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Purpose: Multiple myeloma (MM) is characterized by immune cell dysfunction in the tumor microenvironment (TME). We aimed at 
evaluating the effect of CD73, an overexpressed factor in some tumors, on anti-tumor immune function in the TME of MM.
Patients and Methods: We analyzed the expression of CD73 in T-, B-, and natural killer (NK)-lymphocytes and monocytes in bone 
marrow (BM), peripheral blood (PB) from MM patients and healthy controls, and residual CD138+ cells using flow cytometry. The 
anti-tumor activity of these monocytes was confirmed by co-culture with RPMI-8226 cells treated with a CD73 inhibitor. We 
determined the interleukin (IL)-2, IL-4, IL-6, IL-10, tumor necrosis factor (TNF)-α, and interferon (IFN)-γ levels using 
a cytometric bead array. Monocyte phagocytosis in cell culture sediment was then observed and measured.
Results: CD73 was highly expressed in T-, B-, and NK-lymphocytes and monocytes from the BM and PB isolated from patients with 
MM. Compared with healthy controls, MM samples exhibited significantly higher CD73 expression and TNF-α, IFN-γ, IL-10 levels in 
monocytes. Inhibiting CD73 in BM immune cells from MM samples significantly increased the secretion of IL-2, TNF-α, and IFN-γ, 
as well as the killing ability of immune cells. However, monocyte phagocytosis was seldom observed. Inhibiting CD73 in MM 
monocytes significantly increased the secretion of IL-2, TNF-α, and IFN-γ in monocytes and improved monocyte killing and 
phagocytosis.
Conclusion: Monocytes from MM exhibited weakened anti-tumor effects, and CD73 was involved in forming an immunosuppressive 
microenvironment. Inhibiting CD73 partly restored the anti-tumor activity of monocytes, a potential strategy for the treatment of MM.
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Introduction
Multiple myeloma (MM) is a plasma cell neoplasm in the bone marrow (BM). The global incidence of MM in 2020 was 
176,000, an increase of 287.7% since 1990.1,2 Current myeloma therapies such as proteasome inhibitors, immunomo
dulatory agents, monoclonal antibodies, and BM transplantation, prolong the survival and improve the prognosis of 
patients; however, these methods are rarely curative and disease relapse is common.3 Therefore, new treatments are 
necessary to improve patient outcomes.

Immune dysregulation in the TME is a hallmark of MM.4 The interaction between MM cells and the TME creates 
a pro-tumor niche characterized by dysfunctional monocytes, impaired dendritic cell (DC) differentiation and maturation, 
high levels of myeloid-derived suppressor cells and regulatory T cells, an unbalanced Th1/Th2 cell ratio, and dysregu
lated NK cells.4 Immune checkpoints control anti-tumor immune responses in hematological malignancies, and targeting 
them represents an effective strategy for preventing tumor progression. However, the use of anti-PD-L1/PD-1 antibodies 
in patients with MM remains controversial, because of discordant PD-L1/PD-1 expression in MM and BM cell 
microenvironments.5
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The CD73 metabolic immune checkpoint is crucial in maintaining extracellular adenosine levels that inhibit 
inflammatory responses within a stressed or damaged tissue microenvironment.6–10 CD73 hydrolyzes extracellular 
AMP into adenosine, which acts on P1 receptors (A1R, A2aR, A2bR, and A3R) that regulate inflammatory 
responses.11 In the TME, CD73 promotes adenosine accumulation that activates A2aR and inhibits the anti-tumor effect 
of immune cells. T-, B-, and NK-lymphocytes and monocytes are important participants in anti-tumor immunity. A2aR 
activation inhibits the cytotoxic activity of immune cells and decreases the production of anti-tumor cytokines such as 
TNF-α, IFN-γ, and IL-2, thereby limiting active immune responses and protecting tumors from immune attack.12–14 The 
expression and activity of CD73 are significantly increased in ovarian, triple-negative breast, prostate, and colorectal 
cancers,6–10 and high levels of CD73 are inversely correlated with overall patient survival and prognosis.7,9 

Accumulating evidence has shown that in MM, CD73 is highly expressed in mesenchymal stem cells, lymphocytes, 
stromal cells, and DCs,15–17 and its overexpression in the TME creates an immunosuppressive environment that protects 
myeloma cells from the immune system.16,17 Thus, we analyzed the expression of CD73 in immune cells collected from 
patients with MM and the effect of CD73 on anti-tumor immune function in MM TME. We also explored the therapeutic 
potential of inhibiting CD73 in MM in vitro.

Materials and Methods
Patient Samples
We recruited patients with newly diagnosed MM (n = 40; mean age 61 y; 16 women, 24 men) who were admitted to The 
First Hospital Of Shanxi Medical University from October 2019 to September 2022. The diagnostic criteria from The 
International Myeloma Working Group (IMWG) Guidelines for The Diagnosis and Treatment of Multiple Myeloma 
(Revised 2020) were used to identify newly diagnosed MM. Samples were collected before patients received treatment. 
The healthy control group (n = 40; mean 48 y; 18 women, 22 men) was composed of healthy volunteers. All patients with 
MM and healthy volunteers provided signed informed consent. This study was conducted in accordance with the ethical 
standards formulated in The Declaration of Helsinki and was approved by the Ethics Committee of the First Hospital of 
Shanxi Medical University.

Bone Marrow Mononuclear Cells (BMMCs), PB Mononuclear Cells, Monocytes, and 
Human Myeloma Cell Lines
The BM from the iliac crest and PB from the radial vein were collected from the MM and control groups. BM samples were 
diluted 1:1 with phosphate-buffered saline and Human Lymphocyte Separation Medium (Solarbio Biotechnology Co Ltd, 
Beijing, China) to a density of 1.077 g/mL and centrifuged at 2000 rpm for 15 min to obtain BMMCs. An erythrocyte lysate 
was used to lyse redundant erythrocytes at a volume ratio of 5:1. PB mononuclear cells were obtained using the 
aforementioned method for BMMCs. To obtain monocytes from PB mononuclear cells, mononuclear cells (3×106 cells 
per well) were plated in 10-cm Petri dishes for 3 h, and the adherent monocytes were collected by gentle scraping. The 
human myeloma cell line RPMI-8226 (Fuheng Biotechnology Co Ltd, Shanghai, China) was cultured in RPMI 1640 
(BOSTER Biological Technology Co, Ltd, Wuhan, China) supplemented with 10% fetal bovine serum (FBS) (Saiaomei 
Cell Technology Co, Ltd, Beijing, China), penicillin/streptomycin (Invitrogen), GlutaMax (Invitrogen), sodium pyruvate 
(Invitrogen), non-essential amino acids (Invitrogen), and β-mercaptoethanol (Sigma) at 37°C and 5% CO2.

Flow Cytometry and Software Analysis
Anti-human CD3-FITC-A, CD45-KO, CD4-PE-Cy-A, CD8-APC-Cy-A, CD19-APC-A, CD16/56-PE-A, CD14-PE-A, and 
CD73-PE (BD) antibodies were used to detect the markers on the surface of T-, B-, NK-lymphocytes and monocytes from both 
BM and PB. CD138-PERCP-CY55-A (BD) was used to detect MM cells. Anti-human monoclonal antibodies against IL-2, 
IL-4, IL-6, IL-10, TNF-α, and IFN-γ (Yuanmu Biological Co, Ltd, Shanghai, China) were used to detect immune-related 
proteins in cell culture supernatants. T-, B-, and NK-lymphocytes and monocytes, and CD138+ cells were detected using flow 
cytometry (BD CANTO plus). IL-2, IL-4, IL-6, IL-10, TNF-α, and IFN-γ were detected using a Cytometric Bead Array 
(Beckman FC500). The samples were analyzed using the FlowJo v10.4 software.
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Evaluation of Monocyte Function
Evaluation of Myeloma Cell Killing by Monocytes
PB monocyte cells from patients with MM (M-MØ) or healthy controls (H-MØ) were co-cultured with RPMI-8226 for 
12 h. Cell precipitates and supernatants were collected separately. The proportion of MM cells (CD138+ cells) in the 
precipitate was analyzed using flow cytometry.

Evaluation of Cytokine Secretion of Monocytes
We detected the levels of IL-2, IL-4, IL-6, IL-10, TNF-α, and IFN-γ in the supernatants obtained from all groups using 
the Cytometric Bead Array.

Evaluation of Phagocytosis by Monocytes
Cell precipitates from the co-culture of M-MØ or H-MØ with RPMI-8226 were treated with Giemsa dye (Shan Jingkang 
Biological Engineering Co, Ltd, Shanghai, China) and fixed for 30 min. The monocytes were counted using a microscope 
(Nikon E100) under a 10× objective. The phagocytic index was calculated as the number of phagocytosed myeloma cells 
per 100 macrophages. Images were obtained using a 100× objective. The index calculations were performed by three 
hematologists and each experiment was repeated at least three times.

Analysis of the Anti-Tumor Immunity of CD73 Inhibitor
The BMMCs from patients with MM were cultured in 6-well plates at a density of 2×106 cell per well with 50 μg/mL 
GM-CSF (Tebao Bioengineering Co, Ltd, Xiamen, China) in RPMI 1640 complete media, with or without 10 μg/mL 
PSB-12379 (CD73 inhibitor, Haoyuan Biomedical Technology Co, Ltd, Shanghai, China) for 12 h. The PB monocytes 
from patients with MM were co-cultured with RPMI-8226 cells in a 3:1 ratio with or without 10 μg/mL PSB-12379 in 
48-well plates for 12 h. Then, the monocyte phagocytic index was calculated and mapping was conducted as described in 
the previous section.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 9 (GraphPad Software, San Diego, USA). Data were analyzed 
using nonparametric tests or paired-samples t-test, and are expressed as (X�SD). Differences were statistically sig
nificant at p < 0.05.

Results
Immune Cells in the BM and PB of Patients with MM Express High Levels of CD73
Compared with healthy controls, patients with MM exhibited increased adenosine concentration in the immune 
environment,16,17 and CD73 is a key enzyme in this pathway.18 First, we found that CD73 was highly expressed in 
the BM immune cells of patients with MM. We also found that CD73 expression was high in the T-, B-, and NK- 
lymphocytes and monocytes from the PB of patients with MM (Figure 1A and B). Although these differences were not 
significant (Figure 1C), the high expression of CD73 in the immune cells of patients with MM implied that CD73 may 
dysregulate anti-tumor effect in these cells.

Monocytes of Patients with MM Express High Levels of CD73
We next compared CD73 expression in the PB immune cells between MM and healthy control groups. Flow cytometry 
revealed that patients with MM exhibited significantly higher CD73 expression in PB monocytes (p < 0.000; Figure 2A 
and B), and CD73 expression in PB monocytes from patients with MM was eight times higher than that in the healthy 
control. CD73 expression in the T-, B-, and NK-lymphocytes from the PB of patients with MM was lower than that of 
healthy controls(Figure 2B). The significant difference in CD73 expression in monocytes from patients with MM 
revealed that CD73 may contribute to the defective anti-tumor activity on the MM TME.
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A BM-MM

B PB-MM

C

Figure 1 Immune cells in BM and PB from patients with MM expressed high levels of CD73. (A) Representative analysis of CD73 expression in T-, B-, and NK-lymphocytes 
and monocytes of BM. (B) Representative analysis of CD73 expression in T-, B-, and NK-lymphocytes and monocytes of PB. (C) Quantitative comparison of CD73 
expression in T-, B-, and NK-lymphocytes and monocytes of BM and PB. 
Abbreviations: BM, bone marrow; PB, peripheral blood; MM, multiple myeloma.

BA Control-PB

MM-PB

Figure 2 Expression of CD73 in PB monocytes isolated from patients with MM. (A) Comparative analysis of CD73 expression in PB monocytes: healthy controls (top) vs patients 
with MM (bottom). (B) Quantitative comparison of CD73 expression in PB monocytes from healthy controls and patients with MM. The expression of CD73 in T-, B-, and 
NK-lymphocytes of PB from patients with MM lower than from healthy controls; ***P < 0.001/P < 0.000. 
Abbreviations: BM, bone marrow; PB, peripheral blood; MM, multiple myeloma.
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MM Monocytes Have a Defective Anti-Tumor Immune Function
Monocytes from patients with breast and colon cancer have a decreased anti-tumor immune function;19,20 therefore, we 
evaluated the anti-tumor activity of monocytes from patients with MM by co-culturing PB monocytes from patients with MM 
or healthy controls with RPMI-8226 human myeloma cell lines. The proportion of CD138+ cells significantly decreased in the 
healthy control group compared with that in the MM group (Figure 3A; p < 0.000). We then examined the changes in cytokine 
levels in the supernatant and cell sediment before and after the co-culture of monocytes from MM patients or healthy controls 
with RPMI-8226. Before co-culture, monocytes from patients with MM secreted higher levels of TNF-α (p = 0.003), IFN-γ (p 
= 0.031), and IL-10 (p = 0.023) than those of healthy controls (Figure 3B). After co-culture with RPMI-8226, monocytes from 

Figure 3 PB monocytes from patients with MM exert pro-tumor effects. The PB monocytes from patients with MM (M-MØ) or healthy control (H-MØ) samples were co-cultured 
with myeloma cells (RPMI-8226) for 12 h. (A) Flow cytometry analysis showing the residual CD138+ cells in the healthy control (top) and MM (bottom) groups. (B and C) Levels of IL-2, 
TNF-α, IFN-γ, IL-4, IL-6, and IL-10 in monocytes from patients with MM and healthy controls (B) before co-culture with RPMI-8226 cells and (C) after co-culture in the supernatant. (D) 
Phagocytic index in myeloma cells in the monocytes from patients with MM (bottom) and healthy controls (top) after co-culture with RPMI-8226 cells. ① Monocytes; ② myeloma cells; 
③ monocyte phagocytosis of myeloma cells. (E and F) Levels of IL-2, TNF-α, IFN-γ, IL-4, IL-6, and IL-10 in monocytes from the (E) healthy controls group and (F) patients with MM 
group before and after the co-culture of the samples with RPMI-8226 cells; *P < 0.05, **P < 0.01, ***P < 0.001. 
Abbreviations: PB, peripheral blood; MM, multiple myeloma; RPMI, Roswell Park Memorial Institute; IL, interleukin; TNF-α, tumor necrosis factor alpha; IFN-γ, interferon 
gamma.
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patients with MM secreted lower levels of IL-2 (p = 0.023), TNF-α (p = 0.009), and IFN-γ (p = 0.006) than those of healthy 
controls (Figure 3C). Furthermore, monocytes from patients with MM exhibited a lower phagocytic index (p = 0.001) in the 
cell sediment than those of healthy controls (Figure 3D). Although TNF-α (p = 0.039) and IFN-γ (p = 0.019) secretion 
significantly increased in healthy controls after co-culture (Figure 3E), no changes in TNF-α and IFN-γ secretion were 
observed in the MM group (Figure 3F). These findings indicated that the immune activity of monocytes from patients with 
MM was defective compared with that of the monocytes from healthy controls. Thus, we hypothesized that monocytes from 
patients with MM exhibit a defective anti-tumor immune function.

We confirmed that the CD73 expression and anti-tumor immune function of monocytes were significantly different 
between patients with MM and healthy controls. However, we had to determine the association between the anti-tumor 
activity of immune cells in the TME and the expression of CD73.

Inhibiting CD73 Improved the Anti-Tumor Activity of Immune Cells in Patients with MM
We analyzed the changes in anti-tumor immunity after inhibiting CD73 in the BM immune cells from patients with MM. We 
cultured BMMCs from patients with MM treated with or without the CD37 inhibitor, PSB-12379, for 12 h and found that BM 
immune cells treated with the CD73 inhibitor had a significantly lower number of CD138+ cells (Figure 4A; p = 0.047) 
compared with those from untreated samples. We collected the supernatant and cell sediment after co-culture in the two 
groups, and found that cells treated with the CD73 inhibitor secreted more IL-2 (p = 0.026), TNF-α (p = 0.027), and IFN-γ (p = 
0.022) than untreated immune cells (Figure 4B); however, no obvious monocyte phagocytosis of myeloma cells was observed 
in the cell sediment in either of the groups (Figure 4C). Therefore, inhibiting CD73 function partly improved the anti-tumor 
activity of BM immune cells in MM; however, the role of CD73 in monocytes for anti-tumor immunity requires validation.

Inhibiting CD73 Enhanced the Anti-Tumor Immunity of Monocytes in Patients with MM
We also examined the association between inhibiting CD73 in monocytes and anti-tumor immunity in MM. The PB monocytes 
from patients with MM were co-cultured with RPMI-8226 with or without PSB-12379 for 12 h. We found that PB monocytes 
treated with the CD73 inhibitor had a significantly reduced residual of CD138+ cells (Figure 5A; p = 0.003) than the untreated 

Mononuclear cells

Mononuclear

cells+PSB-12379
Mononuclear cell Mononuclear cells+PSB-12379

A B

C

Figure 4 Inhibiting CD73 improves the anti-tumor immunity in BM immune cells isolated from patients with MM. BMMCs from patients were either untreated or treated 
with 10 μg/mL PSB-12379 for 12 h. (A) Flow cytometry analysis showing the residual CD138+ cells in the BMMCs culture of the groups treated with or without PSB-12379. 
The bar graph shows the quantitative comparison of the residual CD138+ cells in the BMMCs culture in the two groups. (B) Levels of IL-2, TNF-α, IFN-γ, IL-4, IL-6, and IL- 
10 in cells treated with or without PSB-12379. (C) The number of monocytes that underwent phagocytosis in myeloma cells was not significantly different between PSB- 
12379-treated and untreated groups; *P < 0.05. 
Abbreviations: BM, bone marrow; MM, multiple myeloma; BMMCs, bone marrow mononuclear cells; IL, interleukin; TNF-α, tumor necrosis factor alpha; IFN-γ, interferon 
gamma.
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Figure 5 Inhibiting CD73 enhances the anti-tumor immunity of patient monocytes. Monocytes isolated from patients with MM were co-cultured with myeloma cells with or without 
10 μg/mL PSB-12379. (A) Flow cytometry showing the residual CD138+ cells In the patient monocytes culture of the groups treated with or without PSB-12379. Monocytes treated 
with PSB-12379 (bottom) significantly increased the killing activity of CD138+ cells compared to the untreated cells (top). (B) Levels of IL-2, TNF-α, IFN-γ, IL-4, IL-6, and IL-10 in 
monocytes treated with or without PSB-12379. (C) Monocytes treated with PSB-12379 showing significantly higher monocyte phagocytosis in myeloma cells than in untreated 
monocytes. Almost no monocyte phagocytosis was observed when MM PB monocytes were co-cultured with myeloma cells (top), while significantly higher monocyte phagocytosis 
was observed when MM PB monocytes treated with PSB-12379 were co-cultured with myeloma cells (bottom). ① Monocytes; ② myeloma cells; ③ monocyte phagocytosis of 
myeloma cells. (D) The PB monocytes from healthy control samples had a significantly reduced residual of CD138+ cells compared with those treated with PSB-12379 from patients 
with MM. (E) The PB monocytes from healthy control samples had significantly higher TNF-α, IL-4, and IL-6 levels than those that were treated with PSB-12379 from patients with MM. 
(F) PB monocytes from healthy controls showing higher phagocytosis of CD138+ cells than those treated with PSB-12379 from patients with MM; *P < 0.05; **P < 0.01. 
Abbreviations: PB, peripheral blood; MM, multiple myeloma; IL, interleukin; TNF-α, tumor necrosis factor alpha; IFN-γ, interferon gamma.
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monocytes. We also extracted the supernatant and cell sediment from monocytes treated with and without the CD73 inhibitor and 
found that the treated PB monocytes secreted increased amounts of IL-2 (p = 0.013), TNF-α (p = 0.014), and IFN-γ (p = 0.003) 
than the untreated monocytes (Figure 5B). When PB monocytes were treated with the CD73 inhibitor (PSB-12379), a higher 
frequency of monocyte phagocytosis occurred (phagocytic index, p = 0.020) than in the cell sediment of untreated monocytes 
(Figure 5C). The significant increase in anti-tumor cytokines and monocyte phagocytosis indicated that inhibiting CD73 
expression in monocytes improved anti-tumor immunity in MM.

Although inhibiting CD73 in monocytes improved anti-tumor immunity to some extent, compared with PB mono
cytes isolated from patients with MM that were treated with CD73 inhibitors, those from healthy patients could kill more 
CD138+ cells (Figure 5D; P=0.004). Further, an increased monocyte phagocytosis (phagocytic index, p = 0.018) 
occurred in the cell sediment, and high levels of TNF-α (p = 0.033), IL-4 (p = 0.045) and IL-6 (p =0.024) were secreted 
in the supernatant after healthy control monocytes were co-cultured with myeloma cells (Figure 5E and F). These 
findings demonstrated that inhibiting CD73 partially restored the anti-tumor immunity of monocytes in MM; however, 
the gap in anti-tumor immunity between monocytes from healthy individuals and MM patients with MM needs further 
verification.

Discussion
Because MM is currently an incurable disease, its treatment can be complex. Although immune checkpoint therapies such as 
anti-PD1 or PD-L1 have limited clinical effects in MM,5,21 there is evidence that PD-1/PD-L1-blockade combined with 
lenalidomide enhances anti-MM immune effect.22 Therefore, an immune checkpoint away from the PD-1 axis could act as 
a crucial adjuvant that influences the anti-myeloma activity of immune-based treatments to achieve rapid and complete 
remission in patients with MM. CD73 is a nucleotidase attached to the plasma membrane that is highly expressed in many 
TMEs, where it participates in the growth, metastasis, and deterioration of various tumors.6–10,15–17 Increased expression of 
CD73 has been detected in malignant hematological immune cells,23 and CD73 is also expressed in MM BM cells such as 
mesenchymal stem cells, lymphocytes, stromal cells, and dendritic cells (DCs).15–17 We showed that CD73 is highly expressed 
in T-, B-, and NK-lymphocytes and monocytes in both BM and PB collected from patients with MM as compared to healthy 
controls. Patients with MM exhibited very high CD73 expression in PB monocytes, with expression levels eight times higher 
than those observed in healthy controls, revealing that CD73 is a potential therapeutic target for MM.

Immune cells in the TME participate in the pathogenesis of MM. Among others, monocytes are pivotal in the 
pathophysiology of MM and its resistance to treatment.24 Tumor-associated monocytes and macrophages promote tumor 
proliferation and metastasis by protecting the tumor from invasion by T- and NK-lymphocytes. 25 Monocytes in breast cancer, 
colon cancer, and hepatocellular carcinoma have weakened immune activity.19,20,26 Consistent with these reports, we found 
that monocytes from patients with MM secrete significantly lower amounts of anti-tumor cytokines than those from healthy 
controls after co-culture with MM cells. The high level of secretion of IL-10 in MM samples also showed that MM monocytes 
were partially involved in tumor promotion. These findings indicated that monocytes contribute to tumor progression.

The adenosine pathway is involved in immunosuppression in MM and its activation inhibits the anti-MM activity of immune 
cells.14,16,17 The expression level of CD73 was similar between patients and healthy controls in T-, B-, and CD45- stromal cells in 
BM, inhibition of CD73 increased the activation of CD8+T cells, and higher levels of IFN-γ and activated monocytes in spleen and 
BM were observed in myeloma-bearing mice.16 Moreover, MM cells cultured with pDCs exhibited increased CD73 expression in 
myeloma cells, while inhibiting CD73 decreased adenosine levels, activated DCs, and triggered cytotoxic T lymphocyte activity 
against autologous MM cells in DC-MM co-culture models.17 We detected that high levels of CD73 were expressed in the T-, B-, 
and NK-lymphocytes and monocytes in BM isolated from patients with MM, and when the PSB-12379 non-specific CD73 
inhibitor27 was added to BMMCs isolated from patients with MM, improved levels of anti-tumor cytokines IL-2, TNF-α, and 
IFN-γ and the anti-tumor effect of BM immune cells on myeloma were observed. We also found that CD73 expression in MM 
monocytes was eight times that in healthy monocytes, and MM monocytes exhibited defective anti-tumor functions. We further 
verified that the anti-tumor activity of MM monocytes, when treated with PSB-12379, significantly increased; furthermore, the 
activity of anti-tumor cytokines, monocyte phagocytosis, and killing of myeloma cells were improved. The results reported by 
Arghya and Yang were consistent with our findings, suggesting that CD73 acts as an immune checkpoint in MM monocytes and 
influences their anti-tumor activity.16,17 Therefore, inhibiting CD73 restores the anti-tumor effect of these cells.
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CD73 inhibitors have been applied in many tumor models.6,7,16,17 Inhibiting CD73 enhances the activity of anti- 
CTLA-4 and anti-PD-1 monoclonal antibodies against colon and prostate cancers.28 In this study, inhibiting CD73 of 
monocytes from MM patients promoted the secretion of anti-tumor cytokines and increased monocyte phagocytosis of 
myeloma cells. However, although inhibiting CD73 improved the anti-tumor activity of MM monocytes, there is still 
a gap in the anti-tumor activity between MM monocytes treated with CD73 inhibitor and healthy monocytes. Our 
findings reveal that there are other factors in addition to CD73 molecular signaling that affect anti-tumor activity in MM 
TME. A combination of anti-CD73 Ab and TLR-7 agonist triggered more robust autologous MM-specific CD8+CTL 
activity than either agent alone,17 and A2AR and CD73 inhibitors synergistically reduced MM load in patient samples.16 

Thus, our results also help explain the complexity of the MM TME, further showing that single target drug strategies 
have limited therapeutic effects and multi-drug combination therapies are necessary and efficient in managing the disease 
in patients with MM. Our findings verified that high levels of CD73 expression in monocytes can dysregulate the anti- 
tumor effect of myeloma cells, while inhibiting CD73 in monocytes partly restores anti-tumor immunity in MM. Thus, 
CD73 inhibitors are an integral part of the combinational MM treatment strategies.

Data Sharing Statement
Data are available upon reasonable request to the corresponding author. All data relevant to the study are included in the 
article.
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