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LECTURE CONTENT _

* Principles of immune response

- Innate and acquired immunity

- Humoral and cellular immunity

« Structures essential for development and activation of immune cells
- Lymphatic circuitry

- Lymphatic follicles

Immune system

- Lymph nodes

© Spleen Lymphatic

- Thymus system Cardiovascular
- MALT &
hematopoietic
systems

« Development of lymphatic system



IMMUNE SYSTEM

Immunity = self defense
- Epithelial:  epithelial barriers equipped with antimicrobial substances
- Innate: complement, macrophages and neutrophils, natural killers

- Acquired: T and B lymphocytes

Clinical relevance m
- Autoimmune disorders
- Immunodeficiency acquired immunity m
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' Macrophage



EPITHELIAL IMMUNE RESPONSE

Release of ROS/RNS &
antimicrobial

peptides ciliated
epithelial
cell

I

EPITHELIUM OF RESPIRATORY PASSAGES



EPITHELIAL INFLAMMATORY RESPONSE

Released . . » Chemotaxis and extravasation of
: Injured skin leuk | hil
Foreign organism chemicals eu ocytes.,.mosty neutrop ils, monocytes
Phagocyte and dendritic cells to the site of

inflammation

* Pro-inflammatory cytokines
- interleukins (e.g. IL-1, IL-8)
- TNFa, TGFb

- interferons

» Other signaling molecules
- prostaglandins
-  GM-CSF, M-CSF

Phagocyte and man
' y others
leaving vessel phagocyte engulfing :insf;%rged

organisms

motifolio.com



EPITHELIAL IMMUNE RESPON

Damage-associated molecular patterns (DAMPS)

Activation of immune response

WHAT'S HAPPENNING 1 FEEL KIND OF
10 MEPI DIFFERENT

THERE IS
A BREACH!!




» proffesional® antigen presentation = activation of immune cells with high efficiency
» antigen processing — MHC Il

» cytokine production

« component of monocyte-macrophage system

» lymphatic organs, epithelia, connective tissue

+ TCR recognizing antigen presented in MHC
complex is eesential for activation of T-cells
* Highly regulated mechanism

e MHC restriction

SORRY, BUT I DON'T
RECOGNIZE THAT

MHC-PEPTIDE COMPLEX
YOU HAVE THERE ‘ THAT
MAKES ME
SO SAD
C/
-
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https://upload.wikimedia.org/wikipedia/commons/transcoded/8/81/Coactosin-Like-1-Antagonizes-Cofilin-to-Promote-Lamellipodial-Protrusion-at-the-Immune-Synapse-pone.0085090.s003.ogv/Coactosin-Like-1-Antagonizes-Cofilin-to-Promote-Lamellipodial-Protrusion-at-the-Immune-Synapse-pone.0085090.s003.ogv.480p.vp9.webm
https://upload.wikimedia.org/wikipedia/commons/transcoded/8/81/Coactosin-Like-1-Antagonizes-Cofilin-to-Promote-Lamellipodial-Protrusion-at-the-Immune-Synapse-pone.0085090.s003.ogv/Coactosin-Like-1-Antagonizes-Cofilin-to-Promote-Lamellipodial-Protrusion-at-the-Immune-Synapse-pone.0085090.s003.ogv.480p.vp9.webm

DENDRITIC CELLS

TLRs

LN NtLRs MHC I/11
etc == TCR
PAMPs ‘ _ c :- = — I:;
CD28 .
: 008078’../._ (T:':F
Notch receptor
DL — B
DAMPs ’ RAGE ‘ - ) ICytokine receptors
P2X7 y & 0
etc. 4 )
LA o 112123
o 9
Pro-inflammatory Dendritic cell T cell
stimuli (Immunogenic)

https://doi.org/10.3389/fimmu.2019.00093



LYMPHOCYTES

Lymphocytes

Regulatory
CD8T Cell B Cell T Cell CDA4T Cell

CellCartoons.net

« ,Clusters of differentiation“, CD
« Surface molecules constituting immunophenotype
* Molecular signaling regulating immune response

* Clinically relevant in diagnostics and therapy

CD34
Stem cell
1
I
1
CD45 CD45 CD45 CD45 CD45
CD15 CD14 CD3 CD19 CD61
Granulocyte Monocyte  T-lymphocyte B-lymphocyte Thrombocyte
CD45 CD45
CD4 CD8
CD3 CD3
Helper Cytotoxic
T-lymphocyte T-lymphocyte
CD45
CD25
CD3

Activated
T-lymphocyte



ANTIBODY (HUMORAL) RESPONSE

Bacterium Engulfed Bacterium
Antigen of Phagocyte
Bacterium
1. Antigen presentation and activation of
matching @
B cells . Antigen of
________________________________ MatchingBcells Bacterium
Memory B cell @ @ 2. Activated B-cells proliferate and expand
Second exposure
to the same
bacteria activates
this cell to rapidly
produce plasma ~
cells Pl?lsma
cells
Antibody
R _
¥ Antigen of 3. Most of B-cells differentiate to plasma
Inactivated Bacterium cells, some will convert to memory cells

bacterium %

Phagocyte
motifolio.com



ANTIBODY (HUMORAL) RESPONSE




ANTIBODIES

* Immunoglobulins

* Large proteins with defined structure capable of binding antigens
e \Variable and constant regions

* Fcregion bound by Fc receptor on immune cells

antigen within antigen antigen-binding site
antigen-binding site i : /

hinge

region

——————
- S

[ ] tight (L) chain

. heavy (H) chain

carbohydrate

S
-
-

© Encyclopaedia Britannica, Inc.



ANTIBODIES

Genome rearrangements leading to generation of unique antibody transcripts (>10 billions)

V(D)J recombination during development
Isotype switching

Genes in heavy chain locus

W V' ') W 1818 =B B

J i i )

Removal of unwanted D and J gene segment

HHHHL— J

HH

Recombination of D and J exons — DJ recombination
HAH 48—

Removal of unwanted V and D gene segment

Recombination of V and DJ exons — VDJ recombination

~,

Antibody transcript will also include constant domain gene

Genes in heavy chain locus of an IgM expressing B cell

-

“. o Transcript for Igt
Removal of DNA segment by enzyme activity between switch regions

AR — Hagtl

! 1

Non-homologous end joining of DNA at switch regions

&

Genes in heavy chain locus of an IgG expressing B cell

v <]

Transcrlpt for IgG1
Excised DNA segment



ANTIBODIES

* Five principal classes * 1gG: most common (>75%), soluble, stable
* IgA: in exocrine secretions, mucosa
* |gM: natural immunity, activator of complement
* |gE: activator of mast cells
* IgD: B-cells activators

Light (L) chain
O Heavy (H) chain
«= Disulfide bond

n Joining (J) chain

secretory
IgA

© Encyclopaedia Britannica, Inc.



ANTIBODIES

IgE: activator of mast cells

Spring is

Inside the body

R ¢
111111

Guys,
we have pollen

Release the
histamine

Arghhh
Allergies!!

CellCartoons.net




CELLULAR RESPONSE
Virus
;2 2 Phagocyte 1. Antigen presentation and activation of T-
Cell
Antigen
of virus

cells
Non-matching
T cells Matching T cell

Q e Memory T cell
Future exposure to the
@ 2. T-cells differentiate to cytoxic Tc cells,

same antigen activates
this to rapidly produce memory t cells or regulatory cells

@ killer T cells
@7 Toxic protein

3. Cytotoxic Tc eliminate abnormal cells

Killer T cell seeking
motifolio.com

new target



CELLULAR RESPONSE

Oh nooo!
I'm shedding virus particles!
Does that mean I'm infected?
What will happen to me?

I'M READY TO FIND AND
KILL THOSE INFECTED CELLS!

CD8 Cytotoxic T Cell
a.k.a’Killer T cell’

CellCartoons.net




MHC PROTEINS

* Major histocompatibility complex
* Activation or attenuation of T-cell response
* Peptide display

« MHC I: all nucleated cells and platelets

« MHC II: antigen presenting cells
*  (MHC llI: structurally similar ti MHC | and II, but with rather
unknown function in immune respone)

T cell contact
residue of ~»
peptide

Polymorphic
residue
of MHC

Anchor
residue
of peptide

"Pocket" of MHC

'Antigen uptake‘ Antigen T cell—dependent‘
or synthesis presentation effector functions

@ Class | MHC pathway:
antigen presentation to cytotoxic T lymphocytes

m—— | —p ¢
2% Killing of
; . antigen-expressing
antigen CD8* cytotoxic target cell

T lymphocyte

Class Il MHC pathway:
antigen presentation to helper T cells

Cytokines
@&
Macrophage S0 ge

—h -
Macrophage activation:

killing of
phagocytosed microbe

X
o

B cell antibody
secretion: antibody
binding to antigen

o

Microbe in
endosome

CD4+ helper
T lymphocyte

Extracellular
microbe

Antigen-

specific

B cell Extracellular
antigen




B- AND T- LYMPHOCYTES IN HUMAN BODY _

T-lymphocytes
« paracortical zone of lymph nodes
» white pulp of spleen (periarteriolar sheath)

* interfollicular regions in other lymphatic organs (tonsils)

B-lymphocytes
» lymphatic follicles and medulalry cords of lymph nodes
« Spleen follicles and marginal zone of white pulp

» lymphatic follicles in other organs

doi: 10.3791/58305



https://dx.doi.org/10.3791/58305

INNATE AND ACQUIRED IMMUNITY

Innate Immunity Adaptive Immunity
o * Microbe
o
. " ™
(@) Cytokines "Z High-affinity
= antibodies
¢]
Epithelial barrier a o3
o
; %
Dendritic cell i Biymghocyte
i
o i
]
o © o © :
Neutrophil Macrophage i
I o
1
& o | ® o
® Se: | o ©
© ! Helper T )
& alx Natural i lymphocyte i —
165 R A I lymphocyte
Natural antibodies Complement killer cell :
1
Hours > Days >

0 6 12 1 2 3



ACQUIRED IMMUNITY

Histology:

Leu kocytes<

Lymphatic organs

Lymphocytes

Antigen presenting cells

Cervical lymph nodes Thoracic duct

Lymphatics of the
mammary gland

Cisterna chyli

Lumbar lymph nodes _
Lymphatics of the

upper limb
Pelvic lymph nodes

Lymphatics of the
lower limb



MONOCYTE-MACROPHAGESYSTEM

* mononuclear phagocytic system, reticuloendothelial system
e originate in bone marrow: monoblasts — monocytes

» after extravasation — macrophages

* irregular surface (hallmark of phagocytosis)
* numerous lysosomes

e Golgi apparatus and rER

* long-living cells (months)

* phagocytosis (large particles)




MONOCYTE-MACROPHAGE SYSTEM

* monocytes (circulation)

« macrophages (histiocytes) of c.t.
» Kupffer cells (liver)

» osteoclasts (bones)

* microglia (CNS)

» alveolar macrophages (lungs)

« macrophages and dendritic cells
(lymphatic organs, epithelia, c.t.)

« Langerhans cells (skin)
« mesangial cells (kidney)

Microglial cells
produced in nervous
fissue of brain

Macrophages
produced in
lymph nodes

Pulmeonary alveolar
macrophages

produced in lungs — Ostecclasts
produced in
Tissue macrophages - I'.__ long bones
(or histiocytes)
produced in — Mac:mphages
connective tissue produced in

spleen

Kupffer's cells
produced in liver

Glomerular
mesangial
cells produced
in kidneys

DOI: 10.1038/ki.1992.369



https://www.researchgate.net/deref/http:/dx.doi.org/10.1038/ki.1992.369

LYMPHATIC ORGANS _

Development of lymphocytes and APC:

Primary lymphatic organs
* bone marrow
* thymus

Secondary lymphatic organs

* lymph nodes

« spleen

* MALT including tonsils and appendix

Tissues

* blood

* lymph

« epithelia

e connective tissues




LYMPHATIC CIRCULATION _

Lymph vessels Histology
 Lymph capillaries

- Thin walled, blunt ended vessels with irregular
lamina basalis

- Anchoring filaments, tiny valves

Lymph vessels

- T. intima — endothelium and subendothelial c.t.
- T. media - few layers of smooth muscle cells
- T. adventitia - collagen c.t.

 Similar to small veins

» Valves derived from t. intima
« Open to d. thoracicus and d. lymphaticus dx. -

Function v. subclavia (at v. jugularis int.)
* Collect interstitial fluid

* Microenvironment for lymphocyte development and maturation

« Lipid transport (chylomicrons)



LYMPHATIC CIRCULATION

Lymph capillaries

‘\/&\L’? @% \ A /

—;&{ Endothelial cells Valves / Q // J
N

C e emiie ) WAl #

e/ %@ / o

& capillary

Arterial end Blood capillary Venous end

Lymphatic
capillaries

™

(7 NO

— = Guyton and Hall Textbook of Medical Physiology



LYMPHATIC CIRCULATION _

Lymph flow is unidirectional

EPgenaration —

Competent valves
Synchronized
—> contraction wave

|
I
(TR oS (R i
i T ~10 cmH,0
Lymphatic Contractile properties LEC fluid and solute
capillaries of LMC layer permeability The Journal of
Physiology

https://doi.org/10.1113/J/P272088
Lymph composition
« Contains similar concentration of ions to plasma, but lower levels of proteins
» Lipid-rich lymph from intestine - chylus
* Immune cells

* Volume in the circulation ca. 1L (2-2.5L new lymph from interstitial fluid per day)



LYMPHATIC ORGANS

central;
» thymus

* bone marrow — also hematopoetic organ)

peripheral:
» encapsulated — lymph node, spleen

* mucosa associated lymphoid tissue — MALT
* tonsils,

 lymphatic follicles in mucosa of hollow organs

Palatine tonsils

Cervical lymph nodes

Right lymphatic duct //

Axillary

Thymus
lymph nodes

Thoracic duct
Cisterna chyli

Spleen

———Mucosa-
.\ associated

Inguinal

lymph nodes /=

Lymph vessels

Mescher



LYMPHATIC FOLLICLE _

Folliculus, nodulus lymphaticus)

- non-encapsulated aggregates of reticular connective tissue
and lymphocytes

- peripheral lymphatic organs PO R

- mucosa of hollow organs (GIT, respiratory, urinary,

reproductive system)
- primary — prior any contact with antigen

- secondary — stimulated by antigen
- pale germinative center

- dark mantle zone




LYMPHATIC (LYMPHORETICULAR) TISSUE
. ; T4

reticular connective tissue +
lymphocytes




LYMPH NODE (nodus lymphaticus, Iymphonodus_

/\ ; Thoracic duct

Cervical

lymph nodes § ¢
i Thymus
iNi i 1 Lymphatics of the o RN
« C.t. capsule containing hilus with vessels it « _ oy
d 2 4 o ,‘ ,t
« parenchyma = lymphoreticular tissue (reticular c.t. and lymphocytes): NN =4 /\ | malka
Iz
 cortex (lymphatic follcicles and sinuses) (B-cells) J f N | L
|88 £ | ,l
L THS /«1‘{‘{, ‘ \
« medulla (cords and sinuses) (B-cells) /}/ (. ,'M?'N
Pelvic lymph nodes l, ‘VQ l" ﬁ{ / ; | |
. . \ nguina
 paracortical region (T-cells) \ d\/ lymph nodes
\!
t' \vol}
 sinuses: subcapsular (marginal), perifolicullar (cortical), medullary '. )*\ |

« Littoral cells — lining of sinuses, phagocytosis
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LYMPH NODE CIRCULATION (BLOODANDLYMPH)

Afferent lymph vessel
/ Lymphoid nodule
A Cortex
Capsule
Subcapsular sinus

Paracortex
Medulla

Medullary sinus

——» Lymph
«——— Arterial blood
~ — Lymph
———» Venous blood

Efferent lymphatic
vessels

Vein

Subcapsular sinus
Postcapillary venules
Capillary bed
Trabecular sinus

Gartner, Hiatt

Trabecula
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LYMPH NODE (NODUS LYMPHATICUS, LYMPHONO_

subcapsular sinus lymphatic follicle
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Medullary cords and sinuses

)y S
. w
E A S P o
WA P Y

..j.-‘l-éﬁ"f’==-’f3‘i?ji3;" Lymph node from lung hilus with
%% dust (carbon) deposites

-5 "?

3
R



Medullary cords and sinuses

Plasma cells in medullary cords

High endothelium post-capillary venules
— extravasation of leukocytes from blood
to lymph node parenchyma



SPLEEN (LIEN)

« C.t. capsule and trabecules
« Parenchyma = pulp

* white (lymphoid)
- periarteriolar lymphatic sheath - PALS
- Malpighian bodies - follicles)

* red (non-lymphoid) White pulp
- cords of Billroth Red pulp
- Venous sinuses Capsule

Vein

Artery

* marginal zone between lymphoid and non-lymphoid
regions in the spleen

Spleen




SPLEEN (LIEN)

Lymphatic nodule

(containing germinal center)
White pulp Periarterial
Ivmphatic
sheath

Splenic cords

(of red pulp)

Venous sinus—7=7/ g o= & N W& Tl s ~ Jio (> Trabecular vein

Pulp vein

Venous sinuses

in red pulp

Capsule

Marginal sinus
(contiguous to

white pulp)

Lymphatic
nodule

Arterial vessel
terminating in
marginal zone

Periarterial
‘ lymphatic
Central  Jheath
artery

Marginal zone

Ross, Romrell

Lymphatic vessel



SPLEEN (LIEN)

Iymphatic
sheath

il zone

Arterial vesse
terminating i
marginal zon

Periart Marginal zonj



SPLEEN (LIEN)

T ;W A B R PR G e S E
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W C e e white pulp

Sobotta




trabecule

capsula lienis

mesothelium

woe .. o.

SPLEEN (LIEN)
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SPLEEN (LIEN)
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White pulp
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SPLEEN (LIEN)
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SPLEEN (LIEN)

* Venous sinuses of red pulp
 Removal of abnormal erythrocytes

Cords

Venous sinus

Central
cedp arteriole
Searwp

@% ' MZMg

N X ’ Sinus

Marginal zone ' I MMM@
. @ @QQ Lymphocytes

White Pulp I@% (]

Erythrocyte
in passage

Leucocyte in
passage

Basement
membrane

Intercellular

spaces

Endothelial
cells



SPLEEN (LIEN)

* Venous sinuses of red pulp
 Removal of abnormal erythrocytes

Cords

Venous sinus

@ \
\ Central
. arteriole
Red Pul

@) ' '\\\\ \\ @%‘ __ Mzve
Marginal zone | A ) ' Sinus

2.2 R
000 o@@@@_mm
o :

whieray |O0) e




SPLEEN (LIEN)

Venous sinus

Reticular cell

Cells in circulation

Ross, Romrell



Capsule

 a. lienalis

* aa. trabeculares

Venous
sinuses

Trabeculae o 9. centrales
Arterial
capillary . . .
« arteriolae penicillatae

» (arteriole of the pulp, sheated

Sheathed
arteriole

arteriole)

* Venous sinuses

Arteriole of

the pulp « veins of the pulp

White pulp
» vv. trabeculares

Red pulp
* V. lienalis

Trabecular
vein

Central arteriole of

splenic nodule

Trabecular
artery

Leeson, Leeson, Paparo



'SPLEEN - OPENAND CLOSED CIRCULATION

Cl 0 S e d O p e n Fawcett, Jensh
_' _circulation circulation
A e ® e e = e

I /Zo__-_-:. S

Trabecula { )

\#"ﬂ:
W

Splenic i 4/

sinus (4]

Central— Ellipsoid
artery

White

pulp Penicilli




SPLEEN AND LYMPH NODE IN ANTIGEN RE_

Lymph node

Lymph filter

Skin Gastrointestinal tract Respiratory tract

o N , v Epithelium

r:% <’ )iC
3.;.‘:}& Dendritic cell-
’ I

31 associated antigen %@
Cell-free gen 3 TS
antigen = 4 \
o Antigen that—
‘_q& N\ enters blood |\ \
Lymphatic " @@\ stream |
vessel \‘\ ';'_61 Venule |
Connective tissue N, '@

To circulation

To lymph node and spleen

Spleen

Blood-borne antigens
are captured by
antigen-presenting cells
in the spleen

Lymph node collects
antigen from tissue

Spleen

Blood filter



THYMUS

c.t. capsule

parenchyma: cortex and medulla

Right lobe Left lobe

epithelial reticulum and T-cells

Hassal bodies

Epithelial
reticular cell

Mescher



THYMUS (YOUNG




I THYMUS (CORTEX)

Cortex:
* T-cell proliferation, acquisition of
immunocompetence

* positive selection (functional TCR —
survival)

* hemato-thymic barrier (endothelium
+ basal lamina + cell of cytoreticlum)

* prevents premature contact with
antigens

"‘-(f
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| THYMUS (MEDULLA)

WL ) ."4: ‘f'( ¢ %5 %) .-.,.
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* negative selection — prevention of autoimmune
reaction

« overal survival 2-3%
« cytoreticulum
* hemato-thymic barrier absent

-~ o

5.,0{. o
A

“.»
Aerfese s

Hassal bodies in medulla




T-CELL SELECTION

* positive: CD4+ CD8+
» tissue-restricted antigens (TRAS)

Cortex

CDA*CD8* afT cell Positive selection

Medulla TRA transfer

/ \:e,m selection

Conventional T cell Apoptosis
Regulatory T cell

Trends in immunology



THYMUS (INVOLUTION)
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TONSILS

* incomplete encapsulation by connective tissue

« aggregations of lymphatic tissue (follicles) covered by epithelium of crypt

» crypts — deep and brached invaginations lined by epithelium

 reticulated epithelium

= t. palatina — stratified squamous e.
= t.lingualis — stratified squamous e.
= t. pharyngea — pseudostratified columnar e.

= t.tubaria — pseudostratified columnar e.

‘Pharyngeal
tonsil
Opening of
auditory tube
Palate
Palatine tonsi
Lingual tonsil

tonsil

rface
0 su
OOO o 06:;‘ stratified squamous
&M R ) non-keratinized
TR . -
® o N epithelium
o o
el
o o' *‘\\ tonsil
ene il .
® 2 s J mouth o @
o s e ®
® ' -
LR e ® o
.
@ O:Q
o ® Co e o
* ® o A3
0,0 W f:n &
stratified reticulated | @ ® %4 C. o e
epithelium tonsil
L

lymphocytes and
other immune cells

stem/progenitor
cell



TONSILLA PALATINA

Germinal centers
of lymphatic nodules
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ymp Striated muscle



TONSILLA PALATINA
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TONSILLA PALATINA
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lymphatic follicle




TONSILLA LINGUALIS




TONSILLA LINGUALIS




TONSILLA LINGUALIS




| TONSILLA PHARYNGEA



DEVELOPMENT OF LYMPHATIC SYSTEM _

« Development starts at week 5
« Origin unclear, presumably from mesenchyme or as
outgrowths of primitive endothelium

Int. jugular v,

Rt. lymphatic duct  Int. jugular v. Sl el mpx e

‘%

-
_____

Subclavian v.—s" -2 Y .o ",--'( Jugular lymph sac
.
’

nastomosis
L— Subclavian lymph
sac

Lt. thoracic duct

Rt. thoracic duct
l— Thoracic duct

™ 2 Retroperitoneal lymph
Cisterna chyli pe ymph sac

Retroperitoneal

WEEK 7 Femoral lymph sac

@\

~WEEK 7 (After Sabin)

iac lymph sac Cisterna chyli

Iliac lymph sac

lliac v.

Week 6-9, six primary lymph sacs from local dilatations

Two jugular (junction of the subclavian veins with the v. precardinales (— v. jugularis int.)
Two iliac lymph sacs near the junction of the iliac veins with the v. postcardinales

Single retroperitoneal lymph sac

Single cisterna chyli dorsal to the retroperitoneal lymph sac

e



DEVELOPMENT OF LYMPHATIC SYSTEM _

 Lymph vessels grow from lymph sacs
« jugular: head, neck, thorax, upper limbs
 liac: trunk, lower limbs from iliac
» retroperitoneal and cisterna chyli: intestine

 Development of lymphatic ducts
» left and right thoracic duct connecting c. chyli and jugular sacs
* anastomoses
» D. thoracicus: caudal part of right thoracic duct, cranial part of left thoracic duct
« D. lymhaticus dx.: cranial part of right thoracic duct

Jugular trunk

Subeclavian trunk
Bronchomediastinal trunk

Intercostal lymph vessels

} Vessels from stomach

Retroperitoneal sac Cisternal chyli : ,
Vessels from large intestine

(inf. mesenteric)

Vessels from small intestines

Vessels from large
intestines (sup. mesenteric)

Iliac lymph sac
(post. sac)

~ WEEK 9

MAJOR ADULT LYMPH CHANNELS



DEVELOPMENT OF LYMPHATIC SYSTEM

DEVELOPMENT OF A LYMPH NODE

 Development of lymph nodes -

» lymph sacs (except for c. chyli) are invaded -
mesenchymal cells and constitute apparent
clusters of lymph nodes G bt

» B-cell compartments (follicles) develop arou
birth, lack germinative centers (naive)

* lymph nodes develop along lymph vessels b

similar mechanism

Ceprrcl Subclavian
axillary \

Brachial

Mammary
(Rotter nodes)

Cortical tissue

Germinal center

SUbSCOpUlOf Medullary cord

ADULT LYMPH NODE

External mammary ;
Blood supply shown on right

{anterior pectoral) Efferent lymphatic x

FIGURE 55. Development of a lymph node.



DEVELOPMENT OF TONSILS AND THYMUS

Tonsilla palatina
second pharyngeal pouch (fossa)

Tonsilla pharyngea, tubaria and lingualis

root

Thymus
third pharyngeal pouch

Hard Palate

Pharyngeal Tonsil Nasal Cavity

(Adenoid)

Nasopharynx

Soft Palate
Uvula

Palatine
Tonsil

Oropharynx

Tongue

Lingual Tonsil

Laryngopharynx

Tonsils and Throat

aggregation of lymph nodules in the nasopharyngs, by opening of tuba auditiva or lingual

DEVELOPING TONSILS AND

THYMUS GLAND
T\}:ngcal
2 pouches
3
4

DEVELOPING PHARYNGEAL CLEFTS
AND POUCHES

Cleft | —= 1 (pouch)

Palatine tonsil

WEEK §

Area of arch 11 of the
pharyngeal lining gives
origin to the tonsils

Tonsils (paired)

bal \\

Pharyngeal
Nasal cavity

Trachea

Esophagus



DEVELOPMENT OF THYMUS

Thymus
« third pharyngeal pouch

Pharyngeal arches

pharyngobranchial
canal

cenvical vesicle

ectobranchial canal

Thymic anlage

corex

medulla

Bone marrow cells colonize thymic anlage in fetus

towards
mouth



DEVELOPMENT OF THYMUS

Vertebral cartilage trachea sternum and ribs

esophagus
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DEVELOPMENT OF SPLEEN

» Dorsal mesentery of stomach
* Mesenchymal origin

Dorsal mesogastrium
{mesentery)
Neural arch
£ara Spinal cord Adrenal gland
Pancreas
Aorta
\ Lienorenal lig
Inf. v. c.

Spleen
Ventral Lesser omentum 2
mesentery P Gastrosplenic lig.
(lesser omentum) / (gastrolicnal)

Falciform lig. Stomach

DEVELOPING SPLEEN



DEVELOPMENT OF SPLEEN
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DEVELOPMENT OF SPLEEN
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Thank you for attention

Questions? Comments?
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DEVELOPMENT OF LYMPHATIC SYSTEM -

1.The lymphatic system begins to develop at the end of week 5, approximately 2 weeks later than the cardiovascular system.
One view states that the lymphatics develop as diverticulae of the endothelium of veins; whereas another states that like other
blood vessels they develop from clefts in the mesenchyme that connect with the venous system secondarily. Thus, the cells
lining the mesenchymal clefts assume an endothelial shape, and subsequent sprouting of these cells causes the clefts to fuse
and form the lymphatic channels
1. IN WEEKS 6-9, LOCAL DILATATIONS of the lymphatic channels form 6 primary lymph sacs
1. Two jugular lymph sacs near the junction of the subclavian veins with the anterior cardinals (future internal
jugular vein)
2. Two iliac lymph sacs near the junction of the iliac veins with the posterior cardinal veins
3. One retroperitoneal lymph sac in the root of the mesentery on the posterior abdominal wall
4. One so-called cisterna chyli dorsal to the retroperitoneal lymph sac, at the level of the adrenal glands
2. LYMPH VESSELS GROW OUT from the lymph sacs, along the major veins, to the head, neck, and arms from the
jugular sacs; to the lower trunk and legs from the iliac sacs; and to the gut from the retroperitoneal and cisternal
sacs
1. The cisterna chyli is connected to the jugular lymph sacs by 2 large channels, the right and /eft thoracic ducts.
An anastomosis forms between the 2 ducts, thus, the definitive thoracic duct is formed by the caudal portion
of the right thoracic duct, the anastomosis, and the cranial portion of the left thoracic duct
2. The right lymphatic duct is derived from the cranial part of the right thoracic duct
3. Both the right and left thoracic ducts join the venous system at the angle of the subclavian and internal
jugular veins at the base of the neck
2.Lymph node development
1. EXCEPT FOR THE UPPER PORTION OF THE CISTERNA CHYLI, which persists, the lymph sacs are transformed into
groups of lymph nodes during early fetal life, at about month 3.
1. Surrounding mesenchymal cells invade each sac and break it up into lymphatic channels or sinuses. The
mesenchymal cells give rise to the lymph node capsule and the connective tissue framework of the node
2. The lymphocytes seen in the node before birth come from the thymus gland
3. The lymph nodule and germinal centers of lymphocyte production do not appear in the nodes until just before
or after birth
4. Lymph nodes also develop along the course of other lymph vessels



Other lymphatic tissues

1.

THE SPLEEN develops from an aggregation of mesenchymal cells in the
dorsal mesentery of the stomach

2. THE PALATINE TONSILS form from the second pair of pharyngeal pouches
3.

THE TUBAL (PHARYNGOTYMPANIC) TONSILS develop from aggregations of
lymph nodules around the openings of the auditory tubes

. THE PHARYNGEAL TONSILS (adenoids) develop from an aggregation of

lymph nodules in the nasopharyngeal wall

. THE LINGUAL TONSILS develop from aggregations of lymph nodules in the

root of the tongue

. LYMPH NODULES also are seen in the mucosa of the digestive tract and

respiratory tract



