS TO CHRONIC STRESS 
IN ADOLESCENTS

©copyright Kenneth A. Bock, M.D. 2021



CAULDRON
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Add to these increased pandemic-related
isolation and loneliness, and it’s no 
wonder our teens are cauldrons 
of brewing and overflowing angst



• Sometimes anxiety and depression in adolescents and teens is 
related mainly to psychosocial factors, including the increased 
stressors just listed

MOOD DISORDERS
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• There may be other psychological/behavioral symptoms, including 
OCD, panic attacks, mood dysregulation with episodic rage, and even 
psychotic thoughts

• The symptoms may be mild, moderate, or severe
• They may not respond adequately to psychotropic medications 

and/or psychotherapy (including CBT)
• At least 30% of depression does not respond to antidepressants 

• So in these situations it may not be that straightforward, may not be 
“purely psychological”, but rather may be related to underlying 
medical/biological conditions

MOOD DISORDERS
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• Gut Dysbiosis

Imbalanced Microbiota

• Infections

Lyme disease/Co-infections

• Autoimmunity

ITABI/PANS/PANDAS

• Hormonal Imbalance

Hashimoto’s/Hypothyroidism

Adrenal Dysfunction

POTENTIAL UNDERLYING MEDICAL/BIOLOGICAL FACTORS TO 
CONSIDER
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• Metabolic Dysfunction

Reactive Hypoglycemia

MTHFR Polymorphism

Mitochondrial Dysfunction

• Food Allergies/Sensitivities

• Nutrient Deficiencies/Insufficiencies

• Toxicants

POTENTIAL UNDERLYING MEDICAL/BIOLOGICAL FACTORS TO 
CONSIDER

©copyright Kenneth A. Bock, M.D. 2021



• There may be other psychological/behavioral symptoms, including 
OCD, panic attacks, mood dysregulation with episodic rage, and even 
psychotic thoughts

• The symptoms may be mild, moderate, or severe
• They may not respond adequately to psychotropic medications 

and/or psychotherapy (including CBT)
• At least 30% of depression does not respond to antidepressants 

• So in these situations it may not be that straightforward, may not be 
“purely psychological”, but rather may be related to underlying 
medical/biological conditions

MOOD DISORDERS
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MOOD DYSREGULATION SPECTRUM ™
(MDS)

©copyright Kenneth A. Bock, M.D. 2021



©copyright Kenneth A. Bock, M.D. 2021



• When did you first notice your child’s symptoms?

• Was the onset of the symptoms sudden or gradual?

• Was there any event or illness that might have preceded and/or 
precipitated these symptoms?

• Are their symptoms cyclic or protracted/prolonged? If cyclic, do their 
moods cycle rapidly, from one to another?

• Do they behave very differently at home than in school or at their friend’s 
home?

CLUES AND QUESTIONS TO CONSIDER
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• Could Your Child Have Gut Dysbiosis?

• Does your child complain that their belly feels bloated?
• Does your child have diarrhea, constipation, alternating diarrhea/constipation, or malodorous stools 

or gas
• Did your child have frequent ear, sinus or other infections that were treated with frequent rounds 

of antibiotics?
• Was your child born vaginally, or via C-section?
• Did the mother receive antibiotics when pregnant, or during labor or delivery, such as for Group B 

Strep?
• Did your newborn infant receive antibiotics, e.g. in the NICU during a rule out sepsis protocol?
• Does your child crave sugar and carbohydrates, such as junk food, French fries, grilled cheese, sweet 

cereals, cookies, or potato chips?

SOME CLUES AND QUESTIONS TO 
CONSIDER
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• Could Your Child Have Lyme Disease And/Or One Of Its Common Coinfections?

• Where do you live?  Where do you vacation?  Does your child go to summer camp?
• Does your child play outdoor sports?
• Does your child enjoy running around in the grass, or walking, hiking, or playing in the woods?
• Do you have pets that walk or play outdoors?
• Has there ever been a tick bite or a red circular-type rash?
• Have your ever noticed your child with an unexplained swollen joint, or has your child ever complained 

of difficulty walking? Does your child complain of significant fatigue, or brain fog?
• Has your child ever had a summer “flu” or flu-like illness?
• Have you noticed that your child has developed violaceous (reddish-purplish) stretch marks that do not 

correlate with recent weight gain or loss, and are in atypical places for stretch marks, such as the middle 
of the back or behind the knees?

SOME CLUES AND QUESTIONS TO 
CONSIDER
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• Could Your Child Have ITABI/PANS/PANDAS

• Did symptoms appear abruptly, almost overnight?
• Does your child have a history of tics or OCD, which appeared and then seemed to wax and 

wane?
• Has your child’s behavior regressed so they act much younger than their age?
• Has their handwriting suddenly become difficult to read, or have their drawing skills 

deteriorated? (dysgraphia)
• Has your child lost their ability to do math? (dyscalculia)
• Did your child start wetting the bed at night (enuresis) or urinating very frequently, without 

evidence of a urinary tract infection?
• Has your child become suddenly hyperactive or lost his ability to concentrate and pay 

attention, or have his/her ADHD symptoms suddenly worsened? 

• ©copyright Kenneth A. Bock, M.D. 2021

SOME CLUES AND QUESTIONS TO 
CONSIDER
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• Could Your Child Have a Thyroid Disorder?

• Does your child frequently complain about feeling tired?
• Have you noticed your child gain an inexplicable amount of weight?
• Do you notice dry skin, particularly small dry bumps on the outside of the arms or tops 

of the thighs? How about dryness and scaling of the lower legs, or hyperkeratosis (thick 
scaly buildup) of the soles of the feet?

• Does your child complain of being cold when everyone else around is comfortable?
• Does your child complain of (or have, and not complain of) cold hands and/or feet?
• Is your child frequently constipated?
• Are your child’s cholesterol levels elevated beyond the normal range for their age? 

SOME CLUES AND QUESTIONS TO 
CONSIDER
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• Could Your Child Have Adrenal Dysfunction and/or Reactive Hypoglycemia?

• Does your child have symptoms that are worse when he doesn’t eat for a while, such as 
irritability, shakiness, fatigue, or light-headedness?

• Do these symptoms improve after meals?

• Does your child crave sugar and sweets?

• Is your child’s mood or anxiety affected by what they eat, including sugar, refined carbohydrates, 
and sweets?

• Is your child chronically low energy? Do they complain of weakness?   Brain fog?

• Does your child complain of dizziness or light-headedness upon standing?

• Does your child have trouble sleeping?

SOME CLUES AND QUESTIONS TO 
CONSIDER
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CAULDRON
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Add to these increased pandemic-related
isolation and loneliness, and it’s no 
wonder our teens are cauldrons 
of brewing and overflowing angst



Transient increases in systemic inflammation are observed in response 
to acute psychosocial stress, with larger responses among individuals 

reporting adverse psychosocial states or conditions such as 
depression, lower self-esteem, or lower self-compassion.
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Presenter
Presentation Notes
“Figure 2: Neuroinflammation: Inflammatory response triggered by pathogen infections, traumatic brain injury, toxic metabolites, autoimmunity, and psychological stress.”DAMP’s (Damage Associated Molecular Patterns)DAMPs are endogenous danger signals which are discharged to the extracellular space in response to damage to the cell from trauma or pathogen. Once a DAMP is released from the cell, it will promote a noninfectious inflammatory response by binding to a pattern recognition receptor (PRR).PAMPs vs. DAMPs: What's the difference? PAMPs are derived from microorganisms and thus drive inflammation in response to infections. ... DAMPs are derived from host cells including tumor cells, dead or dying cells, or products released from cells in response to signals such as hypoxia.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7698629/
https://dx.doi.org/10.3390%2Fmolecules25225388


YZ Liu et al, Front Hum Neurosci. 2017; 11: 316. doi: 10.3389/fnhum.2017.00316

https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20YZ%5BAuthor%5D&cauthor=true&cauthor_uid=28676747
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5476783/
https://dx.doi.org/10.3389%2Ffnhum.2017.00316


• Systemic Inflammation
• Gut-Brain-Immune Axis
• Brain Inflammation

PHYSIOLOGICAL UNDERPINNINGS
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"These findings suggest that restraint stress mediates time-
dependent alterations in the permeability of the BBB, with 

modifications in the expression of proteins from tight 
junctions and adherens junctions, as well as ultrastructural 
changes in brain microvascular endothelial cells. And it was 
associated with the inflammation. These alterations may be 
associated with behavioral and cognitive dysfunctions and 

neurodegenerative disorders."



SIGNIFICANT CHANGES ON THE BBB IN THE 
AMYGDALA OF RATS THAT UNDERWENT 

RESTRAINT STRESS

• Multiple methods of detection demonstrating restraint stress 
could lead to the dysfunction and destruction of the BBB.

• S100B is a calcium-binding peptide produced mainly by 
astrocytes (Rothermundt et al., 2003). Recently, emerging 
evidence has suggested S100B could be a new and non-
invasive marker of BBB function and brain lesions (Kanner et 
al., 2003; Koh and Lee, 2014; Li et al., 2014;Wu et al., 2016). 
In this study, serum S100B gradually increased after restraint 
stress for 21 days, which indicated increased permeability, 
compared with the controls. These results are in line with 
most previous research. 

Guangming Xu et al, Front Mol Neurosci. 2019; 12: 32.  doi: 10.3389/fnmol.2019.00032

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6381322/#B34
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6381322/#B16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6381322/#B17
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6381322/#B20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6381322/#B45
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30814927
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6381322/
https://dx.doi.org/10.3389%2Ffnmol.2019.00032


In conclusion, the present study detected significant changes on 
the BBB in the amygdala of rats that underwent restraint stress 
by multiple methods, demonstrating restraint stress could lead 
to the dysfunction and destruction of the BBB.   The harmful 
effects induced by stress on the amygdala BBB not only explain 
the underlying mechanisms of cognitive impairment, PTSD, 
depression and other neurodegenerative diseases related to 
stress, but also provide new targets for the treatment of these 
diseases.



Oxidative stress and neuroinflammation are implicated in the neurobiology of MDD. 
More recent evidence links neurovascular dysfunction with BBB hyperpermeability to 

MDD without neurological comorbidity... Understanding the contribution of 
neurovascular dysfunction with BBB hyperpermeability to the pathophysiology of 

MDD may help to identify novel therapeutic and preventative approaches.

Presenter
Presentation Notes
Approximately 30% of people with depression do not respond to antidepressants



• Refers to a highly specialized cellular interface between the blood 
and the CNS parenchyma. 

• Generally, the BBB refers to the vascular barrier where capillary 
endothelial cells are the interface between the blood and brain 
parenchyma.

BBB

Erickson and Banks Pharmacol Rev. 2018 Apr; 70(2): 278–314. doi: 10.1124/pr.117.014647

©copyright Kenneth A. Bock, M.D. 2021

Presenter
Presentation Notes
Dynamic not static interface

https://www.ncbi.nlm.nih.gov/pubmed/?term=Erickson%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=29496890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Banks%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=29496890
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5833009/
https://dx.doi.org/10.1124/pr.117.014647


Sweeney et al; Physiol Rev. 2019 Jan 1; 99(1): 21-78.doi: 10.1152/physrev.00050.2017

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6335099/%23
https://dx.doi.org/10.1152/physrev.00050.2017


Nat Med. 2013 Dec; 19(12): 1584–1596.  Published online 2013 Dec 5. doi: 10.1038/nm.3407

Presenter
Presentation Notes
Cellular interplay at the neurovascular unit (capillary level)The blood-brain barrier (BBB) is part of the neurovascular unit (NVU), which represents an elaborate interplay of central and peripheral cells. Vascular endothelial cells sealed by tight junctions constitute the BBB. The endothelium’s abluminal surface is covered by a basement membrane in which pericytes and their processes are embedded. Direct intercellular crosstalk between endothelial cells and pericytes are implemented by peg-socket junctions. Astrocytes extend foot processes which encircle the abluminal side of the vessel to an extent of nearly 100%. Although at the capillary level the basement membrane is regarded as a composite basement membrane, it is separated into endothelial and parenchymal basement membranes at the level of the post-capillary venule, delimiting the perivascular space (not shown). Neurons and microglia are considered members of the NVU as they interact with core elements of the BBB and influence barrier functions. Peripheral blood cells including leukocytes also participate in this cellular interplay as they modulate BBB functions under pathological conditions such as inflammation

https://dx.doi.org/10.1038/nm.3407


• Brain barriers do much more than divide the CNS from the peripheral 
circulation. 

• They are also critical in:

• CNS homeostasis 

• nutrition 

• brain–body communication. 

• Features that aid in these functions include:

• transcellular diffusion and transport via solute carriers 

• receptor-mediated transcytosis

• adsorptive endocytosis.

INTERFACE FUNCTIONS

©copyright Kenneth A. Bock, M.D. 2021

Presenter
Presentation Notes
Essential in supporting CNS homeostasis, these nonbarrier functions include: regulating the transport of circulating substances into the brainremoving potentially harmful substances from the brainsecreting molecules that signal to cells in the brain parenchymaresponding to stimuli that arise within both the brain and blood compartments.In addition to glucose and amino acids, solute carriers transport nucleosides, ions, prostaglandins, and many other small polar molecules (Bito et al., 1976; Abbott et al., 2010). Therefore, one function of solute carriers is to provide the brain with the essential circulating substrates for energy generation, protein and nucleic acid synthesis, and maintenance of pH and electrolytes.



Sweeney et al; Physiol Rev. 2019 Jan 1; 99(1): 21–78.doi: 10.1152/physrev.00050.2017

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6335099/%23
https://dx.doi.org/10.1152/physrev.00050.2017


“We concluded that mitochondria are key players in BBB 
permeability."

Danielle N. Doll ; Heng Hu ; Jiahong Sun; Sara E. Lewis James W. Simpkins ;  Xuefang Ren Originally published 28 Apr 
2015https://doi.org/10.1161/STROKEAHA.115.009099; Stroke. 2015;46:1681–1689

https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.115.009099?sid=1ac98b44-5361-44dd-9a5c-3f97750dcbc7&%23
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.115.009099?sid=1ac98b44-5361-44dd-9a5c-3f97750dcbc7&%23
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.115.009099?sid=1ac98b44-5361-44dd-9a5c-3f97750dcbc7&%23
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.115.009099?sid=1ac98b44-5361-44dd-9a5c-3f97750dcbc7&%23
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.115.009099?sid=1ac98b44-5361-44dd-9a5c-3f97750dcbc7&%23
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.115.009099?sid=1ac98b44-5361-44dd-9a5c-3f97750dcbc7&%23
https://doi.org/10.1161/STROKEAHA.115.009099


• Allows the passage of water, gases, and nutrients such as 
glucose and amino acids

• Provides the brain with the essential circulating substrates 
for energy generation, protein and nucleic acid synthesis, and 
maintenance of pH and electrolytes.

• Limits the passage of cells, antibodies, neurotoxins, and other 
molecules present in the blood into the brain.

SELECTIVE BARRIER

©copyright Kenneth A. Bock, M.D. 2021



• The central nervous system (CNS) has traditionally been 
viewed as an immune-privileged area in that it is protected 
against the immune events of the periphery. This immune 
privilege was once considered absolute with its violation only 
occurring in disease states, resulting in dire consequences for 
the CNS. 

THE BLOOD–BRAIN BARRIER AND IMMUNE 
PRIVILEGE

Erickson and Banks Pharmacol Rev. 2018 Apr; 70(2): 278–314. doi: 10.1124/pr.117.014647
©copyright Kenneth A. Bock, M.D. 2021

https://www.ncbi.nlm.nih.gov/pubmed/?term=Erickson%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=29496890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Banks%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=29496890
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5833009/
https://dx.doi.org/10.1124/pr.117.014647




• Current thinking is that the immune privilege is real, 
but relative, and it is ascribed to the BBB. In the past it 
was thought to prevent, but now it is more looked at 
as controlling and modulating the impact of peripheral 
immune events on the CNS.  From either perspective, 
the BBB acts to protect the brain from peripheral 
immune events.

THE BLOOD–BRAIN BARRIER AND 
IMMUNE PRIVILEGE

Erickson and Banks Pharmacol Rev. 2018  Apr; 70(2): 278–314. doi:10.1124/pr.117.014647©copyright Kenneth A. Bock, M.D. 2021

https://www.ncbi.nlm.nih.gov/pubmed/?term=Erickson%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=29496890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Banks%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=29496890
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5833009/


• Under normal conditions, the integrity of the BBB is maintained 
by tight junction complexes between adjacent brain capillary 
endothelial cells. 

• Changes in BBB permeability are correlated with changes in tight 
junction structure

INTEGRITY OF THE BBB

Hicks et al, Am J Physiol Cell Physiol. 2010 Jun; 298(6): C1583–C1593©copyright Kenneth A. Bock, M.D. 2021

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2889642/


Kumar Parashar and Kumar Nema,  Current Research in Pharmaceutical Sciences 2012; 03; 134-141

Presenter
Presentation Notes
Pericytes interact with and influence various members of the neurovascular unit. Promote development of the BBB by supporting sprouting, differentiation, and maturation of endothelial cells. The interaction of endothelial cells with pericytes induces tight junction formation. The basement membrane is partially built by pericytes, which contribute components that regulate BBB development and maintenance. Under inflammatory conditions, pericytes stimulate immune cells to produce cytokines and to present antigens. Pericytes may guide astrocyte end-foot processes towards endothelial tubes and initiate their polarization. Pericytes also support proper neuronal functions.



Sweeney et al; Physiol Rev. 2019 Jan 1; 99(1): 21–78. doi:10.1152/physrev.00050.2017

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6335099/%23
https://dx.doi.org/10.1152/physrev.00050.2017
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Presenter
Presentation Notes
“Figure 1�Schematic illustration of the gut-brain axis (GBA). Panel�� (A): Beginning with the microbiota, this diagram illustrates the interactions between the gut and the brain via microbial metabolites, cytokines, neurotransmitters, and hormones. The gut-brain humoral connections which intersect at the blood-brain barrier and the neuronal connections by way of the enteric nervous system and vagus nerve are also illustrated. Through these pathways, dysbiosis and increased barrier permeability may affect neural development, maturation, and function. Panel ��(B): Structural similarities between the blood-brain barrier (BBB) and the intestinal epithelial barrier. Adapted from [5,6].”



GUT-ASSOCIATED LYMPHOID TISSUE (GALT)

Sidonia Fagarasan & Tasuku Honjo Nature Reviews Immunology 3, 63-72 (January 2003)

Presenter
Presentation Notes
M cells (or microfold cells) are cells found in the follicle-associated epithelium of the Peyer's patch. They transport organisms and particles from the gut lumen to immune cells across the epithelial barrier, and thus are important in stimulating mucosal immunity.Unlike their neigbouring cells, they have the unique ability to take up antigen from the lumen of the small intestine via endocytosis or phagocytosis, and then deliver it via transcytosis to dendritic cells (an antigen presenting cell) and lymphocytes (namely T cells) located in a unique pocket-like structure on their basolateral side.



Ahmad, R., Sorrell, M., Batra, S. et al. Gut permeability and mucosal inflammation: 
bad, good or context dependent. Mucosal Immunol 10, 307–317 (2017). 
https://doi.org/10.1038/mi.2016.128



These findings suggest that host bacteria 
vitally regulate microglia maturation and 
function, whereas microglia impairment 

can be rectified to some extent by 
complex microbiota.



“Exposure of germ-free adult mice to a pathogen-free gut 
microbiota decreased BBB permeability and up-regulated the 
expression of tight junction proteins. Our results suggest that 
gut microbiota–BBB communication is initiated during gestation 
and propagated throughout life."

https://pubmed.ncbi.nlm.nih.gov/25411471/ Sci Transl Med ; . 2014 Nov 19;6(263):263ra158. ; doi: 10.1126/scitranslmed.3009759. 

https://pubmed.ncbi.nlm.nih.gov/25411471/


M .  N a v e e d a ,  Q i - G a n g Z h o u ,  e t  a l
P r o g r e s s  i n  N e u r o - P s y c h o p h a r m a c o l o g y  
a n d  B i o l o g i c a l  P s y c h i a t r y
V o l u m e  1 0 4 ,  1 0  J a n u a r y  2 0 2 1 ,  1 1 0 0 5 1

https://www.sciencedirect.com/science/journal/02785846
https://www.sciencedirect.com/science/journal/02785846
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Presenter
Presentation Notes
“Figure 1�Schematic illustration of the gut-brain axis (GBA). Panel�� (A): Beginning with the microbiota, this diagram illustrates the interactions between the gut and the brain via microbial metabolites, cytokines, neurotransmitters, and hormones. The gut-brain humoral connections which intersect at the blood-brain barrier and the neuronal connections by way of the enteric nervous system and vagus nerve are also illustrated. Through these pathways, dysbiosis and increased barrier permeability may affect neural development, maturation, and function. Panel ��(B): Structural similarities between the blood-brain barrier (BBB) and the intestinal epithelial barrier. Adapted from [5,6].”



Michelle A. Erickson and William A. Banks
Pharmacol Rev. 2018 Apr; 70(2): 278–314. doi: 10.1124/pr.117.014647

Presenter
Presentation Notes
Axes 1 and 3: disruption, transport, and penetration. Major influx mechanisms are transcellular diffusion and saturable transport. Influx is countered by efflux (transcellular diffusion, saturable transport, reabsorption of CSF) and enzymatic activity at the BBB. Disruption can be by way of transcellular/transcytotic or paracellular mechanisms. Endothelial damage and hemorrhage are not depicted. The extracellular pathways are relatively inefficient routes of CNS uptake vs. saturable transport and used by substances that include albumin, immunoglobulins, erythropoietin, and soluble receptors.



V. Cipollini et al, Front Neuroanat. 2019; 13: 95. Published online 2019 Nov 19. doi: 10.3389/fnana.2019.00095

https://www.ncbi.nlm.nih.gov/pubmed/?term=Cipollini%20V%5BAuthor%5D&cauthor=true&cauthor_uid=31803028
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6877481/
https://dx.doi.org/10.3389%2Ffnana.2019.00095


Nat Med. 2013 Dec; 19(12): 1584–1596. doi: 10.1038/nm.3407

Presenter
Presentation Notes
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Richard Daneman and Alexandre Prat; Cold Spring Harb Perspect Biol. 2015 Jan; 7(1): 
a020412. doi: 10.1101/cshperspect.a020412

https://cshperspectives.cshlp.org/search?author1=Richard+Daneman&sortspec=date&submit=Submit
https://cshperspectives.cshlp.org/search?author1=Alexandre+Prat&sortspec=date&submit=Submit
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T-cell attachment and transmigration
after blood-brain barrier breakdown

COURTESY OF A. VODJANI, PhD
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Example of inflammatory T cell trafficking through a disrupted BBBIn addition to inflammatory cells, antibodies gain access from the blood across a pathologically disrupted BBB, This cellular filter, separating the central nervous system from the circulatory system, normally prevents larger molecules from entering the brain. A number of reasons for such a collapse in integrity have been suggested, includingacute inflammation of the nervous system, and the involvement of corticotropin releasing hormone on mast cells in acute stress.



"S100B is a calcium-sensor protein that impacts 
multiple signal transduction pathways. It is widely 
considered to be an important biomarker for several 
neuronal diseases as well as blood-brain barrier (BBB) 
breakdown.“



PubMed Central, Figure.: J Athl Train. 2014 Nov-Dec; 49(6): 830–850. doi: 10.4085/1062-6050-49.3.33



“Results: S100B levels in serum were 
consistently elevated in studies with statistically 
significant results which investigated acute 
affective episodes (comprising major depressive 
episode in major depressive disorder, and both 
manic and depressive episodes in patients with 
bipolar disorder), in comparison to healthy 
controls.”

“Conclusion: The results indicated that elevated 
S100B levels might be associated with mood 
episodes in affective disorders. However, the 
role of S100B, and its possible impact in 
affective disorders, requires further 
investigation…"

H .  K r o k s m a r k  &  M .  V i n b e r g ,  N o r f J  P s y c h i a t r y . 2 0 1 8  O c t ; 7 2 ( 7 ) : 4 6 2 - 4 7 0 .
d o i :  1 0 . 1 0 8 0 / 0 8 0 3 9 4 8 8 . 2 0 1 8 . 1 4 7 2 2 9 5



PANDAS/PANS



INCREASED BBB PERMEABILITY

Studies in mice infected intranasally with
group A streptococci illustrated the importance of infection 
and its role in opening the blood brain barrier that must be 
broken in order to allow IgG to penetrate the brain. 
Studies by Agalliu and Cleary and colleagues show that 
group A streptococcal infection intranasally leads to 
activated Th17 cells that traverse the olfactory bulb and 
open the blood brain barrier to proteins like IgG. Upon 
opening the blood brain barrier, IgG anti-neuronal 
autoantibodies can penetrate the brain and potentially lead to 
Sydenham chorea and PANDAS.

J Clin Invest. 2016;126(1):303–317. doi:10.1172/JCI80792



• A role for inflammatory mediators in psychiatric illness has been identified in both children 
(Mitchell and Goldstein 2014) and adults (Baumeister et al. 2014). 

• In addition to their direct action, inflammatory mediators have also been posited, in PANS, to 
create a breach in the blood–brain barrier that permits neuroactive autoantibodies to reach 
neuronal tissue (Swedo et al. 2012). 

• That such mechanisms may indeed be critical in PANS is suggested by the efficacy of anti-
inflammatory therapies, most commonly ibuprofen and steroids, in attenuating PANS symptoms 
among patients in this study. 

Calaprice et al, Journal of Child and Adolescent PsychopharmacologyVol. 28, No. 2; Mar 2018
•

BBB BREACH IN PANS

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5826468/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5826468/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5826468/
https://www.liebertpub.com/doi/10.1089/cap.2017.0101
https://www.liebertpub.com/journal/cap
https://www.liebertpub.com/toc/cap/28/2


“Numerous evidence confirms the important role 
that COX inhibitors play in the treatment of 
depression, schizophrenia, and bipolar disorder. 
To date, celecoxib, a selective COX-2 inhibitor, 
remains the most studied drug, even if some 
clinical trials were accomplished by using aspirin, 
ibuprofen, and naproxen that show a different 
grade of selectivity towards the two COX 
isoenzymes. COX inhibitors have been found to 
have positive effects in the treatment of 
psychiatric diseases when administered in 
combination with first-choice specific drugs. 
Celecoxib has been shown to hasten the onset 
of the effects of common therapies, on the other 
hand, monotherapy with COX inhibitors did not 
produce significant results, as it happens in 
some other diseases treatment.”

M . G .  P e r r o n e e t  a l , M o l e c u l e s . 2 0 2 0  N o v ;  2 5 ( 2 2 ) :  5 3 8 8 .
d o i : 1 0 . 3 3 9 0 / m o l e c u l e s 2 5 2 2 5 3 8 8

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7698629/
https://dx.doi.org/10.3390%2Fmolecules25225388


ANTINEURONAL ANTIBODIES AND 
CAM KINASE II ACTIVITY



IVIG FOR OCD AND TIC DISORDERS

INTERPRETATION: Plasma exchange and IVIG 
were both effective in lessening of symptom 
severity for children with infection-triggered 
OCD and tic disorders. Further studies are 

needed to determine the active mechanism of 
these interventions, and to determine which 

children with OCD and tic disorders will benefit 
from immunomodulatory therapies.

SJ Perlmutter et al, Lancet 1999 Oct 2; 354(9185):1153-8.Therapeutic plasma exchange and 
intravenous immunoglobulin for obsessive-compulsive disorder and tic disorders in childhood. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Swedo%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=10513708


“Overall, the majority of parents of the 
patients treated with IVIG found the 
treatment beneficial and believed that the 
benefits outweighed any adverse effects. 
Close observation was important to tailor 
the dose and frequency of the treatment 
and minimize adverse effects.”

“The majority of the ASD patients who had 
autoantibodies demonstrated elevations in 
autoantibodies measured by the Cunningham 
panel along with an elevation in the activation of 
CaMKII. Our analysis suggests that two of the 
autoantibodies, the anti-tubulin and anti-D2R 
were associated with responsiveness to IVIG 
treatment, suggesting that these could be 
biomarkers to select individuals who might 
benefit most from IVIG treatment.”

K .  C o n n e r y ,  M .  T i p p e t t ,  E T  A L  
T r a n s l P s y c h i a t r y .  2 0 1 8 ;  8 :  1 4 8 .
d o i :  1 0 . 1 0 3 8 / s 4 1 3 9 8 - 0 1 8 - 0 2 1 4 - 7  ;  

“… further studies are needed to better 
identify which specific symptoms are 
targeted by IVIG treatment as well as the 
most-sensitive biomarkers to identify which 
patients are most likely to respond to IVIG 
treatment. Despite these limitations, our 
study verifies previous reports that suggest 
that IVIG may be useful in individuals with 
ASD who demonstrate biomarkers of 
immune abnormalities.”



Finally, and perhaps most significantly, new research will aim to 
determine whether a subset of what we currently diagnose as 

primary psychiatric disorders are in fact due to definable, treatable 
autoimmune syndromes.



•The blood-brain barrier (BBB) forms a critical interface between the 
brain and blood circulation.
•Loss of BBB integrity appears to be a common pathological finding in 
many psychiatric disorders including schizophrenia, autism spectrum 
disorder (ASD) and mood disorders.
•BBB dysfunction leads to infiltration of peripheral material, such as 
immune cells, culminating in neuroinflammation and oxidative stress.
•We discuss future research strategies to link BBB dysfunction to 
psychiatry and how these findings may translate to novel therapies.

https://www.sciencedirect.com/topics/neuroscience/blood-brain-barrier
https://www.sciencedirect.com/topics/neuroscience/blood-brain-barrier
https://www.sciencedirect.com/topics/neuroscience/psychopathology
https://www.sciencedirect.com/topics/neuroscience/dementia-praecox
https://www.sciencedirect.com/topics/neuroscience/pervasive-developmental-disorders
https://www.sciencedirect.com/topics/neuroscience/oxidative-stress


HELP SHORE UP THE BBB



• Reduce inflammation
• Anti-inflammatory diet, nutrients, and herbs

• Enhance antioxidant function

• Heal the gut and the intestinal hyperpermeability
• The gut-brain-immune axis, and a healthy microbiota, are crucial

• Support mitochondrial function 
• Mitochondria are key players in BBB permeability. (DN Doll et al, 2015)

• Reduce and manage your stress

• Exercise

• Get adequate sleep

SOME WAYS TO HELP SHORE UP THE BBB

©copyright Kenneth A. Bock, M.D. 2021



EXERCISE AND BBB PERMEABILITY

• There is a body of evidence that regular physical exercise diminishes BBB permeability as 
it reinforces antioxidative capacity, reduces oxidative stress and has anti-inflammatory 
effects. It improves endothelial function and might increase the density of brain 
capillaries. Thus, physical training can be emphasised as a component of prevention 
programs developed for patients to minimise the risk of the onset of neuroinflammatory 
diseases as well as an augmentation of existing treatment.

MA. Małkiewicz, et al, Journal of Neuroinflammation volume 16 : 15 (2019)

https://jneuroinflammation.biomedcentral.com/


D. Wang et al, Nervous System Pathophysiology: Nov 2016; doi.org/10.1152/jn.00510.2016

“Our study demonstrates that resveratrol exhibits protective 
effects in experimental autoimmune encephalomyelitis therapy 
through its anti-inflammation and antioxidant activities by 
protecting the basement membrane tight junction proteins to 
improve blood-brain barrier integrity.”

https://doi.org/10.1152/jn.00510.2016


Resveratrol, given to Alzheimer's patients, appears to restore 
the integrity of the blood-brain barrier, reducing the ability of 
harmful immune molecules secreted by immune cells to 
infiltrate from the body into brain tissues, say researchers. The 
reduction in neuronal inflammation slowed the cognitive 
decline of patients, compared to a matching group of placebo-
treated patients with the disorder.

https://www.sciencedaily.com/releases/2016/07/160727140041.htm

https://www.sciencedaily.com/releases/2016/07/160727140041.htm


Moussa et al. Journal of Neuroinflammation (2017) 14:1 doi 10.1186/; s12974-016-0779-0 

"One of the most striking results of this study is the significant 
decrease in the level of CSF MMP9 after resveratrol treatment. 
MMP9 has recently emerged as a major player in several brain 
pathologies, including neurodegeneration and neuro-
inflammation [5]. MMP9 regulates BBB permeability via release 
of cytokines and free radicals as well as cleavage of vascular 
basal lamina and/or tight junctions in the neurovascular unit in 
both MS and AD [6–8]. The decrease in CSF MMP9 levels 
suggests that resveratrol treatment may reduce CNS 
permeability and limit the infiltration of leukocytes and other 
inflammatory agents into the brain. MMP9-mediated breakdown 
of the basal lamina and destruction of gap junctions in the 
neurovascular unit result in increased CNS permeability and 
inflammation in autoimmune encephalitis, hypoxic brain injury, 
and other diseases [9, 10]."
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While the mechanism of CR benefits remains unclear, activation of sirtuins, notably SIRT1, may be a critical molecular pathway. SIRT1 deacetylase activity is regulated by NAD+/NADH—coupling cellular energy balance to epigenetic transcriptional regulation. Resvera- trol, a potent SIRT1 activator and pharmacologic mimic of CR, is a polyphenol found naturally in red grapes, peanuts, and many other plant species. Similar to CR, treat- ment of transgenic mouse models of AD with resveratrol decreases behavioral deficits and central nervous system (CNS) Aβ deposition with aging [1]. 



Akio Suzumura; Clinical and Experimental Neuroimmunology: August 2017; ; doi.org/10.1111/cen3.12410

"Using a human brain microvascular endothelial cell line, they 
showed that vitamin D attenuated the damage of barrier 
function of the cell line after exposure to either MS sera or 
tumor necrosis factor‐α. The study along with their previous 
study suggests that vitamin D might protect blood–brain barrier 
function, and could give us a rationale for the use of vitamin D 
in MS patients."

https://doi.org/10.1111/cen3.12410


"In conclusion, one of the protective effects of melatonin against BBB 
hyperpermeability occurs due to enhanced BBB integrity via MMP-9 
inhibition.”

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4859489/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4859489/


• Curcumin has a broad cytokine-suppressive anti-inflammatory action
• Down-regulates the expression of cyclooxygenase-2 (COX-2), lipoxygenase, and inducible nitric oxide 

synthase (iNOS) enzymes. 

• Inhibits the production of the pro-inflammatory cytokines such as TNF-α, IL-1, -2, -6, -8, and -12, and 
the neurotoxic factors in LPS-stimulated monocytes and alveolar macrophages

• Favorable pharmacokinetic properties:

• crosses the brain-blood-barrier

• bioavailable curcumin preparations (orally applied) can achieve therapeutic concentrations in the brain. 

• Inhibition of NF-κB signaling is the best described mechanism of anti-inflammatory 
action of curcumin

ANTI-INFLAMMATORY PROPERTIES OF 
CURCUMIN

N Karunaweera1 et al,  Front. Mol. Neurosci., 16 June 2015 | https://doi.org/10.3389/fnmol.2015.00024

https://www.frontiersin.org/people/u/211294
https://www.frontiersin.org/people/u/106286
https://www.frontiersin.org/people/u/211294
https://doi.org/10.3389/fnmol.2015.00024


“… curcumin treatment increased the expression of the tight 
junction proteins zonula occludens-1 and occludin in treated 
mice compared with vehicle-treated and sample SAH mice. 

Conclusions:  We demonstrated that curcumin inhibits 
microglial activation and matrix metallopeptidase-9 expression, 
thereby reducing brain edema and attenuating post-SAH BBB 

disruption in mice.”



The integrity of the blood–brain barrier (BBB) is critical for normal brain 
function, and its compromise contributes to the pathophysiology of a 
number of CNS diseases and injuries... Activation of the transcription 
factor NF-E2-related factor-2 (Nrf2) by sulforaphane, a naturally occurring 
compound present in high levels in cruciferous vegetables, significantly 
increased the expression of endogenous cytoprotective genes in brain 
tissue and microvessels as indicated by real-time PCR analysis. Postinjury 
administration of sulforaphane reduced the loss of endothelial cell markers 
and tight junction proteins and preserved BBB function… These findings 
indicate a potential therapeutic usefulness for Nrf2-activating molecules to 
improve the function of the neurovascular unit after injury.



"Conclusion: EGb, as an adjunctive treatment, can effectively 
improve depressive symptoms and reduce expression of serum 

S100B, which is a marker of brain injury, suggesting that EGb
restores neurologic function during the treatment of depression 

in elderly patients and S100B participates in the therapeutic 
mechanism. EGb combined with depressive drugs plays 

synergistic role, and the time of onset of efficacy is faster than 
single antidepressants."



• The BBB is susceptible to chronic systemic inflammation. 
Chronic systemic inflammation leads to cerebral and neuronal 
inflammation, thereby compromising BBB integrity. Thus, it is 
important to explore potential anti-inflammatory therapies, 
which can protect and restore the integrity and function of 
brain capillaries. In recent years, research surrounding the 
therapeutic potential of cannabinoids as an anti-inflammatory 
agent has gained significant interest. Most notably, cannabidiol 
(CBD), which is the second most abundant compound derived 
from Cannabis. It exhibits not only potent anti-inflammatory 
activity but is also able to modulate endothelial and epithelial 
barriers, and ameliorate cognitive deficits

CBD AND BBB PERMEABILITY

E. Brook et al, Pharmacological Research Volume 141, March 2019, Pages 291-297

https://www.sciencedirect.com/science/journal/10436618
https://www.sciencedirect.com/science/journal/10436618/141/supp/C


F I G U R E  2
“ M A J O R  L O C A L I Z AT I O N S I T E S  A N D  A S S O CIAT E D  
F U N C T IO NS  O F  T H E  C B 1 R  I N  T H E  H U M A N  B O DY. 
T H E  M A J O R I T Y  O F  C B 1 R S  E X P R E SS E D  I N  H U M A N  

B O DY  I S  F O U N D  I N  T H E  B R A I N , W H E R E  I T  I S  
I N VO LV E D I N  VA R I O U S  N E U RO L OG I C A L  

AC T I V I T I E S . C B 1 R S  O N  T H E  P E R I P H E R A L  S I T E S , 
A LT H O U G H  TO  A  L E S S E R  E X T E NT, PA RT I C IPAT E S  

I N  T H E  R E G U L AT I O N O F  L O C A L  T I S S UE  
F U N C T IO NS .”

S .  Z o u  &  U .  K u m a r ;  I n t  J  M o l  S c i  2 0 1 8  M a r ;  1 9 ( 3 ) :  8 3 3 .
C a n n a b i n o i d  R e c e p t o r s  a n d  t h e  E n d o c a n n a b i n o i d  S y s t e m :  S i g n a l i n g  a n d  

F u n c t i o n  i n  t h e  C e n t r a l  N e r v o u s  S y s t e m
d o i : 1 0 . 3 3 9 0 / i j m s 1 9 0 3 0 8 3 3

https://dx.doi.org/10.3390%2Fijms19030833


A WIDE RANGE OF CELLULAR MECHANISMS ASSOCIATED WITH 
CBD AND THE ECS

Table 2

Joseph Maroon
*
and Jeff Bost Surg Neurol Int. 2018; 9: 91. doi: 10.4103/sni.sni_45_18 Review of the neurological benefits of phytocannabinoids

https://www.ncbi.nlm.nih.gov/pubmed/?term=Maroon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29770251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bost%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29770251
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5938896/
https://dx.doi.org/10.4103%2Fsni.sni_45_18


• Preclinical and clinical data fully support the involvement of the endocannabinoid 
system in the etiopathogenesis of several psychiatric disorders. 

• Alterations in the endocannabinoid system, including cannabinoid receptors and 
endocannabinoid levels, are present in mood disorders (anxiety, posttraumatic stress 
disorder, depression, bipolar disorder, and suicidality) as well as psychosis 
(schizophrenia) and autism. 

• The evolving picture for each pathology is not always straightforward; however, both 
animal and human studies seem to suggest that pharmacological modulation of this 
system might represent a novel approach for treatment.

ENDOCANNABINOIDS AND 
PSYCHIATRIC DISORDERS

T.  Rubino et al, Handb Exp Pharmacol 2015;231:261-83.  doi: 10.1007/978-3-319-20825-1_9.

https://pubmed.ncbi.nlm.nih.gov/?term=Rubino+T&cauthor_id=26408164


”… cannabidiol (CBD), the non-psychoactive phytocannabinoid, has 
shown several therapeutic activities (i.e., neuroprotection, 
immunomodulation, anti-oxidative and anti-inflammatory properties)…”

“Several studies highlight a key involvement of endocannabinoid 
(EC) system in autism pathophysiology. The EC system is a 
complex network of lipid signaling pathways comprised of 
arachidonic acid-derived compounds (anandamide, AEA) and 2-
arachidonoyl glycerol (2-AG), their G-protein-coupled receptors 
(cannabinoid receptors CB1 and CB2) and the associated 
enzymes. In addition to autism, the EC system is also involved in 
several other psychiatric disorders (i.e., anxiety, major depression, 
bipolar disorder and schizophrenia)…  Autism is also characterized 
by immune system dysregulation. This alteration includes 
differential monocyte and macrophage responses, and abnormal 
cytokine and T cell levels. EC system dysfunction in a monocyte 
and macrophagic cellular model of autism has been demonstrated 
by showing that the mRNA and protein for CB2 receptor and EC 
enzymes were significantly dysregulated, further indicating the 
involvement of the EC system in autism-associated immunological 
disruptions. Taken together, these new findings offer a novel 
perspective in autism research and indicate that the EC system 
could represent a novel target option for autism pharmacotherapy.”

A . B R I G I D A ,  S .  S C H U L T Z ,  E T  A L
I N T  J  M O L  S C I . 2 0 1 7  J U L ;  1 8 ( 7 ) :  1 4 2 5 .
D O I : 1 0 . 3 3 9 0 / I J M S 1 8 0 7 1 4 2 5

“Conclusions: Pharmacological approaches for autism are 
directed at symptoms, rather than the underlying 
pathogenesis. The EC system in autism orchestrates the 
apparent nexus of the peripheral and central neuro-
immunologically mediated effects in autism. The newest 
studies suggest that pharmacological modulation of the EC 
system could represent a novel approach for autism 
treatment …"

https://www.ncbi.nlm.nih.gov/pubmed/?term=Brigida%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=28671614
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5535916/
https://dx.doi.org/10.3390%2Fijms18071425


• Of importance, we do not know whether shortened PANS flare 
durations associated with NSAIDs are direct effects (due to the 
anti-inflammatory properties of NSAIDs on neuroinflammation) 
or indirect effects (due to reduction in BBB permeability, thus 
reducing autoantibody access into the central nervous system).

NSAIDS AND BBB PERMEABILITY

J Child Adolesc Psychopharmacol. 2017 Sep 1; 27(7): 619–628. doi: 10.1089/cap.2016.0193

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5749580/
https://dx.doi.org/10.1089/cap.2016.0193


J Immunol Res. 2016; 2016: 4576012; Published online 2016 Sep 21. doi: 10.1155/2016/4576012; G. Hurtado-Alvarado,1 E. 
Domínguez-Salazar,1 L. Pavon,2 J. Velázquez-Moctezuma,1 and B. Gómez-González 1 ; ; 

"Therefore, the evidence of changes in the blood-brain barrier 
integrity induced by sleep loss is substantial and inflammatory 
molecules appear to play a key role in the mechanism subjacent 
to this phenomenon."

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurtado-Alvarado%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27738642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dom&%23x000ed;nguez-Salazar%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27738642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pavon%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27738642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vel&%23x000e1;zquez-Moctezuma%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27738642
https://www.ncbi.nlm.nih.gov/pubmed/?term=G&%23x000f3;mez-Gonz&%23x000e1;lez%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27738642


Junyun He et al;  J Neurosci. 2014 Oct 29; 34(44): 14697–14706.; doi: 10.1523/JNEUROSCI.2111-14.2014; 

" CSR increased COX-2 related inflammation, affected vascular 
reactivity, decreased glucose transporter and impaired BBB 
permeability. The BBB dysfunction after 6 d of CSR was 
reversed after 24 h of recovery sleep. "

https://www.ncbi.nlm.nih.gov/pubmed/?term=He%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25355222


Preclinical and clinical studies suggest that 
inflammation and vascular dysfunction contribute to 
the pathogenesis of major depressive disorder 
(MDD). Chronic social stress alters blood–brain 
barrier (BBB) integrity through loss of tight junction 
protein claudin-5 (cldn5) in male mice, promoting 
passage of circulating proinflammatory cytokines and 
depression-like behaviors. This effect is prominent 
within the nucleus accumbens, a brain region 
associated with mood regulation…  We identified 
proinflammatory TNFα/NFκB signaling and hdac1 as 
mediators of stress susceptibility. Pharmacological 
inhibition of stress-induced increase in hdac1 activity 
rescued cldn5 expression in the NAc and promoted 
resilience… . These findings reinforce the importance 
of considering stress-induced neurovascular pathology 
in depression and provide therapeutic targets to treat 
this mood disorder and promote resilience.



Discussion
We describe here a molecular framework in which cldn5-
related epigenetic modifications and transcriptional changes 
in the NAc lead to stress resilience or vulnerability and 
depression. In rodents, depression-like behaviors have been 
associated with increased BBB permeability (7, 8) while 
vascular dysfunction was not observed in those displaying 
stress resiliency (7, 24). However, the cellular and molecular 
mechanisms involved in this process remained elusive. Here, 
we report that normal social interactions are related to 
permissive epigenetic and transcriptional regulation of 
the cldn5 gene promoter allowing maintenance of BBB 
integrity despite stressful conditions (Fig. 6). Conversely, 
stress-induced BBB permeability is linked to inflammation of 
the endothelium and up-regulation of epigenetic repressor 
hdac1, which reduces cldn5 expression and may lead to 
loosening of tight junctions, BBB leakiness, and 
establishment of depression-like behaviors.
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https://www.pnas.org/content/117/6/3326#ref-7
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A greater understanding of the role of the 
neurovasculature in stress responses and 
mood disorders across the lifespan of both 
sexes could allow for the development of 
more effective antidepressant strategies, 
either by augmenting efficacy of current 
therapies or informing the discovery of new 
therapeutics. To date, no compound can 
directly enhance cldn5 expression to prevent 
or repair endothelial damage; however, the 
present findings shed light on molecular 
pathways that could be targeted to promote 
BBB integrity, neurovascular health, and 
stress resilience.



Conclusions The BBB plays a vital and nuanced role in normal brain function and the 
evidence is mounting for its involvement in a number of neurological disorders. In 

psychiatric disorders where multiple and seemingly disparate systems and functions 
can be affected, the role of the cerebral vasculature and BBB may be far more 

important than previously proposed as the entire brain may be made more vulnerable 
(as opposed to particular cell types or neuronal populations based on other 

hypotheses).



CONCLUSION

• Recognizing, understanding, and uncovering the medical/biological underpinnings
of neuropsychiatric conditions, where psychological symptoms may be the only
presentation, allows one the opportunity to change the trajectory of not only
the adolescent/teen that is being treated, but that of the entire family as well

• Increased permeability of the blood brain barrier is an important contributor to 
the pathological process of brain inflammation

• Recognizing the importance of the gut-brain-immune axis, the impact of the 
microbiota on the integrity of the BBB, as well as the effect of diet, stress, sleep,    
toxicants, and nutrients; informs therapeutic  approaches for shoring it up, 
alleviating inflammation, and ameliorating symptoms  
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