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Today’s Meeting

 Takeaways on the Immune System.
e Q&A on the Immune System.

e QOverview of the novel coronavirus and Covid-19.



Takeaways

Innate Immune System

* “First Line of Defense” against pathogens.
 Macrophage, neutrophil and dendritic cells.

* |Inflammatory response.



Takeaways

Macrophages
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A Figure 6.31 The emergence of cellular functions. The abil-

ity of this macrophage (brown) to recognize, apprehend, and destroy
bacteria (yellow) is a coordinated activity of the whole cell. Its cytoskel-
eton, lysosomes, and plasma membrane are among the components
that function in phagocytosis (colorized SEM).



Takeaways
Macrophages and Cytokines

* Release of cytokines by a macrophage - Video


https://www.youtube.com/watch?v=KiLJl3NwmpU

Takeaways

Inflammatory Response

Fig. 1.10 Infection triggers an
inflammatory response. Macrophages
encountering bacteria or other types of
microorganisms in tissues are triggered to
release cytokines (left panel) that increase
the permeability of blood vessels, allowing
fluid and proteins to pass into the tissues
(center panel). Macrophages also produce
chemokines, which direct the migration

of neutrophils to the site of infection.

The stickiness of the endothelial cells of
the blood vessel wall is also changed,

so that circulating cells of the immune
system adhere to the wall and are able

to crawl through it; first neutrophils and
then monocytes are shown entering the
tissue from a blood vessel (right panel).
The accumulation of fluid and cells at

the site of infection causes the redness,
swelling, heat, and pain known collectively
as inflammation. Neutrophils and
macrophages are the principal inflammatory
cells. Later in an immune response,
activated lymphocytes can also contribute
to inflammation.

Bacteria trigger
macrophages to release
cytokines and chemokines

Vasodilation and increased
vascular permeability cause
redness, heat, and swelling

Inflammatory cells migrate
into tissue, releasing
inflammatory mediators
that cause pain




Takeaways

Timeline of the Immune Response

Phases of the immune response

Typical time

Duration of

Response after infection to
start of response response
Innate : N
e | e otogen | Mines [ Das
response phagocytosis, u pathog
Interaction between antigen-presenting
dendritic cells and antigen-specific T cells:
recognition of antigen, adhesion, co- Hours Days
stimulation, T-cell proliferation and
differentiation
Activation of antigen-specific B cells Hours Days
Formation of effector and memory T cells Days Weeks
Adaptive
immune Interaction of T cells with B cells, formation
response of germinal centers. Formation of effector ; Weeks
B cells (plasma cells) and memory B cells. ays ec
Production of antibody
Emigration of effeptor lymphocytes from A few days Weeks
peripheral lymphoid organs
Elimination of pathogen by effector cells A few days Weeks
and antibody
- Maintenance of memory B cells and T cells
Ir;lnerrr;luonrsloglcal and high serum or mucosal antibody levels. Days to weeks

Protection against reinfection




Takeaways

Receptors and Signaling Pathways

* Protein shapes.

» Pattern Recognition Receptors and Antigen Specific Receptors.
* Detection of pathogens.

* |ntracellular signaling pathways.

» Extracellular signaling pathways.
* Cytokines and Chemokines.

 Chemical/molecular concentration gradients.



Takeaways
Protein Binding

Antibody protein Protein from ftlu virus
N

A Figure 5.17 An antibody binding to a protein from a flu
virus. A technique called X-ray crystallography was used to generate a
computer model of an antibody protein (blue and orange, left) bound
to a flu virus protein (green and yellow, right). Computer software was
then used to back the images away from each other, revealing the
exact complementarity of shape between the two protein surfaces.



Takeaways

Macrophage Receptors

Fig. 1.9 Macrophages express a
number of receptors that allow them

to recognize different pathogens.
Macrophages express a variety of receptors,
each of which is able to recognize specific
components of microbes. Some, like

the mannose and glucan receptors and

the scavenger receptor, bind cell-wall
carbohydrates of bacteria, yeast, and

fungi. The Toll-like receptors (TLRs) are

an important family of pattern recognition
receptors present on macrophages,
dendritic cells, and other immune cells. TLRs
recognize different microbial components;
for example, a heterodimer of TLR-1 and
TLR-2 binds certain lipopeptides from
pathogens such as Gram-positive bacteria,
while TLR-4 binds both lipopolysaccharides
from Gram-negative and lipoteichoic acids
from Gram-positive bacteria.

Macrophages express receptors for

many microbial constituents
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Takeaways

Antigen-Specific Receptors and MHC

Virus infects cell

Viral proteins synthesized

Peptide fragments of viral proteins
bound by MHC class | in ER

Bound peptides transported by
MHC class | to the cell surface
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Fig. 1.30 MHC class | molecules present antigen derived from proteins in the cytosol. In cells infected with viruses, viral proteins are
synthesized in the cytosol. Peptide fragments of viral proteins are transported into the endoplasmic reticulum (ER), where they are bound by
MHC class | molecules, which then deliver the peptides to the cell surface.
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Antigen-Specific Receptors

MHC Class I

MHC Class |



Takeaways

Intracellular
Signaling Pathways
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Takeaways

Non-cellular Defenses

« Complement.

 Kurzgesagt video on Complement.

* Anti-microbial molecules and enzymes in sweat, tears, and saliva.


https://www.youtube.com/watch?v=BSypUV6QUNw

Takeaways

Functions of the Immune System... and Stress and Ageing

* Fighting Infections... and maintaining the integrity of the body.
* Benefits of fever

» Cortisol and stress.

 Accumulated cellular damage from... life.

* Decline of the iImmune system function with age.

* |ncrease in autoimmune diseases - in all age groups, but especially the
elderly.



Takeaways

Functions of the Immune System

 Maintain the integrity of the body:

 Both innate and adaptive iImmune cells can detect and destroy damaged or
dead cells. Damaged cells present molecules on their surface that indicate

stress or damage.

* The “Goldilocks process” of selecting T cells allows T cells that have an
affinity for self antigens (weak or intermediate) to survive and play a role in

the Immune response.

* Negative effect: potential for causing autoimmune diseases.

* Positive effect: potential for fighting cancer.



Takeaways

Stress and the Immune System

* Cortisol levels change dramatically with stress, dampening our immune system.
» |f stress persists, the immune system may stay weakened.

* People under prolonged stress:
o Suffer worse from viral infections.
* Jake longer to heal wounds.

 Respond less well to vaccinations.

* The bad effect of stress on health is the best established link between lifestyle
and the immune system.



Takeaways
Ageing

* “Inflamm-ageing”:

* Cytokines, clotting factors, and inflammatory molecules are found at higher
levels in the elderly without overt signs of infection.

 May result from accumulation of damaged or senescent cells.

o Effect is that immune system is less able to discriminate between
pathogens and the body’s own cells and tissues.

* Further effect is that immune system is weak at detecting novel pathogens.

 While it may be easier to trigger an immune response Iin the elderly, the
response Is less discriminating.



Takeaways

Immune System and Immunotherapy

* Role of Regulatory T Cells in autoimmune diseases.
* Role of the microbiome in autoimmune diseases... and hygiene hypothesis.
* Role of Regulatory T Cells in cancer.
 Cancer Immunotherapies.
* Checkpoint Inhibitor Therapy - CTLA-4 and PD-1.
« CAR T Cell Therapy.



Takeaways

Nirvana on the Horizon?

“The reason that we’ve begun to triumph — why it is not hyperbole to suggest that we are at the
dawn of a health revolution — is that we have now identified some of the hubs in the system:
cells and molecules that, when targeted with drugs that boost or halt their activity, dramatically
shift the behaviour of the system as a whole. We saw this with anti-cytokines. Blocking only one
cytokine, TNF, for example, can alleviate the inflammation that underlies arthritis by halting an
entire cascade of effects — in this case by severing the feedback loop in which immune cells
keep triggering one another into action, leading to an autoimmune attack. When drugs, foods,
prebiotics or probiotics are developed to impact the behaviour or numbers of regulatory T cells,
which are undoubtedly also a hub in the system, we will have new treatments for allergies and
other autoimmune diseases.”



Coronavirus
Cross Section

Gene Machine

A SARS-CoV-2 virus particle wafting into a person’s nose or
mouth is about 100 nanometers in diameter—visible only with
an electron microscope. It is a near sphere of protein (cross sec-
tion shown) inside a fatty membrane that protects a twisting
strand of RNA—a molecule that holds the virus’s genetic code.
Proteins called “S” form spikes that extend from the surface and
grab onto a human cell, hundreds of times larger, so the particle,
or virion, can slip inside; the crown, or corona, appearance gives
the virus its name. Structural proteins—N, M and E—move
inside the cell, where they help new virions form.

S proteins,
spike (orange)

N protein
(blue)




Coronavirus

e Historical background on coronaviruses:
 One of many viruses that have made the “jump” from animals to humans.

o Severe Acute Respiratory Syndrome (SARS) first appeared in China in 2002.
Official name: SARS-CoV. Source: Bats.

e SARS killed 10% of infected.

 Middle Eastern Respiratory Syndrome (MERS) appeared in Saudi Arabia in 2012.
Official name: MERS-CoV. Source: Bats (through camels).

o Current pandemic: Official name SARS-CoV2. First appeared in China 2019.
Source: ? (Bats?). Disease resulting from infection: Covid-19.



Coronavirus

e Process of infection:

« SARS-CoV-2 spike proteins attach to ACE2 receptors on surface of cells in air
passageways.

 ACE2 - Angiotensin-converting enzyme 2. Lowers blood pressure by converting
vasoconstrictor peptides into vasodilator peptides.

 Promising drug for treating cardiovascular disease.
* Often found on cell membranes of intestine, kidney, and heart cells, among others.

 Some expression in cells of the respiratory system



Coronavirus

Reference Material

* Video on Cytokines.

* Video on infection of cell by coronavirus. (Begin at 39:00 minutes)

* Article in New England Journal of Medicine on Cytokine Storms.



https://www.youtube.com/watch?v=hmUm8nDFUok
https://videocast.nih.gov/watch=37501
https://www.nejm.org/doi/full/10.1056/NEJMra2026131

Coronavirus
Elapsed Time - 10 Minutes

1 BIND TO A LUNG CELL

When a virus spike protein latches onto an ACE2 receptor, a protease enzyme slices
off the spike’s head. This releases fusion machinery, part of the spike’s stem that is
compressed in a springlike state. ACE2 normally helps regulate blood pressure.

SARS-CoV-2 virus particle

protein Lung cell

2 SLIPINSIDE

The virus and lung-cell membranes fuse, allowing the virus's RNA—a molecule that
encodes the genome (genetic instructions)—to pour into the cell’s body.

Spike decapitation allows the The machinery inserts itself
fusion machinery to unfold. into the cell membrane ...
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.. and pinches the membranes together.
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A channel forms, allowing N proteins
and RNA to enter the lung cell.




3 REPLICATE
Once virus RNA is inside a cell, it presents about two dozen
genes to the cell’s ribosomes, which translate genes into
proteins. Some of those proteins stretch the endoplasmic
reticulum, creating protective vesicles, or sacs. The virus uses
its own RNA copying machine, called a polymerase, to make
duplicates of RNA inside the vesicles. Some of the copies are
utilized to make more viral proteins, such as the spike. Others are

Coronavirus e
Elapsed Time - About 10 Hours = 3,

Ribosomes create
polymerase

proteins that copy
the virus genome

N proteins link to
RNA to help keep

4 BREAKOUT
Vesicles carrying newly formed viruses merge with
the cell membrane, opening a channel that allows
the viruses to exit. One cell can release hundreds of
virus copies. It typically dies because its resources
have been used up, or it is killed by the immune
system. Some viruses head off to infect more
cells. Others are exhaled into the air.

Lung cell membrane | L

N
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TIME ELAPSED: ABOUT 10 HOURS




Coronavirus

Elapsed Time - 11 days

5 IMMUNE SYSTEM DEFENSE MEASURES

When infection begins, the innate immune system tries
to immediately protect lung cells. The adaptive immune
system gears up for a greater response.

INNATE IMMUNE SYSTEM: An infected cell releases interferon proteins

that alert neighboring cells to create molecules that try to stop virus

particles from entering or reproducing. Interferon also beckons cells such as
macrophages in the bloodstream that can engulf virus particles.
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Macrophage Virus particle  Infected cell
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ADAPTIVE IMMUNE SYSTEM: Interferon also alerts
B cells. They produce “neutralizing antibodies” that
might recognize parts of the spike protein and bind to
it €), preventing the spike from grabbing onto a lung
cell. Interferon also recruits T cells, which can destroy
viruses and also kill infected cells before viruses inside
them burst out €). Some B and T cells become
memory cells that can quickly identify and fight a
future invasion by the virus.

o O Interferon Vit

particle
Antibody

TIME ELAPSED: 6-11 DAYS

Infected cell



COrOnaVi rus 6 VIRUS COUNTERMEASURES Normally, sensor proteins recognize
SARS-CoV-2 uses several tactics to incoming viruses as foreign and tell the cell S_ARS'CC’Y'Z
thwart the immune system’s response.  nucleus to turn on genes for making virus particle
Countermeasures messenger RNA molecules. The molecules ‘ Q‘I > Messenger RNA
The virus spike may camouflage itself deliver instructions to ribosomes to make & »'% is degraded
with sugar molecules. They flex and swing, interferon proteins that exit the cell to alert 7 B
potentially blocking antibodies from immune system cells ... 5
Y
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Genes thought to block sensor proteins from
acting or to interfere with instructions

Virus to the ribosome.
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Coronavirus

Vaccine Development

CREATE A CHEMICAL SERUM How to Develop
The traditional w inserts . .
amodified version of the virus, or a Vll’us V&CClne
pieces of it, into a solution injected

into the body. But the method is A vaccine exposes the body to an altered,
slow. Newer genetic engineering safe version of a disease-causing virus,
m ':ztdanm o ?:'d: prompting the immune system to produce

antibodies—proteins that can stop the real
pathogen from infecting cells. The immune
system then remembers how to fight the
invader. Scientists can use different methods
to create a chemical vaccine formulation,
which they then test for safety and efficacy.

- methodis faster but less proved.

TEST IN ANIMALS AND PEOPLE S A RS
PRECLINICAL TRIALS

TRt D s |
animals, then proceeds to humans,
advancing from a handful to tens
of thousands. If the vaccine causes
serious side effects or does not
produce antibodies or protect large

- numbers of people, itis abandoned.







