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Hematopoiesis

multipotent hematopoietic stem cell
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Outline

Course of the immune response

* Pathogen entry point

* First encounter w/ immune system:
local infection & inflammation

* Full activation of iImmune response:
peripheral lymphoid organs

* Immunological memmory



Timing of Adult Immune Response

Ubiquitous responses Recognition by Rerounliaf
of innate immunity Infection preformed, nonspecific Iifactons agent
(0-4 hours) effectors 9

Induced responses
of innate immunity Infection
(4-96 hours)

Recognition,
activation
of effector cells

Removal of
infectious agent

Recruitment of
effector cells

=S RE RE RS RS
ailhe —— i o

Adaptive Transport of Recognition Clonal expansion Removal
re?onse Infection antigen to by naive and differentiation of
(>96 hours) lymphoid organs Band T cells to effector cells infectious agent
Recognition by Reinovil of
Protective immunity Re-infection preformed antibody infectious agent
and effector T cells
Immunological i i Recognition by Rapif:l expaqsic_m Removal
M- Re-infection memory B cells nd differentiation of
y ; .
and T cells to effector cells infectious agent

Figure 10.41 The Immune System, 3ed. (© Garland Science 2009)



Activation of the Immune Response
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Pathogens Damage Tissues

Direct mechanisms of tissue damage by pathogens

Indirect mechanisms of tissue damage by pathogens

Exotoxin Endotoxin Direct Immune Anti-host Cell-mediated
production cytopathic effect complexes antibody immunity
Pathogenic
mechanism 7z @ O @‘
Streptococcus Escherichia coli Variola Hepatitis B virus Streptococcus Lymphocytic
pyogenes Haemophilus Varicella-zoster Plasmodium pyogenes choriomeningitis
Staphylococcus influenzae Hepatitis B virus Streptococcus Mycoplasma virus
i aureus Salmonella enterica | Polio virus pyogenes pneumoniae Herpes simplex virus
Corynebacterium ssp. typhi Measles virus Treponema Mycobacterium
agent diphtheriae Shigella Influenza virus pallidum tuberculosis
Clostridium tetani Pseudomonas Herpes simplex Most acute Mycobacterium
Vibrio cholerae aeruginosa virus infections leprae
Yersinia pestis Human herpes Borrelia burgdorferi
virus 8 (HHV8) Schistosoma mansoni
Tonsilitis, scarlet Gram-negative Smallpox Kidney disease Rheumatic fever Aseptic meningitis
fever sepsis Chickenpox, Vascular deposits Hemolytic anemia | Herpes stromal
Boils, toxic shock Meningitis, shingles Glomerulonephritis keratitis
Diceass syndrome, pneumonia Hepatitis Kidney damage Tuberculosis
food poisoning Typhoid fever Poliomyelitis in secondary Tuberculoid leprosy
Diphtheria Bacillary dysentery Measles, subacute syphilis Lyme arthritis
Tetanus Wound infection sclerosing Transient renal Schistosomiasis
Cholera Plague panencephalitis deposits
Influenza
Cold sores

Kaposi's sarcoma




Inflammation

« Commensal organisms cause little host
damage while pathogens damage host
tissues by a variety of mechanisms

A.True/B.False: Our immune system
efficiently kills all categories of microbes that
attempt to colonize our bodies.



Course of Acute Infection

Innate Adaptive
immune response immune response

3. Effector
phase

1. Establishment | 2. Inductive
of infection phase

Level of [ >

microorganism

4. Memory
phase

4 > Duration of infection

Entry of Pathogen
microorganism cleared




Consequences of Immunodeficiency

mouse or human lacking innate
immunity (PMN~, MAC")

SCID, RAG-deficient
mouse and human
(PMN*, MAC™, T/B)

Microorganism count

normal mice
and humans

Duration of infection




Outline

* Pathogen entry point

* First encounter w/ immune system:
local infection & inflammation

* Full activation of iImmune response:
peripheral lymphoid organs

* Immunological memory



Pathogen Entry Points

Mucosal tissues of the human body

mammary gland

skin

lachrymal gland  conjunctiva

salivary gland [ oral cavity

) gastrointestinal | esophagus
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| intestine
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trachea

lungs |

respiratory
tract

Figure 12.1 Janeway's Inmunobiology, 8ed. (© Garland Science 2012)




Barriers: The First Line of Defense

Skin Gut Lungs Eyes/nose/oral cavity
Stratified Single cell layer Upper airway: Pseudostratified
epithelium of columnar pseudostratified columnar
epithelium columnar epithelium
epithelium
Lower airway:
single cell layer
of columnar
epithelium
Epithelial cells joined by tight junctions
Mechanical
Longitudinal flow | Longitudinal flow Movement of Tears
of air or fluid of air or fluid mucus by cilia Nasal cilia
Pulmonary :
L
BT ow pH TG Enzymes in tears
Chemical and saliva
Enzymes (pepsin) (lysozyme)
: a-defensins
Laﬁgﬁ;?nbstl)g?es (cryptdins) a-defensins Histatins
Cathelicidin Reglll (lecticidins) Cathelicidin B-defensins
Cathelicidin

Microbiological

Normal microbiota




Defensin- Amphipathic Peptides

Human p,-defensin
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Specificity of Defensins

Antimicrobial peptide
+

Hydrophobic interactions Electrostatic and

hydrophobic interactions
Aﬂk Stronx
Outer leaflet g
Inner leaflet g% B %\C]) G'g (j
Prototypic plasma membrane ofa  Bacterial cytoplasmic membrane
multicellular animal (erythrocyte)

O R i

Cholesterol Zwitterionic phospholipids

Acidic phospholipids

Nature 415, 389-395 (24 January 2002) | doi:10.1038/415389a




Lysozyme

Gram-positive bacteria

Gram-negative bacteria
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Microbiota

DEADLY DIARRHEA:

CAUSES IMMENSE SUFFERING, DEATH

””R’ﬂ ﬁm& XXX

Comes back at least once in about 1in 5 patients who

Caused close to half a million illnesses in one year. © get . difficile.

IMPACT

© 1in 11 people 65 and older died within a month of
C. difficile infection diagnosis.

People on antibiotics are 7-10 times more likely
to get C. difficile while on the drugs and during the
month after.

Being in healthcare settings, especially hospitals or

More than 80% of C. difficile deaths occurred in
nursing homes.

: people 65and older.

SPREAD

T2

Touching unclean surfaces, especially those in
healthcare settings, contaminated with feces from an
infected person. . Dirtyhands.

PREVENT

© Wear gloves and gownswhen ~: Clean room surfaces with EPA-

8 g © treating patient with C. difficile. : approved, spore-illing disinfectant
Improve prescribing of - Use best tests for accurate results - Rapidly identify and isolate patients : Remember that hand sanitizer ~ : (such as bleach), where C. difficile
antibiotics. © toprevent spread.

y =Y

Failing to notify other healthcare facilities when patients
* with C. difficile transfer from one facility to another.

+ with C difficile. * doesn'tkill . difficile. * patients are treated.
q . P A y U.S.D f
http://www.cdc.gov/HAl/organisms/cdiff/Cdiff_infect.html Honlth ot Haman Services
Centers for Disease

Control and Prevention




Question

* What are the three barriers that a pathogen
has to across to establish an infection?



Outline

* First encounter w/ immune system:
local infection & inflammation

* Full activation of iImmune response:
peripheral lymphoid organs

* Immunological memory



Inflammation Greek Style
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Series of Immune Activation

tissue macrophage tissue dendritic cell

I.7

s DT w0

blood vessel

© ¢ O

Normal flora
Local chemical factors
Phagocytes (especially in lung)

Wound healing induced
Antimicrobial proteins and
peptides, phagocytes, and

complement destroy
invading microorganisms

Complement, cytokines,
chemokines Phagocytes, NK cells
Activation of macrophages
Dendritic cells migrate to lymph
nodes to initiate adaptive
immunity
Blood clotting helps limit spread of
infection

Infection cleared by specific
antibody, T cell-dependent
macrophage activation,
and cytotoxic T cells




Humoral Innate Immunity: Complement System

Stages of complement action

Pattern-recognition trigger
< =

v
Protease cascade amplification/C3 convertase

-
v

Inflammation

Phagocytosis

Membrane attack




Cytokines and Innate Immune Cells

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
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Outline

* Full activation of iImmune response:
peripheral lymphoid organs

* Immunological memory



Activation of the Immune Response

Local infection,
penetration of epithelium

Local infection
of tissues

Lymphatic spread

Adaptive immunity

macrophage tissue
dendritic cell

..ﬂ

Protection against infection

Wound healing induced
Antimicrobial proteins and peptides,
phagocytes, and complement destroy

invading microorganisms

Complement activation
Dendritic cells migrate to lymph nodes
Phagocyte action
NK cells activated

Cytokines and chemokines produced

Pathogens trapped and/or
phagocytosed in lymphoid tissue
Adaptive immunity initiated
by migrating dendritic cells

Infection cleared by specific antibody,
T cell-dependent macrophage
activation and/or cytotoxic T cells




Antigen Recognition by TCR

The epitopes : : The epitope peptide The T-cell receptor
recognized by T-cell Tl;]el?lptll(g?lndm\:tjlfltiﬂ:ﬂ binds to a self binds to a complex of
receptors are often 2 tt')def L | & molecule, an MHC MHC molecule and

buried BHLLISIER molecule epitope peptide
252 ;
epitope
J\ peptide
) > MHC
/ 2 i molecule
\&H molecule

Z




Cytotoxic T Cells Interact With MHC Class |

Virus-infected cell Cytotoxic T cell kills infected cell
(%)
fad
s’
@ F ¥

virus

ctotoxic
T cell

infected cell killed infected cell

(left): James Cavallini/ Science Source; (right): Groscurth, Filgueira (1998) Physiology 13:1,

17-21. Reprinted with permission © 1998 Int. Union Physiol. Sci./Am. Physiol. Soc.




Cell Death Pathways

Nucleus
Normal cell
Organelles —
Blebs /_flebs

Small blebs
Small blebs form; form.
the structure of the
nucleus changes.

The nucleus begins

to break apart, and
The blebs fuse the DNA breaks into
and become small pieces.
larger; no The organelles
Organelles are are also located in
located in the the blebs.
blebs.

The cell breaks
The cell into several
membrane ruptures apoptotic
and releases the bodies; the
cell’s content; the organelles are
organelles are not still functional.

functional.

Necrosis Apoptosis

Alcohol Research & Health 25(3):175-184 (2001)



Apoptosis Pathways

Death Receptor
Pathway
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Nature Reviews Neuroscience 10, 481-494 (July 2009) | doi:10.1038/nrn2665

Mature Reviews | Neuroscience

Mitochondrial
Pathway



Helper T Cells Interact With MHC Class ||

Infected macrophage Activated infected macrophage

mycobacterium

lysosome

antigen:MHC complex




Humoral Mechanism of Clearing Infection

Specific antibody
< = N2 < =
Bacterial toxins Bacteria in extracellular space Bacteria in plasma
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Specific Defenses Against Specific Pathogens

Extracellular Intracellular
Interstitial spaces, Epithelial : .
blood, lymph e os Cytoplasmic Vesicular
Site of
infection
&
LA Qe
0]0 | 0 \ 0 S
Organisms Viruses Neisseria Viruses Mycqbgcterium spp.
Bacteria gonorrhoeae Chlamydia spp. Yerqln/a pestis
Protozoa Streptococcus Rickettsia spp. Legionella '
Fungi pneumoniae Protozoa pneumophila
Worms Vibrio cholerae Cryptococcus
Helicobacter neoformans
pylori Leishmania spp.
Candida albicans
Worms
Protective Complement Antimicrobial NK cells T cell-dependent
immunity Phagocytosis peptides Cytotoxic T cells and NK cell-
Antibodies Antibodies, dependent
especially IgA macrophage
activation




Specific Defenses Against Specific Pathogens

Phases of the immune response

Innate phase
(Immediate: 0-4 hours)

Induced innate phase
(Early: 4-96 hours)

Adaptive immune phase

(Late: >96 hours)

Nonspecific

Innate

No memory

No specific T cells

Nonspecific + specific
Inducible

No memory

No specific T cells

Specific
Inducible
Memory
Specific T cells

Barrier
functions

Skin, epithelia, mucins,
acid

Local inflammation
(C5a)
Local TNF-o

IgA antibody

in luminal spaces
IgE antibody

on mast cells
Local inflammation

Response to
extracellular
pathogens

Phagocytes
Alternative and MBL
complement pathway

Mannose-binding
lectin
C-reactive protein

lgG antibody and
Fc receptor—
bearing cells

Lysozyme T-independent lgG, IgM antibody +
Lactoferrin B-cell antibody classical complement
Peroxidase Complement pathway
Defensins

Response to Macrophages Activated NK- T-cell activation of

intracellular
bacteria

dependent
macrophage activation
IL-1, IL-6, TNF-o, IL-12

macrophages by
IFN-y

Response to
virus-infected
cells

Natural killer (NK) cells

IFN-o. and IFN-3
IL-12-activated
NK cells

Cytotoxic T cells
IFN-y




Question

Who fights who?
A. Cytotoxic T cells
B. Antibodies

C. T helper cells

D. Complement

1. Virus
2. Intracellular bacteria in cytosol

3. Intracellular bacteria in phagosome
4. parasites



Outline

* Immunological memory



Vaccination is the most effective means of

controlling infectious diseases

Reported 100
cases per
100,000
population 10

§ vaccine

1.0

0.1
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990

Reported —
cases per inactivated
100,000 30 - vaccine
population ¥
20
oragl
10 - vaccine
¥

0

T T T
1940 1950 1960 1970 1980 1990

Reported 600 vaccine 60 Reported

cases per sqo - 50 SSPE
100,000 cases
population 400 ~ 40 jnUSA

300 — 30

200 — 20

100 — 10

1960 1965 1970 1975 1980 1985 1990




Course of Immunization

Antibody

4
(mg mi~" serum) 10

108

10?2 ~

10"

response to
antigen B

I
68 72
Days




Course of Smallpox Vaccination

After smallpox vaccination, antibody levels
show no significant decline, and T-cell
memory shows a half-life of 8-15 years

antibody

CD8 memory

Relative magnitude

_ CD4 memory

] | [ |
0 10 20 30

Time after vaccination (years)
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