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Abstract

Purpose Multiple myeloma (MM) is a hematological malignancy marked by uncontrolled proliferation and accumulation
of plasma cells in bone marrow. Despite presence of numerous diagnostic markers for MM, their invasive and non-specific
nature demands identification of some effective biomarker. Small non-coding RNAs, i.e., microRNAs being secreted out
in circulation could depict the change in homeostasis. Earlier, we reported diagnostic potential of a proteoglycan, Versican
(VCAN) in MM, hence, VCAN linked cell-free microRNAs have been explored to study their diagnostic involvement in MM.
Methods Biopsy proven MM patients and controls were recruited. The relative microRNA expression of VCAN linked
microRNAs (miR-143, miR-144, miR-199, and miR-203) along with levels of VCAN have been investigated in bone mar-
row supernatant fluid (BMSF) and blood serum and their correlation were done with clinico-pathological parameters. The
diagnostic potential was assessed using ROC curve.

Results Relative microRNA expression of all microRNAs was found significantly lower in MM patients in both BMSF
and serum while VCAN levels were substantially higher in patients. VCAN levels showed positive trend while microRNAs
expression showed negative trend with severity of disease. miR-203 showed significant correlation with myeloma-associated
parameters and also showed optimum sensitivity and specificity for diagnosis of MM in serum.

Conclusions Downregulation of cell-free microRNAs illustrates their importance in MM. The negative trend of microRNAs
with disease progression suggests their diagnostic significance. Correlation of miR-203 with myeloma clinical parameters
along with optimum sensitivity and specificity affirms its non-invasive diagnostic potential in MM which could further be
validated in larger patient cohort.
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Introduction

Multiple myeloma (MM) is the second most common hema-
tological malignancy after non-Hodgkin lymphoma and is
marked by the proliferation followed by the accumulation of
malignant plasma cells in the bone marrow (Palumbo and
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Anderson 2011). MM accounts for 1% of all neoplasms and
13% of all hematological malignancies. This malignancy
was first documented in 1844 and since then, research is
being constantly carried out to identify some effective and
sensitive diagnostic marker for the detection of MM (Kyle
and Rajkumar 2008). Undoubtedly, numerous diagnostic
methods for MM are available in the present scenario but
their non-specific or invasive nature demands the identifica-
tion of some effective, non-invasive, sensitive and specific
biomarker for MM.

microRNAs are small non-coding RNAs involved in the
regulation of gene expression in physiological or pathologi-
cal processes (Bartel 2004). Cell-free microRNAs or circulat-
ing microRNAs could behave as the signature of a particu-
lar condition and hence, have been emerged as the potential
biomarker for various diseases including cancer. But a ques-
tion arises as of how to decide the basis of selection of few
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microRNAs from a total pool of miRBase for MM. Previ-
ously, our research group reported the diagnostic potential of
a chondroitin sulfate proteoglycan, Versican (VCAN) in MM
and we observed its optimum sensitivity and specificity in the
malignancy (Gupta et al. 2015). This proteoglycan is mainly
produced in the bone marrow microenvironment but its secre-
tion in blood proposed the utilization of blood as an alternative
of bone marrow in MM.

There are certain reports which suggest the regulation of
VCAN by small non-coding RNAs, i.e., microRNAs in cancer.
Fang et al. reported alteration in levels of endogenous micro-
RNAs in hepatocellular carcinoma after transfecting VCAN
3'UTR which behave as competitive endogenous RNA for
microRNAs (Fang et al. 2013). Similar results have also been
reported in breast cancer by Lee et al. in which they showed
the modulation of microRNAs activities by VCAN 3'UTR
fragment (Lee et al. 2010). The regulation of VCAN by miR-
203 has also been tested in melanoma cell lines wherein the
authors have shown the anti-cancer potential of miR-203 via
targeting VCAN (Bu and Yang 2014). Thus, on the basis of
above mentioned literatures, miR-143, miR-144, miR-199 and
miR-203 have been selected to explore their diagnostic poten-
tial in MM.

There are limited studies available showing the significance
of these microRNAs in MM. The downregulated expression of
miR-144 has been reported in plasma samples of MM patients
in a single study and hence, anti-myeloma potential of miR-
144 in vitro (Zhao et al. 2017a, b). miR-203 has also shown to
be differentially expressed in plasma cells from MM patients
and also observed hyper-methylated in myeloma contributing
to its downregulation in the disease (Chi et al. 2011; Wong
et al. 2011). As per the published literature, no reports are
available for miR-143 and miR-199 in clinical samples in MM,
but there is a study in MM showing targeting of angiogenesis
by miR-199 mimics in myeloma in vitro and in vivo (Rai-
mondi et al. 2014). However, these microRNAs have not been
studied yet in the circulatory milieu of MM and, therefore,
their clinical importance in terms of diagnosis has not been
taken into account till date in MM.

Hence, this study hypothesizes to exploit the diagnostic
importance of cell-free microRNAs in MM. To achieve this
aim, microRNA expression along with VCAN has been inves-
tigated in bone marrow and blood circulation in MM. The
expression of microRNAs was correlated with VCAN and also
with clinico-pathological parameters of the patients. Lastly, the
diagnostic potential of microRNAs was assessed by determin-
ing their sensitivity and specificity in MM.
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Materials and methods
Study samples

This study has been approved by the Institute’s ethics com-
mittee and informed written consent was obtained from all
the study subjects. 30 newly diagnosed MM patients reg-
istered at Department of Hematology, AIIMS, New Delhi
were included. The patients were categorized into three
stages on the basis of International Staging System (ISS)
which includes f2-microglobulin and albumin. In addition,
two categories of controls were enrolled which includes 15
patients undergone for bone grafting procedure or spine
surgery registered at Department of Orthopedics, AIIMS
for bone marrow controls and 30 healthy volunteers for
blood controls for precise comparison with patients in
both the circulatory milieu. BM aspirate and peripheral
blood were obtained from MM patients. Additionally, BM
aspirate was taken from the bone marrow controls while
peripheral blood sample from blood controls. 2 ml BM
aspirate from the study subjects was collected in EDTA
vials at the time of their diagnostic procedure and 2 ml
blood was withdrawn in plain sterile tubes free of endo-
toxins. Bone marrow and blood were kept at room tem-
perature for 10 min followed by centrifugation at 600g for
10 min for bone marrow supernatant fluid (BMSF) and
serum isolation, respectively. Both of the circulatory fluids
were stored at — 80 °C for further use.

Enzyme-linked immunosorbent assay (ELISA)

High-sensitive commercially available ELISA kit was used
to estimate the circulatory levels of Versican (VCAN) in
BMSF/serum samples of the study subjects. VCAN ELISA
kit was supplied by USCN Cloud Clone Corporation
(Houston, USA). This kit was based on the principle of
sandwich ELISA in which a monoclonal antibody against
the VCAN antigen had been pre-coated onto the wells
of microtiter plates provided in the kit. The standard or
samples containing VCAN antigen were incubated with
the antibody-coated plates to allow binding of VCAN to
the antibody. Following incubation, a primary monoclo-
nal anti-VCAN antibody conjugated to biotin was added.
Subsequently, washing was done to remove the unbound
antibody and antigen followed by the addition of an avi-
din-HRP conjugated antibody specific for the primary
antibody. After incubation and following a wash, TMB
one-step substrate reagent reactive with HRP was added
to develop a colored product which was then terminated by
adding stop solution containing acid and absorbance was
measured at 450 nm. A reference curve was obtained by
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plotting different concentrations of standards vs absorb-
ance. The levels of VCAN in unknown samples were cal-
culated from the standard plot.

Quantitative microRNA expression by real-time PCR

Total RNA was extracted from serum and BMSF as per the
manufacturer’s instructions of miRNeasy serum/plasma iso-
lation kit supplied by Qiagen (Hilden, Germany). Briefly,
200 ul BMSF/serum sample was lysed using 1 ml Qiazol
lysis reagent followed by vortexing and incubation at room
temperature for 5 min. Then, chloroform was added, vor-
texed, incubated for 2—3 min and then centrifuged at 15,000g
for 15 min at 4 °C. After centrifugation, the upper aqueous
phase containing RNA was taken followed by the addition
of absolute ethanol to precipitate total RNA. The tube was
mixed gently to make homogenous suspension which was
then transferred into an RNeasy MinFElute spin column and
centrifuged at 8000g for 30 s. The column was then washed
with different buffers provided in the kit and RNA was
eluted by adding RNase free water into the column, incu-
bated for 15-20 min and centrifuged at 8000g for 2 min. The
RNA obtained was then quantified using Nano Drop Spec-
trophotometer and its purity was determined by 260/280 and
260/230 ratio. RNA was stored at — 80 °C until further use.

RNA isolated from the kit was used to synthesize cDNA
using miscript I RT kit, Qiagen (Hilden, Germany). Using
this kit, microRNAs were specifically polyadenylated and
reverse transcribed into cDNA using MMLYV reverse tran-
scriptase. cDNA was then used as template in Quantitative
PCR (Q-PCR) to determine the relative microRNA expres-
sion of miR-143, miR-144, miR-199, and miR-203. The
primers specific to the microRNAs were commercially syn-
thesized by Qiagen (Hilden, Germany). C. elegans miR-39
was used as an endogenous control (spike in control) for
relative quantitation. This microRNA was added into the
sample while RNA isolation for normalization. The data
were measured by 27 5Ct method, where Ct values of the
molecules were normalized to that of miR-39 and compared
with their respective controls.

Correlation analysis

Spearman correlation analysis was performed to determine
the correlation between microRNAs and VCAN in both
bone marrow and blood circulation. The levels of different
microRNAs were also correlated with each other in both
the circulatory fluids. Further, levels of microRNAs and
VCAN were correlated with various clinico-pathological
parameters of myeloma patients which includes hemoglobin,
p2-microglobulin, plasma cells, M-band, total protein, albu-
min, globulin, creatinine, and calcium.

Statistical analysis

Stata 12.0 was used for statistical assessment. Data were pre-
sented as median (range). Wilcoxon rank-sum test was applied
to statistically analyze the differences between MM patients
and controls. Wilcoxon signed rank test was used to identify
differences in the levels of microRNAs and versican between
BMSF and blood of the same patients. Kruskal-Wallis test
was applied for stage-wise analysis of molecules. Spearman’s
correlation analysis was performed to identify the correlation
between VCAN and microRNAs and all the molecules with
various clinico-pathological parameters of patients. The diag-
nostic potential of microRNAs in BM and blood were assessed
using receiver operating characteristic (ROC) curve which
determines the area under the curve, sensitivity, specificity,
and the respective cut-off points. A p value of <0.05 with 95%
confidence interval was considered statistically significant.

Results
Study subjects

The total of 30 newly diagnosed biopsy proven MM patients
were recruited in the study along with 15 bone marrow con-
trols and 30 healthy blood controls. Their demographic
details are shown in Table 1. According to ISS, 4 patients
were in Stage I, 14 patients were in Stage I and 12 patients
were in Stage III.

Circulatory levels of VCAN in study subjects

The circulatory levels of VCAN were observed significantly
higher (p <0.001) in MM patients in comparison to con-
trols in both BMSF and blood with considerably elevated
expression (p <0.05) in BM as compared to blood as shown
in Fig. 1 and Table 2. Upon inter-stage analysis, the expres-
sion of VCAN showed a trend with disease severity in both
the compartments with a gradual increase in levels as the
disease progresses. The stage III patients showed signifi-
cantly enhanced circulatory expression of VCAN than stage
I (»<0.01) and stage II (p <0.001) patients in BMSF. The
similar trend has also been observed in blood. Moreover,
stage II and stage III patients showed remarkably higher
expression (p <0.001) of VCAN than controls in blood
while stage III patients showed considerable higher expres-
sion (p <0.001) than controls in bone marrow.

Relative microRNA expression of VCAN linked
microRNAs

MicroRNAs linked to VCAN (miR-143, miR-144, miR-

199a, miR-203) have been studied by Q-PCR. The rela-
tive miRNA expression of all the microRNAs was found
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Table 1 Demographic data of multiple myeloma patients and control
subjects

Patients
Total number () 30
Blood/bone marrow 30/30
Male/female 17/13
Age (years) 59
Range (35-76)
Stage 1 4
Stage 11 14
Stage 111 12
Hb (g/dl) 9.4+2.1
<10 g/dl 20 (66.7%)
> 10 g/dl 10 (33.3%)
2 microglobulin
<3.5 mg/l 4 (13.3%)
>3.5 mg/l 26 (86.7%)
Plasma cells (%) 19.2+16.2
M- band (g/dl) 2.6+2.0
Total protein (g/dl) 7.7+1.1
Albumin (g/dl) 3.7+0.9
Globulin (g/dl) 39+1.2
Creatinine (mg/dl) 0.9+0.5
Calcium (mg/dl) 8.6+0.6
Bone marrow Blood
Controls
Total number (7) 15 30
Male/female 718 22/8
Age (years) 44 44
Range (25-68) (33-55)

Values are represented as mean + SD

(a) VCAN (Serum)

* kK N

VCAN levels (ng/ml)

Fig. 1 Circulatory levels of versican in a serum and b bone marrow
supernatant fluid (BMSF) of multiple myeloma patients and controls.
The levels were represented as ng/ml. The patients were divided into
three stages on the basis of International Staging System. N=30
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significantly lower in MM patients in comparison to controls
in both blood (p <0.001) and bone marrow (p <0.001) but
the expression was much lower (p <0.001) in blood than
bone marrow (Fig. 2; Table 2). This finding could signify
the negative relation between VCAN and microRNAs. These
miRNAs also showed a negative trend with an increase
in disease severity, i.e., relative microRNA expression
decreased upon progression of the disease to a higher stage.
Though the microRNA levels reduce with increase in stage
but only the difference in the expression of miR-203 was
significant between stage I and stage III patients and stage
IT and stage III patients in blood. Furthermore, it has been
found that relative microRNA expression of all miRNAs
in stage II and stage III patients were significantly lower
as compared to controls in both bone marrow and blood as
described in Fig. 2 and Table 2.

Correlation analysis

The expression of microRNAs was correlated with VCAN
levels in both blood and bone marrow using Spearman’s
correlation analysis as discussed in Table 3. It has been
observed that expression of miR-144, miR-199, and miR-
203 showed significant negative correlation with levels of
VCAN in bone marrow while miR-144 and miR-203 also
showed a significant negative correlation with VCAN in
blood. The levels of VCAN and relative miRNA expression
of miR-143, miR-144, miR-199, and miR-203 were corre-
lated with various clinico-pathological parameters of MM
patients and significant correlation was observed with sev-
eral such parameters as shown in Table 4. It has been found
that expression of miR-203 in blood consistently showed
significant association with B2 microglobulin, M-band, and

(b) VCAN (BMSF)
l &k l
301 l Fokok l I Fkk l
5
£ 20-
]
[
>
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g =
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N4 < \ > N3
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® QV‘S 2 & X

blood controls; N=15 bone marrow controls; N=30 patients; N=4
stage I patients; N= 14 stage II patients; N=12 stage III patients. The
bars of significance not mentioned between some groups depict non-
significance. [VCAN: Versican; *p <0.05; **p <0.01; ***p <0.001]
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Table 2 The level of significance of microRNAs and VCAN between different groups in BMSF and serum samples
)4 mir-143 mir-144 mir-199 mir-203 VCAN

BMSF Serum BMSF Serum BMSF Serum BMSF Serum BMSF Serum
PvsC <0.001 <0.001 <0.05 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Stage I vs Stage 11 ns ns ns ns ns ns ns ns ns ns
Stage II vs Stage III ns ns ns ns ns ns ns <0.05 <0.001 <0.01
Stage I vs Stage III ns ns ns ns ns ns ns <0.01 <0.01 <0.01
Stage I vs C ns ns ns ns ns ns ns ns ns ns
Stage Il vs C <0.001 <0.001 ns <0.05 <0.001 <0.001 <0.01 <0.001 ns <0.001
Stage III vs C <0.01 <0.001 <0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
P-Serum vs P-BMSF <0.001 <0.001 <0.001 <0.001 <0.001

VCAN versican, BMSF bone marrow supernatant fluid, P patients, C controls, p significance value, ns non-significance

globulin which are the important hallmarks for MM. In addi-
tion, the expression of miR-203 in bone marrow correlated
significantly with globulin and plasma cells. Moreover, lev-
els of miR-203 in blood showed a significant positive cor-
relation with levels in bone marrow suggesting that blood
could be exploited as a true representation of bone marrow
and hence, non-invasive detection of miR-203 could be of
significance for better diagnosis of MM.

Diagnostic potential of microRNAs in MM

The diagnostic potential of microRNAs was assessed by
plotting ROC curve which provides sensitivity, specificity,
area under the curve (AUC) and cut-off values of these mole-
cules as shown in Fig. 3. As reported earlier, VCAN showed
optimum sensitivity and specificity. In addition to VCAN,
expression of miR-203 in blood showed the best sensitivity,
specificity and area under the curve out of all microRNAs.

Discussion

With the advent of science, numerous diagnostic methods
are available for the detection of MM, but the non-specific
nature of f2 microglobulin, specific but invasive property of
plasma cell determination in bone marrow prompts research-
ers to identify some sensitive, specific and non-invasive
biomarker for MM. Previously, we reported the diagnostic
importance of a chondroitin sulfate proteoglycan, VCAN in
MM (Gupta et al. 2015) and this finding formed the basis
of selection of cell-free microRNAs to explore their clinical
utility for MM diagnosis. There are few reports available
describing certain microRNAs linked to the regulation of
VCAN in vitro in solid tumors (Fang et al. 2013; Lee et al.
2010; Bu and Yang 2014). But if this regulating property
of microRNAs is helpful in the diagnosis of MM as a non-
invasive mean has been addressed in the present work. To
address this question, VCAN linked microRNAs (miR-143,

miR-144, miR-199, and miR-203) were studied along with
VCAN in the bone marrow and blood samples of study
subjects. These microRNAs have been studied in clinical
samples of other cancers, but not a single report is available
in circulatory milieu of MM patients. This is the first study
assessing the expression of the above-listed microRNAs in
MM.

The circulatory levels of VCAN in bone marrow superna-
tant fluid (BMSF) and blood serum were significantly higher
in MM patients in comparison to controls with considerably
higher levels in BMSF than serum. This finding is in con-
cordance with our previous report published in 2015 (Gupta
et al. 2015).

The relative cell-free microRNA expression levels of all
the microRNAs (miR-143, miR-144, miR-199, and miR-
203) were determined in BMSF and serum samples and
observed that cell-free expression of all microRNAs was
significantly lower in MM patients as compared to controls.
The decreased expression of miR-143 has also been reported
in solid tumors such as bladder cancer and squamous cell
carcinoma as well as in hematological malignancies such as
leukemia, but no report is available in MM (Motawi et al.
2016; Gao et al. 2011; Elhamamsy et al. 2017; Zhang et al.
2011). There are some controversial reports available show-
ing increased expression of miR-143 in patients with gastric
cancer and lymphoblastic leukemia which could suggest the
disease-specific role of miR-143 (Obermannova et al. 2018;
Piatopoulou et al. 2018).

Similarly, in concordance with our results, miR-144 has
been reported to have downregulated expression in cancer
patients (Lario et al. 2018; Liu et al. 2017; Liang et al. 2017;
Zhao et al. 2017a, b). There is an opposing report available
illustrating the enhanced expression of miR-144 in acute
myeloid leukemia patients (Sun et al. 2017). There is only
a single study published in MM showing the decreased
expression in plasma samples of MM patients, and hence,
anti-myeloma potential of miR-144 in vitro, but the expres-
sion of miR-144 in bone marrow has not been taken into

@ Springer
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Serum

Serum BMSF Serum BMSF Serum BMSF Serum BMSF

BMSF

—0.270 (0.150)

0.099 (0.602) —0.351 (0.057)

—0.482 (0.007)

0.288 (0.122)

0.091 (0.629)
—0.315 (0.090) —0.256 (0.173)

0.375 (0.041)
—0.277 (0.138)
—0.355 (0.055)
—0.280(0.134)

0.192 (0.309)
—0.304 (0.102)
—0.399 (0.029)
—0.397 (0.030)
—0.110 (0.561)

0.164 (0.387)
—0.180 (0.343)
—0.294 (0.115)
—0.062 (0.744)

0.181 (0.340)
—0.186 (0.326)

0.242 (0.198)
—0.147 (0.438)
—0.176 (0.352)
—0.009 (0.961)

Hb

0.470 (0.009)
0.569 (< 0.001)
0.339 (0.068)
0.029 (0.679)
—0.201 (0.286)

0.607 (<0.001)
0.679 (<0.001)
0.178 (0.348)

p2-MG

—0.020 (0.914) —0.585 (<0.001) —0.280 (0.135)

—0.336 (0.070) —0.549 (0.002)
—0.280(0.134) —0.160 (0.397)

—0.014 (0.943)

0.185 (0.328)
~0.130 (0.492)
~0.285 (0.127)
~0.203 (0.283)
—0.152 (0.423)
—0.412 (0.024)
~0.020 (0.918)

Plasma cells
M-band

—0.369 (0.045)

—0.074 (0.698) —0.068 (0.720)

0.116 (0.541)
0.252 (0.180)
—0.167 (0.379)

0.304 (0.102)
0.455 (0.011)
—0.105 (0.581)
—0.183 (0.333)

0.227 (0.229)
0.277 (0.138)
—0.003 (0.988)
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Fig.3 Receiver operating characteristic (ROC) curves of a, b miR- »
143, ¢, d miR-144, e, f miR-199 and g, h miR-203 in serum and bone
marrow supernatant fluid (BMSF), respectively. This curve deter-
mines AUC, sensitivity, specificity, and cut-off values mentioned in
the respective graphs (AUC area under the curve, AU arbitrary unit)

account so far (Zhao et al. 2017a, b). Similar to our findings,
lower expression of miR-199 has been described in bladder
cancer and leukemia (Sakaguchi et al. 2018; Troppan et al.
2015; Luna-Aguirre et al. 2015), but no report is discussed
in myeloma patients. There is a single study depicted in MM
in which miR-199 mimics targeted angiogenesis in myeloma
in vitro and in vivo (Raimondi et al. 2014). Besides, miR-
203 expression was observed to be downregulated in both
solid tumors and blood cancers (Zheng et al. 2017; Chen
et al. 2017; Dusilkova et al. 2017). There are few studies
available showing differential expression of miR-203 in
myeloma cells and also reported hyper-methylation of miR-
203 gene at the promoter region in plasma cells of myeloma
patients (Chi et al. 2011; Wong et al. 2011). Further, an
in vitro study suggesting anti-myeloma potential of miR-
203 has been published by Wu et al. (2016). However, the
expression of miR-203 in circulation of bone marrow and
blood has not been documented in MM till date.

Upon inter-stage analysis, we have observed the positive
trend of VCAN while the negative trend of all circulating
microRNAs with the severity of disease. These findings
could suggest the diagnostic ability of VCAN and cell-free
microRNAs in MM. Using Spearman correlation analysis,
we have observed a significant negative correlation between
VCAN and miR-144, miR-199 & miR-203 in bone marrow
circulation while miR-144 and miR-203 expression also
showed a significant negative correlation in blood. Moreo-
ver, expression of VCAN and microRNAs in both BMSF
and serum were correlated with clinico-pathological param-
eters of patients. It has been observed that levels of cell-free
miR-203 showed significant negative correlation with 2
microglobulin which is involved in the staging of myeloma
patients. Moreover, serum levels of miR-203 also showed a
significant negative correlation with M-band and globulin
which are the critical hallmarks for MM. In addition, expres-
sion of miR-203 in BMSF correlated significantly with
globulin and plasma cells which formed the basis of MM.
Besides, serum levels of miR-203 positively correlated with
expression in bone marrow circulation affirming the utiliza-
tion of blood as an accurate representation of bone marrow
and hence, non-invasive detection of circulatory miR-203 in
serum could be of clinical significance for better and effec-
tive diagnosis of MM.

Moreover, the diagnostic significance of microRNAs was
determined by plotting ROC curve. It has been found that
miR-203 showed better sensitivity, specificity and area under
the curve in non-invasive blood specimen of MM patients.
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In concordance with our findings, the diagnostic ability of
miR-203 has also been reported in T-cell lymphoma, but no
such data is available in MM (Dusilkova et al. 2017).

In conclusion, microRNAs are small non-coding RNAs
which are secreted in circulation and could depict the sce-
nario of physiology or pathology condition. Several cell-free
microRNAs (miR-143, miR-144, miR-199, and miR-203)
related to VCAN have been studied in this maiden attempt
and found downregulated in MM patients in both bone mar-
row and blood circulation. These microRNAs also showed
a negative trend with progression of the disease, hence,
could be employed as a diagnostic marker for MM. Fur-
ther, expression of microRNAs was negatively correlating
with VCAN, and upon correlation with clinico-pathologi-
cal parameters of myeloma patients, miR-203 consistently
showed significant association with myeloma-associated
parameters affirming its potential involvement in the malig-
nancy. Besides, ROC curve analysis showed optimum sen-
sitivity and specificity of miR-203 for diagnosis of MM in
serum. This finding could suggest the exploitation of miR-
203 as a non-invasive diagnostic biomarker for the better and
effective detection of MM after validation in a larger patient
cohort to be established in clinical settings in the future.

Acknowledgements The authors would like to confer sincere thanks
to Council of Scientific and Industrial Research (CSIR), India for pro-
viding research fellowship and All India Institute of Medical Sciences
(AIIMS), New Delhi, India (Grant no. A-489) for bestowing financial
support to carry out the present study.

Data availability All data generated or analysed during this study are
included in this published article.

Compliance with ethical standards

Conflict of interest The authors have no conflict of interest to disclose.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee or comparable ethical
standards.

References

Bartel DP (2004) MicroRNAs: genomics, biogenesis, mechanism, and
function. Cell 116(2):281-297

Bu P, Yang P (2014) MicroRNA-203 inhibits malignant melanoma
cell migration by targeting versican. Exp Ther Med 8(1):309-315.
https://doi.org/10.3892/etm.2014.1708

Chen J, Yang L, Wang X (2017) Reduced circulating microRNA-203
predicts poor prognosis for glioblastoma. Cancer Biomark
20(4):521-526. https://doi.org/10.3233/CBM-170335

Chi J, Ballabio E, Chen XH, Kusec R, Taylor S, Hay D et al (2011)
MicroRNA expression in multiple myeloma is associated with

@ Springer

genetic subtype, isotype and survival. Biol Direct 6:23. https://
doi.org/10.1186/1745-6150-6-23

Dusilkova N, Basova P, Polivka J, Kodet O, Kulvait V, Pesta M, Trnény
M, Stopka T (2017) Plasma miR-155, miR-203, and miR-205 are
biomarkers for monitoring of primary cutaneous T-cell lympho-
mas. Int J Mol Sci. https://doi.org/10.3390/ijms18102136

Elhamamsy AR, El Sharkawy MS, Zanaty AF, Mahrous MA,
Mohamed AE, Abushaaban EA (2017) Circulating miR-92a,
miR-143 and miR-342 in plasma are novel potential biomarkers
for acute myeloid leukemia. Int J Mol Cell Med 6(2):77-86. https
://doi.org/10.22088/acadpub.BUMS.6.2.2

Fang L, Du WW, Yang X, Chen K, Ghanekar A, Levy G et al (2013)
Versican 3'-untranslated region (3'-UTR) functions as a CeRNA
in inducing the development of hepatocellular carcinoma by
regulating miRNA activity. FASEB J 27(3):907-919. https://doi.
org/10.1096/1].12-220905

Gao W, Shen H, Liu L, Xu J, Xu J, Shu Y (2011) miR-21 overex-
pression in human primary squamous cell lung carcinoma is
associated with poor patient prognosis. J Cancer Res Clin Oncol
137(4):557-566. https://doi.org/10.1007/s00432-010-0918-4

Gupta N, Khan R, Kumar R, Kumar L, Sharma A (2015) Versican and
its associated molecules: potential diagnostic markers for multiple
myeloma. Clin Chim Acta IntJ Clin Chem 442:119-124. https://
doi.org/10.1016/j.cca.2015.01.012

Kyle RA, Rajkumar SV (2008) Multiple myeloma. Blood 111(6):2962—
2972. https://doi.org/10.1182/blood-2007-10-078022

Lario S, Brunet-Vega A, Quilez ME, Ramirez-Lazaro MJ, Lozano JJ,
Garcia-Martinez L et al (2018) Expression profile of circulat-
ing microRNAs in the correa pathway of progression to gastric
cancer. United Eur Gastroenterol J 6(5):691-701. https://doi.
org/10.1177/2050640618759433

Lee DY, Jeyapalan Z, Fang L, Yang J, Zhang Y, Yee AY et al (2010)
Expression of versican 3’-untranslated region modulates endog-
enous microRNA functions. PLoS One 5(10):e13599. https://doi.
org/10.1371/journal.pone.0013599

Liang HW, Ye ZH, Yin SY, Mo WJ, Wang HL, Zhao JC et al (2017)
A comprehensive insight into the clinicopathologic significance
of miR-144-3p in hepatocellular carcinoma. Onco Targets Ther
10:3405-3419. https://doi.org/10.2147/0TT.S138143

Liu S, Suo J, Wang C, Sun X, Wang D, He L et al (2017) Prognostic
significance of low miR-144 expression in gastric cancer. Cancer
Biomark 20(4):547-552. https://doi.org/10.3233/CBM-170351

Luna-Aguirre CM, de la Luz Martinez-Fierro M, Mar-Aguilar F, Garza-
Veloz I, Trevifio-Alvarado V, Rojas-Martinez A et al (2015) Cir-
culating microRNA expression profile in B-cell acute lympho-
blastic leukemia. Cancer Biomark 15(3):299-310. https://doi.
org/10.3233/CBM-150465

Motawi TK, Rizk SM, Ibrahim TM, Ibrahim IA (2016) Circulating
microRNAs, miR-92a, miR-100 and miR-143, as non-invasive
biomarkers for bladder cancer diagnosis. Cell Biochem Funct
34(3):142-148. https://doi.org/10.1002/cbf.3171

Obermannova R, Redova-Lojova M, Vychytilova-Faltejskova P, Grell
P, Cho WC, Sachlova M et al (2018) Tumor expression of miR-
10b, miR-21, miR-143 and miR-145 is related to clinicopathologi-
cal features of gastric cancer in a central European population.
Anticancer Res 38(6):3719-3724. https://doi.org/10.21873/antic
anres.12651

Palumbo A, Anderson K (2011) Multiple myeloma. New Engl J Med
364(11):1046-1060. https://doi.org/10.1056/NEJMral011442

Piatopoulou D, Avgeris M, Drakaki I, Marmarinos A, Xagorari M,
Baka M et al (2018) Clinical utility of miR-143/miR-182 levels in
prognosis and risk stratification specificity of BFEM-treated child-
hood acute lymphoblastic leukemia. Ann Hematol 97(7):1169—
1182. https://doi.org/10.1007/s00277-018-3292-y

Raimondi L, Amodio N, Di Martino MT, Altomare E, Leotta M,
Caracciolo D et al (2014) Targeting of multiple myeloma-related


https://doi.org/10.3892/etm.2014.1708
https://doi.org/10.3233/CBM-170335
https://doi.org/10.1186/1745-6150-6-23
https://doi.org/10.1186/1745-6150-6-23
https://doi.org/10.3390/ijms18102136
https://doi.org/10.22088/acadpub.BUMS.6.2.2
https://doi.org/10.22088/acadpub.BUMS.6.2.2
https://doi.org/10.1096/fj.12-220905
https://doi.org/10.1096/fj.12-220905
https://doi.org/10.1007/s00432-010-0918-4
https://doi.org/10.1016/j.cca.2015.01.012
https://doi.org/10.1016/j.cca.2015.01.012
https://doi.org/10.1182/blood-2007-10-078022
https://doi.org/10.1177/2050640618759433
https://doi.org/10.1177/2050640618759433
https://doi.org/10.1371/journal.pone.0013599
https://doi.org/10.1371/journal.pone.0013599
https://doi.org/10.2147/OTT.S138143
https://doi.org/10.3233/CBM-170351
https://doi.org/10.3233/CBM-150465
https://doi.org/10.3233/CBM-150465
https://doi.org/10.1002/cbf.3171
https://doi.org/10.21873/anticanres.12651
https://doi.org/10.21873/anticanres.12651
https://doi.org/10.1056/NEJMra1011442
https://doi.org/10.1007/s00277-018-3292-y

Journal of Cancer Research and Clinical Oncology (2019) 145:1601-1611

1611

angiogenesis by miR-199a-5p mimics: in vitro and in vivo
anti-tumor activity. Oncotarget 5(10):3039-3054. https://doi.
org/10.18632/oncotarget.1747

Sakaguchi T, Yoshino H, Yonemori M, Miyamoto K, Sugita S, Mat-
sushita R et al (2018) Regulation of ITGA3 by the dual-stranded
microRNA-199 family as a potential prognostic marker in blad-
der cancer. Br J Cancer 118(6):e7. https://doi.org/10.1038/
bjc.2017.439

Sun X, Liu D, Xue Y, Hu X (2017) Enforced miR-144-3p expression as
a non-invasive biomarker for the acute myeloid leukemia patients
mainly by targeting NRF2. Clin Lab 63(4):679-687. https://doi.
org/10.7754/Clin.Lab.2016.161116

Troppan K, Wenzl K, Pichler M, Pursche B, Schwarzenbacher D,
Feichtinger J et al (2015) miR-199a and miR-497 are associ-
ated with better overall survival due to increased chemosensi-
tivity in diffuse large B-cell lymphoma patients. Int J Mol Sci
16(8):18077-18095. https://doi.org/10.3390/ijms160818077

Wong KY, Liang R, So CC, Jin DY, Costello JF, Chim CS (2011) Epi-
genetic silencing of MIR203 in multiple myeloma. Br J Haematol
154(5):569-578. https://doi.org/10.1111/j.1365-2141.2011.08782
X

Wu SQ, Niu WY, Li YP, Huang HB, Zhan R (2016) miR-203 inhib-
its cell growth and regulates G1/S transition by targeting Bmi-1

in myeloma cells. Mol Med Rep 14(5):4795-4801. https://doi.
org/10.3892/mmr.2016.5832

Zhang YY, Zheng YQ, Li XY, Wu DS, Xie SL, Shen JZ (2011) Dif-
ferential expression of miR-143 in bone marrow cells between
acute leukemia patients and normal people and its significance.
Zhongguo Shi Yan Xue Ye Xue Za Zhi 19(2):308-311

Zhao Q, Li J, Chen S, Shen K, Ai G, Dai X et al (2017a) Decreased
miR-144 expression as a non-invasive biomarker for acute mye-
loid leukemia patients. Pharmazie 72(4):232-235. https://doi.
org/10.1691/ph.2017.6846

Zhao Y, Xie Z, Lin J, Liu P (2017b) miR-144-3p inhibits cell prolif-
eration and induces apoptosis in multiple myeloma by targeting
c-Met. Am J Transl Res 9(5):2437-2446

Zheng Y, Liu W, Guo L, Yang X (2017) The expression level of miR-
203 in patients with gastric cancer and its clinical significance.
Pathol Res Pract 213(12):1515-1518. https://doi.org/10.1016/j.
prp.2017.09.025

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.18632/oncotarget.1747
https://doi.org/10.18632/oncotarget.1747
https://doi.org/10.1038/bjc.2017.439
https://doi.org/10.1038/bjc.2017.439
https://doi.org/10.7754/Clin.Lab.2016.161116
https://doi.org/10.7754/Clin.Lab.2016.161116
https://doi.org/10.3390/ijms160818077
https://doi.org/10.1111/j.1365-2141.2011.08782.x
https://doi.org/10.1111/j.1365-2141.2011.08782.x
https://doi.org/10.3892/mmr.2016.5832
https://doi.org/10.3892/mmr.2016.5832
https://doi.org/10.1691/ph.2017.6846
https://doi.org/10.1691/ph.2017.6846
https://doi.org/10.1016/j.prp.2017.09.025
https://doi.org/10.1016/j.prp.2017.09.025

	Clinical significance of circulatory microRNA-203 in serum as novel potential diagnostic marker for multiple myeloma
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study samples
	Enzyme-linked immunosorbent assay (ELISA)
	Quantitative microRNA expression by real-time PCR
	Correlation analysis
	Statistical analysis

	Results
	Study subjects
	Circulatory levels of VCAN in study subjects
	Relative microRNA expression of VCAN linked microRNAs
	Correlation analysis
	Diagnostic potential of microRNAs in MM

	Discussion
	Acknowledgements 
	References


