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Immune Response to an Infection

Inflammation

(4-72 hours)

Pattern Recognition Receptors
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Pattern Recognition Receptors

PRRs on IECs

* Apical surface (intestinal lumen) = tolerance
* Basolateral surface = immunological responses.

Example:

Apically distributed TLR9 suppresses the
inflammatory NF-kB, whereas basolateral ones
activate the NF-kB signaling

Retinoic Acid, Leaky Gut, and Autoimmune Diseases. Nutrients 2018, 10, 1016; doi:10.3390/nu10081016

Inflammation and Innate Immune Response
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Inflammation and Innate Immunity

[ ] Pain
nfection Macrophages . Swelling
DCs 6 Inflammation Redness
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Reactive Oxygen Species
Prostaglandins
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Inflammation — Sickness Behaviors

Symptoms come with Inflammation

Pain
Macrophages Swelling
DCs Redness

Reactive Oxygen Species
Prostaglandins
Leukotrienes

Clinical Relevance of IL-6

Stress/Anxiety Infection

IL-6
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OO

Anxiety
“>Worry
->Catastrophizing

Symptoms come with Inflammation

Pain
Macrophages Swelling
DCs Redness

Stimulate T cell
Response

Immune Response to an Infection

Inflammation

(3-14 days)
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Worms (some parasites) Th2

Fungi (some parasites and Th17
extracellular bacteria) Th22
*Autoimmunity*

Specific Immunity - CD4 T cell Subtypes

IL-4,1L-5, IL-13

Antibodies
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Antibody Function

* Opsinization
* Coat

* Neutralization
* Block a function
* Fc Receptor mediated
endocytosis
* Increase uptake

« Antibody Dependent Cellular
Cytotoxicity
« Tag for destruction

Antibodies — More complexity

Antibodies

IFNgamma 18G2, 18G3

4, IL-5, IL-13 G1, IgA2
(mucus)

e




Resolution

, Protectins, Resolvins, and Maresins

Complete Immune Response to Infection
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Complete Immune Response to Worms
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Complete Immune Response to Food

Balance

Th1/Th2 Balance

Thland Th2 are in balance;
IL-4 blocks IFNgamma transcription and vice versa

Th2

/
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Inflammation/Treg Balance

Treg blocks inflammatory cytokines.

' Treg

Inflammation

11



Cell

CD4 T cell
(Tht, Th2, Th17, Treg)

CD8T cell
(Kills infected cells)

B cell
(Pathology and predictive)

NK cell
(Kills virally infected cells and cancer)

Macrophage
IL-1,IL-6, and TNF

Dendritic cell
IL-1,IL-6, and TNF

Express Receptors (not exhaustive)

B adrenergic receptor
Dopamine receptor
Acetylcholine receptor
5HT receptor (serotonin)
Opioid receptor

Dopamine receptor
5HT receptor (serotonin)
Dopamine receptor

Dopamine receptor
Opioid receptor

Dopamine receptor
o and B adrenergic receptor

Dopamine receptor
Opioid receptor

[FNgamma vs Serotonin
(Kynurenine Pathway)

Kynurenine

3-Hydroxykynurenine

Quinolinic acid

Nicotinamide

Tryptophan

5-Hydroxytryptophan

Kynurenic acid
.

'
'
'

-

Neurotransmitter Summary
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Neuro Mood Gut Effect
transmitter Effect
Pleasure/Depression | Colon contraction Can contribute to Th1, Th2, Th17 or
Treg.
(misregulated in MS, Lupus, and IBD)
Happy/Anxiety Bowel movement: Competes for Tryptophan with
Intestinal motili inflammatory
Depression/Mania reduction

12
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Endocannabinoids and Immunity

Tre

Endocannabinoids
Thl
/ NN Increase or Decrease

Pro-inflammatory Th2

S Th17

Endocannabinoids

Treg — ultimate balancer

Treg

Broad Topics

~Basic-coneepts
D

e

«Chronic Inflammation
«Food reactions
«Autoimmunity.

«Dysbiosis
«Genetics/Epigenetics
eStress

«Probiotics, Prebiotics, & Synbiotics
*Nutrition & Lifestyle
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Immune Imbalance and Chronic Inflammation

Chronic Inflammation

Inflammation

Too much Too little

Chronic Inflammation

Overproduction

¢ |L-1, IL-6, TNFalpha, ROS, and
Leukotrienes/Prostaglandins

Underproduction

e Lipoxins, Protectins,
Resolvins, Maresins, Tregs

14
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Chronic Inflammation - Overproduction

Inflammatory

foods Stress/ Anxiety

Undiagnosed

Periodontitis . .
infection

Omega 6 pathway Omega 3 pathway
Chronic -
Inflammation * |
Underproducti 0%
Se———

o
Ticompratsensic sk

x180002 -~ ™ o
enzpme Docosshensence st

Protectins
Resolvins

Chronic Inflammation — Low Tregs

[ Vitamins A & D

Prebiotics > Short Chain Fatty Acids - Butyrate
ol

Probiotics

« Bifidobacterium
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Food Reactions

Tolerance Hypersensitivity

« Treg «Thi
« TGFbeta « IFNgamma

Autoimmunity

Inflammation

Too much Too little

Autoimmunity

What the Inmune System . ..
is doing every day... Discriminate

between

Non-self

16
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Immunological Self

Autoimmunity

Tolerance —T cell

17



Tolerance

Cause of Autoimmunity

Autoimmunity Mechanism —
Bystander Effect

Hanging out

Bacteria Specific Auto-Reactive

Tcell Macrophage T cell

5/28/2020

18



Autoimmunity Mechanism —
Bystander Effect

Activated by mistake

Bacteria Specific Auto-Reactive
Tcell Macrophage T cell

IFN-gamma
IL-17

Autoimmunity Mechanism —
Molecular Mimicry

Gliadin peptide
in MHC molecule
Tissue

Transglutaminase

Similar peptides sequences are in yellow.

Autoimmunity — Autoantibodies

¢ Antibodies show up before disease starts

Clinical
¢ Antibodies part of pathology

oe,

5/28/2020
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https://pdb101.rcsb.org/motm/209

Autoimmunity - Autoantibodies

Rheumatoid Arthritis 0.1-13.8 years

Systemic Lupus Erythmatosus 0.88 — 3. 68 years for ANA
1.1 - 8.1 years for Anti-dsDNA

Autoimmunity - Autoantibodies

When Auto-Ab Appear
sease

Autoimmune Thyroid Disease Up to 7 years
(Graves and Hashimoto’s)

IBD (Crohn’s and UC) About 4.5 years

Example — Rheumatoid Arthritis

Rheumatoid Factor - RF

 People can have RA and not have RF
o Elderly people can have RF and not have RA

ACPA

o Specificity of 95% - if ACPA is present, RA is likely
* Found in 75% of people with RA

 Correlate with more aggressive disease

5/28/2020
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Treatment Window

When we treat

Markers show up

|

Disease

Autoimmune Pathology — T cells

Three different populations of T cells
in Autoimmunity

Produces IFN
gamma Produces|L-17 Produces both

Thl Th17 Th1/Th17

These cells:

* Are more responsive to
their environment

* More plastic (can change
into other Th)

* Highly responsive to IL-10

21



Th17/Treg Balance

' Treg

/

Th17/Thl -

Tregs —where are they?
(...preview of what’s to come...

ASIA vs Autoimmunity

ASIA

Inflammation

Overreaction

5/28/2020

In autoimmunity, Th17 is high and Treg is low.
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Broad Topics

«Probiotics, Prebiotics, & Synbiotics
«Nutrition & Lifestyle

Dysbiosis

WOLVES KEEP ‘i

B

Dysbiosis : YELOWSTON

23



Microbiome influencers

Microbiome metabolites impact Tregs

Microbiota

o

Acetate Proprionate = Butyrate —»> TGFbeta

The health of the gut is essential!

5/28/2020
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Therapeutic Strategy

Treating the Gut

Vitamin D

25
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Vitamin D in Autoimmunity

Vitamin A

Vitamin A has 3 isomers

* 9cis, 13 cis, all trans RA

Receptors

+ RAR (Retinoic Acid Receptor)
* RXR (Retinoid X Receptor)

Receptors mix and match

* Dimerization
* Heterodimerization

10, 1016; dois1

Vitamin A Effects on Band T cells

cells

CD19+CD24+CD38+ CD4+CD25+ Tregs
Breg
) Production of
Production of IgA TGFbeta

26



Vitamin A, Intestinal Permeability, and
Autoimmunity

[ Increases expression of TJ proteins

Retinoic acid —microbiome axis

© RA + Acetate from microbes > IgA secreting B cells

Can stimulate gut microbiome homeostasis
| - Lactobacillus

Retinoic Acid, Leaky Gut, and Autoimmune Diseases. Nutrients 2018, 10, 1016; doi:10.3390/nu10081016
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Omega 6 pathway Omega 3 pathway

Omega3s : ) L oo s

Resolvins
Protectins

Genetics and Epigenetics

LGenetics

 Differences in the DNA sequence that affect different

proteins (SNPs — single nucleotide polymorphisms)

( Epigenetics

¢ Differences in how the gene is expressed —when it is
turned on, turned off, and how much protein is made

27



5/28/2020

Genetics and Immune Imbalance - Examples

Epigenetics and Immune Imbalance

DNA methylation microRNA regulates Histone deacetylases
required for Treg mRNA in influenceimmune
maintenance inflammatory and inflammatory
disease processes, mainly
involving T cells

Stress an nic Inflammation

What is STRESS?

A particular relationship between the person and the environment that
is appraised by the person as taxing or exceeding his or her resources
and endangering his or her well-being... (Lazarus and Folkman)

28


https://doi.org/10.1038/s41397-019-0082-4

Review Clinical Relevance of IL-6

Stress/Anxiety

Bi-directional

Infection

Symptoms come with Inflammation

Macrophages
DCs

Reactive Oxygen Species
Prostaglandins
Leukotrienes

Pain
Swelling
Redness
Heat

5/28/2020
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Low GABA

epinephrine

Low Low
Serotonin Dopamine

Cell Express Receptors (not exhaustive)

CDA4T cell B adrenergic receptor

(Th1, Th2, Th17, Treg) Dopamine receptor
Acetylcholine receptor
5HT receptor (Serotonin)

CD8T cell Dopamine receptor
(Kills infected cells) 5HT receptor (Serotonin)

Bcell Dopamine receptor
(Pathology and predictive)

NK cell Dopamine receptor

(Kills virally infected cells and

cancer)

Macrophage Dopamine receptor

IL-1, IL-6, and TNF a and (3 adrenergic receptor

Dendritic cell Dopamine receptor
IL-1,1L-6, and TNF

Stress and Autoimmunity

Stress associated with disease onset

Stress associated with disease exacerbation

* Rheumatoid arthritis, systemic lupus erythematosus, inflammatory
bowel disease, multiple sclerosis, Graves' disease

Reducing stress shown to improve disease symptoms
§ * MBSR for MS

the mosaic of autoimmen
18.04.0
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https://www.ncbi.nlm.nih.gov/pubmed/30118900
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Broad Topics

Prebiotics / Probiotics / Synbiotics

ST

Rttt
i

Probiotics

ive (?) microorganismsthatare intended to have health benefits when consumedor
appliedto the body

Prebiotic Foods

Onions Jerusalem
artichoke

Mushrooms Sweet potato Dandelion
greens

31



Prebiotic Herbs

DD

Antiiotics Prodiotics

s e
Anttiotics Fosowup
P

Antibiotics

Probiotics

Controt

* Historical
* Probiotics thought to
reconstitute the gut
post antibiotics
* Today
* Probiotics don’t
reconstitute and may
actually delay
reconstitution

* May help symptoms
Cell 174,1406-1423, September 6, 2018

Probiotics and Immune Function

Lactobacilhs plantanm DRT

Uactobacilis plantanm 15 10508 Wl | 10" GhuiZnday
for 12 weeks

5/28/2020
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Probiotics Issues

Nutritional Strategy

5/28/2020

Nutrition

What
you eat

What
you
avoid

33
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Eat Antioxidants

What to Eat What Antioxidants Do

Some antioxidants
act as prebiotics.

' Antioxidants quench
oxidative stress.

100

Eat Healthy Qils

What To Eat What Healthy Oils Do

Oils quench oxidative
stress and lower blood
sugar which lowers

~J inflammation.

101

Don’t eat pesticides.

What to Eat Why to eat Organic

Pesticides kill healthy

microbiota which
control inflammation.

Pesticides are
associated with
neuroinflammation.

102
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Pesticides — Glyphosate

Spraying

103

Pesticides - Glyphosate

Glyphosate show to be toxic to gut microbes in cattle, chickens, and
marine turtles

Target enzyme for glyphosate is: 5-enolpyruvylshikimate 3-phosphate

synthase

« Enzyme is active in plants, bacteria, and microbes, but not mammals

* Marketed as an herbicide

Lactobacillus and Bifidobacteria are killed by glyphosate.

* Glyphosate also causes Honey Bee dysbiosis.
« Treat with Lactobacillus plantarum

't eat (drink) BPAs

What to eat Why to avoid bpas

J BPAs linked to

neurological disorders.

BPAs kill healthy
| microbiota which
| decrease inflammation.

105
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Don’t eat artificial sweeteners.

What to eat Why to avoid sweeteners

s Spiking blood glucose\
"5l increases
424 inflammation.

Artificial sweeteners
kill microbiota.

106
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ert HK, Haack M. Sleep loss and inflammation
10.08.014

108
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Sleep and the NLRP3 Inflammasome

Inflammasome is Sleep deprivation Calm the
‘intracellular increases the inflammasome
machine’ that NLRP3 before people can
involves all IL-1 inflammasome sleep
proteins
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Summary

Inflammation

110

*Basic concepts
«Antibody differences
Th1/Th2 (symptoms; food/supplements)

«Chronic Inflammation
«Food reactions
«Autoimmunity.

«Dysbiosis
«Genetics/Epigenetics
estress

«Probiotics, Prebiotics, & Synbiotics
*Nutrition & Lifestyle
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Summary

The mind is as important as the body.

IL-6 effect.

Gut health (microbiota) is essential for
immunity.

Questions

113

Immune
Imbalances and

Inflammation

Heather Zwickey, PhD
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