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Cells of the immune system / Lymphocytes
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FIGURE 2-5 Maturation of lymphocytes. Lymphocytes develop from bone marrow stem cells and mature in the generative lymphoid
organs (bone marrow and thymus for B and T cells, respectively) and then circulate through the blood 1o secondary lymphoid organs (lymph nodes,
spleen, regional lymphoid tissues such as mucosa-associated lymphoid tissues). Fully mature T cells leave the thymus, but immature B cells leave
the bone marrow and complete their maturation in secondary lymphoid organs. Maive lymphocytes may respond to foreign antigens in these second-
ary lymphoid tissues or return by lymphatic drainage 1o the blood and recirculate through other secondary lymphoid organs.



Cells of the immune system / Lymphocytes

The total number of lymphocytes in a
healthy adults about 5 x 101!, Of these:
~2% are in the blood,

e ~10% in the bone marrow,

e ~15% in the mucosal lymphoid
tissues of the gastrointestinal and
respiratory tracts, and

e ~65% in lymphoid organs (mainly the
lymph nodes and spleen)
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Cells of the immune system / Lymphocytes

* Lymphocytes, the unique cells of adaptive immunity,
are the only cells in the body that express clonally
distributed antigen receptors, each with a fine '
specificity for a different antigenic determinant. S
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* Each clone of lymphocytes consists of the progeny
of one cell and expresses antigen receptors with a
single specificity.

/
\

l

Q
s

* There are millions of lymphocyte clones in the body,
enabling the organism to recognize and respond to
millions of foreign antigens. INDUCTION  PROLIFERATION



Cells of the immune system / Lymphocytes

 How the enormously diverse repertoire of antigen receptors (millions), and therefore
specificities, is generated from a small number of genes for these receptors in the
germline*?

* Genes encoding the antigen receptors of lymphocytes are formed by recombination of
DNA segments during the maturation of these cells. There is a random aspect to these
somatic recombination events that results in the generation of millions of different
receptor genes and a highly diverse repertoire of antigen specificities among different
clones of lymphocytes.

 The antigen receptors are basically antibodies bound to the cell surface.

*Germline DNA: The DNA in germ cells (egg and sperm cells that join to form an embryo). Germline
DNA is the source of DNA for all other cells in the body. Also called constitutional DNA.



Cells of the immune system / Lymphocytes

* In contrast with most organs, such as the heart, which does the same job throughout life,
the immune system needs to adapt to an environment that is always changing. This
problem is solved by investing in strategies that exploit the power of random change
itself.

* Using randomness in this way creates waste, but preserves responsiveness.

Tonegawa’s Nobel Prize work elucidated the genetic mechanism of the adaptive immune system, which
had been the central question of immunology for over 100 years. Prior to Tonegawa’s discovery, one
early idea to explain the adaptive immune system suggested that each gene produces one protein;

however, there are under 19,000 genes in the human body which nonetheless can produce millions of
antibodies.




TABLE 2-2 Lymphocyte Classes

Percentage of Total Lymphocytes

Antigen Receptor and Selected Phenotype (Human)
Class Functions Specificity Markers Blood  Lymph Node  Spleen
cf T lymphocytes
CD4" helper T B cell differentiation (humoral of heterodimers CD3*, CD4", CD8~ 50-60*  50-60 50-60
lymphocytes immunity} Diverse specificities for
Macrophage activation peptide—class Il MHC
(cell-mediated immunity) complexes
Stimulation of inflammation
CD8" cytotoxic T Killing of cells infected with aef heterodimers CD3", CD4", CD8~ 20-25 1520 10-15
lymphocytes viruses or intracellular Diverse specificities for
bacteria; rejection of peptide—class | MHC
allografts complexes
Regulatory T cells Suppress function of other T ofp heterodimers CD3", CD4", CD25™ Rare 10 10
cells (regulation of immune Unresolved (most common, but
responses, maintenance of other phenotypes
self-tolerance) as well)
v T lymphocytes Helper and cytotoxic functions vo heterodimers CD3", CD4", and
{innate immunity} Limited specificities for CD8 variable
peptide and nonpeptide
antigens
B lymphocytes Antibody production (humoral Surface antibody Fc receptors; class 10-15 20-25 40-45
immunity) Diverse specificities for all 1l MHC; CD19,
types of molecules CD2
Natural killer cells Cytotoxic killing of virus- Various activating and CD16 (Fc receptor 10 Rare 10
infected or damaged cells inhibitory receptors for 1gG)
(innate immunity} Limited specificities for
MHC or MHC-like
molecules
NKT cells Suppress or activate innate cpf heterodimers CD16 (Fc receptor 10 Rare 10

and adaptive immune
responses

Limited specificity for
glycolipid-CD1 complexes

for 1gG}; CD3

*In most cases, the ratio of CD4"CD8™ to CD8"CD4™ is about 2:1.
IgG, immunoglobulin G; MHC, major histocompatibility complex.




Cells of the immune system

Phagocytes

Mast Cells, Basophils, Eosinophils

Antigen-Presenting Cells
Lymphocytes
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Involved in blood clotting

Red blood cells
Carry O, and CO,
and inflammation

Platelets
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Granulocytes

Mast cells

Specialized tissue cells
similar to basophils that
trigger local inflammatory
reactions and are responsible
for many allergic symptoms

Y

Eosinophils

Active in worm and

fungal infections, allergy,
and inflammatory reactions
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Monocytes Lymphocytes

Blood phagocytes that Primary cells involved in
rapidly leave the circulation; specific immune reactions
mature into macrophages  to foreign matter

and dendritic cells

Y

T cells

Perform a number of specific
cellular immune responses
such as assisting B cells and
killing foreign cells (cell-
mediated immunity)

Macrophages B cells

Largest phagocytes that Differentiate into plasma cells
ingest and kill foreign cells; ~ and form antibodies (humoral
strategic participants in immunity)

certain specific immune

reactions

Dendritic cells

Relatives of macrophages that
reside throughout the tissues
and reticuloendothelial system;
responsible for processing
foreign matter and presenting
it to lymphocytes



Tissues of the immune system

* To optimize the cellular interactions necessary for
antigen recognition and lymphocyte activation in raoroid ————
adaptive immune responses, lymphocytes and o -
APCs are localized and concentrated in
anatomically defined tissues or organs, which are
also the sites where foreign antigens are
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* Lymphoid tissues are classified as generative b [ A\
organs, also called primary or central lymphoid e

organs, where lymphocytes first express antigen 1 5%/ R | E]/N \E/

receptors and attain phenotypic and functional
maturity, and as peripheral organs, also called
secondary lymphoid organs, where lymphocyte
responses to foreign antigens are initiated and
develop
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Tissues of the immune system/ primary lymphoid tissue/ Bone Marrow

 The bone marrow is the site of generation of ) Mean + SD
most mature circulating blood cells, including s 29+21
red cells, granulocytes, and monocytes, and the Proximal humer 19212
site of early events in B cell maturation. e 2921

Ribs and clavicles 8847

 The generation of all blood cells, called hematopoiesis occurs Scapulas 3809
initially, during fetal development, in blood islands of the yolk CarRa s e
sac and the para-aortic mesenchyme, then shifts to the liver . S
between the third and fourth months of gestation, and SRASEEENR R
gradually shifts again to the bone marrow. Lumbar spine 166422

e At birth, hematopoiesis takes place mainly in Pelvis 253249
the bones throughout the skeleton, but it Proximal femurs 45225

becomes restricted increasingly to the marrow
of the flat bones.



Tissues of the immune system/ primary lymphoid tissue/ Thymus 4 _sic j 358

 The thymus is the site of T cell maturation. The thymus Mecgu'*;x
is a bilobed organ situated in the anterior
mediastinum. Each lobe is divided into multiple lobules
by fibrous septa, and each lobule consists of an outer il Thyrs
cortex and an inner medulla. / )

Capsule Qymic corpuscle

Interlobular septum ——u

* A subset of these epithelial cells found only in the [\ ~
medulla, called thymic medullary epithelial cells (often ASOREA

abbreviated as TMEC), play a special role in presenting \ b

self antigens to developing T cells and causing their

deletion. * By the early teens, the thymus begins to
atrophy and thymic stroma is mostly

. . .. replaced by adipose (fat) tissue.
 Maturation in the thymus begins in the cortex, and as

thymocytes mature, they migrate toward the medulla,
so that the medulla contains mostly mature T cells



Tissues of the immune system/ primary lymphoid tissue/ Thymus
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FIGURE 2-10 Morphology of the thymus. A, Low-power light micrograph of a lobe of the thymus showing the cortex and medulla. The
darker blue-stained outer cortex and paler blue inner medulla are apparent. B, High-power light micrograph of the thymic medulla. The numerous
small blue-staining cells are developing T cells called thymocytes, and the larger pink structure is Hassall's corpuscle, uniquely characteristic of the
thymic medulia but whose function is pcorly understood. C, Schematic diagram of the thymus illustrating a portion of a lobe divided into multiple
lobules by fibrous trabeculae.



Humans with DiGeorge syndrome suffer from T cell
deficiency because of mutations in genes required for
thymus development.

DiGeorge Syndrome a

CATCH-22
[
, - R’
Cardiac abnormalities Microdeletion in
Abnormal facies chromosome 22

Thymic absence/abnormality, T cell abnormality
Cleft palate

Hypocalcemia
Chromosome 22

Neonatal Selzure
or Tetany

Ig
{* = §
Abnormal

Hypocalcemia —

Congenital
heart defect




In the “nude” mouse strain, which has been
widely used in immunology research, a
mutation in the gene encoding a transcription
factor causes a failure of differentiation of
certain types of epithelial cells that are
required for normal development of the
thymus and hair follicles. Consequently, these
mice lack T cells and hair.




Tissues of the immune system/ The lymphatic system

* The lymphatic system, which consists of specialized
vessels that drain fluid from tissues into and out of
lymph nodes and then into the blood, is essential for
tissue fluid homeostasis and immune responses.

 The lymphatic system collects microbial antigens from
their portals of entry and delivers them to lymph nodes,
where they can stimulate adaptive immune responses.

* Microbes/ antigens, Dendritic cells, and inflammatory
mediators reach lymph nodes from the tissue.
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FIGURE 2-11 The lymphatic system. The major lymphatic
vessels, which drain into the inferior vena cava (and superior vena cava
not shown), and collections of lymph nodes are illustratad. Antigens are
captured from a site of infection and the draining lymph node to which

these antigens are transported and where the immune raesponse is
initiated




Tissues of the immune system/ Secondary lymphoid tissue/ lymph nodes

Lymph nodes are encapsulated, vascularized secondary
lymphoid organs with anatomic features that favor the
initiation of adaptive immune responses to antigens carried
from tissues by lymphatics.

Follicles are the B cell zones. They are located in the lymph
node cortex and are organized around FDCs, which have
processes that interdigitate to form a dense reticular
network. While T-cells in the parafollicular cortex.

The anatomic segregation of B and T lymphocytes in distinct
areas of the node is dependent on cytokines that are
secreted by lymph node stromal cells in each area and that
direct the migration of the lymphocytes
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FIGURE 2-12 Morphology of a lymph node. A, Schematic

diagram of a lymph node illustrating the T cell—rich and B cell-rich zones

and the routes of entry of lymphocytes and antigen {shown captured by

a dendritic call). B, Light micrograph of a lymph node illustrating the T

cell and B cell zones. {Courtasy of Dr. James Gulizia, Department of Pathol

ogy, Brigham and Women's Hospital, Boston, Massachusetts.)




Tissues of the immune system/ Secondary lymphoid tissue/ lymph nodes
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Tissues of the immune system/ Secondary lymphoid tissue/ lymph nodes

* The type of cytokines that determine where B and T cells
reside in the node are called chemokines (chemoattractant
cytokines), which bind to chemokine receptors on the
lymphocytes.

 The anatomic segregation of T and B cells ensures that each
lymphocyte population is in close contact with the
appropriate APCs, that is, T cells with dendritic cells and B
cells with FDCs.
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FIGURE 2-13 Segregation of B cells and T cells in a
lymph node. A, The schematic diagram illustrates the path by which
naive T and B lymphocytas migrate to different areas of a lymph node.
The lymphocytes enter through an artery and reach a high endothelial
venule, shown in cross section, from where naive lymphocytes are
drawn to different areas of the node by chemokines that are produced
in these areas and bind selectively to either cell type. Also shown is the
migration of dendritic cells, which pick up antigens from the sites of
antigen entry, enter through afferent lymphatic vessals, and migrate to
the T cell—rich areas of the node. B, In this section of a lymph node, the
B lymphocytes, located in the follicles, are stained green; the T calls, in
the parafollicular cortex, are red. The method used to stain these cells
is called immunofluorascence (see Appendix IV for details). (Courtesy of
Drs. Kathryn Pape and Jennifer Walter, University of Minnesota School
of Medicine, Minneapolis.) The anatomic segregation of T and B celis is
also seen in the spleen (see Fig. 2-15)



Tissues of the immune system/ Secondary lymphoid tissue/ lymph nodes
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Tissues of the immune system/ Secondary lymphoid tissue/ lymph nodes

* Viruses and other high molecular- weight
antigens are taken up by sinus
macrophages and presented to cortical B
lymphocytes.

 Low-molecular-weight soluble antigens are

transported to resident dendritic cells that A Sinus lining cell

extend processes and capture and \/qumaps,“'ar s |
. . : > Fibroblastic reticular cell (FRC) conduit

pinocytose soluble antigens. The ‘ \f Reticular fiber

contribution of this pathway of antigen | . roasterelioLear

Subcapsular
macrophage or
dendritic cell

delivery may be important for initial T cell
immune responses to some microbial I
antigens, but larger and sustained /<S‘“US
responses require delivery of antigens to @ Q= AN HEpEUS
the node by tissue dendritic cells Nt | | \

Perivenular channel \

. 5_?‘”‘2"7 Dendritic/
el
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FIGURE 6-3 Routes of antigen entry. Microbizal anti-
gens commonly enter through the skin and gastrointestinal
and respiratory tracts, where they are captured by dendritic
celis and transported to regional lymph nodes. Antigens that
enter the blood stream are captured by APCs in the spleen.



Tissues of the immune system/ Secondary lymphoid tissue/ Spleen

 The spleen is a highly vascularized organ whose major functions are to remove aging and
damaged blood cells and particles (such as immune complexes and opsonized microbes)
from the circulation and to initiate adaptive immune responses to blood-borne antigens.

* The splenic parenchyma is anatomically and functionally divided into the red pulp,
composed mainly of blood-filled vascular sinusoids, and the lymphocyte-rich white pulp.

* Blood enters the spleen through a single splenic artery, which pierces the capsule at the
hilum and divides into progressively smaller branches that remain surrounded by protective

and supporting fibrous trabeculae

 The red pulp macrophages serve as an important filter for the blood, removing microbes,
damaged cells.

* Individuals lacking a spleen are highly susceptible to infections with encapsulated bacteria



Tissues of the immune system/ Secondary lymphoid tissue/ Spleen
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The spleen weighs about 150 g in adults and is located
in the left upper quadrant of the abdomen.



Tissues of the immune system/ Secondary lymphoid tissue/ Spleen

 The function of the white pulp is to promote
adaptive immune responses to blood-borne
antigens.

 The white pulp is organized around central
arteries, which are branches of the splenic artery
distinct from the branches that form the vascular
sinusoids. Several smaller branches of each central
artery pass through the lymphocyte-rich area and
drain into a marginal sinus.

* Aregion of specialized cells surrounding the
marginal sinus, called the marginal zone, forms the
boundary between the red and white pulp.
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Tissues of the immune system/ Regional Immune Systems

* Each major epithelial barrier of the body, including

the skin, gastrointestinal mucosa, and bronchial ,/’5 5 |
] \ ﬂfﬁ;;;%%‘ fonsils.
mucosa, has its own system of lymph nodes, non ‘éf —gdnfgﬁfgdes
encapsulated lymphoid structures, and diffusely [ ks _
distributed immune cells, which work in T
coordinated ways to provide specialized immune _—
responses against the pathogens that enter at | il [ associated
those barriers. B A §
| |
 Mucosa-associated lymphoid tissue (MALT) is )
involved in immune responses to ingested and | | e
. . . \ —— patches
inhaled antigens and microbes. D
f: ELwogennql
_‘%Iymphoid

tissue



Tissues of the immune system/ Regional Immune Systems

Small intestine
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propria

Germinal
centre

Germinal centre @ e
Plasma l N

cell
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Normal small intestine histology with Peyer's patches. b) Initiation of the immune response in the
gut: antigens are taken up by microfold (M)-cells and process to the resident dendritic cells
(DCs) in Peyer's patches. T-follicular helper (Try) cells interact with B-cells and follicular
dendritic cell (FDC) thus forming a germinal centre. Antigen specific plasma cells and memory
B-cells are generated and migrate through the blood and mesenteric lymph nodes



Further reading:

e Cellular and Molecular Immunology. 7th Edition..
Chapter 2. Cells and tissues of the immune system

 Secondary lymphoid organs: responding to genetic and environmental

cues in ontogeny and the immune response. journal of Immunology 183:2205-
2212, 2009.
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