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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,

Primary ' Secondary there are certain Primary and Secondary

i Qmpmd e Lymphoid organs/glands/tissues that

ibyae ) are specifically designed to concentrate
Stisen more global immune system functions

(maturation, training, overwhelming
Lymph nodes pathogens) .
- Examples of specialized cells include:
i + Kupffer Cells (liver)
Poyors petchi  Microglia (CNS)

 Alveolar Macrophages (resp. tract)




Important Immune Cells
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IMMUNE SYSTEM
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Simple Dichotomy? Time to Rethink!

Attribute

Innate immunity

ILV:IRER N  Innate and adaptive immunity

Adaptive immunity

Response time

Specificity

Diversity

Memory responses
Self/nonself discrimination
Soluble components of blood

or tissue fluids

Major cell types

Minutes/hours

Specific for molecules and molecular
patterns associated with pathogens

A limited number of germ line-
encoded receptors

None

Perfect; no microbe-specific
yu;;culb in host

Many antimicrobial peptides
and proteins

Phagocytes (monocytes, macrophages,

neutrophils), natural killer (NK) cells,
dendritic cells

Days

Highly specific’discriminates even minor
differences in molecular structure; details of
microbial or nonmicrobial structure recognized
with high specificity

Highly diverse; a very large number of
recepieisunamg from genetic recombination
of receptor genes

Persistent memory, with faster response
of greater magnitude on subsequent infection

Very good; occasional failures of self/nonself
discrimination result in autoimmune disease

Antibodies

T cells, B cells, antigen-presenting cells




Basic Structure- T-cell Receptor
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Anatomy of an Antibody: Very Specific Recognition

Antigenic
determinant

(epitope)

Antigen-binding site Antigen

Fc (stem) region <{ | c Hinge region

.

(a) Antibody molecule (b) Enlarged antigen-binding (c) Antibody
site bound to an symbol
antigenic determinant

Copyright © 2004 Pearson Education, Inc , pubiishing as Beryamin Cummings



The (adaptive) immune system conundrum

- A nearly infinite number of
% antigen epitopes exist.
- Ig and TCR are protein
Y Y Y sequences made from a
limited number of genes.

] Antigen B Marker molecule B Antibody ° HOW can an infinite
number of antigen binding
sites be formed with a
finite number of genes

| Anigen - How can this be
accomplished in the
absence of antigen?

Epitope

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



Recombination:
The solution for limited genes
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Class Switching: A second recombination

vDJ Ep Cu Cs cy Cyl Cy2b Cy2a Ce Ca 3J3'RR

splicing

l Transcripticn and

B-call stimulation

Class switch
recombination

l Transcription and
splicing

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

Current Opinion in Immunology



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

Maturation and selection

Bone marrow
Antigen independent
PU-1
Ikaros-/-
Smal
pre-B
Autoreactive *
|
|
Receplor Receptor
editing revision
|
Deletion or anergy
RAG: - Low + - + Low Low
IgH: GL GL DJy ViDdy - - -
IgL: GL GL GL GL Vi Vi ? VLR?

Nature Immunology volume 1, pages379—385(2000)



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

Self-tolerance is key!
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Central and Peripheral Tolerance Mechanisms in the

Adaptlve Immune System.

b:;a 8 cell (T1572)
Apoptosis
(38% of thymocytes) FOXP3

expression
Transitional B cell (T2>T1)
Peripheral Tolerance Mechanism.

Effector T cell /

(CO4y, CO84) Naive B cell
@ Regulatory T cell L
@—

Memaory B cell

Interleukin-2

j | = B cross-talk %¢ y b
T-cell help, cytokine modulalon Long-lived plasma
cell in bone marrow

Antigen-presenting T effector col Bocell anti

3 gen presentation
celi [dendritic cell, (e.g. Thl, Th2, Thi7) Ticell costimuation Short- lvwd pl;sma cell {or gut lamina propria)
macrophage, B cell) in lymphoid tissues

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



Thyroid autoantibodies
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https://www.nature.com/nri

————
T-cells and Ig in MS

T-cell re-entry
into circulation

IL-23, IFN-y

IL-23-specific antibodies
OPN-specific antibodies

Nature Reviews Immunology volume 3, pages483—492(2003) Netre reviews | immunoiogy



https://www.nature.com/nri

Autoimmunity vs. Autoinflammatory

Autoimmune
D Mendelian disorders 4
| Polygenic diseases APCED. [—lP_EX] ALPS
-'”(.)ﬂrgan-spec-iﬁc ;Systen{ic lupus
| autoimmune diseases - erythematosus |
Multiple A
| sclerosis |
g o2 ;Rheunﬁtoid— < :
Organ-specific « = arthritis » Systemic
Inflammatory | —_—

bowel disease

; ‘-Systemic juvenile |
| Spondyloarthropathies | | idiopathic arthritis |

'Gout and other
crystal arthropathies

Familial fever

A 4
Autoinflammatory

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

Nature Reviews | Immunology




AUTOINFLAMMATORY
DISEASES

MIXED PATTERN DISEASES

with evidence of acquired component
(MHC class | associations) and

CLASSIC POLYGENIC
(organ-specific and non-specific)

A

AUTOIMMLUINE

FMF TRAPS. HIDS, PAPA
Blau syndrome (uverts)

Crohn disease, uicerative colits
Degenerative dseases, ¢ 3. ostecarthrits
Gout/pseudogout/other crystal arthropathees

Some categories of reactive arthritis and Psorasis/psodiatic arthritis (no MHC associations)

Seif-kmiting mflammatory arthritis including diseases chinically presenting as RA
Storage dseases/congenital dseases with assocated tssue inflammation
Non-antibody associated vasculitis ncluding giant cell and Takayasu arterits
IGopathic uvertis

Acne and acneform associated dseases

Some neurological dseases, @ g. acute dissemnated encephalomyelitis
Erythema nodosum associated disease, including sarcoidosis

Ank ylosing spondylis
Reactive amns
Psoriass/psanatic artheitls
Bahcet Syndrome

Uvestis (HLA-B27 assocated)

Rheurnatod artheitis
Autormmune uvedtss (sympathetc ophthalmes)
Cosliac disease

Prenary bikary crrhoss

Autommmune gastnits/pemicous anaema
Autosnmune thyrod disease

Addson disease

Pemphigus. pemphigoid, vitiigo
Myasthensa gravs

Dermatomyositis, polymyosiis, scleroderma
Goodpasture syndrome

ANCA associated vasculits
Type 1 diabetes

Siogren syndrome
Systemic lupus erythematosus

ALPS, IPEX, APECED

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



The “|mmune-CQmpleX”

 Insoluble immune
Type 3 - immune complex hypersensitivity 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)

Figure 3a
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immunopaedia.org



Immune complexes fix complement-

drive inflammation Immune complex

Figure 3c glomerulonephritis
« Rheumatoid arthritis
» Serum sickness

ﬁ,&” » Subacute bacterial

| \. endocarditis

VA4 \ W », Symptoms of malaria

[ » Systemic lupus
erythematosus

» Arthus reaction

- Farmer's Lung

Tn.\gunopaedio.org (ArthUS'type
reaction)

Tissue



Education through sampling non-self
Friend or Foe?

30 THEGITRACT AND IMMUNE FUNCTION

Gut lumen ‘

Figare 11: Basic Structures af the Gastointestinal- A ssociated Lymphoid Tissue (GALT). See the text for detailed explanation.



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



Toll-like receptor family (TLRs

Lipoprotein Peptidoglycan, Mycoplasmal
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Figure: Toll-like receptor (TLR) signaling. This diagram shows the different types of TLRs, their locations and the patterns they recognize. See text
for more details about the signaling pathways. Image adapted from Minireview: Toll-like Receptors (T LR)-www.abdserotec.com.



RNy
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

Type Il Diabetes

IL-18 & IL-18

]

Pancreas Adipose Tissue Liver Skeletal Muscle Circulation
NLRP3 inflammasome actiavation and IL-1B during type 2 diabetes
| Insulin secretion 1 Inflammation 1 Inflammation | Insulin Sensitivity | Insulin
| Beta cell mass | Insulin Sensitivity 1 Hepatic Steatosis 1 Glucose
1Beta cell apoptosis | Insulin Sensitivity 1 HBA1C

1 Inflammation

Front. Immunol., 08 March 2013



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

Cytokine storm
-6
« TNF-a
«IL-10
 IL-1RA
*CXCL10

* Acute Resplratory
Distress Syndrome (ARDS)
* Systemic Inflammatory
Response Syndrome (SlRS)
* Shock and muftiorgan
Dysfunction ’
. * Coagulopathy

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



Training the Adaptive

Immune Cells
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Antigen Driven
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HLA: Major Histocompatibility Complexes

MHC CLASS | CD8+ MHC CLASS I
- s Teell 3
: e i Exogenous (;cell
4 "ll e protem M
Cell surface _’.v
—y T e dnall

;— TCR

- E s @ - ng — MHC class I
% Cytoplasmic i A
& Cytopl \m /7*

~~ protein

MHC class Il

{ Endoplasmic reticulum

.
.

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



But there is more....

Cellular Immunity
Thi — IFNy  Clearance of
Intracellular Pathogens

Humoral Immunity

IL-4 .

: Clearance of Certain

Antlgens =" :‘L-'s Extracellular Pathogens
) B, / 12 Allergy
./“\
X ' ( Tho IL-17 Tissue Inflammation
- \ IL-17F  Autoimmunity

J Th‘ IL-22  Clearance of Certain

~—— IL-21  Extracellular Pathogens

Antigen
Presenting Cell

@’ IL-10  Tolerance/
: * TGPl  Immune Suppression



Tissue site Cytokine-producing cell Cytokine-consuming cell
/—"_ B AR

i ( , Cytokines are the messengers
w...\ﬂy/ \_ 4 ~ of the immune system
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Cytokine accumulation

‘ e Paracrine

[
Cytokine accumulation [ I

| in circulation

1 * Endocrine

’ Endocrine | () s
signalling ‘M

/

Cytokine-consuming cell Nature Reviews Immunology volume 19, pages205—217(2019)



https://www.nature.com/nri

What can you control?

Autoimmune
disease

regulation




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
€s411—426(2020)
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https://www.nature.com/nri
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Immunosenescense
The loss of immune “reserve”

- Changes in immune function with age
- Influenced by years of immune training and stress

- Depletion of naive 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”

Increased susceptibility
to Infections

Numbers and function of
APC reduced

Naive T cells vanish More inflammation

T cell repertoires

More inhibitory
shrink

receptors on T-cells

More memory T cells with
reduced diversity

Reduced
Immune surveillance



Immunosenescence

=

g

g

Reduced Surveillance
Capacity and
Discretion
(Stranger vs Self)

Reduced Ability to Mount an
Immune Response
(Depleted Immune Reserve)

Fewer numbers of Reduced Numbers of
Naive Lymphocytes

most effector cells to form a Adaptive

(neutrophils etc.) Response to New
Antigens

Lower metabolic
Poorer Control of

activity (killing Self-Tolerance

capacity of most System- Allowing
effector cells (NK cells) more cross-reactivity,

auto-immunity.




Immune System Changes with Time

- Influenced by years of immune training and
stress

 Depletion of naive 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
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Molecular Mechanisms to Interventions
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AGE-ASSOCIATED
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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)

o 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.
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Depletion of Thymic reserve and Function over time
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Larger numbers of fewer memory clones- fighting
(some)old battles well.

20-30 years 60-75 years > 75 years
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Age and the human CD4 T cell repertoire

Memoq/

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
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Memory | Accumulation with reduced diversity
cell ( {—
compartment C ® LA : fj)
Life-long exposure to different pathogens
Repetitive P o \N\)
antigen -y - ' ) g
challenge Viruses Bacterla Fungl Protoxoans  Helminths
Reduced numbers of naive cells
Naive cell - | =
output an” (X 1)
Aging or developmental programming?
Thymic :

involution

H o
ZE a1 TROBE AY

Lifespan

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



The Older are less capable of mounting response

Populatnon adjusted COVID -19 cases by age COVID-19 death rates in US by age
104%
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www.businessinsider.com



The Aging Immune System and Chronic Disease

'Brain
Skin '» T Activation of TLR and
¢ ! TNF by macrophages "1 inflammasome pathways
* i Neutrophil recruitment | ' * T Microglial activation
N
Disease \ 'Disease
*{ DTH response '» Neurodegeneration

* Impaired wound healing

Lungs
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Immunosenescence and cell function

INNATE IMMUNE RESPONSE : AGE-ASSOCIATED CHANGES INNATE IMMUNE RESPONSE : AGE-ASSOCIATED CHANGES
NEUTROPHILS AND MACROPHAGES NK CELLS AND DENDRITIC CELLS
MONOCYTES /
NEUTROPHIL S 2
UTRO S MACROPHAGES NK CELLS DENDRITIC CELLS

DECREASED DECREASED

DECREASED » Phagocytosis * CD69 expression DECREASED
« Chemotaxis « Surface expression of TLR1 * IL 2 and IL12 mediated -
« Intra- & Extra-cellular killing and TLR4 Chemokine production + Langerhans cell density in skin
» FCR dependant killing « TLR induced up-regulation . Calcmm_ Mobilization . Prpcegsmg capacnty

S of CD80 » Cytotoxicity * Micropinocytosis
> Turnor cedl foxicly *TLR 1 & 2 induced IL6 and * IL2 dependant IFNy production * Phagocytosis,
* Pathogen elimination TNFet prodtiction « Migration
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* TLR 4 of mice (not humans) » Numbers « LPS - induced IL12 production

« Phagocytosis (or no change) bone marrow (percentage) * IFNa production
» Altered immuno-modulatory No Change in antibody-dependant

cytokines cytotoxicity

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



Immunosenescence and cell function

ADAPTIVE IMMUNE RESPONSE : AGE-ASSOCIATED CHANGES

DEC ED
» Naive T cell numbers
« Proliferation mediated via:
aCD3 + CD28 ‘ '
aTCRafd
Mitogen (ConA/ PHA)
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* Proportion of Memory T cells
* Th17 T cell subset ' s
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DECREASED
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ALTERED T CELL SIGNALI
(TCR/IL-2R / CD28)

= Altered second messenger
generation (NFxB; NFAT)

= Altered Lipid rafts / Immunological
synapse

» Altered biochemical mechanisms
(Chromatin remodeling; Proteasome
function; Decreased Kinase
activation; Altered Phosphorylation)

= Allered ROS generation

* Altered IL-2 and IFNy generation

INCREASED
= Memory CD27* B Cells
= Auto Antigen Specificities
«TTP

ALTERED

‘ B Cell Repertoire

Antioxidants & Redox Signaling,
14(8):1151 (2011)
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A silver-lining, perhaps

40

Drop in elderly

likely due to
both decreased
mast cells and
IgE

Prevalence (%)
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wee =« Not farm / >10 000 inh. = = +Not farm / <10 000 inh.
Farm /> 10 000 inh. w— = Farm /< 10 000 inh.

Overall prevalence

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



MOLECULAR BASIS OF THE AGING PROCESS IN THE IMMUNE SYSTEM
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s l l TELOMTRASE ATTRITION
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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
s 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

o Surveillance of Self vs. Non-Self

« Highly coordinated by GC signals, highly
concentrated in the Gut

Gastrointestinal Tract- GALT

.. Maintaining Barrier Function (interface with
i outside world)

#- Signal coordination to brain using direct and
immune facilitated signals.
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Breaches in the Barrier

- Immune System glands and cells are concentrated at
interfaces between our body and the external

environment

= Skin

= Respiratory Tract

= Vagina

s Mucosa-associated Lymphoid Tissue (MALT)
> Gut-Associated Lymphoid Tissue (GALT)

s ~75% of the immune system is in the gut!



30 THEGITRACT AND IMMUNE FUNCTION
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Fignare 11: Basic Structures of the Gastrointestinal-Associated Lymphoid Tisue (GALT). 52 the text for detailed explanasion.



Gl 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?
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FIGURE 3 Percentage of the population with vitamin (A) and mineral
(B) intakes below the below the EAR for individuals aged =19 vy (data
from NHANES 2003-2006; n = 8860). Usual intakes from foods (naturally
occurring and that from naturally occurring plus added via enrichment
and/or fortification) and dietary supplements were estimated by using the
National Cancer Institute method with 2 d of reported intake. EAR,
estimated average requirement.

Frequency Distrbution
of Individual Requiraments

EAR «—239. _, RDA Al

Increasing INake —————p

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.

« Al are set by the IOM when
research is limited on determining
the EAR




Already taking supplements...

Figure 1: Use of MVMs by Age, NHANES 2003-2006

e 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

Percentage

1-3 4-8 9-13 1418 19-30 31-50 51-70 71+
Age (years) m Males mFemales



How does the microbiome change with age?

healthy
solid food
healthy
65 to 80 years
formula-fed
breast-fed malnutrition
antibiotic

>100 years
treatment "

Firmicutes
W Bacteroidetes
B Actinobacteria
B Proteobacteria
others

P

Unborn Baby Toddler Adult Elderly

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.

Dendritic cell Monocyte/Macrophage
Triacylated  Diacylated dsRNA Triacylated LPS ssRNA Unmethylated CpG
lipopeitides  lipopeitides lipopeitides
\ / \ X l / IFN-/R 1 Self-debris?
TLR2 TLRG@ @TLRB TLR46 TLR78 @TLRQ TLRS@ - Gj
TLR‘ TLR1/2 \ b
1
|
// X
r;,ftlar;r(\malo m‘;“ r;,ftlar{(\mato ¥ X
roKines Y roxKines tIL-8 A4
+IL-12 (p40) W15 7
Impaired immune response to pathogens Enhanced cytokine expression

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 IFNy 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




| REVIEW ARTICLE |

Genetic dysbiosis: the role of microbial
insults in chronic inflammatory diseases

Luigi Nibali'*, Brian Henderson?®, Syed Tariq Sadig® and
Nikos Donos’

TPenodontology Unit and Departrment of Clinical Reseu'du ucL Easlman Dental Institute, University
College London, London, United Kingdom; ?Division of A by UCL Eastman Dental
Irstitute, London, Undted Kingdom; %Institute of Infection and Imnu'my, St George's, University of
London, London, United Kingdom

Thousands of bucterial phylotypes colontse the human body and the host response 1o this bacteriul challenge
greatly influences our state of kealth or discase. The concept of Mfeviogenomics highlights the importance of
host genetic factors in determining the composition of human microbial biofilnss and the response to this
microbeal challenge. We hercby introduce the torm ‘genetic dysbiosis” to highlight the role of human genetic
vanants affecting microbial recognition and host response i creatmg an arvironment conducve 10 dsanpes
in the normal microbiota. Sach changes cun, in tem, predispose to, and mflueece. discases such as: cancer,
nflammatory bowel discase, rhewomatoad arthnitis, psoriess, bactenal vaginosis and periodontitis. This review
presents the state of the evidens on host genctic factors afocting dyvstuosis and microbial miseecomithon ()¢
an abermant response o ihe nomal macrobion) and highlights the need for further research in this area.

COACTION

Keywords: peaetie drafiesie micrhiom, nflamwndtion

Racatwedct 2 Ocrober 2013 Ravisat 22 Decenmber 20103; Acosomd: 4 Jnuary 2004, Rublahed: 25 Fetruary 2014

uring their evolution, vertebrates and their colo-
Duniny microbes huve evolved mechanisms to live

in symhtoses with each other. One of the major
pacadigm shifts in modern bomedicine is the realisation
of how heavily vertebrates are colonisad by hacteria (1) It
is now recognised that humans are supra-onganisms (2)
with 9066 of the cdls m the human body beng bacterial
153, termed the normal bactenial microbiota. It is esi-
musded that in the human gut, the microbiome outnumbers
the human genome by 150-fold (4). Culture-dependent
methods hine dentified several hundred bacterial speces
colomsing the skin and the mucosal surfaces ol the
oral cavity, airways, gut and genitourinary tract (5). In
these locations, bacseria Nourisk from the firt moments
after birth and adhere to eadh other forming aggregites
termed blofilms. Culture-independent methods involving
cloning and 168 rRNA gene sequencing (6) or doning-
independent 165 rRNA gene analysis tsing massively
parallel next generation DNA sequencing (7) have in-
creased the numbers of bactenal phylotypes recognised as
colomsing bumans mto the thowsands (8). However, only
u small proportion of these coloaising bacteria can be
cultivated in the laboratory amd have ever heen studied (5)
The differences in bactenal colomsation between indivi-
duuls 0 these studies Jend strength 10 the idea that each

individisal human will, as a rule, have 8 subset of his or
her own colomising bactena in different body habitats,
which may impact on the individuals state of health anx!
hisease (9)

Microbial diseases

Ihe traditional meaning of ‘microbial disease’ inciudes
infections sech ss smallpos, tuberculosis or AIDS, caused
by colomisation and infection by a specific pathogenic
microbe, wsually transmitted between individuals Some
microbes or even microhial strains may indeed be res
ponsible for more than one disease state, an example being
E oo, associated with gastro-mtestinal and urmary in-
fections as well a5 meningitis. However, microbiak-based
disease extends well beyond this meuning 25 many major
idiopathic daseases hive o history of tesearch mvolving the
hypothesss that one or other infectious agent, bacterium,
bacterial L-form, virus and so forth, is the cause of the
disease. An example of this ss rheumatosd arthritis, which
was thought to be caused by & wide vanely of micro-
organisms (10). Notahly, there & now increasing mterest
in the relationship between rhewmatosd arthotis and
periodontitis with a noved hypothesis that the peptidylar-
ginine deimimase of the orul bacterium Parphyromanus
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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.
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Aging and Immune Function:
Molecular Mechanisms to Interventions
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Mitochondria are key

(mt)DNA damage
and depletion

Premature &
Accelerated Ageing

Oxidative stress Altered mitochondrial

V\ morphology and function
/
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| Metabolically primed |
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Science 11 October 2013: Vol. 342 no. 6155
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actreated protein kinases (MAPKs) and interforon regu-  variety of metabolic and cels

organ

REVIEWS

Mitochondria in innate immune
responses

A Phillip West *, Gerald S. Shadel® and Sankar Ghosh

Ahstract | The innate immune system has a key role in the mammabian immune response
Recent research has demonstrated that mitochondria participate in a broad range of innate
mmune pathways, functioning as signatling platforms and contributing to effector responses
In ackdition to regulating antiviral signalling, mounting evidence suggests that mitochondria
facilitate antibacterial immunity by generating reactive oxygen specios and contribute to
innate immune activation following cellular damage and stress. Therefore. in addition to their
well-sppreciated roles in cellular metabolisn and programemed cell death, mitochondria
appear to function as centrally positioned hubs in the Innate immune system. Here, we review

the emerging knowledge about the roles of mitochondria in lnnate immunity

Followisg infection, micoorganisms are initially sensed  of these proteins function ko exidative phosphoeyla

by pattern-recognition receptors (PRRs) of the mnate  Gon or other metabobic pathways, bat they also inclode
mmmene system, which band conserved moleclar pat-  those needed for replication and expression of mtiNA
Serns thaat are shared by ddferent casoes of meicroorgan-  (that iy, the mitachondeial transcription sod tranda-
wsms. These pathogen-associated molecudar patterns  on machinery). Consequently, coordization between
(PAMPY) inchude microbial structural components,  the misochoodrial snd nudess genomses i required foe
muclexc acids and proseins. The list of PREs known to  proper assembly and function of the mnochoodnal met

servwe PANPS i extensive, and is comspeised most sctably  woek, and cdllular sigealling cascadis imediase crossaalk

of four famibes: Toll-like receptors {TLRa), nucleotide  between mitochondria and the nmcleus®, The maochon
oligomerization domain (NOD) e receptons (NLRs),  delal network Sormms & reticular branchisg structare that,
Cotypelectin recepioes (CLRs) and retinoic acid-inducible  throsgh asocation with the cytoskeleton, is motile and
gerse 1 {RIC-1)-bike veceptoes (RLEs)' - 80X 1), PRR lige-  wndergoes regular fusion and division”. Moasting evi-

tion tiggers multiple sgnaling pathovays thot culmemate  dence saggests that secchondrial dynsemics regaiate masy
e the activation of nudesr factor-x8 (NFadl), msogen. pocts of mutochondeial blokegy and are influessced by o
dar signads’

latoey factoes (IRFs), which coatrol the expressive of Mitochandrial regulation of apoptots sgmalling has
pro-inflammatory cytokines and chemaokines, type | been apprecited for same tinse; howerer, more recent
interfesons (IFNs) and co-stimulatcey mokecules'™. The  emdence seggests that mitochondria also participate in
ristltimg pro-inflammagory state is necessoy & the par- variows additional signalling pathmean™. For example,

eration of a robust antimecrobial envevnment and for the  research over the past several years has unvelled peevi-

proper activation of te acaptive smmune respone ously unappeeciated roles Sor mitochandria in the innae

Mitochoaddna are dynamic double. membrane bound  mmune respoase, and # is becoming increasingly appar
{les that sew involved in o wide reoge of cellular et thar mitochondeia paertcipate in RLR sgnallng, anti-
prosesses, inchading ATP generabion, programmed c#ll  bacterial immumity and stenle mfammation. Although

cteath send caliciaen homnevstiogs, s well 15 e biosnthess  mutochandetal cotrol of apopiosis dusning infection is
of amimo acuds, lipids, noclectides and hoem. Although  wn important aspect of the mammalsan ingate ummune

mitochondri possess thelr owan genomse (mitochandrial — response, thes opic has been reviewed thoeoughly by
DINA (mtDNA)) that encodes 13 proteins of the oxida.  others™™ and therefore is not discusssed farther in this

e phospheayiacion machinery, 2 sibosamal RNAs and  artide. Instead, we review and discoss the involvement

22 transfer RN As essential for tramdation in the mito:  of meitochonsdria in inmate immwne signalling pathways

chondria, most of the ~1,500 proteins comprising the  wnd the mechasisms by which these coganelles facilitate

mitochondrial proteomse are paclear encoded”. Many  eflector responses of the innate smmuse system

SO0y VOLUME 11 [TUNE 1011 0e8
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« 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.
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Pleomorphic effects of NRF2
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De-toxifying enzymes 1  Antioxidants
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/ ‘ Signal transduction

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

ROS
Nrf2 modulators —_ b 8
» Antioxidant Aging
Sulforaphane Genes l \
1,2-Dithiol-3-thione
» Phase Il Intrinsic Extrinsic
Enzymes — Catalytic/ Associated
regulatory/ .
. i * Proteome Activator p:z;i.::
A maintenance subunits
£ Antioxidant ,. genes PROTEASOMAL DECLINE
| Response '-'
Element /
IMMUNE SENESCENCE

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



Powerful genomic signals®

* Disclaimer: Must actually be eaten

Most common Nrf-2 modulators
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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

[ 155%-19.9%
20.0%-24.9%
O 25.0%-299%
H 30.0%-349%
B 35.0%-449%




PA and Immune Function

Activated Macrophage TNF -«

A
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* Activation of CNS(‘ ~

* Activation of HPA axis
* Inhibion of HPG axis |

* Stimulation of spectic |

E hypothalamic nudiel
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- hippocampus

Immune cells
¢ Early hyperinflammation Liver
* Lale immunosuppression * Hepatic gluconeogenasis

* Synthesis of acute phase
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et
Physical Activity/Exercise

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

High

Infection Risk
Medium

Low

Sedentary Moderate Prolonged/Intense
Exercise Dose
Brain Sci. 2020, 10(9), 612; https://doi.org/10.3390/brainsci10090612



Intensity matters!
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- 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 resgectively. There was a statistically
significant difference between control and moderate exercise (logrank =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.



Moderate Exercise Intense, Prolonged Exercise

Glucocorticoids Glucocorticoids
Catecholamines Catecholamines
IL-6 I I IL-6 l
-Subtle skewing to Th2 -Severe skewing to Th2 impairing Th1
-Reduction in pro-inflammatory -Severe reduction in pro-inflammatory
response response
-No effect or increase in effector -Decreased effector cell functions
cell (M, NK) functions -Inappropriate development of
-Appropriate development of adaptive immune response

adaptive immune response

Brain Sci. 2020, 10(9), 612; https://doi.org/10.3390/brainscit0090612
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inflammatory process.
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Stress and the Mitochondria

TRENDS in Endocrnciogy & Metabolam

Trends in Endocrinoloqgy & 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

Acute stress Chronic stress

fios € W

* Mitochondrial biogenesis t Mitochondrial biogenesis or abnormal proliferation
* MIDNA replication, transcription } mIDNA replication, transcription
¥ ATP production } ATP production
Controlied ROS production 4 ROS production
* Thermogenesis Mutagenesis, lipid peroxidation

Apoptosis or celi death
TRENDS m Endocrinclogy & Metabolsam

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=

et
Building Immune Strength

- Maintaining and Protecting Barrier Function
» Creating a Commensal-friendly environment
- Avoiding antigens and allergens in adulthood
- Building Metabolic Reserve
= Antioxidant Reserve
s 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
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