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Abstract: Objective: The aim of the present study is to investigate a new and better blood-based biomarker for the
detection and observation of MM. Methods: Real-time quantitative RT-PCR assay was performed to evaluate the
expression levels of the miRNAs (miR-29a, miR-155, miR-16, and miR-92a) circulating in the serum of different
status MM patients. Results: Level of serum miR-29a significantly increased in newly diagnosed patients (MM1) as
compared to HD (P < 0.01). Serum miR-155 levels were significantly lower in MM1 as compared to HD (P < 0.001);
a combination of miR-29a and miR-155 was demonstrated to be an effective biomarker for distinguishing MM from
HD, with an AUC (area under of ROC curve) of 0.8739, sensitivity of 80.77%, and specificity of 83.33%. Conclusion:
Our results indicated that circulating serum microRNAs may serve as potential diagnostic biomarkers for multiple

myeloma.

Keywords: MicroRNA, multiple myeloma, biomarkers

Introduction

Multiple myeloma (MM), a malignant disorder
characterized by neoplastic growth of bone
marrow plasma cells (PCs), accounts for ap-
proximately 13% of all hematological cancers
and 1% of all cancers [1-3]. Although the high
dose of chemotherapy with autologous stem
cell support, and novel biologically targeted
treatment, such as bortezomib or immunomod-
ulatory drugs (lenalidomide and thalidomide),
have improved the overall survival of patients,
MM is still considered incurable [4]. Currently,
the diagnosis of MM depends on the traditional
bone marrow puncture, which is an invasive
manipulation and cannot be repeated as often
as needed. The presence of a specific marker
in the peripheral blood will be non-invasive and
make it convenient to obtain blood at various
time points of treatment, even at the time of
remission for frequent monitoring [5].

MicroRNAs (miRNAs) are a large family of post-
transcriptional regulators of target gene ex-
pression that are short non-coding RNAs of
approximately 18-22 nt in length [6]. They play
an important role in a variety of physiological
and pathological processes, such as develop-

ment, differentiation, cell proliferation, apopto-
sis, and stress responses [7]. As of June 2014,
2581 mature human miRNAs have been re-
cognized and listed in the recent version 21.0
of miRbase (mirbase.org). miRNAs have been
reported to be involved in the initiation and pro-
gression of solid tumors as well as hematologi-
cal malignancies [8]. Mansour et al reported
that TAL1-mediated upregulation of miR-223
promotes the malignant phenotype in T-cell
acute lymphoblastic leukemia (T-ALL) through
repression of the FBXW7 tumor suppressors
[9]. Rokah et al showed that miR-31, miR-155,
and miR-564 are downregulated in chronic
myeloid leukemia CML cell lines and patients in
comparison to non-CML cell lines and healthy
blood [10]. Moreover, miRNAs have been found
to circulate in a stable form in body fluids, such
as serum, plasma, saliva, and urine. Several
studies have demonstrated the usefulness of
serum mMiRNAs as potential biomarkers for
detecting and monitoring cancer progression.
The circulating serum miRNAs differ between
healthy donors and patients in colorectal and
lung cancer as well as diabetes [11]. A recent
study described circulating miRNAs as useful,
noninvasive diagnostic tools for breast cancer
[12].


http://

Circulating serum microRNAs as diagnostic biomarkers for multiple myeloma

Table 1. Relative expression and characteristics of ROC curve

Relative expression - - - itivity-

ms e bz N P e

miR29a 0.839 2.982 0.645 0.003** 0.028* 0.763 0.003** 81.48-72.22
(p <0.01) (>0.5544)

miR155 0.894 0.338 0.334 <0.0001*** 0.597 0.862 < 0.0001***  80.00-72.22
(< 0.6106)

miR16 1.487 5.613 3.467 0.024* 0.492 0.704 0.024* 72.00-66.67
(p < 0.05) (> 1.129)

miR92a 1.880 4.105 3.192 0.195 0.973 0.623 0.190 56.00-68.75
(>2.292)

miR29a/miR155 < 0.0001*** 0.874  <0.0001***  80.77-83.33
(> 1.597)

miR16/miR155 < 0.001*** 0.827 < 0.001*** 76.00-72.22
(>1.75)

*P < 0.05. ** P < 0.01. *** P < 0.001. HD, healthy donors; MM1, newly diagnosed multiple myeloma before chemotherapy;
MM2, multiple myeloma after chemotherapy; AUC, Area under the ROC curve.

Aberrant expression of circulating miRNAs has
been reported in hematological malignancies,
including MM. For instance, the first investi-
gation on circulating miRNAs in MM revealed
downregulated plasma miR-92a levels in pa-
tients with MM, but not in patients with smol-
dering MM or MGUS; additionally, the downreg-
ulation of miR-92a in plasma correlated with
the response to treatment [13]. In another
study, three serum miRNAs (miR-720, miR-
1308, and miR-1246) were used as biomarkers
for distinguishing MM/MGUS from healthy indi-
viduals [14]. Furthermore, a recent study on
serum miRNAs showed that a combination of
miR-34a and let-7e can distinguish MM/MGUS
from healthy donors (HD), and lower levels of
miR-744 and let-7e were associated with short-
er overall survival and remission of MM patients
[15]. Further research on the aberrant expres-
sion of MiIRNAs may possibly lead to the discov-
ery of novel miRNA biomarkers for multiple
myeloma. Therefore, in the present study, we
chose four miRNAs (miR-29a, miR-155, miR-16,
and miR-92a) based on their possible rela-
tionship with MM pathogenesis, and demon-
strated their aberrant expression in MM serum.
Through this study, we aim to establish a new
blood-based biomarker for MM detection.

Materials and methods
Patients and processing of blood samples

The patients were diagnosed according to
the NCCN (National Comprehensive Cancer
Network) clinical practice guidelines for MM
(16). Written informed consent was obtained

7445

from all the participants after explanation of
the nature of the study, and the study was
approved by the research ethics board of
Xiamen University Zhongshan Hospital (Xiamen,
China). We collected blood samples from 30
patients of MM1 who are newly diagnosed and
10 patients of MM2 who received chemothera-
py and the status of them are at least reaching
to very good partial response. The details of the
patients are presented in Table 1. For healthy
donor (HD) (n = 20) and these MM patients
were diagnosed between July, 2013 and June,
2014 in the department of Hematology of
Xiamen University Zhongshan Hospital. The
peripheral blood samples were centrifuged at
3500 g for 10 min, and the serum was trans-
ferred into RNase/DNase-free tubes and stored
at -80°C. All blood samples were processed
within 2 h of obtaining them.

miRNA isolation from human serum

Total small RNA, including miRNAs, was isolat-
ed using the miRNeasy serum/plasma kit
(Qiagen, Hilden, Germany), following the manu-
facturer’s protocol for liquid samples. The total
small RNA was stored at -80°C until further
use.

qRT-PCR with serum samples
Total small RNA from the serum was reverse-
transcribed to cDNA using RevertAid First

Strand c¢DNA Synthesis Kit (Thermo Fisher
Scientific, Lithuania, EU). The miRNA-specific
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Figure 1. The level of serum miRNA expression in myeloma patients. Comparison CT _ -average CT_ . )
of expression level of serum miR-29a (A), miR-155 (B), miR-16 (C), and miR-92a —nzg%rage Ccfi':lln'R'”_
(D) (log10 scale on y-axis) in healthy donors (HD) (n = 20), in patients with newly MM miRNA
diagnosed multiple myeloma (MM1) (n = 30), and in patients after treatment average CTceI—miR—39)HD'
(MM2) (n = 10). Expression of each miRNAs is normalized to the expression of L. .
cel-miR-39. Lines represent mean value, 25-75% quartile and min-max values. Statistical analysis

Statistically significant differences were determined using Mann-Whitney U test.

primers used for the reaction were cel-miR-39,
hsa-miR-29a, hsa-miR-155-5p, hsa-miR-16-5p,
and hsa-miR-92a-3p (Sangon Biotech Co. Ltd.,
Shanghai, China). gqRT-PCR was performed
using the AccuPower 2xGreenstar qPCR Master
Mix kit (Bioneer, Daejeon, Korea), according
to the manufacturer’s instructions and the
levels of cel-miR-39, miR-29a, miR-155, miR-
16, and miR-92a in serum were detected. qRT-
PCR was performed on an ABI PRISM 7500
instrument (Applied Biosystems), using the
manufacturer’'s recommended cycling condi-
tions. Ct data were obtained using SDS v1.4.0
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GraphPad v5.0 software

(Graphpad Software Inc.,
La Jolla, CA, USA) was used for statistical analy-
sis. The Mann Whitney U test was used to
determine statistical significance between two
groups and one-way ANOVA for three or more
groups, using the median value as the high/low
cut-off point. Area under the curve (AUC), sensi-
tivity, and specificity for serum miRNAs levels
were determined using receiver operator char-
acteristic (ROC) analysis. All calculations were
performed using GraphPad Prism v.5.0.
P-values of less than 0.05 were considered sta-
tistically significant. Results were processed
using the non-parametric Mann Whitney U test.

Int J Clin Exp Pathol 2016;9(7):7444-7450
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Figure 2. The comparison of miRNA expression as diagnostic biomarkers for myeloma parents. (A) A combination
of serum miR-29a/miR-155, noted as the most promising in distinguishing between MM1 and HD with an AUC of
0.8739 (P < 0.0001). Other miRNAs that distinguished between MM1 and HD are (B) miR-155 (P < 0.001); (C) miR-

29a (P < 0.01); and (D) miR-16 (P < 0.05).

Table 2. miR29a expression level in different clinical

pared to HD (P < 0.05), while there was no
significant difference observed between

C (mean)

MM1 and MM2 (P = 0.492) (Figure 1C).

phases

A (mean) B (mean)
miR-29a relative level 2.56072 1.27651 0.820959
Bone marrow plasma cells 65% 31%
M-protein (IgG) 109 54
Globulin (GLO) 74 44
B2-Microglobulin (B2 m) 39.5 15.6

5%
31.8
31
5.97

Serum miR-92a expression level did not
reach statistical significance (P = 0.1949)
(Figure 1D), and there were no significant
difference of serum miR-92a level between
MM1 and MM2 (P > 0.5). The level of
serum miR-29a, miR-155, miR-16, and

A: Diagnostic phase, B: PR phase after treatment, C: CR phase.

Results

Expression of miRNAs in serum of MM pa-
tients

Our results indicated that the level of miRNA in
serum was due to aberrant expression in MM
patients. In newly diagnosed MM patients
(MM1), serum miR-29a level was higher as
compared to healthy donors (P < 0.01); and fol-
lowing treatment with chemo-drugs, the level of
miR-29a was found to descend in MM2 (P <
0.05) (Figure 1A). Compared with the HD sam-
ples, serum miR-155 level was significantly
lower in MM1, while it showed no significant dif-
ference between MM1 and MM2 (P = 0.597)
(Figure 1B). In addition, the level of miR-16 in
serum was upregulated in MM1 when com-
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miR-92a in HD, MM1, and MM2 patients
are listed in Table 1.

miRNAs as biomarkers for distinguishing MM
patients from HD

The receiver operating characteristic curve
(ROC) was generated by comparing the 224¢T
values of patients with those of HD. AUC (area
under the curve of ROC) refers to the diagnostic
value of the research target, which shows that
larger the AUC value, higher the accuracy of the
classification effect. The analysis showed that
the combination of miR-29a/miR-155 might
serve as the most useful biomarker for differen-
tiating MM1 from HD. The AUC obtained for this
combination of markers was 0.8739 (95% con-
fidence interval [CI]: 0.7725-0.9754), with
80.77% sensitivity (95% Cl: 60.65%-93.45%)
and 83.33% specificity (95% Cl: 58.58%-
96.42%), at the cutoff level of 1.597 (Figure

Int J Clin Exp Pathol 2016;9(7):7444-7450
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2A). miR-29a, for MM1, yielded an AUC of
0.7634 (95% Cl: 0.6141-0.9127), with a sensi-
tivity of 81.48% (95% Cl: 61.92%-93.70%) and
a specificity of 72.22% (95% Cl: 46.52%-
90.31%) at the cutoff level of 0.5544 (Figure
2B). The results showed that miR-155, with an
AUC of 0.8622 (95% Cl: 0.7540-0.9705),
revealed 80.00% sensitivity (95% Cl: 59.30%-
93.17%) and 72.22% specificity (95% CI:
46.52%-90.31%) at the cutoff level of 0.6106
(Figure 2C). At a cutoff value of 1.129, miR-16
discriminated between MM1 and HD with an
AUC value of 0.7044 (95% Cl: 0.5376-0.8713),
a sensitivity of 72.00% (95% Cl: 50.61%-
87.93%) and a specificity of 66.67% (95% CI:
40.99%-86.66%) (Figure 2D). The AUC, sensi-
tivity, and specificity of serum miR-29a, miR-
155, miR-16, and miR-92a in HD and MM1 are
listed in Table 1.

Discussion

Although the source and function of circulating
miRNAs still remain unclear, circulating miRNAs
may not always be directly associated with
malignant cells [18, 19]. Since peripheral blood
is easily accessible, serum miRNAs are seri-
ously being investigated for use in cancer
detection. Several studies have reported the
potential use of circulating miRNAs as biomark-
ers for detecting and monitoring the progres-
sion of hematological malignancies, including
MM [5, 13-15]. Unfortunately, there is limited
information available on the circulating miRNAs
and their clinical use in MM, and the results are
neither similar nor conclusive [20]. Sevcikova
et al. reported an upregulated serum miR-29a
and its application as a diagnostic biomarker in
newly diagnosed MM patients [5]. In the pres-
ent study, we detected four circulating serum
miRNAs, viz. miR-29a, miR-155, miR-16, and
miR-92a, out of which, miR-29a, miR-155, and
miR-16 displayed the ability to discriminate
between MM and HD. However, the combina-
tion of serum miR-29a and miR-155 (AUC,
0.8739; sensitivity, 80.77%; and specificity,
83.33%) proved to be a more powerful diagnos-
tic biomarker for differentiating MM from HD.
Furthermore, we verified that the measurement
of serum miR-29a level in MM patients is useful
for initiation of chemotherapy and monitoring
of the disease status.

Studies have suggested that serum miR-155
is upregulated and acts predominantly as an
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oncogene; it plays a key role in the pathogene-
sis of hematological malignancies, including
malignant lymphoma, acute myeloid leukemia,
and myelodysplastic syndrome [21-23]. How-
ever, certain reports have indicated that miR-
155 does not act as an oncogene but as a
tumor suppressor in chronic myeloid leukemia
and Caski cells [24, 25]. Additionally, an investi-
gation on the expression level of serum miR-
155, miR-15a, miR-16-1, and miR-29¢ showed
that these miRNAs are downregulated in dif-
fuse large B cell lymphoma and they can be
used as promising novel biomarkers [26].
Similar to these findings, our results showed
that miR-155 is more downregulated in the
serum of MM patients as compared to HD (P <
0.001), indicating that miR-155 may act as
tumor suppressor in MM. ROC analysis further
showed that serum miR-155 may be a useful
marker for newly diagnosed MM (AUC, 0.8622;
sensitivity, 80.00%; specificity, 72.22%).

In this study, we continuously monitored the
level of miR29a in three myeloma patients,
before and after treatment. Our data indicated
that the expression of miR-29a changed with
the evolution of MM condition: for newly diag-
nosed patients, the expression of miR-29a was
significantly upregulated, and was downregu-
lated to normal levels after treatment, which is
consistent with the changes in bone marrow
plasma cells and MM protein levels (Table 2).
Our study presents preliminary results showing
that the level of circulating serum miRNAs may
form a useful indicator (biomarker) to evaluate
the effect of treatment on MM. If our hypothe-
sis is confirmed, these miRNAs can be used as
a simple and quick tool for the diagnosis and
chemotherapy evaluation of MM.

In summary, the present study revealed that
circulating serum miR-29a, miR-155, and miR-
16 show the potential to discriminate newly
diagnosed multiple myeloma patients from
healthy donors. Serum miR-29a and miR-16
expression levels were found to be upregulat-
ed, while miR-155 was downregulated in MM
patients. Meanwhile, serum miR-29a level in
MM patients could prove useful for the initia-
tion of chemotherapy and for monitoring the
disease status. Our data suggested that the
expression of specific miRNAs may contribute
to MM diagnosis and monitoring, and their
roles in the pathogenesis of this disease should
be examined further.

Int J Clin Exp Pathol 2016;9(7):7444-7450



Circulating serum microRNAs as diagnostic biomarkers for multiple myeloma

Acknowledgements

This study was supported by the National
Natural Science Fund of China (No. 81172246).
We would like to thank Dr Xiu-li Hong providing
Peripheral blood samples and medical care of
patients at Zhongshan Hospital of Xiamen
University.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Quanyi Lu, Depart-
ment of Hematology, Zhongshan Hospital of Xia-
men University, China. E-mail: luquanyi@xum.edu.cn

References

[1] Palumbo A, Anderson K. Multiple myeloma. N
Engl J Med 2011; 364: 1046-1060.

[2] Kyle RA, Rajkumar SV. Multiple myeloma.
Blood 2008; 111: 2962-2972.

[3] Terpos E, Rahemtulla A. Myeloma. In Post-
graduate Haematology. Chapter 41.5th edi-
tion. Edited by Hoffbrand AV, Catovsky D, Tud-
denham EGD. New Jersey: Wiley; 2005. pp.
681-702.

[4] Mahindra A, Laubach J, Raje N, Munshi N,
Richardson PG, Anderson K. Latest advances
and current challenges in the treatment of
multiple myeloma. Nat Rev Clin Oncol 2012; 9:
135-143.

[6] Sevcikova S, Kubiczkova L, Sedlarikova L,
Slaby O, Hajek R. Serum miR-29a as a marker
of multiple myeloma. Leuk Lymphoma 2013;
54: 189-191.

[6] Krol J, Loedige |, Filipowicz W. The widespread
regulation of microRNA biogenesis, function
and decay. Nat Rev Genet 2010; 11: 597-610.

[7] Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell 2004; 116:
281-297.

[8] Hunter MP, Ismail N, Zhang X, Aguda BD, Lee
EJ, Yu L, Xiao T, Schafer J, Lee ML, Schmittgen
TD, Nana-Sinkam SP, Jarjoura D, Marsh CB.
Detection of microRNA expression in human
peripheral blood microvesicles. PLoS One
2008; 3: e3694.

[9] Mansour MR, Sanda T, Lawton LN, Li X,
Kreslavsky T, Novina CD, Brand M, Gutierrez A,
Kelliher MA, Jamieson CH, von Boehmer H,
Young RA, Look AT. The TAL1 complex targets
the FBXW7 tumor suppressor by activating
miR-223 in human T cell acute lymphoblastic
leukemia. J Exp Med 2013; 210: 1545-1557.

[10] Rokah OH, Granot G, Ovcharenko A, Modai S,
Pasmanik-Chor M, Toren A, Shomron N,

7449

(11]

[12]

(13]

[15]

(16]

(17]

(18]

(19]

Shpilberg 0. Downregulation of miR-31, miR-
155, and miR-564 in chronic myeloid leukemia
cells. PLoS One 2012; 7: e35501.

Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J,
Zhang Y, Chen J, Guo X, Li Q, Li X, Wang W,
Zhang Y, Wang J, Jiang X, Xiang Y, Xu C, Zheng
P, Zhang J, Li R, Zhang H, Shang X, Gong T,
Ning G, Wang J, Zen K, Zhang J, Zhang CY.
Cterization of microRNAs in serum: a novel
class of biomarkers for diagnosis of cancer
and other diseases. Cell Res 2008; 18: 997-
1006.

Mar-Aguilar F, Rodriguez-Padilla C, Reséndez-
Pérez D. Use of Serum-Circulating miRNA
Profiling for the Identification of Breast Cancer
Biomarkers. Methods Mol Biol 2014; 1165:
71-80.

Yoshizawa S, Ohyashiki JH, Ohyashiki M,
Umezu T, Suzuki K, Inagaki A, lida S, Ohyashiki
K. Downregulated plasma miR-92a levels have
clinical impact on multiple myeloma and relat-
ed disorders. Blood Cancer J 2012; 2: e53.
Jones Cl, Zabolotskaya MV, King AJ, Stewart
HJ, Horne GA, Chevassut TJ, Newbury SF.
Identification of circulating microRNAs as diag-
nostic biomarkers for use in multiple myeloma.
Br J Cancer 2012; 107: 1987-1996.
Kubiczkova L, Kryukov F, Slaby O, Dementyeva
E, Jarkovsky J, Nekvindova J, Radova L,
Greslikova H, Kuglik P, Vetesnikova E, Pour L,
Adam Z, Sevcikova S, Hajek R. Circulating se-
rum microRNAs as novel diagnostic and prog-
nostic biomarkers for multiple myeloma and
monoclonal gammopathy of undetermined sig-
nificance. Haematologica 2014; 99: 511-518.
Anderson KC, Alsina M, Bensinger W, Biermann
JS, Chanan-Khan A, Comenzo RL, De Castro
CM, Djulbegovic B, Farag S, Huff CA, Meredith
R, Schriber J, Shrieve D, Singhal S, Smith MR,
Stockerl-Goldstein K, Vose JM, Weber D,
Yahalom J, Yunus F; National Comprehensive
Cancer Network (NCCN). Multiple myeloma.
Clinical practice guidelines in oncology. J Natl
Compr Canc Netw 2007; 5: 118-147.

Livak KJ, Schmittgen TD. Analysis of relative
gene expression data using real-time quantita-
tive PCR and the 2(-Delta Delta C(T)) Method.
Methods 2001; 25: 402-408.

Turchinovich A, Weiz L, Burwinkel B. Extra-
cellular miRNAs: the mystery of their origin
and function. Trends Biochem Sci 2012; 37:
460-465.

Ohshima K, Inoue K, Fujiwara A, Hatakeyama
K, Kanto K, Watanabe Y, Muramatsu K, Fukuda
Y, Ogura S, Yamaguchi K, Mochizuki T. Let-7
microRNA family is selectively secreted into
the extracellular environment via exosomes in
metastastic gastric cancer cell line. PLoS One
2010; 5: e13247.

Int J Clin Exp Pathol 2016;9(7):7444-7450


mailto:luquanyi@xum.edu.cn

[20]

[21]

[22]

(23]

7450

Circulating serum microRNAs as diagnostic biomarkers for multiple myeloma

Dimopoulos K, Gimsing P, Grgnbeek K. Aber-
rant microRNA expression in multiple myelo-
ma. Eur J Haematol 2013; 91: 95-105.
Yamanaka Y, Tagawa H, Takahashi N, Wa-
tanabe A, Guo YM, Iwamoto K, Yamashita J,
Saitoh H, Kameoka Y, Shimizu N, Ichinohasama
R, Sawada K. Aberrant overexpression of mi-
croRNAs activate AKT signaling via down-regu-
lation of tumor suppressors in natural killer-
cell lymphoma/leukemia. Blood 2009; 114:
3265-3275.

Havelange V, Stauffer N, Heaphy CC, Volinia S,
Andreeff M, Marcucci G, Croce CM, Garzon R.
Functional implications of microRNAs in acute
myeloid leukemia by integrating microRNA and
messenger RNA expression profiling. Cancer
2011; 117: 4696-4706.

Lee DW, Futami M, Carroll M, Feng Y, Wang Z,
Fernandez M, Whichard Z, Chen Y, Kornblau S,
Shpall EJ, Bueso-Ramos CE, Corey SJ. Loss of
SHIP-1 protein expression in high-risk myelo-
dysplastie syndromes is associated with miR-
210 and miR-155. Oncogene 2012; 31: 4085-
4094.

(24]

[25]

[26]

Rokah OH, Granot G, Ovcharenko A, Modai
S, Pasmanik-Chor M, Toren A, Shomron N,
Shpilberg O. Downregulation of miR-31, miR-
155, and miR-564 in chronic myeloid leukemia
cells. PLoS One 2012; 7: e35501.

Lei C, Wang Y, Huang Y, Yu H, Huang Y, Wu L,
Huang L. Up-regulated miR155 Reverses the
Epithelial-mesenchymal Transition Induced
by EGF and Increases Chemo-sensitivity to
Cisplatin in Human Caski Cervical Cancer
Cells. Cells. PLoS One 2012; 7: €52310.

Fang C, Zhu DX, Dong HJ, Zhou ZJ, Wang YH,
Liu L, Fan L, Miao KR, Liu P, Xu W, Li JY. Serum
microRNAs are promising novel biomarkers for
diffuse large B cell lymphoma. Ann Hematol
2012; 91: 553-559.

Int J Clin Exp Pathol 2016;9(7):7444-7450



