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The mechanisms of drug resistance in multiple myeloma (MM) are
poorly understood. Here we show that CD47, an integrin-associated
receptor, is significantly up-regulated in drug resistant myeloma cells

in comparison with parental cells, and that high expression of CD47 detect-
ed by immunohistochemistry is associated with shorter progression-free
and overall survivals in MM patients. We show that miR-155 is expressed
at low levels in drug resistant myeloma cells and is a direct regulator of
CD47 through its 3´UTR. Furthermore, low miR-155 levels are associated
with advanced stages of disease. MiR-155 overexpression suppressed CD47
expression on myeloma cell surface, leading to induction of phagocytosis of
myeloma cells by macrophages and inhibition of tumor growth. MiR-155
overexpression also re-sensitized drug-resistant myeloma cells to borte-
zomib leading to cell death through targeting TNFAIP8, a negative mediator
of apoptosis in vitro and in vivo. Thus, miR-155 mimics may serve as a prom-
ising new therapeutic modality by promoting phagocytosis and inducing
apoptosis in patients with drug-refractory/relapsed MM.
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ABSTRACT

Introduction

Multiple myeloma (MM) is a plasma cell malignancy characterized by abnormal
proliferation of clonal plasma cells in the bone marrow (BM).1 Current therapies, such
as the proteasome inhibitor bortezomib (BTZ), have improved the outcome of
patients. Nevertheless, MM remains an incurable disease with a high rate of relapse
and development of drug resistance.2 So far, the pathogenic mechanisms underlying
drug resistance of MM have not been fully elucidated. Ubiquitously expressed CD47
is known to block phagocytosis by binding to signal regulatory protein α (SIRPα) on
macrophages. This receptor-ligand binding can also inhibit initiation of an innate
immune response.3,4 High expression of CD47 is associated with tumor growth,
metastasis, recurrence, or drug resistance in hematologic malignancies.5-7 In plasma
cell neoplasms, transition from monoclonal gammopathy of undetermined signifi-
cance (MGUS) to multiple myeloma (MM) has been associated with a significant
increase in CD47 expression.8 It has also been shown that CD47 is expressed in dif-
ferent sub-populations of peripheral blood mononuclear cells (PBMC); however, its
highest expression is observed in MM cells and it is significantly increased in the pres-
ence of a tumor microenvironment.9 In addition, CD47 plays a role in bone resorp-
tion in MM by inducing macrophage fusion and osteoclast formation.10 However,
the clinical relevance of CD47 expression in MM patients and the role of CD47
upregulation in MM drug resistance have not yet been established.
In the current study, we examined the expression of CD47 in MM patients’ cells

and assessed its correlation with clinical outcomes. Moreover, to gain an insight into
regulatory mechanisms underlying CD47 high expression in MM, we sought to
explore if miRNAs could be involved. This is supported by the fact that miRNAs play
an important role in the pathogenesis of MM. Particularly, deregulated miRNAs can



influence gene-expression and functional responses of MM
cells.11 Importantly, miRNAs are now considered as a new
class of agents for therapeutic intervention.12 Here, we
found that the tumor suppressor miRNA, miR-155, directly
targeted CD47 and was under-expressed in drug resistant
MM cells. Restoration of miR-155 in drug resistant MM
cells induced phagocytosis of MM cells by macrophages.
Moreover, miR-155 overexpression sensitized MM resist-
ant cells to bortezomib by targeting TNF-α-induced protein
8 (TNFAIP8). TNFAIP8 acts as a negative mediator of apop-
tosis and may play a role in tumor progression. It suppress-
es the TNF-mediated apoptosis by inhibiting caspase-8
activity but not the processing of procaspase-8, subsequent-
ly resulting in inhibition of BID cleavage and caspase-3 acti-
vation.13-15  The negative correlation between miR-155 and
its targets, CD47 and TNFAIP8, is significantly associated
with disease progression in MM patients. Thus, the dysreg-
ulation of miR-155/CD47/TNFAIP8 axis contributes to drug
resistance and represents a new therapeutic target for MM.

Methods

Patients
A total of 74 cases diagnosed with MM were included in this

study. The selection criteria were availability of the clinical/labora-
tory data and pathologic specimens as well as receiving the same
treatment protocol: 4-5 cycles of vincristine, Adriamycin and dex-
amethasone as induction and one course of melphalan 200 mg/m2

followed by autologous stem cell transplant (ASCT). The BM spec-
imens used for staining were obtained before starting any treat-
ment. There were 42 males and 32 females with median age of 55
(range: 34-73) years. Median follow-up time after transplant was
4.91 (range: 0.20-15.94) years (Online Supplementary Table S1). This
study was approved by the research ethics committee of
University Health Network, Toronto, in accordance with the
Declaration of Helsinki.

Myeloma cell lines and primary multiple myeloma
samples 
The MM parental cell lines (RPMI-8226 and MM.1S) and

MM.1R, which is resistant to dexamethasone, were obtained from
ATCC. RPMI-8226-R5, a multidrug-resistant MM cell line that is
cross-resistant to BTZ, was kindly provided by Dr. R Buzzeo.16

Resistance of RPMI-8226-R5 and MM.1R to the proteasome
inhibitors BTZ and MG132 had been shown in our previous
study.17 All cell lines were cultured in complete RPMI-1640 medi-
um supplemented with 10% FBS, as described previously.18

CD138+ cells were freshly isolated and purified from the bone mar-
row of MM patients and normal healthy donors.
Details of immunohistochemical (IHC) staining, cell culture and

generation of stable cell lines, cytotoxicity and apoptosis assay,
immunostaining cell surface targets and indirect flow cytometry,
luciferase reporter assay, miRNA mimics transfection, real-time
polymerase chain reaction (RT-PCR), phagocytosis assay, animal
xenograft model studies and statistical analysis are all available in
the Online Supplementary Methods.

Results

CD47 is increased in multiple myeloma and its 
overexpression correlated with disease progression
and poor survival of multiple myeloma patients
To investigate the potential clinical significance of

CD47 expression in MM, we evaluated CD47 protein
expression in a cohort of 74 newly diagnosed MM
patients by immunohistochemical analysis on consecu-
tive tissue sections of CD138 positive myeloma cells
(Figure 1A). The results showed that low (30-155) and
high (160-240) H-score (Online Supplementary Figure S1A)
were present in 58% and 42% of the cases, respectively.
High score was associated with shorter median progres-
sion-free survival (PFS) and overall survival (OS) in com-
parison to low score (PFS: 11.4 vs. 25.46 months,
P=0.0005; OS: 32.1 vs. >90 months, P=0.0001, respective-
ly) (Figure 1B and C). High CD47 expression was associ-
ated with 17p (p53) deletions (P=0.0407) and elevated b-
2 microglobulin level (P=0.0323) (Online Supplementary
Table S1), two well-known poor risk factors in MM; it
was also correlated with higher percentage of myeloma
cells in the BM specimens (P=0.0157) (Online
Supplementary Figure S1B). Multivariate analysis adjusting
above three variates confirmed that high CD47 expression
was an independent poor risk factor for PFS (HR=0.465,
95% confidence 0 interval [CI]: 0.258-0.839, P=0.0110)
and OS (HR=0.149, 95%CI: 0.060-0.373, P<0.0001).
There was no significant association between CD47 pro-
tein expression and other clinical or biological factors such
as age, sex, hemoglobin, creatinine, calcium, albumin, and
other cytogenetic risk factors including 13q deletion,
t(4;14), 1p21 deletion, and 1q21 (CKS1B) amplification
(Online Supplementary Table S1).  Moreover, in support of
our experimental finding, analyses of publicly available
data in the CoMMpass database for 767 MM patients
showed that OS and PFS were significantly shorter in
patients with high CD47 mRNA level (n=383) in compar-
ison to patients with low CD47 mRNA level (n=384)
(Online Supplementary Figure S1C). In addition, the CD47
mRNA level was significantly higher in the MM cells from
relapsed patients compared to newly diagnosed MM
patients and normal plasma cells (Figure 1D). We have also
identified correlation between higher CD47 expression
level and progression of the disease in MM patients in
bortezomib clinical trials (Online Supplementary Figure
S1D). In addition, we evaluated the endogenous CD47
expression in two drug-resistant MM cell lines (8226-R5
and MM.1R) and their parental lines (8226 and MM.1S).
By Western blot the CD47 expression level was signifi-
cantly higher in 8226-R5 and MM.1R cells in comparison
to 8226 and MM.1S, respectively (Figure 1E), indicating
that CD47 level is associated with drug response in MM
cells.  

MiR-155 is down-regulated in multiple myeloma cells
and directly targets CD47 
To elucidate a molecular mechanism underlying CD47

overexpression in drug resistant MM cells, several
miRNA-target prediction algorithms were exploited19-21 to
identify miRNAs which can potentially target CD47; 82
CD47 targeting miRNA candidates were found.
Comprehensive bioinformatics analysis on
miRNA/mRNA MM patient datasets on CD47 targeting
miRNA candidates was carried out to identify the
miRNAs that had a negative correlation with CD47
expression level in MM patients. We found four miRNAs
(miR-425, miR-135b, and miR-326 and miR-155) were
negatively correlated with CD47 expression (Figure 2A
and Online Supplementary Figure S2A-C). Furthermore,
analyzing the patient dataset revealed that among these
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miRNAs, miR-155 was significantly lower in stage III of
the MM disease in comparison to stage I and II and
healthy donor samples (Figure 2B), confirming the clinical
relevance between miR-155 downregulation and the
advanced stage of MM disease. In addition, the expres-
sion level of miR-155 was assessed in 8226-R5 and
MM.1R resistant cell lines by quantitative PCR and com-
pared to 8226 and MM.1S parental cells. MiR-155
showed a significant downregulation in 8226-R5 and
MM.1R relative to 8226 and MM.1S, respectively (Figure
2C). To determine whether CD47 expression was selec-
tively regulated by miR-155, we transfected two drug
resistant MM cell lines with synthetic miR-155 mimics
and identified that CD47 protein level was suppressed in

miR-155 transfected cell lines, suggesting miR-155 is a
specific regulator of CD47 in myeloma cells (Figure 2D
and E). The target scan analysis revealed a conserved
domain within the 3′ UTR of CD47 with a potential miR-
155 binding site (Figure 2F). To validate CD47 as a direct
target of miRNA-155, the 3´UTR sequence of human
CD47 was cloned into the luciferase-expressing vector
pEZX-MT01 downstream of the firefly luciferase gene. In
order to further substantiate the site-specific repression of
miR-155 on CD47, we constructed a mutant 3´UTR
reporter clone and miR-155 binding site in which the
3´UTR of CD47 was inactivated by several mutations.
Co-transfection of cells with the mutant or wild type of
CD47-UTR luciferase reporter vectors together with miR-
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Figure 1. Upregulation of CD47 in multiple myeloma (MM) is correlated with poor patient survival. (A) Representative immunohistochemistry (IHC) staining with
CD47 antibody in two MM patients with low and high expression of CD47. (B and C) Kaplan-Meier plots indicate the progression free survival (PFS) (B) and overall
survival (OS) (C) for 67 MM patients categorized by CD47 expression level. P-value is determined by log-rank test. (D) The box whisker plot shows CD47 expression
in different stages of MM as shown in the graph, GSE6477 dataset. Normal donor (ND) n=15, newly diagnosed MM n =73, and Relapsed MM n=28. One-way analysis
of variance and Student t-test was used. P<0.05, **P<0.01 were considered as significant at 95% confidence interval. (E) CD47 expression was determined by
Western blot analysis in 8226 versus 8226-R5 and MM.1S versus  MM.1R cells, respectively. ASCT: autologous stem cell transplant.
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155 mimics or scramble control showed that miR-155
mimics significantly reduced wild type CD47-UTR
reporter luciferase activity, but not that of the mutant-
UTR reporter (Figure 2G), indicating that miR-155 can
directly target the CD47 3´UTR.
MiR-155-mediated loss of cell surface CD47 promotes
the phagocytosis of multiple myeloma cells 
Previous studies suggested that cells may lose surface

CD47 during apoptosis to enable phagocytic clearance.22,23
To demonstrate the effect of miR-155 on cell surface
CD47 level, we transfected two drug resistant MM cell
lines with synthetic miR-155 mimics. The FACS analysis
revealed that the level of cell surface CD47 was signifi-
cantly decreased in miR-155 over-expressing resistant
MM cells (Figure 3A). Blocking CD47 with anti-CD47
monoclonal antibodies has enabled the phagocytosis of
myeloma cells.24  We investigated whether targeting of
CD47 by miR-155 overexpression promotes the phagocy-
tosis of myeloma cells. Our results showed that
macrophage-like cells differentiated from THP-1 mono-

cytes phagocytosed human myeloma cells at a low fre-
quency when treated with scramble control. However,
miR-155 overexpression in drug resistant 8226-R5 and
MM.1R MM cells significantly increased the phagocyto-
sis of the cells (Figure 3B and C). Additionally, we
explored whether overexpression of CD47 can rescue the
effect of miR-155 on phagocytosis of myeloma cells by
macrophages. To this end, we performed functional res-
cue assays by the ectopic expression of CD47 in 8226-R5
and MM.1R resistant cells and co-transfecting with syn-
thetic miR-155 mimics or miRNA negative control. The
CD47 overexpression partially abolished the phagocyto-
sis of MM cells by macrophages confirming that targeting
of CD47 by miR-155 increased the phagocytosis of resist-
ant MM cells (Figure 3D and E). These data indicate that
increased phagocytosis of myeloma cells by high level
miR-155 expression results as a consequence of CD47 tar-
geting by miR-155 which leads to reduction of cell surface
CD47 on MM cells and consequently reduction of the 'do
not eat me signal', followed by phagocytosis of MM cells
by macrophages. 
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Figure 2. CD47 is a direct target of miR-155 in multiple myeloma (MM) cells. (A) Correlation analysis of endogenous miR-155 with CD47 expression in patient
dataset (GSE17498, n=38 MM patients) presented as scatter plots. Linear regression with Pearson’s correlation coefficients (r) and P-value were presented in the
graph. (B) Box whisker plot showing miR-155 expression in GSE17498 dataset. Normal donor (ND): n=3, stage I (Durie-Salmon): n=9, stage II (Durie-Salmon): n=9
and stage III (Durie-Salmon): n=16. (C) The total RNA including miRNA was isolated from MM resistant and sensitive cell lines and the level of miR-155 was assessed
by qualitative polymerase chain reaction (qPCR). The values were normalized to SNORD72. (D) The 8226-R5 and MM.1R cells were transfected with 20 mM of either
miR-155 mimics or scramble control using Hiperfect transfection reagent for 48 hours (h), and the level of miR-155 was assessed by qPCR. (E) The 8226-R5 and
MM.1R cells were transfected with 20 mM of either miR-155 mimics or scramble control using Hiperfect transfection reagent for 48 h, and the whole cell lysate was
subjected to Western blot with indicated antibodies. (F) The miR-155 binding site in the CD47 3′-UTR. Putative conserved target sites in the CD47 3′-UTR were iden-
tified using the TargetScan algorithm. Matched nucleic acid–base pairs were linked as “-” (G) The 3’ UTR sequence of human CD47 was cloned into the luciferase-
expressing vector pEZX-MT01 to the downstream of the firefly luciferase gene. For construction a mutant 3’UTR reporter clone, the miR-155 binding site in the 3’UTR
of CD47 was inactivated by several mutations. The cells were transiently co-transfected with reporter plasmids (pEZX-MT-Control, pEZX-wt-CD47-3′UTR or pEZX-mut-
CD47-3′UTR) and miR-155 mimics or control miRNA. Cells were harvested 48 h after transfection and luciferase activities were analyzed as the relative activity of
firefly to Renilla. Readings from the empty plasmid (pEZX-MT-control) were used for normalization. *P<0.05, **P<0.01, ***P<0.001 were considered as significant
at 95% confidence interval. NS: not significant.
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Figure 3. Targeting of CD47 by miR-155 increased the phagocytosis of myeloma resistant cells. (A) The 8226-R5 and MM.1R cell lines were transfected with syn-
thetic miR-155 or scramble control for 48 hours (h) and stained with CD47 antibody and analyzed by flow cytometry to determine the level of CD47 in the cell surface
of multiple myeloma (MM) cells. The percentage of CD47 stained cells is indicated in each histogram. (B) The GFP-tagged 8226-R5 and MM.1R cell lines were trans-
fected with synthetic miR-155 or scramble control for 48 h and co-cultured with THP-1 like macrophages for 2 h at 37°. Macrophages were repeatedly washed four
times with PBS 1X and subsequently imaged with fluorescent microscope. A representative result of each condition is shown. Scale bars are 100 mm. (C) The phago-
cytic index was calculated as the number of phagocytosed GFP+ cells per 100 macrophages. (D) The GFP-tagged 8226-R5 and MM.1R cell lines were transduced
with CD47 lentiviral or empty vector. The CD47 transduced or control cells were transfected with synthetic miR-155 or scramble control for 48 h and co-cultured with
THP-1 like macrophages for 2 h at 37°. Macrophages were repeatedly washed and subsequently imaged with fluorescent microscope. A representative result of each
condition is shown. Scale bars are 100 mm.  (E) The phagocytic index was calculated as the number of phagocytosed GFP+ cells per 100 macrophages. *P<0.05,
**P<0.01, were considered as significant based on the 95% of confidence intervals. The result is the sum of three triplicate experiments. NS: not significant. 

A

B C

D

E



N. Rastgoo et al.

2818 haematologica | 2020; 105(12)

Figure 4. miR-155 restoration inhibits cell proliferation and induces apoptosis in multiple myeloma (MM) cells. (A) The 8226-R5 and MM.1R cell lines were trans-
fected with synthetic miR-155 or scramble control and treated with different concentrations of BTZ for 48 hours (h) and cell viability was measured using MTT assay.
The result is the sum of three triplicate experiments. (B) The 8226-R5 and MM.1R cells were transfected with 20 mM of either miR-155 mimics or scramble control
using Hiperfect transfection reagent for 24 h, and then treated with 10 nM BTZ or vehicle for 24 h. Then the cells were stained with annexin-V/propidium iodide and
analyzed by flow cytometry to determine the percentage of apoptotic cells. The percentage of double positive cells indicated in each dot plot as a representation of
apoptosis. (C) Correlation analysis of endogenous miR-155 with TNFAIP8 expression in patient dataset (GSE17306) presented as scatter plots. Linear regression
with Pearson’s correlation coefficients (r) and P-value were presented in the graph. (D) TNFAIP8 expression was determined by qualitative-polymerase chain reaction
(q-PCR) a in 8226 versus 8226-R5 and MM.1S versus MM.1R cells, respectively. (E and F) Cell proliferation was assessed in RPMI-8226 and MM.1S cells with or
without stable TNFAIP8 overexpression alone or in combination with 5 nM BTZ. (G) RPMI-8226 and MM.1S parental cell and TNFAIP8 over-expressing cells were sub-
jected to Western blot with indicated antibodies. (H and I) The 8226-R5 and MM.1R cells were transfected with 20 mM of either miR-155 mimics or scramble control
using Hiperfect transfection reagent for 48 h, and the TNFAIP8 level was assessed with q-PCR and Western blot. (J) The cells were transiently co-transfected with
reporter plasmids (pEZX-MT-Control, pEZX-wt-TNFAIP8-3′UTR or pEZX-mut- TNFAIP8-3′UTR) and miR-155 mimics or control miRNA. Cells were harvested 48 h after
transfection and luciferase activities were analyzed as the relative activity of firefly to Renilla. Readings from the empty plasmid (pEZX-MT-control) were used for nor-
malization. (K) The 8226-R5 cells with or without stable TNFAIP8 overexpression were transfected with synthetic miR-155 or scramble control. Cell proliferation was
assessed in the absence or presence of 5 nM BTZ 48 hrs after treatment (L). The 8226-R5 cells with or without stable TNFAIP8 overexpression were transfected
with synthetic miR-155 or scramble control. The cell lysate was prepared 48 h after transfection and subjected to western blot with indicated antibodies. *P<0.05,
**P<0.01, ***P<0.001,****P<0.0001 and significant difference based on the 95% of confidence intervals. NS: not significant.
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MiR-155 inhibits multiple myeloma cell proliferation
and induces apoptosis in resistant myeloma cells by
targeting TNFAIP8
To examine the functional effect of miR-155 on cell pro-

liferation and apoptosis in drug resistant MM cells, two
resistant cell lines (8226-R5 and MM.1R) were transfected
with miR-155 mimics or scramble control. We found that
transfection of synthetic miR-155 in drug resistant cells
could re-sensitize the resistant cells to BTZ in a dose and
time dependent manner (Figure 4A and Online
Supplementary Figure S3A). Furthermore, reduction of cell
proliferation upon overexpression of miR-155 was associat-
ed with apoptosis of the resistant cells as indicated by an
increase in the percentage of annexin-V positive cells com-
pared to the control (Figure 4B). Collectively, these results
support the concept that miR-155 functions as a tumor sup-
pressor miRNA and its dysregulation contributes to MM
cell growth and drug resistance. To understand the molecu-
lar mechanism of action of miR-155 on apoptosis, several
MicroRNA target prediction databases were analyzed and
the targets with highest target scores in at least four differ-
ent databases were selected. Moreover, we assessed the
oncogenic potential of the selected genes using OncoScore
Internet-based tool (Online Supplementary Figure S3B).
Furthermore, analyzing the MM patient datasets on the tar-
gets with the most oncogenic scores revealed that among
these targets, TNFAIP8, a negative mediator of apoptosis,
showed more clinical relevance with MM disease. Target
scan analysis showed miR-155 can potentially target
TNFAIP8 3’UTR (Online Supplementary Figure S3C). We
identified a negative correlation (with the low/moderate
coefficient value -0.24, 
-0.26 and -0.3) between miR-155 and TNFAIP8 mRNA
expression level in MM patient samples in comparison to
other potential targets (Figure 4C and Online Supplementary
Figure S3D and E). We also found that the mRNA expres-
sion level of TNFAIP8 was higher in MM patients at
relapsed stage compared to those at diagnosis (Online
Supplementary Figure S3F). Moreover, in support of our find-
ing, we evaluated the TNFAIP8 expression in two drug-
resistant MM cell lines (8226-R5 and MM.1R) and their
parental lines (8226 and MM.1S). We found that the
TNFAIP8 mRNA and protein levels were significantly high-
er in 8226-R5 and MM.1R cells in comparison to 8226 and
MM.1S, respectively (Figure 4D and Online Supplementary
Figure S3G). Notably, ectopic expression of TNFAIP8 in the
parental cell lines promoted cell proliferation and increased
resistance to BTZ by inhibiting caspase-8 activity and sub-
sequently caspase-3 activation (Figure 4E-G), indicating that
TNFAIP8 can modulate drug response in MM cells. In addi-
tion, overexpression of miR-155 in drug resistant MM cells
significantly reduced mRNA and protein level of TNFAIP8
(Figure 4H and I). 
To validate TNFAIP8 as a direct target of miR-155, the

3´UTR of human TNFAIP8 was cloned into the luciferase-
expressing vector pEZX-MT01 downstream of the firefly
luciferase gene. We also constructed a mutant 3´UTR
reporter clone. To this end, the miR-155 binding site in the
3´UTR of TNFAIP8 was inactivated by several insertions in
miRNA binding site. Co-transfection of cells with the
mutant or wild type of TNFAIP8-UTR luciferase reporter
vectors together with miR-155 mimics or scramble control
showed that miR-155 mimics significantly reduced wild
type TNFAIP8-UTR reporter luciferase activity, but not that
of the mutant-UTR reporter (Figure 4J), indicating that miR-

155 can directly target the TNFAIP8 3′ UTR. Reversely,
overexpression of TNFAIP8 in MM.1S cells could signifi-
cantly decrease the miR-155 expression level, indicating
that miR-155 is also regulated by TNFAIP8 through a nega-
tive feedback loop (Online Supplementary Figure S3H).
Additionally, we explored whether TNFAIP8 can rescue the
effect of miR-155 on MM cell growth. To this end, we per-
formed functional rescue assay by over-expressing
TNFAIP8 in 8226-R5 and MM.1R resistant cells and co-
transfecting with synthetic miR-155 mimics or miRNA
scramble control.  The MTT results revealed that TNFAIP8
overexpression partially abolished the anti-tumor effect
induced by miR-155 plus BTZ treatment confirming that
combining miR-155 and BTZ induces a growth inhibitory
effect in MM cells by targeting TNFAIP8 (Figure 4K and
Online Supplementary Figure S3I). In addition, Western blot
results also confirmed that TNFAIP8 suppressed the TNF-
mediated apoptosis in MM resistant cells by inhibiting cas-
pase-8 activity, subsequently resulting in inhibition of BID
cleavage and caspase-3 activation (Figure 4L). Collectively,
these results support the concept that miR-155 functions as
a tumor suppressor miRNA and contributes to the effect of
CD47 on MM cell growth and drug resistance.

Restoration of miR-155 by miRNA mimics suppresses
tumorigenesis in multiple myeloma xenograft model
To translate our findings to a therapeutic model, we next

investigated the effect of miR-155 overexpression on
tumorigenesis of MM resistant cells in vivo. We established
a mouse xenograft model with 8226-R5 resistant MM cells
in severe combined immunodeficient (SCID) mice and
treated them with miR-155 mimics alone or in combination
with BTZ. Intratumoral injection of miR-155 significantly
suppressed tumorigenesis in combination with BTZ (Figure
5A) without showing any untoward toxicity as indicated
by the body weight (Figure 5B). The combination treatment
of miR-155 mimics and BTZ significantly extended the OS
in comparison to all other three treatments (Figure 5C). To
assess in vivo targeting of TNFAIP8 by miR-155, we evaluat-
ed the level of TNFAIP8 and CD47 in mice tumors.
Consistent with our in vitro data, the protein levels of
TNFAIP8 were dramatically decreased in miR-155-treated
groups compared with control (Figure 5D). We also verified
the efficiency of miR-155 mimics delivery into tumor cells
by quantitative (q)-PCR (Figure 5E). IHC analysis of tumor
sections showed that treatment with miR-155 mimics and
BTZ resulted in a decrease in the proliferation index (Ki67)
and an increase in the apoptotic index (Tunnel), compared
to either BTZ or miR-155 mimics alone (Figure 5F). These
findings indicate that targeting of TNFAIP8 by miR-155 sen-
sitizes myeloma cells to BTZ treatment and contributes to
the marked induction of apoptosis of MM cells, as well as
suppression of MM tumor growth in vivo. The proposed
model for mechanism of MM drug resistance is shown in
Figure 6.

Discussion

Increased CD47 expression has been reported in various
patient tumor cells and in some cases, CD47 high level
expression was correlated with a worse prognosis.5,6,25
Examination of global gene expression profiling of MM
patients revealed that CD47 expression is up-regulated in
MM patients in comparison to MGUS and normal donor
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plasma cell samples.26 In addition; flow cytometric results
demonstrated that CD47 protein expression was higher
on MM cells in comparison to non-myeloma cells.24 To
validate clinical relevance of CD47 overexpression on
patient’s outcome, several public datasets for MM patients
were analyzed and revealed that CD47 expression was
significantly higher in relapsed patients in comparison to
newly diagnosed MM patients. Moreover, we performed

IHC in a cohort of MM patients and to the best of our
knowledge, this is the first study to demonstrate that high
CD47 protein expression was associated with unfavorable
patient’s outcome. Therefore, therapeutic intervention
with CD47 targeting could be used as a promising strategy
to treat MM. Consistent with our results, a recent IHC
study on the clinical specimens of gastric cancer also indi-
cated that CD47 positivity was an independent adverse
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Figure 5. Synthetic miR-155 retards tumor growth and prolongs survival in human multiple myeloma (MM) mouse xenograft model. Intratumoral injection with
either miR-155 mimics or control miRNA (1 mg/kg), with or without intraperitoneal injection of 0.5 mg/kg BTZ (n=5 mice per group) was carried out at an interval of
3 days for 15 days. (A) Overexpression of miR-155 enhanced BTZ-induced retardation of tumor growth in vivo. (B) Body weight was measured from first day of drug
injection (day 20) every 3 days till day 42 and presented as mean ± standard error mean (SEM). (C) Survival was evaluated using Kaplan-Meier curves and log-rank
analysis from the first day of tumor cells injection until death or occurrence of an event. (D) Mice tumors from in vivo experiment were analyzed by immunoblotting
for CD47 and TNFAIP8 protein expression. (E) The total RNA including miRNA was isolated from the mice of four groups and the level of miR-155 was measured by
qualitative-polymerase chain reaction (q-PCR) to evaluate the delivery efficiency of miRNA mimics into tumor cells after intratumoral injection of miR-155 mimics
using the novel formulation of neutral lipid emulsion (NLE; MaxSuppressor in vivo RNA Lancer II, BIOO Scientific). Fold change was expressed as log2-fold induction
over control group (mean ±SEM). (F) Representative microscopic images of immunohistochemical analysis of tumor sections from four treated groups with hema-
toxylin & eosin, the proliferation index (Ki-67) and the apoptotic index, TUNEL staining. *P<0.05, **P<0.01, ***P<0.001, and significant difference based on the
95% of confidence intervals.
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prognostic factor.27 Our finding also showed that high
CD47 protein expression was associated with higher BM
myeloma cell infiltration. A possible explanation is that
high CD47 expression could cause the escape of MM cells
from immune surveillance and result in progression of the
disease. 
To understand the mechanism of increased expression

of CD47, we found an inverse correlation between the
expression of CD47 and its potential negative regulator,
miR-155. We provided strong evidence that miR-155 neg-
atively regulated CD47 expression in MM. miR-155 was
down-regulated in drug resistant MM cell lines compared
to parental lines and inversely correlated with the progres-
sion of MM disease. We also showed that there was a sig-
nificant negative correlation between miR-155 and CD47
expression levels in MM patients. The luciferase assay
also revealed that 3’UTR of CD47 was directly targeted by
miR-155. In line with these findings, miRNA related
CD47 overexpression has been reported in solid tumors,
with high expression of CD47 being correlated with poor
clinical outcome and tumor progression.28 Moreover, con-
sidering our observation that miR-155 mimics can down-
regulate CD47 protein in MM cells, and CD47 is reported-
ly a direct target of miR-155 in other contexts such as mul-
tiple sclerosis and adipogenesis,29,30 it indicates that low
level of miR-155 in myeloma cells may contribute to
upregulation of CD47. Furthermore, an important finding
here is that  overexpression of miR-155 in drug resistant
MM cells could decrease the CD47 on the cell surface and

induce phagocytosis by macrophages through activation
of an 'eat me' signal in resistant cells, whereas overexpres-
sion of CD47 antagonized this effect of miR-155.
Consistent with our results, another study demonstrated
that blocking CD47 increased phagocytosis of myeloma
cells (in vitro) induced tumor regression and alleviated bone
resorption in animal models.31
We demonstrated that restoration of miR-155 level in

drug resistant MM cells by miRNA mimics could efficient-
ly reduce cell proliferation and induce apoptosis in resist-
ant cells by targeting of TNFAIP8. It should be mentioned
that TNFAIP8 is known to counteract apoptosis by
inhibiting caspase-8 activity, subsequently resulting in
inhibition of BID cleavage and caspase-3 activation.32,33 It
has also been shown that TNFAIP8 might serve as a pre-
dominant pro-tumor factor by modulating different mod-
ulators and molecular targets such as growth factor recep-
tors (EGFR and VEGFR), cell cycle protein (Cyclin D1,
phospho-Rb), cell surface transmembrane receptor
(Integrin).34 We found that TNFAIP8 was significantly up-
regulated in drug resistant MM cells compared to parental
cells. Analysis of the MM patient dataset also revealed
that it was elevated in MM patients at relapsed stage in
comparison to presentation time point, suggesting that
TNFAIP8 is an oncogene and could contribute to drug
resistance in MM.  Along this line, other studies found evi-
dence linking TNFAIP8 oncogene to the survival of several
cancer types.35,36 Moreover, we have demonstrated that
TNFAIP8 overexpression increased cell proliferation of
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Figure 6. Proposed model for the role of CD47 overex-
pression in drug resistance of multiple myeloma (MM).
Low level of miR-155 in drug resistant cells leads to
upregulation of CD47 expression, which results in activa-
tion of  'do not eat me' signal and inhibition of phagocyto-
sis by macrophages. miR-155 can also target anti-apop-
totic gene, TNFAIP8 which inhibits apoptosis through cas-
pase 8 inactivation. On the other hand, TNFAIP8 can reg-
ulate miR-155 expression level through a negative feed-
back loop.  



parental sensitive MM cells and conferred resistance to
BTZ in parental MM cells. Of note, it has also been shown
that TNFAIP8 overexpression was correlated with drug
resistance in several cancers including MM.37-39
Collectively, these data suggest that TNFAIP8 has a signif-
icant role in the oncogenesis and progression of human
malignancies. Interestingly, we demonstrated that target-
ing of TNFAIP8 by miR-155 could re-sensitize the drug
resistant MM cells to anti-myeloma drugs, and TNFAIP8
overexpression partially rescued the cytotoxic effect of
miR-155 in drug resistant MM cells. These results suggest
that, besides directly targeting the cell surface protein
CD47 and promoting phagocytosis, ectopic expression of
miR-155 could target the oncogene TNFAIP8 and induce
apoptosis at the same time (Figure 6), whereas the previ-
ous studies found that anti-CD47 therapy could just
increase phagocytosis of MM cells but did not induce anti-
body-dependent cell-mediated cytotoxicity (ADCC) or
complement-dependent cytotoxicity (CDC) on myeloma
cells.24 
Our pre-clinical study on xenograft MM mouse model

illustrated that synthetic miR-155 mimics can restrain the
tumor growth and prolong survival of the resistant MM
mice model. In line with these findings, a very recent
study also showed that miR-155 has tumor suppressor
activity in MM cells and antagonized bortezamib resis-
tanse by targeting proteasome subunit b5.40 Several stud-
ies have demonstrated that miRNA may be applied for the
targeted delivery of personalized medicine to improve the
outcome of MM patients and the number of studies focus-
ing on pre-clinical applications of miRNAs in MM is
increasing.41-44 Importantly, formulated NLE-miR-34a was
safely administered to mice bearing MM tumors by intra-
tumor injection, suggesting a favorable therapeutic index
for synthetic miRNAs.45 In particular, miRNA-based ther-
apeutics can be relevant both for safety issues and to abro-
gate late onset of resistance because of the complexity of
miRNA-targeted pathways and the consequent low
chance of developing individual 'escape' mutations in the
treated cells. In addition, although current therapeutic
methods such as small molecule inhibitors or monoclonal
antibodies have shown promise, there are many genes
that are not druggable using these methods. An advantage
of miRNA-based therapy is the ability to rapidly develop
new therapies with broad adaptability. In addition,
miRNA offers the opportunity to target multiple mRNA

targets with a single miRNA in a given pathway.46,47  
It is important to mention that, although miR-based

therapeutics have demonstrated great promise for the
treatment of different diseases, this is still an evolving
field. The main obstacle for clinical application of RNA-
based therapeutics is determining how to best deliver the
agent to targeted cells. Recent progress in miRNA deliv-
ery such as nanoparticle-based technology shows great
promise as it may reduce doses, which will be beneficial
for treatment of cancer.48 Other factors such as safety, effi-
cacy, and target selection will also require optimization to
produce successful drugs. Engineered nanoparticles are
especially used for delivery to specific cells, which will
help to achieve this goal. RNA-based therapeutics com-
bined with conventional chemotherapy agents might be a
new approach to use for cancer treatment and will ulti-
mately help to bring the RNA-based therapeutics strategy
to the clinic. Nevertheless, therapeutic miRNAs definitely
have the potential to contribute significantly to the future
of medicine.42,49,50 In the current study, local administra-
tion of miRNA has been applied, which is the most com-
monly used model for miRNA-based therapeutic.
Importantly, our study provides a proof of principle that
miR-155 can effectively eradicate tumor growth in vivo by
targeting CD47 and TNFIP8.  In future studies, a
xenograft model would be required to confirm the effica-
cy of the treatment, with an alternative route of adminis-
tration. 
In conclusion, we show that CD47 could serve as an

adverse prognostic factor in MM and demonstrate a novel
mechanism of miR-155/CD47/TNFAIP8 axis in MM drug
resistance. We illustrate a tumor suppressor role for miR-
155 in MM, which contributes to deregulation of CD47
and TNFAIP8 oncogene. Therefore, targeting CD47 by
miR-155 mimics implies a novel therapeutic strategy for
relapsed/refractory MM, particularly with high CD47
expression. 
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