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Abstract
Purpose  Multiple myeloma (MM) remains incurable. The MM microenvironment supports MM cells’ survival and immune 
escape. Because myeloid-derived suppressor cells (MDSCs) is important in the MM microenvironment, and demethylating 
agent decitabine (DAC) can deplete MDSCs in vitro and in vivo, we hypothesized that DAC treatment could inhibit MM by 
depleting MDSCs in the MM microenvironment.
Methods  In this study, we used the mouse IL6 secreting, myeloma cell line MPC11 as a model. MDSCs were sorted using 
magnetic beads and cultured. A transwell coculture assay was used to mimic the microenvironment in vitro. And MPC11-
bearing mice model was used to observe the efficacy of DAC treatment in vivo.
Results  In vitro coculture assay indicated that MPC11 cells showed significantly lower proliferation rate, less IL6 production 
and more apoptosis when they were cocultured with bone marrow cells without MDSCs (nonMDSCs) or DAC-treated bone 
marrow cells (DAC BMs) than with MDSCs or PBS-treated bone marrow cells (CTR BM). Supplementation with M-MDSCs 
rescued the inhibitory effect of DAC BMs, while additional NOHA supplementation further antagonized the rescue effect 
of M-MDSCs. In MPC11-bearing mice, the combined treatment of DAC with anti-Gr1 antibody showed synergistic effect 
on inhibiting tumor growth and promoting T cell infiltration in the tumor tissue. M-MDSC reinfusion also antagonized the 
efficacy of DAC treatment.
Conclusions  DAC treatment can inhibit myeloma cell proliferation and induce enhanced autologous T cell immune response 
by depleting M-MDSCs in the MM microenvironment. We believe that DAC treatment could improve the prognosis of MM 
in future.
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Abbreviations
MM	� Multiple myeloma
MDSC	� Myeloid-derived suppressor cells
M-MDSC	� Monocytic myeloid-derived suppressor cells
G-MDSC	� Granulocytic myeloid-derived suppressor 

cells
IL6	� Interleukin 6
DAC	� Decitabine

CTR​	� Control
BM	� Bone marrow
nonMDSC	� Bone marrow cells without MDSC
Tc cells	� Cytotoxic T cells
Th cells	� Helper T cells

Introduction

Multiple myeloma (MM) is one of the most frequent hema-
tologic malignancies. The malignant cells develop from 
clonal plasma cells and result in end-organ damage. Con-
ventional anti-myeloma therapy includes cytotoxic chemo-
therapy and autologous hematopoietic stem cell transplan-
tation. However, the response rate is relatively low, and the 
long-term prognosis is unsatisfactory. Although many novel 
agents such as proteasome inhibitors, immunomodulatory 
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agents and monoclonal antibodies have all significantly 
improved the prognosis, MM remains an incurable hema-
tological malignancy (Chim et al. 2018). Most patients ulti-
mately relapse and become refractory to current treatments. 
Basic research on the pathogenesis of MM concentrates on 
two main aspects: the myeloma clone itself, and the micro-
environment that enables myeloma clone survival. Although 
accumulated evidence suggests that genetic and epigenetic 
aberrations occur and evolve in clonal plasma cells, the 
genetic aberrations are considered insufficient for the devel-
opment of systematic MM (Amin et al. 2014; Bianchi and 
Munshi 2015). Therefore, the MM microenvironment has 
begun attracting increasing attention in MM research.

The MM microenvironment is a very complex network 
with various cellular and noncellular factors. The bidirec-
tional interaction between malignant myeloma cells and its 
microenvironment provides a protective niche against cyto-
toxic agents and immune attacks. Among the various factors 
that constitute the MM microenvironment, the essential role 
of myeloid-derived suppressor cells (MDSCs) has already 
been established, which involves facilitating immune escape, 
promoting angiogenesis, and supporting MM cell prolifera-
tion (Botta et al. 2014; Gorgun et al. 2013; Ramachandran 
et al. 2013). There are two main populations of MDSCs: 
monocytic MDSCs (M-MDSCs) and granulocytic MDSCs 
(G-MDSCs). In tumor-bearing mice, the immunophenotype 
of M-MDSCs was defined as Gr1dim/Ly6Glow, while that of 
G-MDSCs was defined as Gr1high/Ly6Ghigh. However, the 
effects of these two populations on the MM microenviron-
ment remain controversial. In some studies, G-MDSCs 
were increased in MM patients and induced angiogenesis 
in vitro and in vivo (Binsfeld et al. 2016; Giallongo et al. 
2016), while in other studies, M-MDSCs were regarded 
as more important than G-MDSCs, because accumulating 
M-MDSCs in the peripheral blood of MM patients were 
associated with lower treatment response rates and worse 
long-term prognosis (Lee et al. 2016; Wang et al. 2015b).

Decitabine, also known as 5-aza-2′-deoxycytidine (DAC), 
is a hypomethylating agent. Its anticancer activity relies on 
reactivating methylation-silenced genes. Through its dem-
ethylation mechanism, DAC treatment not only upregulates 
some tumor suppressor genes to inhibit tumor cell prolif-
eration and induces tumor cells to undergo apoptosis but 
also upregulates many immune-associated genes, leading 
to the so-called immune modulation effect (Saleh et al. 
2016). In our previous studies, we demonstrated that DAC 
treatment could upregulate cancer-testis antigen expres-
sion on leukemia cells and induce autologous cancer-testis 
antigen-specific cytotoxic T cells in vivo (Zhou et al. 2013). 
In 2017, we reported the immunoregulatory effect of DAC 
on immune tolerance. We found that DAC treatment could 
specifically induce MDSCs to undergo apoptosis in vitro and 
in vivo and deplete MDSCs in the tumor microenvironment. 

MDSC depletion by DAC treatment disrupted the tumor-
induced immune tolerance and enhanced the autologous 
anti-leukemia immune response in vivo (Zhou et al. 2017). 
Such an MDSC-depleting effect of hypomethylating agent, 
including both decitabine and 5-azacytidine, had also been 
confirmed by other researchers previously (Mikyskova et al. 
2014; Stone et al. 2017; Terracina et al. 2016).

Considering that MDSCs are essential in the MM micro-
environment and that DAC treatment depletes MDSC 
in vitro and in vivo, we hypothesized that DAC may exert 
anti-myeloma activity by targeting MDSCs in the MM 
microenvironment. In this study, we attempted to prove our 
hypothesis in vitro and in vivo using a mice model and to 
explain the different roles of M-MDSCs and G-MDSCs in 
the myeloma microenvironment.

Methods

Cell lines

Mouse multiple myeloma cell line MPC11 was purchased 
from the cell culture center of Peking Union Medical Col-
lege, Beijing, China. MPC11 cells were maintained in 
Dulbecco’s Modified Eagle Medium’s supplemented with 
10% fetal calf serum, 100 mg/mL penicillin/streptomycin 
and l-glutamine. The cells were incubated at 37 °C and 5% 
CO2. MPC11 cells could secrete interleukin-6 (IL6). So, the 
activity of MPC11 cells could also be measured by its ability 
of IL6 production.

Animals

BALB/C mice (H-2Kd) (male, 6–8 weeks old) were pur-
chased from the laboratory animal center of Southern Medi-
cal University (Guangzhou, China). All mice were housed 
in autoclaved microisolator environments at Forevergen 
Biosciences Co., Ltd. (Guangzhou, China). To generate the 
myeloma mice model, 6 × 105 MPC11 cells were injected 
subcutaneously into the left inguinal skin. All manipula-
tions were performed under a laminar flow hood. For the 
in vivo treatment, DAC was administered intraperitoneally 
at a dose of 1 mg/kg for 5 consecutive days. For MDSC 
depletion, the anti-mouse Gr1 antibody or its isotype (Bio 
X Cell, NH, USA) was injected intraperitoneally at a dose 
of 200 µg/mouse/day every 3 days for a total of 4 times. 
All animal experiments were performed in accordance with 
national and institutional guidelines for animal care and 
were approved by the Animal Use and Care Committee of 
The Second Clinical Medical College (Shenzhen People’s 
Hospital), Jinan University.
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Flow cytometry staining and analysis

PE-conjugated anti-mouse Gr-1 and CD8, FITC-conjugated 
anti-mouse CD11b, and APC-conjugated anti-mouse CD4 
were purchased from eBiosciences (San Diego, USA). Pro-
pidium iodide (PI) and Annexin V were purchased from 
Biolegend (San Diego, USA). Fluorescence-labeled cells 
were analyzed on a BD FACSCalibur cytometer, and data 
were analyzed using Flowjo software version 7.6.1 (TreeS-
tar, Ashland, USA).

Cell sorting

Mouse MDSC isolation kits, MACS columns and a MACS 
separator were purchased from Milteny Co. (San Diego, 
USA). MDSC sorting was performed according to the 
manufacturer’s instructions. Briefly, bone marrow cells 
from MPC11-bearing mice were first magnetically labeled 
with anti-Gr1 microbeads and anti-Ly6G microbeads. Then, 
the cell suspension was loaded onto a MACS column. The 
Gr1high/Ly6Ghigh cells, which were G-MDSCs, were retained 
and positively selected in the first step. In the second step, 
the flow-through fraction was labeled with anti-Gr1 micro-
beads again and then loaded onto a second MACS column. 
The retained and positively selected cells in the second col-
umn were Gr1dim/Ly6Glow cells, which were M-MDSCs. For 
experiments using total MDSCs, these two MDSC subsets 
were mixed together after sorting.

Coculture of MDSCs and MPC11 cells in vitro

Primary MDSCs and MPC11 cells were cocultured in a 
transwell plate (pore size: 0.4 µm) containing Dulbecco’s 
Modified Eagle’s Medium supplemented with 10% fetal calf 
serum, 100 mg/mL penicillin/streptomycin and l-glutamine. 
Human granulocyte colony-stimulating factor (G-CSF) was 
added at 100 ng/mL, and mouse granulocyte–macrophage 
colony-stimulating factor (GM-CSF) was added at 250 U/
mL. Cultures were incubated at 37 °C and 5% CO2. Recom-
binant murine IL-13 (R&D Systems, Minneapolis, USA) 
was added at 80 ng/mL every other day. MPC11 cells were 
seeded in the upper chamber at a density of 2 × 105/mL, 
while MDSCs were seeded in the lower chamber at a den-
sity of 1 × 106/mL. M-MDSCs secrete arginase-1 (ARG-
1); thus, for ARG-1 antagonism, NG-hydroxy-l-arginase 
(NOHA) (Cayman Chemical, Ann Arbor, USA) was added 
to the coculture system at a concentration of 50 µmol/L. 
G-MDSCs secretes inducible Nitric oxide synthase (iNOS); 
thus, for iNOS antagonism, N-ω-nitro-l-arginine methyl 
ester (l-NAME) (Sigma, St. Louis, USA) was added to the 
coculture system at a concentration of 10 mmol/L.

ELISA

After coculture for 120 h, supernatants were collected from 
the top chamber of the transwell plates and preserved at 
-20 °C. Since MPC11 cells could secrete IL6, concentrations 
of IL-6 in culture supernatants were determined using mouse 
IL-6 ELISA kits according to the manufacturer’s instructions 
(R&D Systems, Minneapolis, USA).

Cell viability assay

The MTT assay was used to detect cell viability. Briefly, the 
MPC11 cells after coculture were harvested and re-seeded 
into 96-well plates at a density of 2 × 104 cells/well. The 
medium for MPC11 cells culture in the 96-well plates was 
also Dulbecco’s Modified Eagle’s Medium supplemented 
with 10% fetal calf serum, 100 mg/mL penicillin/strepto-
mycin and l-glutamine. After being cultured under stand-
ard conditions for 24, 72, or 120 h, 10 µL of MTT solution 
(Sigma, 5 mg/mL in PBS, St. Louis, USA) was added to 
each well and incubated for another 4 h. Then, the superna-
tant was discarded, and 100 µL of DMSO was added to each 
well. After shaking the plates for 10 min, the absorbance was 
recorded at 570 nm using a spectrophotometer.

Statistics

Statistical analysis was conducted using GraphPad Prism 
(Version 5.0, GraphPad Software, Inc. La Jolla, USA). 
Student’s t test was used to compare continuous variables 
between groups. Mice survival was calculated using the 
Kaplan–Meier method and compared by the log-rank test. 
A p value less than 0.05 was considered significant.

Results

In vitro coculture assay revealed the impact of DAC 
BMs on MPC11 cells

We generated an MPC11-bearing BALB/C mice model, sac-
rificed the mice when the tumors became palpable (about 
5 × 5 mm), and then collected the bone marrow cells. The 
bone marrow cells were separated into two populations 
by MDSC isolation kits, as indicated in the methods. One 
population was MDSCs, primarily Gr1+/CD11b+ cells; the 
other was bone marrow cells without MDSCs (nonMDSCs). 
MDSCs or nonMDSCs were then cocultured with MPC11 
cells in a transwell system. MPC11 cells were seeded in the 
upper chamber at a density of 2 × 105/mL, while MDSCs 
or nonMDSCs were seeded in the lower chamber at a den-
sity of 1 × 106/mL. After coculture for 5 days, we found 
that MPC11 cells cocultured with MDSCs showed higher 
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proliferation rates, more IL6 production, and less apoptosis 
than those cocultured with nonMDSCs, as shown in Fig. 1, 
which indicated that MDSCs support MPC11 cell survival 
in an in vitro microenvironment.

Furthermore, we generated MPC11-bearing BALB/C 
mice model, treated them with DAC at a dose of 1 mg/kg/
day or with PBS as control for 5 consecutive days and then 
sacrificed them and collected the bone marrow cells (DAC 
BMs and CTR BMs). DAC BMs or CTR BMs were fur-
ther cocultured with MPC11 cells in the transwell system 
as mentioned above. After coculture for 5 days, we found 
that MPC11 cells cocultured with CTR BMs showed higher 
proliferation rates, more IL6 production, and less apoptosis 
than those cocultured with DAC BMs (Fig. 1).

Considering that MPC11 cocultured with DAC BMs 
showed a pattern similar to those cocultured with nonMD-
SCs, and since we have already demonstrated that DAC 
could deplete MDSC in the bone marrow of mice (Zhou 
et  al. 2017), we believe that DAC BMs inhibit MPC11 
cell survival and proliferation in vitro probably via MDSC 
depletion.

M‑MDSCs, but not G‑MDSCs, rescued the impact 
of DAC BMs on MPC11 cells in the in vitro coculture 
assay

To further confirm our hypothesis that DAC BMs inhib-
ited MPC11 cell survival in vitro by depleting MDSCs, we 

repeated the in vitro coculture assay by replenishing MDSCs 
into DAC BMs in the coculture transwell system. Briefly, 
DAC BMs and MPC11 cells were cocultured in the transwell 
system. M-MDSCs and G-MDSCs were sorted and supple-
mented into DAC BMs, respectively. For DAC BMs supple-
mented with M-MDSCs or G-MDSCs, NOHA or L-NAME 
were further added, respectively. As shown in Fig. 2, supple-
mentation with M-MDSCs significantly rescued the impact 
of DAC BMs on MPC11 cells in vitro by promoting pro-
liferation, increasing IL6 production and reducing MPC11 
apoptosis. Further treatment with NOHA counteracted the 
rescue effect of M-MDSCs. However, such a rescue effect 
was not observed in DAC BM supplemented with G-MDSCs 
or with G-MDSCs and L-NAME treatment.

Therefore, we confirmed that M-MDSCs, but not 
G-MDSCs, were essential for MPC11 cells’ survival and 
proliferation in the in vitro coculture system. And the reason 
why DAC BM inhibited MPC11 cells was mainly due to 
M-MDSC depletion after DAC treatment.

DAC treatment inhibited MPC11 proliferation 
in vivo by depleting M‑MDSCs and increasing T cell 
infiltration in the tumor tissue

To further confirm the efficacy of DAC treatment in vivo, we 
employed the mice model as mentioned above. The MPC11-
bearing mice were divided into six groups: group 1 received 
the anti-Gr1 antibody and DAC treatment; group 2 received 

Fig. 1   In vitro coculture assay 
revealed the impact of DAC 
BMs on MPC11 cells. a MPC11 
cells cocultured with MDSCs 
showed a significantly higher 
proliferation rate than those 
cocultured with nonMDSCs; b 
MPC11 cells cocultured with 
CTR BMs showed a signifi-
cantly higher proliferation rate 
than those cocultured with DAC 
BMs; c MPC11 cells cocultured 
with MDSCs or with CTR BMs 
secreted more IL6 than those 
cocultured with nonMDSCs or 
with DAC BMs; d MPC11 cells 
cocultured with MDSCs and 
CTR BMs showed less apopto-
sis than those cocultured with 
nonMDSCs or with DAC BMs. 
*p < 0.05. Graphs are shown as 
the mean ± SEM. Data are rep-
resentative of three independ-
ent experiments with triplicate 
wells for each group
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the anti-Gr1 antibody and PBS treatment; group 3 received 
the isotype and DAC treatment; group 4 received the isotype 
and PBS treatment; group 5 received the isotype and DAC 
treatment as well as G-MDSC reinfusion via the tail vein at 
a dose of 5 × 106/mouse after DAC treatment; and group 6 
received the isotype and DAC treatment as well as M-MDSC 
reinfusion via the tail vein at a dose of 5 × 106/mouse after 
DAC treatment. For all groups, the day MPC11 cells were 
inoculated subcutaneously was marked as day 0. Then, anti-
Gr1 antibody or its isotype was infused at days 1, 4, 7, and 
10 for a total of four doses, while DAC or PBS treatment was 
administered from day 6 to day 10 for a total of 5 consecu-
tive days. M-MDSCs or G-MDSCs were reinfused via tail 
vein at day 12.

As shown in Fig. 3a–c, the isotype combined with PBS 
treatment did not show any therapeutic efficacy, while 
both the anti-Gr1 antibody and DAC treatment inhibited 
tumor proliferation in vivo. Combining the anti-Gr1 anti-
body and DAC treatment elicited a synergistic effect as the 
most significant inhibition on tumor growth. In addition, 
for mice treated with the isotype and DAC, reinfusion with 
M-MDSCs promoted tumor growth, while reinfusion with 
G-MDSCs did not show any effect on tumor growth. These 
in vivo results were concordant with what we observed in 
the in vitro coculture system—M-MDSCs could rescue the 
effect of DAC treatment.

We then sacrificed the mice on day 25, harvested and 
digested the tumors, and analyzed the dissociated tumor 
cells by flow cytometry, as shown in Fig. 3d. The consti-
tution of tumor-infiltrating T cells was shown in Fig. 3e, 

f. As was shown, in mice treated with isotype and PBS, 
since no MDSCs were depleted, the percentage of tumor-
infiltrating CD4+ and CD8+ T cells were both very low; in 
mice treated with the isotype and DAC and then reinfused 
with M-MDSCs, the percentage of tumor-infiltrating T cells 
was also very low. However, in other groups, tumor-infil-
trating CD4+ and CD8+ T cells were all at a similarly high 
level. According to this result, DAC treatment, by depleting 
M-MDSCs, could not only disrupt the microenvironment 
MPC11 cells needed for survival and proliferation, but also 
enhance the autologous T cell infiltration in the tumor tissue, 
which indicated stronger immune response.

Discussion

MM remains an incurable hematological malignancy even 
in the new-drug era. Therapies targeting the MM micro-
environment hold promise for a possible cure in future. In 
our and other researchers’ previous studies, hypomethyla-
tion treatment, both decitabine and 5-azacytidine, had been 
reported to deplete MDSCs in the tumor microenvironment, 
and thus enhance the antitumor immune response in vitro 
and in vivo (Mikyskova et al. 2014; Stone et al. 2017; Ter-
racina et al. 2016; Zhou et al. 2017). In this study, we not 
only confirmed that DAC treatment could inhibit myeloma 
proliferation in vitro and in vivo by depleting MDSCs but 
also demonstrated that M-MDSCs are an essential subset 
for myeloma cell survival and immune escape in the MM 
microenvironment.

Fig. 2   M-MDSCs, but not 
G-MDSCs, rescued the impact 
of DAC BMs on MPC11 cells 
in the in vitro coculture system. 
a MPC11 proliferation by MTT 
assay; b bar chart of MPC11 
proliferation data on day 5 after 
coculture; c IL6 production 
by MPC11 cells on day 5 after 
coculture; and d MPC11 cell 
apoptosis on day 5 after cocul-
ture. Supplementation with 
the ARG-1 antagonist NOHA 
counteracted the rescue effect of 
M-MDSCs, while supplementa-
tion with the iNOS antagonist 
L-NAME did not affect the 
effect of G-MDSCs. Graphs 
are shown as the mean ± SEM. 
*p < 0.05 vs. CTR BM. Data 
are representative of three 
independent experiments with 
triplicate wells for each group
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MDSCs can be subdivided into M-MDSCs and 
G-MDSCs. Many studies have reported that M-MDSCs, 
but not G-MDSCs, were significantly increased in vari-
ous tumors such as breast cancer (Speigl et al. 2018), dif-
fuse large B cell lymphoma (Wu et al. 2015), peripheral 
T cell lymphoma (Du et al. 2017), urothelial carcinoma 
(Ornstein et al. 2018), glioma (Domenis et al. 2017), non-
small cell lung cancer (Pogoda et al. 2016), and myelod-
ysplastic syndromes (Kittang et al. 2016). Moreover, an 
increase in the level of M-MDSCs in the peripheral blood 
may predict a poor treatment response. For example, Gial-
longo et al. reported that in CML patients who received 
dasatinib treatment, the peripheral M-MDSC count was 
positively correlated with patients’ BCR/ABL transcript 
levels. M-MDSC accumulation in the peripheral blood 
indicated minimal residual disease and disease progres-
sion (Giallongo et al. 2018). In MM patients, this is also 
the case. Wang et al. reported that the levels of M-MDSCs 
in newly diagnosed and relapsed MM patients were signifi-
cantly increased compared with those in MM patients in 
remission as well as healthy donors. Moreover, the levels 
of M-MDSCs were shown to correlate with tumor pro-
gression (Wang et al. 2015b). Lee et al. also reported that 
the increase in peripheral M-MDSCs after lenalidomide-
dexamethasone treatment was associated with failure 

to achieve a response of “very good partial remission” 
(VGPR) or greater in refractory/relapsed MM patients 
(Lee et al. 2016). Therefore, M-MDSCs and G-MDSCs 
may play different roles in the MM microenvironment. Van 
Valckenborgh et al. purified M-MDSCs and G-MDSCs 
from a MM mice model and tested their ability to suppress 
antigen-specific T cell proliferation in a dose-dependent 
manner. They found that M-MDSCs were, on average, 
more suppressive than G-MDSCs in the MM microenvi-
ronment (Van Valckenborgh et al. 2012), while the func-
tion of G-MDSCs lied mainly in promoting angiogenesis 
in the MM microenvironment, as was reported by other 
researchers (Binsfeld et al. 2016; Giallongo et al. 2016). In 
our study, we also found that supplement with M-MDSCs 
significantly antagonized the therapeutic effect after DAC 
treatment in vitro and in vivo, while additional NOHA 
counteracted the antagonistic effect of M-MDSCs in vitro. 
Supplementation with G-MDSCs or with l-NAME did 
not show any influence on tumor growth. The reason why 
G-MDSCs did not show any efficacy on MM survival in 
our study is possibly due to the short observation duration. 
Since the main function of G-MDSCs is promoting angio-
genesis, the duration of supplementation with G-MDSCs 
in our experiments may have been too short for angiogen-
esis in MM tissue. Our results are in accordance with the 

Fig. 3   DAC treatment inhibits 
MPC11 proliferation in vivo 
by depleting M-MDSCs and 
increasing T cell infiltration in 
the tumor tissue. a prolifera-
tion shown as tumor volumes 
between different groups in days 
after MPC11 inoculation; b 
proliferation data shown as dis-
sected tumors; c survival curves 
of mice in different groups, 
*p < 0.05 vs. isotype + PBS 
group; d gating strategy for 
analyzing tumor-infiltrating T 
cells in disassociated tumors; 
M-MDSC depletion, but not 
G-MDSC depletion, by either 
anti-Gr1 antibody, DAC, or both 
significantly increased tumor-
infiltrating Tc (e) and Th (f) 
cells in the tumor tissue, which 
indicated an enhanced autolo-
gous T cell immune response. 
Data are representative of three 
independent experiments with 5 
replicates for each group
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notion that M-MDSCs play an important role in myeloma 
cell survival in the MM microenvironment. In addition, 
since we employed the transwell coculture system in this 
study, we believe that the crosstalk between M-MDSCs 
and MM cells occurred independently of cell–cell con-
tact. Some studies have reported that the crosstalk between 
MDSCs and MM cells is mediated by exosomes (Wang 
et al. 2015a, 2016). Illustrating the mechanism underlying 
how M-MDSCs support MM cell survival and prolifera-
tion is a goal of our future work.

Considering the important role of MDSCs in the 
tumor microenvironment, many researchers have tried 
different methods to disrupt this microenvironment by 
targeting MDSCs. Some have attempted to promote the 
differentiation of MDSCs to more mature cells, for exam-
ple, using valproic acid (Youn et al. 2013) and all-trans 
retinoic acid (Iclozan et al. 2013). Others tried to block 
cytokines secreted by MDSCs to antagonize their function, 
for example, using a COX-2 inhibitor such as celecoxib 
(Veltman et al. 2010) or the PDE-5 inhibitors sildenafil 
and tadalafil (Serafini et al. 2006). Researchers have also 
tried to deplete MDSCs selectively, for example, using 
daunorubicin (Belyaev et al. 2018), ipilimumab (de Coana 
et al. 2017) and gemcitabine (Sasso et al. 2016). All these 
modalities, by influencing MDSCs in different ways, inhib-
ited tumor cell proliferation and enhanced autologous T 
cell immune response against tumors. In this study and in 
our previous work, we found that demethylation treatments 
such as DAC also showed potent anti-myeloma activity 
in vivo by depleting M-MDSC. To our knowledge, this is 
the first study demonstrating the possible immune regula-
tion mechanism of DAC in myeloma treatment.

In conclusion, DAC could deplete MDSCs in vitro and 
in vivo as was formerly reported. In this study, we provide 
evidence to show that DAC treatment can inhibit mye-
loma cell proliferation and induce enhanced autologous 
T cell immune response by depleting M-MDSCs in the 
MM microenvironment. We believe that DAC treatment 
could play a synergistic role with currently available anti-
myeloma therapies, and thus improve the prognosis of MM 
in future.

Acknowledgements  This work was supported by the National Natural 
Science Foundation of China (No. 81600168 and 81702082), the Basic 
Research Project of Shenzhen Science and Technology Program (No. 
JCYJ20160422145031770), and the Sanming Project of Medicine in 
Shenzhen (No. SZSM201512006). We thank Yushi Yao from McMas-
ter Immunology Research Centre, McMaster University (Hamilton, 
Ontario, Canada) for the helpful discussion and technical support.

Funding  This work was supported by the National Natural Science 
Foundation of China (Nos. 81600168 and 81702082), the Basic 
Research Project of Shenzhen Science and Technology Program (No. 
JCYJ20160422145031770), and the Sanming Project of Medicine in 
Shenzhen (No. SZSM201512006).

Compliance with ethical standards 

Conflict of interest  Author Jihao Zhou declares that he has no conflict 
of interest. Author Qi Shen declares that he has no conflict of interest. 
Author Haiqing Lin declares that he has no conflict of interest. Author 
Lina Hu declares that he has no conflict of interest. Author Guoqiang 
Li declares that he has no conflict of interest. Author Xinyou Zhang 
declares that he has no conflict of interest.

Ethical approval  All applicable international, national, and/or institu-
tional guidelines for the care and use of animals were followed. This 
article does not contain any studies with human participants performed 
by any of the authors.

References

Amin SB et al (2014) Gene expression profile alone is inadequate in 
predicting complete response in multiple myeloma. Leukemia 
28:2229–2234. https​://doi.org/10.1038/leu.2014.140

Belyaev NN, Abdolla N, Perfilyeva YV, Ostapchuk YO, Krasnoshtanov 
VK, Kali A, Tleulieva R (2018) Daunorubicin conjugated with 
alpha-fetoprotein selectively eliminates myeloid-derived sup-
pressor cells (MDSCs) and inhibits experimental tumor growth. 
Cancer Immunol Immunother CII 67:101–111. https​://doi.
org/10.1007/s0026​2-017-2067-y

Bianchi G, Munshi NC (2015) Pathogenesis beyond the cancer 
clone(s) in multiple myeloma. Blood 125:3049–3058. https​://doi.
org/10.1182/blood​-2014-11-56888​1

Binsfeld M et al (2016) Granulocytic myeloid-derived suppressor cells 
promote angiogenesis in the context of multiple myeloma. Onco-
target 7:37931–37943. https​://doi.org/10.18632​/oncot​arget​.9270

Botta C, Gulla A, Correale P, Tagliaferri P, Tassone P (2014) Mye-
loid-derived suppressor cells in multiple myeloma: pre-clinical 
research and translational opportunities. Front Oncol 4:348. https​
://doi.org/10.3389/fonc.2014.00348​

Chim CS et al (2018) Management of relapsed and refractory multiple 
myeloma: novel agents, antibodies, immunotherapies and beyond. 
Leukemia 32:252–262. https​://doi.org/10.1038/leu.2017.329

de Coana YP et al (2017) Ipilimumab treatment decreases monocytic 
MDSCs and increases CD8 effector memory T cells in long-term 
survivors with advanced melanoma. Oncotarget 8:21539–21553. 
https​://doi.org/10.18632​/oncot​arget​.15368​

Domenis R et al (2017) Systemic T cells immunosuppression of glioma 
stem cell-derived exosomes is mediated by monocytic myeloid-
derived suppressor cells. PLoS One 12:e0169932. https​://doi.
org/10.1371/journ​al.pone.01699​32

Du J, Sun X, Song Y (2017) The study of CD14+ HLA-DR-/low 
myeloid-drived suppressor cell (MDSC) in peripheral blood of 
peripheral T-cell lymphoma patients and its biological function. 
Cell Mol Biol (Noisy-le-Grand, France) 63:62–67. https​://doi.
org/10.14715​/cmb/2017.63.3.12

Giallongo C et al (2016) Granulocyte-like myeloid derived suppres-
sor cells (G-MDSC) are increased in multiple myeloma and are 
driven by dysfunctional mesenchymal stem cells (MSC). Onco-
target 7:85764–85775. https​://doi.org/10.18632​/oncot​arget​.7969

Giallongo C et  al (2018) Monocytic myeloid-derived suppressor 
cells as prognostic factor in chronic myeloid leukaemia patients 
treated with dasatinib. J Cell Mol Med 22:1070–1080. https​://doi.
org/10.1111/jcmm.13326​

Gorgun GT et al (2013) Tumor-promoting immune-suppressive mye-
loid-derived suppressor cells in the multiple myeloma micro-
environment in humans. Blood 121:2975–2987. https​://doi.
org/10.1182/blood​-2012-08-44854​8

https://doi.org/10.1038/leu.2014.140
https://doi.org/10.1007/s00262-017-2067-y
https://doi.org/10.1007/s00262-017-2067-y
https://doi.org/10.1182/blood-2014-11-568881
https://doi.org/10.1182/blood-2014-11-568881
https://doi.org/10.18632/oncotarget.9270
https://doi.org/10.3389/fonc.2014.00348
https://doi.org/10.3389/fonc.2014.00348
https://doi.org/10.1038/leu.2017.329
https://doi.org/10.18632/oncotarget.15368
https://doi.org/10.1371/journal.pone.0169932
https://doi.org/10.1371/journal.pone.0169932
https://doi.org/10.14715/cmb/2017.63.3.12
https://doi.org/10.14715/cmb/2017.63.3.12
https://doi.org/10.18632/oncotarget.7969
https://doi.org/10.1111/jcmm.13326
https://doi.org/10.1111/jcmm.13326
https://doi.org/10.1182/blood-2012-08-448548
https://doi.org/10.1182/blood-2012-08-448548


336	 Journal of Cancer Research and Clinical Oncology (2019) 145:329–336

1 3

Iclozan C, Antonia S, Chiappori A, Chen DT, Gabrilovich D (2013) 
Therapeutic regulation of myeloid-derived suppressor cells and 
immune response to cancer vaccine in patients with extensive 
stage small cell lung cancer. Cancer Immunol Immunother CII 
62:909–918. https​://doi.org/10.1007/s0026​2-013-1396-8

Kittang AO et al (2016) Expansion of myeloid derived suppressor cells 
correlates with number of T regulatory cells and disease progres-
sion in myelodysplastic syndrome. Oncoimmunology 5:e1062208. 
https​://doi.org/10.1080/21624​02x.2015.10622​08

Lee SE et al (2016) Circulating immune cell phenotype can predict the 
outcome of lenalidomide plus low-dose dexamethasone treatment 
in patients with refractory/relapsed multiple myeloma. Cancer 
Immunol Immunother CII 65:983–994. https​://doi.org/10.1007/
s0026​2-016-1861-2

Mikyskova R et al (2014) DNA demethylating agent 5-azacytidine 
inhibits myeloid-derived suppressor cells induced by tumor 
growth and cyclophosphamide treatment. J Leukoc Biol 95:743–
753. https​://doi.org/10.1189/jlb.08134​35

Ornstein MC et al (2018) Myeloid-derived suppressors cells (MDSC) 
correlate with clinicopathologic factors and pathologic complete 
response (pCR) in patients with urothelial carcinoma (UC) under-
going cystectomy. Urol Oncol. https​://doi.org/10.1016/j.urolo​
nc.2018.02.018

Pogoda K, Pyszniak M, Rybojad P, Tabarkiewicz J (2016) Monocytic 
myeloid-derived suppressor cells as a potent suppressor of tumor 
immunity in non-small cell lung cancer. Oncol Lett 12:4785–
4794. https​://doi.org/10.3892/ol.2016.5273

Ramachandran IR et al (2013) Myeloid-derived suppressor cells regu-
late growth of multiple myeloma by inhibiting T cells in bone 
marrow. J Immunol (Baltimore, Md: 1950) 190:3815–3823. https​
://doi.org/10.4049/jimmu​nol.12033​73

Saleh MH, Wang L, Goldberg MS (2016) Improving cancer immuno-
therapy with DNA methyltransferase inhibitors. Cancer Immu-
nol Immunother CII 65:787–796. https​://doi.org/10.1007/s0026​
2-015-1776-3

Sasso MS et al (2016) Low dose gemcitabine-loaded lipid nanocap-
sules target monocytic myeloid-derived suppressor cells and 
potentiate cancer immunotherapy. Biomaterials 96:47–62. https​
://doi.org/10.1016/j.bioma​teria​ls.2016.04.010

Serafini P et  al (2006) Phosphodiesterase-5 inhibition augments 
endogenous antitumor immunity by reducing myeloid-derived 
suppressor cell function. J Exp Med 203:2691–2702. https​://doi.
org/10.1084/jem.20061​104

Speigl L, Burow H, Bailur JK, Janssen N, Walter CB, Pawelec G, 
Shipp C (2018) CD14 + HLA-DR-/low MDSCs are elevated in 
the periphery of early-stage breast cancer patients and suppress 
autologous T cell proliferation. Breast Cancer Res Treat 168:401–
411. https​://doi.org/10.1007/s1054​9-017-4594-9

Stone ML et al (2017) Epigenetic therapy activates type I interferon 
signaling in murine ovarian cancer to reduce immunosuppression 
and tumor burden. Proc Natl Acad Sci USA 114:E10981–E10990. 
https​://doi.org/10.1073/pnas.17125​14114​

Terracina KP, Graham LJ, Payne KK, Manjili MH, Baek A, Damle 
SR, Bear HD (2016) DNA methyltransferase inhibition increases 
efficacy of adoptive cellular immunotherapy of murine breast can-
cer. Cancer Immunol Immunother CII 65:1061–1073. https​://doi.
org/10.1007/s0026​2-016-1868-8

Van Valckenborgh E et al (2012) Multiple myeloma induces the immu-
nosuppressive capacity of distinct myeloid-derived suppressor cell 
subpopulations in the bone marrow. Leukemia 26:2424–2428. 
https​://doi.org/10.1038/leu.2012.113

Veltman JD, Lambers ME, van Nimwegen M, Hendriks RW, Hoog-
steden HC, Aerts JG, Hegmans JP (2010) COX-2 inhibition 
improves immunotherapy and is associated with decreased 
numbers of myeloid-derived suppressor cells in mesothelioma. 
Celecoxib influences MDSC function. BMC Cancer 10:464. https​
://doi.org/10.1186/1471-2407-10-464

Wang J et al (2015a) The bone marrow microenvironment enhances 
multiple myeloma progression by exosome-mediated activation 
of myeloid-derived suppressor cells. Oncotarget 6:43992–44004. 
https​://doi.org/10.18632​/oncot​arget​.6083

Wang Z et al (2015b) Tumor-induced CD14+ HLA-DR (-/low) mye-
loid-derived suppressor cells correlate with tumor progression 
and outcome of therapy in multiple myeloma patients. Cancer 
Immunol Immunother CII 64:389–399. https​://doi.org/10.1007/
s0026​2-014-1646-4

Wang J, De Veirman K, Faict S, Frassanito MA, Ribatti D, Vacca A, 
Menu E (2016) Multiple myeloma exosomes establish a favour-
able bone marrow microenvironment with enhanced angiogen-
esis and immunosuppression. J Pathol 239:162–173. https​://doi.
org/10.1002/path.4712

Wu C et al (2015) Prognostic significance of peripheral monocytic 
myeloid-derived suppressor cells and monocytes in patients newly 
diagnosed with diffuse large b-cell lymphoma. Int J Clin Exp Med 
8:15173–15181

Youn JI et al (2013) Epigenetic silencing of retinoblastoma gene regu-
lates pathologic differentiation of myeloid cells in cancer. Nat 
Immunol 14:211–220. https​://doi.org/10.1038/ni.2526

Zhou JH et al (2013) Demethylating agent decitabine induces autol-
ogous cancer testis antigen specific cytotoxic T lymphocytes 
in vivo. Chin Med J 126:4552–4556

Zhou J, Yao Y, Shen Q, Li G, Hu L, Zhang X (2017) Demethylat-
ing agent decitabine disrupts tumor-induced immune toler-
ance by depleting myeloid-derived suppressor cells. J Cancer 
Res Clin Oncol 143:1371–1380. https​://doi.org/10.1007/s0043​
2-017-2394-6

https://doi.org/10.1007/s00262-013-1396-8
https://doi.org/10.1080/2162402x.2015.1062208
https://doi.org/10.1007/s00262-016-1861-2
https://doi.org/10.1007/s00262-016-1861-2
https://doi.org/10.1189/jlb.0813435
https://doi.org/10.1016/j.urolonc.2018.02.018
https://doi.org/10.1016/j.urolonc.2018.02.018
https://doi.org/10.3892/ol.2016.5273
https://doi.org/10.4049/jimmunol.1203373
https://doi.org/10.4049/jimmunol.1203373
https://doi.org/10.1007/s00262-015-1776-3
https://doi.org/10.1007/s00262-015-1776-3
https://doi.org/10.1016/j.biomaterials.2016.04.010
https://doi.org/10.1016/j.biomaterials.2016.04.010
https://doi.org/10.1084/jem.20061104
https://doi.org/10.1084/jem.20061104
https://doi.org/10.1007/s10549-017-4594-9
https://doi.org/10.1073/pnas.1712514114
https://doi.org/10.1007/s00262-016-1868-8
https://doi.org/10.1007/s00262-016-1868-8
https://doi.org/10.1038/leu.2012.113
https://doi.org/10.1186/1471-2407-10-464
https://doi.org/10.1186/1471-2407-10-464
https://doi.org/10.18632/oncotarget.6083
https://doi.org/10.1007/s00262-014-1646-4
https://doi.org/10.1007/s00262-014-1646-4
https://doi.org/10.1002/path.4712
https://doi.org/10.1002/path.4712
https://doi.org/10.1038/ni.2526
https://doi.org/10.1007/s00432-017-2394-6
https://doi.org/10.1007/s00432-017-2394-6

	Decitabine shows potent anti-myeloma activity by depleting monocytic myeloid-derived suppressor cells in the myeloma microenvironment
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Cell lines
	Animals
	Flow cytometry staining and analysis
	Cell sorting
	Coculture of MDSCs and MPC11 cells in vitro
	ELISA
	Cell viability assay
	Statistics

	Results
	In vitro coculture assay revealed the impact of DAC BMs on MPC11 cells
	M-MDSCs, but not G-MDSCs, rescued the impact of DAC BMs on MPC11 cells in the in vitro coculture assay
	DAC treatment inhibited MPC11 proliferation in vivo by depleting M-MDSCs and increasing T cell infiltration in the tumor tissue

	Discussion
	Acknowledgements 
	References


