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Main tasks of the immune system

Preserving the integrity of an organism

N\

(e.g. viruses, bacteria, parasites) cells (e.g. virally infected cells, cancer
cells)

|

Altered foreign structures must be recognized and distinguished from the
organism’s own healthy cells.

|

IMMUNE RESPONSE (either an aggressive
response or immunological tolerance)

ATTENTION! The names of some pathogens are shown on the slides as examples. You
don’t have to learn them for your immunology exam, focus on the mechanisms presented!



What threatens us? |I.

1. Bacteria

The Gram staining is used to differentiate
bacteria based on the chemical properties
of their cell walls.

Gram-positive Gram-negative

fe LTINS

Staphylococcus aureus, Escherichia coli,
Streptococcus pneumoniae Salmonella enterica

Human Microbiome Project: Approx. 10.000 species of bacteria

Not all bacteria cause diseases in
healthy individuals with a well-
functioning immune system, but
almost all bacteria can be pathogenic
in immunocompromised patients.

reside in the human body.! (roughly 1014 bacteria, whereas the

human body consists of 3,7x10%3 cells!21)



What threatens us? II.

2. Viruses (components: single or double stranded nucleic acid chain, outer protein coat
which is called capsid) »
— DNA viruses (e.g. Herpes viruses, HPV)
— RNA viruses (e.g. Influenza viruses)

H5N1 Influenza virus

3. Fungi
— Roughly 1,5 million species of fungi live on Earth with approx. 300 being

pathogenic to humans.
— Severe fungal infections mostly occur in immunodeficient patients.3!

e

Pneumocystis jirovecii cells in the
sputum of a patient with AIDS.!4!




What threatens us? IIl.

4. Protozoa (unicellular eukaryotic parasites), e.g.:
— Plasmodium species - Malarial®]
— Trichomonas —> Vaginitis, urethritist®!
— Toxoplasma gondii - Toxoplasmosis!’]

The flagellated Trichomonas vaginalis,

5. Multicellular parasites causative agent of Trichomoniasis which is
* Uncommon in the developed world. the most common non-viral STD with 248
e Usually have complex life cycles. million cases each year worldwide.l?']

— Helminths ‘

— Arthropods (e.g. scabies, pediculosis)

6. Prion

Infectious protein (PrP) with abnormal folding.
Causes different types of TSE.!8!]

(TSE: Transmissible spongiform encephalopathy)

the conjuctiva. (Approx. 10 million
infected people live in Africa.[10])
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Physical and chemical barriers

Antimicrobial agents in
saliva (lysozyme, peroxidase,
lactoferrin, etc.)

Lysozyme in tears

Mucus, removal of particles by

. kinocilia towards the pharynx
Mucus, resident flora

Mucus, kinocilia

Keratinocytes, acidic pH,
resident flora

-
\ \'\
1

/

Mucus, gastric acid

Rapid pH change Mucus, resident flora

Acidic pH, resident flora

/ Mucus, peristalsis
of the vagina —

Flushing of urinary tract




Role of the skin microbiomel*!:

@ =Viruses - = Free fatty acids

“® - Bacteria - = Pheno-soluble modulins
® - Fungi - = Antimicrobial peptides



Mechanism of IgA secretion

Lamina propria Lumen

Epithelial cell

Plasma cell

. 6

%Bk Poly-IgA

IgA dimer 'eceptor

\Q}\&l

Secretory IgA

Main functions of secretory IgA:!12! k

* Neutralization and agglutination of pathogens
* Retrograde transport of antigens (in the form of immunocomplexes from the lumen to

the lamina propria)



Innate immune response against
extracellular bacteria

Opsonization . phagocytosis in the infected tissue

Complement activation — (Recognition through PRR and CR)
(MBL and alternative pathway)

/N

* Lysis (C5b-C6-C7-C8-C9 = MAC)
* Chemotaxis (C3a, C5a)

\Granulocyte I\/Iatrophagel | DC

! l

xfracellular Killing of bacteria Lymph node
REMINDER: bacterium
T e | adaptve
Recognition Pattern-based (not Antigen-specific
antigen-specific)
Kinetics Quick (minutes, hours) Slow (days, weeks)
Amplification of response Linear Exponential

Immunological memory No Yes
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2+ Microbes

The antigens of the microbes will
reach the draining lymph node in
different forms recognized by
different cells:

* Native form (e.g. the entire
microbe or soluble native
antigens derived from dead
microbes) l

Recognized by B cells

* In a processed form presented
by dendritic cells:

l

Recognized by CD4+ T helper
cells



Antigen recognition of T cells

\ gy MHC restriction:
T \ . * T cells only recognize antigens
C /‘ | , presented to them via MHC
/
4

molecules.
:  Thcells - only via MHC I
|\ * Tccells - only via MHC |

CD8 CD4
\
Bij ) "Exogenous
£ R\ antigen
/ }HC TN / MHC U ig
Endogenous . .
g Exogenous: Originates from outside
~antigen
\ ———— \ the cell (e.g. components of bacteria)
APC \ APC / Endogenous: Originates from the
\\\ > b // cytoplasm of the cell (e.g. viral proteins
— et ——— -

synthesized within the infected cells)



Adaptive response against EC bacteria
8 & |Neutralization|

Bacteria B cell Plasma cell
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Possible complications of immune
responses against EC bacteria

The mechanisms involved in the defense against pathogens (acute phase proteins,
inflammatory cytokines, reactive oxygen species, etc.) are normally under control.

Dysregulation of the immune response can lead to:
— Insufficient response (e.g. immunodeficiency): Dissemination of the infection
— Over activation: Tissue damage, cytokine storm, circulatory shock

In people who are genetically susceptible to such conditions the immune response to
certain pathogens can lead to autoimmunity (see later), e.g.:

— Streptococcus pyogenes — Rheumatic fever, glomerulonephritis!13-

— Campylobacter jejuni -> Guillain-Barré syndrome (autoimmune
peripheral neuropathy)4!



Levels of cytokines in the blood after
Gram-negative infections

Lipopolysaccharide (LPS) is a component of the
LPS bacterial cell wall in Gram-negative bacteria
ﬂ which can rapidly cause a strong immune
response in the host (it is a bacterial endotoxin)
TNFa

It is recognized via TLR4 and CD14. (Found on a
variety of immune cells such as monocytes,
macrophages, dendritic cells, B cells, etc.)

IL-6 J

Levels in the blood plasma

Leads to the intense production
of inflammatory cytokines.




Superantigens

APC

Normal antigen-
presentation

T cells §pecific for X-
peptide (scarce)

Super-
Binding of a antigen
superantigen to the TCR
TCR-MHC complex in VB3

T cells with VB3 TCR

f cells with VB3 TCIi (approx. 2% of all T cells)

Only T cells that
recognize the
presented X-peptide
will become activated

T cell activation
regardless of what
antigen they recognize,
cytokine storm, shock

Some pathogens (such as Staphylococcus aureus bacteria) produce toxins (superantigens)
that can activate many T cells in a non-antigen-specific way (possibly 20% of all T cells
simultaneously!®). These cells will produce inflammatory cytokines in large amounts that

will lead to circulatory shock. (Toxic shock syndromel16-1)



Intracellular bacteria

Some bacteria reside in the infected cells and
evade the humoral components of the immune
response. (e.g. complement, antibodies)

|

The Thl-induced cellular immunity can
combat them[17, 18

Problem: Some of them even survive in Q&

phagocytes.!’®] They apply different strategies to ;\_.‘

survive in these cells (see later in microbiology):

* Escape from the vesicles to the cytoplasm
(e.g. Shigella, Listeria, Francisella)!20: 21

* Inhibit the maturation of phagolysosomes
(e.g. Mycobacterium, Legionella)!?2]

* Even survive in the phagolysosomes Francisella tularensis bacteria in a
(e.g. Coxiella burnetii, Yersinia)!23] murine macrophage. Some cells

can be seen in vesicles others are

located in the cytoplasm.

(Scanning electron microscopy)

a®
-

e |

These bacteria can induce a chronic cellular
response that also causes damage to nearby tissues
(see: Type IV. hypersensitivity, e.g. in the case of
tuberculosis)



Immune response against IC bacteria

) Bacteria in vesicles or the Detection of IC bacteria with PRRs
cytoplasm \l,

Production of IL-12

|

Antigen presentation to CD4+
helper cells

|

Production of IFNy

|

Activation of macrophages

5 !

% Killing of remaining infected cells
o =>4 by CTL and NK cells

CD4+Thl

Activated
macrophage

Killing of bacteria CD8+ CTL

in the
phagolysosomes

Killing of
infected cells



Antigen presentation

Type of pathogen _ Response
and processing
Extracellular Degradation: Antibody production
In acidic vesicles &(
Binding of peptides: )‘ “‘%0
P Ay
MHCI I \
Presentation: / Q y
To CD4+ T cells \\
Intravesicular Degradation: Killing of pathogen in
PR In acidic vesicles vesic}g

i
iﬁi‘) . MHCII Binding of peptides: /\
] ¢C
:\R%lf MHC II \
I\ Y
) 3 Presentation: x
y, /\
4 To CD4+T cells Activation by Th1 cells
Cytosolic Degradation:  Killing the infected cell
. MHC | In the cytoplasm

Binding of peptides:
MHC]|,
MHC I Antibody production
Presentation:
MHCIl  To CD8+T cells, .':g ’1‘(

To CD4+ T cells




Immune response against viruses!?4 2>

INNATE ADAPTIVE

Type |
interferons %,

Antibodies

M Preventing the
infection of other
@ > -% cells

Neutralization

Killing already
infected cells

Infected
cell

cell

(lack of MHC |, viral (viral antigen presented
peptides on the surfacel26.]) via MHC I)



III

Type | (,natural”) interferons!2’/]

Antiviral protection of nearby uninfected
cells (e.g. degradation of RNA, reducing

e protein synthesis, etc.)

\\ Apoptosis of nearby infected cells

IFNa, IFNB <

Q Activation of immune cells



ﬁ"& B cell

IFNa, IFNB

/

Protection of
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IL-4, IL-5, IL-6,
- IL-10, TGFB
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Level of activity

Activation of the immune response
after viral infection

Innate ADAPTIVE

NK cells
Antibodies

—
e

Type | IFN

Levels of
virus

Elimination of infected cells:

1. Complement-mediated lysis
2. CD8+ cytotoxic T cells

3. NKcells via KAR

4. ADCC

0 1 2 3 456 7 8 9 10 11 12
y



Problems

* Viruses have several ways of evading the immune response, such as:

— Fast mutation rate that leads constantly changing their antigens (characteristic
for RNA viruses, e.g. HIV28], influenza?®! and rhinoviruses[3°)

— Antigenic shift (e.g. influenza)
— Blocking of antigen presentation (e.g. EBVI31)
— Killing adaptive immune cells (e.g. HIVI32])

— Expression of viral MHC I-like molecules on infected cells (evades killing of
infected cell by NK cells, e.g. CMV[33.)

— Preventing recognition via PRRs (e.g. Ebola viruses34)
— Inhibition of type | interferons (e.g. Ebola viruses!34)

— Many viruses evade the immune response by residing in infected cells in a
latent form and only reactivate to certain (usually unknown) trigger effects.
(e.g. herpes viruses3>/)

* Because the above mechanisms some viruses cause chronic infections that persist
throughout the entire life of the host and if the immune system weakens for some
reason they can reactivate.[3>/



Phenomenon of antigenic shift

Human influenza virus strain  Avian influenza virus strain

Viral genome composed
of 8 RNA segments

Neuraminidase



Immune response against fungi

Much less is known about the immune response against
fungi compared to other pathogens.?! (They are mainly
restricted to patients with immunodeficiencies.)

Some of the pathogens are extracellular, others are
intracellular:

— EC fungi - Trigger humoral immune responses
— IC fungi - Trigger cellular immune responses

Innate recognition: Cells recognize fungal PAMPs (e.g. B-
glucan, chitin, mannan) via PRRs - Phagocytosis, mainly
by macrophages and neutrophils (neutropenia can lead to
severe fungal infections, see later in your clinical studies)

The fungal cell wall can activate the complement
system.3¢] (mainly through the MBL pathway, see the
lectures for details)

Opportunistic Candida
infection of the
esophagus in a patient
receiving chemotherapy.
(endoscopic image)



Immune response against unicellular
parasites

One of the most significant group of pathogens. (198 million cases of Malaria alone in
2013 worldwide which turned out to be lethal in 584.000 cases!37-)

Most of them have complex life cycles, different mechanisms could be effective against
the different forms of the same pathogen.

Intracellular protozoa - Cellular immunity (phagocytes, NK cells, CD8+ T cells)
Extracellular protozoa - Humoral immunity (complement, antibodies)
Those that have both extracellular and intracellular forms trigger both. (e.g. Plasmodium)

Some IC parasites can also survive within macrophages (e.g. Leishmania), which makes
the activation of macrophages via the production of IFNy by Thl cells necessary and
leads to a chronic response that also damages the tissues.!381(Type IV. hypersensitivity)

Trophozoites of Plasmodium
| falciparum in red blood cells in a

O : ) .
patient with Malaria.




Immune response against multicellular
parasites

They also have complex life cycles.

The cells and mechanisms that participate in the defense are different from those
previously mentioned!3?], such as.:

— Eosinophil granulocytes (degranulation - 2th practice)
— Mast cells, basophil granulocytes

— IL-4, IL-5 and IL-13 are the dominant cytokines = IgE production, eosinophil
counts

The permeability and the contractility of the intestines both have a major role in the
defense against intestinal worms.

Problems:

— Many of them reside in places inaccessible for the immune system. (e.g. intestinal
helminths in the intestinal lumen)

— Their integuments protect them even against large numbers of immune cells.

|

Most of them cause chronic infections and the host cannot get rid
of them without medical help.

It is estimated that roughly 1,2 BILLION people are infected with Ascaris![40]
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Thank you for your attention!

Ascaris lumbricoides in a human
intestine. (endoscopic image)

Video: Human eosinophil granulocytes surround a C. elegans larva.
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