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Major Concepts

uenza: ¥

Pathogen: An infectious agent

Extracellular: pathogen that can replicate

outside the cell
* bacteria (c, d), parasites (k, I), fungus (h, i, j)

Intracellular: pathogen that requires cellular

environment to replicate
* bacteria (e, f, g), viruses (a, b)

Mucosal immunity: response mounted at the
mucosal surface

Innate immunity: early phase of host response
to pathogen

Adaptive immunity: response of an antigen-

rypanosoma . . :
yp._,_, specific lymphocyte to an infection

[

Antigen: a molecule which can stimulate an
adaptive immune response

;;:

Figure 1.3 The Immune System, 3ed. (© Garland Science 2009)




Barriers, Cells and Cytokines

Anatomic barriers

Skin, oral mucosa, respiratory epithelium, intestine

< =
v
Complement/antimicrobial proteins

C3, defensins, Regllly

- =
4
Innate immune cells

Macrophages, granulocytes, natural killer cells,
epithelial cells

o~
v

Adaptive immunity

B cells/antibodies, T cells




Outline

» Cells and tissues of the Immune system
» Case study: Congenital Asplenia
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Lymphoid Tissue

» central lymphoid organ: where lymphocytes
form and mature

 peripheral lymphoid organ: the sites of
lymphocyte activation by antigens



Bone Marrow Is the Site of Adult Hematopolesis
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Hematopoietic Cells Develop in the Bone Marrow

—— Red Blood Cells —
Lymphocyte
) Monocyte
— White Elood Cells — Eosinophil
Basophil
Meurophil

L Platelets

http://www.schneiderchildrenshospital.org/peds_html_fixed/images/ei_0062.gif



Bone Marrow Stromal Cells Support Hematopoiesis
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Distinguishing Features of Progenitor and Stem Cells

STEM CELL
STEM CELL -
(e.g., hematopoletic
stem cell) "v‘
/ﬂ' SPECIALIZED CELL
e"e,, (e.g.. neuron)
o
PROGENITOR CELL SPECIALIZED CELL
(e.g., myeloid
progenitor cell) / (e.g., neutrophil)
SPECIALIZED CELL
(e.g., red blood cell)

http://stemcells.nih.gov/StaticResources/info/scireport/images/figure41.jpg



Hematopolesis

multipotent hematopoietic stem cell

© o

granulocyte/ megakary
macrophage erylhrocyte
progenitor progenitor

lymphoid erythroblast

progenitor

Granulocyt
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immature

B cell T cell NK cell ILC dendritic cell | |neutrophil eosinophil basophll precursor monocyte
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Plasticity of Bone Marrow Stem Cells
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Myeloid Cells

Phagocytosis and activation of bactericidal mechanisms
Antigen presentation and cytokine production

Antigen uptake in peripheral sites
Antigen presentation and cytokine production

Phagocytosis and activation of bactericidal mechanisms

Killing of antibody-coated parasites

Promotion of allergic responses and augmentation
of anti-parasitic immunity

@

Release of granules containing histamine and
active agents

(all): Yasodha Natkunam



Macrophage

Phagocytosis and activation of bactericidal mechanisms
Antigen presentation and cytokine production

Yasodha Natkunam



Tissue resident macrophages

Brain microglia
cD45™
Lung alveolar CD115 Liver Kupffer
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© 2013 Amaerican Association for Cancer Research
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http://cancerimmunolres.aacrjournals.org/content/1/4/201/F1.expansion.html



Macrophage Function

Phagocytosis

N

macrophage

Cytokine secretion
(inflammation)

Pathogens

Infected | | Dead

cells cells

Antigen Presentation




Macrophages Initiate an Immune Response
“And Recruit Other Immune Cells to Sites of Infection

Inflammatory cells migrate
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Bacteria trigger Vasodilation and increased into tissue, releasing
macrophages to release vascular permeability cause inﬂammator’y mediators
cytokines and chemokines redness, heat, and swelling that cause pain
— .
;\ : qr]eutrophn

:C): (] @é

2
I
@ ] ©
O

monocyte @
, e
\ @é




Homing of Leukocytes is Mediated By Chemokines

Inflammatory site

Gradient Dying ce
Resting sensing Polarization Chemotaxis :

£ Chemokinesis,
5o _| degranulation,
phagocytosis

Neutrophil

Nature Reviews | Immunology

Chemotaxis spe

http://www.nature.com/nri/journal/v11/n3/fig_tab/nri2938_F3.html



Pathogen Receptors On Macrophages

Macrophages express receptors for
many microbial constituents

mannose TLR-1-TLR-2
receptor dimer

glucan scavenger
receptor receptor

Receptor expression is constant, is not adapted based on the nature of the
pathogen (unlike the receptors of the adaptive immune response).
*  No problems with self-recognition



Neutrophils Phagocytose Pathogens

Neutrophil

Phagocytosis and activation of bactericidal mechanisms

Yasodha Natkunam



Timecourse of Innate Immune Response

Immunological Recognition

Macrophage Activation

Cytokine Secretion

Neutrophil

Recruitment

\4

Monocyte
Recruitment

TIME

}

Macrophage
Differentiation

\4

Eosinophil
Recruitment N




Dendritic Cell

Dendritic cells form the bridge between innate and adaptive immune responses

Innate immunity M Adaptive immunity

Granulocytes
(or polymorphonuclear leukocytes)

’Q.

)
"“

neutrophil eosinophil  basophil  monocyte dendritic cell B cell T cell




Dendritic Cells Initiate Adaptive Immune Responses

Immature dendritic cells reside
in peripheral tissues

Dendritic ce e via
lymphatic vessels to regional
lymph nodes

Mature dendritic cells activate
naive T cells in lymphoid
organs such as lymph nodes
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node
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:{‘a‘g activated

& 0T cells

mature
dendritic
cell

Lymph
node
medulla
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Dendritic Cell Function

&dendritic cell

/\

Macropinocytosis

|

Surveillance

Phagocytosis

|

Tissues

\/

Antigen Presentation

|

Lymphocyte
activation




Question

What are the functions of macrophages?

What are the functions of dendritic cells?
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Lymphoid Organs: Sites of Antigen Encounter

Lymphocytes and
lymph return to blood
via the thoracic duct

efferent
lymphatic o
lymph node

infected

ipheral
fiste N—r

Figure 1.19 The Immune System, 3ed. (© Garland Science 2009)

1 Antigens from sites of infection |
reach lymph nodes via lymphatics




Organization of a Lymph Node

primary
lymphoid follicle
(mostly B cells)

medullary cords
(macrophages
and plasma cells)

medullary sinus

artery
vein

cortical sinus

medullary
o\ sinus
lymphoid ;

afferent follicle

lymphatic vessel

paracortical area

(mostly T cells) germinal

efferent center

lymphatic vessel

T-cell area

germinal center marginal sinus

Yasodha Natkunam




Cellular Traffic to the Lymph Node

Activation of adaptive immune
response in a draining lymph node

S CE-E =it=x]

©° ©

= G G CGED6EED 6= g

pathogen-
carrying
dendritic cell

o o bacterial

/ component

—lymph
draining
afferent from
lymphatic infected
vessel tissue
macrophage

efferent
lymphatic

Figure 1.22 The Immune System, 3ed. (© Garland Science 2009)



Macrophages in the lymph node

* Engulf free pathogen
« Antigen presentation

* Prevent the spread of the infection from the
lymphatic system



Spleen

Immune responses to
blood-borne pathogens

lymphoid tissue of the sple¢n
white pulp

red pulp




Lymphoid Tissues of the Spleen

capsule red pulp white pulp

VEenous
sinus

trabecular
vein

trabecular
Transverse section of white pulp artery Longitudinal section of white pulp
Macrophages
Dendritic cells
Marginal zone B cells | B-cell corona —|
. germinal center —
L — marginal zone —
B cells | perifollicular —
zone
T cells periarteriolar
lymphoid sheath
central arteriole
red pulp




Tissue resident macrophages

Brain microglia
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Lymphocyte
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Stages of Lymphocyte Development

gk 3 y v

Figure 1-23 Immunobiology, 7ed. ( Garland Science 2008)



Antigen Receptors

variable
region
(antigen-
binding site)

constant region
(effector function)

variable region
(antigen-binding site)

constant region




T Lymphocyte Differentiation

Naive T cell

Antigen presentation

TCR engagement

|

Cytotoxic T (Tc) cell

A 4

Helper T (T,) cell

Express CD8
kill infected cells

Express CD4

Tl

A

Macrophage stimulation
Inflammatory response

B cell activation

Regulatory T cell

Control immune
response

Neutrophil activation




T Cell Receptors

The epitopes : : The epitope peptide The T-cell receptor
recognized by T-cell T;Ie :ntll(gen dmust_ﬂ:st binds to a self binds to a complex of
receptors are often ¢ rt‘.’ de? own "t' 0 molecule, an MHC MHC molecule and
buried PEPHSETTATINEINS molecule epitope peptide

\
?ﬁ ﬂ _ TCR

epitope
peptide

I
/, > MHC
lecul
MHC molecuie

@C? molecule ———\

I7

T'
—




T Lymphocyte Function

Effector module

Cell types, functions, and mechanisms

Cytotoxicity

NK cells, CD8 T cells

Elimination of virally infected and metabolically stressed cells

Intracellular immunity
(Type 1)

ILC1, T1 cells

Elimination of intracellular pathogens; activation of macrophages

Mucosal and barrier
immunity (Type 2)

ILC2, T,;2 cells

Elimination and expulsion of parasites; recruitment of eosinophils,
basophils, and mast cells

Extracellular immunity
(Type 3)

ILC3, Ty17 cells

Elimination of extracellular bacteria and fungi; recruitment
and activation of neutrophils




B Lymphocyte Differentiation

Naive B cell

T2 cell stimulation

BCR engagement

Activated B cell

/\

Re-infection B
Plasma cell | < Memory B cell

Antibody secretion




Question

 What is the central lymphatic organ? What is
Its function?

 What are the two major peripheral lymphatic
organs? What are their functions?



Outline

» Case study: Congenital Asplenia

46



Congenital Asplenia: Case Study

Patient:;

10 month old female

dead on arrival in emergency room

prior iliness, 2 weeks

cultures positive for H. influenzae (bacterial)

Family history:

Tests:

Ancestors: Consanguineous marriages
Sister, 3 years old, severe H. influenzae infection, recovered
Brother, 5 years old, bacterial pneumonia at 21 & 27 months, and 3.5 years, recovered

Both siblings have normal responses to typhoid vaccine & tetanus toxoid
Both siblings have impaired response to vaccination with sheep red blood cells (RBCs)
Abnormal colloidal gold (*%8Au) scan



Congenital Asplenia: Case Study

Why did the infant die?

NORMAL RESPONSES IMPAIRED RESPONSES
Typhoid vaccine Sheep RBCs
Subcutaneous vaccine (under the skin) Intravenous vaccine

Response in lymph node Response in spleen




Congenital Asplenia: Case Study

Colloidal gold (*®8Au) scan

Mother Children

Liver Spleen



Congenital Asplenia: Case Study

Baby S.V. died of bacteremia

Due to her inability to mount an adaptive response against
a pathogen in her blood stream.

Absent of spleen



Congenital Asplenia: Case Study

Absent or non-functional spleen

Susceptible to bloodstream infections by
microorganisms against which they have no antibodies
-Streptococcus pneumonia

-Haemophilus influenzae

Treatment

Prophylactic antibiotics
Immunization





