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FIRST LINE OF DEFENSE

Epithelial cells joined by tight junctions

Mechanical Flow ?f ﬂf‘id' Flow of fluid, Flow of fluid Flow of fluid, .
perspiration, | .., cus, food, and mucus, urine, mucus, Flowrof fluid,
s|ough|rrg off and saliva e.g., by cilia sperm tenrs

of skin Air flow
Sebum o Acidity in
(fatty acids, | Acidity, enzymes | Lysozymein |vaginalsecretions| Lysozyme
Chemical lactic acid, (proteases) | nasal secretions| Spermine and in tears
lysozyme) zincin semen
Antimicrobial peptides (defensins)
Normal flora Normal flora Normal flora
Normal flora of the of the of the Normat flore
Microbiological : A : ; 5 of the
of theskin | gastrointestinal respiratory urogenital eyes
tract tract tract

Figure 1.6 The Immune System, 3ed. (© Garland Science 2009)
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Perivascular sheath

Perivascular
channel

O Endothelial cell

=% Basal lamina

<=5 Reticular fibroblast

A Pericyte
HEV Normal venule
Endothelium Tall and plump Flat
Basal lamina Thick Thin
Perivascular sheath Concentrically arranged Thin layers of pericytes or

reticular fibroblasts smooth muscle cells
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The components of MALT are sometimes subdivided into
the following:

GALT (gut-associated lymphoid tissue. Peyer's
patches are a component of GALT found in the lining of

the small intestines.)

BALT (bronchus-associated lymphoid tissue)
NALT (nasal-associated lymphoid tissue)

CALT (conjunctival-associated lymphoid tissue)l
LALT (larynx-associated lymphoid tissue)

SALT (skin-associated lymphoid tissue)

VALT (vulvo-vaginal-associated lymphoid tissue)



https://en.wikipedia.org/wiki/Gut-associated_lymphoid_tissue
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https://en.wikipedia.org/wiki/Peyer's_patches
https://en.wikipedia.org/wiki/Peyer's_patches
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Peyer’s Patches

, 1 Surface epithelium Al
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3 Lacteals section)
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4 Intestinal glands 10 Lamina propria
y Dymphdcnodul: 11 Intestinal glands
(Peyer’s patches)
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= this tissues are far less rejected in allogeneic transplant

(cornea)

* this privileged position is not absolute



Antigens in Immunologicall
Privileged Sites Can become Tar

Testis

Uterus (fetus)

Hamster cheek pouch

lgwe 8 Smmsclasnp i Len .

<@

No
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rmally

Immunologically privileged sites are
under constant immune surveillance

Extracellular fluid does not pass
through lymphatic system

No naive lymphocytes around those
tissues

Presence of inhibitory cytokines like
TGFp

Expression of fas ligand in these
Tissues

Post trauma and infection

Tissue barrier disrupted

Access of self reactive lymphocytes to
the sites

Infection/inflammation provide co-
stimulatory signal

=> Immune response against self
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ORGANS OF THE

IMMUNE SYSTEM

TONSILS AND ADENDIDS

LYMPH NODES
LYMPHATIC VESSELS

THYMUS

LYMPH NODES
SPLEEN

APPENDIX PEYER'S PATCHES

LYMPH NODES

BONE MARROW LYMPHATIC VESSELS



IMMUNE ORGANS

Formation
Thymus of T-cells
: Distinguish
Tonsils! | ;v aders for
Adenoids destruction
Filters blood
Spleen and distributes
T and B cells
Storage and
'g{::":l'; white biood
cell formation
Bone B cells are
Ty produced in

bone marrow




COMPONENTS OF THE IMMUNE
SYSTEM

] . ————
Cellular components of the immune system

Lymphocytes Phagocytes Granulocytes || Others
B-cell Mononuclear phagocyte Basophil Platelets
T-cell Neurtrophil Mast cell
Large granular lymphocyte Eosinophil

S
...

‘?\ "’
D R [ (S0
‘e o
fege| |35

O'-

\ .

\
-
TR A
... . ¥
e J'
NOO e
T
P A
i .
[ ™
\ 8o e
. e
k\.
-~

Antibodies || Cytokines || Complement Inflammatory mediators

Soluble mediatprs.of thesimumune system &2




candl b SN

Leukocytes

APC antigen presenting cells



=l Jleall LA

. aball 3 SdHematopoietic Stem Cell

Josdl Gl SI Jads

«Granulocytes dusall LA ol 5 gl Cilaae 3
Monocytes s il Cilas 5 3

Macrophages 3_xSl Gladldl 5 3>

A58l Aa g YY) (e LET 8

40 glaalll 4 gy pe LA u-d‘ Lymphocytes 4o glaalll LA 4




Cells of the Immune System
Stem Cell

Lymphoid Stem Cell Myeloid_Progenitor

Lymph ocytes Granul ocvytes

T Cell

Progenitor Natural Neutrophil  eqsinophil

8 Cell ;
Killer Cell Basophil

Progenitor

Mast Cell Monocyie

Tc Cell

Th Cell
Memory Dendritic Cell*
Cell

Macrophage

Cell
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Cell Size

Cell Shape

Nuclear
Shape

Cytoplasmic
Granules

Life Span

Smaller
(10-15 um)

Round

Lobated

Many fewer
than in mast
cells

Granules often
partially obscure
the nucleus

Cell border
appears smooth

Days

Larger
(15-30 um)

Oval

Round

Densely pack the
cytoplasm

Granules often
partially obscure
the nucleus and

obscure the
cytoplasmic
border

Cell border
appears bumpy

Months
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Mast Cell

Basophil
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ANAPHYLACTIC REACTION

Antigen Plasma cell

Mast cell
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Monocyte/ Macrophage

Monocyte

+ 3-8% WBC

* Circulating form (precursor) of
tissue macrophages

* Recruited to sites of
inflammation

Macrophages

* Phagocytosis, bacterial killing,
antigen presentation

* Peritoneal cavity: peritoneal
macrophages

* Lung: alveolar macrophages
* Spleen: splenic macrophages
* Liver: Kupffer cells




Myeloid

progenitor cell
M-CSF
Bone marrow GM-CSF
Blood \
a O g O . O & O
Tissue
Tissue resident y Recruited
macrophage macrophage
Kupffer cell Microglia &
(liver) (brain)
Osteoclasts Histiocytes
(bone) {connective
tissue)

Classically Alternatively
activated activated
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Innate lymphoid cells (ILCs) are a group of innate immune cells that
are derived from common lymphoid progenitor (CLP) and belong to
the lymphoid lineage. These cells are defined by absence of antigen
specific B or T cell receptor because of the lack of recombination
activating gene (RAG). ILCs do not express myeloid or dendritic cell
markers.1l

This relatively newly described group of cells has varying
physiological functions; some functions are analogous to helper T
cells, while the group also includes cytotoxic NK cells. Accordingly,
they have an important role in protective immunity and the
regulation of homeostasis and inflammation, so their dysregulation
can lead to immune pathology such as allergy, bronchial asthma
and autoimmune disease.l2l In addition, they can

regulate adipose function and metabolic homeostasis, in part by

eliciting beiging.
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Dendritic cells Follicular dendritic cells Monocyte/macrophages Kupffer cells
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Cxs: 43(GJCs, HCs), 45 Cxs: 43 (GJCs) Cxs: 37 (HCs), 43 (GJC, HCs) Cxs: 43 (GJCs)
Panxs: 1 (HCs?) Panxs: 1 (HCs?) Panxs: 1 (HCs) Panxs: 1
Osteoclast Microglia Neutrophils B cells
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Panxs: 1 (HCs) Panxs: 1 (HCs)
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* Antigen-presenting cells fall into two
categories: professional and non-professional.
Those that express MHC class |l molecules
along with co-stimulatory molecules
and pattern recognition receptors are often
called professional antigen-presenting
cells.ll The non-professional APCs express
MHC class | molecules.
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They act as messengers between the innate and
the adaptive immune systems

Immature dendritic cells are also called veiled -

cells, as they possess large cytoplasmic 'veils'
rather than dendrites.
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@ A bacterium is _
bacterial pathogen

engulfed by

phagocytosis
into a dendritic

cell and is
encased in a
phagosome.
Lysosomes
fuse with the
_ phagosome
antigen and digest

the bacterium.

\ dendritic cell

MHC I

Immunodominant epitopes are
associated with MHC Il and
presented on the cell surface.
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Figure 8.11 The Immune System, 3ed. (© Garland Science 2009)
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B cells

Atypical APCs

Macells Basophils  Eosinophils  ILC3s

Key features

* Inducible expression of MHC class Il molecules

* Antigen-presenting functions limited to
specific immune environments (especially
type 2 immune settings)

* Lack of compelling evidence that they can
activate naive CD4' T cells in an antigen-
specific manner

DCs and macrophages
Key features Key features
* Phagocytic * Internalize antigens via
* Express receptors for apoptotic BCRs
cells, DAMPs and PAMPs * Constitutively express
* Localize to tissues MHC class Il molecules
* Localize toT cell zone of lymph | | and antigen processing
nodes following activation (DCs) | | machinery
* Constitutively express high levels | | + Express co-stimulatory
of MHC class Il molecules and molecules following
antigen processing machinery activation
» Express co-stimulatory molecules
following activation
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LA Pl Antigen-presenting cells

Professional antigen- Nonprofessional antigen-

presenting cells presenting cells

Dendritic cells Fibroblasts (skin) Thymic epithelial

(several types) cells

Macrophages Glial cells (brain) Thyroid epithelial

cells

B cells Pancreatic beta Vascular endothelial

cells cells

Table 8-3
Kuby IMMUNOLOGY, Sixth Edition

2007 W.H. Freeman and Company
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Antigen-presenting cells

APC Present to
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Different Kinds of Dendritic Cells &
Their Origins
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Review: Cells of the Immune System
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From Larsson and Karisson (2008)
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ANTIGEN CAPTURE AND THE FUNCTIONS
OF ANTIGEN-PRESENTING CELLS

”—A_ntigen Antigen 5
uptake _presentation

Dendritic cell Costimulator
(0 0 B7) COD28

- -
‘ l% \

Dondt lv.. coll

Response

Naive T cell
activation:
clonal expansion
and differentiation
into effector T cells

N“ VO Eecior
Teol  veais

Macrophage Eftector Effector T cell

T cell Killod
microbe "‘Poﬂ‘." .
— activation
(cell-mediated
Macrophage Immunity)

B cell - _—
$"c':l'°' Effector T cell
O*‘r nsc‘plontsio: B c;ll
— activation an
f¢ antibody production
Antibody | (humoral immunity)

Cellular and Molecular Immunology 8" Ed. (2015) by Abbas et al.




Immune Cells

Mast Cell Natural Killer Cell

Basophil

T Cell

Neutrophil Monocyte

Macrophage Dendritic Cell Eosinophil

>




