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Abstract
Objective to investigate the correlation between the phenotype and number of circulating myeloma cells
(CMCs) and the load of marrow myeloma cells (MMCs) in patients with multiple myeloma (MM) and the
relationship between CMCs and MM prognostic indicators, and to evaluate the feasibility of CMCs
re�ecting the load of myeloma cells, angiogenesis and disease progression. 109 con�rmed MM patients
were selected and divided into newly diagnosed and relapse (ND/RA) group (n=53), partial remission (PR)
group (n=30) and complete remission (CR) group (n= 23) according to diagnosis and e�cacy criteria.
Thirty anemia patients with non-plasma cell related diseases in our hospital were selected as control
group. Flow cytometry was used to detect the proportion and phenotype of CMCs and MMCs in each
group. The prognostic indicators of MM patients were analyzed, including hemoglobin (Hb), plasma
albumin (Alb), beta2-microglobulin (β2-MG), serum creatinine (sCrea), serum calcium (Ca), lactate
dehydrogenase (LDH), bone destruction, renal impairment, Durie-Salmon stage and International Staging
System stage. There was a positive correlation between CMCs and MMCs in ND/RA and PR groups
(P<0.05); The proportions of MMCs and CMCs in ND/RA group were signi�cantly higher than those in PR,
CR and control groups (P < 0.05). The expression rate of cytoplasmic vascular endothelial growth
factor(cyVEGF) in CMCs was signi�cantly higher than that in circulating plasma cells. Therefore, we
concluded that CMCs can re�ect tumor load, angiogenesis and disease progression in MM patients.
Detection of CMCs improves patient compliance compared to MMCs.

Introduction
Multiple myeloma (MM) is a malignant hematologic disease characterized by abnormal proliferation of
neoplastic plasma cells in bone marrow, often accompanied by multiple lytic lesions, hypercalcemia,
anemia and renal damage. It occurs in middle-aged and elderly people and is still incurable [1]. Factors
associated with the prognosis of patients with MM are diverse and complex. A study shows that tumor
cells in bone marrow is an important prognostic factor in patients with MM, but the examination of
marrow myeloma cells needs to extract the patient's bone marrow. Extracting marrow is complicated and
has shortcomings, such as bone marrow liquid is easy to be diluted, so the patients’ compliance is greatly
reduced [2]. Studies [3–9] have shown that there are a small amount of circulating myeloma cells (CMCs)
in the peripheral blood of MM patients. CMCs are believed to re�ect the tumor load independently [4, 5, 7,
9]. It is of great signi�cance for MM staging [7, 9], prognosis [3, 4] and e�cacy evaluation [6, 8]. If
peripheral blood can be collected to detect CMCs re�ecting tumor load, patient compliance will be
signi�cantly improved. The purpose of this study was to explore the phenotypic characteristics of CMCs,
the correlation between CMCs and the proportion of marrow myeloma cells (MMCs), and the relationship
between CMCs and prognostic indicators of MM, so as to evaluate the feasibility of CMCs re�ecting
tumor load and disease progression in MM patients.

Materials And Methods
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Patients
Patients were selected according to the following inclusion and exclusion criteria. Inclusion criteria: All
the selected patients met the diagnostic criteria of MM in the National Comprehensive Cancer Network
(NCCN) [10]. All the selected patients were conscious and able to express their wishes. None of the
selected patients had complicated diseases of other vital organs. Exclusion criteria: Patients with severe
hemolytic disease. Patients with tumors in other parts. Patients with heart, liver, kidney and other
important organ function impairment. Patients suffering from serious infectious diseases. A total of 109
patients with MM diagnosed in the First A�liated Hospital of Zhengzhou University from October 2020 to
April 2021 were selected, including 62 male patients and 47 female patients. The average age was
(60.0±8.5) years (41 ~ 81 years). According to Durie Salmon (DS) staging system [11], 12 cases were in 
stage, 9 cases were in  stage and 88 cases were in  stage. According to the International Staging
System (ISS) [12], 28 patients were in  stage, 28 cases were in  stage and 53 patients were in  stage.
According to the guidelines for the diagnosis and treatment of multiple myeloma [1], 109 patients with
MM were divided into ND/RA group (n = 56), PR group (n = 30) and CR group (n = 23). At the same time,
30 patients with anemia but non-plasma cells related disorders (control group) were selected including 17
males and 13 females, aged 53(33 ~ 83) years. This study was approved by the Medical Research Ethics
Committee of the First A�liated Hospital of Zhengzhou University.

Reagents and instruments
Monoclonal �uorescent antibodies, isotype control antibodies and cell permeable membrane solution
(PERM) were purchased from Beeton Dickinson, USA. The instruments used were BD Facs Diva and FACS
Canto  �ow cytometry. The analysis software was Kaluza Analysis2.1.

Specimen pretreatment
One day before the �rst chemotherapy for newly diagnosed MM patients, one day after 2 - 6 cycles of
regular chemotherapy for relapse, PR and CR patients, and one day before routine clinical treatment for
anemia patients in the control group, 2 mL of bone marrow and peripheral blood were collected
respectively, treated with EDTA-K2 anticoagulant, and were cleaned with PBS for 3 times within 24 h. The

cell count was adjusted to (4 - 10) ×109 / L.

Antibody combination strategies
According to the recommendation of the European Myeloma Working Group [13], the strategy was
developed for bone marrow specimens like CD 56-FITC / CD 38-PE / CD27-PerCP / CD117-PE-CY7 /
CD138-APC / CD45-V450 / CD19-BV605 cKappa-FITC / cLambda-PE / CD56-PE-CY7 / CD38-APC / CD45-
V450 / CD19-BV605 and isotype control IgG1-FITC / IgG1-PE / CD45-PerCP / IgG1-PE-CY7 / IgG1-APC /
IgG1-V450 / IgG1-BV605. According to relevant studies by Fujisawa[5] and Teresa[14], the strategy was
developed for peripheric blood samples like HLA-DR-FITC / cVEGF-PE / CD27-PerCP / CD56-PE-CY7 /
CD138-APC / CD19-APC-CY7 / CD45-V500 / CD38-BV605 cKappa-FITC / cLambda-PE / CD56-PE-CY7 /
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CD138-APC / CD19-APC-CY7 / CD45-V500 / CD38-BV605 and isotype control IgG1-FITC / IgG1-PE /
CD45-PerCP / IgG1-PE-CY7 / IgG1-APC / IgG1-V450 / IgG1-BV605.

Methods of antibody labeling
Cell membrane antigen detection tubes: V ml bone marrow or peripheral blood was �rst added to each
test tube, and RBC lysate was added at a ratio of 1 : 20. Then the tubes was incubated in the dark for 10
min. An appropriate amount of monoclonal antibody was added and mixed. The tubes were incubated in
the dark at room temperature for 15 min, and centrifuged at 500g for 5 min. 2 ml PBS was added for
washing once and then detected by �ow cytometry. Intracellular antigen assay tubes First, V ml bone
marrow or peripheral blood was added, RBC lysate was added in the ratio of 1 : 20, and was incubated in
the dark for 10 min. An appropriate amount of monoclonal antibody was added for mixing, and the cells
were incubated in the dark at room temperature for 15 min. 100ml cell membrane permeable solution A
was added for incubation in the dark for 5 min, and centrifuged at 500g for 5 min. An appropriate amount
of cKappa-FITC, cLambda-PE or cVEGF-PE and 50ml cell permeable membrane solution B were added for
dark incubation for 15 min, followed by centrifugation at 500g for 5 min, and supernatant was discarded.
After washing with PBS once, �ow cytometry was used to detect.

Detection and analysis
The sensitivity of FCM is 10−4 [9] even through acquiring a large number of cells such as 150,000 events
[7, 15], 1,000,000 events [16].1 million cells were collected per test tube. The MMCs (%) results show
percentages, and the CMCs (‰) results show thousandth ratios. According to the de�nition standard of
FCM for detecting small residual lesions in MM [1], the ratio of tumor cells detected by FCM was
considered positive if greater than 1×10−4, and negative if less than 1×10−4.

Statistical analysis
SPSS 22.0 statistical software was used, and the proportion of MMCs and CMCs was expressed as the
median (quartile) [M (P25 ~ P75)]. Spearman rank correlation was used for association analysis, χ2 test
was used for rate comparison, multivariate analysis was used for unconditional Logistic regression
analysis, and Kruskal - Wallis H test was used for comparison of MMCs and CMCs proportions among
groups. P < 0.05 was considered statistically signi�cant. Mann-Whitney U test was used for further pair-
to-pair comparison, and Bonferroni method was used to correct the test level.

Results
Comparison of the proportion of MMCs and CMCs and the positive detection rate of CMCs among all
groups

The mean proportions of MMCs in ND/RA group, PR group, CR group and control group were 16.5794
(±19.4774), 4.6098 (±3.3411), 0.0004 (±0.0008), 0.0002 (±0.0003)%, respectively. The mean proportions
of CMCs were 3.0339 (±6.8702), 0.0918 (±0.1924), 0.0001 (±0.0002), 0.0000 (±0.0002)‰. There were
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statistically signi�cant differences in the proportion of MMCs and CMCs among all groups (Both P values
were less than 0.001). The proportions of MMCs and CMCs in ND/RA group were signi�cantly higher
than those in PR group, CR group and control group (All P values were less than 0.001). The positive rate
of CMCs in ND/RA group (38/56, 67.9%) was signi�cantly higher than that in PR group, CR group and
control group (13/30, 43.3%, 1/23,4.3%, 0/30,0%) (All P values were less than 0.001) (Fig. 1).

Correlation between CMCs and MMCs ratio

The result of Person correlation analysis shows that there was a positive correlation between the
proportion of CMCs and MMCs in the ND/RA group and PR group (r = 0.694, 0.692, P = 0.000 ) (Fig. 2).
There was no signi�cant correlation between the proportion of CMCs and MMCs in CR group and control
group (r = 0.164, 0.177, P values = 0.454, 0.350).

Expression of MMCs and CMCs antigens in MM patients and controls and comparison of cyVEGF
expression rate between CMCs and circulating plasma cells

The proportion of MMCs and CMCs in 30 controls and 23 CR patients was low, scattered in FCM diagram,
and there was no restricted or monoclonal expression of intracellular light chain, so it was non-speci�c.
CD138 was expressed in 100% (86 cases), CD38 was expressed in 100% (86 cases), CD19 was expressed
in 2.3% (2 cases), and CD45 was expressed in 19.7% (17 cases) of 56 ND/RA patients and 30 PR
patients. Therefore, CD38+/CD138+ could be used to label plasma cells, and CD19- and/or CD45- could
be used to re�ect phenotypic abnormalities of plasma cells to detect CMCs (Fig. 3 Fig. 4). The expression
rate of cyVEGF in CMCs was signi�cantly higher than that in circulating plasma cells with statistical
signi�cance (P= 0.0031) (Fig. 5).

Univariate analysis of CMCs and prognostic indicators in MM patients

According to the MM staging and typing standards in The Chinese Guidelines for the Diagnosis and
treatment of multiple myeloma [1], relevant indicators were selected, as shown in Table 1. There was no
signi�cant difference in the proportion of patients with hypoalbuminemia, hypercalcemia and increased
LDH between the two groups (P> 0.05), other indexes showed statistically signi�cant differences between
the two groups (P<0.05).
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Table 1
Univariate analysis of CMCs and prognostic indicators in MM patients [Cases (%)]

Variable CMCs+(n=52) CMCs−(n=57) χ2 P
value

Median age,
(years(range))

60(41-79) 58(42-81) 1.162 0.281

Sex, male 27(51.9) 35(61.4) 0.996 0.318

Hemoglobin<85g/L 21(40.4) 2(3.5) 22.221 0.000

Albumin<35g/L 20(38.5) 23(40.4) 0.041 0.840

Beta2-
microglobulin>3.5mg/L

39(75.0) 10(17.5) 36.277 0.000

Creatinine>177µmm/L 15(28.8) 3(5.3) 10.970 0.001

Calcium>2.65mm/L 1(1.9) 0(0) 1.106 0.293

LDH>245U/L 19(36.5) 17(29.8) 0.554 0.457

Bone destruction 40(76.9) 28(49.1) 9.775 0.002

Renal inadequacy 26(50.0) 10(17.5) 12.950 0.000

DS  stage 48(92.3) 40(70.2) 8.564 0.003

ISS  stage 33(63.5) 20(35.1) 8.763 0.003

LDH, lactate dehydrogenase;DS, Durie-Salmon; ISS, International Staging System

Multivariate Logistic regression analysis of CMCs and prognostic indicators in MM patients

Logistic regression analysis was performed with positive CMCs (1= yes, 0= no) as the dependent variable,
moderate or above anemia, β2-MG elevation, sCrea elevation, bone destruction, renal impairment (1= yes,
0= no) and DS and ISS stages (1=  stage, 0= I +  stage) as independent variables. The results showed
that positive CMCs was associated with moderate or above anemia and β2-MG (P<0.05), the regression
coe�cients were 1.781 and 1.812, and the OR values were 5.935 and 6.121, respectively, indicating that
moderate or above anemia and β2-MG increase were independent risk factors for CMCs (Table 2).
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Table 2
Multivariate Logistic regression analysis of CMCs and prognostic indicators in MM patients

Variables β SE Wald P value OR 95%CI

Hemoglobin<85g/L 1.781 0.868 4.206 0.040 5.935 1.082~32.548

Beta2-microglobulin>3.5mg/L 1.812 0.667 7.382 0.007 6.121 1.657~22.617

Creatinine>177µmm/L 0.685 0.888 0.595 0.441 1.984 0.348~11.320

Bone destruction 0.735 0.529 1.926 0.165 2.085 0.739~5.883

Renal inadequacy 0.364 0.693 0.276 0.599 1.440 0.370~5.603

DS  stage 0.450 0.682 0.436 0.509 1.569 0.412~5.968

ISS  stage -0.630 0.652 0.934 0.334 0.533 0.148~1.911

constant -1.947 0.639 9.280 0.002 0.143  

OR, odds ratio;CI, con�dence interval; DS, Durie-Salmon; ISS, International Staging System

Discussion
At present, the relationship between the existence and number of circulating tumor cells in peripheral
blood of malignant tumor and tumor genesis, e�cacy, metastasis and prognosis has become a hotspot
of tumor biology research. Studies have suggested that CMCs in peripheral blood of MM patients can be
involved in disease metastasis and recurrence, thus affecting prognosis and treatment [17]. Circulating
tumor plasma cells can be detected in patients with symptomatic MM [3, 7], smoking MM [18],
monoclonal immunoglobulin disease (MGUS) [19] and primary amyloidosis [20]. However, the number of
CMCs in symptomatic MM is relatively high [5], but signi�cantly less than that in MMCs. It is di�cult to
accurately measure the number of CMCs by general detection methods. More than 90% of MM patients
have abnormal plasma cell phenotype [21]. In this study, according to the immunophenotypic
characteristics of MM patients, FCM was used to detect CMCs, and the number of cells obtained
increased to 1 million, with a sensitivity of 1.0003 ×10−4, which was basically consistent with the report
of Gonsalves et al. [7].

Previous studies have shown that using FCM to detect CMCs can re�ect tumor load, which is of great
signi�cance for MM staging, prognosis and e�cacy evaluation. Gonsalves et al. [6, 7] found that CMCs
can re�ect tumor load and proliferation activity, and the application of CMCs can rede�ne high-risk MM
patients. Nowakowski et al. [22] found that CMCs can independently affect patient survival, which is
consistent with ISS staging system. Vagnoni et al. [3] found that CMCs can be used as a poor prognostic
factor for patients with primary MM at cytogenetic risk. Dingli et al. [23] used FCM to detect CMCs in MM
patients who had received allogeneic hematopoietic stem cell transplantation and found that CMCs was
an independent risk factor. Teresa et al. [14] found higher overall levels of cyVEGF in MM patients, which
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may indicate that increased VEGF in MM may be at least partially related to increased VEGF production
by these plasma cells and may lead to higher levels of angiogenesis and disease progression.

In this study, MMCs and CMCs were not detected in 23 CR patients, while the positive detection rates of
CMCs in the ND/RA group and PR group were 67.9% and 43.3%, respectively. The number of MMCs and
CMCs decreased sequentially in the ND/RA group, PR group and CR group, which indicated that the
number of CMCs and MMCs were related to the curative effect. The number of CMCs and MMCs was
higher and easier to detect in the ND/RA group, and decreased in PR group, and could not be detected in
CR group, which was consistent with the research results of Fujisawa et al. [5]. In this study, there was a
positive correlation between the number of CMCs and MMCs in the ND/RA group and PR group. This
�nding suggests that the number of CMCs is consistent with that of MMCs, and CMCs can re�ect tumor
cell load. Peceliunas et al. [16] also showed that CMCs can decrease with disease improvement and
increase with disease recurrence, so dynamic assessment of the number of CMCs has important clinical
value. However, the number of CMCs is much lower than that of MMCs, and the correlation between
CMCs and MMCs is not high, which may be related to the characteristics of low proliferation rate of
CMCs, low concentration of cytokines promoting proliferation in peripheral blood, absence of bone
marrow mesenchymal cells providing nourishment, and poor growth environment [24]. In MM, there is
evidence that increased angiogenesis in the bone marrow is an indication of aggressive disease and poor
prognosis. Multiple factors including VEGF, interleukin-6, basic �broblastic growth factor and insulin-like
growth-factor-1 appear to be involved in autocrine and paracrine relationships between tumor cells and
stroma which in�uence angiogenesis[25–29]. In this context VEGF is particularly important and has been
studied extensively. In addition to its role as a proangiogenic factor, VEGF acts as a regulator of cellular
growth, survival, and migration. In the marrow microenvironment VEGF appears to be secreted by the
tumor cells as well as by the stromal cells and the secretion by myeloma cells is stimulated by interleukin-
6 which is, in turn, secreted by stromal cells in response to VEGF stimulation[25] resulting in a positive
feedback loop. Adhesion of the myeloma cells to marrow stromal cells results in up-regulation of VEGF
as well as interleukin-6 secretion by the tumor cells and the stromal cells [26]. Myeloma cells in MM
secretes VEGF, which acts on vascular endothelial cells and promotes vascular proliferation, and also
stimulates stromal cells to produce interleukin-6, a powerful growth factor of myeloma cells, thereby
stimulating the increased expression and secretion of VEGF [25, 26]. This study found that the cyVEGF
expression rate of CMCs was signi�cantly higher than that of circulating plasma cells, which indicated
that CMCs could produce VEGF increasedly, consistent with the results of Teresa et al. [14].

The clinical characteristics of CMCs-positive MM are controversial. Some studies [22] believe that the
number of CMCs is not related to tumor load indicators such as β2-MG and MMCs. On the contrary, some
studies [4, 5, 7, 23] suggest that CMCs-positive MM has high levels of β2-MG, LDH and MMCs, low Hb
level and high DS and ISS stage. In this study, the frequencies of moderate or above anemia, β2-MG
increase, sCrea increase, bone destruction and renal function damage were signi�cantly increased in
CMCs positive patients, presenting a high DS and ISS stage, indicating that CMCs is related to high tumor
load and stage, which is consistent with Gonsalves et al. [6, 7]. This may be related to the unique
cytogenetic abnormality of CMCs [7, 23], the downregulation of the expression of integrins, adhesion
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molecules and activated molecules at rest [30], and the positive correlation between CMCs and the
increased number of new microvessels in bone marrow [31], which makes CMCs have a stronger ability to
migrate and invade. Multivariate Logistic regression analysis showed that moderate or above anemia
and β2-MG increase were independent risk factors for CMCs in MM patients. Multiple studies [3, 4, 23]
have shown that CMCs is a factor of poor prognosis in MM patients. Therefore, it is of great clinical
signi�cance to detect CMCs in patients with moderate or above anemia or β2-MG increase.

Compared with MMCs, detection of CMCs can improve patient compliance. This study still has some
limitations. If the sample size was further expanded and the e�cacy groups were re�ned, the number of
CMCs in MM patients at different e�cacy stages can be obtained.
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Figure 1

Comparison of myeloma cells ratio among groups. a Comparison of MMCs ratio among groups. b
Comparison of CMCs ratio among groups.

Figure 2

Correlation between CMCs and MMCs ratio. a Correlation between CMCs and MMCs ratio in ND/RA
group. b Correlation between CMCs and MMCs ratio in PR group.
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Figure 3

FCM dual parameter diagram. a FCM dual parameter diagram of MMCs in MM patients. b FCM dual
parameter diagram of CMCs in MM patients. c FCM dual parameter diagram of marrow plasma cells in
the control group. d FCM dual parameter diagram of circulating plasma cells in the control group.
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Figure 4

Percentage of positive antigens. a The percentage of MMCs positive antigens. b The percentage of CMCs
positive antigens.
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Figure 5

Comparison of cyVEGF expression rate between CMCs and circulating plasma cells.


