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Tucidides (Atenes, 430 AC): "“Els malalts de plaga
troben compassio i ajut majoritariament del qui s'ha
recuperat de la malaltia. Aquests saben que el mateix
home mai no ha estat atacat dues vegades, gairebé mai
fatalment.”

Francastoro (1500 DC, On Contagion): “"Jo he conegut
persones que son regularment immunes tot i estar
envoltades de persones afectades per la plaga..
Em demane si potser seria possible per a nosaltres
immunitzar-nos contra les pestes febrils.”

Mitridates VI, rei del Pont: “La ingesta de dosis
creixents de veri dia a dia atorga immunitat contra
els atemptats a la meua vida.”




Innate Immunity
Pathogen recognized by receptors encoded in the germline

Receptors have broad specificity, i.e., recognize many related
molecular structures called PAMPs (pathogen-associated
molecular patterns)

PAMPs are essential polysaccharides and polynucleotides
that differ little from one pathogen to another but are not
found in the host.

Receptors are PRRs (pattern recognition receptors)

Immediate response

No memory of prior exposure

Occurs in all metazoans?

Adaptive Immunity

Pathogen recognized by receptors generated randomly

Receptors have very narrow specificity; i.e., recognize a
particular epitope

Most epitopes are derived from polypeptides (proteins) and
reflect the individuality of the pathogen.

In jawed vertebrates, the receptors are B-cell (BCR) and T-
cell (TCR) receptors for antigen

Slow (3—5 days) response (because of the need for clones of
responding cells to develop — Link)

Memory of prior exposure [Link]

Occurs in vertebrates only
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* Components

- Med. ossia

- Tim

- Melsa

- Ganglis limfatics

- Acumulacions de limfocits
als pulmons

- Acumulacions de limfocits
a les vies mucoses intestinals

- Limfocits de la sang i limfa

- Limfocits i cel-lules plasmatiques
dels teixits conjuntius
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* Funcié

- Proteccio enfront de macromolécules exogenes (virus,
bact., protoz.)

---> Resposta immunitaria

- Identitat bioguimica Unica

- Distincio del que és propi/estrany

- Ag (Antibody generator) <---> Ac: resposta humoral
immunitaria

- Limfocits sense Ac en superficie (altres(mol.) ---> unié
directa cel'l. infect. o estranyes ---> Resposia cel - lular
immunitaria
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- Unid a antigens

- Funcions efectores
Fixacio del complement, lisi de cel-l., alliberament de molecules bioactives
Unié a diferents tipus cel-lulars: macrofags, limfocits...

Fab
(hinds
epitope)

light chain
Fﬁ (bindsto
_ phagocytes, activates
heavy chain complement pathway)

5-2 bond

_ . Constant Region
Variable Region @
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Bactanal fonns Bacieria in exracaiuar space Bacteria in plasma

- Unid a antigens
- Funcions efectores
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IgG

- Afinitat per "determinants antigenics" = epitops

- Estructura

- Hapteé: part reconeguda pero que no indueix resposta immunitaria
IgM

- Transitoria (1a en embrid). Substitucié per IgG

- Juntament amb IgD en superf. de linf. restiformes

- Rec. d'Ag ---> induccié de prolif. i producc. d'Ac en fases precoces
- Eficag en l'activacié del complement

IgA

- En sang i secrecions glandulars

- Proteccié d'epiteli intestinal

IgD
Juntament amb IgM en superf. limfoc. restiformes

IgE

-Traca

- No defensa de microorganismes
- Reacc. allergiques
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CLASSICAL PATHWAY

sistema immunitari.

ME-LECTIN PATHWAY

Antigen:antibody complexes

Lectin bindng o pathogen
surlaces

I

Organs limfoides.

ALTERNATIVE PATHWAY
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a Classical pathway
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Figure 7.9. The thymus is critical for the
maturation of bone marrow-derived cells into T
cells. Mice with the scid mutation (upper left
photograph) have a defect that prevents
lymphocyte maturation, whereas mice with the
nude mutation (upper right photograph) have a
defect that affects the development of the
cortical epithelium of the thymus. T cells do
not develop in either strain of mouse: this can
be demonstrated by staining spleen cells with
antibodies specific for mature T cells and
analyzing them in a flow cyftometer (see
Appendix I, Section A-22), as represented by
the blue line in the graphs in the bottom panels.
Bone marrow cells from nude mice can restore T
cells to scid mice (red line in graph on left),
showing that, in the right environment, the nude
bone marrow cells are intrinsically normal, and
capable of producing T cells. Thymic epithelial
cells from scid mice can induce the maturation
of T cells in nude mice (red line in graph on
right), demonstrating that the thymus provides
the essential microenvironment for T-cell
development

Alberts et al. MBC 4a ed.
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Limfocits

- Medi liquid: rodons/teix. limf.: poliedrics
- Teixits: progressié ameboide

- Activacié antigenica ---> limfoblast

C. plasmatiques
- Diferenciacié de LB
- Molt nombroses a mucosa intestinal (secr. IgA en comptes d'IgG)

Macrofags/cell. dendritiques
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Propietats de la superficie dels limfocits T i B

Morfologia = ---> immunocitoq.

Limfocits B: deteccié amb Ac enfront d'IgM o IgD en superf.
Limfocits T: no Ig en superf. pero si Rec d'Ag

* Citometria de flux (separacio)

Early pro-B cell Late pro-E cell Large pre-B cell Small pre-B cell Maiure B cell
M i kil
v ol U




TEMA 19. Limfocits i sistema immunitari. Organs limfoides.
Immunitat innata

Propietats de la superficie dels limfocits T i B
Morfologia = ---> immunocitoq.

Limfocits B: detecc. amb Ac enfront d'IgM o IgD en sup.
Limfocits T: no Ig en superf. pero si Rec d'Ag

* Citometria de flux (separacio)

CDa protein

|_I_'|

'-':'s_::_:g__]ru'_ L

T cell receptor infected cell

polymarphic  nonpolymorphic
part part

Alberts et al. MBC
4a ed.

signaling
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Propietats de la superficie dels limfocits T i B
Morfologia = ---> Immunocitogq.

Limfocits B: detecc. amb Ac enfront d'IgM o IgD en sup.
Limfocits T: no Ig en superf. pero si Rec d'Ag

* Citometria de flux (separacio)

Immunoglobulin B receptors
—
55 52

L
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Teoria de la seleccio clonal

precursor cell .
PROLIFERATION AND DIVERSIFICATION OF
PROGENY CELLS
B2

¥
B3

different resting
{virgin) B cell
clones

)

ANTIGEN BINDING TO SPECIFIC CLONE

PROLIFERATION (CLOMNAL EXPANSION)
AND MATURATION

antibody-secreting
B cells of single clone

secreted antibodies

limfoides.

Alberts et al. MBC 4a ed.
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Teoria de la seleccio clonal

EXPERIMENT 1 EXPERIMENT 2

highly radisactive
antigen A

Alberts et al. MBC 4a ed.
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Memoria immunologica
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Vacunes

Some diseases for which effective vaccines are not yet available

Current immunization schedule for children (USA)
Estimated annual mortality Estimated annual incidence

Set miass

monthe | months

years years
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Resposta dels limfocits B als Ag

- Abans de contacte amb Ag: sint de IgM i D ---> Seleccid clonal
(Ac. monoclonals)

- Unié d'Ag ---> molts limfocits diferents per 1 = Ag (Ac policl.)
- Fusié de limf. B i cel‘l. de mieloma: produccié d'anticossos

- Unid de limf. T aux. a un altre determinant d'Ag ---> IL2 ---> Limf. B [IgM --->
---> Ig6] ---> C. plasm. ---> Pérdua de Ig de superficie

- Alguns limf. B ---> Cél-lules memoria (resp. 2)
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Resposta dels limfocits B als A

Immature B cell bound to self
cell-surface antigen is removed
from the repertoire

B-cell precursor rearranges
ite immunoglobulin genes

Mature B cell bound fo foreign Activated B cells give rise to
antigen iz activated plasma cells and memory cells

E0re Marmow
sinomal oa

%5 =

) X

Generalicn of B-cell receplors Megalive selection B-cells migrate fo the perpheral
in he bona marmw n the bong marmow lymphoid crgans

Arfibody sacrefion in bong marmow
and Ilymphoid fisswe and mamory
cells i lymphoid fssue
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Resposta dels limfocits B als Ag

@ g————— Antigen

Antigen -specific
B-cell receptor

Class | MHG

Antigen is
processed

.
>

Class | MHG and J

proceszed antigen
are displayed

Activated e 0

helper T cell

07 Flazma cell
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Resposta dels limfocits T als A

- Diferenciacio de limfocits T al tim (mort dels clons que interaccionarien
amb propi)
- Durant diferenciacié: marcadors de superf.

Immature T cells that recognize self
MHC receive signals for survival. Mature T cells encounter foreign Activated T cells proliferate and
Those that interact strongly with antigens in the peripheral lymphoid migrate into peripheral sites

salf antigen are removed from argans and are activated fo eliminate infection

the repertolre
il |
E activatas kils

E: r"u__ll'f‘j K\ 2 e oy ) _rE;
| R 1 ko s
All'“ |-""’I h il i = AL‘-&F%”

T-gell progenitors develop in the
bere marmow and migrate
6 W IFryiiis

T-cell precursor rearranges its T-cell
receptor genes in the thymus

Puosilive and negative selaction Mature T celis migrate o the Actvated T cells migrate fo
n fhe thymus penipheral lymphoid organs sites of inflammabon
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Resposta dels limfocits T als Ag

HHC Class |I: HMHC Class I1:

All nucleated rcells R rells
APC’s
Macrophages
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Resposta dels limfocits T als Ag

- Per activar-se, han d'interaccionar amb MHC (gens de classe I, IT i ITI)

- MHC distint d'un individu a un altre ---> rebuig

Artigen is pmoocessed Frocessed
el antigen and

Clazs || MHG
Macrophage are dieplayed

Antigen y

Clazz |l 1 Helper T-cell
MH receptar reeognizes

Festing -
processed antigen
helper T cell plus Class || MHG

Activated helper
T cell
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Resposta dels limfocits T als A

- Per activar-se, han d'interaccionar amb MHC (gens de classe I, IT i ITI)

- MHC distint d'un individu a un altre ---> rebuig

— ACTIVATION

antigen-presenting calls

—s  |NACTIVATION

Alberts et al. MBC 4a ed.
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Resposta dels limfocits T als A
- Per activar-se, han d'interaccionar amb MHC (gens de classe I, IT i ITI)

- MHC distint d'un individu a un altre ---> rebuig

an i-_:ju n-presenting ozl

[L-2
‘ T cell ,-. k g \ IL-2 raceptor
FECEpion | - —

antigpen b ”::O %&J ‘# %ﬁéﬁ!ﬁ . —

fragment

resting helper activated helper
T cell T cell

Alberts et al. MBC 4a ed.
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Resposta dels limfocits T als Ag

- Per activar-se, han d'interaccionar amb MHC (gens de classe I, IT i ITI)

- MHC distint d'un individu a un altre ---> rebuig

. class | MHC CYTOTOXIC T CELL HELPER T CELL
CD8 protein protein

Te

/ T cell receptor
T cell receptor L infected cell u
- N frﬂng'Er'l class |l fr“,]g”ﬂerl

polymorphic  nonpolymorphic of foreign MHC
part part protein protein

of foreign
protein

#.x----v . infected antigen-
o &53# target cell presenting coell
S

CD4 protein antigen-presenting
cell

Alberts et al. MBC 4a ed.

class || MHC protein
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- Cel'l. presentadores d'Ag
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Resposta dels limfocits T als Ag

- Cel'l. presentadores d'Ag
- Ex/Ag + MHC ---> reconegut per limf. T CD4 ---> activ.

helper T cell

antigen-presenting
. folded protein anmigen RECOGMNITION BY
cel ' ! HELPER T CELL

o}

early S ENDOCYTOSIS AND
] DELIVERY OF PEPTIDE-
endosoma ¥ DELIVERY TO ENDOSOME ' . CLASS-lI-MHC COMPLEX
~ TO PLASMA MEMBRANE
FOR RECOGNITION
BY HELPER T CELL

late .
endosome | — e
F e . =,
i “u, { \
i

LIMITED PROTEQLY SIS OF PROTEIN
ANTIGEN « PROTEQLYSIS OF

ANTIGEN-DERIVED PEPTIDE TO -

- _,-".
o TT | INVARIANT CHAIN + BINDING OF
MHC PROTEIN Al
; }'{ SN

&

J INVARIANT CHAIN
class Il [ DIRECTS CLASS Nl MHC
MHE FROTEIN TO LATE DELIVERY OF INVARIANT
ratein | ENDOSOME CHAIN FEFTIDES AND S0ME
pro ANTIGEN-DERIVED PEPTIDES

\ Golgi TO LYSOSOME FOR
_japparatus FURTHER DEGRADATION

Arwens Golgi ~ Alberts et al. MBC 4a ed.
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Resposta dels limfocits T als A

- Macrofags = cel'l. presentadores d'Ag
- Ex/Ag + MHC ---> reconegut per limf. T CD4 ---> activ.
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F
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T call | . recepton .:.fﬁ“
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AL | R

resting helper activated helper
T cell T cell
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fragment T

Alberts et al. MBC 4a ed.
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Resposta dels limfocits T als Ag

- Macrofags = cel'l. presentadores d'Ag
- Ex/Ag + MHC ---> reconegut per limf. T CD4 ---> activ.

: Artigen is pmoocessed Frocessed
Antigen oy el antigen and
islazs [ MHG
are displayed

Macrophage
o Helper T-cell

Slass ||
receptor recognizes

MHC
Festing -
processed antigen
helper T cell plus Class || MHG

Activated helper
T cell
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Resposta dels limfocits T als Ag

- Limf. T citotoxics o assassins --->
---> reconeixement de cél-lules

per MHC ---> diferent ---> fusié

de MP ---> lisi osmotica

Infected cell

Mucleus

Viral f“
mp:%f UiralYONA
Uiral peptides
—

& Class |
histocompatibility

molecule
Peptide

T cell receptor

Cytotoxic T cell
(CD8™)
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Resposta dels limfocits T als Ag

GRANULE EXOCYTOSIS
22l PATHWAY FAS PATHWAY
_I,// g @ \\\‘,,..a——._\
Granule (9 é)

W ry V Granzyme
\@_ _ Eg/ = :
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AR T Perforin

‘R /-" | \ | Extracellular space
| \

Ca**\ | )

T
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FADD L
Fas death

Perforin pore Initiator caspase domains
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|
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Granzymes
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%

Caspase cascades

J
Apoptosis

limfoides.
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Resposta dels limfocits T als A

* HIV Lipid bilayver

u4l T v

Capsid u;utemsh________h ntegrase {pol)
(gag
Reverse

transcriptase Protease (pol)
(pol)
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Paper dels macrofags a la resposta immunitdria
- Opsonitzacié
- Ag captats per macrofags: bons immunogens
- Processament

Opsonization

a)| Attachment by nonspecific receptors Antibody Formation Elicited
Phagocytic cell

Fc receptor
Antibody

Microorganism

Nonspecific receptor
Microorganism

Degree of binding: + Degree of binding: +
Opsonin: Antibody

c) Complement activated Complement activated

Degree of binding: ++ Degree of binding: ++++

C3b receplor
Complement (C3b)
Si—

| Opsonin: Complement C3b

Opsonin: Antibody and Complement C3b
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Estimulacid inespecifica de limfocits

PHA i Con4 ---> limf. T
LPS ---> limf. B.
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- Majoria de limfocits en sang

- Organitzats en teixits:

* Medul-la ossia

* Melsa

* Amigdales, plaques de Peyer

* Tim - bossa de Fabrici

* Ganglis limfatics

* Acumulacions difuses associades a mucoses

Organs limfoides primaris
- Diferenciacié de precursors de limfocits
en limfocits “"programats” per a diferents Ag

Organs limfoides secundaris

- Ambient per a interaccid limf.-> Ag i limf.-> limf.
- Des d'aquests es propaga la resposta immune

* Ganglis limfatics

* Melsa

* MALT
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TIM

* Organ limfoide primari

* Localitzacio

* Origen limfoepitelial - Involucié (adipocits)

Thyroid___

Thymus

Right lung___ &

Left lung
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TIM

* Organitzacio histologica

- Capsula conjuntiva ---> trabécules = septes ---> lobels
Lobel escorc¢a (fosca). Medul-la (clara) continua

i
s

Reticulum of
epi thehlslﬂ

— Cortex== )
Blood-thymus g7 %
barrier §F —._3

Hassall's
corpusc

Medulla=s

Figure 24. Structure of the thymus.
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TIM

* Cel - lules

Limfocits, macrofags (fagocit.), adipocits (involucio) i fins a 6 tipus de cél-lules
reticuloepitelials (endodermiques)

=
i

Reticulum of
epithelial
cells

_ﬁ{%4———Cortex==
2 Blood-thym

Hassall's
COTpusc

Medullas

Figure 24. Structure of the thymus.
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TIM

ESCORCA

- Nombrosos limfocits immadurs

- Cél-lules epitelials de tipus 1
(epiteli subcapsular-perivascular)

- Cel-lules epitelials de tipus 2
(regions externa i mitjana
del citoreticle)

- Cel-lules epitelials de tipus 3

(regid profunda del citoreticle)
* Participacié de tipus 2 i 3 (MHC)
en maduracié de limfocits)
* Tipus 4 i 5 també en escorga profunda
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TIM

MEDUL-LA

Limfocits menys abundants
Cel-lules epitelials de tipus 4
(citoreticle de la medul-la)

Cel-lules epitelials de tipus 5

(en grups; cel-lules indiferenciades)

Cel-lules epitelials de tipus 6
(Participacié en la formacié de
corpuscles de Hassall: capes conc.
similars a epidermis; cerat.)

* 6 tipus diferents o = ??
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TIM

Vasos i nervis

* Arteries entren per limit corticomedul-lar

* Escorga Unicament irrigada per capil-lars (poc permeables) -->
--> Barrera hematotimica (encara que no dilla total. d'Ag)

Podrien entrar els mateixos Ag.

* Entrada de limfocits a sang per vénules postcapil-lars medul-lars

* Innervacio noradrenergica

Capsule

Reticulum of /
epithelial —<&
cells

Cortex=

Blood-thymus
barrier

L

Hassall’s
corpuscle

\
A Medulla

Figure 24. Structure of the thymus.
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TIM T Cell Differentiation
Histofisiologia O o

* Maduracid de limfocits T | - '
* Cellules mare et

-~ "-—‘-_- -

T cells

|I. — Precursor

&g-independent

SClC Vi.l.el.li -—> Tim embr‘ionar‘i (TimTGXina) ’ differentiation
Fetge £
Med. ossia

.

Tim (escorg¢a) Proliferacio A

organ

Thymug ———

Effector

(medul-la) Programacio

.
Sang

I F : C Cha :
"[14] G g ~L o
- o ; 5

l § Memary T cell

Org. limf. secundaris: arees timodepenents

* Circulacio per sang i org. limf. durant tota la vida. No tornen a tim.
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GANGLIS LIMFATICS
* Localitzacio
* Organitzacio histologica
- Capsula conj. + trabecules &V ympnatic
- Sins limfatics (vasos limf/capil-lars) Lymph Node ¥  vasculature
Vasos |. aferents
Subcapsular
Intermedi
Medul-lars
Vasos |. eferents
- Paréenquima
Cel-lules reticulars + fibres
de reticulina
Limfocits
C. plasmatiques
Macrofags
C. dendritiques (P. Ag)

Thymus




TEMA 19. Limfdcits i sistema immunitari. Organs limfoides.
Immunitat innata

GANGLIS LIMFATICS Lymph Node Structure
* | ocalitzacié Afferent lymph atic vesse
* Organitzacio histologica
- Capsula conj. + trabecules
- Sins limfatics (vasos limf./capil-lars)
Vasos |. aferents
Subcapsular
Intermedi
Medul-lars B
Vasos |. eferents L
- Paréenquima
Cel-lules reticulars + fibres de reticulina
Limfocits
C. plasmatiques
Macrofags
C. dendritiques (P. Ag)

Yalve to prevent backflow ——s%

3
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GANGLIS LIMFATICS

ESCORCA

* B dependent

Follicles (separats per t. limf. difds)

Fol-licles (amb centres germinals)
Casquet periferic (limfocits en repos)
Centre germinal (cel-l. B en proliferacio)

'I.-" hifurm dyrtf",

primiary

medullary fallicle

cords
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GANGLIS LIMFATICS

ESCORCA

* B dependent

Follicles (separats per t. limf. difds)

| 8 LR e Germinal

Capsule

Center of
Lymph Nodule

Fol-licles (amb centres germinals)

Cords

Casquet periféric (limfocits en repds) [ o ——— yedulary

Centre germinal (cel-l. B en proliferacio)

Medullary
Sinus

Capsular
Sinus

Lymph Node (40x)




TEMA 19. Limfdcits i sistema immunitari. Organs limfoides.
Immunitat innata

GANGLIS LIMFATICS

Capsule

PARAESCORCA
* T dependent
T. limf. difds (limf T + cel-l. dendritiques)

Germinal
Center of
Lymph Nodule

MEDUL-LA

Cords

Cordons medullars (L. T, cell. plasm) £ . S veculary

i macrofags) _.
Sins medul-lars (sins limfatics) s e

Sinus

* Funcio
- Filtracié de la limfa

Cel'l. reticulars = filtre mecanic A o

Macrofags = fagocitosi TR Sis
- Proliferacié de limfocits Ti B -

Lymph Node (40x)
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MELSA

Organ limf. secundari Capusule
* Localitzacio |
* Organitzacio histologica

- Connectat amb sistema circulatori
- Capsula amb trabecules

Trabeculum

of

White
Pulp

Sinus
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MELSA

- PARENQUIMA

* Polpa roja

Sinusoides sanguinis: destruccioé d'eritrocits

Cordons cel-lulars: cell. reticulars i macrofags

* Polpa blanca: teixit limf.

Al voltant d'arterioles

- Beina limfatica periarteriolar (T dependent)

- Noduls = fol-licles amb centres germinatius (B dependent)

Proliferating
Lymphocytes
in PALS with
germinal centers
Trabecular
Artery &
"%/ Vein

A » - s

s £ o eg e g ooE =
Termination Penicillar  y4s%%". * P XX T L et ¥
of-arterles Arterioles ooto o f" e
before sinuses ">

(open circulation)

Drawing by Dr. Samir El-Shafey - T _' '__ e Capsule Blood Flow




