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Outcomes

e Recall immunology terminology

* Describe the immune response
to infectious disease

* Apply immunological principles
to infectious disease — with
respect to cytokine balance.




Depending on when you went to medical
school...




Immunology field is growing!

Future




Immunology Review Goal




Innate vs Adaptive Immunity
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Cells Involved

Macrophages
Dendritic Cells
Neutrophils
Eosinophils

Basophils
Mast Cells

B Cells
T Cells (CD4 and CDS8)
NKT Cells




How we identity cells

Cluster of <

Differentiation




Cells Involved

Macrophages CP11b B Cells CD19
Dendritic Cells ¢P1lc, MHC T Cells CD3 + CD4 or CD8

Neutrophils  ¢P1> NKT Cells CD56 + CD3
Eosinophils ~ ¢P11b, CD193

Basophils 2D7, CD123

Mast Cells




Types of Antigen




Types of Immune Responses

Bacteria and Virus
Worms (some parasites)

Asthma

Fungi (some parasites and
extracellular bacteria)

Food Treg/Th3 *Dominant




CDA4 T cell Subtypes
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IFNg IL-4, IL-5, IL-13 IL-17 TGFb



Immune Reaction Table

Reaction Type T Cell Cytokines Antibodies
Response

Bacteria/Virus Thl IFNgamma 1IgG/IgA
TNFalpha

Worms Th2 IL-4, IL-5, IL-13 IgE

Fungus Th17 IL-17, IL-23 1gG
*IL-6

Asthma Th9 IL-9, IL-10 IgE

Food Treg/Th3 TGFbeta, IL-10 IgA




Process Overview







Tick Bite...




Proteins

General CRP Cytokines
e Fibrinogen e hsCRP e |L-1
e Habtoglobluin e |L-6
e Serum amyloid protein e TNF

e Kinins



Recall Systemic Inflammation

* Acute phase

* Defensins

* Kinins

* Complement
* Innate phase

* Inflammatory cytokines

* Cellular response
* Macrophages
e Dendritic Cells
* Neutrophils




Sickness Behavior

y

e Depression e Anxiety e Hostility



Timing — Acute Phase through Innate Phase
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Innate Response

Macrophages and Dendritic Cells (DCs)
phagocytose Borrelia

Macrophages and DCs carry the
organism (antigen) to the draining
lymph node

The neutrophils and acute phase
proteins keep things in check until the
specific immunity arrives.




APCs

Antigen presenting
cells

* Macrophage
 Dendritic cell (DC)
* Bcell

Chops up antigen and
puts it in the MHC
molecule




Antigen Presentation

MHC Class Il MHC Class |

Extracellular (exogenous) antigen Intracellular (endogenous) antigen

Stimulates CD4 T cells Stimulates CD8 T cells
(Thelpers-Th) (Tkillers-CTL)

HLA — DP HLA=A

HLA — DQ HLA - B

HLA —DR HLA-C



Thousands of MHC Haplotypes




Antigenic Variation

Therefore, T cells may no longer respond or antibodies may
no longer bind to it.



Molecular Mimicry

Therefore, when attacking foreign antigen, self antigen may
also be attacked, causing autoimmunity.




Epitope Spreading

As response continues, new hidden or cryptic antigens are targeted.



Bystander Activation




Borrelia burgdorferi

* Microbe has 5 oligopeptide
binding proteins

* Implications: Limited number of
peptides to bind to HLA
molecules

* Likely binds to specific HLAs

* Some people will be more
susceptible than others

Groshong AM, Dey A, Bezsonova |, Caimano MJ, Radolf JD. Peptide Uptake Is Essential for Borrelia burgdorferi Viability and Involves Structural and
Regulatory Complexity of its Oligopeptide Transporter.mBio. 2017;8(6):e02047-17. doi:10.1128/mBio0.02047-17.



Co-infection (2-15%)
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Pattern Recognition Receptors: PRRs & TLRs




Danger signal leads to...




Immunological Danger




Mini-Quiz
1. Which cytokine makes people tired and malaised?

2. Which cell types will be the first to phagocytose
Borrelia? (There are 3.)

3. Which proteins tell the cell that an infection has
occurred?



Immunity

aptive



Where we’re at...

* It’s 4-8 hours post infection

* Macrophages and DCs are at the lymph node
* They have antigen in their MHC molecules
* They’re activated
* They’re making ROS
 Some are dying and releasing microbes in the lymph node
* Some are waiting for B and T cells to help activate them

e Where are the B and T cells?



B cells

B cells make antibodies

You already have antibodies
specific for anything you may
encounter one day.

ExXposure to antigen increases
the number of antibodies, 100-
1000 fold.

IgM, IgD, IgG, IgE, and IgA




Antibody Function




Antibodies are adapters

antigen

Fc receptor

TARGET Jal \?f l

antibody
lytic enzymes MACROPHAGE




Antibody Isotypes
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Antibody Detalil
Antibody | Characteristics Location Cytokine
for Switch

Pentameric Blood IL-2
Made first

High concentration means recent infection

Can be made at 5 months of gestation

¥ life = 2-7 days

Best for Monomeric _ Blood Unknown
Unknown function
infections % life = 3 days
Monomeric Blood IFNy
Highest level in serum
Can cross the placenta (passive immunity)
Associated with a Th1 response
Y. life = 23 days
Monomeric Blood IL-4
Response to parasites
Involved in allergies
Protection from Associated with a Th2 response
. % life = 2 days
Breast milk

Monomeric or Dimeric, Saliva,

Found in secretions—Breast Milk Breast milk,
Import role in infections—first Ab encountered | Secretions, Gut,
Associated with Th3 response Tears, Vaginal
Can also be Th1 - for mucosal pathogens fluid

¥ life = 3 days




Antibody response




Polyclonal antibody response




T cells

CDA4 T cells make cytokines in
response to a specific antigen.

CD8 T cells kill the cell displaying
the specific antigen.

It takes 2 signals to activatea T
cell.
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T cell activation
Binds to
TCR
Binds to
CD28
receptor




Overview of Immune Response

Overview of Immune Response

Makes
cytokine

Triggers

CD4 T cells make:

B cells make:

|-12

N1

Ny

-4

N2

-4, IL5, IL-13

-4 + TGFp

N9

-9, IL-10

|-23

| -17

-10

Treg/ Th3

TGFp




Cytokines tell the T cell what type of
response to initiate

Parasite Killing

Cellular Immunity—
Resolving Infection

Fathogen

Activated DC

Humoral Immunity=
Disease Progression




Th1/Th2

Th1/Th2 — Balance

If Th2 is high, it shuts down Th1l
and vice versa.

The genes are regulated so that
you don’t make both responses at
the same time.




Balance
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Balance

IL-1, IL-6, TNF

Pro-
inflammatory

TGF beta A

Anti-
inflammatory




Manipulating cytokines can be therapeutic




T cell Response




Herb and Cytokines

Increase Thl Astragalus
Oregon Grape

Increase Th2 Marijuana

Increase Treg

Decrease pro- Ginger
inflammatory Curcumin
Resveratrol

Increases IFNg & IL-2
Increases IL-12 & IFNg

Decreases IFNg

Decreases IL-6
Decreases IL-6
Decreases IL-1

PMID: 12883732
PMID: PMC1782893

PMID: PMC4002943

PMID: PMC3712229
PMID: PMC4427355
PMID: PMC3488075




Immunological Relationship to Symptoms

* Borrelia antigen ‘swims’ through
extracellular matrix

* As antigen presentation expands,
CD8s attack cells progressively
further and further from the
original antigen from the tick bite.




Immunological Relationship to Symptoms

* Arthritis

* Fibromyalgia

* Fatigue

* Multiple Sclerosis
* Lupus




Decrease IL-1, IL-6, TNF, and IFNgamma




End of Response

T Cell B Cell
Activation Activation

Antibody Ve @

cells

Effector cells producing
cells




Memory Cells




Characteristics of Memory

Memory responses are
significantly shorter than the

initial response

Initial response = 7 days
Memory response = 3-4 days
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Memory can last as long as 23
years

Time (in wesks)




Mini-quiz 2
1. Which cytokines and antibodies are involved in a Th1 response?

2. What is the ideal cytokine to increase to combat Lyme disease?

3. Which cytokines would you want to decrease during chronic Lyme?



Summary

Cytokines are responsible for many symptoms that people feel.
The ideal response to an infection is Thl — IFNgamma and IgG
Infections can lead to autoimmune disease.

Cytokine types are in balance with each other.

Al S

Manipulating the cytokine response can improve health.



Thank you!
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About This Site

Hi there! | research, teach, travel,

lecture and write about nutrition. And in
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