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ROLE OF HEPCIDIN IN THE DEVELOPMENT OF ANEMIA IN MULTIPLE MYELOMA 
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Summary: Multiple myeloma (MM) is a still incurable malignant plasma cell dyscrasia. MM pre-
sents with monoclonal proliferation of plasma cells in the bone marrow, overproduc-
tion of circulating monoclonal immunoglobulin, bone lesions, hypocalcaemia, renal 
failure and anemia. Anemia is one of the prominent features of MM and affects ap-
proximately 73% of patients at diagnosis. Several causes have been implicated, but 
anemia of chronic disease related to the inflammatory cytokines, appears to be one 
of the main reasons. IL-6, produced in bone marrow microenvironment, modulates 
the transcription of several liver-specific acute phase protein genes, including C-
reactive protein and hepcidin. Hepcidin, by binding to its cellular receptor, ferroportin, 
causes anemia by blocking iron export from enterocytes and macrophages. As a re-
sult, iron depletion on the site of active erythropoiesis and progressive anemia is 
shown. Baseline serum hepcidin levels correlates significantly with the severity of 
MM-associated anemia and may serve as a predictor for therapeutic response in 
myeloma treatment. 

Key words:  multiple myeloma, anemia, hepcidin 

Address for correspondence: Assoc. prof. Milena Velizarova, M.D., Department of Medical Genetics,  
Medical University, 2 Zdrave St., Bg – 1431 Sofia, tel.: +359 2 9230 926,  
e-mail: mvelizarova@abv.bg 



.  ...        ... 11  

 

 

    
  ( )   

    10%  
   [2, 18]. -
     -

      , -
 , , , 

     [18]. 
     

      , 
73%         -

     < 120 g/l 
[8].  85%     -

       , 
         

    80  100 g/l 
[4].   10%     

       
80 g/l, ,   ,   

  ,   ,   
  [3, 4].  

     -
        -

     -
    , 
     -

,    -
      

    -
 [4, 10].      

     ,  -
        

      -
 , . .     -

      -
  2-  [10]. 

      
     

 ,  -6 (IL-6)  -
 ,    

   [7, 8, 9]. IL-6   
     ,  

        
      . IL-

6     , 
     -

,  -   (CRP)  
.    IL-6  

   ,   
     -

      
( . 1).       

       
   [15, 25].   -

       , 

 ,   -
  ,     

 (   < 2.5%)  
      

 [6, 10, 18].    -
 [19]   [22]   -

      .  
 

 
. 1.        

       . 
     BMP-2  IL-6 

    .   
        

      . -
      (Fpn), 

   ,   -
       -
.         

     (  
 VanderWall  ., 2013) 

    
    

    , 
     -

      [1, 4, 6]. 
   ,    
     ,  

      . -
     -
      -
,     -

.      
  ,   

.     -
     

      [15, 19]. -
      

    ,  -
,    -  
     

,       
  .  

     -
     -

       -
    [16, 19]. -



12  , 51, 2015,  5 

 

 

      
 ,   -

        
    .  ,  

IL-6   ,     -
,     -

.       
    -  , 
     IL-6 [21, 22]. -

      ,  
      

  ,  IL-1 , -
  -  (TGF- )  -

   (BMPs) 2, 4  9 [13, 23]. 
BMPs      -

   (TGF)   
       

 BMP-   (BRES)  -
       

3 (STAT3) [13, 26 ].  ,  IL-6  BMPs 
         -

     . Maes  
 (2010)      

  BMP-2       
    -

   BMP  IL-6  -
   [11].  

TNF-   IL-1     -
     -  

 [9].      44 -
     Sharma  

. (2006, 2008)    
     TNF-  

 IL-1     [21, 22].  -
      IL-6  

    . 
      

        
      

       
     [6].  , 
  80%  ,   -

    -
,     (   50% 

      ) 
     -

   .   
  ,    -

 1       
       -

     [6]. -
    ,   

  -     -
,  -     -
  . 

    
    

      
  ,    

,  , Sharma  . 
(2008)     -

 PCR      
 ,      -

 IL-6 [22].     -
    3000  -  

   mRNA  -
      , 

     IL-6  
 .   
    -

       
        

.      
       

 ,      
   -

  IL-6  . 

      
  ? 

      
    ù    -
 .   ,  

85%        
     [2, 3, 4, 8, 18]. -

     -
   ,     

      
. 

    
    

  
 30-40%    , -

  ,    -
       

  [12].   
 ,   -

    , 
     -

      . 
    -

    -
  ,   ,  

     
     -

        -
   ,   



.  ...        ... 13  

 

 

     -
 [24].     

  , ,   , 
     ,  

 ,    -
.      -

      , -
    - -
    . 

     
     -
      -

 . Ukarma  . (2009) -
    -

      -
        

,      
< 13 nmol/L    

      > 10 
g/L  85.7%     [24].  

   
     

      
  ,   -

 ,    
 .    

       -
 ,   -

,       -
    . -

   ,  
 ,  ,   -
       

.      
    ,  

   ,   -
       -

. 
     -

         
 ,    -

      
     -

- :      
       -

    [17].  , 
       

      
    ,   

    
,     -
  [20].  

        
 ,   -

     .  
  ,   

    
  (TfR) [5].  -

      -
      

   . 
    -

  -     
       -

      
. 

 

        
     

 232/2015,   – . 

 
 

1. , .  .     -
 .  , 49, 2013,  2, 41-46. 

2. B i r d , J. M. et al. Haemato-oncology Task Force of British 
Committee for Standards in Haematology (BCSH) and UK 
Myeloma Forum. Guidelines for the diagnosis and manage-
ment of multiple myeloma 2011. Br J Haematol, 154, 2011, 

 1, 32-75.  
3. C a r o , J. et al. Anemia as an independent prognostic factor 

for survival in patients with cancer: a systemic, quantitative 
review. Cancer, 91, 2001,  12, 2214–2221. 

4. C u c u i a n u , A., M. Patiu et A. Rusu. Hepcidin and multi-
ple myeloma related anemia. Med Hypotheses, 66, 2006,  

 2, 352-4.  
5. D a n i e l s , T. R. et al. The transferrin receptor part I: Biol-

ogy and targeting with cytotoxic antibodies for the treatment 
of cancer. Clin Immunol, 12, 2006,  2, 144–58. 

6. K a t o d r i t o u , E. et al. Sequential evaluation of serum 
hepcidin in anemic myeloma patients: study of correlations 
with myeloma treatment, disease variables, and anemia re-
sponse. Am J Hematol, 84, 2009,  8, 524-6.  

7. K l e i n , B. et al. IL-6 is the central tumor growth factor in 
vitro and in vivo in multiple myeloma. Eur Cytokine Netw, 1, 
1990,  4, 193-201. 

8. K y l e , R. A. et al. Review of 1027 patients with newly diag-
nosed multiple myeloma. Mayo Clin Proc, 78, 2003,  1, 
21-33. 

9. L e e , P. et al. Regulation of hepcidin transcription by inter-
leukin-1 and interleukin-6. Proc Natl Acad Sci USA, 102, 
2005,  6, 1906-10. 

10. L u d w i g , H., G. Pohl et A. Osterborg. Anemia in multiple 
myeloma. Clin Adv Hematol Oncol, 2, 2004,  4, 233-241. 

11. M a e s , K. et al. In anemia of multiple myeloma, hepcidin is 
induced by increased bone morphogenetic protein 2. Blood, 
116, 2010,  18, 3635-44.  

12. M a n o , M. et al. Current role of erythropoietin in the man-
agement of patients with hematological and solid malignan-
cies. Cancer Ther, 3A, 2005, 41-56. 

13. M e i , S. et al. Hepcidin and GDF15 in anemia of multiple 
myeloma. Int J Hematol, 100, 2014,  3, 266-73.  



14  , 51, 2015,  5 

 

 

14. N e m e t h , E. et al. IL-6 mediates hypoferremia of inflam-
mation by inducing the synthesis of the iron regulatory hor-
mone hepcidin. J Clin Invest, 113, 2004,  9, 1271-6. 

15. N e m e t h , E. et al. Hepcidin regulates cellular iron efflux by 
binding to ferroportin and inducing its internalization. Sci-
ence, 306, 2004,  5704, 20090-3. 

16. N i c o l a e , C. D. et al. Hepcidin in neoplastic disease. J 
Med Life, 6, 2013,  3, 355-360. 

17. P o l i , M. et al. Hepcidin antagonists for potential treatments 
of disorders with hepcidin excess. Front Pharmacol, 5, 2014, 
86. 

18. R a j k u m a r , S. V. Multiple myeloma: 2011 update on 
diagnosis, risk-stratification, and management. Am J Hema-
tol, 86, 2011,  1, 57-65. 

19. R i v e r a , S. et al. Hepcidin excess induces the sequestra-
tion of iron and exacerbates tumor-associated anemia. 
Blood, 105, 2005,  4, 1797-802. 

20. S a s u , B. J. et al. Antihepcidin antibody treatment modu-
lates iron metabolism and is effective in a mouse model of 
inflammation-induced anemia. Blood, 115, 2010,  17, 
3616-3624. 

21. S h a r m a , S. et al. Hepcidin overproduction mediates the 
anemia of multiple myeloma. Blood (ASH Annual Meeting 
Abstracts), 108, 2006, Abstract 516. 

22. S h a r m a , S. et al. Involvement of hepcidin in the anemia 
of multiple myeloma. Clin Cancer Res, 14, 2008,  11, 
3262-7.  

23. T r u k s a , J. et al. Different regulatory elements are re-
quired for response of hepcidin to interleukin-6 and bone 
morphogenetic proteins 4 and 9. Br J Haematol, 139, 2007, 

 1, 138-147. 
24. U k a r m a , L. et al. Hepcidin as a predictor of response to 

epoetin therapy in anemic cancer patients. Clin Chem, 55, 
2009,  7, 1354-60.  

25. V a n d e r W a l l ,  K. et al. Iron in multiple myeloma. Crit 
Rev Oncog, 18, 2013,  5, 449-61. 

26. W r i g h t i n g , D. M. et N. C. Andrews. IL-6 induces hep-
cidin expression through STAT3. Blood, 108, 2006,  9, 
3204-9. 

    15  2015 . 

 

2015

.
. . ,

, – , 516 .

( 30 )
, ,

, .

-      
       

  
    

     
 
     

      
 

  
     -  

 
       

    
  
    

     
  

 
    (  ) 

    
     

 
 . -   

    
 

   
    

    
    
      . 

  -   
    -  

 
   

     

 


