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MIDOLLO OSSEO

IMMISSIONE IN CIRCOLO DEGLI ELEMENTI MATURI



SANGUE PERIFERICO

ERITROCITI

PIASTRINE

GRANULOCITI

NEUTROFILI

GRANULOCITI

EOSINOFILI

GRANULOCITI

BASOFILI



MONOCITI                          LINFOCITI   

SANGUE PERIFERICO



EMIVITA DELLE CELLULE DEL SANGUE

ERITROCITI 120 giorni

PIASTRINE 4-5 giorni

GRANULOCITI 6-8 ore

MONOCITI 8 ore

LINFOCITI VARIABILE



HEMATOPOIESIS

Stem cell
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LTC-ICELTC-IC

MYELOPOIESIS



CYTOKINES REGULATION OF HAEMOPOIESIS



Fattori trascrizionali emopoietici
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TGF, TNF, INF, LIF

SELF RENEWAL COMMITTMENT PRECURSOR EXPANSION TERMINAL DIFFERENTIATION
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LINFOCITOPOIESI



Adaptive 

immune system 

B-cellT-cell 



Immunoglobulin genes: V(D)J 

recombination 





B cell 

precurso

r

V(D)J 

recombinati

on 

Bone marrow

Adapted from Basso & Dalla-

Favera, 

Nat Rev Immunol 15, 172-184 

(2015)

Secondary lymphoid 

organs





Light zone

Victora & Nussenzweig. Annu. Rev. Immunol. 30, 429–457 

(2012)



Somatic 
hypermutation

Victora & Nussenzweig. Annu. Rev. Immunol. 30, 429–457 

(2012)

Variable region of the IG genes 

Variable region of the IG genes 









Germinal centres: B-cell selection and 

differentiation

Naive 

B cell

Germinal 

centre



Immunoglobulin 

structure 

Risultati immagini per peso cartoon

Risultati immagini per piuma cartoon

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiimZ3Ww9zkAhWLLVAKHaatBaIQjRx6BAgBEAQ&url=https://it.depositphotos.com/54105411/stock-illustration-cartoon-weight.html&psig=AOvVaw2tY1PMLlauT6zNixbI7a4s&ust=1568970207010024
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjaicvtw9zkAhURPFAKHUKmD_sQjRx6BAgBEAQ&url=https://it.depositphotos.com/29551443/stock-illustration-feather-clip-art-cartoon-illustration.html&psig=AOvVaw1VA3QHMPxLz0XBWJ8SvYAe&ust=1568970263278671






B cell 

precurso

r

V(D)J 

recombination 

Epigenetic 

plasticity

A dangerous 

downside…

Victora et al. Blood 120, 2240–2248 

(2012)

Class-switch 

recombination 
Somatic 

hypermutatio

n







Patogenesi dei 

linfomi a cellule 

B...





SOURCES OF HEMATOPOIETIC
STEM CELLS FOR TRANSPLANT

Cord Blood                   0.5%

Bone Marrow                 1%

Mobilized Peripheral Blood  0.1-10%



THE CD34 ANTIGEN

For more than a decade, CD34 

molecule has been the best-

known marker of  HSC;

Very high academic as 

commercial interest;

Berenson et al (1988) reported 

successful hematopoietic 

reconstitution in baboons with 

selected CD34+ bone marrow 

cells.

M.W. 110-120 kDa

Chromosome localization:

1q32



E F M

TNF-alpha

MIP-1 alpha

TGF-beta

IL’s

SCF

LIF

Flt3

LFA-1
CD34

CD44

Thy1

L-selectin
Flt3

c-kit

P-selectin

51

41

+ +
-  -

ICAM        Collagen        Fibronectin        Laminin        Proteoglycan        VCAM-1

   Thrombospondin   

Kit Rec Selectin Rec
Flt3 Rec

INTERACTIONS OF STEM CELLS WITH 

MICROENVRONMENT

HSC



Guitard…dello Sbarba et al.,Exp Hem  
2010  





CHT +/- RT

➢Mieloablativa

➢Immunosoppressiva

Reinfusione 

Cellule del donatore

Cellule staminali 

CD34+

Linfociti T

Chimerismo 

completo

TRM

GVL

Trapianto di CS Allogeniche 

GVHD



La cellula staminale emopoietica

PROPRIETA’ DELLA CELLULA STAMINALE 
EMOPOIETICA:

• capacità di “self-renewal”

• capacità di dare origine a progenitori multipotenti

• capacità di dare origine a precursori “committed” 

 (differentiation plasticity)

• Capacità di engraftment

• Plasticità (developmental plasticity)





- Derives from inner cell 
mass of blastocyst

- Pluripotent

- Give rise to endoderm, 
ectoderm, mesoderm 
tissues

The embryonic stem cell (ES)

Copyright Mike Jones



- Found throughout the 
body in all tissues in 
specific stromal niches

- Multipotent

- Partially committed with a 
key role in damaged 
tissues repair

The adult stem cell



Diane S. Krause, Neil D. Theise, Michael I. Collector, Octavian 

Henegariu, Sonya Hwang, Rebekah Gardner, Sara Neutzel, and 

Saul J. Sharkis



Fluorescence microscopic images 

of (A) lung, 

(B) esophagus, (C) stomach, (D) 

colon, (E) bile duct cyst, (F) skin.



Donald Orlic, Jan Kajstura, Stefano Chimenti, Federica Limana, Igor Jakoniuk, Federico 

Quaini, Bernardo Nadal-Ginard, David M. Bodine, Annarosa Leri, and Piero Anversa.

Mobilized bone marrow cells repair the infarcted heart, 

improving function and survival.



Mesenchymal Stem Cells

MSCs are multipotent stromal cells 

Phenotype:  

Positive (≥95% + )              Negative (≤2% + ) 

CD105                   CD45 

CD73                   CD34 

CD90                   CD14 or CD11b 

                                             CD79α or CD19 

                    HLA-DR 



Sources of Mesenchymal Stromal Cells

Adipose Tissue  

Bone Marrow 

Umbilical Cord



MSC and  Hematopoietic Niche 

Perucca S. et al., 2017 PLoSONE 12(2)



Activities of Mesenchymal Stromal Cells

In vitro/invivo effects:

- Proliferative 

- Differentiatiative : osteoblasts, 

chondrocytes, adipocytes, myocytes 

- Migration / homing to injured tissue

- Immunomodulatory 

- Trophic



Clinical Trials of Mesenchymal Stromal Cells

Bone and cartilage 

diseases

BMT and GVHD

Cardiovascular diseases

Autoimmune diseases

Liver diseases

Cancer

Number of Clinical Trials (n=516) as 

reported on the website 

http://www.clinicaltrials.gov 

(Accessed 2015). GVHD (graft-versus-

host disease). 

http://www.clinicaltrials.gov/


- Derives from a genetic reprogramming of adult somatic cell

- Pluripotent artificial stem cell

- Different growth conditions lead to the differentiation into all 

possible types of specialized cells

The iPS: induced Pluripotent Stem cell

Skin fibroblasts 

(Keratinocyte

BMSC, PBC)

Retroviral infection with 

Oct4, Sox2, c-Myc and Klf4 

genes

iPS

Epithelium Cartilage Muscle CNS Adipose

(Reprogramming of human somatic cells to pluripotency with defined factors. 

Daley GQ et al., Nature, 2008)
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