BIOPSIA MIDOLLARE DELLO STERNO

SEDI DI PRELIEVO

- MANUBRIO : 1 cm AL DI SOPRA DELL’ANGOLO STERNALE
- CORPO : 11 o 111 SPAZIO INTERCOSTALE

ISTITUTO DI EMATOLOGIA “L. E A. SERAGNOLI”
IINTVERSITA DI RN OGNA



Periodo epato-splenico
Spleen  (12a settimana)

Umbilical
cord

Adult bone marrow

Periodo midollare

Periodo epatico (20a settimana)
(6a settimana)

Fetal liver

Yolk Sac

Periodo mesoblastico
(sacco vitellino)

Shortening of telomere length

Absolute No. of stem cells
and quiescent progenitors
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MICROAMBIENTE MIDOLLARE

Componente vascolare
Cellule reticolari

Struttura nervosa
Adipociti, fibroblasti,
Macrofagi

Cellule stam. mesenchimali

Fibre reticolari/collagene
Prolungamenti cell. reticolari
Proteine doade
proteoglicani




; § R
Natural killer 0 oa
(NK) cel - 5 Neutrophil
T lymphocytes

lymphoid &
progenitor
call ; a '

8 lymphocyte

Hematopoietic
stam cell

e on f
Multipotential Monocyte macLopha‘ga

stam cell -

") ; -

Platelets

Red blood cells

; Marrow
Bone (or cartilage) Hematopoietic
supportive siroma adipocyte

Ostecblast

N\
Stromal \ ‘
stem cell 2 Lining caell

= Osteocyte
Pre-osteobiast

Skeletal muscle stem cell? 7_;"‘ Hematopoletic
# stemn cell

i

Torese Winslow, Lyclic Kbk

Hepatocylte stem cell?




MIDOLLO OSSEO

spezio extravescolare

IMMISSIONE IN CIRCOLO DEGLI ELEMENTI MATURI




SANGUE PERIFERICO

- . |ERITROCITI )~
«. -~ |PIASTRINE

| GRANULOCIT!
- ® - ~ | EOSINOFILI

Fig. 1.62 Normol red celis: meon 8 pm in
drometer with minor variotions in <ize and
shope. The majarity show a central pale area of

demsinished stoming. Platelsts, | -3 jem ccross
are ulso evdent

- R [b]

’ G R A N U L OC ITI Fig. 1.67a and b Normal eosinoghils:

- (o, b) each of thews cells shows two muelear
segments and the typicol coarse sosinoptlic

N E U T R O F | L | grenulation of the oytoplesm.

| | GRANULOCITI
e ey | BASOFILI

el Gk <

Fig. 1,650-¢ Normal newtrophils: (n—<) mature
forms showing typicol suclear lobe separation by
F;g. 1.68a-c HBasophils: (o) the coarse
basophilic granules of these cells often overlie
the nudeus, thus obscuring the detail of its

fine Hilaments, narmol segmented neutrophils
moy show up 10 five kobes; (c) a "Barr body
ortached to o lobe of the nucleus, wh

chis

segmented structure. Only small numbers of

typical of 0 lemale neutrophid and results from
basophas are found i the normol blood film

the possassion of two X chromosomes.



SANGUE PERIFERICO
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Fig. 1.690-d Monocytes (o-d) these cells are
wsually the lorgost white cells found in normal
blood. The nucleus is usually folded or
comnvoluted, with ¢ modengtely fine chromotn
pattern. The oytoplosm typically has o groy
‘graund glass” appearance with fine amrophilic
granules. Some (b) have mther prominent
Cytopleamic vocuoks

_El/".

—

Fig. 1.70a-d Lymphacytes: (a, b) normal small
yrphocytes ore 7-12 pm in diometer with ight
Liue scanty cytoplaosm and a central round
ruclous with o condensed omaorphous chromaotin
pattern. (€, d) Some hmphocytes have
dameters up o 20 pm, and even larger forms
ore found during vire! and other infoections.

MONOCITI

LINFOCITI




EMIVITA DELLE CELLULE DEL SANGUE

ERITROCITI 120 giorni
PIASTRINE 4-5 giorni
GRANULOCIT! 6-8 ore
MONOCITI 3 ore
LINFOCITI VARIABILE




HEMATOPOIESIS

SELF
RENEWAL

tem cell

ELTC-IC LTC-IC

STEM CELL POOL

=== -

CFU=GM

CFU- Eo

CFU- Bas

CFU-

GEMM
BFU- E

CFU- Mk

PROLIFERATIVE
POOL

CFU- G

9 —
CFU-M
~ .
MYELOPOIESIS
>
CFU- E
. .
Megakaryocytes
MATURATIVE

POOL

e
e
e

Neutrophyls

Mgonocytes

Eosinophyls

Basophyls

Erytrocytes

B a8

*« Platelets

MATURE
BLOOD CELLS



CYTOKINES REGULATION OF HAEMOPOIESIS

CELLULE
STAMINALI

SCF
11
L-12
H-6
G-CSF

i1
GM-CSF
I3
I8

CELLULE
PROGENITRICI

CELLULE
MATURANT]

G-CS8F
GM-CSF

M-CSF

IL-5

iL-8
TPO

EPO

NEUTROFILI

ERITROCITI

PIASTRINE

'. 8d® 8



TAL-1,LDB1
E2A,E47

CMP
GATA-1:PU.1
Hoxab

HS

CBFb,HOXA9,CUTL-1
SCL/LMO2, ID1
GATA-2 lkaros

Fattori trascrizionali emopoietici

Meg
GATA-1,GATA-2
NF-E2,RUNX1,FLI

uni

\biprRe
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CFU-GEMM CFU-GM
TGFb, TNFa, INFg LF/ \ —
Proliferating
staminal cell
BFU-E / CFU-E
Quiescent ‘ " \‘
Staminal cell P
SCF, IL1, IL3, —_—
IL6, FIt3 . .
ligand, IL11 lephc_nd
progenitor

Normal hematopoiesis

cf
G’G

Y-

CFU-G

SCF, IL6 IL3, GM-CSF

< Y-

CFU-M

SCF, TPO, IL3, GM-CSk

[

E

Granulocyte

B lymphocyte

»

Pro-enghroblast

—>I

Platelets

Red cells

Erythroblast

antigen >

Plasma cell







SELF RENEWAL COMMITTMENT PRECURSOR EXPANSION TERMINAL DIFFERENTIATION

AL A N
y N —
& v
CY /

' Y 4 A\
A CFU-G
/ SCF, IL6 IL3, GM-CSF

| .
CFU-GM S | —

' I

Granulocyte

CFU-GEMM

TGFb, TNFa, INFg LIF

V' A\

Proliferatin
staminal ce

Quiescent ‘ " \

Staminal cell

SCF, IL1, IL3,
IL6, FIt3
ligand, IL11

Normal hematopoiesis | ‘ =



CFU-GEMM

v N . & \ - § . ..:"‘ v'_.‘ . » 55 e s
A Y ol ’ ’ J y A e ¥~ . =
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TGFb, TNFa, INFg LF/ \ : I »
N X ; ., - gl Iy L

. ~ o
' Yy 4% b & G50 "“‘f'#@,'. »

v

S
Epo Scr

T

CM-CSF 113

Proliferating
staminal cell

E[_)g

Red cells

BFU-E / CFU-E

Quiescent | » R Pro-enghroblast Erythroblast

Staminal cell L1

6f antigen ___—»
SCF, IL1, IL3, —_— ’ I
b

IL6, Fit3 _ .
ligand, IL11 Limphoid

progenitor B lymphocyte

Plasma cell

Normal hematopoiesis




Long-term stem cells

Short-term stem cells

Multipotent progenitors

Oligolineage progenitors

Differentiated Progeny




STEM CELL POTENTIALS

Traditional view Evolving view

Irreversible switch Graded propensity
Progeny of Stem cell
stem cells propensity
undergo an decreases
irreversible in a graded

change fashion as cell
which lineages mature
eliminates
their stem
cell propensity
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CFU-GEMM CFU-GM
TGFb, TNFa, INFg LF/ \ —
Proliferating
staminal cell
BFU-E / CFU-E
Quiescent ‘ " \‘
Staminal cell P
SCF, IL1, IL3, —_—
IL6, FIt3 . .
ligand, IL11 lephc_nd
progenitor

Normal hematopoiesis

cf
G’G

Y-

CFU-G

SCF, IL6 IL3, GM-CSF

< Y-

CFU-M

SCF, TPO, IL3, GM-CSk

[

E

Granulocyte

B lymphocyte

»

Pro-enghroblast

—>I

Platelets

Red cells

Erythroblast

antigen >

Plasma cell
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CRONICHE E MIELOMA
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Adaptive
Immune system




Immunoglobulin genes: V(D)J
recombination

V(D)J
recombination

MIVINX

8 cell Naive
B cell

Kuppers et al N EnglJ Med 1999; 341:1520-1529 a

precursor



Follicular

Memory
dendriic cel

Light zone
Beell

o

Apoptosi

Naive
B cell

Plasa cell

Cyclic re-entry |




Bone marrow Secondary lymphoid
organs

: Selection and class-switch

Follicular ( Memo
dendritic rpllk / R ~all Y
Antigen
V(D)J . U
recombinati Light zone
B cell
> @
B cell Nai

aive
precurso B cell

r

Plas cell

Cyclic re-entry

Adapted from Basso & Dalla-
Favera,

Nat Rev Immunol 15, 172-184
(2015)

Germinal centre



* Dark-zone B-cells (centroblasts)
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Victora & Nussenzweig. Annu. Rev. Immunol. 30, 429i 457
(2012)



Victora & Nussenzweig. Annu. Rev. Immunol. 30, 42971 457

(2012)
D1J1
V1 C
5 3 >
Varietgion of the IG genes
D1J1
V1 C
5 3 >

AA

Variable region of the IG genes
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Selection and class-switch
recombination

L

Light zone

Follicular -
dendrtic el -
Light zone .
B cell '




“ , Memory

B cell
N @

Apoptosis

__ Plasma cell

van Galen, J. C. et al. Eur. J. Imnmunol. 34, 1870-1881 (2004)



. Antigen [ Selection J

Memory B cell

T{"' ema

. Antigen

77

Gitlin et al. Nature. 509:637-640 (2014)
Muramatsu et al. Cell. 102:553-563 (2000)




Germinal centres: B-cell selection and

differentiation
Memory B cell
| J
> : Germinal 2 4 Plasma cell \

centre ;

Naive s
B cell




Immunoglobulm
structure

"'l("

= Fv (Variable Fragment)

. = Fc (Constant Fragment)

Kippers et al N EnglJ Med 1999; 341:1520-1529 a
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Hauser et al. Immunity. 26:655-667 (2007)
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Cyclic re-entry

Epigenetic
plasticity

* methyltransferases (MLL2, EZH2)
* acetyltransferases (CREBBP, EP300)

P
van Galen, J. C. et al. Eur. J. Inmunol. 34, 1870-1881 (2004) ‘ .
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B cell Naive
precurso B cell
r

Follicular Memory
dendritic cell B cell

Light zone @
B cell

> | Apoptosis

Plas cell

Cyclic re-entry

pigenetic
plasticity

Victora et al. Blood 120, 224071 2248 Germinal centre
ON19)




Germinal centre-derived lymphomas

Follicular Memory
__ dendritic cell B cell
Antigen Dark zone
0 B cell @

Light zone
B cell

Apoptosis

¢)

1007
Plasma cell

nght =Y
zone

B cell
s
Hypermutated IG
D1J1
s

Burkltt Follucular GC B cell-like Actwated B cell- llke

* * lymphoma lymphoma DLBCL DI.BCL Kippers et al N Engl J Med 19
K j 341:1520-1529

N




1. FLand DLBCL originate from the clonal expansion of B
cells in the GC

. Epigenetic
recombination } hypermutation | recombination % plasticity

\— 7 71 = I

molecular pathways




