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Abstract:  Multiple myeloma (MM) is a hematologic cancer characterised by using proliferation of clonal 

plasma cells in the bone marrow ensuing in the secretion of monoclonal immunoglobulins. Together with 

autologous stem mobile transplantation and advances in supportive care, the introduction of novel tablets 

such as proteasome inhibitors and immunomodulatory drugs have considerably improved response rates and 

survival rates in patients with MM. However, MM remains incurable. Hematopoietic stem and progenitor 

cells, in particular megakaryocyte-erythrocyte progenitors, are diminished in the BM of MM patients. The 

hallmark of MM is a bone marrow infiltration by a clonal population of malignant plasma cells. Circulating 

endothelial progenitor cells (EPC) are mobilized either from the bone marrow and/or arteries to substitute 

dysfunctional endothelial cells and fix blood perfusion to ischemic tissues. They may deliver paracrine 

signals to stimulate local angiogenesis or might also be physically incorporated within neovessels. 

Understanding the molecular mechanisms utilized by vascular endothelial growth factor (VEGF) to 

stimulate EPC might shed light on novel targets for regenerative medicine. The VEGF pathway is explicitly 

involved in tumour angiogenesis and growth in MM. A paracrine VEGF loop for MM progression is 

suggested. This, in turn, gives a further indication that the VEGF pathway and its signaling proteins may be 

appropriate targets in the management of MM. 

Increased neoangiogenesis has a governing function in the pathogenesis and development of MM. Recent 

research supply growing proof that neovascularization does no longer solely rely on sprouting of pre-

existing vessels, however includes bone marrow  derived EPC. Bone marrow derived circulating EPC have 

been proven to correlate with ailment development and are regarded reflective of angiogenic potential of 

tumor microenvironment in cancer patients. This review helps in the higher understanding of the circulating 

EPC and their function in MM.  

Index Terms- Multiple myeloma, endothelial progenitor cells, angiogenesis, microenvironment, microvessel 

density, vascular endothelial growth factor, bone marrow. 
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Multiple myeloma 

Multiple myeloma (MM) is haematological malignancies characterised through presence of a monoclonal 

protein in the serum, urine or both. For the development of MM, angiogenesis play a vital role that steadily 

increases beside the spectrum of plasma cell disorder (Figure 1) from the monoclonal gammopathy of 

unknown significance to smoldering multiple myeloma to MM, signifying that angiogenesis is related to 

disease progression [1]. In multiple myeloma bone marrow angiogenesis also correlates with overall 

survival, disease severity, bad prognosis and tumor burden such as plasma cells labelling index and serum 

β2-microglobulin levels [1-3]. Angiogenesis contributes to the pathogenesis of MM through supplying 

plentiful oxygen and nutrient supply to facilitate tumor growth [1, 2, 4, 5]. 

The molecular mechanisms underlying the elevated angiogenesis in MM are complex. Numerous autocrine 

and paracrine interactions between tumor cells and stromal cells inside the bone marrow microenvironment 

stimulate the secretion of chemokines, cytokines, growth factors and matrix metallo proteins which on the 

whole orchestrate angiogenesis. This bone marrow microenvironment consists of hematopoietic stem cells, 

extracellular matrix proteins, plasma cells, fibroblasts, osteoblasts, osteoclasts, chondrocytes, endothelial 

progenitor cells, T lymphocytes, macrophages, mast cells,  interleukin-6 , TNF-α, tumor growth factor-β  [6-

8], vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), angiopoitein (Ang), 

platelet derived growth factor (PDGF), hepatocyte growth factor (HGF) etc. The cytokines produced by 

both the MM cells and the bone marrow stromal cells serve as a prognostic marker  as correlate with the 

tumor burden  [7, 9,10].  They are also involved in the exponentiation and extravasation of the plasma cells 

to secondary sites, that stimulates the process of angiogenesis i.e. generate blood vessels that supply 

nutrients and different factors for the developing tumour. Furthermore, this network of cytokines mediates 

myeloma cell growth, proliferation, survival, drug resistance and migration [11]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Multiple myeloma
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Circulating endothelial progenitor cells  

The most principal element of the angiogenesis is the endothelial cell (EC). Every blood vessel in the human 

body, from the major aorta through to the smallest capillary, consists of an EC monolayer which encases a 

central lumen through which the blood flows. The EC monolayer, or vascular endothelium, is a dynamic 

organ which as crucial secretory and metabolic process and controls the trafficking of cells and molecules 

between all bodily tissues, the circulatory system and the bone marrow [12]. Structurally, the endothelium is 

supported with the aid of a basement membrane scaffold consisting of laminin and collagen protein fibres 

and, in big vessels, peri-vascular help cells such as pericytes and smooth muscle cells. Separating big blood 

vessels from surrounding tissues is a layer of connective tissue referred to as the stroma, which is basically 

composed of extracellular matrix-secreting fibroblasts [13]. Due to the absolute necessity for oxygen, all 

mammalian cells need to be positioned inside 100-200μm of the blood vessel network, a distance which 

corresponds to the diffusion zenith for oxygen [14]. The formation and reorganisation of the vascular system 

can be divided into two separate processes: vasculogenesis and angiogenesis. Vasculogenesis denotes the de 

novo formation of the primitive vascular system via the differentiation of mesodermal angioblasts, whereas 

angiogenesis denotes the formation of new blood vessels from pre-existing vasculature through the 

sprouting or invagination of existent vessels [15-17]. Previously, vasculogenesis was believed to be limited 

to early embryonic development; however research have proven that cEPC are in existence in the peripheral 

blood circulation and make contributions to physiological and pathological vasculogenesis in adulthood 

[18]. 

Endothelial progenitor cells, a minor subpopulation of the mononuclear cell fraction in peripheral blood, are 

believed to be derived from hematopoietic stem cell or otherwise from the endothelium itself [19, 20]. 

Endothelial progenitor cells make a contribution to neovascularisation in numerous processes such as 

myocardial ischemia, infarction, limb ischemia, wound healing, atherosclerosis, endogenous endothelial 

repair, and tumor vascularisation [21]. In the latest decade, it was believed that the sole mechanism for 

development of new vascular networks in the putting of growth or tissue ischemia used to be angiogenesis, 

resulting from vascular sprouting accompanied by vascular myogenesis [16]. A whole paradigm shift took 

place some years later, when quite a number of laboratories introduced proof that adult bone marrow carries 

a supply of cells which can take part in postnatal vasculogenesis. Asahara et al, isolated putative cEPC from 

human peripheral blood. In vitro, these cells differentiated into mature EC and using in vivo models of 

ischemia, it was proven that cEPC integrated into sites of ongoing angiogenesis [18]. These early findings 

advised that cEPC may additionally be beneficial for augmenting vessel growth to ischemic tissues. A range 

of further animal studies have now truly established that bone marrow derived cells play a function in 

physiological and pathological growth in the adult, both via augmenting angiogenesis through the secretion 

of angiogenic growth factors and through supplying a surplus supply of progenitor cells that can flow into 

and differentiate into mature vascular EC [21]. 
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Endothelial progenitor cells in tumor angiogenesis 

Angiogenesis refers to the process of the formation of new capillary sprouts from pre-existing capillary 

vessels. Angiogenesis occurs during normal physiological processes such as embryonic development and 

the ovarian cycle and is also associated with pathological conditions such as tumor growth, macular 

degeneration, and rheumatoid arthritis [22, 23]. A correlation between angiogenesis and tumor growth was 

first reported in the solid tumors in 1945 [24].  Further in 1971, Folkman proposed that the constrained 

diffusion distances for oxygen and nutrients between cells limit the dimension of tumors to 1-2mm in 

diameter [25]. To counteract this, tumor cells stimulate the growth of new blood vessels to enhance their 

blood supply and facilitate the transition from a growth-restricted state to an invasive phenotype. Tumor-

induced angiogenesis provides an increased supply of oxygen, nutrients and pro-survival factors to 

facilitate the proliferation of the cancer cells and a vascular route for spread and expansion of metastases to 

secondary sites. 

Under normal conditions, the endothelial cell is in a quiescent state that is controlled by a balance between 

pro and anti-angiogenic factors. The process of converting the quiescent endothelial cells into a state of 

angiogenesis is known as the “angiogenic switch”. Angiogenic switch is the process in which the there is a 

net stability between angiogenic promoting factors and angiostatic or angiogenesis inhibiting factors.  When 

this angiogenic switch is “turn off” the endothelial cells were in a quiescent state but as soon as the 

angiogenic switch gets “turn on” due to the shifting of pro-angiogenic factors the endothelial cells comes in 

the state of angiogenesis process [26-29]. The continuously “turned on” of angiogenic switch results in 

tumour angiogenesis [30, 13, 31, 13]. Since the angiogenic switch is vital for the onset of tumor 

development and numerous different pathological conditions, vast analysis efforts are directed in the 

direction of the regulators concerned in the switch [13, 22, 23, 32]. 

Regulators of angiogenesis: Several regulators of angiogenesis have been described till date, which can 

be broadly categorized into: 

1. Pro-angiogenic Factors: Hypoxia-inducible factor alpha (HIF-1 α), vascular endothelial growth 

factor (VEGF), angiopoitein-1 (Ang-1),  firoblast growth factor (FGF), epidermal growth factor 

(EGF), hepatocyte growth factor (HGF), platelet derived growth factor (PDGF), tumor necrosis 

factor alpha (TNF- α), transforming growth factor (TGF-β), interleukin (IL-6, IL-8), and angiogenin 

and 

2. Anti-angiogenic factors:  angiostatin, thrombospondins, Ang-2, IL-12, IL-4, IL-18, platelet factor-4  

and endostatin 

Mechanism of angiogenesis process 

Angiogenesis is consociated with the development of many solid tumors, which includes breast cancer [33, 

34], rectal carcinoma [35], prostate cancer [36], hepatocellular carcinoma [37] and hematological cancers 

including multiple myeloma [1, 2, 38]. Endothelial progenitor plays a vital role in process of angiogenesis 

(Figure 2). The steps were: 
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 Destabilization: Vasodilatation is formation of blood vessels in which VEGF and bFGF act on EC 

and prompt Ang-2 which motives detachment of pericytes from the vascular wall and consequently 

destabilizes the vessel [13, 22, 23].  

 Hyperpermeability: The Ang-2 and VEGF collectively cause formation of fenestrations, which 

escalate the vascular permeability permitting extravasation of plasma proteins which serve as a 

scaffold for migrating EC. 

 Endothelial cell proliferation and migration: The activated matrix metalloproteinase and 

plasminogen activator degrades the basement membrane and extracellular cell matrix permitting 

subsequent EC migration [13, 40]. 

 Cell:cell contact:  Integrins and VE-cadherin are vital in the migration of EC to the locus of 

angiogenesis as they interconnect between the scaffold proteins and the EC and supply data about 

the area of the angiogenic site to the EC [40]. 

 Tube formation: VE-cadherin and integrins coordinate the EC binding whilst tumor necrosis factor 

(TNF-α), FGF and PDGF instigate tube formation.  

 Mesenchymal proliferation and migration: Several angiogenic factors such as VEGF, FGF and 

epidermal growth factor (EGF) set off EC proliferation and migration via the matrix [41, 42]. 

 Pericyte differentiation: Endothelial progenitors differentiate into EC and shape a primitive vessel. 

During this differentiation TNF-α, FGF and PDGF are produced which appeal to the pericytes [23, 

42-44].  

 Stabilization: Pericytes in addition produce Ang-1 which acts as survival factor for EC and 

performs a function in mediating interplay between EC and the extracellular matrix, ensuing in 

pericyte attachment and vessel stabilization [45, 46]. At this stage, tumor growth factor (TGF)-β is 

additionally activated that stabilizes the interplay between EC and smooth muscle cells and hence, 

the maturation of new vessels [13, 47].  

To maintain check on the process of angiogenesis, numerous angiogenic inhibitor additionally grow 

to be active in opposition to the pro-angiogenic factors e.g. endostatin in opposition to VEGF and 

FGF, angiostatin and thrombospondin in opposition to integrins [13, 32, 48].  
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Figure 2: Role of circulating endothelial progenitor cells in mechanism of angiogenesis 

 

Endothelial progenitor cells as non-invasive biomarker 

Traditionally, treatment response in MM is assessed by means of residual tumor load as indicated through 

modifications in percentage of plasma cells infiltration on bone marrow biopsy, serum levels of monoclonal 

immunoglobulin, and β2 microglobulin [49]. Microvessel density (MVD) is a surrogate marker of 

angiogenesis and it has been effectively used to decide the extent of BM angiogenesis. Blood vessel of a 

biopsy sample is accessed via immunohistochemistry using endothelial-associated antigens (CD31, CD34, 

CD105 or von Willebrand factor, vWf) under the microscope in a manual or digital fashion. A decline in 

MVD correlating with response to therapy has been shown in MM after treatment with anti-angiogenic 

treatment and after autologous stem cell transplant as well as it additionally correlates with poor prognosis 

[50-55]. Since MVD estimation requires a tissue biopsy which is an invasive technique and it may 

additionally not reflect real time vascular activity in the marrow due to heterogeneity of tissue tumor, a 

much less invasive technique that can examine dynamic modifications in angiogenesis and provide early 

indication of biological activity before gross modifications in tumor load occur would be preferable both for 

evaluation of response and therapeutic monitoring of anti-angiogenic therapy. 

Recent experimental research propose that circulating endothelial progenitor cells (cEPC) make 

contributions to tumor angiogenesis in addition to the recruitment of angiogenic endothelial cells from 

neighboring microcapillaries [56, 57]. These circulating endothelial progenitor cells are speculated to 

originate from hemangioblasts persisting in the adult bone marrow. In a murine model, impaired recruitment 

of marrow-derived cEPC has been proven to block tumor angiogenesis and growth [21], underscoring the 

significance of cEPC in tumor angiogenesis. Moreover, bone marrow-derived cells now have entered 

clinical drug and are tentatively used to enhance tissue neovascularisation, though many drawbacks and 

issues nevertheless exist that have to be overcome. Despite the current success with cEPC, the phenotypic 

characterisation of cEPC stays tremendously controversial and a range of distinct subtypes of cEPC have 

                              

                  
  

        

      

  
  

  

  

  

  

  

  

 

 

   

    

 

  

  

  

  

  

  

 

  

  
  

  

 
   

       

    
      

  
  
  

    
    

  
  

  

  

    
      

  

  

  
  

  

  

  
  

    
    

  

  

  
  

  

  

  
  

  

  

    

  
    

   

      

      

 
 

 

 

  
 

 

  

 

 
 

 
 

 

 

  
 

 

  

 

 
 

 

 

  
 

 
 

 

 

  
 

 
 

 
 

  

    
    

  
  

  

  
  

  
  

         

  

Pericyte Endothelial Cells Basement membrane 

  
Endotheli

al cell 

migration 
Pericyte recruitment Endothelial cell   

tube formation &  

proliferation 

Destabilization 

 of vessels 

Basement 

degradation 

& pericyte 

detachment 

Proangiogenic 

factors 

http://www.ijcrt.org/


www.ijcspub.org                                                   © 2022 IJCSPUB | Volume 12, Issue 3 July 2022 | ISSN: 2250-1770 

 

IJCSP22C1052 International Journal of Current Science (IJCSPUB) www.ijcspub.org 465 
 

been recognized [58, 59]. The attempt to characterise precisely these cells has been confounded by means of 

the presence of different circulating mature EC and cEPC of numerous development stages. In robust 

distinction to EPC, circulating mature EC are generally derived from sloughed off mature vascular 

endothelium and have a decreased capability to take part in postnatal vasculogenesis [32, 60, 61]. 

Characterization of endothelial progenitor cells 

A further trouble in the characterisation of cEPC is the vast overlap between proteins expressed on the 

surface of putative EPC and those expressed on cells of haematopoietic lineages, such as cluster 

differentiation CD31 [62], CD34 [63], and Vascular endothelial growth factor receptor (VEGFR)-2 [64]. 

Cells are normally isolated and recognized from peripheral blood or BM. Often, mononuclear cells are 

chosen for expression of either VEGFR-2 or CD34, a marker recognized to be expressed on some 

haematopoietic stem cells as well as mature EC [65]. 

In addition, a number of investigators have determined that subpopulations of CD34+/VEGFR2+ cells can 

behave as cEPC. As mentioned above, some mature EC can additionally co-express CD34 and VEGFR-2. 

Therefore, the stem cell marker CD133 may additionally be a more specific marker for defining 

subpopulations of cells that represent EPC as this marker is not expressed on mature EC [66]. CD133 is a 

five- transmembrane glycoprotein whose task is not clearly understood however is expressed on a 

population of cells with pluripotent HSC traits. Cells with surface expression of CD34+, CD133+ or 

CD133+/VEGFR2+ have been noted to exhibit clonogenic potential and to constitute colony forming unit 

(CFU) structures [67]. Case et al validated that CD34+CD133+VEGFR2+ cells are hematopoietic in the 

beginning (express CD45) and incapable of turning into CFU in culture [68]. There is nonetheless 

discrepancy whether or not cEPC are CD45- or CD45dim. By definition, a bonafide EC is no longer 

hematopoietic and thus, have to be CD45-.  One insight by two groups in 2010 was that VEGFR2/KDR is 

no longer a dependable antibody and should not be included for the phenotypic definition of cEPC in 

medical setting [69]. Therefore, cEPC described as cell expressing CD34+CD133+ CD31+CD45- 

phenotype [10, 19, 69, 70]. 

Circulating endothelial progenitor cells as prognostic marker 

Bone marrow is the site of the origin in almost all myelomas and the microenvironmental interactions 

releases distinctive cytokines that regulates neoangiogenesis which is thought to have a governing function 

in pathogenesis and progression of MM [49, 71]. Targeting angiogenesis is a vital component of disease 

management in MM. The immunomodulatory medicines such as proteasome inhibitor bortezomib, vascular 

endothelial growth factor receptor tyrosine kinase inhibitor (sunitinib and sorafemib) are being more and 

more investigated in clinical trials for therapy of MM [72-76]. These anti-angiogenic medicines work their 

activity by means of blockading the capability of EC to disrupt the surrounding matrix or repress the normal 

EC or inhibit the activity of angiogenic regulators and integrine αvβ3 [78, 79]. The proof of anti-angiogenic 

drugs for the therapy of cancer propose that there is a need of non-invasive biomarker that enable 

monitoring effects on vasculature and tumor responses over time. 

The characterization of cEPC is the foremost breakthrough for the assessment of ant-angiogenic treatment in 

tumor biology [80, 81]. Bone marrow derived cEPC have been proven to make contributions to tumor 
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angiogenesis and increased levels of cEPC and EC-CFU have been shown in treatment-naive patients of 

MM. The cEPC are reflective of tumor burden as they correlate with stage of disease, markers of disease 

activity and response to treatment in MM patients. A decrease in EC-CFU and cEPC levels after 

antiangiogenic treatment has been reported in MM patients [10, 11, 79]. Recent research on cEPC advocates 

the early prediction of a non-invasive biomarker for predicting a later response, which may assist to figure 

out whether to continue the expensive chemotherapy or not [82]. 

Till date MM stays incurable. However, therapy improves the clinical situation in about 75% of patients and 

several durations of remission and relapse can occur. There is a no single ‘standard therapy’ for patients 

with MM. Instead, individual treatment plans are organized with reference to the patient’s age, typical 

health, symptoms, and ailment status. The therapy measures encompass alkylating chemotherapeutic agents 

such as cyclophosphamide, vincristine, doxorubicin and melphalan, and transplant-based treatments such as 

autologous or allogenic BM and stem cell transplants [77, 83, 84]. 

Human stem cell transplantation was initiated from an absolute necessity to treat patients who had been 

formerly incurable. The chemotherapy and stem cell transplantation have historically been the mainstay 

treatments for MM patients, the several side effects and bodily toll of these methods is occasionally too 

great for MM patients to withstand. The early prediction of MM patient after stem cell transplant was 

unknown. Recent research have proven that endothelial cells take part in successful engraftment after 

autologous stem cell transplant and the presence of high quantity of EPC is related with adverse prognosis 

after ASCT in MM [82, 85, 86]. An overview of cEPC in MM was shown in table 1. 

It is necessary to reflect on the clinical value of cEPC on MM. Multiple myeloma patients are human beings 

dealing with terminal cancer, and are dependent on the latest research and breakthrough therapeutics to 

extend their lives. In latest years, our grasp of cEPC biology has advanced notably and this has led to the 

improvement of novel treatments which specifically target MM PC and their microenvironment instead of 

blindly attacking cells at will. With further research, targeted therapeutics will continue to improve patient 

outcomes, and possibly one day MM will become a curable disease. 

 

Table 1: Circulating endothelial progenitor cells in multiple myeloma 

Study Outcome  References 

MM-46 

cEPC levels decreased in responder after 21 

days of  chemotherapy with bortezomib and 

dexamethasone 

[82] 

MM EPC correlates with the prognosis of ASCT [87] 

MM-26 
CECs and their subsets change significantly 

during mobilization of HSC 
[85] 

MM-37 
CEC numbers significantly change during 

autologous HSCT 
[86] 

MM-75 

HC-50 

cEPC numbers were significantly associated 

with angiogenic regulators (Ang-1, Ang-2  
[11] 
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and VEGF) 

MM-75 

HC-10 

cEPC increased compared to controls, 

progressively increases with stage, serve as 

biomarker of disease severity, response to 

therapy and treatment outcome 

[10] 

MM-19 

HC-07 

cEPC increase as compared to healthy 

controls, correlates with M-protein and 

decline with thalidomide treatment 

[79] 

 

 

Conclusion 

This review indicates that cEPC may serve as a potential non-invasive biomarker of disease severity, 

response to therapy, treatment outcome in MM and is involved in vasculogenesis, thus contributing along 

with angiogenesis to the formation of the full MM vascular tree. Circulating EPC appears an attractive 

candidate. But whether circulating EPC levels actually be used for this purpose is currently the subject of 

clinical studies. 
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