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Biological Mechanisms of Mood

Neurotransmitters /
Endorphins

Hormones

Health

Cytokines / Microbial
Endocannabinoids Metabolites

Today’s Focus

V| ra I Immune
' ) COVID response to
Infectlon virus
) Microbial
Cytokines Metabolites
D | sease Autoimmunity Feeling poorly
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Normal Immune Response to Infection

e M = m

Immune Response to COVID

SARS-CoV2
m
Start high Less cells Virulence factors Slow resolution
Doesn’t shut down May not launch
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Inflammation — Acute and Chronic

Degree of pathology
associated with amounts
of these cytokines

Behavioral Symptoms of Cytokines

' /
- '_l

IL-1 IL-6

TNF

Malaise,

Fatigue, Anxiety, Fatigue
Depression

Hostility, Pain
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The
Biochemistry

IL-6 increases expression of IDO, which
shuttles tryptophan away from serotonin
and toward QUIN

Quagliato LA, Nardi AE. Cytokine alterations in panic disorder: A
systematic review. J Affect Disord. 2018;228:91-96.
doi:10.1016/j.jad.2017.11.094
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Symptoms of Long-COVID

Feeling tired and Long- IL-1 Inflammatory
malaise can lead term IL-6 cytokines can
to production of Fatigue cause long-
inflammatory term fatigue
cytokines

12
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Summary so far...

N
Underlying inflammation leads to feelings
of depression, anxiety, and

aae hostility/aggression.
J
-

J If someone has depression, anxiety, or
aggression, they likely have overproduction
of inflammatory cytokines.

J
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Inflammation and Autoimmunity

Part 2
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Autoimmunity

e M

Trigger

Specific Immune
response against
self tissue

15
T and B cells encounter antigen
Most difficult job
of the immune They ask, Are you me? Are you
system: dangerous?
Discriminate
between self and If antigen is foreign (not me), attack
foreign and eliminate
If antigen is self (me), leave it alone
16
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Immunological Tolerance

Central Tolerance

o Kill autoreactive cells as
they go through the
thymus

Peripheral Tolerance

® Require two signals to
activate a T cell when it
sees antigen

e Less than two signals
results in ‘anergy’ or cell
death

* Have a population of T cells
that can shut down
aberrant reactions

17
CDAT cells
that produce inﬂzfndr::(taorv
TGFbeta +/- '
Tregs _ 10 cytokines
Regulatory
T Ce”S : Found at
Keeps things ;
: highest levels
in balance :
in the gut
18
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Tregs balance the immune response

£

Th9 — Asthma

Th17 — Mold /
Autoimmunity

IFNgamma IL-4, IL-5, IL-13 IL-9, IL-10 IL-17

Th1 - Bacteria and Virus Th2 - Allergies

| |

Treg — TGFbeta

Microblal prooucts
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Negi S, Das DK, Pahari S, Nadeem S, ' @ Metabolic ~

Agrewala JN. Potential Role of Gut At cote 8 - R

Microbiota in Induction and e :

Regulation of Innate Immune = Activation of innate cells 1+ 1 Glycotysis

Memory. Front Immunol. * Reloase of cytokines og. L8, IL6, IL-12, IL-1S, | © 1 Cholesterol metabolism

. -1 ' Myelopoieain
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25. doi:10.3389/fimmu.2019.02441 . o %o p 2 ' y
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Microbiome and Treg

TGFbeta

Treg

Decreases Inflammation
Helps resolve infection
Controls peripheral tolerance

21

To get an autoimmune reaction

T cell
escapes
Tolerance

Low or Absent
Tregs

Environment

Trigger

22

11
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What is the trigger?

CoVvID

COVID ==p-

Ultra-
violet
exposure

23

Summary so far...

HISISIIIS

W Autoimmunity is a normal immune
SRR response against the ‘wrong’ proteins
So o Mt 8P

J

g Regulatory T cells (Tregs) should keep
B autoimmune reactions under control

~

24
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Autoimmunity and Microbiome
Part 3
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Potential COVID Effects on Autoimmunity

Trigger new Trigger flare in
Autoimmunity existing
Autoimmunity

26

13
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Mechanism
Autoimmunity

Potential Mechanisms |
| |

Bystander Molecular
Effect Mimicry
sequences

27

Infection and IFNgamma — Bystander Effect

IFNgamma

Fights infection
Makes autoimmunity worse

28

14
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Antigens Spike protein OD % reactivity Nucleoprotein OD % reactivity Envelope % reactivity Membvane % red
proten OD protein OD
COVID-19 and |
Autoimmunity
- Potential =
Molecular Mimicry o
29
Antigens Spike protein OD % reactivity

Molecular Mimicry

Cross reactivity of anti-spike

antibody with NeuroFilament
Protein and
Mitochondrial antigen

Reaction of Human Monoclonal Antibodies
to SARS-CoV-2 Proteins With Tissue Antigens:
Implications for Autoimmune Diseases

#l Aristo Vojdani~, F| Elroy Vojdani® and Jf], Datis Kharrazian

Immunclogy, imeunosciences Laboratory, Inc., Los Angeles, CA, United States

30

15


https://doi.org/10.3389/fimmu.2020.617089
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Immune Response

Dysbiosis in the gut

Injury or . .

Increased risk of infection

31
Microbiome in Autoimmune Disease
Dysbiosis
|
| | |
Lupus Sjogren’s

De Luca F, Shoenfeld Y. The microbiome in autoimmune diseases. Clin Exp Immunol. 2019;195(1):74-85. doi:10.1111/cei.13158

32
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Microbiome and
COVID

Yeoh YK, Zuo T, Lui GC, et al Gut microbiota
composition reflects disease severity and
dysfunctional immune responses in patients with
COVID-19 Gut Published Online First: 11 January
2021. doi: 10.1136/gutjnl-2020-323020

Onignal research

Gut microbiota composition reflects disease severity
and dysfunctional immune responses in patients
with COVID-19

Yun Kit Yeoh @ ,'“Tao Zuo @ ,*** Geace Chung-Yan Lui™” Fen Zhang,**

Qin Liv,** Amy YL Li* Arthur €K Chng,“** Chun Pan Cheung, “** Eugene YK Tso,*
Kitty SC Fung,’ Veronica Chan,” Lowell Ling," Gavin Joynt,* David Shu-Cheong Hui,**

Kai Ming Chow * Susanna So Shan Ng.** Timathy Chun-Man Li** Rita WY Ng,
Yerry CF Yip,** Grace Lai-Hung Weng francis KL Chan 234
Chun Kwok Wong,* Paul KS Chan, " Siew C Ng o *M

14

33

Microbiota and COVID

* Microbiota in patients with COVID-19 is correlated with disease severity and
several inflammatory cytokines, chemokines and CRP, ESR, etc.

* Patients with COVID-19 were depleted in gut bacteria with known
immunomodulatory potential, such as Faecalibacterium prausnitzii,
Eubacterium rectale and several bifidobacterial species.

* The dysbiotic gut microbiota composition in patients with COVID-19 persists
after clearance of the virus.

Yeoh YK, Zuo T, Lui GC, et al Gut microbiota composition reflects disease severity and dysfunctional immune responses in patients with COVID-19 Gut Published Online

First: 11 January 2021. doi: 10.1136/gutjnl-2020-323020

34
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Therapeutic Approach

Increasing our Tregs reduces inflammation and
increases resolution!

e M

Reduce Autoimmunity Increase

35

Tregs — where are they?

In the gut — with
the microbiotal

36

18
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Happy
Microbiota

Less Ha Tregs
Autoimmunity PPy 1reg

37

How to increase TGF beta from Tregs

SRR

Nutrition Microbiota Vitamin A

38

19
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Summary so far...

~

COVID could trigger new autoimmunity
or cause existing autoimmune disease

to flare
J
i Microbiome is critical for healthy
M Regulatory T cells (Tregs)
J

39

Post COVID and Neuroimmune Health
Part 4

20
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Microbiome (and Immune) influencers

Vaginal or C-
section

Type of Diet Pets (Type and

Srezaiitzd (meat or veg) number)

Siblings City or rural

Non-antibiotic
pharmaceutical
use

Geographical Genetic
location variability

Exposure to
chemicals

Culture

Antibiotic use

Hormones
(time of month)

Preservatives in
food

Health Status

Stress level Exercise

41

How does COVID Affect the

Immune Response?

* Patients with severe COVID-19 exhibit
* Lymphopenia with reduction in CD4+ and CD8+ T cells, lymphocyte activation and dysfunction,
* Increase in circulating neutrophils with the appearance of circulating neutrophil precursors,
* Dysfunction of classical monocytes and loss of non-classical monocytes,
* Reduced abundance and dysfunction of DCs and NK cells
* Systemic inflammatory cytokine levels, especially interleukin IL-6 and IL-1 cytokines, are increased

* Interferon response is slower, and immunoglobulin G (IgG) and total antibody levels are increased

42
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https://doi.org/10.3389/fimmu.2021.646333

10/4/21

2
Type I IEN l(\"l"'";';‘k":;" Antibiotics ’ Mild T Severe + improved 'Scwm + fatal
Hyper f===-------possssscmeesmmm=—===========---=

@ Counrt, HLA-DRLINy pro abilityTs S ’e COMRT, HLA-DRY

el el S
Countl, HLA-DRT,IFN-y gfrodsim Shility? B Coumt
p: -
- o N .
T' @ Count} @ Imi 1 '\ Coumt! @ Count?
P .
@ Countl // 4 \ /
Normal [~ 7 77 T NN 4 4
Count} /i 710 N TR . 0 Count! @ Count}”
7 N N *T J
Ve s Coumt? S
’f Xas « S
7 SN Coumt ¢
i N ',
N D
Hypo == === === e e ey SRR p——
ImmatureT N

N
Countl, HLA-DRT,IFN-y producing ability?. CD28T . .

Countd, HLA-DRTIFN-y producing abilityT, CD28T

..

Anergy [F= = === === === Gomtle = = LoMite = = = = - - -

e China: Zhou X, Ye Q. Cellular
Immune Response to COVID-19
and Potential Immune

Modulators. Front Immunol.
2021;12:646333.

doi:10.3389/fimmu.2021.646333
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The T,1/T,2/T,17 Model

Thl

o Clears virus
* Normal or Hypo response
* CD8*, IFNY, Treg, good immunological memory

D Th2

H|  Does not clear virus - reservoir

¢ Many antibodies, but not a lot of T cells
e |L-4, IL-5, IL-13

Tyl7

4 * May clear virus

¢ Hyper response = autoimmunity and/or long-COVID
¢ |L-6, IL-10, IL-17a, | Treg, poor memory?

44
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Long-COVID/Post-COVID (Italy)

Fatigue Dyspnea

49% of survivors
40% of survivors

(%]
o
o
2
>
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Italy: Carfi A, Bernabei R, Landi F, for the Gemelli Against COVID-19 Post-Acute Care Study Group. Persistent Symptoms in Patients After Acute COVID-19. JAMA. 2020;324(6):603.
doi:10.1001/Ema.2020.12603

45

Summary so far...

46

23


https://doi.org/10.1001/jama.2020.12603

Therapeutic Approach - Microbiome
Part 5
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Microbiome and Immunity

Feed your
Microbiome

Microbes make
Metabolites

Metabolites
impact the
Immune
Response

48

24
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# Microbiota influence

Lifestyle }!‘I} _,,,‘/‘-_, 'g"_‘ Neurotransmitters
R = S
?

{ Endocannabinoids
I

Influencers —— Microbes —— Mediators ——

Balance = Health

49

Our microbiomes are ecosystems

* More than just presence or absence of microbes
* Some microbes are more important than others

* Microbes are highly sensitive to their environment
* Can be killed by chemicals, preservatives, medications

* Health of Microbiome influences health of immune system i

* Immune response to infection
* Autoimmune response

50

25
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Forest

Different Individuals
= Different Ecosystems

Desert

Grassland

Different
combinations of
microbes in
people

Gut & Skin

It’s not about the
numbers, it’s about
what the microbes
do 2 Metabolites

51

Human Microbiome

_ Produces
Bacteria
Fungus —
Virus
Prokaryotes

Microbes make metabolites

Metabolites

*

Lipids - SCFA
Bile Acids
Carbohydrates
Amino Acids
Peptides
Membrane Proteins
Bacteriocins

Other bacterial
components

Human Tissue Impacted

Communicates
With Epithelial cells
Immune cells
Neuronal cells
Hepatic(liver) cells

52
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Restores a Disease(Dysbiosis) State to Health

(@) homeostasis (b) dysbiosis
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Popkes M, Valenzano DR. Microbiota-host interactions shape ageing dynamics. Philos Trans R Soc Lond B Biol Sci. 2020;375(1808):20190596.

53

Therapeutic Microbes — Treat the Gut
'therapeutic microbes 101" with Prebiotics, Probiotics, Postbiotics, Parabiotics, Synbiotics, and Fermented Foods.
ol s. -
'\‘;#' —Prebiotics - Food that feed microbes — e
I
5 :
4 _”ﬂf.. ’ﬁ"‘ % ——= Probiotics — Live bacteria —
1 : ey .’ il Lo
i "' L% i
7 2 o
o “‘ ) Postbiotics — Metabolites made by bacteria
A ; i
3 T v ..
R A v &—‘ Parabiotics — Heat killed probiotics —
b
SV ——— Synbiotics — probiotics + Prebiotics —
Fermented Foods

10/4/21
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Mushrooms
Yeast
Algae

Prebiotics
B-

glucans

Black pepper
Cayenne pepper

Fiber

chicory (RS Spices Ry
Psyllium ( iNuUu I N ) Ginger
Oregano
Rosemary
Leeks Turmeric
Onion
Garlic
Jerusalem artichoke
Asparagus
Banana

1.Seifert S, Watzl B. Inulin and oligofructose: review of experimental data on immune modulation. J Nutr. 2007;137(11 Suppl):2563S-2567S. doi:10.1093/jn/137.11.2563S
2. Jayachandran M, Chen J, Chung SSM, Xu B. A critical review on the impacts of B-glucans on gut microbiota and human health. J Nutr Biochem. 2018;61:101-110.

doi:10.1016/j.jnutbio.2018.06.010
3. Lu QY, Summanen PH, Lee RP, et al. Prebiotic Potential and Chemical Composition of Seven Culinary Spice Extracts. J Food Sci. 2017;82(8):1807-1813. doi:10.1111/1750-3841.13792

55
Probiotics
Increases Treg (TGFbeta and IL-10)
Decrease Increase
||2]J;:gigr: Inflammation M
56

28
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Categories of Probiotics

Probiotics Synbiotics

Pro + Pre

Postbiotic
Produce
metabolites
. -
Ny HH o HHH o Admlnlst.erthe H jo HH o HHH o
H=G—C  H-C-CC H’?'?'?'C\O y metabolites instead H=G—C  HC-C-C HCCCC
- 0O-H - i 1A U S
JU ¥ N AL 8 of the microbes o OB g BOJLE
Aceticacid ~ Propionicacic utyr
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What can you do

today?

551
Age (years) 2 Re-0.19
557 = Pel0 147
R=-018 £
é' e <2 \’\\
o ©
<2 \ 49— - - -
° 49 18 20 22 24
) 75 ) 35 . sBlood triglycerides (mg/dl)
BMI (Kg/m?) “reom1
55 L& Pe10-*
R=-0.08 i
§' P10~ 2 g
. 49 p \ T
a9 40 60 80
e M 7 HDL cholesterol (mg/dl)
o HbA1C%
= Train+testl (IL)
“We obtained gut metagenomic profiles from 30,083 and 3,974 individuals from Israel and the Tcstz (US)
U.S., respectively, who submitted their sample to a consumer microbiome company and signed
an appropriate consent form. Participants also answered questionnaires and provided self-
reported phenotypic data and blood tests (e.g., age, gender, BMI and the diabetes marker
HbA1C%)”
D, Leviatan S, F A, CohenY, Wei: 0, Segal E. An atlas of robust microbiome associations with phenotypic traits based on large-scale cohorts from

Loss of Diversity is Bad

R=0.10
P<io*

N‘

49

30 4 50 60 70

5.51
R=-0.11

N

49

80 100 120 140 160
Blood glucose (mg/dl)

two continents. doi:10.1101/2020.05.28.122325

60
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Increase
microbial
diversity

Increased dietary fiber correlates with
increased microbial diversity

Increased microbial diversity correlates
with increased production of short
chain fatty acids

Increased production of butyrate (a
short chain fatty acid) correlates with
immune health and TGFbeta production

61

Microbial Diversity

Data from the American Gut
Project has revealed that the

diversity of plants that a subject
consumes is associated with
microbial diversity. Consuming
more than 30 types of plants

per week and consuming more
vegetables and fruits was associated
with a higher abundance of
conjugated linoleic acid - which

is generally related to reduced
inflammation and cardiovascular
disease - and a reduction in certain
antibiotic resistance genes. The

fact that microbial communities

tend to group by macronutrient

and micronutrient intake levels in a
person diet rather than by diet type
highlights the contribution of dietary
nutrients in regulating gut microbial
metabolism.

GUT ok et

PC1 (15.04%)

The gut m|
Source:

icrobiota commmunities
D et al mSys

falled to group together by diet type.
tems 2018 ; 3(3) : «00031-18.

62
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Get your 30

heirloom

avocado tomato

onion

sun-dried

tomato broccoli

cauliflower celery

red beans walnuts dates

artichoke white corn Wl black beans spinach

cinnamon banana

apple

rosemary

pistachio

pepper

blackberries

lentils

potato

cashews

green
beans

carrots

63

63
Conclusions
Escaping Tolerance
Geneti Neuroimmune health . .
enetics AT Microbiome
Infection
64
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Interested in learning more?

Sign up for our newsletter

* Thank you!

* How to find me:
* heather@Thaena.com
* www.Thaena.com

* Instagram Handle: @hzwickey

65
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