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        Δγθξίζεθε από ηα κέιε ηεο Δπηακεινύο Δμεηαζηηθήο Δπηηξνπήο (3ε /16-11-22 Γ΢Δ΢ ): 

1
νο

  Δμεηαζηήο Κπξηάθνπ Γέζπνηλα 
(Δπηβιέπνπζα) Ομόηιμη Καθηγήηπια Ιαηπικήρ Μεηαγγίζευν  Ιαηπικού Σμήμαηορ 

Πανεπιζηημίος Θεζζαλίαρ  

2
νο

 Δμεηαζηήο  Σζέδνπ Αζπαζία 
Καθηγήηπια Ιαηπικήρ Γενεηικήρ Ιαηπικού Σμήμαηορ 

Πανεπιζηημίος Θεζζαλίαρ 

3
νο 

 Δμεηαζηήο Βαζηιόπνπινο Γεώξγηνο 
Καθηγηηήρ Παθολογίαρ Αιμαηολογίαρ Ιαηπικού Σμήμαηορ 

Πανεπιζηημίος Θεζζαλίαρ  

4
νο 

 Δμεηαζηήο Γηαλλαθνύιαο Νηθόιανο 
Αναπληπυηήρ  Καθηγηηήρ  Παθολογίαρ Αιμαηολογίαρ Ιαηπικού 

Σμήμαηορ Πανεπιζηημίος Θεζζαλίαρ  

5
νο

  Δμεηαζηήο Μπόγδαλνο Γεκήηξηνο  
Καθηγηηήρ Παθολογίαρ και Αςηοάνοζυν Νοζημάηυν Ιαηπικού 

Σμήμαηορ Πανεπιζηημίος Θεζζαλίαρ  

6
νο 

 Δμεηαζηήο ΢αθθάο Λάδαξνο 
Ομόηιμορ Καθηγηηήρ Παθολογίαρ Ρεςμαηολογίαρ Ιαηπικού 

Σμήμαηορ Πανεπιζηημίος Θεζζαλίαρ  

7
νο

  Δμεηαζηήο ΢ηεθαλίδεο Ιωάλλεο  
Καθηγηηήρ Παθολογίαρ Νεθπολογίαρ Ιαηπικού Σμήμαηορ 

Πανεπιζηημίος Θεζζαλίαρ  
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ΠΡΟΛΟΓΟ΢ 

    Σα ζηηεπηηθά θχηηαξα (καζηνθχηηαξα) πήξαλ ην νλνκά ηνπο απφ ηνλ Paul 

Ehrlich, δηφηη πίζηεπε φηη ήηαλ θχηηαξα πνπ είραλ δηαηξνθηθφ ξφιν θαη 

ππνζηήξηδαλ ηελ αλάπηπμε ησλ ππνινίπσλ θπηηάξσλ ησλ ηζηψλ. ΄Δθηνηε έρεη 

γίλεη κεγάιε πξφνδνο ζηε δηεπθξίληζε ησλ ιεηηνπξγηψλ ηνπ ζηηεπηηθνχ θπηηάξνπ 

σο αλνζνινγηθνχ θπηηάξνπ θαη ηνπ ξφινπ ηνπ ζηηο δηάθνξεο παζνινγηθέο 

θαηαζηάζεηο. 

    Παξφια απηά, αξθεηνί κεραληζκνί δξάζεο δελ είλαη πιήξσο δηεπθξηληζκέλνη. 

Δηδηθφηεξα ζηα λενπιαζκαηηθά λνζήκαηα θαίλεηαη φηη ε απμεκέλε παξνπζία 

ζηηεπηηθψλ θπηηάξσλ ππνδειψλεη θαθή έθβαζε. Οη αγγεηνγελεηηθνί παξάγνληεο 

πνπ εθθξίλνπλ ηα ζηηεπηηθά θχηηαξα κπνξεί λα είλαη έλαο απφ ηνπο ιφγνπο ηεο 

θαθήο απηήο έθβαζεο. 

    ΢ηα αηκαηνινγηθά λνζήκαηα έρεη πεξηγξαθεί ζπκκεηνρή ησλ ζηηεπηηθψλ 

θπηηάξσλ ζηνλ λενπιαζκαηηθφ θιψλν αιιά θαη αληηδξαζηηθή παξνπζία απηψλ ζε 

δηάθνξεο πεξηπηψζεηο. 

    ΢ηελ παξνχζα εξγαζία κειεηήζακε ηνλ αξηζκφ ησλ ζηηεπηηθψλ θπηηάξσλ  θαη 

ηελ έθθξηζε ηξππηάζεο θαη ρπκάζεο απφ απηά ζηα κπεινδπζπιαζηηθά 

ζχλδξνκα, ζε κία πξνζπάζεηα λα κειεηήζνπκε ηνλ ξφιν ηνπο ζηελ εμέιημε 

απηψλ ησλ ζπλδξφκσλ. Δπίζεο, κειεηήζακε ηελ ζρέζε ηνπο κε ην ζηάδην ηεο 

λφζνπ θαη ηελ ππθλφηεηα ησλ κηθξναγγείσλ.  Τπάξρνπλ ειάρηζηεο δεκνζηεχζεηο 

ζην ζέκα απηφ κε φρη ζαθή απνηειέζκαηα. 

    Θα ήζεια λα αλαγλσξίζσ ηελ βνήζεηα φισλ απηψλ πνπ είραλ ζεκαληηθή 

ζπλεηζθνξά ζηελ εθπφλεζε ηεο δηαηξηβήο απηήο. Θα ήζεια λα επραξηζηήζσ ηνλ 

θαζεγεηή θ. Ν. ΢ηαζάθε γηα ηελ παξνρή αζζελψλ γηα ηελ κειέηε θαη ηηο 

πνιχηηκεο παξαηεξήζεηο ηνπ. Δπίζεο ζα ήζεια λα επραξηζηήζσ ηελ θαζεγήηξηα 

Γ. Κπξηάθνπ γηα ηε ζπκπαξάζηαζε απφ ηνλ ζρεδηαζκφ κέρξη ηελ νινθιήξσζε 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



5 

ηεο δηαηξηβήο απηήο ηφζν ζε ζεσξεηηθφ φζν θαη ζε θιηληθφ θαη εξγαζηεξηαθφ 

επίπεδν. Δπίζεο ηελ θ. Δ. Ρνχθα γηα ηε βνήζεηά ηεο ζε ηερληθφ επίπεδν. 

    Δπραξηζηψ ηα κέιε ηεο ηξηκεινχο θαη επηακεινχο επηηξνπήο γηα ηηο 

παξαηεξήζεηο ηνπο. 

    Σειεηψλνληαο, ζα ήζεια λα επραξηζηήζσ ηελ νηθνγέλεηά κνπ γηα ηελ αγάπε θαη 

ηε ζπκπαξάζηαζή ηνπο θαζφιε ηελ ηελ δηάξθεηα ηεο πξνζπάζεηαο νινθιήξσζεο 

απηνχ ηνπ έξγνπ. 

 ΓΔΩΡΓΙΟ΢ ΚΑΡΡΑ΢ 
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  ΢ηε ζχδπγφ κνπ 

  ΢ηνλ γην κνπ ΄Αγγειν-Δπάγγειν 

 ΢ηνπο αείκλεζηνπο γνλείο κνπ 

 ΢ε φια ηα νξθαλά παηδηά ηνπ θφζκνπ 
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 ΒΗΟΓΡΑΦΗΚΟ ΢ΖΜΔΗΧΜΑ  

Ολoκαηεπψλπκν 

Έηνο Γέλλεζεο     

Σφπνο Γέλλεζεο  

  :  Καξξάο Γεψξγηνο 

 :  ****

  :  ****** 

Οηθνγελεηαθή Καηάζηαζε   :  ********************************* 

Δηδηθφηεηα 

Γηεχζπλζε 

Σει. 

e-mail

  :  Δζσηεξηθή Παζνινγία  

 :  ***********

:  ********** 

:  **********  

΢ΠΟΤΓΔ΢ 

- 06/1990  : Απνιπηήξην  2ν Λχθεην Σξηθάισλ 

- 11/1998 ΄  : Πηπρίν Ιαηξηθήο -  Αξηζηνηέιεην Παλ/κην Θεο/λίθεο

- 04/2007   : Σίηινο Δηδηθφηεηαο Δζσηεξηθή Παζνινγία - Παλεπηζηεκηαθφ 

  Γεληθφ  Ννζνθνκείν Λάξηζαο 

ΔΡΓΑ΢ΗΔ΢ - ΓΖΜΟ΢ΗΔΤ΢ΔΗ΢ 

D. S. Kyriakou, A-V. S. Karadonta, A.Tsezou, G. Karras, K. Karakousis, N.
Stathakis. Rare chromosomal abnormalities in myelodysplastic syndrome poster
P-68 leukemia Research Volume 29, supplement 1, May 2005, Pages S49-S50

D. S. Kyriakou, A-V. S. Karadonta, A.Tsezou, G. Karras, K. Karakousis, N.
Stathakis Isolation of the CD34+progenitocells in myelodysplastic syndrome with
various chromosomal abnormalities: Evidence for involvement in the transformed
clone poster P-101 leukemia Research Volume 29, supplement 1, May 2005,
Pages S62.

Katodritou E,    Vadikolia C,    Kotsopoulou M,   Papageorgiou  G,  Kyrtsoniw MC, 
Matsouka P,    Giannakoulas N,    Kyriakou D,   G. Karras,   Anagnostopoulos N, 
Michali E,     Briasoulis E,    Spanoudakis E,   Zikos P,   Tsakiridou A,  Tsionos K, 
Anargyrou K, Symeonidis A, Maniatis A, Terpos E. Real-World data on the 
efficacy and safety of lenalidomide and dexamethazone in patients with 
relapsed/refractory multiple myeloma who were treated  according to the 
standard clinical practice: a study of the Greek Myeloma Study Group.” 2014 
jan;93(1):129-39 Ann. Hematol. 

Απόκρυψη προσωπικών δεδομένων 
(Υπηρεσία Βιβλιοθήκης & Κέντρου 
Πληροφόρησης Πανεπιστημίου 
Θεσσαλίας)
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K. Garlemou,  M. Alexandrakis,   G. Karras, D. Kyriakou, T.V. Kourelis. Myostatin

expression in MDS patients with wasting syndrome”15(1):1-8,2022 Asian Journal 

Biological Sciences 2022. 

G. Karras, K. Garlemou, A. Karadonta, D. Kyriakou. Mast Cells in

Myelodysplastics Syndromes Internal Journal Cancer Research accepted 

September 2022 

G.Karras, Private Clinic Internal Medicine, Larisa GREECE. Leflunomide

Induced Hypertension poster PP.27.25 Journal of Hypertension Volume33, e-

supplement 1, 2015. 

Γ. Καππάρ, Γ. Κπξηάθνπ, Λ. ΢αθθάο, Δ. Μαθξή, Α. Κνπηξνχκπαο. Παξαηεηλφκελν 

εκπχξεην ζε  αζζελή 64 εηψλ κε ζπλνδφ ζξνκβνπελία θαη θξαληαθή λεπξίηηδα 

ΑΑ-62   3ν ΢πλέδξην Παζνινγίαο Κεληξηθήο Διιάδνο Λάξηζα 2011. 

Γ. Καππάρ, Δ. Μαθξή. Κιηληθή πεξίπησζε νμείαο παγθξεαηίηηδαο επί εδάθνπο 
ζνβαξήο ππεξηξηγιπθεξηδαηκίαο ζρεηηδφκελε κε ρνξήγεζε θινκηθαίλεο  θηηξηθήο 
ΑΑ-27 4ν ΢πλέδξην Παζνινγίαο Κεληξηθήο Διιάδνο Λάξηζα 2012. 

Γ. Καππάρ, Γ. Σζαγθνχιεο, Γ. Κπξηάθνπ, Ν. Βακβαθφπνπινο. Κνηιηαθφ  άιγνο κε 
ζπλνδφ ππξεηφ, αξζξίηηδα ζρεηηδφκελα κε θιηκαηηθέο αιιαγέο ζε αζζελή άληξα 
54 εηψλ. ΑΑ-55 5ν ΢πλέδξην Παζνινγίαο Κεληξηθήο Διιάδνο Λάξηζα 2013. 

Γ. Καππάρ,  Γ. Σζαγθνχιεο , Α. Θενδσξίδνπ.  Αθζψδε  έιθε,  ηξαλζακηλαζαηκία 
θαη ζηδεξνπελία ζε γπλαίθα 40 εηψλ .ΑΑ-42 5νλ ΢πλέδξην Παζνινγίαο Κεληξηθήο 
Διιάδνο Λάξηζα 2013. 

Γ. Καππάρ, Ν. Παπαλδξηαλφο. Απμεκέλε αιθαιηθή θσζθαηάζε ζε αζζελή άληξα 
55 εηψλ αζπκπησκαηηθφ e-PP 25, 6th  International Congress of Internal Medicine 
Larisa 2014. 

Γ. Καππάρ, Β. Σζίπα. Γηαιείπνληα Δπεηζφδηα Ππξεηνχ θαη Αηκαηνπξίαο ζε 
αζζελή Γπλαίθα 74 εηψλ e-PP 31, 6th  International Congress of Internal Medicine 
Larisa 2014. 

Γ. Καππάρ. Αλαδσπχξσζε  ιαλζάλνπζαο επαηίηηδαο Β κεηά απφ ρνξήγεζε 

αλνζνθαηαζηαιηηθήο αγσγήο. 2ε Παλειιήληα ΢πλάληεζε AIDS - ΗΠΑΣΙΣΙΓΔ΢ 

2014 Αζήλα. 

Γ. Καππάρ. Αζπκπησκαηηθή ηξαλζακηλαζαηκία ζε γπλαίθα εηψλ 77. 2ε 

Παλειιήληα ΢πλάληεζε AIDS - ΗΠΑΣΙΣΙΓΔ΢ 2014 Αζήλα. 

Γ.  Καππάρ,  Μ. Ρεκνχλδνπ,  Γ. Καηζηακάλεο, Κ. Καξαθνχζεο, Γ. Αλαζηαζίνπ. Η 
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επίδξαζε ησλ SLGT2i ζην θαξδηαγγεηαθφ ζχζηεκα θαη ζηελ πνηφηεηα δσήο ησλ 

αζζελψλ. 20ν Παλειιήλην Γηαβεηνινγηθφ ΢πλέδξην Αζήλα 2022. 

                          

        ΢ΔΜΗΝΑΡΗΑ 

- 4ν ΢ρνιείν Κιηληθήο Ηπαηνινγίαο ΔΔΜΗ Αζήλα 2010-2011. 

- 7ν Θεξηλφ ΢ρνιείν Αζεξνζθιήξσζεο ΔΔΑ Αζήλα 2014. 

- Educational Seminars on Diabetes Cabridge University Hospital  

NHS 2011 - 2012. 

- Μεηεθπαηδεπηηθά Μαζήκαηα ζην ΢αθραξψδε Γηαβήηε (31ν Δηνο)  

Γηαβεηνινγηθφ Κέληξν Παλεπηζηεκίνπ Αζελψλ 2009. European 

Association for the Study of Diabetes. 

- ΢ΔΜΙΝΑΡΙΟ Κ.Α.Α. (Βαζηθή θαη Δμεηδηθεπκέλε),  Αζήλα 19-04-00.  

- «Γηαγλσζηηθή Αλνζνινγία & Ιζηνζπκβαηφηεηα», ΢ρνιή επηζηεκψλ πγείαο 

Παλ/κην Θεζζαιίαο -  Λάξηζα 15-18/01-2003.  

- «Γεθάινγνο ζηηο Ννζνθνκεηαθέο Λνηκψμεηο» - Σξηήκεξν Γηαηνκεαθφ ΢εκηλάξην 

Αζήλα 11-13/02-2005.  

- «ΑΣLS course» - American College of  Surgeons  Hellenic Chapter -  

Λάξηζα 15-16/04-2005.  

-  «1νο Μεηεθπαηδεπηηθφο θχθινο Δμεηδίθεπζεο - Αληηβηνηηθά: Γξάζε - Αληνρή - 

Θεξαπεία κε βάζε ηηο ελδείμεηο» απφ ην Δξγαζηήξην Μνξηαθήο 

Μηθξνβηνινγίαο ηνπ Ιλζηηηνχηνπ Βηνταηξηθήο Έξεπλαο & Σερλνινγίαο - Λάξηζα 

2008.  

- «Αλαζθφπεζε Asco 2005» - Δθπαηδεπηηθή εκεξίδα Π.Α.Γ.Ν.Η. - 

 Αζήλα 3-4/09-2005.  

- «Αλαζθφπεζε Asco 2006» - Δθπαηδεπηηθή εκεξίδα Π.Α.Γ.Ν.Η. -  

Αζήλα 9-10/09-2006.  

- «Αλαζθφπεζε Asco 2008» - Δθπαηδεπηηθή εκεξίδα Π.Α.Γ.Ν.Η. -  

Αζήλα 25-26/09-2008. 

- «GUIDELINES ΢ΣΟ ΓΙΑΒΗΣΗ ΙΙ», Αζήλα 20/9/2008. 
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- «Γηαηαξαρέο Ομενβαζηθήο Ιζνξξνπίαο θαη Ηιεθηξνιπηψλ», Λάξηζα 17-

18/10/2008. 

- «Δηήζηα Μεηεθπαηδεπηηθά Μαζήκαηα γηα ην ΢αθραξψδε Γηαβήηε» - 

Αζήλα 23-27/11/2009.  

 

 

΢ΤΝΔΓΡΗΑ 

    Σαθηηθή παξνπζία κε ελεξγφ ζπκκεηνρή ζε Γηεζλή Δπξσπατθά θαη Διιεληθά  

΢πλέδξηα 

 

ΔΚΠΑΗΓΔΤΣΗΚΟ ΔΡΓΟ 

    Ωξνκίζζηνο θαζεγεηήο ζην ηδησηηθφ Σ.Δ.Δ. «ΓΙΟΛΚΟ΢», θαηά ην ζρ. έηνο 

2000-2001. 

    Δθπαηδεπηήο πξνζσπηθνχ ηνπηθψλ κνλάδσλ Πνιηηηθήο Άκπλαο 2000 κε ζέκα 

«πξψηεο βνήζεηεο ζεσξεηηθά θαη πξαθηηθά - δηάζσζε θαη εκίζαιςε ηξαπκαηηψλ», 

Αζηπλνκηθή Γ/λζε Σξηθάισλ, 5-12-2000. 

 

ΔΡΓΑ΢ΗΑΚΖ ΔΜΠΔΗΡΗΑ 

    Καηά ηε δηάξθεηα ηεο ζεηείαο κνπ  ζην Πνιεκηθφ Ναπηηθφ ππεξέηεζα σο Ιαηξφο 

ζηε Μνλάδα Τπνβξπρίσλ (΢ΤΒ), ζην Ναξθαιηεπηηθφ Πινίν Πνιέκνπ  «Αιθπψλ», 

ζην Ναπηηθφ Ννζνθνκείν ΢αιακίλαο, ζην Ναπηηθφ Ννζνθνκείν Κξήηεο, ζην 

Σκήκα Δπεηγφλησλ Πεξηζηαηηθψλ θαη  ζηα ηαθηηθά ηαηξεία ηεο Παζνινγηθήο 

Κιηληθήο ηνπ Ναπηηθνχ Ννζνθνκείνπ Αζελψλ απ' φπνπ θαη απνιχζεθα. 

    Απφ 20-04-00 έσο 20-07-00 άζθεζα ηξίκελε ππεξεζία ζην Γεληθφ Ννζνθνκείν 

Σξηθάισλ, ζπκκεηέρνληαο ζηα ηαθηηθά Ιαηξεία Παζνινγηθνχ, Καξδηνινγηθνχ θαη 

Υεηξνπξγηθνχ ηνκέα, ζηα ηκήκαηα επεηγφλησλ πεξηζηαηηθψλ θαη εθηειψληαο 

εζσηεξηθέο εθεκεξίεο. 

    Απφ ην 2000 κέρξη ην 2001 ππεξέηεζα σο Αγξνηηθφο Ιαηξφο ζην Γηαιερηφ 

Σξηθάισλ θαη αθνινχζσο  σο Ιαηξφο επί ζεηεία ζην Βνπιγαξέιη  Άξηαο . 
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    Απφ ηνλ Μάξηην ηνπ 2002 έσο ηνλ Γεθέκβξην ηνπ 2006, ππεξέηεζα σο 

εηδηθεπφκελνο Ιαηξφο Παζνινγίαο ζηελ Παλεπηζηεκηαθή Παζνινγηθή Κιηληθή ηνπ 

Π.Π.Γ.Ν. Λάξηζαο.  

    Απφ ηνλ Ιαλνπάξην ηνπ 2007 έσο 2019 σο άκηζζνο επηζηεκνληθφο ζπλεξγάηεο 

ηνπ εξγαζηεξίνπ αηκνδνζίαο-αηκαηνινγίαο ηνπ Παλεπηζηεκίνπ Θεζζαιίαο 

ζπκκεηέρνληαο ελεξγά ζηηο δξαζηεξηφηεηεο ηνπ εξγαζηεξίνπ θαη ζηε δηαρείξηζε 

θαη αληηκεηψπηζε αηκαηνινγηθψλ αζζελψλ ππφ ηελ επίβιεςε ηεο Καζεγήηξηαο 

θαο Κπξηάθνπ Γέζπνηλαο, θαη παξάιιεια ζην νηθείν ηκήκα εθπφλεζα ηε δηαηξηβή 

κνπ κε ζέκα: «Ο ξφινο  ησλ καζηνθπηηάξσλ ζηα κπεινδπζπιαζηηθά ζχλδξνκα». 

    Απφ ην  2007-2020 άζθεζα θιηληθή ηαηξηθή ζε επίπεδν πξσηνβάζκηαο πγείαο 

σο εηδηθφο παζνιφγνο κε έκθαζε ζε αηκαηνινγηθέο παζήζεηο θαη λνζήκαηα ηνπ 

ήπαηνο ζηελ πφιε ηεο Λάξηζαο . 

    Απφ ηνλ Μάξηην ηνπ 2008 έσο Φεβξνπάξην 2010 σο επηζηεκνληθά ππεχζπλνο 

Παζνινγηθνχ ηκήκαηνο ζηελ θιηληθή «Άγηνο Κσλζηαληίλνο» ζηε Λάξηζα. 

         Απφ ηνλ Μάξηην ηνπ 2010 έσο Ινχλην 2012 ππεξέηεζα σο επηζηεκνληθά 

ππεχζπλνο ηνπ Παζνινγηθνχ Σκήκαηνο ηεο Γεληθήο Κιηληθήο «ΙΑ΢Ω 

ΘΔ΢΢ΑΛΙΑ΢» κε  ζεκαληηθφ ελεξγφ θιηληθφ έξγν θαη δηεθπεξαίσζε ζπαλίσλ 

πεξηζηαηηθψλ ηα νπνία απνηέιεζαλ αλαθνξέο σο case report. 

         Απφ ηνλ Γεθέκβξην ηνπ 2019 έσο ηνλ Οθηψβξην 2020 σο επηζηεκνληθά 

ππεχζπλνο ηνπ   Παζνινγηθνχ Σκήκαηνο ηεο Γεληθήο Κιηληθήο «Θενηφθνο». 

        Απφ ηνλ Απξίιην ηνπ 2019 έσο ηνλ ΢επηέκβξην ηνπ 2020 σο ππεχζπλνο Ιαηξφο 

ζην Κέληξν Τπνδνρήο Πξνζθχγσλ Κνπηζφρεξνπ, αζθψληαο θιηληθφ θαη 

ζεξαπεπηηθφ έξγν ζπκκεηέρνληαο ζε πξνγξάκκαηα πξνιεςεο θαη 

ςπρνθνηλσληθήο έληαμεο ησλ κεηαλαζηψλ. 

         Απφ ηνλ Οθηψβξην 2020 έσο Απξίιην 2021 ππεξέηεζα σο έθηαθηνο 

ππεξεζηαθφο ηαηξφο ηνπ Δ΢Τ (ν πξψηνο ηδηψηεο ηαηξφο ζηε Διιάδα πνπ 

ζπκκεηείρε ελεξγά ζηε αληηκεηψπηζε ηεο παλδεκίαο) ζην Παζνινγηθφ Σκήκα ηνπ 

Γεληθνχ Ννζνθνκείνπ Λάξηζαο θαιχπηνληαο επείγνπζεο εμαηξεηηθά αλάγθεο ζηα 

πιαίζηα ηεο παλδεκίαο Covid -19, ζπκβάιινληαο ελεξγά ζηελ αληηκεηψπηζε ηεο 

παλδεκίαο θαη έρνληαο ππφ ηελ επίβιεςή κνπ ηκήκα Covid -19 κε 30 αζζελείο. 

         Απφ ηνλ Ιαλνπάξην 2021 έσο ηνλ Απξίιην 2021 σο ππεχζπλνο δηαρείξηζεο  

post - covid αζζελψλ ζην Κ.Α.Α. Animus. 
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         Απφ ηνλ Ινχλην 2021 ππεξεηψ ζην Δ.΢.Τ. σο επηκειεηήο Α΄ Παζνινγίαο ζην 

Παζνινγηθφ Σκήκα ηνπ Γ.Ν. Καξδίηζεο.  

 

 

΢ΤΜΜΔΣΟΥΖ ΢Δ ΠΡΧΣΟΚΟΛΛΑ 

    ΢πκκεηείρα σο ζπλεξεπλεηήο κε ηνλ Καζεγεηή θ. ΢ηαζάθε Νηθφιαν ζην 

Δπξσπαηθφ Πξσηφθνιιν κειέηεο παξαηήξεζεο Bortezomide 

(26866138ΜΜΤ4008  JNJ - 26866138). 

- Talos study 2016-ALG-EL-65 σο εξεπλεηήο. 

- Skiron  study  2017 - HAL-EL70 σο εξεπλεηήο. 

 

ΞΔΝΔ΢ ΓΛΧ΢Δ΢  

- ΔΛΛΗΝΙΚΑ : κεηξηθή  γιψζζα   

-  ΑΓΓΛΙΚΑ  

 

΢ΤΜΜΔΣΟΥΖ ΢Δ ΢ΤΛΛΟΓΟΤ΢ 

ACP 

EMA  

ERC 

ΙΑΣΡΙΚΟ΢ ΢ΤΛΛΟΓΟ΢ ΛΑΡΙ΢Α΢  

Διιεληθή Δηαηξεία Μειέηεο Ήπαηνο 

Διιεληθή Δηαηξεία Αζεξνζθιήξσζεο 

Διιεληθή Δηαηξεία Αληηκεηψπηζεο ηνπ AIDS 

Διιεληθή Γηαβεηνινγηθή Δηαηξεία 

Διιεληθή Δηαηξεία Μειέηεο Τπέξηαζεο  
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 «Ο ΡΟΛΟ΢ ΣΩΝ ΜΑ΢ΣΟΚΤΣΣΑΡΩΝ ΢ΣΑ 

ΜΤΔΛΟΓΤ΢ΠΛΑ΢ΣΙΚΑ ΢ΤΝΓΡΟΜΑ» 

 

 

                                                       ΓΔΩΡΓΙΟ΢ ΚΑΡΡΑ΢ 

Πανεπιζηήμιο Θεζζαλίαρ, Σμήμα Ιαηπικήρ, 2022 

 

 

ΣΡΙΜΔΛΗ΢ ΢ΤΜΒΟΤΛΔΤΣΙΚΗ ΔΠΙΣΡΟΠΗ 

1. Γέζπνηλα Κπξηάθνπ Ομόηιμη Καθηγήηπια Ιαηπικήρ Μεηαγγίζευν Σμήμα Ιαηπικήρ 

Πανεπιζηημίος Θεζζαλίαρ  (Δπηβιέπνπζα) 

2.  Γεώξγηνο Βαζηιόπνπινο Καθηγηηήρ Παθολογίαρ-Αιμαηολογίαρ Σμήμα Ιαηπικήρ 

Πανεπιζηημίος Θεζζαλίαρ 

3. Αζπαζία Σζέδνπ  Καθηγήηπια Ιαηπικήρ Γενεηικήρ Σμήμα Ιαηπικήρ Πανεπιζηημίος 

Θεζζαλίαρ 
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                                     ΠΔΡΗΛΖΦΖ  

  

    Ειζαγυγή: Σα ζηηεπηηθά θχηηαξα - καζηνθχηηαξα (MC) πξνέξρνληαη απφ ην 

αξρέγνλν αηκνπνηεηηθφ θχηηαξν θαη θαηαλέκνληαη ζε φινπο ηνπο ηζηνχο ζηα 

θπζηνινγηθά φξηα κεηαμχ νξγαληζκνχ θαη πεξηβάιινληνο (δέξκα, βιελλνγφλνη 

θιπ). Δθιχνπλ κία πνηθηιία κεζνιαβεηψλ ζε απάληεζε ζε ελδνγελή θαη εμσγελή 

εξεζίζκαηα, πνπ ζπκκεηέρνπλ ζηελ αλαδφκεζε ησλ ηζηψλ, ηελ νκνηφζηαζε, ηελ 

αγγεηνγέλεζε, ηελ αλνζνινγηθή απάληεζε θαη άκπλα ηνπ νξγαληζκνχ. Σα MC 

ειθχνληαη ζην πεξηβάιινλ ησλ φγθσλ απφ παξάγνληεο πνπ εθθξίλεη ν φγθνο θαη 

βνεζνχλ κέζσ αλνζνθαηαζηνιήο, έθθξηζεο αγγεηνγελεηηθψλ θαη κηηνγφλσλ 

παξαγφλησλ ζηελ εμέιημε ησλ φγθσλ. ΢ε άιιεο πεξηπηψζεηο, φκσο, αζθνχλ 

αληηλενπιαζκαηηθή δξάζε κε ηελ έθιπζε αλαζηνιέσλ θπηηαξηθήο αλάπηπμεο, 

επαγσγήο απφπησζεο, κείσζεο θηλεηηθφηεηαο θπηηάξσλ θαη ελίζρπζεο 

αληηλενπιαζκαηηθήο θιεγκνλήο. ΢ηα αηκαηνινγηθά θισληθά λνζήκαηα ελίνηε ηα 

MC ζπκκεηέρνπλ ζηνλ λενπιαζκαηηθφ θιψλν (π.ρ. κπεινυπεξπιαζηηθά 

λνζήκαηα) ελψ άιινηε παξεπξίζθνληαη αληηδξαζηηθά ρσξίο λα είλαη ζαθήο ν 

ξφινο ηνπο. 

    Σα κπεινδπζπιαζηηθά ζχλδξνκα (MDS) είλαη θισληθά λενπιαζκαηηθά 

λνζήκαηα ηνπ αίκαηνο, πνπ έρνπλ ζαλ ραξαθηεξηζηηθά ηελ παξνπζία 

δπζπιαζηηθψλ θπηηαξηθψλ κνξθψλ, ηε κε απνδνηηθή αηκνπνίεζε θαη ηε ζπρλή 
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εμέιημε ζε νμεία ιεπραηκία. Τπάξρνπλ ιίγεο δεκνζηεχζεηο πνπ λα αθνξνχλ κειέηε 

ησλ MCs ζηα MDS κε αληηθξνπφκελα απνηειέζκαηα. 

 

 

    ΢κοπόρ: Μειέηε θαη δηεξεχλεζε ηνπ ξφινπ ησλ ζηηεπηηθψλ θπηηάξσλ  ζηα 

κπεινδπζπιαζηηθά ζχλδξνκα.  

    Αζθενείρ: Μειεηήζεθαλ 73 αζζελείο- 37 γπλαίθεο θαη 36 άλδξεο- πάζρνληεο 

απφ MDS κε δηάκεζε ειηθία γηα ηνπο άλδξεο 72 έηε (εχξνο 35-86) θαη γηα ηηο 

γπλαίθεο 69 έηε (εχξνο 59-81). Δμ’ απηψλ, 21 έπαζραλ απφ αλζεθηηθή αλαηκία 

(MDS-RA), 18 απφ αλζεθηηθή αλαηκία κε πεξίζζεηα βιαζηψλ (RAEB), 18 απφ 

αλζεθηηθή αλαηκία κε πεξίζζεηα βιαζηψλ ζε κεηαηξνπή (RAEB-T) θαη 16  απφ 

ζηδεξνβιαζηηθή αλαηκία (MDS-RARS). Δπίζεο ζπκκεηείραλ θαη 60 πγηείο 

κάξηπξεο (δηάκεζε ειηθία 74 θαη εχξνο 56-90), 32 άλδξεο θαη 28 γπλαίθεο. 

    Μέθοδοι: Μειεηήζεθε ν αξηζκφο ησλ ζηηεπηηθψλ θπηηάξσλ κπεινχ ησλ νζηψλ 

(ΒΜMCs) κεηά ρξψζε θπαλνχ ηεο ηνινπτδίλεο. Μειεηήζεθε ν αξηζκφο ησλ 

CD34(+) θπηηάξσλ κπεινχ ησλ νζηψλ κεηά ρξψζε αλνζνθζνξηζκνχ θαη ρξήζε 

αληη-CD34 moAb (K567-FITC). Μειεηήζεθε ε έθθξαζε ηεο ηξππηάζεο θαη 

ρπκάζεο ζηα MC κε  αλνζνθπηηαξνρεκεία θαη PAP kit θαη βαζκνινγήζεθε θάζε 

θχηηαξν ζε κία θιίκαθα 0-4+. Σν score ππνινγίδνληαλ σο ν κέζνο φξνο επί 200 

θπηηάξσλ. Μεηξήζεθαλ ηα επίπεδα ρπκάζεο θαη ηξππηάζεο ζηνλ νξφ ησλ 

αζζελψλ θαη καξηχξσλ κε ELISA. Δθηηκήζεθε ε κέζε ππθλφηεηα ησλ 

κηθξναγγείσλ (MVD) ζην κπειφ ησλ νζηψλ /0.0625mm2.Σα κηθξναγγεία 

θαηακεηξήζεθαλ κεηά απφ ρξψζε κε anti-CD34(QBEND-10) ησλ ελδνζειηαθψλ 

θπηηάξσλ . 
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    Αποηελέζμαηα: Γηαπηζηψζεθε ζηαηηζηηθά πςειφηεξν πνζνζηφ MC ζηνπο 

πάζρνληεο απφ MDS (5,767±3,45%) ζε ζρέζε κε ηνπο πγηείο (1,82±0,93%) 

(p<0.01). Δηδηθφηεξα ζηα MDS-RA ήηαλ 4,38±1,16% ζηα  MDS-RARS 2,18±0,75, 

ζηα ρακεινχ/ελδηάκεζνπ-1 θηλδχλνπ 3,43±1,48 θαη ζηα πςεινχ/ελδηάκεζνπ-2 

θηλδχλνπ 8,16±3,26. Οη ηηκέο απηέο ήηαλ ζηαηηζηηθά πςειφηεξεο ζε ζχγθξηζε κε 

ηνπο θπζηνινγηθνχο (p<0.01) πιελ  MDS-RARS, πνπ δελ δηέθεξαλ απφ ηνπο 

θπζηνινγηθνχο (p>0.05). To score έθθξαζεο ηεο ηξππηάζεο    

πςεινχ/ελδηάκεζνπ-2 ήηαλ ζεκαληηθά πςειφηεξν ζε ζχγθξηζε κε ηα 

ρακεινχ/ελδηάκεζνπ-1 θαη θπζηνινγηθνχο (p<0.01) ελψ δελ ππήξρε δηαθνξά 

κεηαμχ ησλ  ρακεινχ/ελδηάκεζνπ-1 θαη θπζηνινγηθψλ(p>0.05). To score 

έθθξαζεο ρπκάζεο δελ δηέθεξε ζεκαληηθά κεηαμχ ησλ αλσηέξσ νκάδσλ. Η 

ρπκάζε νξνχ δελ ήηαλ αληρλεχζηκε ζε θακία νκάδα.  

    Η ηξππηάζε νξνχ ήηαλ ζεκαληηθά πςειφηεξε ζηα MDS (40,96±35,4) ζε 

ζχγθξηζε κε ηνπο θπζηνινγηθνχο (7,8±3,21)(p<0.01). ΢ηα πςεινχ/ελδηάκεζνπ-2 

θηλδχλνπ, ήηαλ 73,31±20,87  ζεκαληηθά πςειφηεξε απφ ηα ρακεινχ/ελδηάκεζνπ-

1(9,48±4,217) θαη ηνπο θπζηνινγηθνχο (p<0.01). Γελ ππήξρε ζεκαληηθή δηαθνξά 

κεηαμχ θπζηνινγηθψλ, MDS-RA, MDS-RARS, ρακεινχ/ελδηάκεζνπ-1 

θηλδχλνπ(p>0,05). Τπήξρε ζεηηθή ζπζρέηηζε κεηαμχ πνζνζηνχ MC θαη CD34(+) 

θπηηάξσλ(R2= 0,4361) θαζψο θαη επηπέδσλ ηξππηάζεο(R2=0,6837) νξνχ ζηνπο 

αζζελείο. Η κέζε ππθλφηεηα ησλ κηθξναγγείσλ (MVD) ήηαλ ζεκαληηθά απμεκέλε 

6,3±3,3 ζην ζχλνιν ησλ MDS ζπγθξηηηθά κε ηνπο κάξηπξεο  2,23±0,33 θαη απηή ε 

δηαθνξά ήηαλ ζηαηηζηηθά ζεκαληηθή (p<0,001).Η MVD ήηαλ πςειή ζηα 

πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ 7,89±2,83 ζπγθξηηηθά κε ηα ρακεινχ/ελδηάκεζνπ-

1 θηλδχλνπ 4,8±2,2,ηα MDS –RA 4,98±1,8 θαη ηα MDS-RARS 5,0 ±2,2 θαη απηή ε 

δηαθνξά ήηαλ ζηαηηζηηθά ζεκαληηθή (p<0,001). Τπήξρε ζεηηθή ζπζρέηηζε κεηαμχ 

ηεο MVD θαη ησλ ζηηεπηηθψλ θπηηάξσλ. Γελ παξαηεξήζεθαλ δπζπιαζηηθέο 

κνξθέο MCs ζηε κειέηε καο. 
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    ΢ςμπεπάζμαηα: Σα MCs ζηνλ BM βξέζεθαλ απμεκέλα ζηα MDS ζε ζχγθξηζε 

κε ηα θπζηνινγηθά άηνκα. Σα επίπεδα ηξππηάζεο νξνχ ζρεηίδνληαη κε ηνλ αξηζκφ 

BMMC, πνπ ζεκαίλεη φηη εθθξίλεηαη θαηά θχξην ιφγν απφ ηα MC ηνπ BM  θαη φρη 

απφ ηα πεξηθεξηθά MC. Ο αξηζκφο MCs ζρεηίδεηαη κε ηνλ αξηζκφ  CD34(+)  θαη 

επνκέλσο κε ηνλ βαζκφ θηλδχλνπ ησλ MDS. Σα BMMCs  βξέζεθε λα εθθξίλνπλ 

κφλν ηξππηάζε θαη φρη ρπκάζε ζε αληίζεζε κε απηφ πνπ ζπλήζσο ζπκβαίλεη 

ζηελ αληηδξαζηηθή καζηνθπηηάξσζε. Ο αξηζκφο ησλ κηθξναγγείσλ (MVD) ζην 

ζχλνιν ησλ MDS ήηαλ απμεκέλνο ζπγθξηηηθά κε ηα θπζηνινγηθά άηνκα θαη ε 

αχμεζε απηή ήηαλ κεγαιχηεξε  ζηα  πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ MDS, 

γεγνλφο, πνπ ζεκαίλεη φηη, ε MVD ζρεηίδεηαη κε ηνλ αξηζκφ ησλ BMMCs, απηφ 

εγείξεη ηε άπνςε, φηη ηα BMMCs  ζπκβάιινπλ ζηε εμέιημε ηεο λφζνπ εληζρχνληαο 

ηελ αγγεηνγέλεζε. Γηα λα δηεπθξηληζηεί πεξαηηέξσ  ν ξφινο ησλ MCs ζηελ εμέιημε 

ησλ MDS, ρξεηάδνληαη δηαδνρηθέο κεηξήζεηο ζην ίδην άηνκν θαηά ηελ εμέιημε ηεο 

λφζνπ θαη θπηηαξνγελεηηθέο κειέηεο ζε θαιιηέξγεηεο ζηηεπηηθψλ θπηηάξσλ ζηνπο 

αζζελείο. 
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                            SUMMARY 

    Background:  Mast cells are derived from the haemopoietic progenitor cell 

and are scattered all over the human organism especially to the physical 

boundaries between the organism and the environment (i.e. skin, mucosa etc). 

They produce after intrinsic or extrinsic stimuli  a variety of mediators involved in 

tissue regeneration, homeostasis, angiogenesis and the immunological response 

and defense. In tumor environment MCs are attracted from agents secreted by 

the tumor and help to its growth through immunocompromise, secretion of pre-

angiogenic and mitogenic factors. Alternatively these cells have antineoplastic 

action through secretion of cell cycle inhibitors, apoptosis, decrease of cell 

movement and enhancement of antineoplastic inflammation. In haematological 

malignancies MCs may be derived from the neoplastic clone (i.e. 

myeloproliferative disorders) or  as a reactive response to the neoplasm.  

    Myelodysplastic syndromes are heterogeneous group of clonal disorders of 

blood with common characteristics the presence of dysplastic haemopoietic cells, 

ineffective haematopoiesis and frequent evolution to acute leukemia. There are 

few publications on MCs in MDS with contradictory results 

    Aim: Study of the role of MCs in Myelodysplastic syndromes. 
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    Patients: Seventy-three patients (37 females and 36 males) with MDS were 

involved in the study. Median age of females was 69 years (range 59-81) and of 

males 72 years (range 35-86). Twenty-one of them had refractory anaemia 

(MDS-RA), 18 had refractory anaemia with excess of blasts (RAEB), 18 had 

refractory anaemia with excess of blasts in transformation (RAEB-T), and 16   

refractory anaemia with ringed sideroblasts (MDS-RARS). In the study 60 normal 

individuals were also included (median age 74 years and range 56-90) 32 males 

28 females. 

    Methods: The number of MCs were calculated in BM after toluidine blue 

staining according to classical techniques.The number of CD34(+) cells were 

measured with immunofluorescence with the use of anti - CD34 moAb (K567-

FITC). The expression of tryptase and chymase were studied in MCs using 

immunocytochemistry and PAP commercial kit and each cell was graded in a 

scale of 0-4(+). The score was calculated as the mean value in 200 consecutive 

cells. The levels of tryptase and chymase in serum were measured using ELISA 

commercial kits. Microvascular density (MVD) was the mean value of 

microvessel number/0.0625mm2 field area. Endothelial cells were CD34 (+) using 

anti-CD34 moAb-QBEND 10 and Biogenex avidin-streptavidin kit, and had 

characteristic morphology . 

    Results: Statistically higher percentage of  MC in MDS (5,767±3,45%) were 

found compared to the normals (1,82±0,93%) (p<0.01). Especially in  MDS-RA it 

was 4,38±1,16% , in   MDS-RARS 2,18±0,75, in low/int-1  3,43±1,48 and in 

high/int-2  8,16±3,26. These values were statistically higher compared to the 

normals (p<0.01) except MDS-RARS, which did not differ from the 

normals(p>0.05).The tryptase expression score  in high/int-2 was significantly 

higher compared to that in low/int-1 and normals (p<0.01)  while there was no 
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difference between low/int-1 and normals (p>0.05). The chymase expression 

score did not differ significantly between the above groups. In serum chymase 

was not detectable in any group of patients. Serum tryptase was significantly 

higher in  MDS (40,96±35,4) compared to the normals (7,8±3,21)(p<0.01). In 

high/int-1 tryptase levels were 73,31±20,87  significantly higher than low/int-1 

(9,48±4,217) and the normals (p<0.01). There was no significant difference in 

tryptase levels between normals, MDS-RA, MDS-RARS and low/int-1(p.0,05). 

There was positive correlation between percentage of MCs and CD34(+) cells 

(R2= 0,4361) as well as serum tryptase levels (R2=0,6837) in patients. Dysplastic  

MCs were not indentified. The MVD (microvessel number/0.0625 mm2) in the 

entire group of MDS was 6.3±3.3 and was significantly higher than the normals 

(2.23±0.38, p<0.01). In high/intermediate-2 the MVD was 7.89±2.8, in 

low/intermediate-1 it was 4.8±2.2, in MDS-RA it was 4.98±1.8, and in MDS-

RARS it was 5±2.0. There was a significantly higher MVD in high/intermediate-2 

compared to low/intermediate-1, MDS-RA, MDS-RARS and normal (p<0.01). 

There was also a significant difference between low/intermediate-1, MDS-RA, 

MDS-RARS and normals (p<0.01). There was a positive correlation between 

BMMC and MVD. 

    Conclusions:   MCs in BM were increased in  MDS patients compared to the 

normal individuals. The levels of serum tryptase correlated positively with the 

number of BMMC raising the possibility  that the tryptase was mainly produced 

by BMMCs and not the peripheral MCs. The number of MCs correlated positively 

with CD34(+)  that were increased in high/int-2 MDS and consequently the 

advanced stages of the disease. BMMCs were  positive for tryptase only and not 

chymase in contrast  to what usually happens in reactive mastocytosis. We found 

increased MVD in MDS compared to the normals. We also found higher MVD in 

high/intermediate-2 risk MDS compared to the low/intermediate-1, in contrast to a 
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previous study. The MVD is positively correlated with the number of BMMC. This 

raises the suggestion that BMMCs may contribute to tumor progression by 

enhancing angiogenesis.The heterogeneity of the MDS group may be 

responsible for the contradictory results in the literature. In order to further 

discriminate the role of MCs in these syndromes serial measurements should be 

done in the same patient during the disease progress as well as cytogenetic 

studies and  MC cultures. 
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1. ΔΗ΢ΑΓΧΓΖ 

   

   1.1. ΜΤΔΛΟΓΤ΢ΠΛΑ΢ΣΚΑ   ΢ΤΝΓΡΟΜΑ 

    Σα κπεινδπζπιαζηηθά ζχλδξνκα αληηπξνζσπεχνπλ έλα επξχ θάζκα 

θαθνήζσλ δηαηαξαρψλ ηνπ ζηειερηαίνπ αηκνπνηεηηθνχ θπηηάξνπ, πνπ 

ραξαθηεξίδνληαη απφ κε απνδνηηθή αηκνπνίεζε θαη απμεκέλε πηζαλφηεηα 

εμέιημεο ζε νμεία ιεπραηκία (1-8). Τπάξρεη κεγάιε πνηθηιία ηφζν ζηα 

εξγαζηεξηαθά επξήκαηα φζν θαη ζηελ θιηληθή έθθξαζε θαη ηελ επηβίσζε ησλ 

αζζελψλ απηψλ, ε νπνία θπκαίλεηαη απφ ιίγνπο κήλεο κέρξη πνιιά ρξφληα (9). Ο 

ζεξαπεπηηθφο ζηφρνο δηαθέξεη ζηηο δηάθνξεο πεξηπηψζεηο θαη εμαξηάηαη απφ ηελ 

αηκαηνινγηθή εηθφλα, ηελ ειηθία θαη ηελ πξφγλσζε ζε έθαζην αζζελή (10-12) ΢ηε 

ζεξαπεπηηθή ζηξαηεγηθή πεξηιακβάλνληαη απφ ηελ ππνζηήξημε ησλ 

θπηηαξνπεληψλ (κεηαγγίζεηο, ρνξήγεζε απμεηηθψλ παξαγφλησλ) θαη 

δηαθνξνπνηεηηθνχο παξάγνληεο  κέρξη ηελ θιαζηθή ρεκεηνζεξαπεία θαη ηελ 

κεηακφζρεπζε κπεινχ ησλ νζηψλ. Γεδνκέλνπ φηη ε δηάκεζε ειηθία ησλ αζζελψλ 

είλαη  >65 εηψλ, νξηζκέλεο ζεξαπεπηηθέο επηινγέο δελ είλαη επηιέμηκεο (11).  

    Παξφιν πνπ ηα πεξηζζφηεξα αλαπηχζζνληαη de novo (πξσηνπαζή MDS), 

νξηζκέλα κπνξεί λα αλαπηπρζνχλ πνιιά έηε κεηά ηελ έθζεζε ζε 

κεηαιιαμηνγφλνπο παξάγνληεο (αθηηλνβνιία, ρεκεηνζεξαπεία) (13). 

    Η πξψηε πεξηγξαθή εκθαλίδεηαη ην 1938  ζε αζζελείο κε παλθπηηαξνπελία, 

ππξεηφ θαη λεθξσηηθέο βιάβεο ζηνπο βιελλνγφλνπο. Οη θπηηαξνπελίεο ηνπ 

αίκαηνο ήηαλ αλζεθηηθέο ζηελ ζεξαπεία κε ηνπο ηφηε γλσζηνχο αηκαηηληθνχο 

παξάγνληεο (εθρχιηζκα ήπαηνο, καγηά κπχξαο, άιαηα) (14-16). Αξγφηεξα βέβαηα 

απνδείρζεθε φηη νη πεξηζζφηεξεο απφ απηέο ηηο πεξηπηψζεηο αθνξνχζαλ αλαηκία 

ρξφληαο λφζνπ, κεγαινβιαζηηθέο αλαηκίεο, θιεξνλνκηθέο αηκνιπηηθέο αλαηκίεο 

θιπ θαη φρη αιεζή κπεινδπζπιαζηηθά ζχλδξνκα (16).  

    Σν 1949 ρξεζηκνπνηήζεθε ν φξνο πξνιεπραηκία ζε θαηαζηάζεηο κε κία ή 

πεξηζζφηεξεο θπηηαξνπελίεο, πνπ εμειίρζεζαλ ζε νμεία ιεπραηκία (17). 

    Παξφιν πνπ ηα κπεινδπζπιαζηηθά ζχλδξνκα θαη νη κνξθνινγηθέο αλσκαιίεο 

ζε απηά είλαη γλσζηέο γηα >80 έηε, ε πξψηε κνξθνινγηθή ηαμηλφκεζε 

εκθαλίζηεθε ην 1982 (18). Αθφκε θαη ζήκεξα, κεηά απφ 11 πξνηαζείζεο  
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ηαμηλνκήζεηο κνξθνινγηθέο θαη πξνγλσζηηθέο, δηαπηζηψλεηαη απφ πεξηγξαθέο 

πεξηζηαηηθψλ φηη ε αηκαηνινγηθή εηθφλα θαη ε θπζηθή ηζηνξία ηεο λφζνπ δηαθέξεη 

ζεκαληηθά ζηηο δηάθνξεο πεξηπηψζεηο κπεινδπζπιαζηηθψλ ζπλδξφκσλ (11,19). 

    Σειεπηαία έρεη γίλεη κεγάιε πξφνδνο ζηε ζεξαπεπηηθή αληηκεηψπηζε ησλ 

ζπλδξφκσλ απηψλ κε πιεζψξα κνξίσλ λα δνθηκάδνληαη ζεξαπεπηηθά κε 

ζεκαληηθή βειηίσζε ηεο επηβίσζεο θαη ηεο πνηφηεηνο δσήο ζε νξηζκέλνπο 

αζζελείο (11,19,20). Γπζηπρψο φκσο ην 30% ησλ αζζελψλ αθφκε θαη ζήκεξα 

απνβηψλνπλ ιφγσ εμέιημεο ζε νμεία ιεπραηκία θαη έλα κεγάιν πνζνζηφ 

απνβηψλεη απφ άιιεο αηηίεο, θπξίσο θπηηαξνπελίεο (ινηκψμεηο, αηκνξξαγίεο), 

θαξδηαθή αλεπάξθεηα, ζξνκβσηηθά επεηζφδηα (19,21). 

 

    1.2. Ιζηοπική Αναδπομή 

    Απφ ηελ πξψηε πεξηγξαθή ηνπ ζπλδξφκνπ ην 1938 κέρξη ζήκεξα έρνπλ 

δηεπθξηληζηεί ηα ραξαθηεξηζηηθά ησλ ζπλδξφκσλ  θαη ε δηάγλσζε είλαη πιένλ 

θαζαξή ρσξίο λα γίλεηαη ζχγρπζε κε άιιεο λνζεξέο νληφηεηεο ζηηο πεξηζζφηεξεο 

πεξηπηψζεηο, ελψ πξνγλσζηηθά θξηηήξηα έρνπλ θαζνξηζηεί (14-30) 

    Απφ ην 1938 (16) είρε αλαγλσξηζηεί ε επίδξαζε «αηκαηνινγηθψλ ηνμηλψλ 

πεξηιακβαλνκέλσλ ησλ πδξνγνλαλζξάθσλ» ζηελ αλάπηπμε ησλ πξσηνπαζψλ 

MDS (ππφ ηνλ ηφηε φξν αλζεθηηθή αλαηκία) θαζψο επίζεο θαη ε αλάπηπμε 

δεπηεξνπαζψλ MDS επί πξνυπαξρφλησλ λνζεκάησλ (14-16).  

    Σν 1942 πεξηγξάθεθε ε θπζηθή εμέιημε νξηζκέλσλ MDS ζε νμεία ιεπραηκία θαη 

ην 1956 πεξηγξάθεθε ε έξπνπζα κνξθή ιεπραηκίαο, ζηελ νπνία ε πξνιεπραηκηθή 

θάζε δηαξθνχζε κέρξη θαη 30 ρξφληα. Σν ίδην έηνο πεξηγξάθεθε ε αλζεθηηθή 

αλαηκία κε δαθηπιηνεηδείο ζηδεξνβιάζηεο (17-30). Παξφιν πνπ πνιχ λσξίο 

αλαγλσξίζηεθαλ ζαλ ζχλδξνκα, ν ζαθήο δηαρσξηζκφο ηνπο απφ ηα 

κπεινυπεξπιαζηηθά δελ έγηλε λσξίηεξα απφ ην 1970 νπφηε θαη πξνηάζεθε ν 

φξνο κπεινδπζπιαζηηθφ ζχλδξνκν απφ ηνλ Hariet Gilbert (28-30). 
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1.3.  Δςζπλαζηικέρ  Μοπθολογικέρ  Αλλοιώζειρ ζηα Μςελοδςζπλαζηικά   

΢ύνδπομα 

    Οη κνξθνινγηθέο αιινηψζεηο ζηα κπεινδπζπιαζηηθά ζχλδξνκα είραλ 

αλαγλσξηζηεί πνιχ λσξίο (19-31). Απηέο πεξηιακβάλνπλ αιινηψζεηο ηνπ ππξήλα 

θαη ηνπ πξσηνπιάζκαηνο θαζψο θαη ηεο θπηηαξηθήο δηαίξεζεο.  Γηα ηελ εξπζξά 

ζεηξά πεξηγξάθνληαη δηπχξελεο κνξθέο, αηειείο δηαηξέζεηο, ππεξθαηάηκεζε 

ππξήλσλ, ππξελνξεμίεο, κεγαινβιαζηνεηδείο κνξθέο, αλψκαιε σξίκαλζε 

ππξήλα ππφ ηελ κνξθή ασξφηεηνο ή ππεξσξηκφηεηνο, απμεκέλν πνζφ 

εξπζξνβιαζηψλ ηφζν ζηνλ κπειφ φζν θαη ζην πεξηθεξηθφ αίκα θαη παξνπζία 

δαθηπιηνεηδψλ ζηδεξνβιαζηψλ. Γηα ηελ θνθθηψδε ζεηξά  πεξηγξάθνληαη κνξθέο 

κε ειαηησκέλε θνθθίσζε, κε ππνιφβσζε ηνπ ππξήλα (Pelger-like), κε 

ππέξππθλνπο ππξήλεο θαη κνξθέο κε πεξίεξγε κνξθνινγία πξσηνπιάζκαηνο 

θαη ππξήλα (bizarre) θαη κνλνθπηηαξνεηδή εκθάληζε. Μεξηθέο θνξέο 

αλεπξίζθνληαη θπηηαξηθέο κνξθέο δπζδηάγλσζηεο, πνπ δχζθνια θαηαηάζζνληαη 

κνξθνινγηθά ζε κία θπηηαξηθή ζεηξά (19-31). Σα κεγαθαξπνθχηηαξα 

παξνπζηάδνπλ πνζνηηθέο (ρακειφο ζπλήζσο αιιά θαη πςειφο αξηζκφο) θαη 

πνηνηηθέο δηαηαξαρέο. Πνιινί θαηαθεξκαηηζκέλνη ππξήλεο, κνλήξεο κηθξφο 

κνλφινβνο ππξήλαο, κηθξνκεγαθαξπνθχηηαξα, ππνθνθθησκέλεο κνξθέο, 

ππεξθνθθησκέλεο κνξθέο, άσξεο κε αηκνπεηαιηνπαξαγσγηθέο κνξθέο θαη ζπρλά 

κεησκέλνο αξηζκφο κεγαθαξπνθπηηάξσλ ή ζπαληφηεξα απμεκέλνο αξηζκφο ή 

δηαηαξαρέο σξίκαλζεο (19-31). ΢ε νξηζκέλα MDS παξαηεξνχληαη δηαηξαρέο θαη 

ζηα κνλνθχηηαξα (αλσκαιίεο ζηελ θνθθίσζε θαη ζηελ σξίκαλζε,   αηππία ζηε 

κνξθή ηνπ ππξήλα,  πξνκνλνθχηηαξα αλνζνθαηλνηππηθέο δηαηαξαρέο (19-34). 

Αλ θαη έρνπλ πεξηγξαθεί δηαηαξαρέο ζηελ ιεκθηθή ζεηξά, δελ είλαη βέβαην αλ 

απηέο απνηεινχλ ζπκκεηνρή ζηνλ δπζπιαζηηθφ θιψλν ή είλαη αληηδξαζηηθέο (33-

34). 

    Η αλεχξεζε βιαζηηθψλ θπηηάξσλ ζε κεηαμχ ησλ δνθίδσλ δηακεξίζκαηα ηνπ 

κπεινχ ησλ νζηψλ απνηειεί επίζεο ζπρλφ εχξεκα ησλ MDS ζηηο νζηενκπειηθέο 

βηνςίεο (31-34).  
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    1.4. Σαξινόμηζη 

    Απφ ηελ πξψηε ηαμηλφκεζε θαηά FAB (35) κέρξη ζήκεξα έρνπλ πξνηαζεί 

πεξίπνπ 10 ηαμηλνκήζεηο κε δηάθνξα θξηηήξηα. Πάληνηε ππήξρε αλάγθε χπαξμεο 

ελφο ζπζηήκαηνο ηαμηλφκεζεο κε πξνγλσζηηθή αμία. Σέηνην ζχζηεκα δελ έρεη 

ππάξμεη, πνπ λα θαιχπηεη φιεο ηηο πεξηπηψζεηο (35-46). 

    ΢ήκεξα, ηα πιένλ ρξεζηκνπνηνχκελα ζπζηήκαηα ηαμηλφκεζεο είλαη ην θαηά 

WHO 2008 (κνξθνινγηθφ ζχζηεκα (31), WPSS (πξνγλσζηηθφ ζχζηεκα 42), 

IPSS (49), LR-MDAS(19). Σν IPSS ζεσξήζεθε σο έλα πξνγλσζηηθφ ζχζηεκα κε 

ζηαηηθά ραξαθηεξηζηηθά, πνπ κπνξεί λα εθαξκνζηεί κφλν θαηά ηελ δηάγλσζε ηνπ 

λνζήκαηνο θαη φρη ζε άιια ζηάδηα ηεο εμέιημεο ηνπ ζπλδξφκνπ(47,48-50). Σν 

WPSS ζεσξείηαη έλα δπλακηθφ ζχζηεκα βαζκνιφγεζεο θηλδχλνπ, πνπ κπνξεί λα 

εθαξκνζηεί ζε φια ηα ζηάδηα θαηά ηελ δηάξθεηα εμέιημεο ηνπ ζπλδξφκνπ (51-63). 

                Πίνακαρ 1: Μοπθολογικά ζςζηήμαηα ηαξινόμηζηρ (31) 

 

FAB 1982 WHO 2008 

RA RA unilineage 

RCMD 

5q- syndrome 

RARS RARS unilineage or RCMD-RS 

 

RAEB RAEB-1 

RAEB-2 

 MDS unclassified 

RAEBt AML with multilineage dysplasia 

AML and therapy related MDS 

 

CMML Myelodysplastic/myeloproliferative 
disease 

 MDSπαηδηθήο ειηθίαο 
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Πίνακαρ 2: Ππογνυζηικά ζςζηήμαηα βαθμονόμηζηρ κινδύνος ζηα MDS(19) 

   Median survival 

Ππογνυζηικόρ 
δείκηηρ 

Ν Ππογνυζηικέρ 
μεηαβληηέρ 

Πολύ 
σαμηλόρ 

σαμηλόρ Int-1 Int-2 ςτηλόρ Λεςσαιμική 
εκηποπή 

IPSS(1997) 816 Απιθμόρ 
κςηηαποπενιών, 

Βλάζηερ% μςελού, 

Κςηηαπογενεηικέρ 
καηηγοπίερ. 

 5,7 έηη 3,5 έηη 1,2 έηη 0,4 έηη Μέζορ σπόνορ 
μέσπι εξέλιξη ηος 
25% : 9.4,3.3, 1.1 
και 0.2 για ηιρ 4 
καηηγοπίερ 
ανηίζηοισα 

WPSS(2007) 426 Καηηγοπίερ WHO 

Κςηηαπογενεηικέρ 
καηηγοπίερ IPSS, 
Μεηαγγίζειρ.  

103 
μήνερ 

72 μήνερ 40 μήνερ 21 
μήνερ 

12 μήνερ Πιθανόηηηα 
εξέλιξηρ ζηην 
5εηία 0.06, 0.24, 
0.48, 0.63 
ανηίζηοισα 

LR-MDAS 856 Ζλικία, Hb, PLTs, 
βλάζηερ(%) 
μςελού, πηυσόρ 
καπςόηςπορ. 

 Καηηγοπία 
1: 80.3 
μήνερ 

Καηηγοπία 
2: 26.6 
μήνερ 

Καηηγοπία 
3: 14.2 
μήνερ 

   10% 

MDAS 957 Πηυσό 
performance 
status 

Ζλικία, 
θπομβοπενία, 
βλάζηερ% μςελού, 
αναιμία, 
λεςκοκςηηάπυζη, 
ανυμαλίερ Chr7 η 
ζύμπλοκερ 
σπυμοζυμιακέρ 
ανυμαλίερ, 
μεηαγγίζειρ. 

 

 54μήνερ 25 μήνερ 14 
μήνερ 

6 μήνερ Ν/Α 
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    1.5. Φςζιοπαθολογία Μςελοδςζπλαζηικών ΢ςνδπόμυν 

    ΢ηελ αλάπηπμε ησλ κπεινδπζπιαζηηθψλ ζπλδξφκσλ εκπιέθνληαη γελεηηθνί θαη 

πεξηβαιινληηθνί παξάγνληεο ρσξίο λα έρεη δηεπθξηληζηεί ν αθξηβήο ξφινο ησλ 

παξαγφλησλ απηψλ ζηελ παζνθπζηνινγία ησλ ζπλδξφκσλ (64-66). 

    Η αξρηθή βιάβε ζηα κπεινδπζπιαζηηθά ζχλδξνκα ζπκβαίλεη ζην πνιπδχλακν 

αξρέγνλν αηκνπνηεηηθφ θχηηαξν ή ζην δεζκεπκέλν (committed) θνηλφ πξνγνληθφ 

θχηηαξν κηαο ή πεξηζζνηέξσλ ζεηξψλ (31). Απηφ έρεη θαλεί απφ θπηηαξνγελεηηθέο 

θαη γελεηηθέο κειέηεο, ζηηο νπνίεο ε δηαηαξαρή γνληδηαθή ε θπηηαξνγελεηηθή 

βξίζθεηαη ζε αξρέγνλα CD34+/CD38-  θαη CD34+/CD19-  θχηηαξα αιιά ελίνηε ε 

βιάβε εληνπίδεηαη ζε σξηκφηεξνπο θαη φρη ζηνπο αλσηέξσ πιεζπζκνχο (31). Γελ 

είλαη γλσζηφ ζε φιεο ηηο πεξηπηψζεηο  ζε πνην θχηηαξν έρεη ζπκβεί ε 

λενπιαζκαηηθή εθηξνπή. Αθφκε θαη φηαλ ππάξρεη κνλνγξακκηθή δπζπιαζία θαη 

θαίλεηαη λα πάζρεη κία κφλν θπηηαξηθή ζεηξά, ππάξρεη πηζαλφηεηα ε αξρηθή 

βιάβε λα έρεη ζπκβεί ζην πνιπδχλακν αξρέγνλν αηκνπνηεηηθφ θχηηαξν (31). 

    Σα κπεινδπζπιαζηηθά ζχλδξνκα εμειίζζνληαη θαηά ηελ δηάξθεηα ηεο λφζνπ θαη 

θαηά ηα δηάθνξα ζηάδηα ζπζζσξεχνληαη λέεο γελεηηθέο βιάβεο, νη νπνίεο 

πξνζδίδνπλ κεγαιχηεξε γελεηηθή αζηάζεηα (67). Σειηθά ε λφζνο θαηαιήγεη ζε 

νμεία ιεπραηκία ζπλήζσο κπεινγελή αιιά θαη ελίνηε ιεκθνγελή (31,68,68). 

    Σν ραξαθηεξηζηηθφ ησλ κπεινδπζπιαζηηθψλ ζπλδξφκσλ είλαη ε δπζαλαινγία 

ζηελ θπηηαξνβξίζεηα κεηαμχ κπεινχ νζηψλ θαη πεξηθέξεηαο (11,31,70,71). Απηφ 

νθείιεηαη ζην θαηλφκελν ηεο απμεκέλεο ελδνκπειηθήο θαηαζηξνθήο πξφδξνκσλ 

θπηηαξηθψλ κνξθψλ (απφπησζε) (72-76). Σν θαηλφκελν ηεο απφπησζεο είλαη 

εληνλφηεξν ζηα ρακεινχ θηλδχλνπ MDS, ελψ ζηα πςεινχ θηλδχλνπ απμάλεη ε 

επηβίσζε ησλ βιαζηηθψλ θπηηάξσλ ηα νπνία ζπζζσξεχνληαη θαη παξνπζηάδεηαη 

ε ιεπραηκηθή εθηξνπή (72-77). 

    Απφ ηφηε πνπ αλαγλσξίζηεθε ε απμεκέλε απφπησζε ζηα MDS, 

δεκηνπξγήζεθε ην εξψηεκα γηαηί έλαο θιψλνο κε απμεκέλα απηνθαηαζηξνθηθά 
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ραξαθηεξηζηηθά επηθξαηεί έλαληη ηνπ θπζηνινγηθνχ θιψλνπ θαη αλαπηχζζεηαη εηο 

βάξνο απηνχ. ΢ε κεξηθέο πεξηπηψζεηο παξαηεξνχληαη ραξαθηεξηζηηθά θνηλά 

κεηαμχ MDS θαη απιαζηηθήο αλαηκίαο κε απνηέιεζκα λα δηαηππσζεί ππφζεζε 

θνηλήο παζνθπζηνινγηθήο αλάπηπμεο ζηα ζχλδξνκα απηά. ΢χκθσλα κε ηελ 

ππφζεζε απηή, ε δηαηαξαρή πνπ ζπλέβε ζην αξρέγνλν αηκνπνηεηηθφ 

θχηηαξν(ηφζν ζηελ απιαζηηθή αλαηκία, φζν θαη ζε νξηζκέλα MDS) επάγεη Σ-

θπηηαξηθή αλνζνινγηθή αληίδξαζε, ε νπνία ζηξέθεηαη έλαληη ηφζν ηνπ 

θπζηνινγηθνχ φζν θαη ηνπ MDS θιψλνπ. Η επηθξάηεζε ηνπ MDS θιψλνπ 

νθείιεηαη ζηελ αλζεθηηθφηεηα απηνχ ζηελ αλνζνεπαγφκελε θπηηαξηθή 

θαηαζηξνθή.Δλδείμεηο ππέξ απηήο ηεο ππφζεζεο απνηειεί ε χπαξμε Σ-

θπηηαξηθνχ θιψλνπ CD56-/CD16-/HLA-DR15+/PIG-Amutated ζε νξηζκέλα 

ππνπιαζηηθά MDS αιιά θαη ε παξνπζία MDS θιψλσλ (κε θπηηαξνγελεηηθέο 

αλσκαιίεο) ζηελ απιαζηηθή αλαηκηα. Δπίζεο ε αλάπηπμε T-cell ιεπραηκίαο ζηα 

MDS απφ ηνλ αληηδξαζηηθφ T-cell θιψλν (31,78-69).  

    Έλα άιιν ραξαθηεξηζηηθφ ησλ MDS είλαη ε ζπρλή παξνπζία θπηηαξνγελεηηθψλ 

αλσκαιηψλ, νη νπνίεο πεξηιακβάλνληαη θαη ζηα θξηηήξηα γηα ηελ πξνγλσζηηθή 

ηαμηλφκεζε ησλ MDS (81). Η ζπκβαηηθή θπηηαξνγελεηηθή κε G-banding απαηηεί 

δηαηξνχκελα θχηηαξα θαη έρεη κηθξή δηαθξηηηθή επρέξεηα (5-8Mb). Η FISH 

ελδηάκεζεο θάζεο έρεη κεγαιχηεξε δηαθξηηηθή επρέξεηα (interphase FISH) αιιά 

θαίλεηαη  φηη θαη κε απηή ράλεηαη έλαο αξθεηά κεγάινο αξηζκφο θπηηαξνγελεηηθψλ 

αλσκαιηψλ(78). Η επξεία γνληδηαθή αλάιπζε (genome-wide) κε ζπγθξηηηθφ 

DNA/RNA πβξηδηζκφ ζε κηθξνζπζηνηρίεο (aCGH) θαη κηθξνζπζηνηρίεο DNA κε 

SNPs έρεη αλαδείμεη πνιπάξηζκεο θξππηνγξαθεκέλεο ρξσκνζσκηθέο αλσκαιίεο 

(82-85), απψιεηα εηεξνδπγσηίαο, κνλνγνληθή δηζσκία, πνιιαπιά αληίγξαθα 

γνληδίσλ θαη εηδηθνχο γνλφηππνπο ( 83,84,86,87).  

    Παξφιν πνπ θακία θπηηαξνγελεηηθή αλσκαιία δελ είλαη παζνγλσκνληθή γηα ηα 

MDS, νξηζκέλεο θπηηαξνγελεηηθέο αλσκαιίεο έρνπλ ζπλδεζεί κε θαθή πξφγλσζε 

(φπσο UPD4q, UPD7q, UPD11q, UPD17p), (81), ελψ ζε άιιεο δελ έρεη εθηηκεζεί 

ε πξφγλσζε,  φπσο ζηελ whole genomeUPD (3,67,81,86,87). Δπίζεο κεξηθέο 

είλαη κνλαδηθέο γηα ζπγθεθξηκέλα κνξθνινγηθά ζχλδξνκα, φπσο ην del5q 

(58,59,88,89). Η πξνζδνθία, φηη ε θπηηαξνγελεηηθή κειέηε ζηα MDS ζα 

βνεζνχζε ζηελ εξκελεία ηεο παζνγέλεηαο, δελ εθπιεξψζεθε (67). Οη 

ζπζζσξεπφκελεο βιάβεο θαηά ηελ πνιπζηαδηαθή αλάπηπμε ησλ MDS είλαη 

θπηηαξνγελεηηθά ζησπειέο (90).  
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    Με ηελ aCGH ή πνιπκνξθηζκνχο SNPs έρνπλ εληνπηζηεί πνηθίιεο γελεηηθέο 

αλσκαιίεο ζε πεξηνρέο κε άγλσζηα γνλίδηα, ζε ηληξφληα γλσζηψλ γνληδίσλ ή ζε 

γνλίδηα άγλσζηεο θιηληθήο ζεκαζίαο (91-92). ΢ε κεξηθέο πεξηπηψζεηο 

δηαπηζηψζεθαλ αιιαγέο ζε γνλίδηα κε γλσζηή ζπζρέηηζε κε λενπιάζκαηα φπσο 

κεηαγξαθηθνί παξάγνληεο θαη ζπκπαξάγνληεο (ETV6, RUNX1), πξσηείλεο 

δηαβίβαζεο ζήκαηνο (GNAS, JAK2,KRAS, BRAF,CBL,NRAS, PTPN11), 

ξπζκηζηέο θπηηαξηθνχ θχθινπ (CDKN2A, CNKN2BPTEN), επηγελεηηθνί ξπζκηζηέο 

(TET2, EZH2, ASX11, DNMT3A, IDH1, JDH1), ( 91-101). 

    Η επηγελεηηθή  ηξνπνπνίεζε ζηα MDS έρεη επηζχξεη ην ελδηαθέξνλ ησλ 

εξεπλεηψλ θαη άιιαμε ηνπο ζεξαπεπηηθνχο ζηφρνπο (88,102). Σξείο ζεκαληηθνί 

κεραληζκνί έρνπλ πεξηγξαθεί: ε κεζπιίσζε ηνπ DNA, ε ηξνπνπνίεζε ησλ 

ηζηνλψλ θαη ε παξείζθξεζε ζην RNA. ΢ε φηη αθνξά ζηελ κεζπιίσζε, έρεη 

πεξηγξαθεί ππεξκεζπιίσζε ησλ λεζηδίσλ CpG ζηηο ξπζκηζηηθέο πεξηνρέο 

πνιιψλ γνληδίσλ (102-143). 

    1.6. Ανηιμεηώπιζη 

    Παξφηη ηα δχν θαηεμνρήλ ζρεδφλ ρξεζηκνπνηνχκελα πξνγλσζηηθά ζπζηήκαηα 

ηαμηλφκεζεο IPSS-R θαη WPSS έρνπλ εθαξκνγή ζε κεγάιν αξηζκφ 

πεξηζηαηηθψλ,  ππάξρνπλ πνιινί άιινη παξάγνληεο θιηληθνί θαη εξγαζηεξηαθνί, 

πνπ θαηά γεληθή νκνινγία επεξεάδνπλ ηελ πξφγλσζε αιιά δελ έρνπλ εθηηκεζεί 

ζε κειέηεο. Σέηνηεο είλαη ε ειηθία, ην άξξελ θχιν, ε θαθή γεληθή θαηάζηαζε 

(performance status), νη ζπλλνζεξφηεηεο, ε πνιπγξακκηθή ζπκκεηνρή, ε πςειή 

θεξξηηίλε νξνχ, ε πςειή LDH, ε ίλσζε ηνπ κπεινχ νζηψλ, νξηζκέλνη 

αλνζνθαηλφηππνη (144), θισληθά πνιπκνξθνπχξελα, ρξσκνζσκηαθή αζηάζεηα, 

βξαρέα ηεινκεξή, απμεκέλε δξαζηεξηφηεηα ηεο ηεινκεξάζεο θαη γελεηηθνί 

ραξαθηήξεο, φπσο απμεκέλε έθθξαζε Bcl-2 θαη θαζπάζεο 3, κεζπιίσζε ησλ 

p15INK4b θαη CTNNA1 (ζην 5q-ππεξκεζπιίσζε άιισλ γνληδίσλ, απνπζία 

κεηαιιαγκέλνπ ΣΔΣ2, θαηαζηνιή ηνπ LEF1, κεηάιιαμε ζην ASXL1 θαη 

ζπγθεθξηκέλν 6-γνληδηαθφ απνηχπσκα (60,74,145-154,155). Σν 30% ησλ MDS 

εμειίζζεηαη ζε νμεία ιεπραηκία (19,156). 

    Ο ζεξαπεπηηθφο ζηφρνο ζηα MDS είλαη ε θαηαζηνιή ηνπ λενπιαζκαηηθνχ 

θιψλνπ θαη ε αλάθακςε ηνπ θπζηνινγηθνχ. Απηφ επηηπγράλεηαη ζε πνιχ ιίγεο 

πεξηπηψζεηο θαη ε κφλε ζήκεξα ζεξαπεία ίαζεο είλαη ε κεηακφζρεπζε 

αηκνπνηεηηθψλ  θπηηάξσλ (157). Δπνκέλσο ζε πεξίπησζε MDS, ζα πξέπεη λα 
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απνθαζίδεηαη αλ ν αζζελήο είλαη επηιέμηκνο γηα κεηακφζρεπζε κπεινχ ή 

πεξηθεξηθψλ ζηειερηαίσλ αηκνπνηεηηθψλ θπηηάξσλ ιακβάλνληαο ππφςε ηελ 

ειηθία, ηνλ βαζκφ θηλδχλνπ ηνπ MDS, ηηο ζπλλνζεξφηεηεο, ηε δηαζεζηκφηεηα ηνπ 

δφηε θαη ηελ επηινγή ηνπ αζζελνχο (19,158-161). ΢ηα ρακεινχ θηλδχλνπ 

πεξηζηαηηθά επηιέγεηαη ε παξαθνινχζεζε ηνπ αζζελνχο, ε ρνξήγεζε απμεηηθψλ 

παξαγφλησλ θαη άιιεο  ππνζηεξηθηηθέο  ζεξαπείεο  κέρξη λα απνθηήζεη ν 

αζζελήο ζπκπησκαηηθέο θπηηαξνπελίεο (158). ΢ηα πςεινχ θηλδχλνπ MDS 

εθαξκφδνληαη απνκεζπιησηηθνί παξάγνληεο αιιά θαη θιαζηθή ρεκεηνζεξαπεία ζε 

αλζεθηηθέο πεξηπηψζεηο (19). Μία ζεηξά λέσλ κνξίσλ δνθηκάδεηαη ζηελ ζεξαπεία 

ησλ MDS κε θαιά απνηειέζκαηα, ηα νπνία φκσο δελ έρνπλ ηεθκεξησζεί ζε 

κεγάιεο κειέηεο αθφκε (19). Απηά αθνξνχλ απνκεζπιησηηθνχο παξάγνληεο, 

απναθεηπιάζεο ηζηνλψλ, αλαζηνιείο θηλαζψλ, αλαζηνιείο θπηηαξηθνχ θχθινπ, 

αλαζηνιείο απφπησζεο, αλνζνηξνπνπνηεηηθά, αλαζηνιείο νδνχ hedgehog θιπ.  

 

 

    2. ΢ΗΣΔΤΣΗΚΑ ΚΤΣΣΑΡΑ (ΜΑ΢ΣΟΚΤΣΣΑΡΑ) 

    Πεξηγξάθεθαλ γηα πξψηε θνξά απφ ηνλ Paul Ehrlich to 1878 σο θνθθηψδε 

θχηηαξα κε κεηαρξσκαηηθά θνθθία, πνπ ζπλεηζέθεξαλ ζηελ δηαηξνθή ησλ 

πεξηβαιιφλησλ ηζηψλ εμ νπ θαη ην φλνκά ηνπο (162). Πνιχ αξγφηεξα, ην 1937, 

αλαγλσξίζηεθε ε παξαγσγή επαξίλεο απφ ηα ζηηεπηηθά θχηηαξα (163). ΢ηα 

επφκελα ρξφληα ζηαδηαθά αλαγλσξίζηεθε ε ζρέζε κεηαμχ καζηνθπηηάξσλ, 

ηζηακίλεο, επαξίλεο θαη αλαθπιαμίαο (164,165). ΢ηαδηαθά θαη πνιχ αξγφηεξα 

δηεπθξηλίζηεθε ν ξφινο ησλ καζηνθπηηάξσλ θαη ν κεραληζκφο δξάζεο ηνπο ζηελ 

εθδήισζε ηεο αιιεξγηθήο αληίδξαζεο κέζσ IgE (165,166,167,168,169). 

    Η θαηαλφεζε ηνπ κεραληζκνχ ελεξγνπνίεζεο ησλ ζηηεπηηθψλ θπηηάξσλ θαη 

έθθξηζεο ησλ κεζνιαβεηψλ ηνπο, ε κειέηε ησλ ζηαδίσλ ηεο θιεγκνλήο, ε 

εθαξκνγή θπηηαξηθψλ θαιιηεξγεηψλ θαη ε αλάπηπμε δηαγνληδηαθψλ ζηειερψλ 

πνληηθψλ κε παληειή έιιεηςε ζηηεπηηθψλ θπηηάξσλ νδήγεζε ζε πεξαηηέξσ 

δηαιεχθαλζε ηνπ ξφινπ ησλ θπηηάξσλ απηψλ ηφζν ζηελ θιεγκνλή, φζν ζηελ 

αιιεξγία θαη ηνπ ξφινπ ηνπο ζηελ αλάπηπμε θαη επέθηαζε δηαθφξσλ λνζεκάησλ 

φπσο θαθνεζεηψλ, ρξνλίσλ θιεγκνλσδψλ λνζεκάησλ, απηνάλνζσλ λνζεκάησλ 

θιπ. (170,171,172,173,174). 
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    2.1. Ονηογένεζη 

    Σα ζηηεπηηθά θχηηαξα  πξνέξρνληαη απφ ην θνηλφ πξνγνληθφ αηκνπνηεηηθφ 

θχηηαξν. Απηφ απνδείρζεθε κε πεηξάκαηα κεηακφζρεπζεο κπεινχ νζηψλ ζε 

πνληηθνχο, φπνπ παξαηεξήζεθε αλάπηπμε ζηηεπηηθψλ θπηηάξσλ ηνπ δφηε ζηνλ 

δέθηε (175) αιιά πξσηνπεξηγξάθεθε ζε πεξίπησζε κεηακφζρεπζεο κπεινχ 

νζηψλ ζε άλζξσπν  ην 1994 (176). 

    Με πεηξάκαηα ζε πνληηθνχο αλαγλσξίζηεθε ην πξνγνληθφ δεζκεπκέλν θχηηαξν 

γηα ηα ζηηεπηηθά θχηηαξα θαη ην 2005 απνκνλψζεθε ην θχηηαξν απηφ κε καγλεηηθφ 

δηαρσξηζκφ (177). Σν 2005 πξνηάζεθε ε χπαξμε θνηλνχ πξνγνληθνχ θπηηάξνπ 

γηα ηα καζηνθχηηαξα θαη ηα ππφινηπα θχηηαξα ηεο θνθθηψδνπο ζεηξάο (178). 

    Απφ αλαπηπμηαθήο πιεπξάο, ηα ζηηεπηηθά θχηηαξα θαίλεηαη φηη εκθαλίδνληαη 

ζηηο εκβξπνληθέο ζέζεηο αηκνπνίεζεο ηαπηφρξνλα κε ηα ππφινηπα αηκνπνηεηηθά 

θχηηαξα (177,179).  

    Απφ θπινγελεηηθήο πιεπξάο, πηζαλφο αξρέγνλνο πξφγνλνο ησλ ζηηεπηηθψλ 

θπηηάξσλ ησλ ζπνλδπισησλ εληνπίζηεθε ζην είδνο Ciona intestinalis, ελφο 

ειηθίαο 500 εθαηνκκπξίσλ εηψλ πξνδξφκνπ ησλ ζπνλδπισηψλ. Απηφ ην 

αξρέγνλν καζηνθχηηαξν πεξηέρεη κεηαρξσκαηηθά θνθθία θαη κνηάδεη κε ην 

καζηνθχηηαξν ηνπ ζπλδεηηθνχ ηζηνχ θαζψο επίζεο εθθξίλεη ηζηακίλε θαη 

πξνζηαγιαλδίλεο (180). Παξφιν πνπ ηα ζηηεπηηθά θχηηαξα ησλ ζπνλδπισηψλ 

πεξηγξάθεζαλ έλαλ αηψλα πξηλ, νη ιεηηνπξγίεο ηνπο ιεπηνκεξψο δελ έρνπλ 

πιήξσο δηαιεπθαλζεί. 

    Η αλάπηπμε θαη δηαθνξνπνίεζε ησλ ζηηεπηηθψλ θπηηάξσλ ζηνλ άλζξσπν 

εμαξηάηαη απφ ηνλ CSF(colony stimulating factor) θαη ηνλ ζπλδέηε ηνπ CD117/c-

kit (181,182). H έξεπλα ζηνλ CSF έδεημε φηη απηφο δηεπθνιχλεη ηελ αλάπηπμε, ηνλ 

πνιιαπιαζηαζκφ ηε κεηαλάζηεπζε θαη ηελ πξνζθφιιεζε ησλ ζηηεπηηθψλ  

θπηηάξσλ (183,184). Παξφιν πνπ ε αλάπηπμε ησλ καζηνθπηηάξσλ in vitro 

απαηηεί IL-3, in vivo δελ θαίλεηαη αλαγθαία γηα ηνλ άλζξσπν. Δπί πιένλ 

κεηαιιάμεηο ζην c-kit,  πνπ νδεγνχλ ζε απφθηεζε λέαο ιεηηνπξγίαο (gain of 
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function), νδεγνχλ ζε λενπιαζκαηηθή λφζν πνπ ραξαθηεξίδεηαη απφ ππεξπιαζία 

ησλ ζηηεπηηθψλ θπηηάξσλ (185).  

      2.2. Καηανομή, θαινόηςπορ, πύθμιζη και λειηοςπγίερ ηυν   ζιηεςηικών  

κςηηάπυν                                     

    Σα ζηηεπηηθά θχηηαξα  θαηαλέκνληαη ζε φιν ηνλ νξγαληζκφ θαη βξίζθνληαη 

θπξίσο ζηα θπζηνινγηθά φξηα ηνπ κεηαμχ ηνπ νξγαληζκνχ θαη ηνπ πεξηβάιινληνο, 

δειαδή ζε πηζαλέο πχιεο εηζφδνπ μέλσλ νξγαληζκψλ, π.ρ. δέξκα, βιελλνγφλνη, 

γχξσ απφ ηα αγγεία θιπ. (186,187,188). Σα θχηηαξα απηά κεηαλαζηεχνπλ κέζσ 

ηνπ αίκαηνο ζαλ αλψξηκεο κνξθέο θαη σξηκάδνπλ θαη πνιιαπιαζηάδνληαη ζηνπο 

ηζηνχο, φπνπ εγθαζίζηαληαη, ζε αληίζεζε κε ηα ππφινηπα θχηηαξα ηνπ αίκαηνο, ηα 

νπνία σξηκάδνπλ ζηνλ κπειφ ησλ νζηψλ θαη απειεπζεξψλνληαη ζηελ θπθινθνξία 

σο ψξηκεο κνξθέο (189,190,191,192). 

    Σα ψξηκα ζηηεπηηθά θχηηαξα ησλ ηζηψλ δνχλ κέρξη θαη 12 εβδνκάδεο θαη κεηά 

απφ θαηάιιειν εξέζηζκα κπνξνχλ λα απνδηαθνξνπνηεζνχλ θαη λα 

πνιιαπιαζηαζηνχλ εκθαλίδνληαο εμαηξεηηθή πιαζηηθφηεηα (193,194,195).  

    ΢ην πεξηθεξηθφ αίκα αλαγλσξίδνληαη κφλν πξφδξνκα ησλ ζηηεπηηθψλ 

θπηηάξσλ. Η κεηαλάζηεπζε απηψλ ησλ θπηηάξσλ ξπζκίδεηαη απφ ηηο αλάγθεο ησλ 

ηζηψλ. Γηα παξάδεηγκα, ζηνλ θπζηνινγηθφ πλεχκνλα δελ ππάξρνπλ πνιιά 

ζηηεπηηθά θχηηαξα, ζε πεξίπησζε φκσο αιιεξγηνγφλνπ θιεγκνλήο ζπζζσξεχεηαη 

ηνπηθά κεγάινο αξηζκφο απφ απηά ηα θχηηαξα (196). ΢ηνλ κεραληζκφ απηφλ 

ζπζζψξεπζεο ζπκκεηέρνπλ νη ηληεγθξίλεο α4β7, α4β1, VCAM-1, CXCR2, CCR2, 

MCP-1, CCL2,CCL5,RANTES (197,192,198,199). Δπί πιένλ νη κεζνιαβεηέο, 

πνπ εθθξίλνπλ ηα ίδηα ηα ζηηεπηηθά θχηηαξα, πξνζειθχνπλ πεξηζζφηεξα 

πξφδξνκα θχηηαξα, ηα νπνία πεξαηηέξσ δηαθνξνπνηνχληαη ζηνπο ηζηνχο θαη 

απμάλεη έηζη πεξαηηέξσ ν αξηζκφο ησλ θπηηάξσλ απηψλ ηνπηθά (200).  

    ΢ηνλ άλζξσπν έρνπλ αλαγλσξηζηεί 3 θαηλφηππνη ζηηεπηηθψλ θπηηάξσλ. Ο 

θαηλφηππνο MCTC, MC θαη ν  A3. O θαηλφηππνο MCTC απνζεθεχεη ρπκάζεο, 

ηξππηάζεο θαη θαξβνμππεπηηδάζεο ζηα θνθθία ηνπ, ν θαηλφηππνο MC 

απνζεθεχεη κφλν ρπκάζεο θαη ν ηξίηνο θαηλφηππνο απνζεθεχεη κφλν ηξππηάζεο 

θαη θαξβνμππεπηηδάζεο Α3 (201,202,203,204,205,206). Δπί πιένλ δηάθξηζε ηνπ 

θαηλνηχπνπ ησλ ζηηεπηηθψλ θπηηάξσλ γίλεηαη ζε ζρέζε κε ηελ έθθξαζε ηνπ 

ππνδνρέα ηνπ C5aR  γηα ην C5a θιάζκα ηνπ ζπκπιεξψκαηνο, π.ρ.  ηα MCTC 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



38 

απφ ην δέξκα θαη ηνλ πλεχκνλα αιιά φρη ηα MC απφ ηνλ πλεχκνλα  εθθξάδνπλ 

C5aR. (207). 

    Η πνηθηινκνξθία ηνπ θαηλνηχπνπ ησλ ζηηεπηηθψλ θπηηάξσλ ζρεηίδεηαη κε ην 

ηχπν ηεο επαηζζεζίαο  ζηα εξεζίζκαηα θαη ηεο αληίδξαζεο πνπ κπνξνχλ λα 

εκθαλίζνπλ θαη κε ηελ πνηθηιία ησλ κεζνιαβεηψλ πνπ κπνξνχλ λα 

απειεπζεξψζνπλ. Σα MCTC ππάξρνπλ θπξίσο ζην δέξκα ελψ ηα MC ζηνπο 

βιελλνγφλνπο (204). Καηά ηελ δηάξθεηα ηεο δσήο ελφο ζηηεπηηθνχ θπηηάξνπ ν 

θαηλφηππνο απηνχ κπνξεί λα αιιάμεη θαη απηφ εμαξηάηαη απφ πνιινχο 

παξάγνληεο (208,209). Δπίζεο, κεηαηξνπή ηνπ θαηλνηχπνπ απφ απηφλ ηνπ 

ζηηεπηηθνχ  θπηηάξνπ ηνπ ζπλδεηηθνχ ηζηνχ ζε απηφλ ηνπ ζηηεπηηθνχ θπηηάξνπ ησλ 

βιελλνγφλσλ θαη αληηζηξφθσο έρεη πεξηγξαθεί (194,210-223). Απηφ εμαξηάηαη 

απφ ην είδνο θαη ηελ πνζφηεηα ησλ θπηηαξνθηλψλ ηνπ πεξηβάιινληνο.  

    2.3. Μεζολαβηηέρ ζιηεςηικών κςηηάπυν. 

    Σα ζηηεπηηθά θχηηαξα εθθξάδνπλ κία πνηθηιία κεζνιαβεηψλ πνπ 

θαηεγνξηνπνηνχληαη ζε 3 θαηεγνξίεο: ζηελ πξψηε θαηεγνξία αλήθνπλ 

κεζνιαβεηέο, πνπ είλαη απνζεθεπκέλνη ζηα θνθθία ηνπο, ζηελ δεχηεξε θαηεγνξία 

αλήθνπλ κεζνιαβεηέο-ιηπίδηα (εηθνζαλνεηδή), πνπ πξνέξρνληαη απφ ηελ 

κεκβξάλε ησλ θπηηάξσλ απηψλ θαη ζηελ ηξίηε θαηεγνξία λενζπληηζέκελεο νπζίεο, 

πνπ παξάγνληαη κεηά απφ ελεξγνπνίεζε ηεο κεηάθξαζεο θαη ησλ νπνίσλ ε 

ξχζκηζε εμαξηάηαη απφ ην είδνο ηνπ εξεζίζκαηνο θαη ηνλ ππνδνρέα, πνπ 

κεζνιαβεί ζηελ ελεξγνπνίεζε (186,224).  

    Οη απνζεθεπκέλνη κεζνιαβεηέο πεξηιακβάλνπλ θπξίσο ηελ ηζηακίλε (Α: Sillva 

1947), ηελ ζεξνηνλίλε (225), ηελ ληνπακίλε ζε νξηζκέλα είδε (226), ιπζνζσκηθά 

έλδπκα (227), θαζπάζε-3 (228), άιιεο πξσηεάζεο (229-231),  ρπκάζε, ηξππηάζε 

θαη θαξβνμππεπηηδάζε Α (232-237). Δπίζεο  ζηα θνθθία ησλ ζηηεπηηθψλ 

θπηηάξσλ απνζεθεχεηαη κία κεγάιε πνηθηιία θπηηαξνθηλψλ θαη απμεηηθψλ 

παξαγφλησλ (238,239,227). ΢εκεησηένλ φηη ην είδνο ησλ κεζνιαβεηψλ πνπ είλαη 

απνζεθεπκέλνη θάζε θνξά εμαξηάηαη απφ ην είδνο, ηνλ θαηλφηππν θαη ην 

κηθξνπεξηβάιινλ, ζην νπνίν βξίζθνληαη. 

    Η ηζηακίλε είλαη ε πην γλσζηή βηνγελήο ακίλε, ε νπνία πξνθαιεί 

αγγεηνδηαζηνιή, βξνγρνζπζηνιή, ζπζηνιή ιείσλ κπηθψλ ηλψλ θαη απμεκέλε 

ηξηρνεηδηθή δηαπεξαηφηεηα, ιεηηνπξγίεο, πνπ ζπρλά ζρεηίδνληαη κε αιιεξγηθέο θαη 
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θιεγκνλψδεηο αληηδξάζεηο (227). Δπίζεο ζεσξείηαη φηη ζπκκεηέρεη ζηελ ξχζκηζε 

ησλ δελδξηηηθψλ θπηηάξσλ (240). Η ζεξνηνλίλε είλαη κία  άιιε βηνγελήο ακίλε,  

πνπ εκπιέθεηαη ζηελ θαξθηλνγέλεζε κέζσ πνιιαπιψλ κεραληζκψλ (241).  

    ΢ηα ελεξγνπνηεκέλα ζηηεπηηθά θχηηαξα παξάγνληαη θαη εθθξίλνληαη κία νκάδα 

εηθνζαλνεηδψλ πξνεξρφκελα απφ ην αξαρηδνληθφ νμχ κε ηελ δξάζε ηεο 

θσζθνιηπάζεο Α (PLA2), (241-248,187,249-257). Οη πξνζηαγιαλδίλεο θαη ηα 

ιεπθνηξηέληα αλήθνπλ ζηελ θαηεγνξία απηψλ ησλ κεζνιαβεηψλ πνπ επζχλνληαη 

γηα ηελ απμεκέλε δηαπεξαηφηεηα ησλ αγγείσλ, ηελ πξνζέιθπζε ιεπθνθπηηάξσλ, 

ηελ παξαγσγή βιέλλεο, ηελ ελεξγνπνίεζε ησλ λεπξηθψλ θπηηάξσλ. Γεληθφηεξα 

ηα εηθνζαλνεηδή, πνπ εθθξίλνληαη απφ ηα ζηηεπηηθά θχηηαξα, επζχλνληαη γηα ηελ 

πξνζέιθπζε αλνζνδξαζηηθψλ θπηηάξσλ θαη ηξνπνπνηνχλ ηελ 

αληηγνλνπαξνπζίαζε (258). 

    Μεηά απφ ελεξγνπνίεζε ησλ ζηηεπηηθψλ θπηηάξσλ, είλαη δπλαηφλ λα 

ζπληεζνχλ θαη λα εθθξηζνχλ απφ απηά λενζπληηζέκελνη κεζνιαβεηέο, ησλ νπνίσλ 

ε ξχζκηζε εμαξηάηαη απφ ην είδνο ηνπ εξεζίζκαηνο θαη ηνλ εηδηθφ ππνδνρέα, πνπ 

εκπιέθεηαη ζηελ ελεξγνπνίεζε. Απηνί νη κεζνιαβεηέο είλαη θπηηαξνθίλεο θαη 

ρπκνθίλεο θαη εθθξίλνληαη ηηο πξψηεο ψξεο κεηά ηελ ελεξγνπνίεζε. 

Πεξηιακβάλνπλ πξνθιεγκνλψδεηο (IL-4,IL-5,IL-6,IL-1,IFN-γ,IL-2,IL-3,IL-12,IL-8, 

TNF-α) θαη αληηθιεγκνλψδεηο (IL-10,TGF-β) θπηηαξνθίλεο θαζψο θαη ρπκνθίλεο 

(CCL5,CXCL8), ( 259,260). 

    Η ελεξγνπνίεζε ησλ ζηηεπηηθψλ θπηηάξσλ κπνξεί λα γίλεη απφ πνηθίια 

εμσγελή εξεζίζκαηα, ηα νπνία δξνπλ πάλσ ζηνπο πνιπάξηζκνπο ππνδνρείο, πνπ 

απηά δηαζέηνπλ ζηελ επηθάλεηά ηνπο. (187,262). Η αληίδξαζε ζηα εξεζίζκαηα 

απηά, αλάινγα κε ηνλ ππνδνρέα ν νπνίνο κεζνιαβεί, νδεγεί ζηελ έθθξηζε 

δηαθνξεηηθψλ ζπλδπαζκψλ κεζνιαβεηψλ (263). Η πην γλσζηή ελεξγνπνίεζε 

ησλ ζηηεπηηθψλ θπηηάξσλ είλαη ε αιιεξγηθή αληίδξαζε, ζηελ νπνία ζπκκεηέρεη ν 

IgE ππνδνρέαο (264). Σα ζηηεπηηθά θχηηαξα επίζεο δηαζέηνπλ ππνδνρείο γηα 

παζνγφλνπο κηθξννξγαληζκνχο (PRRs), φπσο νη Toll-like receptors, κέζσ ησλ 

νπνίσλ ελεξγνπνηνχληαη κεηά ηελ επαθή κε ηνπο κηθξννξγαληζκνχο θαη 

παξάγνπλ κεζνιαβεηέο ηεο θιεγκνλήο (259). Δπί πιένλ, άιια κφξηα, φπσο 

λεπξνπεπηίδηα, θπηηαξνθίλεο, απμεηηθνί παξάγνληεο, ηνμίλεο, ζπκπιήξσκα, 

αλνζνζπκπιέγκαηα, θάξκαθα, ιεθηίλεο θαζψο θαη  θπζηθά εξεζίζκαηα δξνχλ ζηα 
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καζηνθχηηαξα θαη ηα ελεξγνπνηνχλ κέζσ FcεRI, FcγR, FcγRI,FcγRIII  θαη άιισλ 

εηδηθψλ  ππνδνρέσλ (265-267).    

    Ο ππνδνρέαο c-Kit είλαη βαζηθφο γηα ηελ επηβίσζε ησλ ζηηεπηηθψλ θπηηάξσλ, 

ηνλ πνιιαπιαζηαζκφ, ηε δηαθνξνπνίεζε θαη ηελ σξίκαλζε. Η ζχλδεζε ηνπ 

ππνδνρέα c-Kit κε ην CSF νδεγεί ζηελ παξαγσγή θαη δηαβίβαζε ζήκαηνο κέζσ 

ηεο νδνχ JAK-STAT θαη RAS-RAF-MAPK ζηνλ ππξήλα (268-270) .  

    2.4. Λειηοςπγίερ ηυν ζιηεςηικών κςηηάπυν 

    Σα ζηηεπηηθά θχηηαξα ζπκκεηέρνπλ ζηελ αλάπιαζε ησλ ηζηψλ θαη ζηελ 

νκνηφζηαζε ηζηψλ θαη νξγάλσλ, πνπ εκθαλίδνπλ ζπλερή αχμεζε θαη 

αλαθαηαζθεπή. Η ηζηακίλε, ν TNF, ε νπζία P, IL-1, TGF-β, IL-6 θαη ν PDGF, ε 

νζηενπνξίλε θαη ε ηξππηάζε ζπκκεηέρνπλ ζηελ αλαδφκεζε ησλ ηζηψλ. Δπίζεο 

ηα ζηηεπηηθά θχηηαξα ζπκκεηέρνπλ ζηελ ιεηηνπξγία θαη αθεξαηφηεηα ησλ ηζηψλ 

κέζσ κεζνιαβεηψλ, φπσο ν NGF, ν PDGF, ν VEGF, ν FGF, ν bFGF, ε ηζηακίλε, 

ε ηξππηάζε. Καηά ηνλ ηξαπκαηηζκφ, ηα ζηηεπηηθά θχηηαξα δξνχλ ζηελ 

πξσηαξρηθή θάζε γηα λα ξπζκίζνπλ ηελ νκνηφζηαζε θαη ζηε ζπλέρεηα 

παξακέλνπλ δξαζηηθά κέρξη ηελ ηειηθή θάζε ηεο επνχισζεο (271-283). 

    Σα ζηηεπηηθά θχηηαξα επηθνηλσλνχλ κε ηα λεπξηθά θχηηαξα κέζσ κνξίσλ 

πξνζθφιιεζεο (N-caderin, SynCAM) ιακβάλνληαο εξεζίζκαηα απφ ηα λεπξηθά 

θχηηαξα αιιά θαη κεηαδίδνληαο εξεζίζκαηα ζηα λεπξηθά θχηηαξα. Έηζη 

εγθαζίζηαηαη έλαο λεπξναλνζνινγηθφο ξπζκηζηηθφο κεραληζκφο αιιά θαη ξχζκηζε 

ηεο λεπξνγέλεζεο θαη ηεο ζπκπεξηθνξάο. Μέζσ αιιειεπίδξαζεο ησλ ζηηεπηηθψλ 

θπηηάξσλ κε ηα λεπξηθά θχηηαξα, ξπζκίδεηαη ε νκνηφζηαζε ηνπ εληέξνπ, ε 

κεηαθνξά ηφλησλ, ε δηαπεξαηφηεηα ησλ αγγείσλ, ε έθθξηζε  βιέλλεο θαη ε 

θηλεηηθφηεηα ηνπ γαζηξεληεξηθνχ ζσιήλα (283-284). 

    Σα ζηηεπηηθά θχηηαξα εθθξίλνπλ παξάγνληεο κε αγγεηνγελεηηθή δξάζε, φπσο ε 

αγγεηνπνηεηίλε-1, ε FGF-2, VEGF,IL-8 TGF-β TNF-α, ε ηζηακίλε, ε επαξίλε, ε 

ηξππηάζε θαη ρπκάζε, θαη πνιιέο άιιεο (285). ΢πκκεηέρνπλ ζε φια ηα ζηάδηα 

ηεο αγγεηνγέλεζεο πεξηιακβαλνκέλνπ ηνπ πνιιαπιαζηαζκνχ, ηεο 

κεηαλάζηεπζεο θαη ηεο απνδφκεζεο ησλ ελδνζειηαθψλ θπηηάξσλ θαζψο θαη ηεο 

δεκηνπξγίαο λεναγγείσλ θαη κεηαλάζηεπζεο ησλ πεξηθπηηάξσλ (285,286,287). 
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    Σα ζηηεπηηθά θχηηαξα, φπσο ηα δελδξηηηθά θχηηαξα, αλαγλσξίδνπλ θαη 

αληηδξνχλ κε αληηγφλα, ηνμίλεο θαη παζνγφλα. ‘Δρνπλ ζηελ επηθάλεηά ηνπο 

πνηθίινπο ππνδνρείο, νη νπνίνη δηαθέξνπλ ζηνπο δηάθνξνπο ππφηππνπο ησλ 

καζηνθπηηάξσλ. Καζνιηθά ζηα ζηηεπηηθά θχηηαξα ππάξρνπλ TLRs (1-7,9), 

NLRs,RLRs θαη ππνδνρείο ζπκπιεξψκαηνο (259,288-290). Σν ζχλνιν ησλ 

κεζνιαβεηψλ, πνπ εθιχνπλ ηα ζηηεπηηθά θχηηαξα φηαλ ελεξγνπνηεζνχλ, 

εμαξηάηαη απφ ηνλ ππνδνρέα ν νπνίνο ζπκκεηέρεη ζηελ ελεξγνπνίεζή ηνπο. 

Πηζηεχεηαη φηη ηα παζνγφλα θαζαίξνληαη απφ ηνπο ηζηνχο  κε ηελ βνήζεηα 

θπηηάξσλ ηνπ αλνζνπνηεηηθνχ. Απηή ε δηαδηθαζία  δηεπθνιχλεηαη απφ ηελ 

παξνπζία ζηηεπηηθψλ θπηηάξσλ, ηελ ηθαλφηεηά ηνπο λα απειεπζεξψλνπλ 

κεζνιαβεηέο, πνπ πξνάγνπλ ηελ δηαπεξαηφηεηα ησλ αγγείσλ θαη ηελ 

πξνζέιθπζε αλνζνθπηηάξσλ, φπσο ηα εσζηλφθηια, ηα νπδεηεξφθηια, ηα NK 

θχηηαξα. Σα ζηηεπηηθά θχηηαξα δηεγεηξφκελα απφ κηθξνβηαθά αληηγφλα θαη LPS 

παξάγνπλ θιεγκνλψδεηο θαη αληηθιεγκνλψδεηο θπηηαξνθίλεο, θαζειηζηδίλεο, 

δεθελζίλεο, θαη εςηδίλεο. Δπί πιένλ κπνξνχλ λα θαγνθπηηαξψλνπλ βαθηήξηα θαη 

παξάγνπλ ξίδεο νμπγφλνπ, κε ηηο νπνίεο ηα θαηαζηξέθνπλ ελδνθπηηάξηα αιιά θαη  

εμσθπηηάξηα κέζσ ησλ εμσθπηηάξησλ παγίδσλ (MCETs), (291-308). 

    Tα ζηηεπηηθά θχηηαξα είλαη ηθαλά λα επεμεξγάδνληαη ην αληηγφλν θαη λα ην 

παξνπζηάδνπλ κέζσ ηνπ MHCI θαη MHCII, φπσο ηα δελδξηηηθά. Μπνξνχλ λα 

ξπζκίδνπλ ηελ κεηαλάζηεπζε ησλ δελδξηηηθψλ  θπηηάξσλ θαη ηελ θαηλνηππηθή 

σξίκαλζε απηψλ, θαζψο θαη ηελ ελεξγνπνίεζε ησλ Σ-ιεκθνθπηηάξσλ (309-326). 

    Μέζσ κεζνιαβεηψλ, πνπ εθθξίλνπλ, ηα ζηηεπηηθά θχηηαξα  παίδνπλ ζεκαληηθφ 

ξφιν ζηνλ κεραληζκφ ηεο αλνζνινγηθήο αλνρήο. Απηή ε δξάζε ηνπο 

αλαθαιχθζεθε ζρεηηθά πξφζθαηα (327-338).  

2.5. Ρόλορ ηυν ζιηεςηικών κςηηάπυν ζε παθολογικέρ καηαζηάζειρ 

    Αλλεργία: Οη αιιεξγίεο νθείινληαη ζε κε πξνζήθνπζα απάληεζε ηνπ 

αλνζνπνηεηηθνχ ζπζηήκαηνο ζε εμσγελή αληηγφλα θαη ζηνλ κεραληζκφ απηφ 

ζπκκεηέρνπλ θπξίσο ηα ζηηεπηηθά θχηηαξα κέζσ ηνπ IgE ππνδνρέσλ. Δπίζεο 

κέζσ MHCI θαη II ζπκκεηέρνπλ ζηελ επαηζζεηνπνίεζε (339-340). Η 

ελεξγνπνίεζε ησλ ζηηεπηηθψλ θπηηάξσλ κέζσ FcεRI νδεγεί ζε έθθξηζε 

κεζνιαβεηψλ απφ απηά, νη νπνίνη είλαη θαη ππεχζπλνη γηα ηα αιιεξγηθά 

ζπκπηψκαηα, φπσο ην νίδεκα, ηελ εξπζξφηεηα, ηε ζχζπαζε ησλ ιείσλ κπηθψλ 

ηλψλ, ηελ απμεκέλε αγγεηαθή δηαπεξαηφηεηα θαη ηελ έθθξηζε βιέλλεο (341). Σα 
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ζηηεπηηθά θχηηαξα ζπκκεηέρνπλ ηφζν ζηελ πξψηκε φζν θαη ζηελ φςηκε θάζε ηεο 

θιεγκνλψδνπο αιιεξγηθήο αληίδξαζεο (342,343,344). 

    Νόσος Crohn: ΢ηελ λφζν Crohn παξαηεξείηαη ζπγθέληξσζε θιεγκνλσδψλ 

θπηηάξσλ ζην έληεξν  ρσξίο ελδείμεηο απηναλνζίαο  θαη ραξαθηεξίδεηαη απφ ηελ 

παξνπζία ηνπηθά ελεξγνπνηεκέλσλ ζηηεπηηθψλ θπηηάξσλ ηα νπνία εθθξίλνπλ 

κεζνιαβεηέο θαη πξνζειθχνπλ άιια θιεγκνλψδε θχηηαξα (345-349). 

    Αστοάνοσα νοσήματα: ΢ηελ απηναλνζία, απηνδξαζηηθνί θιψλνη 

ιεκθνθπηηάξσλ ελεξγνπνηνχληαη θαη δίδνπλ έλαξμε ζε αλνζνινγηθή αληίδξαζε. 

Σα ζηηεπηηθά θχηηαξα επηηείλνπλ ηελ αλνζνινγηθή απηή αληίδξαζε θαη ζε κεξηθέο 

πεξηπηψζεηο ηελ δηεγείξνπλ. Σα δε Σ-ιεκθνθχηηαξα πξνζειθχνληαη απφ ην 

θιεγκνλψδεο πεξηβάιινλ, ε αλάπηπμε ηνπ νπνίνπ επλνείηαη απφ ηελ παξνπζία 

ζηηεπηηθψλ θπηηάξσλ. Ο δηαβήηεο ηχπνπ Ι, ην Guillain-Barre, ην πνκθνιπγψδεο 

πεκθηγνεηδέο, ην ζχλδξνκν Sjogren, ε ρξφληα ηδηνπαζήο νπξηηθάξηα, ε πνιιαπιή 

ζθιήξπλζε, ε ξεπκαηνεηδήο αξζξίηηο είλαη λνζήκαηα ζηα νπνία ε ζπκκεηνρή ησλ 

ζηηεπηηθψλ θπηηάξσλ είλαη γλσζηή (350-360).  

    Σιτεστικά κύτταρα και στευανιαία νόσος: Η ρπκάζε θαη ε ηξππηάζε ησλ 

ζηηεπηηθψλ θπηηάξσλ βνεζνχλ ζηε δεκηνπξγία αζεξσκάησζεο κέζσ 

πξσηεφιπζεο ηεο HDL, ε νπνία ελδνθπηηψλεηαη απφ  ηα καθξνθάγα (foam cells). 

Δπί πιένλ ε ρπκάζε είλαη ε θχξηα πεγή παξαγσγήο αγγεηνκεηαηξεπηηθνχ 

ελδχκνπ, ην νπνίν  επζχλεηαη γηα ηελ παξαγσγή αγγεηνηελζίλεο ΙΙ (361-363).  

    2.6. Σα ζιηεςηικά κύηηαπα ζηα κακοήθη νοζήμαηα. 

    Σν κηθξνπεξηβάιινλ ησλ φγθσλ απνηειείηαη απφ ηλνβιάζηεο, κπνϊλνβιάζηεο, 

λεναγγεία θαη θιεγκνλψδε θχηηαξα κεηαμχ ησλ νπνίσλ θαη καζηνθχηηαξα. Η 

παξνπζία θαη ν ξφινο ησλ ζηηεπηηθψλ θπηηάξσλ ζηελ αλάπηπμε ησλ φγθσλ είλαη  

αληηθαηηθφο. Πνιιέο θνξέο απηφ ζρεηίδεηαη κε πησρή πξφγλσζε θαη ηαρεία 

πξφνδν ηεο λφζνπ (364-365). ΢ε άιιεο πεξηπηψζεηο ζρεηίδνληαη κε επλνηθφηεξε 

πξφγλσζε (366). Γεληθά ηα ζηηεπηηθά θχηηαξα πξνζειθχνληαη ζην πεξηβάιινλ ηνπ 

φγθνπ απφ παξάγνληεο, πνπ εθθξίλεη ν φγθνο. Σα ζηηεπηηθά θχηηαξα ζπκκεηέρνπλ 

ζηελ αλάπηπμε ηνπ φγθνπ κέζσ ηεο αλνζνθαηαζηνιήο, πνπ δεκηνπξγνχλ, κέζσ 

ηεο απειεπζέξσζεο αγγεηνγελεηηθψλ θαη κηηνγφλσλ παξαγφλησλ θαη ηεο 

ηζηακίλεο (367). Η ζεκαληηθφηεξε ιεηηνπξγία ησλ ζηηεπηηθψλ θπηηάξσλ είλαη ε 

πξναγσγή ηεο αγγεηνγέλεζεο (368). Η αληηλενπιαζκαηηθή δξάζε ηνπο αθνξά 
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ζηελ αλαζηνιή ηεο θπηηαξηθήο αλάπηπμεο, ηελ επαγσγή ηεο απφπησζεο, ηε 

κείσζε ηεο θπηηαξηθήο θηλεηηθφηεηνο θαη ηελ ελίζρπζε ηεο αληηλενπιαζκαηηθήο 

θιεγκνλήο (368).  
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                                    3. ΢ΚΟΠΟ΢ ΣΖ΢ ΜΔΛΔΣΖ΢ 

 

    ΢θνπφο ηεο κειέηεο είλαη ε δηεξεχλεζε ηνπ ξφινπ ησλ καζηνθπηηάξσλ -

ζηηεπηηθψλ θπηηάξσλ ζηελ εμέιημε ησλ κπεινδπζπιαζηηθψλ θπηηάξσλ. 
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                         1. Α΢ΘΔΝΔΗ΢ ΚΑΗ ΜΔΘΟΓΟΗ 

    1.1. .Α΢ΘΕΝΕΙ΢  

    ΢ηε κειέηε πεξηιήθζεθαλ 73 αζζελείο, εθ ησλ νπνίσλ 37 γπλαίθεο θαη 36 

άλδξεο, πνπ εμεηάζηεθαλ ζην Παλεπηζηεκηαθφ Ννζνθνκείν Λάξηζαο κεηαμχ ησλ 

εηψλ 2009 θαη 2012 θαη έπαζραλ απφ δηάθνξα κπεινδπζπιαζηηθά ζχλδξνκα. Η 

δηάκεζε ειηθία ησλ αλδξψλ ήηαλ 72 έηε (εχξνο: 35-86 έηε) θαη ε δηάκεζε ειηθία 

ησλ γπλαηθψλ 69 έηε (εχξνο: 59-81 έηε).  

 
    Γηα ηελ ηαμηλφκεζε ησλ αζζελψλ ρξεζηκνπνηήζεθε ε ηαμηλφκεζε θαηά FAB θαη 

WHO 2008. Δμ απηψλ 21 αζζελείο (11 γπλαίθεο θαη 10 άλδξεο) έπαζραλ απφ 

αλζεθηηθή αλαηκία (RΑ) θαηά ηελ ηαμηλφκεζε FAB. Η δηάκεζε ειηθία ησλ αλδξψλ 

ήηαλ 62 έηε (εχξνο:59-86 έηε) θαη ε δηάκεζε ειηθία ησλ γπλαηθψλ ήηαλ 78 (66-85 

έηε). Απφ RAEB έπαζραλ 18 αζζελείο (8 άλδξεο θαη 10 γπλαίθεο) κε δηάκεζε 

ειηθία γηα ηνπο άλδξεο 60,5 έηε (εχξνο: 35-75 έηε) θαη δηάκεζε ειηθία γηα ηηο 

γπλαίθεο 74 έηε (εχξνο: 58-79 έηε). Απφ RAEB-T έπαζραλ 18 αζζελείο (10 

άλδξεο θαη 8 γπλαίθεο) κε δηάκεζε ειηθία γηα ηνπο άλδξεο 66 έηε (εχξνο 55-77 

έηε) θαη γηα ηηο γπλαίθεο 79,5 έηε (εχξνο 59-80 έηε). Απφ RARS  έπαζραλ 16 

αζζελείο (8 άλδξεο θαη 8 γπλαίθεο) κε δηάκεζε ειηθία γηα ηνπο άλδξεο 64,5 έηε 

(εχξνο 63-86 έηε) θαη γηα ηηο γπλαίθεο 75 έηε (εχξνο 65-88 έηε). 

 
    Γελ πεξηιήθζεθαλ αζζελείο κε CMML θαηά FAB. 

 
    Οη αζζελείο επηπιένλ ηαμηλνκήζεθαλ ζε ρακεινχ/ελδηάκεζνπ-1 θηλδχλνπ (37 

αζζελείο) θαη πςεινχ/ελδηάκεζνπ2 (36 αζζελείο) θηλδχλνπ θαηά IPSS-1997. Η 

δηάκεζε ειηθία ησλ αζζελψλ ρακεινχ/ελδηάκεζνπ-1 θηλδχλνπ ήηαλ 72,5 έηε 

(εχξνο 57-88) θαη γηα ηνπο πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ 68 έηε (εχξνο 35-80). 

   
           ΢ηελ κειέηε πεξηιήθζεθαλ θαη 60 πγηείο κάξηπξεο (δηάκεζε ειηθία 74 θαη 

εχξνο 56-90), 32 άλδξεο θαη 28 γπλαίθεο. Η δηάκεζε ειηθία γηα ηνπο άλδξεο ήηαλ 

67 έηε (εχξνο 56-89 έηε) θαη γηα ηηο γπλαίθεο 74έηε (εχξνο 66-90). 

 

    Σα θιηληθά θαη εξγαζηεξηαθά ραξαθηεξηζηηθά ησλ αζζελψλ πεξηγξάθνληαη ζηνλ 

πίλαθα 3. 
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2. ΜΔΘΟΓΟΗ 

 

2.1. Λήτη πεπιθεπικού αίμαηορ  

    Λακβάλνληαλ 20 ml πεξηθεξηθνχ αίκαηνο ζε θηαιίδηα θελνχ ρσξίο αληηπεθηηθφ 

(Becton-Dickinson), γηλφηαλ θπγνθέληξεζε ζε 3000g θαη απνρσξηδφηαλ ν νξφο, ν 

νπνίνο θπιαζζφηαλ ζηνπο -80 κέρξη ηελ αλάιπζε.  

 

2.2. Λήτη μςελού οζηών 

    Ο κπειφο ησλ νζηψλ ιακβαλφηαλ απφ ηελ νπίζζηα άλσ ιαγφληα άθαλζα κε 

αλαξξφθεζε θαη γηλφηαλ επίζηξσζε ζε γπάιηλεο αληηθεηκελνθφξνπο πιάθεο 

ζεηηθψο θνξηηζκέλεο. ΢ηε ζπλέρεηα, γηλφηαλ κνληκνπνίεζε θαη ρξψζε κε May-

Grunvald/Giemsa (MERK) ζχκθσλα κε θιαζηθέο κεζφδνπο, ελψ άιια πιαθίδηα 

πξνσζνχληαλ γηα ρξψζε κε θπαλνχλ ηεο ηνινπτδίλεο  θαη άιια γηα 

αλνζνθπηηαξνρεκηθή ρξψζε ρπκάζεο-PAP θαη ηξππηάζεο-PAP, φπσο 

πεξηγξάθεηαη θαησηέξσ. 

 

2.3.  Πποζδιοπιζμόρ απιθμού ζιηεςηικών κςηηάπυν 

    Γηα ηελ θαηακέηξεζε ηνπ αξηζκνχ καζηνθπηηάξσλ έγηλε ρξψζε θπαλνχ ηεο 

ηνινπτδίλεο ζχκθσλα κε θιαζηθέο κεζφδνπο θαη κεηξήζεθε ν αξηζκφο ησλ 

ζεηηθψλ θπηηάξσλ αλά 1000 εκπχξελα θχηηαξα ζε 3 δηαθνξεηηθά πιαθίδηα. 

Υξεζηκνπνηήζεθε ε κέζε ηηκή. 

 

2.4. Πποζδιοπιζμόρ ηυν CD34(+) κςηηάπυν ζηο μςελό ηυν οζηών 

   Υξεζηκνπνηήζεθε θπηηαξνκεηξία ξνήο κε ηε ρξήζε ηνπ anti-CD34 moAb 

(K567-FITC).  

 

2.5. Πποζδιοπιζμόρ ηηρ μέζηρ πςκνόηηηαρ μικποαγγείυν (MVD)ζηο  

μςελό ηυν οζηών  

 

    Υξεζηκνπνηήζεθε κηθξνζθφπην κε πξνζνθζάικην φξγαλν κε κηθξνκεηξηθφ  

πιέγκα ζπληεηαγκέλσλ. Οη πεξηγεγξακκέλεο πεξηνρέο ηεο κηθξνκεηξηθήο  

θιίκαθαο  (ηεηξαγσλίδηα)  ήηαλ ζηα 0,0625mm2. Σα ελδνζειηαθά θχηηαξα (EC) 

ήηαλ CD 34+ κε ηε ρξήζε ηνπ anti-CD34 moAb QBEND 10  κε  kit  avidin-
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streptavidin  Biogenex  θαη είραλ ραξαθηεξηζηηθή κνξθνινγία. Οκάδεο EC κε ή 

ρσξίο απιφ κεηξήζεθαλ σο έλα θχηηαξν. Κχηηαξα CD 34+,  πνπ δελ είραλ 

κνξθνινγία EC απνθιείνληαλ απφ ηελ θαηακέηξεζε, επηιέγνληαλ νη πεξηνρέο 

κε ηε κέγηζηε αγγείσζε ζηα πιαθίδηα. Η αξίζκεζε ησλ κηθξναγγείσλ γηλφηαλ 

απφ δχν αλεμάξηεηνπο παξαηεξεηέο ηπθιά θαη, αλ ε απφθιηζε ήηαλ >10%, 

γηλφηαλ επαλεμέηαζε.Σα απνηειέζκαηα εθθξάδνληαλ ζε αξηζκφ κηθξναγγείσλ    

/0,0625mm2 (368). 

 

2.6. Ανοζοκςηηαποσημικέρ σπώζειρ 

    Υξψζεηο γηα παξνπζία ρπκάζεο έγηλαλ κε ηε κέζνδν PAP κε πξσηνηνγελέο 

αληίζσκα mouse antihuman monoclonal (MA5-11717,CC1), (ThermoFisher 

Scientific, Waltham, Massachusetts, USA)   θαη   PAP kit ηεο εηαηξείαο DAKO 

(Agilent, Waldbronn, Germany).  Γηα ηελ αλίρλεπζε ηξππηάζεο ρξεζηκνπνηήζεθε 

mouse antihuman mast cell tryptase monoclonal antibody ηεο εηαηξείαο ABCAM ( 

Discovery Drive, Cambridge Biomedical Campus Cambridge, CD2 OAX, UK) θαη 

PAP kit ηεο εηαηξείαο DAKO, ζχκθσλα κε ηηο νδεγίεο ηνπ θαηαζθεπαζηή. 

    Κάζε ζεηηθφ θχηηαξν βαζκνινγείην ζε κία θιίκαθα απφ 1+ έσο 4+ θαη ζαλ 

ηειηθφ score ιακβαλφηαλ ν κέζνο φξνο ησλ scores ησλ 200 θπηηάξσλ. 

 

2.7. Πποζδιοπιζμόρ επιπέδυν σςμάζηρ και ηπςπηάζηρ ζηο αίμα ηυν 
αζθενών 

 
    Υξεζηκνπνηήζεθε ε κέζνδνο ELISA θαη εκπνξηθά δηαζέζηκα kits ηεο εηαηξείαο 

INVITROGEN (ThermoFisher Scientific, Waltham, Massachusetts, USA)  

ζχκθσλα κε ηηο νδεγίεο ηνπ θαηαζθεπαζηή. 

    Η κέζνδνο γηα ηελ ηξππηάζε έρεη επαηζζεζία 0.1 ng/ml, εχξνο αμηνπηζηίαο 0.5-

16 ng/ml, intra-assay/inter-assay CV < 15% θαη δελ έρνπλ αλαθεξζεί 

δηαζηαπξνχκελεο αληηδξάζεηο. Η κέζνδνο γηα ηελ ρπκάζε έρεη επαηζζεζία 

0.04ng/ml, εχξνο αμηνπηζηίαο 0.078-5 ng/ml θαη intra-assay/interassay CV <5%. 

 

2.8. ΢ηαηιζηική ανάλςζη 

    Γηα ηε ζηαηηζηηθή επεμεξγαζία ρξεζηκνπνηήζεθε ην t-test γηα ηελ ζχγθξηζε 

παξακεηξηθψλ ηηκψλ θαη ην Wilcoxon’ s test (Bonferoni’s correction) γηα ηα κε 
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παξακεηξηθά ραξαθηεξηζηηθά. Γηα ηελ εθηίκεζε ηεο ζπζρέηηζεο ρξεζηκνπνηήζεθε 

ν ζπληειεζηήο ζπζρέηηζεο R2. 

 

 

 

       3. ΑΠΟΣΔΛΔ΢ΜΑΣΑ 

    3.1.   CD34(+)   κύηηαπα ζηον μςελό ηυν οζηών 

    Μεηξήζεθε ν αξηζκφο ησλ CD34(+) θπηηάξσλ ζηνλ κπειφ ησλ νζηψλ ζηνπο 

αζζελείο θαη ζηνπο κάξηπξεο κε θπηηαξνκεηξία ξνήο. ΢ηνπο πγηείο κάξηπξεο ην 

πνζνζηφ ησλ CD34(+) θπηηάξσλ ήηαλ 1,08±0,87%. ΢ην ζχλνιν ησλ παζρφλησλ 

απφ κπεινδπζπιαζηηθά  ζχλδξνκα ην αληίζηνηρν πνζνζηφ ήηαλ 5,43±3,83%. 

Αλαιπηηθφηεξα, ζηηο δηάθνξεο ππνθαηεγνξίεο MDS ην αληίζηνηρν πνζνζηφ γηα ηα 

MDS-RA ήηαλ 2,52±1,20%, γηα ηα  MDS-RARS ήηαλ 1,37±0,5% θαη γηα ην 

ζχλνιν ησλ πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ ήηαλ 8,94±2,01%. Γηα ην ζχλνιν ησλ 

ρακεινχ /ελδηάκεζνπ-1 θηλδχλνπ ην πνζνζηφ ήηαλ 2,027±1,117%. 

    Τπήξρε ζηαηηζηηθά ζεκαληηθή δηαθνξά κεηαμχ ηνπ πνζνζηνχ CD34(+) ζηα 

πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ MDS θαη απηνχ ησλ ρακεινχ 

θηλδχλνπ/ελδηάκεζνπ-1 (p< 0,01) θαη ησλ θπζηνινγηθψλ καξηχξσλ, φπσο θαη 

κεηαμχ ησλ ρακεινχ θηλδχλνπ/ελδηάκεζνπ-1 MDS θαη ησλ θπζηνινγηθψλ 

καξηχξσλ (p<0,01)  θαη κεηαμχ ησλ MDS-RA θαη ησλ θπζηνινγηθψλ καξηχξσλ 

(p<0,01). Γελ ππήξρε δηαθνξά κεηαμχ MDS-RARS θαη θπζηνινγηθψλ καξηχξσλ 

(p>0.1), (Πίλαθαο 5, Δηθφλα 2). 

 

    3.2.  Ποζοζηό ζιηεςηικών κςηηάπυν ζηον μςελό ηυν οζηών 

    Γηα ηε κέηξεζε ηνπ πνζνζηνχ καζηνθπηηάξσλ ζηνλ κπειφ ησλ νζηψλ 

ρξεζηκνπνηήζεθε ε ρξψζε θπαλνχ ηεο ηνινπτδίλεο θαη ρξεζηκνπνηήζεθε ν κέζνο 

φξνο απφ  ηελ θαηακέηξεζε ησλ ηνινπηδίλε (+) θπηηάξσλ ζε 3 πιαθίδηα 

επηζηξψζεσλ  επί 1000  εκπχξελσλ θπηηάξσλ αλά πιαθίδην. 

    

    ΢ηνπο πγηείο κάξηπξεο ην πνζνζηφ ησλ καζηνθπηηάξσλ βξέζεθε 1,82±0,93 %. 

΢ην ζχλνιν ησλ παζρφλησλ απφ MDS ην πνζνζηφ απηφ ήηαλ 5.767±3,45%. Σν 

αληίζηνηρν πνζνζηφ γηα ηα MDS-RA ήηαλ 4,38±1,16%, γηα ηα MDS-RARS ήηαλ 
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2,18±0,75%, γηα ην ζχλνιν ησλ Low/Int1  grade 3,43±1,48 θαη γηα ην ζχλνιν ησλ 

πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ 8,16±3,26 . 

 

    Γηαπηζηψζεθε ζηαηηζηηθά ζεκαληηθή δηαθνξά ζην πνζνζηφ ησλ 

καζηνθπηηάξσλ κεηαμχ ησλ πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ2 MDS θαη ησλ πγηψλ 

(p<0.01)  θαζψο θαη ησλ ρακεινχ/ελδηάκεζνπ-1 θηλδχλνπ  MDS (p<0.01). Δπίζεο 

δηαπηζηψζεθε κεηαμχ ησλ MDS-RA θαη ησλ πγηψλ (p<0,01) θαζψο θαη MDS-RA 

θαη MDS-RARS (p<0,01) φπσο θαη κεηαμχ MDS-RA θαη πςεινχ/ελδηάκεζνπ-2 

θηλδχλνπ (p<0,01). ΢ην ζχλνιν ησλ παζρφλησλ απφ MDS ην πνζνζηφ 

καζηνθπηηάξσλ ήηαλ πςειφηεξν απφ απηφ ησλ πγηψλ (p<0.01), (Πίλαθαο 5). 

 
    3.3. Πποζδιοπιζμόρ  ηηρ   μέζηρ  πςκνόηηηαρ  μικποαγγείυν  (MVD)  ζηο     
           μςελό ηυν οζηών  

 

    ΢ην ζχλνιν ησλ MDS ε κέζε ππθλφηεηα ησλ κηθξναγγείσλ MVD ήηαλ 

ζεκαληηθά πςειή 6,3±3,3  απφ ηνπο θπζηνινγηθνχο κάξηπξεο  2,23±0,23 θαη απηφ 

είλαη ζηαηηζηηθά ζεκαληηθφ (p<0,001). ΢ηα πςεινχ /ελδηάκεζνπ-2 θηλδχλνπ ε κέζε 

ππθλφηεηα ησλ κηθξναγγείσλ MVD ήηαλ 7,89±2,83 ζπγθξηηηθά κεγαιχηεξε κε ηα 

ρακεινχ/ελδηάκεζνπ θηλδχλνπ-1 4,8±2,2 (Πίλαθαο 5), ηα MDS - RA 4,98±1,8, ηα 

MDS-RARS 5,0 ±2,2 θαη απηφ ήηαλ ζηαηηζηηθά ζεκαληηθφ (p<0,001). Τπήξρε 

ζεηηθή  ζπζρέηηζε  κεηαμχ ησλ BMMCs θαη  ηεο MVD (Δηθφλα 3). 

                                       

3.4. Ανοζοκςηηαποσημική ανίσνεςζη ηπςπηάζηρ ζηον μςελό ηυν οζηών 
 

    ΢ην ζχλνιν ησλ MDS ην score ζεηηθφηεηαο γηα ηελ ηξππηάζε ζηα 

καζηνθχηηαξα ήηαλ 2,328±1,45, ελψ ζηνπο θπζηνινγηθνχο κάξηπξεο 0,8±0,82. Η 

δηαθνξά απηή ήηαλ ζηαηηζηηθά ζεκαληηθή (p<0,01). 

 

    ΢ηα πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ MDS ην score ζεηηθφηεηαο ήηαλ 

3,694±0,467 θαη ε δηαθνξά ήηαλ ζηαηηζηηθά ζεκαληηθή ζε ζρέζε κε ηα 

ρακεινχ/ελδηάκεζνπ-1 θηλδχλνπ (p<0,01) θαη ηνπο θπζηνινγηθνχο κάξηπξεο 

(p<0,01).  

    ΢ηα ρακεινχ/ελδηάκεζνπ-1 θηλδχλνπ ην score ζεηηθφηεηαο ήηαλ 1±0,57 θαη 

δηέθεξε ζηαηηζηηθά απφ ηα πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ (p<0,01) θαη φρη απφ 

ηνπο θπζηνινγηθνχο (p>0,1). Δηδηθφηεξα ζηα MDS-RARS ην score ήηαλ 

0,75±0,447 θαη δελ δηάθεξε απφ ηνπο θπζηνινγηθνχο (p=0.1 θαη MDS-RA ην 

score ήηαλ 1,19±0,60 θαη ήηαλ πςειφηεξν απφ ηνπο θπζηνινγηθνχο ρσξίο 
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ζηαηηζηηθή δηαθνξά (p<0,1) αιιά ζηαηηζηηθά ρακειφηεξν απφ ηα 

πςεινχ/ελδηάκεζνπ-2 (p<0,01) θαη ρακεινχ/ελδηάκεζνπ-1 θηλδχλνπ (p<0,01) θαη 

απφ ηα MDS-RA (p<0,01), (Πίλαθαο 5). 

 

 

3.5. Ανοζοκςηηαποσημική ανίσνεςζη σςμάζηρ ζηον μςελό ηυν οζηών 
    

    ΢ην ζχλνιν ησλ MDS  ην score ζεηηθφηεηαο γηα ηελ ρπκάζε ζηα ζηηεπηηθά 

θχηηαξα ηνπ κπεινχ ησλ νζηψλ ήηαλ 0,78±0,71, ελψ ζηνπο θπζηνινγηθνχο 

κάξηπξεο 0,9±0,3.  

    ΢ηα πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ MDS ην score ζεηηθφηεηαο ήηαλ 

0,804±0,749 θαη ε δηαθνξά ζε ζρέζε κε ηα ρακεινχ/ελδηάκεζνπ-1 

θηλδχλνπ(p>0,5) θαη ηνπο θπζηνινγηθνχο κάξηπξεο (p>0,5) δελ ήηαλ ζηαηηζηηθά 

ζεκαληηθή.  

    ΢ηα ρακεινχ/ελδηάκεζνπ-1 θηλδχλνπ ήηαλ 0,75±0,68, ζηα MDS-RA ήηαλ 

0,66±0,58 θαη ζηα MDS-RARS  ήηαλ 0,875±0,718. Οη δηαθνξέο απηέο ζε ζρέζε 

κε ηνπο θπζηνινγηθνχο θαη πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ MDS δελ ήηαλ 

ζηαηηζηηθά ζεκαληηθέο(p>0,5 ζε φια), (Πίλαθαο 5). 

 

3.6.  Πποζδιοπιζμόρ επιπέδυν ηπςπηάζηρ οπού 

    Σα επίπεδα ηεο ηξππηάζεο ηνπ νξνχ (ζε ng/ml), φπσο πξνζδηνξίζηεθαλ κε 

ηελ κέζνδν ELISA, ζηα θπζηνινγηθά άηνκα ήηαλ 7,8±3,21, ελψ ζην ζχλνιν ησλ 

MDS ήηαλ 40,96±35,4, ζηα πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ ήηαλ 73,31±20,87, 

ζηα ρακεινχ/ελδηάκεζνπ-1 θηλδχλνπ ήηαλ 9,48±4,217, ζηα MDS-RA 10,75±4,83 

θαη ζηα MDS-RARS 7,806±2,503. 

      Γηαπηζηψζεθε ζηαηηζηηθά ζεκαληηθή δηαθνξά κεηαμχ ηνπ ζπλφινπ ησλ MDS θαη 

ησλ θπζηνινγηθψλ αηφκσλ(p<0,01). Γηαπηζηψζεθε ζηαηηζηηθά ζεκαληηθή δηαθνξά 

κεηαμχ ησλ MDS πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ θαη ησλ MDS 

ρακεινχ/ελδηάκεζνπ-1 θηλδχλνπ θαη θπζηνινγηθψλ αηφκσλ (p<0,01). Γελ 

δηαπηζηψζεθε ζεκαληηθή δηαθνξά κεηαμχ ησλ ρακεινχ/ελδηάκεζνπ-1 θηλδχλνπ 

MDS θαη ησλ θπζηνινγηθψλ αηφκσλ (p>0,1), (Πίλαθαο 5). 
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3.7.  Πποζδιοπιζμόρ επιπέδυν σςμάζηρ οπού 

    Σα επίπεδα ρπκάζεο νξνχ δελ ήηαλ αληρλεχζηκα ζε θακία θαηεγνξία αζζελψλ 

θαη πγηψλ καξηχξσλ (pg/ml), (Πίλαθαο 5). 

 

 

3.8.  ΢ςζσέηιζη επιπέδυν ηπςπηάζηρ και σςμάζηρ με ποζοζηό ζιηεςηικών   
κςηηάπυν και CD34(+) κςηηάπυν 

 

    Έγηλε ζπζρέηηζε ηνπ πνζνζηνχ ησλ CD34(+) θπηηάξσλ θαη ησλ ζηηεπηηθψλ 
θπηηάξσλ ηνπ κπεινχ ησλ νζηψλ  ρξεζηκνπνηψληαο ηνλ ζπληειεζηή ζπζρέηηζεο 
(R2).  
    Γηαπηζηψζεθε ηζρπξή ζεηηθή ζπζρέηηζε κεηαμχ ηνπ πνζνζηνχ ησλ CD34(+) 
θπηηάξσλ θαη ηνπ πνζνζηνχ ησλ ζηηεπηηθψλ θπηηάξσλ ζηνλ κπειφ ησλ νζηψλ 
ησλ παζρφλησλ(R2=0,4361), (Δηθφλα 1). 

    Με ηνλ ίδην ηξφπν έγηλε ζπζρέηηζε ηνπ πνζνζηνχ ησλ ζηηεπηηθψλ θπηηάξσλ 

ζηνλ κπειφ ησλ νζηψλ ησλ παζρφλησλ θαη ησλ επηπέδσλ ηξππηάζεο. 

    Γηαπηζηψζεθε ηζρπξή ζεηηθή ζπζρέηηζε κεηαμχ ηνπ πνζνζηνχ ησλ ζηηεπηηθψλ 

θπηηάξσλ ηνπ κπεινχ ησλ νζηψλ ησλ παζρφλησλ θαη ησλ επηπέδσλ ηξππηάζεο 

νξνχ(R2=0,6837), (Δηθφλα 1). 

 

3.9. ΢ςζσέηιζη ηος ποζοζηού ηυν ζιηεςηικών κςηηάπυν με ηον απιθμό        
ηυν μικποαγγείυν ζηο μςελό ηυν οζηών  

 

    Έγηλε ζπζρέηηζε ηνπ πνζνζηνχ ησλ κηθξναγγείσλ (MVD) θαη ησλ ζηηεπηηθψλ 

θπηηάξσλ ζην  κπειφ ησλ νζηψλ  ρξεζηκνπνηψληαο ηνλ ζπληειεζηή ζπζρέηηζεο 

(R2).  

    Γηαπηζηψζεθε ζεηηθή ζπζρέηηζε κεηαμχ ηνπ πνζνζηνχ ησλ ζηηεπηηθψλ 

θπηηάξσλ θαη ηνπ αξηζκνχ ησλ κηθξναγγείσλ (MVD) ζην κπειφ ησλ νζηψλ  

(R2=0,4904), (Δηθφλα 3). 
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    Δικόνα 1. Κακπχιε ζπζρέηηζεο ηνπ πνζνζηνχ καζηνθπηηάξσλ ζηνλ κπειφ 

ησλ νζηψλ κε ηα επίπεδα ηξππηάζεο πεξηθεξηθνχ αίκαηνο παζρφλησλ απφ 

MDS.  ΢ηνλ   άμνλα x  απεηθνλίδεηαη ην πνζνζηφ καζηνθπηηάξσλ κπεινχ νζηψλ 

ησλ παζρφλησλ απφ MDS. ΢ηνλ  άμνλα ς απεηθνλίδνληαη ηα επίπεδα ηεο 

ηξππηάζεο νξνχ ζε ng/ml ζηνπο ίδηνπο αζζελείο. Παξαηεξείηαη ηζρπξή ζεηηθή 

ζπζρέηηζε κεηαμχ ησλ δπν παξακέηξσλ (R2=0,6837).  
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    Δικόνα 2.  Κακπχιε ζπζρέηηζεο ηνπ πνζνζηνχ καζηνθπηηάξσλ κπεινχ νζηψλ 

θαη ηνπ πνζνζηνχ CD34(+) θπηηάξσλ ηνπ κπεινχ ησλ νζηψλ παζρφλησλ απφ 

MDS. ΢ηνλ άμνλα x είλαη ην πνζνζηφ ησλ CD34(+) θπηηάξσλ θαη ζηνλ άμνλα ς ην 

πνζνζηφ ησλ καζηνθπηηάξσλ ηνπ κπεινχ ησλ νζηψλ. Παξαηεξήζεθε ζεηηθή 

ζπζρέηηζε ησλ δχν  παξακέηξσλ (R2=0,4369). 
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    Δικόνα 3. Κακπχιε ζπζρέηηζεο ηνπ πνζνζηνχ καζηνθπηηάξσλ κπεινχ νζηψλ 

θαη ηνπ πνζνζηνχ κηθξναγγείσλ - ππθλφηεηαο κηθξναγγείσλ  MVD ηνπ κπεινχ 

ησλ νζηψλ παζρφλησλ απφ MDS. ΢ηνλ άμνλα x είλαη ην πνζνζηφ ησλ 

καζηνθπηηάξσλ θαη ζηνλ άμνλα ς ην πνζνζηφ ησλ κηθξναγγείσλ ηνπ κπεινχ ησλ 

νζηψλ. Παξαηεξήζεθε ζεηηθή ζπζρέηηζε ησλ δχν  παξακέηξσλ (R2=0,4904). 
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4. ΢ΤΕΖΣΖ΢Ζ 

    Η παξνπζία ζηηεπηηθψλ θπηηάξσλ ζηα  λενπιαζκαηηθά  λνζήκαηα  ζπλήζσο 

ζρεηίδεηαη κε δπζκελή πνξεία ηεο λφζνπ (369,370,371,372). Γελ είλαη γλσζηφο ν 

κεραληζκφο κε ηνλ νπνίν ζπκκεηέρνπλ ηα ζηηεπηηθά θχηηαξα ζηελ πνξεία ησλ 

λνζεκάησλ απηψλ ή αλ απιψο ζπζζσξεχνληαη αληηδξαζηηθά θαηά ηελ πνξεία ηεο 

λφζνπ (365,366,367,368).  

    ΢ηελ δηθή καο κειέηε βξέζεθε απμεκέλε παξνπζία ζηηεπηηθψλ θπηηάξσλ ζηα 

MDS πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ ζε ζρέζε κε ηα ρακεινχ/ελδηάκεζνπ-1 

θηλδχλνπ θαη ηνπο θπζηνινγηθνχο κάξηπξεο. Δπίζεο ηα ζηηεπηηθά θχηηαξα, απηά 

βξέζεθε λα παξάγνπλ ηξππηάζε ελψ ε ρπκάζε ήηαλ κε αληρλεχζηκε 

(374,378,379,380,381).  

    Η ηξππηάζε αληρλεχηεθε κε θπηηαξνρεκεία ζην θπηηαξφπιαζκα ησλ 

ζηηεπηηθψλ θπηηάξσλ αιιά θαη ζηνλ νξφ ησλ αζζελψλ, πξάγκα πνπ ζεκαίλεη φηη 

εθθξίλνληαλ απφ ηα ζηηεπηηθά θχηηαξα ηνπ κπεινχ. Αληίζεηα ε ρπκάζε ήηαλ κε 

αληρλεχζηκε ζηνλ νξφ ησλ αζζελψλ, πνπ ζεκαίλεη φηη παξάγεηαη θαζ’ ππεξνρή 

ηξππηάζε (378,379). 

    Γελ είρακε αξθεηφ αξηζκφ MDS ψζηε λα εξεπλήζνπκε πηζαλή ζπζρέηηζε ηνπ 

πνζνζηνχ ζηηεπηηθψλ θπηηάξσλ ζηνλ κπειφ ησλ νζηψλ κε ηνλ βαζκφ ηεο ίλσζεο 

ζην κπειφ δεδνκέλνπ φηη απφ πνιιέο κειέηεο πξνθχπηεη φηη ηα ζηηεπηηθά θχηηαξα 

ελνρνπνηνχληαη ζε πνιιέο θαηαζηάζεηο κε ίλσζε (π.ρ. θίξξσζε, πλεπκνληθή 

ίλσζε, δηάκεζε λεθξηθή ίλσζε, ζθιεξφδεξκα θιπ.), (373). Δπίζεο δελ 

εθηειέζακε θαιιηέξγεηεο ζηηεπηηθψλ θπηηάξσλ κπεινχ, πνπ πηζαλφλ λα 

βνεζνχζαλ ζηελ δηεπθξίληζε ηνπ ξφινπ ηνπο. Γελ ππάξρνπλ επαξθή δεδνκέλα 

ψζηε λα δηεπθξηληζηεί ν κεραληζκφο, κε ηνλ νπνίν ηα ζηηεπηηθά θχηηαξα 

εθδειψλνπλ ηελ ηλνβιαζηηθή δξάζε ηνπο (171,279,368,373,377). 

    Έρεη πεξηγξαθεί φηη ζηα κπεινυπεξπιαζηηθά ζχλδξνκα ππάξρεη απμεκέλε 

παξνπζία ζηηεπηηθψλ θπηηάξσλ ζηνλ κπειφ ησλ νζηψλ θαη ηα ζηηεπηηθά θχηηαξα 

απηά ραξαθηεξίδνληαη απφ δπζπιαζηηθά ραξαθηεξηζηηθά (επηκεθπζκέλν ζρήκα, 
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αλψκαιε θαηαλνκή ησλ βαζεφθηισλ θνθθίσλ) θαη έρεη πξνηαζεί ε ζπκκεηνρή 

απηψλ ζηνλ λενπιαζκαηηθφ θιψλν. ΢ε πξνεγνχκελεο κειέηεο δελ έρνπλ 

παξαηεξεζεί αλψκαια ραξαθηεξηζηηθά ησλ ζηηεπηηθψλ θπηηάξσλ ζηα MDS 

(374,378,380). 

    Ο αξηζκφο ησλ κηθξναγγείσλ (MVD) / 0,0625mm2  ζην ζχλνιν ησλ MDS ήηαλ 

απμεκέλνο ζπγθξηηθά κε ηα θπζηνινγηθά άηνκα θαη ε αχμεζε απηή ήηαλ 

κεγαιχηεξε ζηα πςεινχ/ελδηάκεζνπ-2 θηλδχλνπ MDS, γεγνλφο, πνπ ζεκαίλεη ε 

MVD ζρεηίδεηαη κε ηνλ αξηζκφ ησλ BMMCs. Απηφ εγείξεη ηελ άπνςε φηη ηα 

BMMCs ζπκβάιινπλ ζηελ εμέιημε ηεο λφζνπ εληζρχνληαο ηελ αγγεηνγέλεζε 

(286,365,366,368,369,370,375,376,379,382,383,384). 

    ΢ηελ δηθή καο κειέηε ε κνξθνινγία ησλ ζηηεπηηθψλ θπηηάξσλ ήηαλ 

θπζηνινγηθή ηελ ζηηγκή ηεο κειέηεο. Γελ κπνξεί βέβαηα κε απηφ θαη κφλν λα 

απνθιεηζηεί ε ζπκκεηνρή ηνπο ζηνλ λενπιαζκαηηθφ θιψλν, πξάγκα ην νπνίν 

ρξεηάδεηαη παξαθνινχζεζε ηεο εμέιημεο θάζε πεξηζηαηηθνχ ζηελ πνξεία ηνπ 

ρξφλνπ, θπηηαξηθέο θαιιηέξγεηεο θαη θπηηαξνγελεηηθέο κειέηεο. Πηζαλφηαηα ε 

πιεηνςεθία ησλ ζηηεπηηθψλ θπηηάξσλ ζπζζσξεχεηαη αληηδξαζηηθά ζηνλ κπειφ 

ησλ νζηψλ αιιά δελ είλαη γλσζηφ αλ κε ηηο θπηηαξνθίλεο, πνπ εθθξίλνπλ βνεζνχλ 

ζηελ πξφνδν ηεο λφζνπ (374,380,381). 

    Παξφιν πνπ ζε πξνεγνχκελε κειέηε (374) δελ βξέζεθε ζπζρέηηζε ηνπ ηχπνπ 

ηνπ MDS κε ηνλ αξηζκφ ησλ ζηηεπηηθψλ θπηηάξσλ, ζηε δηθή καο κειέηε 

παξαηεξήζεθε κεγαιχηεξν πνζνζηφ ζηηεπηηθψλ θπηηάξσλ ζηα πςειφηεξνπ 

θηλδχλνπ MDS. Απηφ απνηειεί έλδεημε φηη ηα θχηηαξα απηά ίζσο ζπκκεηέρνπλ 

ζηελ εμέιημε ηεο λφζνπ κε άγλσζην κεραληζκφ (379,380). 
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5. ΢ΤΜΠΔΡΑ΢ΜΑΣΑ 

 

    Απμεκέλα BMMCs ζηα MDS ζε ζχγθξηζε κε ηνπο πγηείο. Σα πςεινχ θηλδχλνπ 

MDS είραλ ζηαηηζηηθά πςειφηεξν αξηζκφ BMMCs. Σα ζηηεπηηθά θχηηαξα 

εθθξίλνπλ θαηά πξνηεξαηφηεηα ηξππηάζε,  ην νπνίν ζεκαίλεη φηη παξάγεηαη απφ 

ηα θχηηαξα ηνπ κπεινχ. Σα ζηηεπηηθά θχηηαξα ζηε κειέηε είραλ θπζηνινγηθή 

κνξθνινγία. Ο αξηζκφο ησλ BMMCs ζρεηίδεηαη κε ηνλ αξηζκφ ησλ CD34+ 

θπηηάξσλ ηνπ BM.  Ο αξηζκφο BMMCs, CD34+, tryptase score, serum tryptase 

ζρεηηδφηαλ ζεηηθά κε ηνλ βαζκφ θηλδχλνπ ησλ MDS. Σα ζηηεπηηθά θχηηαξα 

θαίλεηαη λα ζρεηίδνληαη κε ηελ εμέιημε ηεο λφζνπ ζηα MDS πηζαλφλ ιφγσ ησλ 

αγγεηνγελεηηθψλ παξαγφλησλ πνπ εθθξίλνπλ. 

    ΢πκπεξαζκαηηθά, δηαπηζηψζεθε αχμεζε ησλ BMMCs θαη ηνπ αξηκζνχ ησλ 

κηθξναγγείσλ (MVD)  ζηα MDS θαη ήηαλ πςειφηεξα ζηα πξνρσξεκέλα ζηάδηα 

ηεο λφζνπ. Γηα λα δηεπθξηληζηεί εάλ ζπκβάιινπλ ζηελ εμέιημε ηεο λφζνπ, 

απαηηείηαη πεξαηηέξσ έξεπλα  κε θπηηαξνθαιιηέξγεηεο θαη θπηηαξνγελεηηθέο 

κειέηεο θαηά ηε δηαδξνκή ηνπ λνζήκαηνο. 
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         ΠΗΝΑΚΑ΢ 3: Υαπακηηπιζηικά  Μελεηηθένηυν  Αζθενών 

 

AA ΚΑΡΤΟΣΤΠΟ΢ ΓΗΑΓΝΧ΢Ζ FAB 

 

ΦΤΛΟ ΗPSS ΖΛΖΚΗΑ   

84   RA F low/i
ntl1 

81 

87 46XX RA F low/i
ntl1 

79 

88   RA F low/i
ntl1 

72 

94 46XX RA F low/i
ntl1 

76 

101 46XX RA F low/i
ntl1 

66 

102 46XX RA F low/i
ntl1 

78 

118   RA F low/i
ntl1 

85 

122 46XX/45XX,-7 RA F low/i
ntl1 

82 

134 46XX RA F low/i
ntl1 

68 

135   RA F low/i
ntl1 

78 

138 46XX RA F low/i
ntl1 

79 

79   RA M low/i
ntl1 

78 

82 46XY RA M low/i
ntl1 

57 

83 45X,-Y RA M low/i
ntl1 

76 

86   RA M low/i
ntl1 

59 
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95 46XY,-5q RA M low/i
ntl1 

66 

104 46XY/45XY,-20 RA M low/i
ntl1 

59 

119   RA M low/i
ntl1 

85 

129 46XY RA M low/i
ntl1 

86 

121 46XY RA Μ low/i
ntl1 

65 

125 46XY RA Μ low/i
ntl1 

73 

15 46XXdel(5)(q13q35 RAEB F high/i
ntl2 

72 

23 46XX/45XX,-7 RAEB F high/i
ntl2 

71 

29 46XX RAEB F high/i
ntl2 

69 

30 46XX RAEB F high/i
ntl2 

75 

50 46XX/45XX,-7 RAEB F high/i
ntl2 

79 

51 46XX RAEB F high/i
ntl2 

69 

53   RAEB F high/i
ntl2 

66 

58   RAEB F high/i
ntl2 

72 

63 46XX RAEB F high/i
ntl2 

78 

73 46XX RAEB F high/i
ntl2 

58 

10 46XY RAEB M high/i
ntl2 

62 

16   RAEB M high/i
ntl2 

35 

18 46XY RAEB M high/i
ntl2 

65 

31 46XY/47XY,+8 RAEB M high/i
ntl2 

72 

39 46XY RAEB M high/i
ntl2 

49 

44 46XY,-7,+8 RAEB M high/i
ntl2 

69 

52 46XY,-1,+8 RAEB M high/i
ntl2 

62 
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2 46XY RAEB Μ high/i
ntl2 

75 

12 46xXX/47XX+mar RAEB-
T 

F high/i
ntl2 

78 

19 46XX/49XY,+8,+13,+19 RAEB-
T 

F high/i
ntl2 

62 

26 46XX RAEB-
T 

F high/i
ntl2 

59 

54 47XX,+8 RAEB-
T 

F high/i
ntl2 

80 

56 46XX,DEL(20)(q11) RAEB-
T 

F high/i
ntl2 

79 

60 46XX RAEB-
T 

F high/i
ntl2 

68 

62   RAEB-
T 

F high/i
ntl2 

79 

71 47XX+8,+1 RAEB-
T 

F high/i
ntl2 

69 

6 46X,-
Y+8/46XY(75%)/(25%) 

RAEB-
T 

M high/i
ntl2 

65 

34 44XY,-7,-11 RAEB-
T 

M high/i
ntl2 

75 

35 46XY RAEB-
T 

M high/i
ntl2 

66 

37 45XY,-20 RAEB-
T 

M high/i
ntl2 

58 

41 46XY RAEB-
T 

M high/i
ntl2 

55 

69 46XY/43XY,-5,-20,-13 RAEB-
T 

M high/i
ntl2 

77 

74   RAEB-
T 

M high/i
ntl2 

59 

75 46XY,Del11p RAEB-
T 

M high/i
ntl2 

68 

77 46XY/48XY,+8,+11 RAEB-
T 

M high/i
ntl2 

68 

78 46XY RAEB-
T 

M high/i
ntl2 

66 

90   RARS F low/i
ntl1 

88 

93 46XX RARS F low/i
ntl1 

68 

111 46XX RARS F low/i
ntl1 

73 

112 46XX RARS F low/i
ntl1 

81 
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115 45XX,-20 RARS F low/i
ntl1 

69 

126 46XX/47XX,+8 RARS F low/i
ntl1 

69 

140 46XX RARS F low/i
ntl1 

68 

142 46XX RARS F low/i
ntl1 

65 

91 46XY RARS M low/i
ntl1 

71 

97   RARS M low/i
ntl1 

75 

98 46XY RARS M low/i
ntl1 

70 

114 46XY RARS M low/i
ntl1 

63 

116   RARS M low/i
ntl1 

66 

117 46XY RARS M low/i
ntl1 

86 

108 46XY RARS Μ low/i
ntl1 

77 

110   RARS Μ low/i
ntl1 

77 
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        ΠΗΝΑΚΑ΢  4: Αναλςηικά Αποηελέζμαηα ανά Αζθενή 

 

 

diagn 
gen
der risk age 

Mast 
cells% 

Tryptase 
cyto 

Chymase 
cyto 

serum 
tryptase 
mg/dl CD34+% 

79 RA M low/intl1 78 2 1 0 5,4 2 

82 RA M low/intl1 57 4 1 1 19 1 

83 RA M low/intl1 76 5 2 1 19,2 2 

84 RA F low/intl1 81 4 1 1 16,8 3 

86 RA M low/intl1 59 3 0 0 14,3 2 

87 RA F low/intl1 79 4 2 0 9,8 3 

88 RA F low/intl1 72 5 1 1 3,7 2 

94 RA F low/intl1 76 6 1 2 16,9 4 

95 RA M low/intl1 66 4 2 2 8,9 5 

101 RA F low/intl1 66 3 0 0 11,5 4 

102 RA F low/intl1 78 3 1 1 10,5 2 

104 RA M low/intl1 59 6 2 0 14,6 3 

118 RA F low/intl1 85 6 1 1 9,5 5 

119 RA M low/intl1 85 4 1 0 7,5 2 

121 RA Μ low/intl1 65 4 1 0 8 3 

122 RA F low/intl1 82 6 1 0 11,3 1 

125 RA Μ low/intl1 73 4 2 0 6,5 1 

129 RA M low/intl1 86 4 1 1 7,8 1 

134 RA F low/intl1 68 6 2 1 6,4 2 

135 RA F low/intl1 78 4 1 1 3,2 2 

138 RA F low/intl1 79 5 1 1 15,2 3 

2 RAEB Μ high/intl2 75 6 3 0 55,5 8 

10 RAEB M high/intl2 62 5 4 1 68,2 10 

15 RAEB F high/intl2 72 6 4 1 56,5 12 
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16 RAEB M high/intl2 35 6 3 2 48,2 10 

18 RAEB M high/intl2 65 4 3 1 66,1 8 

23 RAEB F high/intl2 71 8 3 2 98 8 

29 RAEB F high/intl2 69 5 4 1 58,5 5 

30 RAEB F high/intl2 75 6 4 0 73 6 

31 RAEB M high/intl2 72 8 4 0 99,5 8 

39 RAEB M high/intl2 49 4 4 1 46,2 9 

44 RAEB M high/intl2 69 8 4 0 58 7 

50 RAEB F high/intl2 79 8 4 1 99,8 8 

51 RAEB F high/intl2 69 8 3 1 66 8 

52 RAEB M high/intl2 62 5 3 2 79 7 

53 RAEB F high/intl2 66 6 3 2 98,5 9 

58 RAEB F high/intl2 72 3 4 1 38 10 

63 RAEB F high/intl2 78 5 4 1 45,2 12 

73 RAEB F high/intl2 58 3 4 0 29,8 10 

6 RAEB-T M high/intl2 65 12 4 0 90,2 8 

12 RAEB-T F high/intl2 78 13 4 0 95,2 12 

19 RAEB-T F high/intl2 62 14 4 0 102,5 5 

26 RAEB-T F high/intl2 59 8 3 0 76,5 6 

34 RAEB-T M high/intl2 75 11 3 1 88 8 

35 RAEB-T M high/intl2 66 7 4 1 48 8 

37 RAEB-T M high/intl2 58 8 4 2 68 10 

41 RAEB-T M high/intl2 55 8 4 2 67 11 

54 RAEB-T F high/intl2 80 8 4 1 58,6 12 

56 RAEB-T F high/intl2 79 9 4 2 82,3 10 

60 RAEB-T F high/intl2 68 12 4 0 99 14 

62 RAEB-T F high/intl2 79 9 4 0 75 10 

69 RAEB-T M high/intl2 77 15 3 1 105,2 9 

71 RAEB-T F high/intl2 69 15 3 1 95 9 

74 RAEB-T M high/intl2 59 12 4 0 96,5 10 

75 RAEB-T M high/intl2 68 9 4 0 88 8 

77 RAEB-T M high/intl2 68 12 4 1 58 8 

78 RAEB-T M high/intl2 66 8 4 0 62,3 9 

90 RARS F low/intl1 88 3 1 1 8,9 1 

91 RARS M low/intl1 71 1 0 0 11,5 1 

93 RARS F low/intl1 68 3 1 0 10,5 2 
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97 RARS M low/intl1 75 2 1 0 9,5 1 

98 RARS M low/intl1 70 1 0 1 7,5 2 

108 RARS Μ low/intl1 77 2 0 1 8 1 

110 RARS Μ low/intl1 77 3 1 1 8 2 

111 RARS F low/intl1 73 3 1 1 11,3 2 

112 RARS F low/intl1 81 2 0 1 6,5 1 

114 RARS M low/intl1 63 2 1 0 7,8 1 

115 RARS F low/intl1 69 3 1 2 9,8 1 

116 RARS M low/intl1 66 1 1 2 3,7 2 

117 RARS M low/intl1 86 2 1 2 7,8 2 

126 RARS F low/intl1 69 3 1 1 6,4 1 

140 RARS F low/intl1 68 2 1 0 3,2 1 

142 RARS F low/intl1 65 2 1 1 4,5 1 
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ΠΗΝΑΚΑ΢ 5: Αποηελέζμαηα  Μελεηημένυν Παπαμέηπυν  

 

 

 

 

 

 

 

 

 

 

 

ΑΣΘΕΝΕΙΣ CD34+ 

cells(%) 

BMMCs 

(%) 

MVD 

Microvessels/

0.0625mm
2
 

Tryptase 

score 

Chymase score Serum 

tryptase 

(ng/ml) 

MDS 5.3±3.83 5.767±3.45 6.3±3.3 2.328±1.45 0.78±0.71 40.26±35.4 

MDS-RA 2.52±1.2 4.38±1.16 4.98±1.8 1.19±0.60 0.66±0.58 10.75±4.83 

MDS-RARS 1.37±0.5 2.18±0.75 5±2.0 0.75±0.447 0.875±0.718 7.806±2.503 

MDS low/int-1 2.027±1.117 3.43±1.48 4.8±2.2 1.0±0.57 0.75±0.68 9.48±4.217 

MDS high/int2 8.94±2.01 8.16±3.26 7.89±2.8 3.694±0.467 0.804±0.749 73.31±20.87 

ΜΑΡΤΥΡΕΣ 1.08±0.87 1.82±0.93 2.23±0.38 0.8±0.82 0.9±0.447 7.8±3.21 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



67 

 

 

 

                         ΒΗΒΛΗΟΓΡΑΦΗΑ 

[1]   Kurzrock R: Myelodysplastic Syndrome Overview. Sem Hematol 2002; 39:                                                                                                                                                                  

18-25. DOI: 10.1053/shem.2002.35981 

[2]   Valent P, Horny HP: Minimal Diagnostic Criteria for Myelodysplastic        

Syndromes and Separation from ICUS and IDUS: Update and Open Questions. 

Eur J Clin Invest 2009; 39:548-53. DOI: 10.1111/j.1365-2362.2009.02151.x 

[3]   Silverman LR: Myelodysplastic syndrome. Hamilton, Canada: Decker; 2000. 

[4]   Wintrobe MM: Blood, Pure and Eloquent; A Story of Discovering  of  People         

and Ideas. New York; McGrow-Hill; 1980.  

[5]   Greenberg PL. The smoldering myeloid leukemic states: clinical and biologic 

features. Blood 1983: 61:1035-1044. PMID: 6340754 

[6]   Koeffer HP, Golde DW. Kuman preleukemia . Ann Intern Med 1980:93:347-

353 PIMD: 6931507, DOI: 10.7326/003-4819-93-2-347.  

[7]   Noel P, Solberg LA:  Myelodysplastic Syndromes. Pathogenesis, diagnosis and 

treatment. Crit Rev Oncol Hemato 1992:12:193-215. PMID:1379818, DOI: 

10.1016/1040-8428(92)90054-t. 

[8]   Doll DC, List AF. Myelodysplastic Syndromes. West.J Med1989, 151:161-167. 

PMID: 2672599 PMCID: 1026906. 

[9]   Onida F, Brand R, van Biezen A, Schaap M, von dem Borne PA, Maertens 

J, DW Beelen, Carreras E, Alessandrino EP, Volin L, Kuball JHE, Figuera 

A, Sierra J, Finke J, Kroger N, de Witte T, for the MDS subcommittee of the 

EBMT-CMWP: Impact of the International Prognostic Scorning System 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



68 

Cytogenetic Risk Groups on the Outcome of Patients with Primary 

Myelodysplastic Syndromes Undergoing Allogeneic Stem Cell Transplantation 

from Human Leukocyte Antigen-Indentical Siblings: A Retrospective Analysis 

of the European Society for Blood and Marrow  Transplantaion-Chronic 

Malignancies Working Party. Haematologica 2014; 99(10): 1582-1590. DOI: 

10.3324/haematol.2014.106880   

[10]   Garcia-Manero G, Chien KS, Montalban-Bravo G: Myelodysplastic 

syndromes:  2021 update on diagnosis, risk stratification and management.  Am 

J Hematol 2020; 95(11): 1399-1420. DOI: 10.1002/ajh.25950 

[11]   Steensma DP: Historical perspectives on myelodysplastic syndromes. Leuk Res. 

2012 Dec;36(12):1441-52. DOI: 10.1016/j.leukres.2012.08.007 

 

[12]   Zhou J, Orazi A, Czader MB: Myelodysplastic syndromes. Semin Diagn 

Pathol. 2011 Nov; 28(4): 258-72. DOI: 10.1053/j.semdp.2011.08.005 

 

[13]   Levine EG, Bloomfield CD: Secondary Myelodysplastic syndromes and 

leukemias. Clin Haematol 1986; 15(4):1037-80 

[14]   Starr D: Ethics. Revisiting a 1930s Scandal. AACR to Rename a Prize. Science 

2003; 300:573-4. DOI: 10.1126/science.300.5619.573 

[15]   Rosenthal ET: Rhoads Not Given; The Tainting of Cornelius P Rhoads 

Memorial Award. Oncol Times 2003; 25:19-20. 

[16]   Rhoads CP, Barker WH: Refractory Anemia: Analysis of 100 Cases. JAMA 

1938; 110:794-96. 

[17]   Hamilton-Paterson JL: Preleukemc Anemia.  Acta Hematol (Basel) 1949; 

2:309-16. DOI: 10.1159/000203474  

[18]   Bennett JM, Catovsky D, Daniel MT, et al: Proposals for the Classification of 

Myelodysplastic Syndromes. Br J Haematol1982; 51:189-99. PMID: 6952920  

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168

http://www.ncbi.nlm.nih.gov/pubmed/22921019
http://www.ncbi.nlm.nih.gov/pubmed/22195404


69 

[19]   Gangat N, Patnaik MM, Tefferi A: Myelodysplastic syndromes: 

Contemporary review and how to treat. Am J Hematol2016; 91(1):76-89. DOI: 

10.1002/ajh.24253 

[20]   Bejar R, Steensma DP.: Recent developments in myelodysplastic syndromes.  

Blood. 2014 Oct 30;124(18):2793-803.  DOI: 10.1182/blood-2014-04-522136 

[21]   Bryan J, Jabbour E, Prescott H, Garcia-Manero G, Issa JP, Kantarjian H.: 

Current and future management options for myelodysplastic syndromes. Drugs. 

2010 Jul 30;70(11):1381-94. DOI: 10.2165/11537920-000000000-00000 

[22]   Jaffe ES, Harris NL, Stein H, et al: WHO Classification of Tumors of 

Haemopoietic and Lymphoid Tissues. 3d Ed Lyon International Agency For 

Research in Cancer (IARC) Press; 2001. 

[23]   Onida F, Brand R, van Biezen A, Schaap M, von dem Borne PA, Maertens 

J, DW Beelen, Carreras E, Alessandrino EP, Volin L, Kuball JHE, Figuera 

A, Sierra J, Finke J, Kroger N, de Witte T, for the MDS subcommittee of the 

EBMT-CMWP: Impact of the International Prognostic Scorning System 

Cytogenetic Risk Groups on the Outcome of Patients with Primary 

Myelodysplastic Syndromes Undergoing Allogeneic Stem Cell Transplantation 

from Human Leukocyte Antigen-Indentical Siblings: A Retrospective Analysis 

of the European Society for Blood and Marrow Transplantaion-Chronic 

Malignancies Working Party. Haematologica 2014; 99(10): 1582-1590. DOI: 

10.3324/haematol.2014.106880 

[24]   Chevallier P. Sur la Terminologie des Leucoses et les Affections-Frontieres : le 

Odoleucoses. Sangre (Barc) 1942-1943; 15: 587-93. 

[25]   Gunz FW, Hough RF: Acute Leukemia Over the Age of Fifty: A Study of Its 

Incidence and Natural History.Blood 1956; 11: 882-901. PMID: 13363998 

[26]   Bjorkman SE: Chronic Refractory Anemia with Sideroblastic Bone Marrow: A 

Study of four Cases.Blood 1956; 11:250-259. PMID: 13293201 

[27]   Cartwright GE, Deis A: Sideroblasts, siderocytes and sideroblastic anemia. 

Med 1975; 292: 185-93. DOI: 10.1056/NEJM197501232920405 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168

http://www.ncbi.nlm.nih.gov/pubmed/25237199
http://www.ncbi.nlm.nih.gov/pubmed/20614946


70 

[28]   Dameshek W: Forword and a Proposal for Considering Paroxysmal Nocturnal 

Hemoglobinuria (PNH) as a Candidate Myeloproliferative Disorder. Blood 

1969; 33:263-4. PMID: 5767060 

[29]   Dameshek W: Some spequlations on myeloproliferative syndromes. Blood 

1951; 6:372-5. DOI: 10.1182/blood-2015-12-686402  

[30]   Gilbert HS.:  A Reappraisal of the ―Myeloproliferative Disease‖ Concept. Mt 

Sinai J Med 1970; 37: 426. PMID: 5311165 

[31]   Hoffbrand VA, Catovsky D, Tuddenham EGD: The Myelodysplastic 

Syndromes. Postgraduate Haematology 5th Ed 2005; pp: 662-680. Blackwell 

Publishing Ltd 9600 Garsington Rd, Oxford OX4 2DQ,UK 

[32]   Bellos F, Kery W: Flow cytometry in the diagnosis of myelodysplastic 

syndromes and the value of myeloid nuclear differentiation antigen.  Cytometry 

B Clin Cytom 2017 May; 92(3):200-206. DOI: 10.1002/cyto.b.21190 

[33]   Anna Aalbers et al: Bone marrow immunophenotyping by flow cytometry in 

refractory cytopenia of childhood. Haematologica 2015(Mar); 100(3): 315-323. 

DOI: 10.3324/haematol.2014.107706 

[34]   Ru Y, dong S, et al: Activation of monocyte derived cells in the bone marrow 

of myelodysplastic syndromes. Ultrastruct Pathol 2014; 38(4):856-60. DOI: 

10.3109/01913123.2014.888116 

[35]   Bennet JM, Catovsky D, Danil MT et al: Proposals for the classification of the 

myelodysplastic syndromes. Br J Haematol 1982; 51: 189-99. PMID: 6952920 

[36]   Bennett JM, Catovsky D, Daniell MT, et al: Proposals for the classificatrion 

of accute leukemias. French-American-British Cooperative Group. Br J 

Haematol 1976; 33:451-8. DOI: 10.1111/j.1365-2141.1976.tb03563.x 

[37]   Jaffe ES, Harrison NL, Stein H et al: WHO Classification of tumors of 

Haematopoietic origin and lymphoid tissues. 3d Ed Lyon: International Agency 

for Research on Cancer (IARC) Press: 2001 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



71 

[38]   Greenberg P, Anderson J, deWitte T, et al: Problematic WHO Classification 

of Myelodysplastic Syndromes. Members of the International MDS Study 

Group. J Clin Oncol 2000; 18: 3447-52. DOI: 10.1200/JCO.2000.18.19.3447 

[39]   Nosslinger T, Reisner R, Koller E, et al: Myelodysplastic Syndromes from 

French-American-British to World Health organization: Comparison of 

Classifications on 431 unselected patients from a single Institution. Blood 2001; 

98:2935-41. DOI: 10.1182/blood.v98.10.2935 

[40]   Vardiman JW, Harris NL, Bruning RD: The WHO Classification of the 

Myeloid Neoplasms. Blood 2002; 100:2292-302. DOI: 10.1182/blood-2002-04-

1199 

[41]   Hasle H, Niemeger CM, Chesels JM, et al: a pediatric Approach to the WHO 

Classification of Myelodysplastic and Myeloproliferative Diseases. Leukemia 

2003; 17:277-82. DOI: 10.1038/sj.leu.2402765 

[42]   Swerdlow SH, Caupo E, Harris NL, et al: WHO Classification of Tumors of 

Haematopoietic and Lymphoid Tissues. 4th Ed Lyon IARC. Press 2008.  

[43]   Tsuruda K, Hasegawa H, Fuchigami M, Uno N, Morinaga Y, Miyazaki Y, 

Yanagihara K [Classification and clinical findings of myelodysplastic 

syndromes]. Rinsho Byori. 2014 Apr;62(4):359-68. PMID: 25022065 

[44]   Kuendgen A: The Difficulty to Define Progression Patterns in Patients with 

Early Stage Myelodysplastic Syndromes and Deletion 5q-; New Prognostic 

Markers are Needed. Leuk Res 2014; 38(3): 287-8. DOI: 

10.1016/j.leukres.2013.12.013   

[45]   Dinmohamed AG, Visser O, van Norden Y, Huijgens PC, Sonneveld P, van 

der Loosdrecht AA, Jongen-Lavrencic M: Trends in Incidence, Initial 

Treatment and Survival of Myelodysplastic Syndromes: a population-Based 

Study of 5144 patients Diagnosed in the Netherlands from 2001 to 2010. Eur J 

Cancer 2014; 50(5): 1004-12. DOI: 10.1016/j.ejca.2013.12.002 

[46]   Reis-Alves SC, Traina F, Harada G, Campos PM, Saad ST, Metze K, 

Lorand-Metze I,: Immunophenotyping in Myelodysplastic Syndromes Can 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168

http://www.ncbi.nlm.nih.gov/pubmed?term=Tsuruda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25022065
http://www.ncbi.nlm.nih.gov/pubmed?term=Hasegawa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25022065
http://www.ncbi.nlm.nih.gov/pubmed?term=Fuchigami%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25022065
http://www.ncbi.nlm.nih.gov/pubmed?term=Uno%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25022065
http://www.ncbi.nlm.nih.gov/pubmed?term=Morinaga%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25022065
http://www.ncbi.nlm.nih.gov/pubmed?term=Miyazaki%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25022065
http://www.ncbi.nlm.nih.gov/pubmed?term=Yanagihara%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25022065
http://www.ncbi.nlm.nih.gov/pubmed/25022065


72 

Add prognostic Information to Well-Established and New Clinical Scores. PloS 

One 2013; 8(12): e81048. DOI: 10.1371/journal.pone.0081048 

[47]   Greenberg P, Cox C, LeBeau M, Fenaux P, MorelP, Sanz P, Sanz M, 

Vallespi T, Hamplin T, OscierD, Ohyashiki K, Toyama K, Aul C, Mufti G, 

Bennet J: International Scoring System for Evaluating Prognosis in 

Myelodysplastic Syndromes. Blood 1997; 89(6): 2079-2086. PMID: 9058730 

[48]   Schanz J, Steidl C, Fonatsch C, et al: Coalesced Multicentric Analysis of 2351 

patients with Myelodysplastic Syndromes Indicates an Underestimation of Poor 

Risk Cytogenetics of Myelodysplastic Syndromes in the International Prognostic 

Scoring System. J Clin Oncol 2011; 29:1963-70. DOI: 

10.1200/JCO.2010.28.3978 

[49]   Naqvi K, Garcia-Manero G, Sardesai S, et al: Association of Comorbidities 

with Overall survival in Myelodysplastic Syndrome: Development of a 

prognostic Model. J Clin Oncol 2011; 29: 2240-6. DOI: 

10.1200/JCO.2010.31.3353 

[50]   Greenberg PL, Tuechler H, Schanz J, et al: Revised International Prognosti 

Scoring System (IPSS-R) for Myelodysplastic Syndromes. Blood 2012. DOI: 

10.1182/blood-2012-03-420489 

[51]   Malcovati L, Della Porta MG, Strup C et al : Impact of the Degree of anemia 

on the outcome of patients with Myelodysplastic Syndrome and its Integration 

into the WHO Classification based Prognostic Scoring System(WPSS). 

Haematologica 2011; 96: 1433-40. DOI: 10.3324/haematol.2011.044602 

[52]   Dameshek W Baldini M: Di Gulielmo Syndrome. Blood 1958; 13:192-4. 

PMID: 13510296 

[53]   Fisher WB, Armentrout SA, Weisman JrR et al: preleukemia. A 

Myelodysplasting Syndrome Often terminating in Accute Leukemia. Arc Iner 

Med 1973; 132:226-32. DOI: 10.1001/archinte.132.2.226  

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



73 

[54]   Mittelman M, Oster HS, Hoffman M, Neumann D.: The lower Risk MDS 

Patient at Risk of Rapid Progression. Leuk Res 2010; 34(12); 1551-5. DOI: 

10.1016/j.leukres.2010.05.023 

[55]   Donelli A, Ghiordino C, Panissidi T, Roncaglia R, Torelli G:  Might Arsenic 

Trioxide be Usefull in the Treatment of Advanced Myelodysplastic Syndromes? 

Haematologica 2000; 85: 1002-3. PMID: 10980650 

[56]   List AE, Schiller GI, Mason I, et al: Trisenox in Patients With 

Myelodysplastic Syndromes; Preliminary Findings in a phase II Clinical Study. 

Blood 2003; 102:423. 

[57]   Raza A, Lisak LA, Tahir S et al: Trilineage Response to Arsenic Trioxide and 

Thalidomide in Patients with Myelodysplastic syndromes, Particularly Those 

with Inv (3)(q21q26.2). Blood 2002; 100:795. 

[58]   Greenberg P, Cox C, LeBeau M, Fenaux P, MorelP, Sanz P, Sanz M, 

Vallespi T, Hamplin T, OscierD, Ohyashiki K, Toyama K, Aul C, Mufti G, 

Bennet J: International Scoring System for Evaluating Prognosis in 

Myelodysplastic Syndromes. Blood 1997; 89(6): 2079-2086. PMID: 9058730 

[59]   Alessandrino EP, Della Porta MG, Bacigalupo A, Van Lint MT, Falda M, 

Onida F, et al: . WHO classification and WPSS predict posttransplantation 

outcome in patients with myelodysplastic syndrome: a study from the Gruppo 

Italiano Trapianto di Midollo Osseo (GITMO). Blood. 2008; 112(3): 895–902. 

DOI: 10.1182/blood-2008-03-143735 

 

[60]   Mittelman M, Oster HS, Hoffman M, Neumann D: The lower risk MDS 

patient at risk of rapid progression. Leuk Res 2010; 34(12): 1551-5. DOI: 

10.1016/j.leukres.2010.05.023 

[61]   Kantarjian Hagop, O’Brien S, Ravandi F, Cortes J, Shan J, Bennett JM, 

List A, Fenaux P, Sanz G, Issa J-P, Freidreich E, Garcia-Manero G: 

Proposal for a New Risk Model in Myelodysplastic Syndrome That Accounts for 

Events Not Concidered in the Original International Prognostic Scoring System. 

Cancer 2008; 113(6): 1351-1361 DOI: 10.1002/cncr.23697 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



74 

[62]   Garcia-Manero G, Shan J, et al: A prognostic score for patients with lower 

risk myelodysplastic syndrome. Leukemia 2008; 22: 538-43. DOI: 

10.1038/sj.leu.2405070 

[63]   Kantagjan H, O’Brien s, ravandi F, et al: Proposal for a new risk model in 

myelodysplastic syndrome that accounts for events not considered in the original 

International Prognostic Index Scoring System. Cancer 2008; 113: 1351-61. 

DOI: 10.1002/cncr.23697 

[64]   Oscier DG, Killick SB: The Myelodysplastic Syndromes. In Postgraduate 

Haematology, Blackwell Publishing, 5th Ed 2005; pp: 662-679 

[65]   Ogata K: Myelodysplastic syndromes: recent progress in diagnosis and 

understanding of their pathophysiology..J Nippon Med Sch. 2006 Dec; 73(6): 

300-7. Review.PMID: 17220579 DOI: 10.1272/jnms.73.30 

[66]   Newburger PE: Disorders of neutrophil number and function. Hematology Am 

Soc Hematol Educ Program. 2006:104-10. Review.PMID: 17124047. DOI: 

10.1182/asheducation-2006.1.104 

[67]   List AF, Vardiman J, Issa JP, DeWitte TM: Myelodysplastic syndromes..   

Hematology Am Soc Hematol Educ Program. 2004:297-317. Review DOI: 

10.1182/asheducation-2004.1.297 

[68]   Dertinger SD, Heflich RH:  In vivo assessment of Pig-a gene mutation-recent 

developments and assay validation..Environ Mol Mutagen. 2011 Dec; 52(9): 

681-4. DOI: 10.1002/em.20685  

[69]   Hill A, Richards SJ, Hillmen P: Recent developments in the understanding and 

management of paroxysmal nocturnal haemoglobinuria..Br J Haematol. 2007 

May; 137(3): 181-92. DOI: 10.1111/j.1365-2141.2007.06554.x  

[70]   Rowe JM: Myelodysplastic syndromes: aetiology, natural history, current and 

future therapies. Clin Haematol 2004; 17: 535-661.  

[71]   M V Blagosklonny:  The dilemma of apoptosis in myelodysplasia and 

leukemia: a new promise of therapeutic intervention?   Medicine Branch, 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168

http://www.ncbi.nlm.nih.gov/pubmed/17220579
http://www.ncbi.nlm.nih.gov/pubmed/17220579
http://www.ncbi.nlm.nih.gov/pubmed/17124047
http://www.ncbi.nlm.nih.gov/pubmed/15561689
http://www.ncbi.nlm.nih.gov/pubmed/22167884
http://www.ncbi.nlm.nih.gov/pubmed/22167884
http://www.ncbi.nlm.nih.gov/pubmed/17408457
http://www.ncbi.nlm.nih.gov/pubmed/17408457


75 

National Cancer Institute, NIH, Bethesda, MD, USA. December 2000, Volume 

14, Number 12, Pages 2017-2018. DOI: 10.1038/sj.leu.2401979 

[72]   Youssef SR, Ismail MM, Abd Al Wahed E, Al Dessoky H.: Growth 

Advantage of CD34+ Cells in Trisomy 8 High-Risk Myelodysplastic syndrome 

Despite Enhanced Apoptotic Signals. East Mediterr Health J 2012; 18(10): 

1065-71. DOI: 10.26719/2012.18.10.1065 

[73]   Sloand EM, Pfannes L, Chen G, Shah S, Solomou EE, Barret J, Young NS. : 

CD34+ Cells from Patients with Trisomy 8 Myelodysplastic Syndrome (MDS) 

Express Early Apoptotic Markers but Avoid Programmed Cell Death by Up-

Regulation of Antiapoptotic Proteins. Blood 2007; 109(6): 2399-405. DOI: 

10.1182/blood-2006-01-030643 

[74]   Gianelli U, Fascchiolla NS, Cortelezzi A, Pellegrini C, Savi F, Moro A, 

Grimoldi MG, Deliliers GL, Coggi G, Bosari S: Survivin Expression in low-

Risk and High-Risk Myelodysplastic Syndromes. Ann Hematol 2007; 86(3): 

185-9. DOI: 10.1007/s00277-006-0215-0 

[75]   Invernizzi R, Travaglino E, Lungi M, Klersy C, Bernasconi P, Cazzola M, 

Ascari E: Survivin Expression in accute Leukemias and Myelodysplastic 

syndromes. Leuk Lymphoma 2004; 45(11): 2299-37. DOI: 

10.1080/10428190412331283251 

[76]   Yoshida A, Zokumasu K, Wano Y, Yamauchi T, Imamura S, Takagi K, 

Kishi S, Urasaki Y, Tohyama K, Ueda T.: Marked Upregulation of Survivin 

and Aurora-B Kinase is associated with Disease Progression in the 

Myelodysplastic Syndromes.  Haematologica 2012; 97(9): 1372-9. DOI: 

10.3324/haematol.2011.055681 

[77]   Helström-Lindberg E, Gulbrandsen N, Lindberg G et al: A validated 

decision model for treating Anemia of Myelodysplastic syndrome 

witherythropoietin and granulocyte colony-stimulating factor; significant effect 

on quality of life. Br J Haematol 2003; 120:1037-46. DOI: 10.1046/j.1365-

2141.2003.04153.x 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



76 

[78]   Barrett J, Saunthararajah Y, Moldrem J: Myelodysplastic syndrome and 

aplastic anemia: distinct entities or disease linked by a common 

pathophysiology. Sem Hematol 2002; 37:15-29. DOI: 10.1016/s0037-

1963(00)90027-1  

[79]   Killick SB, Mufti G, Canavagh JD, et al: A pilot study of antithymocyte 

globulin (ATG) in the treatment of patients with low-risk myelodysplasia. Br J 

Haematol 2003; 120:679-84. DOI: 10.1046/j.1365-2141.2003.04136.x  

[80]   Kim SY, Le-Rademacher J, Antin JH, Anderlini P, Avas M, Battiwalla M, 

Carreras J, Kutzberg J, Nakamura R, Eapen M, Deeg HJ: Myelodysplastic 

Syndrome Evolving from Aplastic Anemia Treated with Immunosuppressive 

Therapy: Efficacy of hematopoietic Stem Cell Transplatation. Hematologica 

2014(Dec); 99(12):1868-75. DOI: 10.3324/haematol.2014.108977 

[81]   Shi M, Xiao R, Woda BA, Yu H:  Five Important Advances in 

Hematopathology..Arch Pathol Lab Med. 2014 Mar; 138(3): 410-9. DOI: 

10.5858/ARPA.2012-0645-RA 

[82]   Starczynowski DT, Vercauteren S, Telenius A, et al: High Resolution Whole 

genome tiling path arrayCGH analysis of CD34+ cells from patients with low-

risk Myelodysplastic syndromes reveals cryptic copy numberalterations and 

predictsoverall and leukemia-free survival. Blood 2008; 112(8): 3412-3424. 

DOI: 10.1182/blood-2007-11-122028 

[83]   Slovak ML, Smith DD, Bedel V, et al: Assesing karyotype precision by 

microarray-based comparative genomic hybridization in the 

myelodysplastic/myeloproliferative syndromes. Mol Cytogenet 2010; 3:23. DOI: 

10.1186/1755-8166-3-23 

[84]   Vercauteren SM, Sung S, Starczynoeski DT, et al: Array comparative 

genomic hybridization of peripheral blood granulocytes of patients with 

myelodysplastic syndromes. Am J Clin Pathol2010; 134(1): 119-126. DOI: 

10.1309/AJCPH27ZIZEJLORF 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168

http://www.ncbi.nlm.nih.gov/pubmed/24576034
http://www.ncbi.nlm.nih.gov/pubmed/24576034


77 

[85]   O’Keefe CL, Tiu R, Gondek LP, et al: High-resolution genomic arrays 

facilitate detection of novel cryptic chromosomal lesions in myelodysplastic 

syndromes. Exp Hematol 2007; 35(2): 240-251. DOI: 

10.1016/j.exphem.2006.09.016 

[86]   Gondek LP, Tiu R, O’Keefe CL, Sekerers MA, Theil KS, Maciejewski JP,: 

Chromosomal Lesions and uniparental disomy detected by SNP array in MDS, 

MDS/MPD and MDS-derived AML. Blood 2008; 111(3): 1534-1542. DOI: 

10.1182/blood-2007-05-092304 

[87]   Ahmad A, Iqbal MA,: Significance of genome-wide analysis of copy number 

alterations and UPD in myelodysplastic syndromes using combined CGH-SNP 

Arrays. Curr Med Chem2012; 19(22): 3739-3747. DOI: 

10.2174/092986712801661121 

[88]   Fathi AT, Abdel-Wahab O: Mutations in epigenetic modifiers in myeloid 

malignancies and the prospect of novel epigenetic-targeted therapy..Adv 

Hematol. 2012; 2012:469592. doi: 10.1155/2012/469592. Epub 2011 Jun 

26.PMID: 21811504DOI: 10.1155/2012/469592 

[89]   Smith SM, Le Beau MM, Huo D, et al: Clinical –Cytogenetic associations in 

306 patients with therapy related myelodysplasia and myeloid leukemia; the 

University of Chicago series. Blood 2003; 102: 43-52. DOI: 10.1182/blood-

2002-11-3343 

[90]   Bellagatti A, Esoof N, Watkins F, et al: Gene Expression Profilling in the 

Myelodysplastic Syndromes Using cDNA Microarray Profilling. Br J Haematol 

2004; 125: 576-583. DOI: 10.1111/j.1365-2141.2004.04958.x 

[91]   Kolquist KA, Schultz RA, Furrow A, et al: Microarray-based comparative 

genomic hybridization of cancer targets reveals novel, reccurrent genetic 

aberrations in the myelodysplastic syndromes. Cancer Genet 2011; 204(11): 

603-628. DOI: 10.1016/j.cancergen.2011.10.004 

[92]   Sanada M, Ogawa S:  Genome-wide analysis of myelodysplastic syndromes. 

Curr Pharm Des 2012; 18(22): 3163-3169. DOI: 

10.2174/1381612811209023163 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168

http://www.ncbi.nlm.nih.gov/pubmed/21811504
http://www.ncbi.nlm.nih.gov/pubmed/21811504


78 

[93]   Bejar R, Stevenson K, Abdel-Wahab O, etal: Clinical affect of point 

mutations in myelodysplastic syndromes. N Engl J Med 2011; 363(26): 2496-

2506. DOI: 10.1056/NEJMoa1013343 

[94]   Steensa DP, Gibbons RJ, Mesa RA, Tefferi A, Higgs DR: Somatic mutations 

in RUNX1/CBFA2/AML1 are common in high-risk myelodysplastic syndrome, 

but not in myelofibrosis with myeloid metaplasia. Eur J Haematol 2005; 74(1): 

47-53. DOI: 10.1111/j.1600-0609.2004.00363.x 

[95]   Chen CY, Lin LI, Tang JL, et al: RUNX1 gene mutation in primary 

myelodysplastic syndrome-the mutation can be detected early at diagnosis or 

acquired during disease progression and is associated with poor outcome. Br j 

Haematol 2007; 139(3): 405-414. DOI: 10.1111/j.1365-2141.2007.06811.x 

[96]   Paquette RL, Landaw EM, Pierre RV, et al: N-ras Mutations are associated 

with poor prognosis and increased risk of leukemia in myelodysplastic 

syndrome. Blood 1993; 82(2): 590-599. PMID: 8329714 

[97]   Kao HW, Sanada M, Liang DC, et al: A high occurrence of acquisition and/or 

expansion of C-CBL mutant clones in the progression of high-risk 

myelodysplastic syndrome to accute leukemia. Neoplasia 2011; 13(11): 1035-

1042. DOI: 10.1593/neo.111192 

[98]   Barresi V, Palumbo GA, Musso N, et al: Clonal selection of 11q CN-LOH and 

CBL gene mutation in a serially studied patient during MDS progression to 

AML. Leuk Res 2010; 34(11): 1539-1542. DOI: 10.1016/j.leukres.2010.07.004 

[99]   Kosmider O, Gelsi-Boyer V, Cheok M, et al: TET2 mutation is an 

independent favorable prognostic factor in myelodysplastic syndromes (MDSs) 

Blood 2009; 114(15): 3285-3291. DOI: 10.1182/blood-2009-04-215814 

[100] Smith AE, Mohamedali AM, Kulasekararaj A, et al: Next generation 

sequencing of the TET2 gene in 355 MDS and CMML patients reveals low-

abandance mutant clones with early origins, but indicates no definite prognostic 

value. Blood 2010; 116(19): 3923-3932. DOI: 10.1182/blood-2010-03-274704 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



79 

[101] Thol F, Winschel C, Ludeking A, et al: Rare occurrence of DNMT3A 

mutations in myelodysplastic syndromes. Haematologica 2011; 96(12): 1870-

1873 DOI: 10.3324/haematol.2011.045559 

[102] McDevitt MA,: Clinical applications of epigenetic markers and epigenetic 

profiling in myeloid malignancies. Sem Oncol 2012;39(1):109-122 DOI: 

10.1053/j.seminoncol.2011.11.003 

[103] Mardis ER, Ding L, Dooling DJ, et al: Recurring mutations found by 

sequencing an acute myeloid leukemia genome. Neng J Med 2009; 361(11): 

1058-1066. DOI: 10.1056/NEJMoa0903840 

[104] Abbas S, Lugthart FG, Kavelaars FG, et al: Acquired mutations in the genes 

encoding IDH1 and IDH2 both are recurrent aberations in the acute myeloid 

leukemia: prevalence and prognostic  value. Blood 2010; 116(12):2122-2126. 

DOI: 10.1182/blood-2009-11-250878 

[105] Boisel N, Nibourel O, Renneville, et al: Prognostic impact of isocitrate 

dehydrogenase enzyme isoforms1 and 2 mutations in acute myeloid leukemia : a 

study by acute leukemia French association group. J Clin Oncol 

2010;28(23):3717-3723. DOI: 10.1200/JCO.2010.28.2285 

[106] Mercucci G, Maharry K, Wu YZ, et al: IDH1 and IDH2 gene mutations 

identify novel molecular subsets within de novo cytogenetically normal acute 

myeloid leukemia: a cancer and leukemia group B study. J Clin Oncol 2010; 

28(14): DOI: 10.1200/JCO.2009.27.3730 

[107] Paschka P, Schlenk RF, Gaidzik VI, et al: IDH1 and IDH2 mutations are 

frequentgenetic alterations in acute myeloid leukemia and confer adverse 

prognosis in cytogenetically normal acute myeloid leukemia with NPMI1 

mutation without FLT3 internal tandem duplication J Clin Oncol 2010; 

28(22):3636-3643. DOI: 10.1200/JCO.2010.28.3762 

[108] Schnittger S, Haferlach C, Ulke M, Alperman T, Kern W, Haferlach T: 

IDH1 mutations are detected in 6.6% of 1414 AML patients and are associated 

with intermediate risk caryotype and unfavorable prognosis in adults younger 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



80 

than 60 years and unmutated NPM1 status. Blood 2010; 116(25):5486-5496. 

DOI: 10.1182/blood-2010-02-267955 

[109] Ward PS, Patel J, Wise DR, et al: The common feature of leukemia associated 

IDH1 and IDH2 mutations is a neomorphic enzyme activity converting a-

ketoglutarate to 2-hydroxyglutarate. Cancer cells 2010; 17(3):225-234. DOI: 

10.1016/j.ccr.2010.01.020 

[110] Gross S, Cairns A, Minden MD, et al: Cancer associated metabolite 2-

hydroxyglutarate  accumulates in acute myelogenous leukemia with isocitrate 

dehydrogenase 1 and 2 mutations. J Exp med 2010; 207(2): 339-344. DOI: 

10.1084/jem.20092506 

[111] Kolker S, Pawlak V, Alhemeyer B, et al: NMDA receptor activation and 

respiratory chain complex V inhibition contribute to neurogeneration in D-2-

hydroxyglutaric aciduria. Eur J Neuroscience 2002; 16(1):21-28. DOI: 

10.1046/j.1460-9568.2002.02055.x 

[112] Latini A, Scussiato K, Rosa RB, et al: D-2-hydroxyglutaric acid induces 

oxidative stress in cerebral cortex of young rats E J Neurosciences 2003; 17(10): 

2017-2022. DOI: 10.1046/j.1460-9568.2003.02639.x 

[113] Reitman ZJ, Yan H: Isocitrate dehydrogenase 1 and 2 mutations in cancer: 

alterations at a crossroads of cellular metabolismDOI: 10.1093/jnci/djq187 

[114] Frezza C, Tennant DA, Gotlieb E: IDH1 mutations in Gliomas: when an 

enzyme loses its grip. Cancer Cell 2010; 17(1): 7-9. DOI: 

10.1016/j.ccr.2009.12.031 

[115] Figueroa ME, Abdel-Wahab O, Lu C, et al: Leukemic IDH1 and IDH2 

mutations result in a hypermethylation phenotype, disrupt TET2 function, and 

impair hematopoietic differentiation. Cancer Cell 2010; 18(6): 553-567. DOI: 

10.1016/j.ccr.2010.11.015 

[116] Ito S, D’Alessio AC, Taranova OV, Hong K, Sowers LC, Zhang Y: Role of 

TET proteins in 5mC to5hmC conversion, ES-cell self-renwal and inner cell 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



81 

mass specification. Nature 2010; 466(7310): 1129-1133. DOI: 

10.1038/nature09303 

[117] Tahiliani M, Koh KP, Shen Y, et al: Conversion of 5-methylcytosine to 5-

hydroxymethylcytosine in 930-935mammalian DNA by MLL partner TET1. 

Science 2009; 324(5929):. DOI: 10.1126/science.1170116 

[118] Xu W, Yang H, Liu Y et al: Oncometabolite 2-hydroxyglutarate is a 

competitve inhibitor of α-ketoglutarate-dependent dioxygenases. Cancer Cell 

2011; 19(1):17-30. DOI: 10.1016/j.ccr.2010.12.014 

[119] Wang Y, Wysocka J, Sayegh J, et al: Human PAD4 regulates histone arginine 

methylation levels via demethylimination. Science 2004; 306(5694):229-283. 

DOI: 10.1126/science.1101400 

[120] Shi Y, Lan F, Matson C, et al: Histone demethylation mediated by nuclear 

maine axidase homolog LSD1, Cell 2004; 119(7): 941-539. DOI: 

10.1016/j.cell.2004.12.012 

[121] Klose RJ, Yamane K, Bae Y et al: The transcriptional repressor JHDM3A 

demethylates trimethyl histone H3 lysine 9 and lysine 36. nature 2006; 

442(7100): 312-31 DOI: 10.1038/nature04853 

[122] Yamane K, Toumazou C, Tsukada YI, et al: JHDM 2A. a JmjC-containing 

H3K9 demethylase, facilitates transcription activation by androgen receptor. 

Cell 2006; 125(3): 483-495. DOI: 10.1016/j.cell.2006.03.027 

[123] Seward DJ, Cubberly G, Kim S, et al: Demethylation of trimethylated Histone 

H3L in vivo by JARID1 JmjC proteins. Nature Structural and Molecular 

Biology 2007; 14(3): 240-242. DOI: 10.1038/nsmb1200 

[124] Anger K, Cloos PAC, Christensen J, et al: UTX and JMJD3 are histone 

H3K27 demethylases involved in HOX gene regulation and development. 

Nature 2007; 449(7163): 731-734. DOI: 10.1038/nature06145 

[125] Chang B, Chen Y, Zhao Y, Bruick RK: JMJD6 is a histone arginine 

demethylase. Science 2007; 318(5849): 444-447. DOI: 10.1126/science.1145801  

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



82 

[126] Green CL, Evans CM, Hills RK, Burnett AK, Linch DC, Gale RE: The 

prognostic significance of IDH1 mutations in younger adult patients with acute 

myeloid leukemia is dependent onFLT3/ITD status. Blood 2010; 116915): 2779-

2782. DOI: 10.1182/blood-2010-02-270926 

[127] Caramazza D, Lasho T, Finke et al: IDH mutations and trisomy 8 in 

myelodysplastic syndromes and acute myeloid leukemia. Blood 2010; 116: 

Abstract 4009. DOI: 10.1038/leu.2010.213 

[128] Delhommeau F, Dupont S, Valle VD et al: mutation in TET2 in myeloid 

cancers. N Eng J Med 2009; 360(22): 2289-2301. DOI: 

10.1056/NEJMoa0810069 

[129] Tefferi A, Pardanani A, Lim H et al: TET2 mutations and their 

clinicalcorrelates in Polycythemia Vera, essential thrombocythaemia and 

myelofibrosis. Leukemia; 23(5): 905-911. DOI: 10.1038/leu.2009.47 

[130] Abdel-Wahab O, Manshouri T, Patel J et al: Genetic analysis of transforming 

events that convert chronic myeloproliferative neoplasms to leukemias. Cancer 

Res2010; 70(2): 447-452. DOI: 10.1158/0008-5472.CAN-09-3783 

[131] Ko M, Huang Y, Jankowska M et al: Impaired hydroxylation of 5-

methylcytosine by TET1 promotes active DNA methylation in myeloid cancers 

with mutant TET2. Nature 2010; 468(7325): 839-843. DOI: 

10.1038/nature09586 

[132] Gaidzik V, Schlenk RF, Paschka et al: TET2 mutations in acute myeloid 

leukemia: Results on 783 patients treated within the AML HD98A study of the 

AMLStudy Goup (AMLSG). Blood 2010; 116 

[133] Metzeler KH, Mahary K, Randmacher et al: TET2 mutations improve the 

new European LeukemiaNET risk classification of acute myeloid leukemia: a 

cancer and leukemia group B study. J Clin Oncol 2011; 29(10): 1373-1381. 

DOI: 10.1200/JCO.2010.32.7742 

[134] Ley TJ, Ding L, Walter MJ et al: DNMT3A mutations in acute leukemia N 

Eng J Med 2010; 363(25): 2424-2433 DOI: 10.1056/NEJMoa1005143 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



83 

 

[135] Yamashita Y, Yuan J, Suetake I et al.: Array-Based Genomic Resequencing 

of Human Leukemia. Oncogene 2010; 29(25): 3723-3731. DOI: 

10.1038/onc.2010.117 

 

[136] Yan XJ, Xu J, Gu ZH, et al: Exome sequencing identifies somatic mutations of 

DNA methyltransferase gene DNMT3A in acute monocytic leukemia. Nat Genet 

2011; 43(4): 309-315. DOI: 10.1038/ng.788 

 

[137] Walter MJ, Ding L, Shen et al: recurrent DNMT3A mutations in patients with 

myelodysplastic syndromes. Leukemia 2011;25(7):1153-58 DOI: 

10.1038/leu.2011.44 

[138] Abdel-Wahab O, Pardanini A, Rampal R, Lascho TL, Levine RL, Tefferi 

A: DNMT3A mutational analysis in primary myelofibrosis, chronic 

myelomonocytic leukemia and advanced phases of myeloproliferative 

neoplasms. J Clin Oncol 2010; 28(22):3636-3643. DOI: 10.1038/leu.2011.82 

[139] Kokouva M, Koureas M, Dardiotis E, Almpanidou P, Kalogeraki A, 

Kyriakou D, Hadjigeorgiou GM, Hadgichristodoulou C: Relationship 

Between the Paraoxonase 1 (PON1) M55L and Q192R Polymorphisms and 

Lymphohaematopoietic Cancers in a greek Agricultural Population. Toxicology 

2013; 307: 12-6. DOI: 10.1016/j.tox.2012.07.003 

[140] Abdel-Wahab O, Pardanini A, Patel J et al: Concomitant analysis of EZH2 

and ASXL1 mutations in myelofibrosis, chronic myelomonocytic leukemia and 

blast-phase myeloproliferative neoplasms. Leukemia 2011; 25(7):1200-2. DOI: 

10.1038/leu.2011.58 

[141] Ernst T, Chase AJ, Score J et al: Inactivating mutations of histone 

methyltransferase gene EZH2 in myeloid disorders. Nat Genet 2010; 42(8): 722-

726. DOI: 10.1038/ng.621 

[142] 6/71. Nikoloski G, Langemeijer SMC, Kuiper RP et al: Somatic mutations of 

the histone methyltransferase gene EZH2 in myelodysplastic syndromes. Nat 

Genet 2010:42(8): 665-667 DOI: 10.1038/ng.620 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



84 

[143] Vire E, Brenner C, Deplus R et al: The polycomb group protein EZH2 directly 

controls DNA methylation. Nature 2006; 439(7078): 871-874. DOI: 

10.1038/nature04431 

[144] Cremers EM1, Alhan C1, Westers TM1, Ossenkoppele GJ1, van de 

Loosdrecht AA2 : Immunophenotyping for diagnosis and prognosis in MDS: 

ready for general application? Best Pract Res Clin Haematol. 2015 

Mar;28(1):14-21. DOI: 10.1016/j.beha.2014.11.003   

 

[145] Invernizzi R, Travaglino E, Benatti L, Malcovati L, DellaPorta M, Cazzola 

M, Ascari E.:  Survivin Expression, Apoptosis and Proliferation in Chronic 

Myelomonocytic Leukemia. Eur J Haematol 2006; 76(6): 494-501. DOI: 

10.1111/j.0902-4441.2006.t01-1-EJH2588.x  

 

[146] Adida C, Recher C, Raffoux E, Daniel M-T, Taksin A-L, Rousselot P, 

Sigaux F, Degos L, Altieri DC, Dombret H: Expression and Prognostic 

Significance of Survivin in de Novo acute Myeloid Leukemia. Br J Haematol 

2000; 111: 196-203. DOI: 10.1046/j.1365-2141.2000.02328.x 

[147] Xu F, Liu L, Chang CK, He Q, Wu LY, Zhang Z, Shi WH, Guo J, Zhu Y, 

Zhao YS, Gu SC, Fei CM, Li X.: Genomic loss of EZH2 leads to epigenetic 

modifications and overexpression of the HOX gene clusters in myelodysplastic 

syndrome. Oncotarget. 2016 Feb 16; 7(7):8119-30 DOI: 

10.18632/oncotarget.6992 

 

[148] Gidaro A, Deliliers GL, Gallipoli P, Arquati M, Wu MA, Castelli R : 

Laboratory and clinical risk assessment to treat myelodysplatic syndromes. Clin 

Chem Lab Med. 2016Sep 1; 54(9):1411-26. DOI: 10.1515/cclm-2015-0789 

. 

[149] Cremers EM1, Alhan C1, Westers TM1, Ossenkoppele GJ1, van de 

Loosdrecht AA2: Immunophenotyping for diagnosis and prognosis in MDS: 

ready for general application?  Best Pract Res Clin Haematol. 2015 

Mar;28(1):14-21. DOI: 10.1016/j.beha.2014.11.003 

                                                      

[150] Uyanik MS, Demir AM, Kurt I, Maden M, Oz Puyan F, Gurkan H, Umit 

EG, Pamuk GE: Could the mosaic pattern of chromosomal abnormality predict 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cremers%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=25659726
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alhan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25659726
http://www.ncbi.nlm.nih.gov/pubmed/?term=Westers%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=25659726
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ossenkoppele%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=25659726
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20de%20Loosdrecht%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=25659726
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20de%20Loosdrecht%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=25659726
http://www.ncbi.nlm.nih.gov/pubmed/25659726
http://www.ncbi.nlm.nih.gov/pubmed/26812882
http://www.ncbi.nlm.nih.gov/pubmed/26812882
http://www.ncbi.nlm.nih.gov/pubmed/26812882
http://www.ncbi.nlm.nih.gov/pubmed/26812791
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cremers%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=25659726
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alhan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25659726
http://www.ncbi.nlm.nih.gov/pubmed/?term=Westers%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=25659726
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ossenkoppele%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=25659726
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20de%20Loosdrecht%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=25659726
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20de%20Loosdrecht%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=25659726
http://www.ncbi.nlm.nih.gov/pubmed/25659726
http://www.ncbi.nlm.nih.gov/pubmed/26806462


85 

overall survival of patients with myelodysplastic syndrome? Hematol Oncol 

Stem Cell Ther. 2016 Jan 16. pii: S1658-3876(16)00004-2. DOI: 

10.1016/j.hemonc.2015.12.002  

 

[151] Ali SF, Sonu RJ, Dwyre DM, Jonas BA, Rashidi HH. Translocation 

(6;15)(q12;q15): A Novel Mutation in a Patient with Therapy-Related 

Myelodysplastic Syndrome. Case Rep Hematol. 2015; 2015:318545. DOI: 

10.1155/2015/318545 

 

[152]  Subari S, Baidoun F, Hreh M, Patnaik M, Hashmi S, Elliott M, Hogan W, 

Litzow M, Al-Kali A.: Prior hypomethylating agent use lacks impact on clinical 

outcome in patients with secondary acute myeloid leukemia arising from 

myelodysplastic syndromes treated with standard induction chemotherapy. Int J 

Hematol. 2016 Apr; 103(4):409-15. DOI:    10.1007/s12185-016-1935-0. 

 

 

[153] Gyan E, Andrieu V, Sanna A, Caille A,        Schemenau J, Sudaka I, Siguret 

V, Malet M, Park S, Bordessoule D, Mairesse J, Gelsi-Boyer V, Cheze S, 

Beyne-Rauzy O, Sébert M, Sapena R, Zerazhi H, Legros L, Guerci-Bresler 

A, Amé SN, Germing U, Santini V, Salvi F, Gioia D, Lunghi M, Dreyfus F, 

Fenaux P; Groupe Francophone des Myélodysplasies, Fondazione Italiana per 

le Sindromi Mielodisplastiche (FISMonlus), and 

Düsseldorf MDS Registry.Myelodysplastic syndromes with single neutropenia 

or thrombocytopenia are rarely refractory cytopenias with unilineage dysplasia 

by World Health Organization 2008 criteria and have favourable prognosis. Br J 

Haematol. 2016 ; 175(5):975-979. DOI: 10.1111/bjh.13902   

 

[154] Vibor M, Inga MR, Ana PP, Bulycheva E, Slobodanka KO: The role of 

microRNA in myelodysplastic syndromes: beyond DNA methylation and 

histone modification.Eur J Haematol. 2016; 96(6):553-63DOI: 

10.1111/ejh.12735 

 

[155] Garcia-Manero G:  Progress in myelodysplastic syndromes..Clin Lymphoma 

Myeloma. 2009;9 Suppl 3:S286-92. doi: 10.3816/CLM.2009.s.025. Review. 

PMID: 19778854 DOI: 10.3816/CLM.2009.s.025 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168

http://www.ncbi.nlm.nih.gov/pubmed/26806462
http://www.ncbi.nlm.nih.gov/pubmed/26798525
http://www.ncbi.nlm.nih.gov/pubmed/26798525
http://www.ncbi.nlm.nih.gov/pubmed/26798525
http://www.ncbi.nlm.nih.gov/pubmed/26781617
http://www.ncbi.nlm.nih.gov/pubmed/26781617
http://www.ncbi.nlm.nih.gov/pubmed/26781617
http://www.ncbi.nlm.nih.gov/pubmed/26773632
http://www.ncbi.nlm.nih.gov/pubmed/26773632
http://www.ncbi.nlm.nih.gov/pubmed/26773632
http://www.ncbi.nlm.nih.gov/pubmed/26773284
http://www.ncbi.nlm.nih.gov/pubmed/26773284
http://www.ncbi.nlm.nih.gov/pubmed/26773284
http://www.ncbi.nlm.nih.gov/pubmed/19778854


86 

 

[156] Bejar R, Steensma DP.: Recent developments in myelodysplastic syndromes.  

Blood. 2014 Oct 30;124(18):2793-803.  DOI: 10.1182/blood-2014-04-522136 

 

[157] Platzbecker U, Mufti G.: Allogeneic stem cell transplantation in MDS: how? 

When? Best Pract Res Clin Haematol. 2013 Dec;26(4):421-9. DOI: 

10.1016/j.beha.2013.09.008 

 

[158] Bejar R, Stevenson KE, Caughey BA, et al: Validation of a prognostic model 

and the impact of mutations in patients with lower-risk myelodysplastic 

syndromes. J Clin Oncol 2012; 30: 3376-3382. DOI: 10.1200/JCO.2011.40.7379 

[159] Cutler CS, Greenberg P, et al: A decision analysis of allogeneic bone marrow 

transplantation for the myelodysplastic syndromes: a delayed transplantation for 

low-risk myelodysplasia is associated with improved outcome. Blood 2004; 104: 

579-585. DOI: 10.1182/blood-2004-01-0338 

[160] Koreth J, Pidala J, Perez WS, et al:  Role of induced intensity conditioning 

allogeneic hematopoietic stem cell transplantation in the older patients with de 

novo myelodysplasticsyndromes: an international collaborative decision 

analysis. J Clin Oncol 2013: 31: 2662-2670 DOI: 10.1200/JCO.2012.46.8652 

 

[161] Saber W, Le Rademacher J, Sekeres M, Logan B, Lewis M, Mendizabal A, 

Leifer E, Appelbaum FR, Horowitz MM, Nakamura R, Cutler CS. 

Multicenter biologic assignment trial comparing reduced-intensity allogeneic 

hematopoietic cell transplant to hypomethylating therapy or best supportive care 

in patients aged 50 to 75 with intermediate-2 and high-risk myelodysplastic 

syndrome: blood and marrow transplant clinical trials network #1102 study 

rationale, design, and methods. Biol Blood Marrow Transplant. 2014 

Oct;20(10):1566-72.   

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168

http://www.ncbi.nlm.nih.gov/pubmed/25237199
http://www.ncbi.nlm.nih.gov/pubmed/24507818
http://www.ncbi.nlm.nih.gov/pubmed/24507818
http://www.ncbi.nlm.nih.gov/pubmed/24972249
http://www.ncbi.nlm.nih.gov/pubmed/24972249
http://www.ncbi.nlm.nih.gov/pubmed/24972249
http://www.ncbi.nlm.nih.gov/pubmed/24972249
http://www.ncbi.nlm.nih.gov/pubmed/24972249


87 

[162] Harsha Vyas, Guha Krishnaswamy: Paul Ehrlich‘s‖Mastzellen‖—from 

aniline dyes to DNA chip arrays: a historical review of developments in mast 

cell research. Methods Mol Biol 2006; 315:3-11. PMID: 16110145 

 

[163] DD Metcalf, M Kaliner, ma Donlon:  The mast cell. Crit Rev Immunol 

1981;3(1):23-74. PMID: 6178551 

 

[164] Riley, JF, West, GB (1952). Histamine in tissue mast cells. J Physiol 117:72P-

73P. PMID: 12991263 

 

[165] Ishizaka, K, Ishizaka, T (1967). Identification of gamma-E-antibodies as a 

carrier of reaginic activity. J Immunol 99:1187-1198. PMID: 4168663 

 

[166] Ishizaka, K, Tomioka, H, Ishizaka, T (1970). Mechanisms of passive 

sensitization. I. Presence of IgE and IgG molecules on human leukocytes. J 

Immunol 105:1459-1467. PMID: 4098503. 

 

[167] Metzger, H (1992). The receptor with high affinity for IgE. Immunol Rev 

125:37-48 DOI: 10.1111/j.1600-065x.1992.tb00624.x 

 

[168] Kinet, JP (1999). The high-affinity IgE receptor (Fc epsilon RI): from 

physiology to pathology. Annu Rev Immunol 17:931-972 DOI: 

10.1146/annurev.immunol.17.1.931 

 

[169] Siraganian, R (2003). Mast cell signal transduction from the high-affinity IgE 

receptor. Current Opinion in Immunology 15:639-646. DOI: 

10.1016/j.coi.2003.09.010 

 

[170] Rao, K, Brown, M (2008). Mast cells: multifaceted immune cells with diverse 

roles in health and disease. Ann N Y Acad Sci 1143:83-104.. DOI: 

10.1196/annals.1443.023 

 

[171] Grimbaldeston, MA, Chen, CC, Piliponsky, AM, Tsai, M, Tam, SY, Galli, 

SJ (2005). Mast cell-deficient W-sash c- mutant Kit W-sh/W-sh mice as a model 

for investigating mast cell biology in vivo. Am J Pathol 167:835-848 DOI: 

10.1016/S0002-9440(10)62055-X 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



88 

 

[172] Galli, S, Tsai, M (2008). Mast cells: versatile regulators of inflammation, tissue 

remodeling, host defense and homeostasis. J Dermatol Sci 49:7-19. DOI: 

10.1016/j.jdermsci.2007.09.009 

 

[173] Jamur, MC, Oliver, C (2011). Origin, maturation and recruitment of mast cell 

precursors. Front Biosci (Schol Ed) 3:1390-1406 DOI: 10.2741/231 

 

[174] Galli, SJ, Borregaard, N, Wynn, TA (2011). Phenotypic and functional 

plasticity of cells of innate immunity: macrophages, mast cells and neutrophils. 

Nat Immunol 12:1035-1044. DOI: 10.1038/ni.2109 

 

[175] K.itamura, Y, Shimada, M, Hatanaka, K, Miyano, Y (1977). Development of 

mast cells from grafted bone marrow cells in irradiated mice. Nature 268:442-

443 DOI: 10.1038/268442a0 

 

[176] Födinger, M, Fritsch, G, Winkler, K, Emminger, W, Mitterbauer, G, 

Gadner, H, Valent, P, Mannhalter, C (1994). Origin of human mast cells: 

development from transplanted hematopoietic stem cells after allogeneic bone 

marrow transplantation. Blood 84:2954-2959. PMID: 7949167 

 

[177] Jamur, M, Grodzki, A, Berenstein, E, Hamawy, M, Siraganian, R, Oliver, C 

(2005). Identification and characterization of undifferentiated mast cells in 

mouse bone marrow. Blood 105:4282-4289. DOI: 10.1182/blood-2004-02-0756 

 

[178] Chen, C, Grimbaldeston, M, Tsai, M, Weissman, I, Galli, S 

(2005). Identification of mast cell progenitors in adult mice. Proc Natl Acad Sci 

U S A 102:11408-11413. DOI: 10.1073/pnas.0504197102 

 

[179] Guiraldelli, MF, França, CN, de Souza, DA, da Silva, EZ, Toso, VD, 

Carvalho, CC, Jamur, MC, Oliver, C (2013). Rat embryonic mast cells 

originate in the AGM. PLoS One 8, e57862 DOI: 10.1371/journal.pone.0057862 

 

[180] Stevens, RL, Adachi, R (2007). Protease-proteoglycan complexes of mouse and 

human mast cells and importance of their beta-tryptase-heparin complexes in 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



89 

inflammation and innate immunity. Immunol Rev 217:155-167. DOI: 

10.1111/j.1600-065X.2007.00525.x 

 

[181] Gurish, MF, Ghildyal, N, McNeil, HP, Austen, KF, Gillis, S, Stevens, RL 

(1992). Differential expression of secretory granule proteases in mouse mast 

cells exposed to interleukin 3 and c- ligand. J Exp Med 175:1003-101 DOI: 

10.1084/jem.175.4.1003 

 

[182] Irani, AM, Nilsson, G, Miettinen, U, Craig, SS, Ashman, LK, Ishizaka, T, 

Zsebo, KM, Schwartz, LB (1992). Recombinant human stem cell factor 

stimulates differentiation of mast cells from dispersed human fetal liver cells. 

Blood 80:3009-3021. PMID: 1281684 

 

[183] Iemura, A, Tsai, M, Ando, A, Wershil, BK, Galli, SJ (1994). The c- ligand, 

stem cell factor, promotes mast cell survival by suppressing apoptosis. Am J 

Pathol 144:321-328. PMCID: PMC1887147 

 

[184] Okayama Y, Kawakami T (2006): Development, migration, and survival of 

mast cells. Immunol Res 34:97-115. DOI: 10.1385/IR:34:2:97 

 

[185] Orfao, A, Garcia-Montero, AC, Sanchez, L, Escribano, L, REMA 

(2007). Recent advances in the understanding of mastocytosis: the role of KIT 

mutations. Br J Haematol 138:12-30. DOI: 10.1111/j.1365-2141.2007.06619.x  

 

[186] Metcalfe D, Baram D, Mekori Y (1997): Mast cells. Physiol Reviews 77:1033-

1079. DOI: 10.1152/physrev.1997.77.4.1033 

 

[187] S Galli, Kalesnikoff J, Grimbaldeston M, Piliponsky A, Williams  C, Tsai  

M (2005b): Mast cells as ―tunable‖ effector and immunoregulatory cells: recent 

advances. Annu Rev Immunol 23:749-786. DOI: 

10.1146/annurev.immunol.21.120601.141025 

 

[188] Metcalfe, D, Boyce, J (2006). Mast cell biology in evolution. J Allergy and Clin 

Immunol 117:1227-1229. DOI: 10.1016/j.jaci.2006.03.031 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



90 

[189] Kitamura, Y, Appl Immunol 77:144-150. Sonoda, T, Nakano, T, Hayashi, 

C, Asai, H (1985). Differentiation processes of connective tissue mast cells in 

living mice. Int Arch Allergy DOI: 10.1159/000233769 

 

[190] Kitamura, Y, Kasugai, T, Arizono, N, Matsuda, H (1993). Development of 

mast cells and basophils: processes and regulation mechanisms. Am J Med Sci 

306:185-191. DOI: 10.1097/00000441-199309000-00011 

 

[191] Huff, T, Lantz, C, Ryan, J, Leftwich, J (1995). Mast cell-committed 

progenitors. In Biological and Molecular Aspects of Mast Cell and Basophil 

Differentiation and Function, Kitamura, Y, Yamamoto, Y, Galli, S, Greaves, M, 

eds (New York: Raven Press), pp. 105-117. 

 

[192] Hallgren, J, Jones, TG, Abonia, JP, Xing, W, Humbles, A, Austen, KF, 

Gurish, MF (2007). Pulmonary CXCR2 regulates VCAM-1 and antigen-

induced recruitment of mast cell progenitors. Proc Natl Acad Sci U S A 

104:20478-20483. DOI: 10.1073/pnas.0709651104 

 

[193] Kiernan, JA (1979). Production and life span of cutaneous mast cells in young 

rats. J Anat 128:225-238. PMCID: PMC1232929 

 

[194] Kitamura, Y (1989). Heterogeneity of mast cells and phenotypic change 

between subpopulations. Annu Rev Immunol 7:59-76. DOI: 

10.1146/annurev.iy.07.040189.000423 

 

[195] Ryan, JJ, Kashyap, M, Bailey, D, Kennedy, S, Speiran, K, Brenzovich, J, 

Barnstein, B, Oskeritzian, C, Gomez, G (2007). Mast cell homeostasis: a 

fundamental aspect of allergic disease. Crit Rev Immunol 27:15-32 DOI: 

10.1615/critrevimmunol.v27.i1.20. 

 

[196] Ikeda, RK, Miller, M, Nayar, J, Walker, L, Cho, JY, McElwain, K, 

McElwain, S, Raz, E, Broide, DH (2003). Accumulation of peribronchial mast 

cells in a mouse model of ovalbumin allergen induced chronic airway 

inflammation: modulation by immunostimulatory DNA sequences. J Immunol 

171:4860-4867. DOI: 10.4049/jimmunol.171.9.4860 

 

[197] Abonia, JP, Hallgren, J, Jones, T, Shi, T, Xu, Y, Koni, P, Flavell, RA, Boyce, 

JA, Austen, KF, Gurish, MF (2006). Alpha-4 integrins and VCAM-1, but not 

MAdCAM-1, are essential for recruitment of mast cell progenitors to the 

inflamed lung. Blood 108:1588-1594. DOI: 10.1182/blood-2005-12-012781 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



91 

[198] Taub, D, Dastych, J, Inamura, N, Upton, J, Kelvin, D, Metcalfe, D, 

Oppenheim, J (1995). Bone marrow-derived murine mast cells migrate, but do 

not degranulate, in response to chemokines. J Immunol 154:2393-2402. PMID: 

7532669 

 

[199] Collington, SJ, Williams, TJ, Weller, CL (2011). Mechanisms underlying the 

localisation of mast cells in tissues. Trends Immunol 32:478-485. DOI: 

10.1016/j.it.2011.08.002 

 

[200] Balzar, S, Chu, HW, Strand, M, Wenzel, S (2005). Relationship of small 

airway chymase-positive mast cells and lung function in severe asthma. Am J 

Respir Crit Care Med 171:431-439 DOI: 10.1164/rccm.200407-949OC 

 

[201] Irani, AA, Schechter, NM, Craig, SS, DeBlois, G, Schwartz, LB (1986). Two 

types of human mast cells that have distinct neutral protease compositions. Proc 

Natl Acad Sci U S A 83:4464-4468. DOI: 10.1073/pnas.83.12.4464 

 

[202] Schwartz, LB (2006). Analysis of MC(T) and MC(TC) mast cells in tissue. 

Methods Mol Biol 315:53-62. PMID: 16110148 

 

[203] Pejler, G, Rönnberg, E, Waern, I, Wernersson, S (2010). Mast cell proteases: 

multifaceted regulators of inflammatory disease. Blood 115:4981-4990. DOI: 

10.1182/blood-2010-01-257287 

 

[204] Goldstein, SM, Kaempfer, CE, Proud, D, Schwartz, LB, Irani, AM, 

Wintroub, BU (1987). Detection and partial characterization of a human mast 

cell carboxypeptidase. J Immunol 139:2724-2729. PMID: 2443571 

 

[205] Irani, AM, Craig, SS, DeBlois, G, Elson, CO, Schechter, NM, Schwartz, LB 

(1987). Deficiency of the tryptase-positive, chymase-negative mast cell type in 

gastrointestinal mucosa of patients with defective T lymphocyte function. J 

Immunol 138:4381-4386. PMID: 3295046 

 

[206] Abonia, JP, Blanchard, C, Butz, BB, Rainey, HF, Collins, MH, Stringer, K, 

Putnam, PE, Rothenberg, ME (2010). Involvement of mast cells in 

eosinophilic esophagitis. J Allergy Clin Immunol 126:140-149. DOI: 

10.1016/j.jaci.2010.04.009 

 

[207] Oskeritzian, CA, Zhao, W, Min, HK, Xia, HZ, Pozez, A, Kiev, J, Schwartz, 

LB (2005). Surface CD88 functionally distinguishes the MCTC from the MCT 

type of human lung mast cell. J Allergy Clin Immunol 115:1162-1168. DOI: 

10.1016/j.jaci.2005.02.022 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



92 

[208] Moon, TC, St Laurent, CD, Morris, KE, Marcet, C, Yoshimura, T, Sekar, 

Y, Befus, AD (2010). Advances in mast cell biology: new understanding of 

heterogeneity and function. Mucosal Immunol 3:111-128. DOI: 

10.1038/mi.2009.136 

 

[209] Kobayashi T et al: Formation of mast cell colonies in methylcellulose by 

mouse peritoneal cells and differentiation of these cloned cells in both skin and 

of W/Wv mice: evidence that a common precursor can give rise to both 

‗‘conective tissue-type‘‘ and ‗‘mucosal‘‘ mast cells. J. Immunol 1986 Feb 15; 

136 (4): 1378-84. PMID: 2868058 

 

[210] Kanakura, Y, Thompson, H, Nakano, T, Yamamura, T, Asai, H, Kitamura, 

Y, Metcalfe, DD, Galli, SJ (1988b). Multiple bidirectional alterations of 

phenotype and changes in proliferative potential during the in vitro and in vivo 

passage of clonal mast cell populations derived from mouse peritoneal mast 

cells. Blood 72:877-885. PMID: 3416076 

 

[211] Schneider, E, Pollard, H, Lepault, F, Guy-Grand, D, Minkowski, M, Dy, M 

(1987). Histamine-producing cell-stimulating activity. Interleukin 3 and 

granulocyte-macrophage colony-stimulating factor induce de novo synthesis of 

histidine decarboxylase in hemopoietic progenitor cells. J Immunol 139:3710-

3717. PMID: 2824613 

 

[212] Rennick, D, Hunte, B, Holland, G, Thompson-Snipes, L (1995). Cofactors are 

essential for stem cell factor-dependent growth and maturation of mast cell 

progenitors: comparative effects of interleukin-3 (IL-3), IL-4, IL-10, and 

fibroblasts. Blood 85:57-65. PMID: 7528573 

 

[213] Ryan, JJ, DeSimone, S, Klisch, G, Shelburne, C, McReynolds, LJ, Han, K, 

Kovacs, R, Mirmonsef, P, Huff, TF (1998). IL-4 inhibits mouse mast cell Fc 

epsilonRI expression through a STAT6-dependent mechanism. J Immunol 

161:6915-6923. PMID: 9862725 

 

[214] Toru, H, Eguchi, M, Matsumoto, R, Yanagida, M, Yata, J, Nakahata, T 

(1998). Interleukin-4 promotes the development of tryptase and chymase 

double-positive human mast cells accompanied by cell maturation. Blood 

91:187-195. PMID: 9414284 

 

[215] Burton, OT, Darling, AR, Zhou, JS, Noval-Rivas, M, Jones, TG, Gurish, 

MF, Chatila, TA, Oettgen, HC (2013). Direct effects of IL-4 on mast cells 

drive their intestinal expansion and increase susceptibility to anaphylaxis in a 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



93 

murine model of food allergy. Mucosal Immunol 6:740-750. DOI: 

10.1038/mi.2012.112 

 

[216] Matsuzawa, S, Sakashita, K, Kinoshita, T, Ito, S, Yamashita, T, Koike, K 

(2003). IL-9 enhances the growth of human mast cell progenitors under 

stimulation with stem cell factor. J Immunol 170:3461-3467 DOI: 

10.4049/jimmunol.170.7.3461 

 

[217] Kennedy Norton, S, Barnstein, B, Brenzovich, J, Bailey, DP, Kashyap, M,       

Speiran, K, Ford, J, Conrad, D, Watowich, S, Moralle, MR, Kepley, CL, 

Murray, PJ, Ryan, JJ (2008). IL-10 suppresses mast cell IgE receptor 

expression and signaling in vitro and in vivo. J Immunol 180:2848-2854. DOI: 

10.4049/jimmunol.180.5.2848 

 

 

[218] Gyotoku, E, Morita, E, Kameyoshi, Y, Hiragun, T, Yamamoto, S, Hide, M   

(2001). The IL-6 family cytokines, interleukin-6, interleukin-11, oncostatin M, 

and leukemia inhibitory factor, enhance mast cell growth through fibroblast-

dependent pathway in mice. Arch Dermatol Res 293:508-514. DOI: 

10.1007/pl00007465 

 

[219] Kaieda, S, Shin, K, Nigrovic, PA, Seki, K, Lee, RT, Stevens, RL, Lee, DM 

(2010). Synovial fibroblasts promote the expression and granule accumulation of 

tryptase via interleukin-33 and its receptor ST-2 (IL1RL1). J Biol Chem 

285:21478-21486. DOI: 10.1074/jbc.M110.114991 

 

[220] Hu, ZQ, Zhao, WH, Shimamura, T (2007). Regulation of mast cell 

development by inflammatory factors. Curr Med Chem 14:3044-3050. DOI: 

10.2174/092986707782793998 

 

[221] Funaba, M, Ikeda, T, Murakami, M, Ogawa, K, Nishino, Y, Tsuchida, K, 

Sugino, H, Abe, M (2006). Transcriptional regulation of mouse mast cell 

protease-7 by TGF-beta. Biochim Biophys Acta 1759:166-170. DOI: 

10.1016/j.bbaexp.2006.04.003 

 

[222] Lorentz, A, Hoppe, J, Worthmann, H, Gebhardt, T, Hesse, U, Bienenstock, 

J, Bischoff, SC (2007). Neurotrophin-3, but not nerve growth factor, promotes 

survival of human intestinal mast cells. Neurogastroenterol Motil 19:301-308. 

DOI: 10.1111/j.1365-2982.2007.00899.x 

 

[223] Galli, SJ, Borregaard, N, Wynn, TA (2011). Phenotypic and functional 

plasticity of cells of innate immunity: macrophages, mast cells and neutrophils. 

Nat Immunol 12:1035-1044. DOI: 10.1038/ni.2109 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



94 

[224] Xing, W, Austen, KF, Gurish, MF, Jones, TG (2011). Protease phenotype of 

constitutive connective tissue and of induced mucosal mast cells in mice is 

regulated by the tissue. Proc Natl Acad Sci U S A 108:14210-14215. DOI: 

10.1073/pnas.1111048108 

 

[225] Galli: Lippincott-Raven Press), pp. 1137-1184. , S, Lantz, C (1999). Allergy. 

In Paul, W.E., Immunology, F., ed (Philadelphia) 

 

[226] EP, .Benditt Wong, RL, Arase, M, Roeper, E (1955). 5-Hydroxytryptamine in 

mast cells. Proc Soc Exp Biol Med 90:303-304. DOI: 10.3181/00379727-90-

22016 

 

[227] Edvinsson, L, Cervós-Navarro, J, Larsson, LI, Owman, C, Rönnberg, AL 

(1977). Regional distribution of mast cells containing histamine, dopamine, or 5-

hydroxytryptamine in the mammalian brain. Neurology 27:878-883. DOI: 

10.1212/wnl.27.9.878 

 

[228] Lundequist, A, Pejler, G (2011). Biological implications of preformed 

228.mast cell mediators. Cell Mol Life Sci 68:965-975. DOI: 10.1007/s00018-

010-0587-0 

 

[229] García-Faroldi, G, Melo, FR, Rönnberg, E, Grujic, M, Pejler, G 

(2013). Active caspase-3 is stored within secretory compartments of viable mast 

cells. J Immunol 191:1445-1452. DOI: 10.4049/jimmunol.1300216 

 

[230] Schwartz, LB, Bradford, TR (1986). Regulation of tryptase from human lung 

mast cells by heparin. Stabilization of the active tetramer. J Biol Chem 

261:7372-7379. PMID: 3519608 

 

[231] Schwartz, LB, Irani, AM, Roller, K, Castells, MC, Schechter, NM 

(1987). Quantitation of histamine, tryptase, and chymase in dispersed human T 

and TC mast cells. J Immunol 138:2611-2615. PMID: 3549903 

 

[232] Huang, C, Morales, G, Vagi, A, Chanasyk, K, Ferrazzi, M, Burklow, C, 

Qiu, WT, Feyfant, E, Sali, A, Stevens, RL (2000). Formation of enzymatically 

active, homotypic, and heterotypic tetramers of mouse mast cell tryptases. 

Dependence on a conserved Trp-rich domain on the surface. J Biol Chem 

275:351-358. DOI: 10.1074/jbc.275.1.351 

 

[233] McNeil, HP, Shin, K, Campbell, IK, Wicks, IP, Adachi, R, Lee, DM, 

Stevens, RL (2008). The mouse mast cell-restricted tetramer-forming tryptases 

mouse mast cell protease 6 and mouse mast cell protease 7 are critical mediators 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



95 

in inflammatory arthritis. Arthritis Rheum 58:2338-2346. 

DOI:10.1002/art.23639 

 

[234] Shin, K, Watts, GF, Oettgen, HC, Friend, DS, Pemberton, AD, Gurish, MF, 

Lee, DM (2008). Mouse mast cell tryptase mMCP-6 is a critical link between 

adaptive and innate immunity in the chronic phase of Trichinella spiralis 

infection. J Immunol 180:4885-4891. DOI: 10.4049/jimmunol.180.7.4885 

 

[235] Sun, J, Zhang, J, Lindholt, JS, Sukhova, GK, Liu, J, He, A, Abrink, M, 

Pejler, G, Stevens, RL, Thompson, RW, Ennis, TL, Gurish, MF, Libby, P, 

Shi, GP (2009). Critical role of mast cell chymase in mouse abdominal aortic 

aneurysm formation. Circulation 120:973-982. DOI: 

10.1161/CIRCULATIONAHA.109.849679 

 

[236] Waern, I, Jonasson, S, Hjoberg, J, Bucht, A, Abrink, M, Pejler, G, 

Wernersson, S (2009). Mouse mast cell protease 4 is the major chymase in 

murine airways and has a protective role in allergic airway inflammation. J 

Immunol 183:6369-6376. DOI: 10.4049/jimmunol.0900180 

 

[237] Scandiuzzi, L, Beghdadi, W, Daugas, E, Abrink, M, Tiwari, N, Brochetta, 

C, Claver, J, Arouche, N, Zang, X, Pretolani, M, Monteiro, RC, Pejler, G, 

Blank, U (2010). Mouse mast cell protease-4 deteriorates renal function by 

contributing to inflammation and fibrosis in immune complex-mediated 

glomerulonephritis. J Immunol 185:624-633. DOI: 10.4049/jimmunol.0902129 

 

[238] Souza-Junior, D, Toso, V, Campos, M, Oliver, C, Jamur, M (2011). Mouse 

mast cell specific-proteases play a role in blood vessel formation during tumor 

progression. 

 

[239] Grützkau, A, Krüger-Krasagakes, S, Kögel, H, Möller, A, Lippert, U, Henz, 

BM (1997). Detection of intracellular interleukin-8 in human mast cells: flow 

cytometry as a guide for immunoelectron microscopy. J Histochem Cytochem 

45:935-945. DOI: 10.1177/002215549704500703 

 

[240] Sayed, B, Christy, A, Quirion, M, Brown, M (2008). The master switch: the 

role of mast cells in autoimmunity and tolerance. Annu Rev Immunol 26:705-

739. DOI: 10.1146/annurev.immunol.26.021607.090320 

 

[241] Simon, T, László, V, Falus, A (2011). Impact of histamine on dendritic cell 

functions. Cell Biol Int 35:997-1000. DOI: 10.1042/CBI20100844 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



96 

[242] Clark, J, Lin, L, Kriz, R, Ramesha, C, Sultzman, L, Lin, A, Milona, N, 

Knopf, J (1991). A novel arachidonic acid-selective cytosolic PLA2 contains a 

Ca
2+

-dependent translocation domain with homology to PKC and GAP. Cell 

65:1043-1051. DOI: 10.1016/0092-8674(91)90556-e 

 

[243] Berenbaum, F, Humbert, L, Bereziat, G, Thirion, S (2003). Concomitant 

recruitment of ERK1/2 and p38 MAPK signalling pathway is required for 

activation of cytoplasmic phospholipase A2 via ATP in articular chondrocytes. J 

Biol Chem 278:13680-13687. DOI: 10.1074/jbc.M211570200 

 

[244] Murakami, M, Matsumoto, R, Austen, KF, Arm, JP (1994). Prostaglandin 

endoperoxide synthase-1 and -2 couple to different transmembrane stimuli to 

generate prostaglandin D2 in mouse bone marrow-derived mast cells. J Biol 

Chem 269:22269-22275. PMID: 8071353 

 

[245] Peters, SP, MacGlashan, DW, Schulman, ES, Schleimer, RP, Hayes, EC, 

Rokach, J, Adkinson, NF, Lichtenstein, LM (1984). Arachidonic acid 

metabolism in purified human lung mast cells. J Immunol 132:1972-1979. 

PMID: 6199420 

 

[246] Urade, Y, Ujihara, M, Horiguchi, Y, Igarashi, M, Nagata, A, Ikai, K, 

Hayaishi, O (1990). Mast cells contain spleen-type prostaglandin D synthetase. 

J Biol Chem 265:371-375. PMID: 2403560 

 

[247] Lu, R, Kanai, N, Bao, Y, Schuster, VL (1996). Cloning, in vitro expression, 

and tissue distribution of a human prostaglandin transporter cDNA(hPGT). J 

Clin Invest 98:1142-1149. DOI: 10.1172/JCI118897 

 

[248] Boie, Y, Sawyer, N, Slipetz, DM, Metters, KM, Abramovitz, M 

(1995). Molecular cloning and characterization of the human prostanoid DP 

receptor. J Biol Chem 270:18910-18916. DOI: 10.1074/jbc.270.32.18910 

 

[249] Hirai, H, Tanaka, K, Yoshie, O, Ogawa, K, Kenmotsu, K, Takamori, Y, Β     

Ichimasa, M, Sugamura, K, Nakamura, M, Takano, S, Nagata, K 

(2001). Prostaglandin D2 selectively induces chemotaxis in T helper type 2 cells, 

eosinophils, and basophils via seven-transmembrane receptor CRTH2. J Exp 

Med 193:255-261. DOI: 10.1084/jem.193.2.255 

 

[250] Weller, CL, Collington, SJ, Hartnell, A, Conroy, DM, Kaise, T, Barker, JE, 

Wilson, MS, Taylor, GW, Jose, PJ, Williams, TJ (2007). Chemotactic action 

of prostaglandin E2 on mouse mast cells acting via the PGE2 receptor 3. Proc 

Natl Acad Sci U S A 104:11712-11717. DOI: 10.1073/pnas.0701700104 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



97 

 

[251] Malaviya, R, Jakschik, BA (1993). Reversible translocation of 5-   

lipoxygenase in mast cells upon IgE/antigen stimulation. J Biol Chem 268:4939-

4944. PMID: 8444871 

 

[252] Dixon, RA, Diehl, RE, Opas, E, Rands, E, Vickers, PJ, Evans, JF, Gillard, 

JW, Miller, DK (1990). Requirement of a 5-lipoxygenase-activating protein for 

leukotriene synthesis. Nature 343:282-284. DOI: 10.1038/343282a0 

 

[253] Evans, JF, Dupuis, P, Ford-Hutchinson, AW (1985). Purification and 

characterisation A4 hydrolase from rat neutrophils. Biochim Biophys Acta 

840:43-50. of leukotriene DOI: 10.1016/0304-4165(85)90160-6 

 

[254] Lam, BK, Penrose, JF, Freeman, GJ, Austen, KF (1994). Expression cloning 

of a cDNA for human leukotriene C4 synthase, an integral membrane protein 

conjugating reduced glutathione to leukotriene A4. Proc Natl Acad Sci U S A 

91:7663-7667. DOI: 10.1073/pnas.91.16.7663 

 

[255] Leier, I, Jedlitschky, G, Buchholz, U, Cole, SP, Deeley, RG, Keppler, D 

(1994). The MRP gene encodes an ATP-dependent export pump for leukotriene 

C4 and structurally related conjugates. J Biol Chem 269:27807-27810. PMID: 

7961706 

 

[256] Goodarzi, K, Goodarzi, M, Tager, AM, Luster, AD, von Andrian, UH 

(2003). Leukotriene B4 and BLT1 control cytotoxic effector T cell recruitment 

to inflamed tissues. Nat Immunol 4:965-973. DOI: 10.1038/ni972 

 

[257] Carlos, D, Machado, ER, De Paula, L, Sá-Nunes, A, Sorgi, CA, Jamur, MC, 

Oliver, C, Lima, WT, Faccioli, LH (2011). Evidence for eosinophil 

recruitment, leukotriene B4 production and mast cell hyperplasia following 

Toxocara canis infection in rats. Braz J Med Biol Res 44:319-326. DOI: 

10.1590/s0100-879x2011007500027 

 

[258] Malaviya, R, Abraham, SN (2000). Role of mast cell leukotrienes in neutrophil 

recruitment and bacterial clearance in infectious peritonitis. J Leukoc Biol 

67:841-846. DOI: 10.1002/jlb.67.6.841 

 

[259] Boyce, JA (2005). Eicosanoid mediators of mast cells: receptors, regulation of 

synthesis, and pathobiologic implications. Chem Immunol Allergy 87:59-79. 

DOI: 10.1159/000087571 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



98 

 

[260] Marshall, JS (2004). Mast-cell responses to pathogens. Nat Rev Immunol 

4:787-799. DOI: 10.1038/nri1460 

 

[261] Burd, PR, Rogers, HW, Gordon, JR, Martin, CA, Jayaraman, S, Wilson, 

SD, Dvorak, AM, Galli, SJ, Dorf, ME (1989). Interleukin 3-dependent and -

independent mast cells stimulated with IgE and antigen express multiple 

cytokines. J Exp Med 170:245-257. DOI: 10.1084/jem.170.1.245 

 

[262] Galli, S, Kalesnikoff, J, Grimbaldeston, M, Piliponsky, A, Williams, C, Tsai, 

M (2005b). Mast cells as ―tunable‖ effector and immunoregulatory cells: recent 

advances. Annu Rev Immunol 23:749-786. DOI: 

10.1146/annurev.immunol.21.120601.141025 

 

[263] Metcalfe, DD, Peavy, RD, Gilfillan, AM (2009). Mechanisms of mast cell 

signaling in anaphylaxis. J Allergy Clin Immunol 124:639-646; quiz 647-638. 

DOI: 10.1016/j.jaci.2009.08.035 

 

[264] Gilfillan, A, Tkaczyk, C (2006). Integrated signalling pathways for mast-cell 

activation. Nat Rev Immunol 6:218-230. DOI: 10.1038/nri1782 

 

[265] Galli, S, Nakae, S, Tsai, M (2005a). Mast cells in the development of adaptive 

immune responses. Nat Immunol 6:135-142 DOI: 10.1038/ni1158 

 

[266] Wyczolkowska, J, Rydzynski, K, Prouvostdanon, A (1992). Concavalin A-

induced activation of hamster mast-cells - Morphological changes and histamine 

secretion. International Archives of Allergy and Immunology 97:167-172. DOI: 

10.1159/000236113 

 

[267] Moreno, A, Jamur, M, Oliver, C, Roque-Barreira, M (2003). Mast cell 

degranulation induced by lectins: effect on neutrophil recruitment. Int Arch 

Allergy Immunol 132:221-230. DOI: 10.1159/000074303 

 

[268] de Almeida Buranello, PA, Moulin, MR, Souza, DA, Jamur, MC, Roque-

Barreira, MC, Oliver, C (2010). The lectin ArtinM induces recruitment of rat 

mast cells from the bone marrow to the peritoneal cavity. PLoS One 5, e9776. 

DOI: 10.1371/journal.pone.0009776 Α. de Almeida Buranello, PA, Moulin, MR, 

Souza, DA, Jamur, MC, Roque-Barreira, MC, Oliver, C (2010). The lectin 

ArtinM induces recruitment of rat mast cells from the bone marrow to the 

peritoneal cavity. PLoS One 5, e9776. DOI: 10.1371/journal.pone.0009776 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



99 

[269] Hill, PB, MacDonald, AJ, Thornton, EM, Newlands, GF, Galli, SJ, Miller, 

HR (1996). Stem cell factor enhances immunoglobulin E-dependent mediator 

release from cultured rat bone marrow-derived mast cells: activation of 

previously unresponsive cells demonstrated by a novel ELISPOT assay. 

Immunology 87:326-333. DOI: 10.1046/j.1365-2567.1996.455545.x 

 

[270] Hundley, TR, Gilfillan, AM, Tkaczyk, C, Andrade, MV, Metcalfe, DD, 

Beaven, MA (2004). Kit and FcepsilonRI mediate unique and convergent 

signals for release of inflammatory mediators from human mast cells. Blood 

104:2410-2417. DOI: 10.1182/blood-2004-02-0631 

 

[271] Tkaczyk, C, Horejsi, V, Iwaki, S, Draber, P, Samelson, LE, Satterthwaite, 

AB, Nahm, DH, Metcalfe, DD, Gilfillan, AM (2004a). NTAL phosphorylation 

is a pivotal link between the signaling cascades leading to human mast cell 

degranulation following Kit activation and Fc epsilon RI aggregation. Blood 

104:207-214. DOI: 10.1182/blood-2003-08-2769 

 

[272] Mekori, YA, Galli, SJ (1990). [125I]fibrin deposition occurs at both early and 

late intervals of IgE-dependent or contact sensitivity reactions elicited in mouse 

skin. Mast cell-dependent augmentation of fibrin deposition at early intervals in 

combined IgE-dependent and contact sensitivity reactions. J Immunol 145:3719-

3727. 2246510 

 

[273] Kauhanen, P, Kovanen, PT, Reunala, T, Lassila, R (1998). Effects of skin 

mast cells on bleeding time and coagulation activation at the site of platelet plug 

formation. Thromb Haemost 79:843-847. PMID: 9569202 

 

[274] Huang, C, Wong, GW, Ghildyal, N, Gurish, MF, Sali, A, Matsumoto, R, 

Qiu, WT, Stevens, RL (1997). The tryptase, mouse mast cell protease 7, 

exhibits anticoagulant activity in vivo and in vitro due to its ability to degrade 

fibrinogen in the presence of the diverse array of protease inhibitors in plasma. J 

Biol Chem 272:31885-31893. DOI: 10.1074/jbc.272.50.31885 

 

[275] Gottwald, T, Coerper, S, Schäffer, M, Köveker, G, Stead, RH (1998). The 

mast cell-nerve axis in wound healing: a hypothesis. Wound Repair Regen 6:8-

20. DOI: 10.1046/j.1524-475x.1998.60104.x 

 

[276] Thomas, VA, Wheeless, CJ, Stack, MS, Johnson, DA (1998). Human mast 

cell tryptase fibrinogenolysis: kinetics, anticoagulation mechanism, and cell 

adhesion disruption. Biochemistry 37:2291-2298 DOI: 10.1021/bi972119z 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



100 

[277] Rock, MJ, Despot, J, Lemanske, RF (1990). Mast cell granules modulate 

alveolar macrophage respiratory-burst activity and eicosanoid metabolism. J 

Allergy Clin Immunol 86:452-461. DOI: 10.1016/s0091-6749(05)80199-x 

 

[278] Kanwar, S, Kubes, P (1994). Ischemia/reperfusion-induced granulocyte influx 

is a multistep process mediated by mast cells. Microcirculation 1:175-182. DOI: 

10.3109/10739689409148272 

 

[279] Levi-Schaffer, F, Kupietzky, A (1990). Mast cells enhance migration and 

proliferation of fibroblasts into an in vitro wound. Exp Cell Res 188:42-49. DOI: 

10.1016/0014-4827(90)90275-f 

 

[280] Katayama, I, Yokozeki, H, Nishioka, K (1992). Mast-cell-derived mediators 

induce epidermal cell proliferation: clue for lichenified skin lesion formation in 

atopic dermatitis. Int Arch Allergy Immunol 98:410-414. DOI: 

10.1159/000236218 

 

[281] Meininger, CJ, Zetter, BR (1992). Mast cells and angiogenesis. Semin Cancer 

Biol 3:73-79. PMID: 1378312 

 

[282] Moulin, V, Castilloux, G, Auger, FA, Garrel, D, O’Connor-McCourt, MD, 

Germain, L (1998). Modulated response to cytokines of human wound healing 

myofibroblasts compared to dermal fibroblasts. Exp Cell Res 238:283-293. DOI: 

10.1006/excr.1997.3827 

 

[283] Matsuda, H, Koyama, H, Sato, H, Sawada, J, Itakura, A, Tanaka, A, 

Matsumoto, M, Konno, K, Ushio, H, Matsuda, K (1998). Role of nerve 

growth factor in cutaneous wound healing: accelerating effects in normal and 

healing-impaired diabetic mice. J Exp Med 187:297-306. DOI: 

10.1084/jem.187.3.297 

 

[284] Schäffer, M, Beiter, T, Becker, HD, Hunt, TK (1998). Neuropeptides: 

mediators of inflammation and tissue repair. Arch Surg 133:1107-1116. DOI: 

10.1001/archsurg.133.10.1107 

 

[285] Van Nassauw, L, Adriaensen, D, Timmermans, JP (2007). The bidirectional 

communication between neurons and mast cells within the gastrointestinal tract. 

Auton Neurosci 133:91-103. DOI: 10.1016/j.autneu.2006.10.003 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



101 

[286] Beltrami, CA, Mallardi, F, Ribatti, D (2004). The mast cell: an active 

participant or an innocent bystander? Histol Histopathol 19:259-270. DOI: 

10.14670/HH-19.259 

 

[287] D’Amore, PA, Thompson, RW (1987). Mechanisms of angiogenesis. Annu 

Rev Physiol 49:453-464. DOI: 10.1146/annurev.ph.49.030187.002321 

 

[288] Juczewska, M, Chyczewski, L (1997). Angiogenesis in cancer. Rocz Akad 

Med Bialymst 42 Suppl 1:86-100. PMID: 9337527 

 

[289] Metz, M, Siebenhaar, F, Maurer, M (2008). Mast cell functions in the innate 

skin immune system. Immunobiology 213:251-260. DOI: 

10.1016/j.imbio.2007.10.017 

 

[290] Fukuda, M, Ushio, H, Kawasaki, J, Niyonsaba, F, Takeuchi, M, Baba, T, 

Hiramatsu, K, Okumura, K, Ogawa, H (2013). Expression and functional 

characterization of retinoic acid-inducible gene-I-like receptors of mast cells in 

response to viral infection. J Innate Immun 5:163-173. DOI: 10.1159/000343895 

 

[291] Graham, AC, Hilmer, KM, Zickovich, JM, Obar, JJ (2013). Inflammatory 

response of mast cells during influenza A virus infection is mediated by active 

infection and RIG-I signaling. J Immunol 190:4676-4684. DOI: 

10.4049/jimmunol.1202096 

 

[292] Gordon, JR, Galli, SJ (1990). Mast cells as a source of both preformed and 

immunologically inducible TNF-alpha/cachectin. Nature 346:274-276 DOI: 

10.1038/346274a0 

 

[293] Huang, C, Friend, DS, Qiu, WT, Wong, GW, Morales, G, Hunt, J, Stevens, 

RL (1998). Induction of a selective and persistent extravasation of neutrophils 

into the peritoneal cavity by tryptase mouse mast cell protease 6. J Immunol 

160:1910-1919. PMID: 9469453 

 

[294] Biedermann, T, Kneilling, M, Mailhammer, R, Maier, K, Sander, CA, 

Kollias, G, Kunkel, SL, Hültner, L, Röcken, M (2000). Mast cells control 

neutrophil recruitment during T cell-mediated delayed-type hypersensitivity 

reactions through tumor necrosis factor and macrophage inflammatory protein 2. 

J Exp Med 192:1441-1452. DOI: 10.1084/jem.192.10.1441 

 

[295] De Filippo, K, Dudeck, A, Hasenberg, M, Nye, E, van Rooijen, N, 

Hartmann, K, Gunzer, M, Roers, A, Hogg, N (2013). Mast cell and 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



102 

macrophage chemokines CXCL1/CXCL2 control the early stage of neutrophil 

recruitment during tissue inflammation. Blood 121:4930-4937. DOI: 

10.1182/blood-2013-02-486217 

 

[296] Supajatura, V, Ushio, H, Nakao, A, Okumura, K, Ra, C, Ogawa, H 

(2001). Protective roles of mast cells against enterobacterial infection are 

mediated by Toll-like receptor 4. J Immunol 167:2250-2256. DOI: 

10.4049/jimmunol.167.4.2250 

 

[297] Rodriguez, AR, Yu, JJ, Murthy, AK, Guentzel, MN, Klose, KE, Forsthuber, 

TG, Chambers, JP, Berton, MT, Arulanandam, BP (2011). Mast cell/IL-4 

control of Francisella tularensis replication and host cell death is associated with 

increased ATP production and phagosomal acidification. Mucosal Immunol 

4:217-226. DOI: 10.1038/mi.2010.59 

 

[298] Rodriguez, AR, Yu, JJ, Guentzel, MN, Navara, CS, Klose, KE, Forsthuber, 

TG, Chambers, JP, Berton, MT, Arulanandam, BP (2012). Mast Cell TLR2 

Signaling Is Crucial for Effective Killing of Francisella tularensis. J Immunol. 

DOI: 10.4049/jimmunol.1200039 

 

[299] Féger SN, F, Varadaradjalou, S, Gao, Z, Abraham, , Arock, M (2002). The 

role of mast cells in host defense and their subversion by bacterial pathogens. 

Trends Immunol 23:151-158. DOI: 10.1016/s1471-4906(01)02156-1 

 

[300] Di Nardo, A, Vitiello, A, Gallo, RL (2003). Cutting edge: mast cell 

antimicrobial activity is mediated by expression of cathelicidin antimicrobial 

peptide. J Immunol 170:2274-2278. DOI: 10.4049/jimmunol.170.5.2274 

 

[301] Wei, OL, Hilliard, A, Kalman, D, Sherman, M (2005). Mast cells limit 

systemic bacterial dissemination but not colitis in response to Citrobacter 

rodentium. Infect Immun 73:1978-1985. DOI: 10.1128/IAI.73.4.1978-

1985.2005 

 

[302] Campagna, S, Saint, N, Molle, G, Aumelas, A (2007). Structure and 

mechanism of action of the antimicrobial peptide piscidin. Biochemistry 

46:1771-1778. DOI: 10.1021/bi0620297 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



103 

[303] Malaviya, R, Ross, EA, MacGregor, JI, Ikeda, T, Little, JR, Jakschik, BA, 

Abraham, SN (1994). Mast cell phagocytosis of FimH-expressing 

enterobacteria. J Immunol 152:1907-1914. PMID: 8120397 

 

[304] von Köckritz-Blickwede, M, Goldmann, O, Thulin, P, Heinemann, K, 

Norrby-Teglund, A, Rohde, M, Medina, E (2008). Phagocytosis-independent 

antimicrobial activity of mast cells by means of extracellular trap formation. 

Blood 111:3070-3080. DOI: 10.1182/blood-2007-07-104018 

 

[305] Maurer, M, Wedemeyer, J, Metz, M, Piliponsky, AM, Weller, K, 

Chatterjea, D, Clouthier, DE, Yanagisawa, MM, Tsai, M, Galli, SJ 

(2004). Mast cells promote homeostasis by limiting endothelin-1-induced 

toxicity. Nature 432:512-516. DOI: 10.1038/nature03085 

 

[306] Metz, M, Piliponsky, AM, Chen, CC, Lammel, V, Abrink, M, Pejler, G, 

Tsai, M, Galli, SJ (2006). Mast cells can enhance resistance to snake and 

honeybee venoms. Science 313:526-530. DOI: 10.1126/science.1128877 

 

[307] Schneider, LA, Schlenner, SM, Feyerabend, TB, Wunderlin, M, Rodewald, 

HR (2007). Molecular mechanism of mast cell mediated innate defense against 

endothelin and snake venom sarafotoxin. J Exp Med 204:2629-2639. DOI: 

10.1084/jem.20071262 

 

[308] Piliponsky, AM, Chen, CC, Nishimura, T, Metz, M, Rios, EJ, Dobner, PR, 

Wada, E, Wada, K, Zacharias, S, Mohanasundaram, UM, Faix, JD, Abrink, 

M, Pejler, G, Pearl, RG, Tsai, M, Galli, SJ (2008). Neurotensin increases 

mortality and mast cells reduce neurotensin levels in a mouse model of sepsis. 

Nat Med 14:392-398. DOI: 10.1038/nm1738 

 

[309] Akahoshi, M, Song, CH, Piliponsky, AM, Metz, M, Guzzetta, A, Abrink, M, 

Schlenner, SM, Feyerabend, TB, Rodewald, HR, Pejler, G, Tsai, M, Galli, 

SJ (2011). Mast cell chymase reduces the toxicity of Gila monster venom, 

scorpion venom, and vasoactive intestinal polypeptide in mice. J Clin Invest 

121:4180-4191. DOI: 10.1172/JCI46139 

 

[310] Malaviya, R, Twesten, NJ, Ross, EA, Abraham, SN, Pfeifer, JD (1996). Mast 

cells process bacterial Ags through a phagocytic route for class I MHC 

presentation to T cells. J Immunol 156:1490-1496. PMID: 8568252 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



104 

[311] Poncet, P, Arock, M, David, B (1999). MHC class II-dependent activation of 

CD4+ T cell hybridomas by human mast cells through superantigen 

presentation. J Leukoc Biol 66:105-112. DOI: 10.1002/jlb.66.1.105 

 

[312] Stelekati, E, Bahri, R, D’Orlando, O, Orinska, Z, Mittrücker, HW, 

Langenhaun, R, Glatzel, M, Bollinger, A, Paus, R, Bulfone-Paus, S 

(2009). Mast cell-mediated antigen presentation regulates CD8+ T cell effector 

functions. Immunity 31:665-676. DOI: 10.1016/j.immuni.2009.08.022 

 

[313] Reuter, S, Stassen, M, Taube, C (2010). Mast cells in allergic asthma and 

beyond. Yonsei Med J 51:797-807. DOI: 10.3349/ymj.2010.51.6.797 

 

[314] Suto, H, Nakae, S, Kakurai, M, Sedgwick, JD, Tsai, M, Galli, SJ 

(2006). Mast cell-associated TNF promotes dendritic cell migration. J Immunol 

176:4102-4112. DOI: 10.4049/jimmunol.176.7.4102 

 

[315] Heib, V, Becker, M, Warger, T, Rechtsteiner, G, Tertilt, C, Klein, M, Bopp, 

T, Taube, C, Schild, H, Schmitt, E, Stassen, M (2007). Mast cells are crucial 

for early inflammation, migration of Langerhans cells, and CTL responses 

following topical application of TLR7 ligand in mice. Blood 110:946-953. DOI: 

10.1182/blood-2006-07-036889 

 

[316] McIlroy, A, Caron, G, Blanchard, S, Frémaux, I, Duluc, D, Delneste, Y, 

Chevailler, A, Jeannin, P (2006). Histamine and prostaglandin E up-regulate 

the production of Th2-attracting chemokines (CCL17 and CCL22) and down-

regulate IFN-gamma-induced CXCL10 production by immature human dendritic 

cells. Immunology 117:507-516. DOI: 10.1111/j.1365-2567.2006.02326.x 

 

[317] Theiner, G, Gessner, A, Lutz, MB (2006). The mast cell mediator PGD2 

suppresses IL-12 release by dendritic cells leading to Th2 polarized immune 

responses in vivo. Immunobiology 211:463-472. DOI: 

10.1016/j.imbio.2006.05.020 

 

[318] Harding, C, Heuser, J, Stahl, P (1983). Receptor-mediated endocytosis of 

transferrin and recycling of the transferrin receptor in rat reticulocytes. J Cell 

Biol 97:329-339. DOI: 10.1083/jcb.97.2.329 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



105 

 

[319] Raposo, G, Tenza, D, Mecheri, S, Peronet, R, Bonnerot, C, Desaymard, C 

(1997). Accumulation of major histocompatibility complex class II molecules in 

mast cell secretory granules and their release upon degranulation. Mol Biol Cell 

8:2631-2645. DOI: 10.1091/mbc.8.12.2631 

 

[320] Shefler, I, Salamon, P, Hershko, AY, Mekori, YA (2011). Mast cells as 

sources and targets of membrane vesicles. Curr Pharm Des 17:3797-3804. DOI: 

10.2174/138161211798357836 

 

[321] Skokos, D, Botros, HG, Demeure, C, Morin, J, Peronet, R, Birkenmeier, G, 

Boudaly, S, Mécheri, S (2003). Mast cell-derived exosomes induce phenotypic 

and functional maturation of dendritic cells and elicit specific immune responses 

in vivo. J Immunol 170:3037-3045. DOI: 10.4049/jimmunol.170.6.3037 

 

[322] Nakae, S, Suto, H, Kakurai, M, Sedgwick, JD, Tsai, M, Galli, SJ 

(2005). Mast cells enhance T cell activation: Importance of mast cell-derived 

TNF. Proc Natl Acad Sci U S A 102:6467-6472. DOI: 

10.1073/pnas.0501912102 

 

[323] Nakae, S, Suto, H, Iikura, M, Kakurai, M, Sedgwick, JD, Tsai, M, Galli, SJ 

(2006). Mast cells enhance T cell activation: importance of mast cell 

costimulatory molecules and secreted TNF. J Immunol 176:2238-2248. DOI: 

10.4049/jimmunol.176.4.2238 

 

[324] Hart, PH, Grimbaldeston, MA, Swift, GJ, Jaksic, A, Noonan, FP, Finlay-

Jones, JJ (1998). Dermal mast cells determine susceptibility to ultraviolet B-

induced systemic suppression of contact hypersensitivity responses in mice. J 

Exp Med 187:2045-2053. DOI: 10.1084/jem.187.12.2045 

 

[325] Hart, PH, Townley, SL, Grimbaldeston, MA, Khalil, Z, Finlay-Jones, JJ 

(2002). Mast cells, neuropeptides, histamine, and prostaglandins in UV-induced 

systemic immunosuppression. Methods 28:79-89. DOI: 10.1016/s1046-

2023(02)00201-3 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



106 

[326] Gimbaldeston, M, Nakae, S, Kalesnikoff, J, Tsai, M, Galli, S (2007). Mast 

cell-derived interleukin 10 limits skin pathology in contact dermatitis and 

chronic irradiation with ultraviolet B. Nat Immunol 8:1095-1104. DOI: 

10.1038/ni1503 

 

[327] Rao, K, Brown, M (2008). Mast cells: multifaceted immune cells with diverse 

roles in health and disease. Ann N Y Acad Sci 1143:83-104. DOI: 

10.1196/annals.1443.023 

 

[328] Lu, LF, Lind, EF, Gondek, DC, Bennett, KA, Gleeson, MW, Pino-Lagos, K, 

Scott, ZA, Coyle, AJ, Reed, JL, Van Snick, J, Strom, TB, Zheng, XX, 

Noelle, RJ (2006). Mast cells are essential intermediaries in regulatory T-cell 

tolerance. Nature 442:997-1002. DOI: 10.1038/nature05010 

 

[329] de Vries, VC, Noelle, RJ (2010). Mast cell mediators in tolerance. Curr Opin 

Immunol 22:643-648. DOI: 10.1016/j.coi.2010.08.015 

 

[330] de Vries, VC, Pino-Lagos, K, Elgueta, R, Noelle, RJ (2009). The enigmatic 

role of mast cells in dominant tolerance. Curr Opin Organ Transplant 14:332-

337. DOI: 10.1097/MOT.0b013e32832ce87a 

 

[331] Gillespie, SR, DeMartino, RR, Zhu, J, Chong, HJ, Ramirez, C, Shelburne, 

CP, Bouton, LA, Bailey, DP, Gharse, A, Mirmonsef, P, Odom, S, Gomez, G, 

Rivera, J, Fischer-Stenger, K, Ryan, JJ (2004). IL-10 inhibits Fc epsilon RI 

expression in mouse mast cells. J Immunol 172:3181-3188. DOI: 

10.4049/jimmunol.172.5.3181 

 

[332] Gomez, G, Ramirez, CD, Rivera, J, Patel, M, Norozian, F, Wright, HV, 

Kashyap, MV, Barnstein, BO, Fischer-Stenger, K, Schwartz, LB, Kepley, 

CL, Ryan, JJ (2005). TGF-beta 1 inhibits mast cell Fc epsilon RI expression. J 

Immunol 174:5987-5993. DOI: 10.4049/jimmunol.174.10.5987 

 

 

[333] Byrne, SN, Limón-Flores, AY, Ullrich, SE (2008). Mast cell migration from 

the skin to the draining lymph nodes upon ultraviolet irradiation represents a key 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



107 

step in the induction of immune suppression. J Immunol 180:4648-4655. DOI: 

10.4049/jimmunol.180.7.4648 

 

[334] Mellon, MB, Frank, BT, Fang, KC (2002). Mast cell alpha-chymase reduces 

IgE recognition of birch pollen profilin by cleaving antibody-binding epitopes. J 

Immunol 168:290-297. DOI: 10.4049/jimmunol.168.1.290 

 

[335] Pang, L, Nie, M, Corbett, L, Sutcliffe, A, Knox, AJ (2006). Mast cell beta-

tryptase selectively cleaves eotaxin and RANTES and abrogates their eosinophil 

chemotactic activities. J Immunol 176:3788-3795. DOI: 

10.4049/jimmunol.176.6.3788 

 

[336] Rauter, I, Krauth, MT, Flicker, S, Gieras, A, Westritschnig, K, Vrtala, S, 

Balic, N, Spitzauer, S, Huss-Marp, J, Brockow, K, Darsow, U, Ring, J, 

Behrendt, H, Semper, H, Valent, P, Valenta, R (2006). Allergen cleavage by 

effector cell-derived proteases regulates allergic inflammation. FASEB J 20:967-

969. DOI: 10.1096/fj.05-3999fje 

 

[337] Thakurdas, SM, Melicoff, E, Sansores-Garcia, L, Moreira, DC, Petrova, Y, 

Stevens, RL, Adachi, R (2007). The mast cell-restricted tryptase mMCP-6 has a 

critical immunoprotective role in bacterial infections. J Biol Chem 282:20809-

20815. DOI: 10.1074/jbc.M611842200 

 

[338] Rauter, I, Krauth, MT, Westritschnig, K, Horak, F, Flicker, S, Gieras, A, 

Repa, A, Balic, N, Spitzauer, S, Huss-Marp, J, Brockow, K, Darsow, U, 

Behrendt, H, Ring, J, Kricek, F, Valent, P, Valenta, R (2008). Mast cell-

derived proteases control allergic inflammation through cleavage of IgE. J 

Allergy Clin Immunol 121:197-202. DOI: 10.1016/j.jaci.2007.08.015 

 

[339] Waern, I, Jonasson, S, Hjoberg, J, Bucht, A, Abrink, M, Pejler, G, 

Wernersson, S (2009). Mouse mast cell protease 4 is the major chymase in 

murine airways and has a protective role in allergic airway inflammation. J 

Immunol 183:6369-6376. DOI: 10.4049/jimmunol.0900180 

 

[340] Eisenbarth, SC, Piggott, DA, Huleatt, JW, Visintin, I, Herrick, CA, 

Bottomly, K (2002). Lipopolysaccharide-enhanced, toll-like receptor 4-

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



108 

dependent T helper cell type 2 responses to inhaled antigen. J Exp Med 

196:1645-1651. DOI: 10.1084/jem.20021340 

 

[341] Nigo, YI, Yamashita, M, Hirahara, K, Shinnakasu, R, Inami, M, Kimura, 

M, Hasegawa, A, Kohno, Y, Nakayama, T (2006). Regulation of allergic 

airway inflammation through Toll-like receptor 4-mediated modification of mast 

cell function. Proc Natl Acad Sci U S A 103:2286-2291. DOI: 

10.1073/pnas.0510685103 

 

[342] Hofmann, AM, Abraham, SN (2009). New roles for mast cells in modulating 

allergic reactions and immunity against pathogens. Curr Opin Immunol 21:679-

686. DOI: 10.1016/j.coi.2009.09.007 

 

[343] Williams, CM, Galli, SJ (2000). The diverse potential effector and 

immunoregulatory roles of mast cells in allergic disease. J Allergy Clin Immunol 

105:847-859. DOI: 10.1067/mai.2000.106485 

 

[344] Grimbaldeston, MA, Metz, M, Yu, M, Tsai, M, Galli, SJ (2006). Effector and 

potential immunoregulatory roles of mast cells in IgE-associated acquired 

immune responses. Curr Opin Immunol 18:751-760. DOI: 

10.1016/j.coi.2006.09.011 

 

[345] Brown, J, Wilson, T, Metcalfe, D (2008). The mast cell and allergic diseases: 

role in pathogenesis and implications for therapy. Clin and Exp Allergy 38:4-18. 

DOI: 10.1111/j.1365-2222.2007.02886.x 

 

[346] Whithead, R (1980). Pathology of Crohn‘s disease. In Inflammatory Bowel 

Disease., J Kirsner, R.S. , ed (Philadelphia: Lea & Febiger), pp. 296–307. 

 

[347] Dvorak, AM, Monahan, RA, Osage, JE, Dickersin, GR (1980a). Crohn‘s 

disease: transmission electron microscopic studies. II. Immunologic 

inflammatory response. Alterations of mast cells, basophils, eosinophils, and the 

microvasculature. Hum Pathol 11:606-619. DOI: 10.1016/s0046-

8177(80)80072-4 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



109 

[348] Dvorak, AM, Osage, JE, Monahan, RA, Dickersin, GR (1980b). Crohn‘s 

disease: transmission electron microscopic studies. III. Target tissues. 

Proliferation of and injury to smooth muscle and the autonomic nervous system. 

Hum Pathol 11:620-634. DOI: 10.1016/s0046-8177(80)80073-6 

 

[349] Gelbmann, CM, Mestermann, S, Gross, V, Köllinger, M, Schölmerich, J, 

Falk, W (1999). Strictures in Crohn‘s disease are characterised by an 

accumulation of mast cells colocalised with laminin but not with fibronectin or 

vitronectin. Gut 45:210-217. DOI: 10.1136/gut.45.2.210 

 

[350] Middel, P, Reich, K, Polzien, F, Blaschke, V, Hemmerlein, B, Herms, J, 

Korabiowska, M, Radzun, HJ (2001). Interleukin 16 expression and phenotype 

of interleukin 16 producing cells in Crohn‘s disease. Gut 49:795-803. DOI: 

10.1136/gut.49.6.795 

 

[351] Christy, AL, Brown, MA (2007). The multitasking mast cell: positive and 

negative roles in the progression of autoimmunity. J Immunol 179:2673-2679. 

DOI: 10.4049/jimmunol.179.5.2673 

 

[352] Wintroub, BU, Mihm, MC, Goetzl, EJ, Soter, NA, Austen, KF 

(1978). Morphologic and functional evidence for release of mast-cell products in 

bullous pemphigoid. N Engl J Med 298:417-421. DOI: 

10.1056/NEJM197802232980803 

 

[353] Yamamoto, T, Katayama, I, Nishioka, K (1995). Mast cell numbers in 

multiple dermatofibromas. Dermatology 190:9-13. DOI: 10.1159/000246626 

 

[354] Dines, KC, Powell, HC (1997). Mast cell interactions with the nervous system: 

relationship to mechanisms of disease. J Neuropathol Exp Neurol 56:627-640. 

PMID: 9184654 

 

[355] Geoffrey, R, Jia, S, Kwitek, AE, Woodliff, J, Ghosh, S, Lernmark, A, Wang, 

X, Hessner, MJ (2006). Evidence of a functional role for mast cells in the 

development of type 1 diabetes mellitus in the BioBreeding rat. J Immunol 

177:7275-7286. DOI: 10.4049/jimmunol.177.10.7275 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



110 

[356] Ishii, T, Fujita, T, Matsushita, T, Yanaba, K, Hasegawa, M, Nakashima, H, 

Ogawa, F, Shimizu, K, Takehara, K, Tedder, TF, Sato, S, Fujimoto, M 

(2009). Establishment of experimental eosinophilic vasculitis by IgE-mediated 

cutaneous reverse passive arthus reaction. Am J Pathol 174:2225-2233. DOI: 

10.2353/ajpath.2009.080223 

 

[357] Saini,   SS,  Paterniti,  M,  Vasagar,  K,  Gibbons,  SP,   Sterba,  PM,   

Vonakis, BM  (2009).  Cultured peripheral blood mast cells from chronic 

idiopathic urticaria patients    spontaneously   degranulate   upon   IgE   

sensitization:  Relationship  to  expression  of  Syk and  SHIP-2. Clin  Immunol       

              132:342-348. DOI: 10.1016/j.clim. 2009.05.003 

                           

[358] Weaver, CT, Harrington, LE, Mangan, PR, Gavrieli, M, Murphy, KM 

(2006). Th17: an effector CD4 T cell lineage with regulatory T cell ties. 

Immunity 24:677-688. DOI: 10.1016/j.immuni. 2006.06.002 

[359] Brown, MA, Tanzola, MB, Robbie-Ryan, M (2002). Mechanisms underlying 

mast cell influence on EAE disease course. Mol Immunol 38:1373-1378. DOI: 

10.1016/s0161-5890(02)00091-3 

 

[360] Rozniecki, JJ, Hauser, SL, Stein, M, Lincoln, R, Theoharides, TC 

(1995). Elevated mast cell tryptase in cerebrospinal fluid of multiple sclerosis 

patients. Ann Neurol 37:63-66. DOI: 10.1002/ana.410370112 

 

[361] Zhang, C, Li, X, Niu, D, Zi, R, Wang, C, Han, A, Wang, X, Li, K, Wang, J 

(2011). Increased serum levels of β2-GPI-Lp(a) complexes and their association 

with premature atherosclerosis in patients with rheumatoid arthritis. Clin Chim 

Acta 412:1332-1336.DOI: 10.1016/j.cca.2011.03.029 

 

[362] Patella, V, de Crescenzo, G, Ciccarelli, A, Marinò, I, Adt, M, Marone, G 

(1995). Human heart mast cells: a definitive case of mast cell heterogeneity. Int 

Arch Allergy Immunol 106:386-393.DOI: 10.1159/000236871 

 

[363] Constantinides, P (1995). Infiltrates of activated mast cells at the site of 

coronary atheromatous erosion or rupture in myocardial infarction. Circulation 

92:1083.DOI: 10.1161/01.cir.92.5.1083 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



111 

[364] Lee, M, Kovanen, PT, Tedeschi, G, Oungre, E, Franceschini, G, Calabresi, 

L (2003). Apolipoprotein composition and particle size affect HDL degradation 

by chymase: effect on cellular cholesterol efflux. J Lipid Res 44:539-546.DOI: 

10.1194/jlr.M200420-JLR200 

 

[365] Takanami, I, Takeuchi, K, Naruke, M (2000). Mast cell density is associated 

with angiogenesis and poor prognosis in pulmonary adenocarcinoma. Cancer 

88:2686-2692. PMID: 10870050 

 

[366] Conti, P, Castellani, ML, Kempuraj, D, Salini, V, Vecchiet, J, Tetè, S, 

Mastrangelo, F, Perrella, A, De Lutiis, MA, Tagen, M, Theoharides, TC 

(2007). Role of mast cells in tumor growth. Ann Clin Lab Sci 37:315-322. 

PMID: 18000287 

 

[367] Dabiri, S, Huntsman, D, Makretsov, N, Cheang, M, Gilks, B, Bajdik, C, 

Badjik, C, Gelmon, K, Chia, S, Hayes, M (2004). The presence of stromal 

mast cells identifies a subset of invasive breast cancers with a favorable 

prognosis. Mod Pathol 17:690-695. DOI: 10.1038/modpathol.3800094. 

 

[368] Alexandrakis MG, Passam FH, Pappa CA, Damilakis J, Tsirakis G,                                                                                            

E, Passam AM, Stathopoulos EN, Kyriakou DS:                                          

Serum Evaluation of Angigenic Cytokines Basic Fibroblast Growth Factor, 

Hepatocyte Growth Factor, and TNF-Alpha in Patients With Myelodysplastic 

Syndromes: Correlation with Bone Marrow Microvascular Density. Int J 

Immunol Immunopathol Immunopharmacol 2005: 18(2): 287-295. DOI: 

101177/039463200501800211 

https://journals.sagepub.com/doi/10.1177/039463200501800211  

 

 

[369] Ch’ng, S,  Wallis,  RA,  Yuan, L,  Davis, PF,  Tan, ST (2006). Mast cells and  

          cutaneous   malignancies.   Mod   Pathol   19:149-159.DOI: 10.1038/modpathol.  

          3800474. DOI: 10.1038/modpathol.3800474 

 

[370] Dyduch, G, Kaczmarczyk, K, Okoń, K (2012). Mast cells and cancer: enemies  

         or allies.Pol J Pathol 63:1-7. PMID: 22535614 

  

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168

https://journals.sagepub.com/doi/10.1177/039463200501800211


112 

[371] Angelica Aponte-Lopez, Samira Muñoz-Cruz: Mast cells in the tumor    

microenvironment. Adv Exp Med Biol 2020; 1273:159-173.  DOI:10.1007/978-

3-030-49270-0_9 

 

[372] Paolino G,   Cprsetti P,   Moliterni E,   Corsetti S,   Didona D,   Albanesi M,  

         Mattozi C,   Lido P,  Calvieri S:  Mast   cells  and    Cancer .   G Ital  Dermatol  

         Venereol  2019 154: 650-68. DOI: 10.23736/S0392-0488.17.05818-7 

 

[373] Strattan E,  Palaniyandi S,  Kumari R,  Du J,  Hakim N,  HuangT,  Kesaler  

MV,   Jennings CD,   Sturgill JL,   Hildestrandt  GC. Mast Cells Are     

Mediators of Fibrosis  and  Effector Cell Recruitment in  Dermal Chronic Graft 

– vs.-Host Desease   Front   Immunol   2019 10:2470. DOI: 

10.3389/fimmu.2019.02470. 

 

[374] Dunphy CH:  Evaluation  of  Mast  Cells  in  Myeloproliferative  Disorders and  

     Myelodysplastic syndromes. Arch Pathol Lab Med 2005; 192(2):219-222. DOI:  

     org/105858/2005-129-219-EOMCIM 

 

[375] Komi,  D.E.A.,  Redegeld F.A.: Role of mast cells in shaping the tumor 

microenviroment. Clin Rev Allergy Immunol 2020(June): 58(3):313-325. 

DOI:10.1007/s10016-019-08753-

w.https://link.springer.com/article/10.1007/s12016-019-08753-w 

 

[376] Hane, M.R., Giacomantonio C.A., Marshall, J.S.: Mast cells and skin and 

breast cancers: A complicated and microenvironment-dependent role. Cells 2021 

Apr 23: 10(5):986.DOI:10.3390/cells10050986,PMID33922465 

https://www.mdpi.com/2073-4409/10/5/986 

 

[377] Kong, P., Christia, P., Frangogiannis, N.G.: The pathogenesis of cardiac 

fibrosis. Cell Mol Life Sci 2014; 71(4):549-74. DOI 10.1007/s00018-013-1349-

6. https://link.springer.com/article/10.1007/s00018-013-1349-6 

 

[378] H-P Horny, A Greschniok, J-H Jordan, DM Menke, V Valent: Chymase 

expressing bone marrow mast cells in mastocytosis and MDS: an 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168

https://link.springer.com/article/10.1007/s12016-019-08753-w
https://www.mdpi.com/2073-4409/10/5/986
https://link.springer.com/article/10.1007/s00018-013-1349-6


113 

immunohistochemical andmorphometric study. J Clin Pathol 2003;56(2):103-

6. DOI:10.1136/jcp.56.2.103. https://jcp.bmj.com/content/56/2/103 

 

[379] D Ribatti, G Polimeno, A Vaccu, A Merzullo, E Grivalato, B Nicco, G 

Lucarelli, E Damacco: Correlation of Bone Marrow angiogenesis  and Mast 

Cells With Tryptase Activity in MDS. Leukemia 2002Sep; 16(9):1680-4. 

DOI:10.1038/sj.leu.2402586 https://www.nature.com/articles/2402586 

 

[380] L Yang, Y Pian, EEksioglou, PKEpling-Burnette, S Wei: The inflammatory 

microenvironment in MDS. Cell Mol Life Sci 2015; 72(10):1959-66. 

https://link.springer.com/article/10.1007/s00018-015-1846-x 

 

[381] Weiner N, Folkman J, Pazza F, Bevilacqua P, Alfred EN, Moor S, Meli S, 

Gasparini G: Tumor angiogenesis: a new significantand independent 

prognostic indicator in early-stage breast carcinoma. J Natl Cancer Inst 1992; 

84:1875. DOI: 10.1093/JNCI/84.24.1875 

 

[382] Chung YS, Maeda K, Sowa M: Prognostic Value of angiogenesis in gastro-

intestinal tumors. Eur J Cancer 1996; 32:2501. DOI:10.1016/s0959-

8049(96)00382-6 

 

[383] Aguayo, A., Armillas-Canseco, F.M., Martínez-Baños, D.: 

Antiangiogenesis in myelodysplastic syndrome. Curr Cancer Drug Targets 

2001; 11(9):1044-52. DOI: 10.2174/156800911798073104 

 

[384] De Palma, M., Biziato, D., Petrova, T.V.: Microenvironmental regulation of 

tumor angiogen. DOIesis Nat Rev Cancer 2017; 17(8): 457-474. DOI: 

10.1038/nrc.2017.51 

 

 

 

 

 

 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168

https://jcp.bmj.com/content/56/2/103
https://www.nature.com/articles/2402586
https://link.springer.com/article/10.1007/s00018-015-1846-x


114 

 

 

 

 

 

 

 

 

                                       ΠΑΡΑΡΣΖΜΑ  

 

 

    Mast Cells in Myelodysplastic Syndromes 

 

Karras George MD
1
, Garlemou Kallina PhD

1
, Mpakosi Alexandra PhD

3
 , Karadonta 

Argyroula MD
2
, Cholevas  Vasileios

1
, Kyriakou Despoina MD, PhD

1
. 

 

1
University  of Thessaly, Faculty of Medicine, Haematology Department, Biopolis 

Larisa 41334, Greece, 

2
University Hospital of Larisa, Biopolis, Larisa 41334, Greece,  

3 
Department of

 
 Microbiology, General Hospital of Nikaia,  Agios Panteleimon, 

Greece.  

 

International Jurnal Cancer Research in press article no : 109962-IJCR-ANSI 

 

 

Running title: Mast Cells in MDS 

    Significance Statement: The microenvironment plays an important role in MDS 

evolution. Studying the factors of the microenvironment that contribute to malignant 

clone growth and evolution and the use of proper agents targeting microenviroment 

might help in delaying disease progression.    
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                                  ABSTRACT 

 

Background and Objective: Myelodysplastic syndromes (MDS) are clonal 

haemopoietic disorders with a high frequency of leukemic transformation. The role of 

mast cells(MCs) in this process is not well clarified. The aim was to study the number 

of mast cells, the secreted cytokines, and the microvascular density (MVD) in MDS and 

Controls to clarify the possible role of mast cells in the disease progression in these 

patients. Materials and Methods: Seventy-three patients and 60 healthy individuals 

were involved in the study. Thirty-Seven belonged to the low/intermediate-1 risk group 

and 36 to the high/intermediate-2 group. Toluidine Blue in bone marrow smears was 

used for MCs measurement. Tryptase and chymase expression was estimated by 

immunocytochemistry. CD34(+) cells were calculated by flow cytometry. Chymase and 

tryptase serum levels were measured by ELISA. MVD was calculated by measuring the 

number of endothelial cells per 0.0625mm
2 

field area in paraffin sections. Results: An 

increased number of CD34 (+) cells, as well as MCs in the bone marrow of patients, 

was found. MCs in patients expressed predominantly tryptase and did not present 

dysplastic features. Serum tryptase was higher in MDS compared to the normals. MVD 

was higher in MDS compared to normals. There was a positive correlation between 

CD34(+) cells and MCs as well as between MCs and MVD. High/intermediate-2 

patients had a higher number of MCs, CD34(+) cells and MVD compared to 

low/intermediate-1 cells and normals. Conclusions: MCs in MDS do not seem to 

belong to the malignant clone, accumulate probably reactively and may contribute to 

the clone evolution by supporting angiogenesis and tumour microenvironment. 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/10/2024 23:19:46 EEST - 3.133.145.168



116 

    Keywords:  Mast Cells, Myelodysplastic Syndromes, angiogenesis, Refractory 

Anaemia, CD34(+) cells, Tryptase, bone marrow microenvironment 

   

 

 

 

 

                         INTRODUCTION 

 

    Mast cells (MC) are derived from the haematopoietic progenitor cell 
1 

and the 

committed MC was isolated in 2005
2
. They contribute to tissue regeneration, and tissue 

and organ homeostasis that present continuous increase and reconstruction through 

mediators they produce and store 
3-17

. Their role in angiogenesis is also well recognized  

18
. 

    In addition, MCs have a significant role in neuroimmunological regulation, 

neurogenesis and behaviour 
15,16

. They also recognize and react to antigens, toxins, and 

pathogens they have an antigen presentation function and they have a role in immune 

tolerance through a complicated network of receptors, mediators and enzymes 
19-52

. 

    In malignancies the role of MCs is controversial. In most cases increased presence of 

MCs is related to poor prognosis and rapid disease progression 
53,54

. In some cases, 

MCs are related to better prognosis 
55

. MCs are attracted to the tumour environment 

from factors secreted by the tumour. They contribute to tumour growth through the 

secretion of angiogenic and mitogenic factors 
56

. Their antineoplastic function is 

achieved through the inhibition of cell growth, induction of apoptosis, reduction of cell 

mobilization, and enhancement of antineoplastic inflammation 
57

. 

    In haematological malignancies, MCs have been described to belong to the malignant 

clone or be reactive and infiltrate the microenvironment. 

    Myelodysplastic syndromes are a heterogeneous group of clonal hematopoietic stem 

cell malignancies characterized by dysplastic features, ineffective haemopoiesis, and 

frequent evolution to acute leukaemia 
58-65

.   
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There were some publications on MCs in MDS, to microvascular density (MVD) 

and disease progression. The results are controversial and the number of patients is 

small. 
66,67

  

 Hence this article studied the number of MCs, the tryptase and chymase production 

and the MVD as well as their relation to the risk status of the patient to contribute to the 

study of the role of these cells in these syndromes. 

 

  

 

                    MATERIALS AND METHODS 

Study area:  The study was carried out at the Hematology Department, University 

Hospital of Larisa, University of Thessaly, Larisa, Grece from 2009 to 2017. 

 

Patients 

 

    Seventy-three consecutive patients have been  studied 37 females and 36 males with 

MDS who were referred to the University Hospital of Larisa between the years 2009 

and 2012. The median age of males was 72 years (range 35-86) and of females 69 years 

(range 59-81). For MDS classification FAB2 and  WHO 2008 classification system 

were used. According to these systems, 21 patients had refractory anaemia (RA) (11 

females and 10 males). The median age of males was 62 years (range 59-86) and of 

females 78 years (range 66-85). Eighteen patients had Refractory Anemia with Excess 

of Blasts (RAEB) 8 males and 10 females with the median age for males 60.5 years 

(range 35-75) and for females 74 years (range 58-79). Eighteen patients had Refractory 

Anemia with Excess of Blasts in Transformation (RAEB-T), 10 males and 8 females, 

with the median age for the males 66 years (range 55-77) and for the females 79.5 

(range 59-80). Sixteen patients had Refractory anaemia with ringed sideroblasts 

(RARS) 8 males and 8 females with the median age for males 64.5 years (range 63-86) 

and for females 75 years (range 65-88). Patients with CMML and secondary MDS were 

excluded. 

    In addition the patients were classified according to IPSS-1997 in low/intermediate-1 

risk (37 patients) and high/intermediate-2 risk (36 patients). The median  age of patients 
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in the low/intermediate-1 risk group was 72.5 years (range 57-88) and in the 

high/intermediate-2 risk group was 68 years (range 35-80). 

    In the study, 60 normal individuals have been  included 32 males and 28 females. 

The median age for the males was 75 years (range 56-90) and for females 74 years 

(range 66-90). 

 

Methods  

 

    Bone marrow (BM) smears and paraffin sections were prepared from the posterior 

iliac crest. Mast cells were calculated using toluidine blue stain (mean value of positive 

cells per 1000 nucleated cells in 3 slides). For estimating the expression of tryptase and 

chymase mouse-anti-human moAbs were used (ABCAM -Discovery Drive, Cambridge 

Biomedical Campus Cambridge, CD2 OAX, UK and MA5-11717, CC1 -Thermo 

Fisher Scientific, Waltham, Massachusetts, USA respectively) and PAP kit (DAKO-

(Agilent, Waldbronn, Germany). Every cell was graded from 0+ to 4+ depending on the 

intensity of the stain and the score was calculated as the mean value of 200 cells as 

previously described 
68

. 

    Haemopoietic progenitor CD34+ cells were measured by flow cytometry using the 

anti-CD34 moAb (K567-FITC).  

    The levels of chymase and tryptase in serum were measured using ELISA kits 

(INVITROGEN-Thermo Fisher Scientific, Waltham, Massachusetts, USA) according 

to the manufacturer‘s instructions.  

    Microvascular density (MVD) was investigated as previously described 
67

. 

Microvessels were measured per 0.0625mm
2
 field area.  

Statistical Analysis 

    For statistical analysis, the t-test was used for the comparison of parametric values 

and Wilcoxon‘s test (Bonferroni's correction) for nonparametric values. The correlation 

Coefficient (R
2
) was used for examining possible correlations between various 

parameters.  
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RESULTS 

 

CD 34+ cells in bone marrow 

 

    In Table 1 the percentage of CD34+ cells in each group of patients is shown. In 

detail, CD34+ cells in the normal individuals were 1.08±0.87%. In MDS patients they 

were 5.3±3.83%. Specifically, in various MDS categories, CD34+ cells were 

2.52±1.2% in RA, 1.37±0.5% in RARS, 8.94±2.01%in high/intermediate-2 and 

2.027±1.117% in low/intermediate-1. There was a significant difference between 

high/intermediate-2 and normals (p<0.01), between high/intermediate-2 and 

low/intermediate-1(p<0.01), between low/intermediate-1 and normals (p<0.01) and 

between RA and normals (p<0.01). There was no significant difference between RARS 

and normals (p>0.1). 

 

Mast cells in bone marrow(BMMCs)   

 

    The percentage of mast cells in bone marrow in each group of patient are shown in 

Table 1.  In normals, the percentage of mast cells was 1.82±0.93%. In MDS it was 

5.767±3.45%.  In RA it was  4.38±1.16%, in RARS  2.18±0.75%, in low/intermediate-1  

3.43±1.48%  and in high/intermediate-2  8.16±3.26%. There was a significant 

difference between high/intermediate-2 and low/intermediate-1 (p<0.01) as well as the 

normals (p<0.01). There was a significant difference between low/intermediate and 

normals (p<0.01) as well as between RA and normals (p<0.01). There was no 

difference between RARS and normals (p>0.1). In the total MDS group, the mast cells 

were higher than the normals (p<0.01). 

 

Immunocytochemical detection of tryptase and chymase in the bone marrow. 
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    Results are presented in Table 1. In detail in the total MDS group, the tryptase 

positivity score in bone marrow mast cells (BMMC) was 2.328±1.45 while in the 

normals it was 0.8±0.82  and the difference was statistically significant (p<0.01). In 

high/intermediate-2 the score was 3.694±0.467 and it was significantly higher than that 

of low/intermediate-1 (1±0.57, p<0.01) and normal (p<0.01). In low/intermediate-1 the 

score did not differ from the score in normals (p>0.1). In MDS-RA and MDS-RARS 

the scores were 1.19±0.60 and 0.75±0.447 respectively and did not differ from the 

normals and low/intermediate-1(p>0.1), but it was significantly lower than that of 

high/intermediate-2 (p<0.01). 

 

    The chymase score in BMMC in the total MDS group was 0.78±0.71, while in the 

normals it was 0.9±0.3. In high/intermediate-2 MDS the score was 0.804±0.749 and the 

difference between the 3 groups was not significant (p>0.1). In the low/intermediate-1 

group the score was 0.75±0.68, in MDS-RA  0.66±0.58 and MDS-RARS it was 

0.875±0.718. There was no statistically significant difference among all groups (p>0.1). 

    

Serum tryptase and chymase levels 

 

    The levels of serum tryptase in the normals were found 7.8±3.21ng/mL, in total MDS 

group were 40.96±35.4, in high/intermediate-2 were 73.31±20.87, in low/intermediate-

1 were 9.48±4.217, in MDS-RA 10.75±4.83, in MDS-RARS 7.806±2.503. There was a 

significant difference between total MDS and high/intermediate-2 compared to the 

low/intermediate-1 and normals (p<0.1). The levels of serum chymase (pg/mL) were 

not detected in any category of MDS and normals (Table 1). 

 

Correlation of tryptase levels and BM CD34+ and mast cells  

 

    There was a strong positive correlation between serum tryptase levels and BMMC 

(R
2
=0.6837). There was also a positive correlation between BMMCs and BM CD34+ 

cells (R
2
=0.4369)( Fig. 1 and 2). 

 

Microvascular density in bone marrow(MVD) 
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    The MVD (microvessel number/0.0625 mm
2
) in the entire group of MDS was 

6.3±3.3 and was significantly higher than the normals (2.23±0.38, p<0.01). In 

high/intermediate-2 the MVD was 7.89±2.8, in low/intermediate-1 it was 4.8±2.2, in 

MDS-RA it was 4.98±1.8, and in MDS-RARS it was 5±2.0. There was a significantly 

higher MVD in high/intermediate-2 compared to low/intermediate-1, MDS-RA, MDS-

RARS and normal (p<0.01). There was also a significant difference between 

low/intermediate-1, MDS-RA, MDS-RARS and normals (p<0.01). There was a positive 

correlation between BMMC and MVD (Fig. 3). 

 

 

 

 

                               DISCUSSION 

 

    An increased number of MBMCs and MVD in MDS possible pathogenetic 

connection between them was found in our study. There were several publications 

regarding the presence of mast cells in malignant diseases, including haematological 

malignancies, and their role in disease progression is controversial. The mechanisms by 

which they contribute are not completely clarified. 
53-54, 57,69,70

.   

    A higher number of mast cells in higher-risk MDS as well as higher numbers of 

BMMC in the entire MDS group compared to normals was found. This was in 

agreement with what has been reported earlier by others
66 

This also found in agreement 

with earlier reports
71 

that these cells secrete tryptase predominantly that was detected by 

immunocytochemistry in BM as well as in the serum of patients. In reactive 

mastocytosis such as in allergic conditions, it has been reported that the mast cells are 

tryptase and chymase-producing
72

 and are peripheral and not BM mast cells. Although 

in a previous study there was no difference in BMMC numbers in the various MDS 

categories
66

, an increase in BMMC in higher-risk MDS was found. The fact that was 

detected increased numbers of BMMC were in higher risk MDS which is considered a 

more advanced stage of the disease probably means that the number of BMMC 

increases with disease progression. Whether they contribute to the disease progression 

or they accumulate reactively is not clear. In earlier reports, it has been found that in 

some cases, the mast cells belong to the malignant clone and in these cases, they 

present dysplastic features 
66,73-74

. In this study dysplastic features (elongated shape, 
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abnormal granulation, and abnormal accumulation) were not found in BMMC but this 

does not exclude the neoplastic origin of these cells. Studies during disease progression 

in each case, genetic studies, and MC cultures could help to clarify the origin of these 

cells. Probably the majority of BMMCs accumulate in response to tumour-secreted 

factors in BM but it is not known if the cytokines that BMMCs secrete contribute to 

disease progression.  

    It has been reported that MC is involved in angiogenesis 
16-18,56-57,75

 and 

neoangiogenesis is important for tumour growth 
76-78

.  

    We found increased MVD in MDS compared to the normals. We also found higher 

MVD in high/intermediate-2 risk MDS compared to the low/intermediate-1, in contrast 

to a previous study
67

. The MVD is positively correlated with the number of BMMC. 

This raises the suggestion that BMMCs may contribute to tumour progression by 

enhancing angiogenesis. The heterogeneity of the MDS group may be responsible for 

the contradictive results in the literature
67

. 

    Many previous studies suggested that MC involvement in fibrosis in many situations 

like liver cirrhosis, lung fibrosis, renal fibrosis, scleroderma, etc. 
3,10,79-80

. There are no 

adequate data to clarify the mechanism through which MCs exert their fibrotic action. 

We did not have enough patients to study the possible relation of BMMCs in MDS with 

BM fibrosis.  

Conclusion 

     In conclusion, an increase in BMMCs in MDS was found and they were higher in the 

advanced stages of the disease. To clarify whether they contribute to disease progression 

further studies are required with MC cultures and clonality investigation in various stages 

of the disease. 
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    Figure 1. Correlation between bone marrow mast cells (x-axis) and serum tryptase 

levels (y-axis) in MDS patients. Footnote: There is a strong positive correlation 

between the 2 parameters (R
2
=0.6837). 

 

 

 

    Figure 2.  Correlation between BMMCs (y-axis) and BMCD34+ cells (x-axis) in 

MDS patients. Footnote: There was a positive correlation between the 2 

parameters(R
2
=0.4369). 
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    Figure 3. Correlation between bone marrow mast cells (x-axis) and bone marrow 

microvessel density-MVD(y-axis) in MDS patients. Footnote: There is a positive 

correlation between the 2 parameters (R
2
=0.4904).  

 

 Table 1: Results: Studied parameters in each group of patients and controls 

(CD34+cells, BMMCs, MVD, Tryptase score+, chymase score, serum tryptase). 

 

ΑΣΘΕΝΕΙΣ CD34+ 

cells(%) 

BMMCs 

(%) 

MVD 

Microvessels/

0.0625mm
2
 

 

Tryptase 

score 

Chymase score Serum 

tryptase 

(ng/ml) 

MDS 5.3±3.83 5.767±3.45 6.3±3.3 2.328±1.45 0.78±0.71 40.26±35.4 

MDS-RA 2.52±1.2 4.38±1.16 4.98±1.8 1.19±0.60 0.66±0.58 10.75±4.83 

MDS-RARS 1.37±0.5 2.18±0.75 5±2.0 0.75±0.447 0.875±0.718 7.806±2.503 

MDS low/int-1 2.027±1.117 3.43±1.48 4.8±2.2 1.0±0.57 0.75±0.68 9.48±4.217 

MDS high/int2 8.94±2.01 8.16±3.26 7.89±2.8 3.694±0.467 0.804±0.749 73.31±20.87 

ΜΑΡΤΥΡΕΣ 1.08±0.87 1.82±0.93 2.23±0.38 0.8±0.82 0.9±0.447 7.8±3.21 
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