TEMA 18. Sang i limfa. Tipus cel-lulars. Hematopoesi.
Teixits i organs hematopoetics

*

* Eritrocits (g. rojos)

* Leucocits (g. blancs)
Granulocits
- Eosinofils
- Neutrofils
- Basofils
Agranulocits
- Monacits
- Limfocits

* Plaquetes
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Teixits i organs hematopoetics

*

* Plasma sanguini -Plasma

Matriu liquida = serum sanguini
_.._WhitE blood cells,
the “"buffy coat”

* Proteines plasmatiques
a) Albdmina

- pressio osmotica

b) Globulines
- a i B ---> transport de substancies (transferrina)
- Y ---> immunoglobulines

c) Sistema del complement (12 prot.)

d) Lipoproteines plasmatiques: quilomicrons, VLDL, LDL

e) Fibrinogen ---> coagulacié

* Gasos: CO, i O,




TEMA 18. Sang i limfa. Tipus cel-lulars. Hematopoesi.
Teixits i organs hematopoetics

*

* Transport de gasos: eritrocits
* Defensa: leucocits

* Sistema antihemorragic: plaquetes

* Transport, nutricid i regulacio: plasma
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Teixits i organs hematopoetics

*

* Sang o hemolimfa: fluid que circula per vasos
* Elements cel-lulars similars a leucocits de vertebrats. (Tb (-) eritrocits)
* Pigments respiratoris dissolts en plasma

Trophonts Elongate
By i
v

Granuiocyte_

Plasmodia —

Hyaline
hemocyte |

Parasite Morphologies
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*
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*
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Teixits i organs hematopoetics

*

Morfologia

* Disc biconcau (sup/vol)

* Molt flexibles

* Equindcits ---> crenacié (U ATP)

Fig. 1 - Enythrocytes
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*

Morfologia

* Disc biconcau (sup/vol)

* Molt flexibles

* Equindcits ---> crenacié (U ATP)
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Teixits i organs hematopoetics

*

Morfologia

* Disc biconcau (sup/vol)

* Molt flexibles

* Equindcits ---> crenacié (U ATP)
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TEMA 18. Sang i limfa. Tipus cel- lulars
Teixits i organs hematopoetics

. Hematopoesi.

*

Morfologia

* Disc biconcau (sup/vol)

* Molt flexibles

* Equindcits ---> crenacié (U ATP)

aaaaa ted

RED BLOOD CELL ﬁ

concantration in -

extracellular space o e ISOTONIC HYPOTONIC VERY
HYPOTOMNIC

Alberts et al. MBC 4a ed.
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Teixits i organs hematopoetics

*

Morfologia

* Disc biconcau (sup/vol)

* Molt flexibles

* Equindcits ---> crenacié (U ATP)

Aspecte en frotis

* Rouleaux

* Tincid ---> metode de Wright
* Eosinofils (Hb)

APPROACHING

" 30 400

ADHESION

ADVANCEMENT

Fig. 7 - How to prepare
a blood smear
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Teixits i organs hematopoetics

* O

Morfologia

* Disc biconcau b
* Molt flexibles
* Equinocits

Aspecte en frotis

* Rouleaux/aglut.
* Tincid -> metode de Wright
* Eosinofils (Hb)
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Teixits i organs hematopoetics

*

Morfologia

* Disc biconcau
* Molt flexibles
* Equinocits

Aspecte en frotis

* Rouleaux/aglut.

* Tincid -> metode de Wright
* Eosinofils (Hb)




TEMA 18. Sang i limfa. Tipus cel-lulars. Hematopoesi.
Teixits i organs hematopoetics

*

Ultraestructura

* No existeixen organuls

* Aspecte granular: Hb

* Esquelet de membrana (espectrina i actina)

Deficiéncia en espectrina: esferocitosi her'edi’rc‘lr'ia

adductin
junctional complex

spactrin
dimer

actin in ."“" -
i 1
i )',ﬁ' . Junctional i‘

A ? g u;!.[-nplazi. a ]

Alberts et al. MBC 4a ed.
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Teixits i organs hematopoetics

*

* Captacid i alliberament d'oxigen

Meutral, cool (lungs),
high 02, low CO 2

Hb + 4015 -
Hemodglobin i
ol | Acid, wanm (issues)

higith CO2, lowe 012
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Teixits i organs hematopoetics

*

* Captacio i alliberament d'oxigen

* Anemia

- Variacié de grandaria = anisocitosi . R
. . s . . 5 o Sl Enl [Foese)  aglfiienei e ||
- Variacié de forma: poiquilocitosi

- Molts eritrocits:

- Pocs eritrocits:

- Nre. normal: A. hormocitica T —————
- Molta Hb:

- Poca Hb:

- Hb normal: A. normocromica
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Teixits i organs hematopoetics
*

Antigens de superficie
* Cadenes de carbohidrats: determinants antigenics

- Sistema ABO The ABO Blood System
- Sistema Rh

Blood Type Type A Type B Type AB
(genctype) (AA, AD) (BB, BO) (AB)

| (BIB)(B
Cell Surface .E ‘4--'" B ’ (&) |

Proteins
(phenotype)

Red Blood | (AJ(ATN -

asma ’ ol
:Intlhnlies 0 l

(phenotype) " {5 ‘:& k!% WOWE

b agghutinin only a agglutinin only Mo agglutinin

S LS y
=7 | Pi N o Sy
P LY ; 1

y

A agglstinogens only | B agglutinogens only | A and B aggutinagens

No agglubinogens
-
&
o

a and b agglutinin
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Teixits i organs hematopoetics

*

* Trombocits a vertebrats inferiors

* Discs biconvexos (2-3 um) ovoides-fusiformes
- Zona central: granulomera

- Zona periferica: hialomera

* Hialomera: microtubuls i microfilaments d'actina
* Granulomera:

- Glicogen, ribosomes

- Canalicles (captacio i descarrega)

- Restes de RE de megacariocit

- Granuls alfa

Factor plaquetari: (-) heparina

Factor de Von Willebrand

PDGF (prolif. de fibroblasts)

Trombospondina

- Granuls beta (no en humans):

5HT (vasoconstrictor)

Ca, ADP, ATP
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Teixits i organs hematopoetics

*

Elecron dense

eranile contaning Clycocalyx Dense tubular
mucleatides (ADF),

Catt, seratorin .

Submembranons
filaments
(platelet cortrachle

By / protein)

—— contamng growth
4 factor, factor WV, WVWE,
: fihronectin,

canaicular
sy sberm

Flasma S
membrane ; m |
Open - % specific apha grenule

beta-thromboal astin,

Hlatelet heparin aitagonist,
Y ' thrnmhnspandin

phoepholipd

T

T Mitochondra
Glyzogen

Ultrastructurs o f Platelet (showing adencsine diphosphate (ADP),
platelet factor (PF), and von willebrands factor [V WF).
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Teixits i organs hematopoetics

*

Detection of a marginal band of microtubules
in mouse megakaryocytes exhibiting in vitro
proplatelet formation.
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Teixits i organs hematopoetics

*

Trencament de I'endoteli ---> unié de plaquetes ---> coaqulacié

* Adhesié plaquetaria
* Agregacio plaquetaria

Lesio de |'endoteli

|

Unié de plaquetes a col -lagena

» .. . ADP
Agr‘egacw plaquefar‘la ---> trombe pIaqueTar'l e

Coagul
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Teixits i organs hematopoetics

*

damage to
blood vessel

£ 1= m
7.-'-—4.?'5-1 Tuie Plamoap e aogh . 58
oo Dl ki LT, 'k

-

Platelets release
thrombokinase

C E TR .
pI-l;';rthrlJlll‘lhll'i T #  thrombin

FIBRINOGEN LN  FIBRIN
(soluble) Al R e : (msoluble)
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Teixits i organs hematopoetics

*

INTRINSIC PATHWAY

Damaged surface

l

Kininogen
Kallikrein EXTRINSIC PATHWAY

FINAL
COMMON
PATHWAY

Cross-linked

fibrin clot Alberts et al. MBC 4a ed.
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Teixits i organs hematopoetics

*

Flatelet

Willebrand's
factor
Subendathelium

{ = GPIIb/IIla receptor
2= GPLL/IX

—— Endothelial cells

Tizsue factor
Clotting factors Vila, IXa, Xla, Xlla

Factor Xa Proin TR
Protein "'
5

Ll
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Teixits i organs hematopoetics

Circulating platelets; Platelet Flatelet Flatelet-Fibrin Clot retraction
endathelial damage adhesion aggregation plug
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Teixits i organs hematopoetics

*

AGGEREGATION
Fibrino gpan
Secretion of granule conberts

GP 1/ is
recepinrs

Epinephearne

Fig. 1: Platelet surface membrane recaptors, platelet agonists, and mechanisms of adhesion and
aggregation. Adapied from Hemostasis and Thrombosis, Colman RW et all. (ref. 1). Printed with
permiszion. ADP= adenosine diphoaphate, PAF = platelet activating factor, GP = giycoprotein,
vWF = von Willebrand's factor, R = receptor site




TEMA 18. Sang i limfa. Tipus cel-lulars. Hematopoesi.
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*

GP lib/llla
— L (v VWF

@$O@ Fibrinogen
Procoagulant

GP la/lla

lAdhesion

Activation
And Release

Collagsn Subendothelial Matrix Proins
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*
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Teixits i organs hematopoetics

*

Neutrofils
* + abundants
* 8 h. en sang ---> feixits
* O 7 um
* Nucli lobulat ---> Polimorfonuclears
* Lobul "en baqueta”
* Zona periferica agranular (actina)
* Granuls atzurofils (lisosomes)
- Peroxidasa
- Fosfatasa acida
- B-glucuronidasa
* Granuls especifics
- Sense hidrolases lisosomals
- F. Alc.
- Col-lagenasa
- Lisozima
- Lactoferritina Fig. 8 - Neutrophil
- Fagocitines
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Teixits i organs hematopoetics

*
Neutrofils

Bacterium
|

White blood cell’
killing off bacterium




Sang i limfa. Tipus cel-lulars. Hematopoesi.
Teixits i organs hematopoetics

*

Funcié Inv. bact

quimiotaxi l

Med. ossia
proliferacio i alliberament
de neutrofils

Intensa activitat fagocitica

* Pus = neutrofils morts en fase
de destruccid
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Teixits i organs hematopoetics

*

Eosinofils

* 6-10 h. en sang ---> teixits

* 1-3% de leucocits

* 9 um

* Granuls rojos (. de Wright)
* Nucli poc segmentat

(humans: bilobulat; rata: anular)
* Zona central agranular
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Teixits i organs hematopoetics

*
Eosinofils

* Periferia: granuls especifics

- Inclusions cristal-lines

- Matriu amorfa o finament granular

* Alguns granuls atzurofils

* Granuls especifics:

- Enzims lisosomals

- Prot. cationiques

Prot. basofila principal (MBP)

Prot. eosinofila cationica (ECP) Fig. 9 - Eosinophil
Neurotoxina

MBP i ECP lesives per a Schistosomai Trypanosoma
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Teixits i organs hematopoetics

*
Eosinofils

Funcio

* No fagocit ni destruccio de bacteris
* Abundants sota epiteli resp. i digest.
* Control de reaccions al-léergiques
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Teixits i organs hematopoetics

*

Eosinofils
Class of product Examples Biological effects

Tryptase, chymase

Ereyme cathepsin G, carbo sidasa Aemodel connectivie fissue matnix

_ - _ Todc to parasies
Toae mediatar Histamine, heparsin ncregse vascular permeability
Cause smooth muscla contraction

IL-4, IL-13 Simutate and amplity T2 call response

IL=3, L5, GM-CSF Hromole ecsnopnd produchon and aclivalon

Promotes mllammation, stimulzies cytoxing
production by many cell types, aclivates
endoihelivm

INF-cr [some siored
preformed in granuas)

Chemaking Aftracts monccyles, macrophages,
' and neutraphils

Causs amaath muscls confraction
Leukalnenes 4, D4, B4 neresse vascular pesmeability
Stimidale mucus secrabon

Lid mediEton

Aftracts laukocytes
Flatelel-activabng factor Amplifies production of lipid mediators
Activates neutropiis, ecsincphils, and platelets

Figure 12.12. Eosinophils secrete a range of highly toxic granule proteins and other inflammatory mediators
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*

Basofils

* - hombrosos 0,5%

*NenVold

* Granuls especifics escassos pero grans

* ME. Més RE que els altres leucocits. Alguns grans de glicogen
* Granuls d'heparina i histamina

fig. 10 - Basophil
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*

Basofils

* - Nombrosos 0,5%

*NenVold

* Granuls especifics escassos pero grans

* ME. Més RE que els altres leucocits. Alguns grans de glicogen.
* 6ranuls d'heparina i histamina

he granules of mast cells
and basophils are shown by
ultrastructure as electron
dense round to oval
structures. These granules
contain sulfated
glycoaminoglcans. In
normal basophils,. heparin is
he predominant constituent.
Howewver, these heparin
molecules have poor
anticoagulant activity. The
basophil granules are the
major source of circulating
histamine. Trypsin and
kallikrein are also stored in
he basophil granules.
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*

Basofils

Funcio

* Similar a la de les cél-lules encebades

* Més menudes, nuclis no rodons i menys granuls
* Cel-lula precursora bipotencial

* Reaccions al-lergiques i inflamacid

* Rec. d'IgE: desgranulacié

Table 1 | Selected products of human mast cells and basophils
Feature Basophils* Mast cells*

Main mediators stored Histamine, chondroitin sulphates, Histamine, hegparin andfor l:'r-::ndr-::iﬁn
preform Ed in cytoplasmic nuutrdj pro /ith bradykinin- IJ|E'|'Idt':.‘-‘- reLtral protesa:
granules ; gl Icororidass, =eh), maj
Erzyme, Mz ;
0 t—LE';.-'CiE!rl carboxypeptidases, peroxidass
crystal pr::tem 8]
carboxypentidase At
Main lipid mediators produced  Leukotriene G, Prostaglandin D, leukotriene G,
after appropriate activation ;:-lateiet-a-:th-:ating factor
IL-4, IL-13 THF, MIP1o, VPREAVEGE, IL-3, IL-4, IL-5, IL-B,
IL-8, IL-10, [L-13, IL-16, GM-CSF, MCP
land probably mary more)
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*
Limfocits
* + Abund. 20-35%
* N fortament tenyit
* No granuls especifics pero si atzurofils menuts
* Poc Golgi, pocs mitocondris, no RE

Classicament
L. grans
L. mitjans
L. menuts

Fig. 11 - Lymphocyte
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Teixits i organs hematopoetics

*

Limfocits menuts

* Pocs granuls o cap

* + abundants

* Ribosomes lliures

* Cromatina condensada
Limfocits grans

* Granuls atzurofils menuts
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Teixits i organs hematopoetics

*
* Limfocits B
1a infeccid) Ag

Limf. produeix Ac i els incorpora a la seua MP

Limfocit programat, ceél-lula amb memoria
2a infeccid) Ag
Hiperplasia (limfoblasts) i hipertrofia
Cel - lules plasmatiques

organs limfoides
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Teixits i organs hematopoetics

*

* Limfocits T
- Regulen l'activitat de limfocits B (secrecid de limfocines)

- Limfocits T facilitadors
- Limfocits T supressors
- Limfocits T citotoxics: immunitat mitjancada per cell. vs. humoral
(Ac)
Rebuig a organs i teixits
Prot. formadora de porus (perforina)

- Limfocits receptors d'Ag a superf. pero no son IgG, els antigens
units a MHC

unio MHC-Ag --- macrofags
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Teixits i organs hematopoetics

*

Monocits

* Macrofags hematics

* Esferics

* Similars a limfocits grans

* N en periferia, rodé o reniforme

* Poc Golgi, poc RE, glicogen, pocs ribosomes
* Alguns granuls menuts

* Vida a teixit

* Sistema mononuclear fagocitic

Fig. 12 - Monocyte
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Teixits i organs hematopoetics

*

* Cel‘l. sang. vida curta ---> renovacié
* Med. ossia ---> hemopoesi

* Limfocits ---> limfopoesi ---> migracié ---> tim (I. T)
---> melsa (. B)

B lymphocyte

Basophil Eosinophil

[iranu_l_;-t:utes
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*

* ORGANS HEMATOPOETICS
Fase mesoblastica de I'hemopoesi
2a setmana de gestacio
Mesengq. de paret de sac vitelli
Cell. meseng.

a
Eritroblasts primitius
(hemocitoblasts)

a

Agregacio
. . P ) -. BMP e
Tllots sanguinis B ey JB = @ ¢

iy

emangioblast ™
i . praias
" Epiblast ™ Mesoderm ™

Sint. de Hb

u
Eritroblasts policromatofils
(eritrocits primitius [N])

Plaripotential Lymphocyte
hematopoietic stem cells
stem cell Lo -

J

@ —

x 4 -

Blood e 7' Blood cell
“'.i.‘ =

g 5
| —
g

Angioblast Endothelial cell

Gilbert, Developmental Biology
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*

* ORGANS HEMATOPOETICS
Fase mesoblastica de I'hemopoesi

: . ; {5 "
Yaolk sac : Angiogenetic Frimitive

endoderm cell cluster blood cell
7

I'.
Endothelial cells

Mesenchyme -
cell

Yolk sac i

endoderm e

Blood istand

Gilbert, Developmental Biology
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*

Fase hepatica de |'hemopoesi
1r-2n mes de vida feftal

Cel-l. d'esbés hepatic
a

Eritroblasts
i B

Eritrocits anucleats
Tambe leucocits granulars
i megacariocits
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*

Fase espléenica de I'hemopoesi
3r-7¢ mes

Poca hemopoesi
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*

Fase mieloide de I'hemopoesi
41 mes
C. mesnq.

i 1

Os

i 1
Osteoblasts i

Estroma de medul-la ossia
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Teixits i organs hematopoetics

*

Colonization and Mobilization during Hematopoiesis
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Teixits i organs hematopoetics

*

Teixit conjuntiu especialitzat a produir i alliberar c. sanguinies

Aspecte macroscopic:

* Roja: activa (nounats; adults: epifisi d'himer i femur, verd,
costelles, estern...)

* Groga: quasi inactiva (adipocits)

* Groga ---> roja (demanda)
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Teixits i organs hematopoetics

*

Organitzacié histologica:

* Estroma: xarxa de cel-lules i fibres reticulars i c. adiposes
* Comp. vascular: sinusoides

* Comp. hematopoetic: columnes o zones de t. hematopoetic
sostingudes per una xarxa de fibres i cel-lules reticulars.
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Teixits i organs hematopoetics

*

Localitzacio de diferents
tipus cel-lulars

Pas a la circulacio: transcel-lular
Porus transitori demigracio
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Teixits i organs hematopoetics

*
* ORGANITZACIO DE LA MEDUL-LA OSSIA
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*
* ORGANITZACIO DE LA MEDUL-LA OSSIA

vascular
sinusoid

k) e P vasculary
s B tE | nusol df
blood cells 5 3 y
released to—2

circulate
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*
* ORGANITZACIO DE LA MEDUL-LA OSSIA

vascular
sinusold

\._:.'., ;:? L1 .""-..
© proplatelet-s RSN, %
e lshousoid a
- N 0
3 i

ood cell
released to

¥ circulate &=
‘\.\_ P
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*
* ORGANITZACIO DE LA MEDUL-LA OSSIA
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Teixits i organs hematopoetics

*
* ORGANITZACIO DE LA MEDUL-LA OSSIA

%
‘e ®

Q ¢ °

nucleus of i mmature hematopoietic cells

.' &%

?
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Teiiifs i organs hematopoetics

- Pluripotencials

- Divisions de renovacié i diferenciacio
- CP mieloide

- CP limfoide

- Model esplenic RX
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Teiiifs i organs hematopoetics

THYMUS

Iyl
atern cell?

eosinphil
S

Loals g
— — ol
pluripotent ] b 2
L f' W

Sl ol

lm-t.uﬁh:l

.I" e & F Y

L] ' .

"\ d 5, y
S S &

R

riiyhid CFC-mix
sterm cell?

Alberts et al. MBC 4a ed.
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Teiiifs i organs hematopoetics

Cél - lules mare hematopoétiques

=-irradistion halts blood cell
PrOCAuCTon; molse would die
if mo further treatment was grven

INJECT BOME MARROW CELLS
FROM HEALTHY DONOR L

MOUse survives; 2 weeks
amer infection, many newly
formed blood cells are in circulation

ATTEER,

£ >

Py

#F
EXAMINATION OF SPLEEN REVEALS
LARGE MODULES ON ITS SURFACE

o
a9
each spleen nodule contains a
clone of hemopoietic cells,

descended from one of the Alberts et al. MBC 4a ed.

injected Hone marrow cells
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- 2 cel'l. progenitores
BFU-E

CFU-E (baixa [eritropoetina])
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Eritropoesi

- Proeritroblasts

16 um

Citoplasma basofil

N. gran, poca hetrocrom.
Molts poliribosomes

petitniclear racleolus .
The proerythroblast s the
earliest erythroid element.

Mote:

Basophilic cytoplasm with a
perinuclear halo. Sometimes
the cytoplasm hulges from its
aval contour, ta farm a small
"ear shaped" process. The
nuclear chromatin is not
homogeneous. Mote the
nucleolus.
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Eritropoesi

- Eritroblasts basofils

10-12 um

Molts poliribosomes (sint. Hb)

Basofilia

Siderosomes (transport de transferrina unida a ferritina)

Easophilic erythroblast
(normoblast) has a diameter
smaller than the
proerythroblast. The nuclear
chromatin shows a strong
cantrast bebaeen the light
coloured areas and dark violet
chromatin particles. The
cytoplasm is moderately
basophilic, reflecting high
protein and EMA contents.
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Eritropoesi

- Eritroblasts policromatofils
10-15 um

Heterocrom. abundant

Pocs siderosomes

Pocs ribosomes (poca basofilia)
Acidofilia (Hb)

Folychromatophilic erythroblast

Folychromatophilic normohblast)
has a mature nucleus with
nuclear condensation. Its
cytoplasm has a gray hue,
derived from hemoglobin. Mote
the nuclear to cytoplasm ratio.
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Eritropoesi

- Eritroblasts ortocromatics o normoblasts
7-14 um

N. excentric, cromatina molt condensada
Citopl. molt eosinofil

Extrusio del nucli

Qrthochromatic (acidophilic)
erythroblast (normohlast) is the
last erythroid precursor with a
nucleus.

The nucleus is compact and

| situated near the membrane,

| prior to its expulsion from the
cell.

The cytoplasm iz similar to that
of a mature red cell, reflecting a
high hemoglobin content.
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Eritropoesi

- Reticulocit (eritrocit jove)
Alguns organuls

vital staining. The absolute

Pér'dua d'o r‘g&nL”S I pr‘O‘I'eTneS reticulocyte count is close to
' 60,000::10%.
Reticulocytosis frequently
occurs after hemalysis or acute

Erythrocytes are circular,

- Eritrocits madurs
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Eritropoesi
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Eritropoesi

- RESUM

Pérdua de grandaria
Condensacio de cromatina
Extrusio del nucli
Augment de Hb

Orthochromatic Mormoblast Reticulocyte
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- Eritrocits madurs

Cicle 120 dies

Destruccié melsa/fetge

Fe --> degradacié de Hb per macrofags --> ferritina (plasma) -->
--> med. ossia --> siderosomes

Hb sense Fe = bilirubina
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Eritropoesi

Regulation of Erythropoiesis -VI:

This figure illustrates how erythropoietin influences the rate of
mitosis and differentiation of stem cells and mitotically active
cells in the erythrocyte series (continued on next slide).

<

bone e noe

Y

R

hypoxia
(lowr secygen iension )
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TAi DU MAL A LES SIAVRE ! TE 5Uis A PLUS DE AZ0 kM/H !
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Trombopoesi
- CMP --> CPMC --> CFU-Meg

Megacarioblast
Citopl. basofil
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Trombopoesi
- CMP --> CPMC --> CFU-Meg

Promegacariocit
Poliploide

Nucli lobulat
Citopl. eosinofil
Granuls atzurofils
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Trombopoesi
- CMP --> CPMC --> CFU-Meg

Megacariocit

Granuls en grups periferics
Emissié de prolongac.
Membranes demarcatories

Ni_egakaryocyte
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Granulopoesi

@ @ ¢

Neutrophilic series

® @2 ¢ &

Myeloblast Promyeloblast Myelocyte Metamielocit Band Segmented
neutrophil reutrogehil

Basophilic series =—

& & @ &
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Monopoesi

@ @ @ histiocito tisular

rriohioblasto [Arofonacito Fronacito




