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Abstract: microRNAs are important in cancer biogenesis and development. However, their 

underlying mechanisms in multiple myeloma (MM) are barely characterized. microRNA-20a 

(miR-20a) is a member of the microRNA-17-92 cluster. It has been implicated in various cancers, 

regulating the proliferation and invasion of cancer cells in vitro. Compared with healthy donors, 

it also has been reported to be elevated in plasma of MM patients. Here, we investigated the 

function of miR-20a. Our results showed that it promotes proliferation and inhibits apoptosis 

of MM cells in vitro by inhibiting early growth response protein 2. The effects of miR-20a 

were also evaluated in MM xenograft models of SCID/NOD mice. Apparent antitumor activity 

was achieved in xenograft mice injected with miR-20a inhibitor, while mimics of miR-20a 

significantly promoted tumor growth. These data indicate that miR-20a plays a crucial role in 

the biology of MM and represents a potential target for novel therapies for MM patients.
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Introduction
Multiple myeloma (MM) is a malignant tumor characterized by clonal proliferation 

of plasma cells (PCs) in the bone marrow (BM), accounting for the leading cause of 

death in hematologic cancer patients.1–3 Despite recent and extensive progress in the 

understanding of the molecular mechanisms of MM pathogenesis and the advent of 

promising new therapies,4–9 MM is still an incurable disease. Additional research on 

MM and corresponding new therapeutic strategies are urgently required. Pathogenesis 

of MM was considered to be a multistep process. In each step, PCs undergo complicated 

molecular and cellular transformations. The human BM milieu, which supports the 

generation and growth of PCs, may be the key player in survival and drug resistance 

of neoplastic PCs as well.10–12 Increasing evidence has progressively disclosed the 

microRNA (miRNA) network in MM pathogenesis, providing potential new tools in 

clinical interventions in this important disease.13–16

miRNAs represent a class of small, noncoding RNAs with 19–25 nucleotides in 

length. miRNAs bind to specific targets through base pairing with partially or fully 

complementary sites of mRNA 3′ untranslated region (3′-UTR), leading to degradation 

or translational repression of the target, thereby inhibiting gene expression.17–19 

Mature miRNAs play a pivotal role in a variety of normal biological processes such 

as development and cell proliferation, differentiation, and apoptosis.20 Moreover, they 

are known to be involved in pathogenesis of some solid tumors as well as hemato-

logic malignancies.21–23 Depending on cellular contexts, miRNAs can serve as either 

oncogenes or tumor suppressors.24–26
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microRNA-20a (miR-20a) is a member of the miR-

17-92 cluster, which is located on chromosome 13 within a 

region of 1 kb. Both oncogenes and tumor suppressors have 

been reported among members of the miR-17-92 cluster.27 

miR-20a, especially heavily researched, is upregulated in 

a range of cancers, such as thyroid cancer, gastric cancer, 

gliomas, cervical cancer, colon adenocarcinoma, and pros-

tate cancer.28–33 Elevated plasma levels of miR-20a in MM 

patients were also observed.34 In the present study, we inves-

tigated the biological effects of miR-20a and its underlying 

mechanisms. Its function was further confirmed in mouse 

models. We suggest miR-20a could be a promising target 

for developing future miRNA-based MM therapy.

Materials and methods
clinical samples and cells
BM samples were collected from patients with relapsed/

refractory MM (n=18) and 18 healthy donors (HDs). All 

samples were obtained before clinical treatment. PCs were 

separated using CD138+ microbeads selection system 

(Miltenyi Biotec, Bergisch Gladbach, Germany) based on 

the manufacturer’s manual. Written informed consents were 

acquired from all patients and HDs. Human MM cell lines 

(H929, MM1S, RPMI-8226, U266) were purchased from 

the American Type Culture Collection. U266 cells were 

grown in Iscove’s modified Dulbecco’s Medium, while 

the other MM cells (H929, MM1S, and RPMI-8226) were 

cultured in RPMI-1640 medium (Thermo Fisher Scientific, 

Waltham, MA, USA). Cells were cultured with 10% fetal 

bovine serum plus 100 U/mL of penicillin and 100 μg/mL 

of streptomycin (all from Thermo Fisher Scientific) at 

37°C with 5% CO
2
. Our experiments were approved by the 

Medical Ethics Committee of the Second Affiliated Hospital 

of Shandong University.

Quantitative real-time amplification 
(QPcr) of mirnas and mrnas
Total RNA from patient samples or HD or cell lines was 

extracted using TRIzol reagent (Thermo Fisher Scientific) 

following the manufacturer’s instructions. Total RNA (1 μg) 

was used to synthesize complementary DNA (cDNA) in 

20 μL reactions. Reverse transcription kit was obtained 

from Thermo Fisher Scientific. Single-tube TaqMan miRNA 

assays (Thermo Fisher Scientific) were used to detect and 

quantify mature miR-20a after normalization to U6 small 

nuclear RNA. For analysis of early growth response pro-

tein 2 (EGR2), a SYBR green mix polymerase chain reac-

tion (PCR) kit (Takara Bio Inc., Kusatsu, Japan) was used. 

Glyceraldehyde-3-phosphate dehydrogenase was used as 

internal control. The relative expression levels of miR-20a or 

EGR2 were determined using the 2−ΔΔCT method. The prim-

ers were synthesized by Sangon Biotech (Shanghai, China) 

and purified by polyacrylamide gels. Primer sequences were 

designed according to a previous report.32

Transfection of MM cells
Synthetic hsa-miR-20a mimics (miR-20a mimics), negative 

control, and miRNA inhibitors (anti-miR-20a and inhibitor 

negative control) were all purchased from Exiqon, Vedbæk, 

Denmark. Small interfering RNA (siRNA) against EGR2 

and scrambled negative control were designed by Sangon 

Biotech. Cell transfection of these oligos was performed 

using Lipofectamine 2000 Reagent (Thermo Fisher Scien-

tific). The final concentration of oligos was 100 nmol/L. Plas-

mids for luciferase assay were electro-transfected with Neon 

Transfection System (Thermo Fisher Scientific). A total of 

2.5×105 cells was transfected with 2 pulses at 1,050 V, 30 ms.

cellular viability assay
For cell proliferation analysis, the 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was 

used. Briefly, MM cells were seeded in 96-well plates at a 

density of 3×103 cells per well. After 24 hours, cells were 

transfected with oligos. After indicated hours (0, 24, 48, 72, 

and 96 hours) of incubation at 37°C, 15 μL MTT (0.5 mg/mL; 

Sigma-Aldrich Co, St Louis, MO, USA) solution was added 

to each well. Another 4 hours of incubation at 37°C was 

performed before the culture medium was removed, and 

crystals were solubilized with 150 μL dimethyl sulfoxide 

(Sigma-Aldrich Co) at room temperature for 20 minutes. 

Optical density was measured at a wavelength of 450 nm. 

All samples were arranged in triplicate and experiments 

were repeated at least three times. Average of results was 

used to draw the growth curves. Growth inhibition rate was 

calculated relative to the control group.

cell apoptosis assay
To examine apoptotic cell death, MM cells were stained 

using fluorescein isothiocyanate (FITC)-Annexin V Apop-

tosis Detection Kit (Abcam, Cambridge, UK) based on the 

manufacturer’s instruction. Briefly, cells were centrifuged 

down, washed once with ice-cold phosphate-buffered saline 

(PBS), resuspended with binding buffer, and stained at room 

temperature for 10 minutes. Apoptotic cells were analyzed 

by a FACSCalibur flow cytometer (BD Biosciences, San 

Jose, CA, USA).
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cell cycle assay
For cell cycle analysis, cells were harvested by centrifugation. 

After washing once with PBS, cells were fixed with ice-cold 

70% ethanol for 2 hours at 4°C. Fixed cells were washed 

with PBS twice and treated with RNase A (0.1 mg/mL) and 

0.1% Triton X-100 for 10 minutes, stained with propidium 

iodide (PI, 50 μg/mL) for 30 minutes at room temperature, 

and analyzed with flow cytometry.

luciferase reporter assay
EGR2 3′-UTR was amplified with PCR from cDNA reverse 

transcripted from RNA of MM cells, subcloned to pGEM-T 

vector. Putative miR-20a binding sites were mutated (Mut) 

with a site-directed mutagenesis kit (Stratagene, San Diego, 

CA, USA) according to the manufacturer’s instruction. 

Wild-type (WT) or Mut EGR2 3′-UTR were transferred to 

psiCHECK-2 vector via Xho I and Not I restriction sites. WT 

or Mut EGR2 3′-UTR inserted psiCHECK-2 was transfected 

together with hsa-miR-20a mimics or negative control into 

U266 cells. Dual-luciferase measurements (Promega Cor-

poration, Fitchburg, WI, USA) were performed 48 hours 

post-transfection.

Western blot
Cells were rinsed twice with cold PBS and lysed in 

cell lysis buffer containing protease inhibitor cocktail 

(Hoffman-La Roche Ltd, Basel, Switzerland). Whole-cell 

lysates (30 μg per lane) were separated on 10% sodium 

dodecyl sulfate polyacrylamide gels, transferred to polyvi-

nylidene fluoride membranes (GE Healthcare Bio-sciences 

Corp, Piscataway, NJ, USA). Primary antibody incubation 

was performed overnight at 4°C with suggested dilution 

of the manufacturer (Abcam). Peroxidase conjugated 

secondary antibody (Sigma-Aldrich Co) incubation was 

performed at room temperature for 1 hour with a dilution 

of 10,000.

animals and in vivo model of human MM
Female SCID/NOD mice (6–8 weeks old) were maintained 

in our animal experimental center. Experimental content and 

animal manipulation protocols were approved by the Medi-

cal Ethics Committee of the Second Affiliated Hospital of 

Shandong University. Our MM xenografts were constructed 

according to previous reports.35,36 Mice were subcutaneously 

inoculated with 1×106 OPM2 cells. Treatment was started 

when tumors were palpable and reached an average volume 

of 100 mm3. Intra-tumor injection with miR-20a, miR-20a 

inhibitor, or negative controls was administered every 2 days 

for a total of seven injections. The tumor sizes were assessed 

as previously described.

statistical analysis
All in vitro experiments were repeated at least three times. 

At the same time, QPCR, MTT assay, and luciferase assay 

were arranged in triplicate. A representative experiment or 

the average and standard deviation are shown in figures. 

Statistical significance of differences between two groups 

was determined using Student’s t-test or one-way analysis 

of variance (among three groups). p,0.05 was considered 

statistically significant.

Results
expression of mir-20a in MM patients 
and cell lines
To understand the clinical pathologic significance of miR-20a 

in MM, we collected BM samples from 18 MM patients and 

18 HDs, and detected miR-20a expression level by QPCR in 

these samples. The miR-20 expression in MM patients was 

significantly higher than that in HDs (Figure 1A). We further 

evaluated miR-20a expression in four MM cell lines, and 

observed that, compared to normal PCs, miR-20a is relatively 

highly expressed in MM cell lines (Figure 1B). Among these 

four cell lines, we selected NCI-H929 and U266 for further 

studies. NCI-H929 expresses relatively low levels while 

U266 expresses the highest levels of miR-20 among these 

four cell lines, which may be used in the study of the growth 

promoting role of miR-20a mimics or the antitumor activity 

of miR-20a inhibitor, respectively.

Mir-20a promotes proliferation and 
inhibits apoptosis of MM cells
To determine the role of miR-20a in MM cells, we transfected 

miR-20a mimics and inhibitor (anti-miR-20a) to NCI-H929 

cells and U266 cells, respectively. The transfection efficiency 

was confirmed by QPCR (Figure 2A and B), detecting 

miR-20a expression. MTT assay was then performed at 

different time points after transfection to investigate the 

role of miR-20a in cell growth. Enforced expression of the 

synthetic mimics of miR-20a indeed promoted NCI-H929 

cell proliferation (Figure 2C), while transfection of miR-20a 

inhibitor in U266 cells inhibited proliferation of these cells 

(Figure 2D). Then, we hypothesized if the effect of miR-20a 

on NCI-H929 and U266 cells may be correlated with cell 

apoptosis and cell cycle distribution. To test this, these 

treated cells were subjected to FITC-annexin V/PI staining 

followed by flow cytometry analysis. Our results showed 
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that, with miR-20a mimics transfection, the apoptosis rate 

was significantly decreased in NCI-H929 cells (Figure 2E); 

with miR-20a inhibitor transfection, the apoptosis rate was 

significantly promoted in U266 cells (Figure 2F). To deter-

mine if modulating cell apoptosis was a result of the cell 

cycle changes, transfected cells were fixed and subjected to 

PI staining followed by flow cytometry analysis. Compared 

with those transfected with the negative control, miR-20a 

mimics transfection decreased the proportion of NCI-H929 

cells in the G0/G1 phase and increased the proportion of 

G2/M phase cells (Figure 2G). On the contrary, miR-20a 

inhibitor transfection in U266 increased the proportion of 

cells in the G0/G1 phase and decreased the proportion of cells 

in G2/M phase, compared to negative control transfection 

(Figure 2H). These results indicated that miR-20a promoted 

MM cell proliferation by inhibiting cell apoptosis in vitro.

Mir-20a directly targets egr2 by binding 
to its 3′-UTr in MM
It is generally believed that miRNAs inhibit mRNAs expres-

sion by targeting the 3′-UTR of mRNA. To find the target(s) 

of miR-20a, we performed a search on the TargetScan 6.2 

website. Among .1,000 potential targets, EGR2, which 

is a C2H2 zinc finger transcription regulatory factor and 

regulates cell proliferation and cell cycle in aggressive bone 

derived cancer cells,37 caught our attention (Figure 3A). 

To determine if miR-20a truly inhibits EGR2 expression, 

we transfected U266 cells with miR-20a mimics, miR-20a 

inhibitors, or their negative controls, respectively. Western 

blot was then performed to determine EGR2 expression 

in these cells. As expected, miR-20a inhibitor increased 

EGR2 expression, while miR-20a mimics suppressed EGR2 

expression in U266 cells (Figure 3B) compared to negative 

control transfection. To find whether EGR2 is a direct target 

of miR-20a or the regulation is mediated by other partners, 

we performed the luciferase assay. WT EGR2 3′-UTR or 

mutant 3′-UTR with nucleotides replacement in potential 

miR-20a target site (Figure 3A) was cloned to psiCHECK-2 

vector, co-transfected with miR-20a mimics or miR-20a 

inhibitor in U266 cells, respectively, and dual-luciferase were 

then measured 24 hours later. As shown in Figure 3C, co-

transfection of WT EGR2 3′-UTR-psiCHECK-2 vector and 

miR-20a mimics significantly repressed luciferase activity, 

whereas co-transfection of miR-20a inhibitor and WT EGR2 

3′-UTR-psiCHECK-2 vector enhanced luciferase activity. 

Co-transfection of mutant vector showed no changes in 

luciferase activity. These results indicated that EGR2 is a 

direct target of miR-20a.

Knockdown of egr2 promotes 
proliferation and inhibits apoptosis of 
U266 cells
As shown earlier, miR-20a promotes proliferation and 

inhibits apoptosis of MM cells, and miR-20a directly targets 

EGR2. We wonder if downregulation of EGR2 had a similar 

function to miR-20a overexpression. To address this question, 

we synthesized siRNA to EGR2 and transfected to U266 

cells. QPCR was performed 48 hours post-transfection to 

validate RNA interference efficiency (Figure 4A). As shown 

by the MTT assay, knockdown of EGR2 significantly stimu-

lated proliferation of U266 cells (Figure 4B) compared to 

control. Knockdown of EGR2 also inhibited U266 apoptosis 

(Figure 4C). Cell cycle analysis was also performed in EGR2-

knockdown U266 cells by flow cytometry, and we found 

fewer cells arrested in G1/S phase (Figure 4D). In brief, these 

results showed that, similar to miR-20a mimics transfection, 

knockdown of EGR2 led to a remarkable promotion of pro-

liferation and inhibition of apoptosis in U266 cells.

Figure 1 mir-20a is upregulated in MM patient bone marrow and MM cell lines.
Notes: QPcr detection of mir-20a in bone marrow samples of hDs and MM patients (A) and in nPcs and MM cell lines (B). Data are mean ± sD of three independent 
experiments. *p,0.05.
Abbreviations: MM, multiple myeloma; hDs, healthy donors; sD, standard deviation; QPcr, quantitative polymerase chain reaction; nPcs, normal plasma cells; mir, 
microrna.
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Figure 2 role of mir-20a in MM cells proliferation and cell cycle progression.
Notes: (A and B) relative expression of mir-20a in nci-h929 cells after transfection with mir-20a mimics (mir-20a, A) or in U266 cells after transfection with mir-
20a inhibitor (anti-mir-20a, B) determined by QPcr. (C–H) MM cells proliferation (C and D), apoptosis rate (E and F), cell cycle distribution (G and H) change after 
transfection with mir-20a mimics (C, E, and G, performed in nci-h929 cells) or mir-20a inhibitor (D, F, and H, performed in U266 cells) determined by MTT assay or 
flow cytometry. Data are mean ± sD of three independent experiments.
Abbreviations: con, control; MM, multiple myeloma; sD, standard deviation; QPcr, quantitative polymerase chain reaction; OD, optical density; mir, microrna; MTT, 
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide.

mir-20a alters p21 and cyclin D1 in 
U266 cells
To investigate the mechanism of miR-20a on cell prolifera-

tion and cell cycle, we investigated the effect of miR-20a on 

critical cell proliferation and cell cycle related regulators, 

cyclin D1 and cyclin-dependent kinase inhibitor p21, which 

negatively (p21) and positively (cyclin D1) regulate cell pro-

liferation and cell cycle progression. The cyclin-dependent 
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Figure 3 mir-20a targets egr2 3′-UTr.
Notes: (A) sequence of mature mir-20a and its predicted target sequence of egr2 3′-UTr and positions of mutation (egr2 3′-UTr-mut). (B) egr2 expression of U266 
cells transfected with mir-20a mimics or inhibitor determined by Western blot. β-actin was used as the loading control. (C) Dual-luciferase assay of U266 cells co-transfected 
with the WT (or mut) egr2 3′-UTr-psichecK2 reporter vector and mir-20a mimics or mir-20a-in. *p,0.05.
Abbreviations: mir-20a, microrna-20a; WT, wild-type; egr2, early growth response protein 2; 3′-UTr, 3′ untranslated region; mut, mutated; nc, negative control; mir, 
microrna; in, inhibitor.

Figure 4 effect of egr2 on U266 cells proliferation and apoptosis.
Notes: (A) Efficiency of small RNA interference to EGR2 determined by QPCR. Cell proliferation (B), apoptosis (C), and cell cycle distribution (D) of U266 cells with egr2 
knockdown measured by MTT assay or flow cytometry. Data are mean ± sD of three independent experiments. *p,0.05.
Abbreviations: si-nc, scrambled negative control of si-egr2; si-egr2, small rna interference to egr2; sD, standard deviation; OD, optical density; QPcr, quantitative 
polymerase chain reaction; MTT, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide; egr2, early growth response protein 2.
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kinase inhibitor p21 and cyclin D1 are two miR-20a targeted 

proteins that negatively (p21) and positively (cyclin D1) 

regulate and control cell cycle progression and prolifera-

tion. U266 cells were transfected with miR-20a mimics or 

inhibitor; QPCR and Western blot were then performed to 

detect p21 and cyclin D1 expression. Our results showed that 

miR-20a mimics upregulated cyclin D1 mRNA (Figure 5A) 

and protein levels (Figure 5B) and downregulated those of 

p21. In contrast, miR-20a inhibitor promoted p21 expres-

sion and suppressed cyclin D1 expression (Figure 5A 

and B). Our results showed that, by regulating cell cycle 

genes, miR-20a promoted U266 cell proliferation and cell 

cycle progression.

antitumor activity of mirna-20a 
inhibitor in vivo
We next investigated if our findings of miR-20a in vitro 

could be reproduced in a therapeutic model. The effect of 

miR-20a on MM xenografts in vivo was evaluated. When 

tumors became palpable, mice were randomized into three 

groups, with each group having 15 mice. Mice were treated 

intratumorally with synthetic miR-20a mimics, miR-20a 

inhibitor, or control. miRNA inhibitors were used in two 

different experimental systems. One is administered as lipidic 

formulation with neutral lipid emulsion particles that have 

been demonstrated to successfully deliver oligonucleotides 

in vivo; the other is used as unformulated agents. A total of 

seven injections were administered, and tumor volumes were 

measured each time; we found that miR-20a mimics signif-

icantly promoted tumor xenograft growth, while miR-20a 

inhibitor largely repressed tumor growth (Figure 6A and C). 

The same conclusion could be drawn when tumors were 

isolated from mice of each group at the end of therapy 

(Figure 6B). Our findings demonstrate that miR-20a 

promoted tumor growth in vivo, while delivery of its inhibitor 

exerts significant anti-MM xenograft activity.

Discussion
MM is a malignant monoclonal tumor of BM PCs often 

affecting old age people. Clonal proliferation and accumu-

lation of myeloma cells in the BM caused bone destruction 

and affected normal BM function. Myeloma cells differ 

from normal PCs because they retain their self-renewing 

potential. Identifying new molecular techniques underlying 

myeloma cells proliferation is important for a better under-

standing of their biological behavior and for new treatment 

therapy. Growing evidence suggests that miRNAs play a 

pivotal role in cancer genesis and progression. miR-20a 

has been implicated in numerous cancers. In prostate cancer, 

it was reported that miR-20a was associated with Gleason 

score, a system to evaluate prognosis of prostate cancer, 

and it targets the ABL family non-receptor tyrosine kinases 

ABL2, and promoted prostate cancer cells invasion and 

migration.33 Antisense oligos to miR-20a treatment in lung 

cancer cells lead to apoptosis.38 However, the relationship 

between dysregulation of miR-20a and MM has been barely 

described. In the present work, we proved that miR-20a 

was highly expressed in BM samples of MM patients com-

pared to HDs. It was also highly expressed in multiple MM 

cell lines with various degrees. The results suggest a potential 

role of miR-20a in MM. To determine if miR-20a is a novel 

tumor oncogene in MM and its role in MM cells prolifera-

tion, we tested the effect of miR-20a mimics and inhibitors 

on MM cell growth (Figure S1). We observed an increase 

in the growth rate of U266 cells which have a relatively low 

expression of miR-20a among four selected MM cells, when 

transfected with miR-20a mimics; and a decreased growth 

rate of NCI-H929 cells transfected with miR-20a, which has 

β

Figure 5 mir-20a alters p21 and cyclin D1 expression in U266 cells.
Notes: QPcr (A) and Western blot (B) detection of cyclin D1 and p21 expression in U266 cells as forced mir-20a overexpression or inhibition. β-actin served as the 
loading control in Western blot. *p,0.05.
Abbreviations: QPcr, quantitative polymerase chain reaction; mir, microrna; nc, negative control; in, inhibitor.
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a higher baseline expression of miR-20a. Then, we supposed 

that the perturbation of miR-20a may be related to cell apop-

tosis and cell cycle redistribution. Flow cytometry analysis 

indeed confirmed a decreased apoptosis rate in U266 cells 

transfected with miR-20a mimics and an increased apoptosis 

rate in NCI-H929 cells transfected with miR-20a inhibitor, 

and these apoptosis rate changes were in line with cell cycle 

redistribution. These results indicated that miR-20a promotes 

MM cells proliferation by inhibiting cell apoptosis.

Previous studies with gastric, pancreatic, and breast 

cancer cells have confirmed that EGR2 inhibits tumor cell 

proliferation and metastasis.22–24 Previous studies have proven 

that EGR2 is a target of miR-20a.30 Luciferase reporter assay 

and Western blot indeed confirmed their relationship in MM 

cells. miR-20a mimics and inhibitor transfection induced 

and repressed EGR2 expression in MM cells, respectively; 

moreover, miR-20a mimics reduced luciferase expres-

sion bearing a EGR2 3′-UTR, and its inhibitor enhancing 

luciferase activity. Interfering EGR2 expression simulated 

the effect of miR-20a in MM cells. Together, these results 

indicated that miR-20a targets EGR2 to exert its cancer 

promoting activity.

Finally, we demonstrated the role of miR-20a in vivo. 

In SCID/NOD mice xenograft model, miR-20a mimics 

promoted tumor growth, while its inhibitors suppressed 

growth. The consistency of its in vitro and in vivo function 

potentiates miR-20a as a target for clinical applications. 

In conclusion, the current study revealed that miR-20a is 

upregulated in MM patient samples and MM cell lines. 

Fortifying miR-20a expression induces a marked promotion 

in MM cell proliferation and a decrease in apoptosis, and 

vice versa. The target of miR-20a in MM cells is EGR2 as 

determined by Western blot and luciferase assay. The anti-

tumor activity of miR-20a inhibitors was further confirmed 

in mouse models. These results provide a foundation for the 

clinical usage of synthetic miR-20a inhibitors as novel MM 

therapeutics.
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Figure S1 U266 cells transfected with mir-20a have decreased sensitivity to 
bortezomib activity.
Abbreviations: bort, bortezomib; cont, control; mir, micro rna; OD, optical 
density; scr, scrambled.
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