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Overview & Objectives.

• Discuss some of the unique design challenges the immune system 
faces in mounting a strong defense against (potentially) harmful 
foreign substances- while attempting not to over-react on the one 
hand or cross-react with itself

• Learning Objectives
• Describe functions of the innate and adaptive immune system
• Discuss the role of mitochondrial function in relation to supporting 

the immune system
• Recognize the connection between the GI tract and immune function
• Define the differences between autoimmune and autoinflammatory 

conditions



Defining The Mechanism(s) of Intervention

• The immune system is involved in nearly every facet of human 
pathophysiology. 

• Some therapies alter the course of the disease by modulation 
immune/autoimmune functions directly

• Some therapies modulate the mediators of the disease 
downstream of the trigger (i.e., inflammatory signals)

• Some therapies change epigenetic susceptibility to disease.
• Very often we don’t have the ability to distinguish the difference-

or the therapy modifies more than one of these categories.



Functional immune-related tissues

While the immune system cells (systemic 
or specialized) exist in nearly all tissues, 
there are certain Primary and Secondary 
Lymphoid organs/glands/tissues that 
are specifically designed to concentrate 
more global immune system functions 
(maturation, training, overwhelming 
pathogens).
• Examples of specialized cells include:
• Kupffer Cells (liver)
• Microglia (CNS)
• Alveolar Macrophages (resp. tract)



Important Immune Cells

Basophil Mast Cell

Neutrophils

Eosinophils



Inflammation



Simple Dichotomy? Time to Rethink!



Basic Structure- T-cell Receptor



Anatomy of an Antibody: Very Specific Recognition



The (adaptive) immune system conundrum

• A nearly infinite number of 
antigen epitopes exist.

• Ig and TCR are protein 
sequences made from a 
limited number of genes.

• How can an infinite 
number of antigen  binding 
sites be formed with a 
finite number of genes

• How can this be 
accomplished in the 
absence of antigen?

Each Antigen may contain multiple 
epitopes, Antibodies bind to epitopes, 
which are small portions of the antigen.



Recombination:
The solution for limited genes



Class Switching: A second recombination

Current Opinion in Immunology
Volume 18, Issue 3, June 2006, Pages 249-254

https://www.sciencedirect.com/science/journal/09527915
https://www.sciencedirect.com/science/journal/09527915/18/3


Maturation and selection

Nature Immunology volume 1, pages379–385(2000)

https://www.nature.com/ni?proof=t


Self-tolerance is key!



Central and Peripheral Tolerance Mechanisms in the 
Adaptive Immune System.

Cho JH, Gregersen PK. N Engl J Med 2011;365:1612-1623.



Thyroid autoantibodies

Anti-TPO

Nature Reviews Immunology volume 2, pages195–204(2002)

https://www.nature.com/nri


T-cells and Ig in MS

Nature Reviews Immunology volume 3, pages483–492(2003)

https://www.nature.com/nri


Autoimmunity vs. Autoinflammatory

Nature Reviews Immunology 
12, 570-580 (August 2012)



PLoS Med. 2006 August; 3(8): e297. 



The “Immune-Complex”

• Insoluble immune 
complexes 
(aggregations of 
antigens and IgG
and IgM
antibodies) form 
in the blood and 
are deposited in 
various tissues 
(typically the skin, 
kidney and joints)



Immune complexes fix complement-
drive inflammation • Immune complex 

glomerulonephritis 
• Rheumatoid arthritis 
• Serum sickness 
• Subacute bacterial 

endocarditis 
• Symptoms of malaria 
• Systemic lupus 

erythematosus
• Arthus reaction 
• Farmer's Lung 

(Arthus-type 
reaction)



Education through sampling non-self
Friend or Foe?



Pattern Recognition Receptors

Guilliams: Supporting Immune Function: A Lifestyle and Nutrient Approach (2014) 



Toll-like receptor family (TLRs)



Inflammasome (NLRP3-type)

• Heptamer complex between 
caspase and NRLP3

• Caspase activates the release 
of IL-1b, furthering 
inflammatory cascade

• 3 potential triggers
Cell: Volume 140, Issue 6, 19 March 2010, 
Pages 821–832

http://www.sciencedirect.com/science/journal/00928674/140/6


Inflammasome and chronic disease

Front. Immunol., 08 March 2013 



Front. Immunol., 23 June 2020 | 
https://doi.org/10.3389/fimmu.2020.01518

The NLRP3 inflammasome  appears to 
mediate lung inflammation in SARS-CoV-2 
infection.



Training the Adaptive Immune Cells



HLA: Major Histocompatibility Complexes

Guilliams: Supporting Immune Function: A Lifestyle and Nutrient Approach (2014) 



But there is more….



Cytokines are the messengers 
of the immune system

• Autocrine
• Paracrine
• Endocrine

Nature Reviews Immunology volume 19, pages205–217(2019)

https://www.nature.com/nri


What can you control?



Keys to Supporting Immune Function
• Maintaining and protecting barrier functions
• Creating a commensal-friendly environment
• Maintaining appropriate hygiene practices
• Avoiding antigens and allergens in adulthood
• Building micronutrient and antioxidant reserve
• Maintaining and building cellular (mitochondrial) 

energy
• Maintaining adequate detoxification capacity
• Diminishing stress and cortisol-induced immune 

suppression
• Reducing chronic inflammatory triggers/mediators
• Using appropriate immune modulators to create 

balance and strengthen immune function



Nature Reviews 
Immunology
volume 20, pag
es411–426(2020)

https://www.nature.com/nri


Nature Immunology  14, 685–690 (2013



Immunosenescense
The loss of immune “reserve”

• Changes in immune function with age
• Influenced by years of immune training and stress
• Depletion of naïve cells in the Adaptive immune 

system
• NK-cells- more numerous but less active
• Decreased numbers of neutrophils/monocytes
• Changes in Gut microflora influence immune 

function
• “Inflammaging”- drive chronic diseases
• Increased frequency of auto-immune reactions
• Accumulations of HPA Axis Stress



Immuno-senescence
Altered Immune Function that are 
influenced by the “Aging Process”



Immunosenescence

Reduced Surveillance
Capacity and 

Discretion
(Stranger vs Self)

Reduced Ability to Mount an 
Immune Response

(Depleted Immune Reserve)

Reduced Numbers of 
Naïve Lymphocytes 
to form a Adaptive 
Response to New 
Antigens

Poorer Control of 
Self-Tolerance 
System- Allowing 
more cross-reactivity, 
auto-immunity. 

Fewer numbers of 
most effector cells
(neutrophils etc.)

Lower metabolic 
activity (killing 

capacity of most 
effector cells (NK cells)



Immune System Changes with Time

• Influenced by years of immune training and 
stress

• Depletion of naïve cells in the Adaptive immune 
system

• NK-cells- more numerous but less active
• Decreased numbers of neutrophils/monocytes
• Changes in Gut microflora influence immune 

function
• “Inflammaging”- drive chronic diseases
• Increased frequency of auto-immune reactions
• Accumulations of HPA Axis Stress



Antioxidants & Redox Signaling, 14(8):1151 (2011)



Immunosenescence
Depleted Immune Reserve Capacity

• A loss of immune system function that occurs 
coincident with the aging process; both 
advancing chronological time AND metabolic 
signals that can accelerate the aging process 
(ROS, stress, etc.)

• Diminishing Immune Metabolic Reserve at 
▫ The Effector Level (cells doing immediate 

work)
▫ Cellular Reserve Level (bone marrow, thymus)
▫ At the Organ Level (thymus, lymph nodes etc.)
▫ At the Interface Level (GALT and related 

tissues)



Metabolic Reserve

• The long-term (reserve) capacity to rebuild our resilience when it 
is challenged. 



Depletion of Thymic reserve and Function over time



Larger numbers of fewer memory clones- fighting 
(some)old battles well.

Age and the human CD4 T cell repertoire

Circle size defines numbers of memory cells of same clone (against the 
same antigen). Yellow depicts anti-VZV clones, Red depicts anti-CMV 
clones; both due to long-term latent infections in the host. Aging does not 
decrease the number of memory cells, but decreases the number of 
different clonal groups of memory cells.

Nature Immunology  14, 428–436 (2013)



Losing the battle with new antigens

Nature Reviews Immunology  14, 24–35 (2014) doi:10.1038/nri3567 



Handbook of the Biology of Aging (Eighth Edition)  2016, Pages 407-431



The Older are less capable of mounting response

www.businessinsider.com



The Aging Immune System and Chronic Disease

Nature Reviews Immunology  13, 875–887 (2013) 
doi:10.1038/nri3547 



Immunosenescence and cell function

Antioxidants & Redox Signaling, 14(8):1151 (2011)



Antioxidants & Redox Signaling, 
14(8):1151 (2011)

Immunosenescence and cell function



doi.org/10.2147/VDT.S63888

https://dx.doi.org/10.2147/VDT.S63888


A silver-lining, perhaps

Prevalence of allergic rhinitis by age and childhood living on a 
farm and degree of urbanization. (>10 000 inh includes 
metropolitan Gothenburg.) Allergy 65(11):1397-403 · May 2010

Drop in elderly 
likely due to 

both decreased 
mast cells and 

IgE



Antioxidants & Redox Signaling, 14(8):1151 (2011)



Slowing the Process and Consequences of 
Immunosenescence

• Rebuilding the Interfaces between self and stranger (Barriers: 
Gut, Lungs, Skin)

• Maintaining Metabolic Reserve- the earlier the better.
• Rebuilding Metabolic Reserve- Can it be done?
• Limit interaction with new antigenic load while immune system is 

weak
• Challenge the system with safe stimulators to increase immune 

resilience. 



Everything happens at the interface!

• Biological systems are designed to create 
discrete functional units
▫ Tissues
▫ Cells
▫ Organelles
▫ Genes

• All of which are equipped to modulate each 
other by signals at their interfaces

• Functional Interfaces require Intact Barriers



Coordinated Surveillance Systems: 
Protecting “Self” at the interfaces

HPA Axis (Stress Response)
• Assessing threats from outside (interface with 

outside world)
• Compensating for internal imbalances

Immune System
• Surveillance of Self vs. Non-Self
• Highly coordinated by GC signals, highly 

concentrated in the Gut

Gastrointestinal Tract- GALT
• Maintaining Barrier Function (interface with 

outside       world)
• Signal coordination to brain using direct and 

immune facilitated signals.



Breaches in the Barrier

• Immune System glands and cells are concentrated at 
interfaces between our body and the external 
environment
▫ Skin
▫ Respiratory Tract
▫ Vagina
▫ Mucosa-associated Lymphoid Tissue (MALT)
▫ Gut-Associated Lymphoid Tissue (GALT)
▫ ~75% of the immune system is in the gut!





GI Changes with Aging…..
• Decreased stomach acid and pancreatic enzymes: 

reduces macro and micronutrient absorption and 
increases potential for food or microbial antigenic 
burden

• Gut permeability: while healthy aging is not 
generally associated with changes in measures of gut 
permeability, increase inflammation and other 
diseases (IBD, T2D etc.) that increase permeability 
are more prevalent in the elderly

• Shift in the microbiota to a less diversity and more 
vulnerability



Building Metabolic Reserve

• Strong Immune Function and Regulation depends 
on:
▫ Adequate Macronutrient Balance (More protein, The right fats and few 

simple sugars)
▫ Adequate Micro-nutrient Reserve (cofactors for most enzymatic functions)
▫ Strong Antioxidant Reserve (quenching ROS)
▫ Mitochondrial  Energy and Antioxidants



Simple Step: Are they consuming and absorbing enough nutrients?

The EAR (Estimated Average
Requirement) is set by the IOM based 
on intake level expected to satisfy the 
needs of 50% of people.
• RDA is set at 2 SD from the EAR, 

attempting to capture the needs for 
98% of the population.

• AI are set by the IOM when 
research is limited on determining 
the EAR



Already taking supplements…

• Clinicians should be sure 
adequate quantities (and 
types) of B12, vitamin D3, A, 
calcium, magnesium

• Consider supplementation 
with protein powder to 
increase intake of protein



How does the microbiome change with age?

Front. Cell. Infect. Microbiol., 09 August 2012 
http://dx.doi.org/10.3389/fcimb.2012.00104

http://dx.doi.org/10.3389/fcimb.2012.00104


Aberrant inflammatory response of a dendritic cell and 
macrophage with aging.

Aberrant inflammatory response of a dendritic cell and macrophage with aging. Toll-like receptors (TLRs) are a family of pattern-
recognition receptors that have a key role in the innate immune system. TLRs are activated by specific ligands derived from 
pathogens and damaged cells, as shown. The expression and function of some TLRs are downregulated with aging, potentially 
impairing immune responses. On the contrary, signaling mediated via TLR and IFNγ is activated, resulting in 
increased secretion of inflammatory cytokines. IFN, interferon; LPS, lipopolysaccharide; dsRNA, double-stranded RNA; 
ssRNA, single-stranded RNA. doi:10.1038/npjamd.2016.18



We hereby introduce the term 
‘genetic dysbiosis’ to highlight the 

role of human genetic variants 
affecting microbial recognition and 

host response in creating an 
environment conducive to changes 

in the normal microbiota. Such 
changes can, in turn, predispose to, 

and influence, diseases such as: 
cancer, inflammatory bowel disease, 

rheumatoid arthritis, psoriasis, 
bacterial vaginosis and periodontitis. 



Antioxidants & Redox Signaling, 14(8):1151 (2011)



Mitochondria are key



Immune Cell Metabolic Activation

Science 11 October 2013: Vol. 342  no. 6155 

SRC= Spare 
Respiratory 
Capacity 
(“metabolic 
reserve”)



• In addition to regulating antiviral 
signalling, mounting evidence 
suggests that mitochondria facilitate 
antibacterial immunity by generating 
reactive oxygen species and contribute 
to innate immune activation following 
cellular damage and stress. Therefore, 
in addition to their well-appreciated 
roles in cellular metabolism and 
programmed cell death, mitochondria 
appear to function as centrally 
positioned hubs in the innate immune 
system.



Pleomorphic effects of NRF2



Nrf2 modulators and their mode of action in 
overriding immune dysfunction during aging.

Antioxid Redox Signal. 2011 April 15; 14(8): 1551–1585. 



Powerful  genomic signals*

* Disclaimer: Must actually be eaten 

Most common Nrf-2 modulators



We are simply not eating F&Vs

• CDC data showing the 
percent of adults (>18 
yo) consuming either 2 
or more fruit servings, 
or 3 or more vegetable 
serving per day.

• Low signal to calorie 
ratio- poor genomic 
signaling to protect 
against chronic disease



PA and Immune Function



Physical Activity/Exercise

• A typical J-shape (U-shape?) curve is often used to 
describe the exercise-immune system relationship.

Brain Sci. 2020, 10(9), 612; https://doi.org/10.3390/brainsci10090612 



Intensity matters!

• Influence of exercise on mortality due to influenza (H1N1 Puerto Rico A/8/34) in 
male 20–24 wk old Balb/c mice. Mean survival was 14 ± 1, 17 ± 2, and 16 ± 3 days for 
control, moderate and prolonged exercise, respectively. There was a statistically 
significant difference between control and moderate exercise (log rank = 7.3; p = 
0.007), but not between control and prolonged exercise (log rank = 1.1; p = 0.29). 
(Reprinted from Lowder T, Padgett DA, Woods JA. Moderate exercise protects mice 
from death due to influenza virus. Brain Behav Immun. 2005;19(5):377–80.



Brain Sci. 2020, 10(9), 612; https://doi.org/10.3390/brainsci10090612 



• Excellent review of the 
limited data with proposed 
mechanism for how 
moderate exercise limits 
inflammatory process.



Stress and the Mitochondria

Trends in Endocrinology & Metabolism
Volume 18, Issue 5, July 2007, Pages 190-198 

http://www.sciencedirect.com.ezproxy.library.wisc.edu/science/journal/10432760
http://www.sciencedirect.com.ezproxy.library.wisc.edu/science?_ob=PublicationURL&_tockey=


Biphasic response to Stress

Trends in Endocrinology & Metabolism Volume 18, Issue 5, July 2007, Pages 190-198 

http://www.sciencedirect.com.ezproxy.library.wisc.edu/science/journal/10432760
http://www.sciencedirect.com.ezproxy.library.wisc.edu/science?_ob=PublicationURL&_tockey=


Building Immune Strength

• Maintaining and Protecting Barrier Function
• Creating a Commensal-friendly environment
• Avoiding antigens and allergens in adulthood
• Building Metabolic Reserve
▫ Antioxidant Reserve
▫ Micronutrient Reserve
▫ Mitochondrial Energy
▫ Detoxification Capacity
▫ HPA axis resilience

• Reducing Chronic Inflammatory Triggers/Mediators
• Use of Appropriate Immuno-modulators to create 

balance and immune system strength 



Keys to Supporting Immune Function
• Maintaining and protecting barrier functions
• Creating a commensal-friendly environment
• Maintaining appropriate hygiene practices
• Avoiding antigens and allergens in adulthood
• Building micronutrient and antioxidant reserve
• Maintaining and building cellular (mitochondrial) 

energy
• Maintaining adequate detoxification capacity
• Diminishing stress and cortisol-induced immune 

suppression
• Reducing chronic inflammatory triggers/mediators
• Using appropriate immune modulators to create 

balance and strengthen immune function



Thank You

• Contact Info:
• Thomas Guilliams Ph.D.
• www.pointinstitute.org


