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Circulating miR-451a levels as a potential biomarker to
predict the prognosis of patients with multiple myeloma
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Abstract. The natural course of multiple myeloma (MM) varies
greatly between patients. The Revised MM International Staging
System (R-ISS) identifies high-risk patients, but it is unsuitable
for assessing minimal residual disease (MRD). Furthermore,
the focal location of myeloma cells and clonal evolution often
produce false negative results in flow cytometry. Extracellular
microRNA (miRNA/miR) expression levels are stable in bodily
fluids, and are retrievable and measurable from fresh or archived
serum or plasma samples. Therefore, the present study aimed to
investigate the clinical utility of circulating miRNA levels in
patients with MM, particularly miR-451a, which is commonly
downregulated in MM, and whether it could predict the prog-
nosis and relapse of patients with MM. In total, 66 patients with
MM, stratified using the R-ISS criteria, were recruited, while
10 healthy subjects (transplantation donors) were enrolled as
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controls. Reverse transcription-quantitative PCR was used to
evaluate miR-451a expression in bone marrow (BM) and in
the circulation. IL-6 levels were measured using ELISA, while
western blotting was conducted to analyze the protein expres-
sion levels of the IL-6 receptor (IL-6R). During follow-up,
MRD was assessed via multiparameter flow cytometry (MFC).
miR-451a was identified to target IL-6R using a dual-luciferase
reporter assay. Circulating miR-451a levels were low in patients
with MM, and was found to be 0.39 times that of the control
group (U=4.00; P<0.001). Among the 66 patients with MM,
the median level of miR-451a was 0.73 and 0.41 times that of
the control group in R-ISS stage I MM (15 patients) and R-ISS
stage II stage (17 patients), respectively; patients with R-ISS
stage III MM (34 patients) had the lowest level, at 0.24 times
the value of the control group. Circulating miR-451a levels had
a strong positive correlation with miR-451a levels in BM, but
negatively correlated with IL-6 and IL-6R levels. After two
courses of consolidation chemotherapy, 19 patients achieved
complete remission, 10 of whom presented steady circulating
miR-451a levels during follow-up; the other nine patients had
an abrupt decrease in circulating miR-451a levels. The turning
points in the trend appeared 4-8 weeks before positive results
were obtained via MFC, and 4-16 weeks before clinical relapse.
Moreover, miR-451a overexpression notably downregulated
the expression of the IL-6R mRNA and protein. Collectively,
circulating miR-451a levels potentially represent a novel
biomarker to monitor MRD and predict relapse.

Introduction

Multiple myeloma (MM) is an incurable cancer of plasma cells
caused by the abnormal accumulation of monoclonal plasma
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cells in the bone marrow (BM) (1), which accounts for ~10%
of all hematological malignancies (2). The natural course of
MM varies greatly. For example, some patients live for only a
few months, while other patients survive for decades (3). The
identification patients who are at high risk may help optimize
the choice of personalized treatment and improve clinical
outcomes (3). Currently, the Revised MM International Staging
System (R-ISS) is widely used in clinics for stratification and
can successfully classifies patients (3). The R-ISS staging
system consists of determining [,-microglobulin (3,-M),
albumin (ALB), lactate dehydrogenase (LDH) and cytogenetic
heterogeneity (4). In addition to stratification, dynamically
monitoring of the effect of therapy, termed ‘minimal residual
disease’ (MRD), is important for predicting relapse and the
prognosis in order to intervene in a timely manner and prolong
survival (5). However, the R-ISS is not suitable for assessing
MRD. For example, the cytogenetic heterogeneity does not
dynamically reflect the tumor load at different stages of
treatment. Moreover, diverse genetic abnormalities exist in
different patients, and numerous factors influence ,-M, ALB
and LDH levels (5).

Currently, multiparameter flow cytometry (MFC) of the BM
is routinely used for monitoring MRD (6). However, MM has
a unique characteristic, namely, myeloma cells are not evenly
distributed in BM (foci), and this characteristic often causes
false negative results for MRD (7). Therefore, identifying a
novel marker that is universal for the majority of patients, that
reflects the dynamic changes in tumor load and is able to be
conveniently assessed is urgently needed. For these purposes,
the present study aimed to develop a non-invasive approach.

IL-6 is a pivotal growth factor that regulates the prolif-
eration of MM via an autocrine mechanism from MM cells
or a paracrine mechanism from stromal cells (8). IL-6 exerts
its biological effects by binding to its receptor (IL-6R), and
IL-6R leads to the activation of the JAK/STAT signaling
pathway (9). The activation of JAK family tyrosine kinases
recruits the STAT3 protein, which dimerizes and translocates
to the nucleus to transduce signals and initiate the expres-
sion of genes involved in the proliferation and apoptosis of
myeloma cells (10).

MicroRNAs (miRNAs/miRs) can identify the 3' untrans-
lated region (3'UTR) of their specific target mRNAs and
subsequently inhibit the expression of the target gene at the
post-transcriptional level (11). miR-451a was discovered in
2005 and is located on chromosome 17gl1.2 (11). Furthermore,
miR-451a, which functions as a tumor suppressor, has been
reported to be associated with several types of cancer, including
lung cancer (12), hepatocellular carcinoma (13), gliomas (14)
and osteosarcoma (15), wherein it inhibits the proliferation,
migration and invasion of tumors (16). miR-451a has also
been shown to target IL-6R in several solid tumor types, and
inhibits tumor proliferation, migration and angiogenesis via
the IL-6R signaling pathway (17). However, whether miR-451a
inhibits tumor growth in MM remains unknown, and whether
there a targeted relationship between miR-451a and IL-6R in
MM is yet to be elucidated. Moreover, further investigations
are required to determine whether circulating miR-451a levels
reflect the tumor load in real time. The current study aimed to
evaluate these questions, and the present findings may provide
a potential prognostic strategy for MM.

Materials and methods

Ethics statement. This study was performed with the approval
of the Institutional Review Board of Sichuan Provincial
People's Hospital of China. Informed written consent was
collected from each eligible patient, and the whole study was
performed in accordance with the Declaration of Helsinki.

Study subjects. Between January 2017 and December 2018,
66 patients with MM (age range, 38-88 years; 37 men;
29 women) and ten healthy controls (age range, 31-83 years;
six men; four women), who were treated at the Sichuan
Academy of Medical Sciences and Sichuan Provincial People's
Hospital were enrolled. The diagnostic criteria for active MM
were based on the International Myeloma Working Group
guidelines (18). The criteria for classification were according
to the subtype of abnormal proliferative immunoglobulin.
The criteria for staging were assessed using the R-ISS (3).
The healthy control group consisted of transplant donors
undergoing BM transplantation, who were recruited to provide
BM (~1 ml) and peripheral blood samples (~5 ml).

Treatment. All patients were treated with bortezomib
(1.3 mg/m? subcutaneously on days 1, 4, 8 and 11 of every
21-day cycle or 1.3 mg/m? subcutaneously on days 1, 8, 15 and
22 of every 35-day cycle; three manufacturers permitted by
medical insurance: QILU Pharmaceutical; Chia Tai Tianqing
Pharmaceutical; Hansoh Pharmaceutical) in combination with
dexamethasone (Tianjin Jinyao Pharmaceutical Co., Ltd.;
10 or 20 mg on the day of, and the day after the administration
of each dose of bortezomib). In high-risk patients, either cyclo-
phosphamide (300 mg/m? on days 1 and 8; Baxter Oncology
GmbH) or lenalidomide (10 or 25 mg based on renal function
measured from days 1-21; Beijing Shuanglu Pharmaceutical
Co., Ltd.) was added to the combination. A total of 8-12 cycles
were planned as induction therapy for all patients, and after
induction therapy, patients entered maintenance therapy with
either bortezomib (1.3 mg/m? once every 2 weeks for 2 years)
or lenalidomide (25 mg once a day on days 1-21 and every
28 days until relapse).

Sampling. Samples were initially collected from patients at
the first diagnosis and at the required follow-up time points
(once every 3 months); 5 ml blood was collected in serum
collection tubes. Whole blood was allowed to stand for ~1 h
at room temperature, before centrifugation at 1,200 x g for
10 min at 4°C, followed by the separation of serum. Successive
centrifugation was performed for 10 min at 10,000 x g at 4°C to
remove the cellular debris. The resulting serum was aliquoted
into Eppendorf tubes and stored at -80°C to determine IL-6
and circulating miR-451a levels.

BM samples collected from both patients and controls
were anticoagulated with EDTA-K, (BD Biosciences) at
room temperature. Some BM samples were diluted 1:1 with
RPMI-1640 basic medium (Gibco; Thermo Fisher Scientific,
Inc.). Mononuclear cells were isolated with Ficoll cell isolation
medium at room temperature (density 1.077 g/ml; Stemcell
Technologies, Inc.). Then, plasma cells were isolated using
CD138 magnetic beads at room temperature (Miltenyi Biotec,
Inc.) for RNA extraction to analyze miR-451a expression
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and proteins were extracted to measure IL-6R levels. The
remaining BM was used for MFC.

Analysis

Reverse transcription-quantitative PCR (RT-qPCR). To
concentrate the circulating miRNA, the extraction protocol
was conducted by adding 10% PEG 8,000 solution (Beijing
Solarbio Science & Technology Co., Ltd.). Total RNA
was extracted from 500 ul serum using a mirVana miRNA
Isolation kit (cat. no. AM1561; Thermo Fisher Scientific, Inc.),
according to the manufacturer's instructions. Then, miR-451a
was reverse transcribed with a Bulge-LoopTM miRNA
RT-gqPCR Starter kit (Guangzhou RiboBio Co., Ltd.). The
reaction conditions were: 42°C for 60 min and 70°C for 10 min.
Relative quantification was performed via qPCR using the
SYBR Green PCR kit (Guangzhou RiboBio Co., Ltd.). External
references (cel-miR-39; Guangzhou RiboBio Co., Ltd.) were
used to compare miRNA levels among different groups. The
fold change was calculated based on the normalized mean
differences (222%9) (19). The PCR cycling conditions were as
follows: Initial denaturation at 95°C for 10 min, followed by
40 cycles at 95°C for 2 sec, 60°C for 20 sec and 70°C for 10 sec.
The following primers for miR-451a were used: Sense, 5'-ACC
GTTACCATTACT-3' and antisense, 5'-CTCACACGACTC
ACGA-3'". All reactions, including no-template controls, were
performed in triplicate. Amplification and data analysis were
performed using an ABI Prism 7,000 thermocycler (Applied
Biosystems; Thermo Fisher Scientific, Inc.).

Primary plasma cells were purified from BM aspirates
obtained from patients with MM and healthy volunteers using
CD138 magnetic beads (Miltenyi Biotec, Inc.). Total RNA
of cells was extracted using Tripure isolation reagent (Roche
Diagnostics, Inc.) and reverse transcribed into cDNAs with a
first stand cDNA synthesis kit using random primers (Roche
Diagnostics). The duration of RT was as following: 25°C for
10 min, 55°C for 30 min, 85°C for 5 min, 10°C for 15 min and
end at 4°C. gPCR was performed to analyze IL-6R expression
using SYBR Premix Ex Taq (Takara Bio, Inc.). The qPCR
consisted of an initial denaturation step at 95°C for 5 min,
followed by 39 cycles at 95°C for 10 sec, 60°C for 30 sec, and
a final elongation step at 95°C for 15 sec, 60°C for 1 min and
95°C for 15 sec. The following primers for IL-6R were used:
Sense, 5'-CCTCTGCATTGCCATTGTTC-3' and antisense,
5'-GAGATGAGAGGAACAAGCAC-3..

ELISA. The serum level of IL-6 in serum was measured using
a human IL-6 ELISA kit (Abcam; cat. no. ab46027), according
to the manufacturer's instructions. After color development
was stopped, the absorbance was measured using a microtiter
plate-computerized reader set to a wavelength at 450 nm. The
sensitivity for IL-6 was 2 pg/ml.

Western blotting. Western blotting was used to analyze the
levels of IL-6R in plasmocytes. Proteins were extracted from
cells with a lysis buffer containing PMSF (Beijing Solarbio
Science & Technology Co., Ltd.) and concentrations were
measured using a BCA protein assay kit (Tiangen Biotech
Co., Ltd.). A total of 20-30 pg protein extracts were subjected
to electrophoresis on 10% SDS-PAGE gels and transferred to
nitrocellulose membranes. The membranes were blocked with
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Table I. Patient characteristics.

Characteristics Patients
Sex

Male 37 (56.1%)

Female 29 (43.9%)
Age, years 63 (38-88)
Isotype

IgG type 35 (53.0%)

IgA type 17 (25.8%)

IgM type 0

IgE type 0

IgD type 1(1.5%)

Light chain type 13 (19.7%)
R-ISS Stage

I 15(22.7%)

I 17 (25.8%)

I 34 (51.5%)
Cytogenetics

Gain 1q21 12 (13.6%)

17p deletion 6(9.0%)

t(11;14) 8 (12.1%)

t (14;16) 4 (6.0%)

t (4;14) 5 (7.6%)

t (14;20) 1 (1.5%)

Trisomy 27 (40.9%)

Unknown 3(4.5%)
LDH level exceeding the normal range 11 (16.7%)

Data are presented as the n (%) or median (interquartile ranges).
LDH normal range 120-250 U/1. LDH, lactate dehydrogenase; R-ISS,
Revised Multiple Myeloma International Staging System.

10% skimmed milk for 2 h at room temperature and then incu-
bated with the following primary antibodies overnight at 4°C:
Rabbit anti-IL-6R (1:400; Abcam; cat. no. ab27321) and rabbit
anti-GAPDH (1:1,000; Abcam; cat. no. ab8245). After incuba-
tion with the secondary antibody conjugated with horseradish
peroxidase (1:2,000; Abcam; cat. no. ab6789) for 2 h at room
temperature, the proteins were visualized with the Molecular
Imager Gel Doc XR System (Bio-Rad Laboratories, Inc.) using
Metal Enhanced DAB Substrate kit (Beijing Solarbio Science
& Technology Co., Ltd.).

Flow cytometry. In follow-up experiments, MRD was assessed
using MFC. A fixative-free erythrocyte lysis buffer (Beckman
Coulter, Inc.) was used for the phenotypic characterization of
the majority of participants. Intraprep permeabilization reagent
(cat. no. A07803; Beckman Coulter, Inc.) was used to analyze
intracellular immunoglobulin levels at room temperature. The
number and viability of cells obtained were determined using
staining cells with trypan blue for 10 min at room temperature
and counted under a microscope. If the viability of recovered
cells was =290%, 20 million cells were stained with two inde-
pendent 6-color panels (10 million each): One tube contained
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Figure 1. Expression of miR-451a in the BM and circulation of patients with MM. (A) Relative expression of miR-451a in healthy controls and patients
with MM. (B) Expression of miR-451a among different Revised Multiple Myeloma International Staging System stages. (C) Correlation between miR-451a
expression in circulation and in BM. (D) Correlation between circulating miR-451a and IL-6. (E) Western blotting results of the protein expression of IL-6R

in plasma cells. (F) Correlation between circulating miR-451a and IL-6R. “P<0.01,

IL-6R, IL-6 receptor.

CDI19-FITC, CD20-PE, CD56-ECD, CD38-PECYS5.5,
CD138-APC and CD45-PECy7, and the other tube contained
CDI19-FITC, CDI117-PE, CD56-ECD, CD38-PECYS5.5,
CD138-APC and CD45-PECy7. The intracytoplasmic panel
consisted of the markers Cyx-APC, CyA-APC750, CD19-PE,
CD38-FITC and CDI138-APC. In total, 10 million cells
suspended at a final volume of 200 pl/tube were labeled in
each tube. A minimum of 5 million events were recorded per
tube in the mode of middle speed in a flow cytometer (Navios'
Beckman Coulter, Inc.). The software used for analysis was
Kaluza (version no. 2.1; Beckman Coulter, Inc.). Cell popu-
lations are considered abnormal if they have an atypical
differentiation pattern, an increased or decreased expression
level of normal antigens, an asynchronous maturational pattern
or express aberrant antigens (20).

miR-451a transfection. For miR-451a mimic transfections, the
miR-451a mimic (5-AAACCGUUACCAUUACUGAGUU-3;
50 nM; Guangzhou RiboBio Co., Ltd.) and the corresponding
negative control (50 nM; Guangzhou RiboBio Co., Ltd.) were
separately transfected into 293T cells (purchased from China
Center for Type Culture Collection) were performed sepa-
rately in the absence of any other treatments. The transfections
were performed using Lipofectamine 3000 (Thermo Fisher
Scientific, Inc.). Then, 48 h after transfection, the expression of
miR-451a was measured using RT-qPCR to confirm successful
transfections, and the subsequent effect was only determined
in cells expressing miR-451a.

Luciferase reporter assay. The online software TargetScan
(TargetScan Human 7.0; http://www.targetscan.org/vert_70/)

sk

P<0.001. miR, microRNA; MM, multiple myeloma; BM, bone marrow;

was used to investigate the relationship between miR-451a
and IL-6R. The predicted binding site for miR-451a to
human IL-6R 3'UTR was 5-UUGCCAAA-3' (17,21). The
human IL-6R 3'UTR with a mutation in the miR-451a seed
sequence (mutant; mut) and 3'UTR (wild-type; WT) were
amplified and inserted between the restriction sites Xhol
and Nortl of the firefly and Renilla luciferase reporter vector
pmiR-RB-REPORT (Guangzhou RiboBio Co., Ltd.), respec-
tively. Cells were plated on 24-well plates at 1x10° cells/well
and transfected with luciferase reporter vectors (30 ng) using
Lipofectamine 3,000 (Thermo Fisher Scientific, Inc.). At 24 h
post-transfection, firefly and Renilla luciferase activities were
measured using a Dual-Glo Luciferase assay system (Promega
Corporation), according to the manufacturer's instructions.
The Renilla luciferase signal was normalized to that of the
firefly luciferase signal for each individual analysis.

Statistical analysis. Data are presented as the medians
and interquartile ranges. The experiments were repeated
three times. The Kolmogorov-Smirnov test was used to
analyze whether the data were normally distributed. The
Kruskal-Wallis rank sum test was used to analyze differences
in the data among the four groups. Dunn's test was used as
the post hoc test after Kruskal Wallis. Comparisons between
two groups were performed using the Mann-Whitney U test.
After the Mann-Whitney U test, a Bonferroni was conducted
to correct the P-value. Correlations were determined by
calculating Spearman's correlation coefficients. Statistical
analyses were performed using SPSS version 19.0 (IBM
Corp.). P<0.05 was considered to indicate a statistically
significant difference.
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Figure 2. Follow-up of patients who experienced CR. (A) In total, 10 patients experienced long-term remission. (B-J) In total, nine patients relapsed during the
follow-up period. (B) During the follow-up period, the expression of miR-451a at the 9th month after CR decreased by 50% compared with the value at the
6th month (6=50%). MRD was reported positive using MFC at the 10th month. The patient experienced a clinical relapse at the 12th month. (C) MFC positive
at the 14th month, clinical relapse at the 16th month, 8=56%. (D) 8=57%, MFC positive at the 4th month, and clinical relapse at the 6th month. (E) 6=64%,
MEFC positive at the 11th month, and clinical relapse at the 12th month. (F) 8=54%, MFC positive at the 7.5th month, and clinical relapse at the 8th month.
(G) 8=59%, MFC positive at the 4.5th month, and clinical relapse at the 6th month. (H) 8=60%, MFC positive at the 5Sth month, and clinical relapse at the
6.5th month. (I) 8=65%, MFC positive at the 6.5th month, and clinical relapse at the 7th month. (J) 8=65%, MFC positive at the 13th month, and clinical relapse
at thel4th month. CR, complete remission; MFC, multiparameter flow cytometry; miR, microRNA.

Results

Baseline characteristics and treatments. In the present study,
the median age of the patients was 63.0 years (age range,
38-88 years), and 56.1% of patients were male. The patients
received immunomodulatory drugs or proteasome inhibitors
as induction therapy without autologous stem cell transplanta-
tion. In total, 15 of these patients (22.7%) were R-ISS stage I,
17 patients (25.8%) were R-ISS stage II and 34 patients (51.5%)
were R-ISS stage III (Table I).

Expression of miR-451a in the BM and circulation of patients
with MM. Low circulating miR-451a levels were detected

in patients with MM, and were only 0.39 times the value of
the control group (U=4.00; P<0.001; Fig. 1A). Among the
66 patients with MM, the median expression of miR-451a was
0.73 times the value of the control group in R-ISS stage I MM;
and that in R-ISS stage I MM was 0.41 times the value of the
control group (Fig. 1B). Moreover, patients with R-ISS stage I11
MM presented the lowest level, at 0.24 times the value of the
control group (Fig. 1B).

The expression of miR-451a was compared between cells
in the BM and circulation to evaluate the consistency. The
expression of miR-451a in the circulation exhibited a strong
positive correlation with miR-451a expression in BM (R°*=0.98;
P<0.001; Fig. 1C). The concentration of IL-6 was strongly,
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Figure 3. Abnormal plasma cells detected using in MFC. (A) Plasma cells (0.03%) with an abnormal phenotype were detected using MFC (corresponding to
the patient in Fig. 2B) with monoclonal Lambda light chain. (B-I) Data corresponding to the patients shown in Fig. 2C-J, respectively. (B) The patient presented
with 2.42% of myeloma cells detected with a monoclonal « light chain antibody. (C) The patient presented with 2.06% of myeloma cells detected with a A
light chain antibody. (D) The patient presented with 0.09% of myeloma cells detected using a X light chain antibody. (E) The patient presented with 0.24% of
myeloma cells detected using a A light chain antibody. (F) The patient presented with 0.06% of myeloma cells detected using a « light chain antibody. (G) The
patient presented with 0.60% of myeloma cells detected using a « light chain antibody. (H) The patient presented with 2.51% of myeloma cells detected using
a k light chain antibody. (I) The patient presented with 2.50% of myeloma cells detected using a A light chain antibody. MFC, multiparameter flow cytometry.

negatively correlated with miR-451a expression (R*=-0.97;
P<0.0001; Fig. 1D). The plasma cells from patients with MM
demonstrated an upregulated expression of IL-6R compared
with the control subjects via western blotting. Furthermore, the
expression levels increased gradually from stage I to stage 111
(Fig. 1E). IL-6R levels were strongly and negatively correlated
with miR-451a expression (R*=-0.95; P<0.001; Fig. 1F).

After two courses of consolidation chemotherapy, 19 patients
achieved complete remission (CR). In the 2-year follow-up
period, MRD was observed using MFC and changes in circu-
lating miR-451a expression were evaluated. For 10 patients,
the expression of circulating miR-451a remained steady in
the follow-up period (seven patients with R-ISS stage I, two
with R-ISS stage II and one with R-ISS stage III). The change
in miR-451a expression was <50%. The 10 patients were in
continuous CR (Fig. 2A). However, the other nine patients (two
patients with R-ISS stage I, three with R-ISS stage II and four
with R-ISS stage I1I) demonstrated an abrupt decrease in circu-
lating miR-451a expression during the follow-up period after
CR (Fig. 2B-J). The value at the observation point was >50%
lower compared with the value measured 3 months prior (50%;
Fig. 2G-J). The turning points in the trend appeared 4-8 weeks
before abnormal plasma cells were obtained via MFC (Fig. 3A-I).
Thus, when MFC results were still negative, significant changes
in circulating miR-451a expression had occurred. Subsequently,
clinical relapse occurred in these nine patients.

IL-6R is a direct target of miR-451a. Significantly higher
miR-451a expression was observed in the mimic group
compared with the mimic control cells and in non-transfected
cells (both P<0.001; Fig. 4A). The dual-luciferase reporter assay
results revealed that co-transfection of the miR-451a mimic
and IL-6R-wild-type (WT) resulted in decreased the luciferase
activity compared with co-transfection of the mimic control
and IL-6R-WT (P<0.001; Fig. 4B). However, there was no
effect of co-transfection of the miR-451a mimic and IL-6R-mut

had no effect on the luciferase activity (P>0.05; Fig. 4B).
Furthermore, the overexpression of miR-451a significantly
downregulated IL-6R expression both at the mRNA (P<0.001;
Fig. 4C) and protein (Fig. 4D) levels. Collectively, these results
suggested that IL-6R was a target gene of miR-451a and was
negatively regulated by miR-451a (Fig. 4E).

Discussion

With the wide application of novel drugs, the depth and duration
of remission in patients with MM are continuously improving,
but patients still eventually relapse or progress (3). The hetero-
geneity of patients who relapse requires an individualized
assessment of these patients to determine the timing and medi-
cation used for treatment. Due to the biological complexity
and dynamic nature of therapy, sampling a single site of the
disease is unable to fully assess the clonal complexity of
multisite metastatic disease in patients (7). Therefore, cell-free
nucleic acids in circulation are useful for detecting the genomic
alterations present in patients with genetically heterogeneous
diseases. In the current study, a circulating miRNA, miR-451a,
was indicated to be an efficient approach to monitor dynamic
tumor load and predict relapse.

MM has a unique characteristic, namely, myeloma cells
are not evenly distributed in BM, which are called foci; this
characteristic often causes false negative results for MRD (7).
Furthermore, MM is characterized by a high level of hetero-
geneity, as subclones cause clonal evolution. Thus, one type
of mutation does not effectively characterize most patients
with MM (22). Although the R-ISS stratification system is a
powerful prognostic tool to predict outcomes in patients with
myeloma, it does not reflect the real time tumor load in real
time (3). Therefore, a new marker that is universal, rapid and
can be monitored in real time is urgently required. To conduct
follow-up tests more conveniently and avoid false negatives, the
present study attempted to develop a non-invasive approach.
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Figure 4. IL-6R is a direct target of miR-451a. (A) Expression of miR-451a in different groups. (B) Relationship between IL-6R and miR-451a was assessed
via a dual-luciferase reporter assay. (C) Expression of the IL-6R mRNA in miR-451a mimic-transfected cells. (D) Western blotting demonstrating IL-6R levels
in miR-451a mimic-transfected cells. (E) Associations between miR-451a, IL-6R and the JAK/STAT pathway. ““P<0.001; ™P>0.05. ns, not significant; miR,

microRNA; IL-6R, IL-6 receptor; WT, wild-type; mut, mutant.

A previous study reported that extracellular miRNA levels
are stable in body fluids, and are retrievable and measurable
from fresh or archived serum and plasma samples (23). In
patients with cancer, the use of a less invasive method than
tissue biopsy is needed, and it may lead to a major differ-
ence in clinical outcomes. Hence, a large number of studies
have assessed the potential use of circulating miRNAs as
biomarkers of various types of cancer, including breast cancer,
gastric cancer, hepatocellular cancer and non-small cell lung
cancer (24-26). Moreover, miRNA signatures in blood are
similar in men and women, as well as in individuals of different
ages (27). Circulating miRNAs originate from microvesicles
(released by exocytosis), exosomes (formed by the invagination
of the early endosome and released upon the fusion of the late
endosome with the plasma membrane) and apoptotic vesicles
and/or senescent bodies (27-29). In the current study, circu-
lating miR-451a levels were measured using RT-qPCR, which
is more sensitive compared with MFC, and more economical
compared with next-generation sequencing. A stationary

state of circulating miR-451a expression suggested remission,
but an abrupt decrease in expression predicted relapse in
the present study. This change often occurred prior to MFC
and clinical relapse. However, the definition of an ‘abrupt
decrease’ remains unclear. Based on the current results, 50%
may be the rate of change in miR-451a expression. However,
the number of samples must be increased to identify the exact
threshold.

The abnormal expression of miR-451a is observed in
multiple solid malignant tumor types, and its expression is
negatively correlated with the degree of malignancy (30-32).
In the current research, the downregulation of miR-451a
expression in the serum of patients with MM distinguished
patients with MM from healthy individuals. Moreover, a
decline in miR-451a expression is significantly correlated with
poor clinical prognosis (33). This finding is consistent with the
present study. However, the mechanism has not yet been eluci-
dated. In humans and rats, miR-451a displays a tissue-specific
expression pattern, and it is highly expressed in BM (34). As
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BM is part of the hematological system, miR-451a release into
the blood may be more likely to occur. Long non-coding RNAs
(IncRNAs) have been revealed to sponge miRNAs to decrease
their expression (35). In terms of miR-451a, LINC00657 and
AC084082.3 are shown to interact with miR-451a in BM (36).
In MM, IL-6, a vital growth factor for myeloma cells, can
induce the upregulation of several IncRNAs (37), and these
IncRNAs may cause miR-451a dysregulation. However, which
IncRNA can sponge miR-451a in MM remains unknown.
In the present study, IL-6R was identified to be a target of
miR-451a. Thus, it was indicated that miR-451a was associ-
ated with the IL-6R/JAK2/STAT3 pathway. However, whether
the IncRNA that may sponge miR-451a is also associated with
this pathway is yet to be elucidated, and will be examined in
future studies.

The downstream mechanism of downregulated miR-451a
that influences MM is not fully understood. In osteosarcoma,
miR-451a inhibits the proliferation, migration and angiogenesis
of osteosarcoma cells by silencing IL-6R (21). In the present
study, miR-451a was negatively associated with the R-ISS stage,
and negatively correlated with IL-6 and IL-6R. The target
verification experiment identified the relationship between
miR-451a and IL-6R. Therefore, miR-451a may function via the
IL-6R/JAK2/STAT3 pathway. Previous studies have reported
that miR-451a could change the levels of JAK2 and STAT3
phosphorylation to induce apoptosis in myeloma cells (38,39).
Therefore, this mechanism could apply to clinical transforma-
tion, and miR-451a has the potential to be a biomarker to predict
the therapy outcome of a patient. In addition to the JAK2/STAT3
pathway, IL-6 could also promote the proliferation of myeloma
cells via the Ras/MAPK pathway (40) and regulate the
PI3K/AKT pathway to reduce apoptosis in MM cells (41). IL-6
interacts with VEGF to promote angiogenesis, migration and
invasion (42). Moreover, numerous pathways activated by IL-6
could activate NF-Kb (43). Therefore, miR-451a may serve a
role in other mechanisms, but these have yet to be confirmed.

In conclusion, miR-451a was associated with the R-ISS
stage and tracked dynamic changes in the tumor. Circulating
miR-451 could reflect the tumor load in real time and may be
used to monitor MRD in patients with MM. An early warning
sign, especially a non-invasive method, will allow for the
anticipation of the disease. For instance, patients may start
treatment if there is a dramatic and rapid decrease in miR-451a.
However, if the rate of decline is slow, observation is recom-
mended. Although the number of cases in the current study are
limited, the available data demonstrate the value of miR-451a
in early recurrence after chemotherapy in patients with MM. In
the future, the sample size will continue to further enlarged to
clarify and determine the prognostic value of miR-451a.
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