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Abstract: Multiple myeloma (MM) is the second most common malignancy in hematology. MM is characterized by the 

malignant proliferation of plasma cells in the bone marrow, accompanied by the secretion of monoclonal immunoglobulin, 

mainly occurring in the elderly. The clinical manifestations of MM include renal dysfunction, bone destruction, infection, 

anemia, hemorrhage, hypercalcemia, and hyperviscosity syndrome. The recent discovery of biomarkers related to the 

diagnosis or prognosis of MM provides an important basis for the diagnosis and treatment of MM. This paper reviews the 

research progress of biomarkers expressed in tissues and peripheral blood at home and abroad.  
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1. Introduction 

Multiple myeloma (MM) is a plasma cell malignancy, accounting for about 10% of all hematological 

malignancies, with a higher incidence in male than in female [1], and mainly occurring in the elderly 

population. It poses serious threats to the health of the population. However, the cause of MM remains 

unknown. 

MM is characterized by the accumulation of malignant plasma cells in bone marrow and the production 

of high levels of immunoglobulin (Ig). MM can be divided into IgG, IgA, IgM, IgD, IgE, light chain, non-

secretory, double, or polyclonal according to the type of M protein produced and its detection in blood and 

urine. The most common types are IgG kappa and IgA kappa [2]. Some of the common clinical 

manifestations of MM include increased blood calcium (C), kidney damage (R), anemia (A), bone damage 

(B), and other CRAB symptoms. The presence of these symptoms signifies an active or symptomatic 

myeloma (AMM). The onset of MM can be divided into three stages, with a slow progress from monoclonal 

gammopathy of undetermined significance (MGUS) to smoldering multiple myeloma (SMM), and then to 

AMM. In China, there are 27,800 newly diagnosed MM patients every year. MGUS and SMM progress 

toward AMM at a rate of 1% and 2% per year, respectively [3]. Although there are many traditional 

biomarkers used in the experimental diagnosis of MM, their sensitivity and specificity are low. Hence, it 

has always been a challenge to make an early diagnosis and carry out early intervention for MM. The 

survival and prognosis of MM are still not ideal although its treatment methods are constantly being 

innovated. With the development of research, there are new biomarkers that have shown potential in 

predicting the disease progression of early MM, which is beneficial for its early diagnosis and subsequent 

targeted therapy. In this paper, we review several potential biomarkers related to the early experimental 

diagnosis of MM that have been discovered in recent years to provide a theoretical basis for improving the 

clinical diagnosis rate of MM. 
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2. Biomarkers expressed in serum 

2.1. Circulatory tumor cells (CTCs) 

Circulatory tumor cells (CTCs) are tumor cells that shed from the primary tumor or metastasis and 

subsequently enter the circulation [4]. CTCs are present in every stage of MM. CTC load can be used to 

evaluate the efficacy of treatment and the prognosis of patients. It has been shown that patients with high 

CTC load after treatment tend to have poorer prognosis [5]. Studies have shown good consistency between 

CTCs in MM and tumor cells at the primary site; hence, the number and genetic characteristics of CTCs 

can be used as stratified indicators of MM risk, and the characteristics of primary tumor cells can be 

reflected by studying CTCs when evaluating the efficacy and biological characteristics of tumor cells during 

treatment [4]. 

 

2.2. Circulating tumor deoxyribonucleic acid (ctDNA) 

ctDNA is a characteristic tumor biomarker. It is a DNA fragment from the tumor genome that carries certain 

characteristics (including mutation, deletion, insertion, rearrangement, abnormal copy number, methylation, 

etc.) in the circulatory system and is mainly derived from necrotic or apoptotic tumor cells, circulating 

tumor cells, and exosomes secreted by tumor cells [6]. Due to the high degree of consistency between certain 

corresponding tumor tissues and plasma samples, especially in metastatic breast cancer, colorectal cancer, 

and non-small cell lung cancer, ctDNA can be used for noninvasive gene mutation analysis.  

 

2.3. Micro-ribonucleic acid (miRNA) 

2.3.1. Micro-ribonucleic acid (miRNA)  

miRNA is a short (about 22 nucleotides long) non-coding RNA fragment with the ability to regulate gene 

expression at the post-transcriptional level [7]. It is involved in the occurrence and development of tumors. 

Abnormal expression of miRNA has been observed in various conditions, including hematologic 

malignancies. Common changes in gene expression have been observed in tumor cells’ miRNA, which 

may be caused by deletion, translocation, or amplification. These mechanisms lead to changes in target 

gene expression. Depending on the genes they affect, miRNAs can act as carcinogenic or tumor suppressor 

genes. Therefore, miRNAs can be used as promising biomarkers for cancer detection and prognosis [8]. The 

most well-recognized miRNAs are miR-15a and miR-16. They are located at chromosome 13q14 and have 

similar sequences. They perform tumor suppressive functions and are involved in the regulation of cell 

proliferation, differentiation, and apoptosis. The decreased expression of miR-15a and miR-16 in MM 

promotes proliferation by increasing the expression of calcineurin binding protein 1 (CABIN1) [9]. 

The results of a study showed that miR-15a-5p, which belongs to cluster 15a/16 located on 

chromosome 13q14, is upregulated in MM. Three miRNAs miR-134-5p, miR-107, and miR15a-5p have 

also been found to be upregulated in MM and MGUS. These three miRNAs may be used as potential 

diagnostic markers. Combining miR-107 and miR-15a-5p with hemoglobin can help distinguish MM from 

MUGS, thereby enabling early treatment and thus improving prognosis [10]. The role of miRNA as a 

biomarker for detecting the transition from asymptomatic to symptomatic MM is critical in clinical settings. 

However, the current available data are still too tentative to be statistically significant. Hence, this should 

be the focus of follow-up research. 

 

2.3.2. Exosomal micro-ribonucleic acid  

Currently, bone marrow biopsy and tissue biopsy are the main diagnostic methods for MM in clinical 

settings. However, these procedures may cause pain to patients. Since miRNAs can be stably contained in 

exosomes, their composition is less complex than that of serum, and samples can be obtained in a non-

invasive way, serum exosomal miRNAs can be used as an ideal, non-invasive, and reliable tumor marker 
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[11]. Studies have shown that serum exosomes contain high abundance of specific miRNAs with good 

stability and have the potential to be used as new non-invasive molecular markers for disease diagnosis and 

prognosis [12]. Exosomes are vesicles that oscillate between 50 nm and 100 nm in size and can be released 

by various cells. They contribute to the pathogenesis and progression of MM. Exosomes contain proteins, 

cytokines, lipids, microRNAs, long non-coding RNAs, and circRNAs that regulate interactions between 

MM plasma cells. Through exosomes, mesenchymal stem cells confer chemotherapy resistance to MM 

cells, while myeloma cells promote angiogenesis, influence immune responses, and cause bone damage. 

They can affect the prognosis of MM patients [13]. A growing body of evidence has shown that exosomes, 

isolated from the peripheral blood of patients with MM, may be used as biomarkers to predict the 

progression of MM. In a study by Zhang et al. [14], an overlap of 10 miRNAs with the greatest variation 

was observed. The upregulation of miR-513a-5p, miR-20b-3p, and let-7d-3p and the downregulation of 

miR-16-5p, miR-15a-5p, miR-20a-5p, miR-17-5p, miR-125b-5p, miR-19a-3p, and miR-21-5p were involved 

in bortezomib resistance in MM patients. These 10 miRNAs are considered to be a potential predictive 

group for drug resistance in MM patients. Such predictive panels are important for selecting the most 

appropriate treatment for patients. Therefore, more extensive and in-depth studies are needed to prove the 

use of exosomal miRNAs as novel markers in the diagnosis, survival, and prognosis assessment of MM 

patients. 

 

2.4. Multicolor flow cytometry (MFC) immunophenotype  

The Chinese Guidelines for Diagnosis and Treatment of Multiple Myeloma (revised in 2020) have 

recommended the use of antibodies labeled with more than four colors when MFC is performed for MM 

examination; the antibodies should include CD38, CD138, CD56, CD19, CD45, CD20, kappa light chain, 

and lambda light chain. Conditions can be added to other antibodies, such as CD27, CD28, CD81, CD117, 

CD200, etc. 

 

2.4.1. CD38 

CD38 is a type II transmembrane glycoprotein consisting of a 45kD single chain with three distinct domains, 

namely intracellular (20 amino acids), transmembrane (23 amino acids), and extracellular (257 amino acids) 

structures. It is expressed in early differentiated CD34+ stem cells and mature immune cells, including T 

cells, B cells, granulocytes, and natural killer (NK) cells, but not in quiescent immune cells. However, the 

expression of CD38 is not limited to immune cells (including mature cells and precursor cells); instead, it 

is also expressed in solid tissues, such as brain, eye, prostate, intestine, pancreas, muscle, bone, and kidney 
[15]. CD38 is a transmembrane glycoprotein that mainly plays the role of cell membrane receptor and 

extracellular enzyme in the human body. It is highly expressed on the surface of myeloma cells but 

continuously expressed on the surface of lymphocytes, myeloid cells, red blood cells, and other cells at low 

levels [16]. CD38 is highly specific and highly expressed in plasma cells of patients with MM compared to 

normal lymphocytes and bone marrow cells [17]. Based on this characteristic, CD38 is considered to be a 

promising target in the treatment of MM. 

 

2.4.2. CD56 

CD56 is a nerve cell adhesion molecule that can mediate mutual adhesion between myeloma cells and 

stroma. The expression of CD56 molecule can be detected in most myeloma cells of MM patients. The 

immunophenotype CD56 is a cell adhesion molecule involved in the homing of MM cells. MM cells with 

low CD56 expression have a higher capacity for proliferation and metastasis [18]. Therefore, low CD56 

expression may be involved in the extramedullary lesions and extramedullary recurrence of MM patients. 

Patients with MM have a high incidence of extramedullary lesions, some of which are occult and 
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underestimated due to the limitation of examination. However, there is a lack of effective detection indices 

for extramedullary lesions in clinical work. A negative expression of immunophenotype CD56 has been 

found to be associated with the occurrence of extramedullary lesions and extramedullary recurrence. 

Therefore, CD56 may be a potential index that can predict the occurrence of extramedullary lesions and the 

extramedullary recurrence of MM. The detection of the expression of immunophenotype CD56 may aid 

early clinical detection of extramedullary lesions or the identification of patients who may suffer from 

extramedullary lesions [19]. 

 

2.4.3. CD45 

CD45 is a single chain transmembrane glycoprotein, a common expression antigen of human leukocytes, 

and a receptor tyrosine protein phosphatase, which is expressed on the surface of various hematopoietic 

cells. CD45 is a prerequisite for B cell activation and a key molecule in cell membrane signal transduction. 

CD45 is widely found on the surface of leukocytes. In normal hematopoietic cells, only red blood cells and 

platelets do not express CD45. In B-cell acute lymphoblastic leukemia and acute megakaryoblastic 

leukemia, abnormal naive cells may or may not express CD45 on the surface. A study has found a 

correlation between the expression of CD45 in tumor plasma cells of patients with extramedullary 

recurrence of MM and the prognosis of these patients, irrespective of other prognostic factors. Therapeutic 

strategies need to be established for patients with extramedullary recurrence and CD45-MM cells to 

ameliorate adverse outcomes [20]. 

 

3. Biomarkers expressed in tissues 

3.1. Programmed death factor 1 (PD-1) 

As a negative costimulatory molecule, PD-1 is mainly expressed in activated and/or depleted T cells, B 

cells, NK cells, and antigen-presenting cells. Programmed death-ligand 1 (PD-L1) is expressed in various 

solid tumors and immune cell subsets [21], while PD-L2 is mainly expressed in activated dendritic cells, 

macrophages, and mast cells [22]. The binding of PD-1 to PD-L1/2 in MM bone marrow microenvironment 

can lead to immune escape, migration, and proliferation of tumor cells. MM patients often have immune 

dysfunction, which may be related to the interaction between T lymphocytes expressing PD-1 and PD-L1/2 

and the tumor cells. Blocking this pathway may counteract the proliferation potential and drug resistance 

of myeloma cells [23]. 

 

3.2. Adiponectin (APN) 

APN is a cytokine that is mainly secreted by adipocytes. After binding to its receptor, it regulates cell 

survival, apoptosis, and metastasis through a series of signaling pathways. It plays an antitumor role in a 

variety of tumors [24]. There is an increasing number of evidence supporting the role of obesity in MM 

etiology, which may be related to decreased serum adiponectin levels in obesity. Studies have confirmed 

that MM patients have significantly lower serum adiponectin levels compared with normal controls. The 

decrease in adiponectin levels may be related to the progression of MGUS to MM [25]. 

 

4. Discussion 

The pathological process of MM is complex, and it remains a challenge to diagnose MM in the early stage. 

A comprehensive study of the dynamic changes in gene and protein expressions in the bone marrow 

microenvironment; CTCs, miRNAs, MFC immunophenotypes, and ctDNAs in peripheral blood; and other 

potential biomarkers is of great significance to the early detection and treatment of patients with MM. In 

addition, the detection of miRNAs in peripheral blood and CTCs, MFC immunophenotypes, and ctDNAs 

in blood biopsies can help clinicians assess the disease status and diagnose MM early without invasive bone 
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marrow tests. These emerging biomarkers have shown potential in the diagnosis and prognosis of MM. 

However, the standardization of these biomarkers still requires continuous testing and validation before 

they can be applied in clinical trials of MM in the future. 
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