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한국인의 다발성골수종 환자에서 MicroRNA-221의 발현
최우순
송호대학교 임상병리과

Multiple myeloma (MM) is the leading cause of death among hematologic neoplasms. Recently,
microRNA has been reported to be useful in the diagnosis of multiple myeloma. This study
examined whether miR-221 could be used as a diagnostic marker for multiple myeloma. The study
was performed on 20 patients with multiple myeloma without any other hematological diseases.
MicroRNA extraction was performed using formalin-fixed paraffin-embedded (FFPE) tissues
obtained from the bone marrow of patients with multiple myeloma. miR-15a, miR-16, miR-21,
miR-181a, and miR-221 were selected as the microRNA target genes for multiple myeloma. The
significance of microRNA was based on a fold change of ＜1.5. To quantify the fold changes, data
normalized to the human gene, SNORD43, were used as the values of the patient group. Fold
change values greater than 1.5 were defined as “overexpression”, whereas values less than -1.5
were defined as “underexpression”. Of note, 65.0% (13/20) of samples showed significant
“overexpression” in the levels of miR-221 expression and plasma cells with a group of more and
less than 30% in MM patients did not show any significance of plasma cell (P＜0.05). The results of
other studies showing a correlation between the expression of miR-221 and MM in Caucasians
were confirmed. These results suggest that miR-221 may be a useful indicator for diagnosing
patients with MM. In conclusion, miR-221 is useful in the diagnosis and determining the prognosis
of multiple myeloma in Koreans.
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patients diagnosed with MM. In addition, MM-related
complications are impaired kidney function, thrombo-

Multiple myeloma (MM) is a major hematologic

cytopenia, leukopenia, and others. Low platelet counts

neoplasms characterized by plasma cell accumulation in

helps easily diagnose leukemia, a cancer of the blood,

the bone marrow due to abnormal cell differentiation and

however, MM—the leading cause of death in hematologic

proliferation. Bone pain, bone edema, fractures, spinal

neoplasms—is often undetected until late in the course of

stenosis, and other symptoms are often encountered, and

disease because patients experience no symptoms despite

bone-related disorders are present in about 70% of

the bone damage [1-3]. Multiple myeloma (MM) is a tumor
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198

Woo-Soon Choi. Expression of MicroRNA-221 in Multiple Myeloma

of antibody-secreting plasma cells (PCs) characterized by

Westerners and Korean by choosing miR-15a, miR-16,

the clonal expansion and accumulation of monotypic PCs

miR-21, miR-181, and miR-221 which were reportedly

in the bone marrow (BM). It causes about 1% of neoplastic

associated with MM. Moreover, we aimed to determine if

diseases and 13% of hematological malignancies. Clinically,

microRNAs could be used as a biomarker in patients with

MM patients exhibit one or more symptoms including lytic

MM. In this study, miR-221 was reported to be over-

bone disease, hypercalcemia, anemia, and compromised

expression in Western studies, but it was underexpression

renal functions. MM is always preceded by an asym-

in previous studies. We tried to find out whether these

ptomatic premalignant stage called monoclonal gam-

results are characteristic of Korean people or other causes.

mopathy of undetermined significance (MGUS), which
progresses to myeloma or related malignancies at a rate of

MATERIALS AND METHODS

1% per year [4-9].
MicroRNAs (miRNAs) have also been shown to play

1. Clinical samples

crucial roles in the onset of solid tumors and hematologic

This study was conducted between January 2013 and

neoplasms by acting as either tumor suppressors or

January 2015 in the Daejeon St. Mary's Hospital, Daejeon,

oncogenes depending on their target genes. Studies are

Korea. Experiments were performed on patients who

ongoing to better understand the expression patterns of

were confirmed as multiple myeloma during the study.

miRNA in normal and pathological conditions. In

This study was conducted in accordance with recom-

particular, there is great interest in the potential of miRNA

mendations of the local ethic committee and the Helsinki

to serve as biomarkers and numerous reports have focused

Declaration. Before the procedures written informed

on the effects of miRNA in acute myeloid leukemia,

consent was obtained from all research participants in the

myocardial infarction, and different cancers (eg, prostate,

study. It was found that miR-221 is contrary to the

breast, uterine, colorectal, and pancreatic) [10-16].

previous research. Overexpression was reported in

A number of recent studies have looked into circulating

westerners, but results of underexpression in vineyard

miRNAs for their potential as novel biomarkers. In one

were obtained. Also, there was not enough frequency in

study comparing plasma miRNA profile between MM

precedent reseach. In order to obtain more objective

patients and healthy controls, six miRNAs (miR-148a,

results, sample selection was carried out directly and the

miR-181a, miR-20a, miR-221, miR-625, and miR-99b)

number of specimens was increased [25]. The International

were found upregulated in MM patients. Notably,

Myeloma Working Group diagnostic criteria were used

miR-15a, miR-16, miR-181a, miR-20a, miR-221, and

[28]. Twenty patients with multiple myeloma (without any

miR625 were identified previously to be unregulated in

other disease). The mean age of 11 male subjects was 61

the plasma cells of MM or MGUS [17-23]. Importantly,

years, and the mean age of 9 female subjects was 63 years.

there have been no studies examining miRNA expression

The inclusion criteria of subjects were the presence of

in Korean patients with MM. MicroRNA target genes were

with multiple myeloma without neoplastic diseases.

selected based on previous studies [16, 17, 19]. that

Laboratory testing of specimens of patient with multiple

reported underexpression of miR-15a and miR-16 [4, 24],

myeloma diagnosed in the Catholic University of Korea

that note the overexpression of miR-21 [5, 16], where

Daejeon St. Mary’s Hospital.

overexpression of miR-181a and miR-221 were reported.
The microRNA selection was randomly selected to
account for the frequency of multiple myeloma-associated thesis.
Here, we compared the expression of genes between

www.kjcls.org
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RNA lysates extracted from formalin-fixed paraffinembedded (FFPE) tissues of patients with MM was
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microplate coated with capture probes at room

that were left to react in the incubator, a 200 L of

temperature. Pre-amplifiers were hybridized (pre-amplifier

prepared washing buffer was transferred to each well

stage), followed by bDNA hybridization (amplifier stage).

using multichannel pipettes. After eliminating buffer

Subsequently, specimens were interpreted using lumi-

solution completely, A 100 L of 2.0 Preamplifier solution

nometer (Panomics, USA) by adding a chemiluminescent

prepared in advance was transferred to each well, and

substrate solution (QuantiGene 2.0 miRNA Assay,

then plates were left to react for an hour at 46°C after

Affymetrix, USA). Normalization was done using the

pressing sealing films on the plates. The three phases of

human gene SNORD43 (small nucleolar RNA, C/D box 43)

washing in the above was performed to the plates, and a

(Figure 1).

100 L of prepared 2.0 Amplifier solution was added to
each well. they were left to react for an hour at 46°C. A 100

1) RNA extraction and quantification

L of prepared Label Probe was added to each well, and

Bone marrow aspirate FFPE tissues were sliced into 15

then the plates were left to react for an hour within 46°C

stripes at a thickness of 5 m diameter, and then collected

heating block after pressing sealing films on the plates.

into a 1.5 mL microtube. Subsequently, 606 microliter
solution mixed with 600 L homogenization solution and

3) Detection

6 L proteinase K (100 g/mL) (QuantiGene Sample

Capture Plates completed with the reaction went

Processing Kit, Affymetrix, Santa Clara, CA, USA) was

through three phases of washing, and then a 100 L of 2.0

added to each microtube containing specimen by making

substrate solution was added. The Plates were covered

the solution into the equal number of specimens. This

with sealing film and left to react for 5 min at room

process was repeated until clear supernatant was obtained

temperature. Specimens were interpreted using luminometer

without paraffin or sediment. Extracted supernatants

(Lumigen APS-5Capture, Panomics, Santa Clara, CA, USA)

were used in the next phase.

within 15 min and quantified as relative light units (RLUs).

For a patient and blank specimens, 40 L working
solution and 40 L human gene SNORD43 were mixed and

3. Statistical analysis

divided into two wells using the procedure above. The

For statistical analysis, the paired t-test was used to

mixtures were centrifuged at 240 rpm for 20 sec in rack

determine the significance between the experimental

dedicated overhead stirrer, transferred to 6±1°C heating

group (patients with MM and the control group and

block, and then left to react for 16 hours. After the

between groups with bone marrow plasma cell levels of

reaction, the next phase was carried out.

greater than or less than 30% (＞30% and ＜30% groups).
Correlation analysis was conducted using the Pearson

2) Data analysis and software based selection of
endogenous reference genes
After removing sealing films covered on Capture Plates

correlation. Graphs were created using the error bar graph
(SPSS PASW Statistics 18.0, SPSS inc, Chicago, IL, USA,),
and P-values less than 0.05 were considered statistically

Figure 1. Specimen processing of patients with multiple myeloma. RNA lysates extracted from formalin-fixed paraffin-embedded (FFPE)
tissues of patients with MM was hybridized. Normalization was done using the human gene SNORD43 and target gene hybridization.
Next, amplify microRNA by attaching label probe. Specimens were interpreted using luminometer. Statistical analysis was performed using
QG data analysis of Affymetrix miRNA array.
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significant. Fold change values were analyzed using QG
data analysis of Affymetrix miRNA array (Thermo Fisher

2. Analysis results of microRNAs

Scientific, Waltham, MA, USA). To quantify changes, data

As shown in Tables 2∼5, when compared with the

normalized to the human gene SNORD43 were used as the

control group, mean changes in miRNA values are as

values for the patient group (patient values/control

follows: miR-15a (0.2), miR-16 (0.1), miR-21 (-0.6),

values). Fold change values greater than 1.5 was defined as
“overexpression”, whereas values less than -1.5 was
defined as “underexpression” [26-27]. The unpaired
T-test was applied to statistically evaluate the expression
by single TaqMan validation assays. A linear correlation

Table 1. Chromosomal karyotype and plasma cell of 20 patients
with multiple myeloma
Specimen

Chromosome karyotype

Plasma
cell (%)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

46,XX(20)
46,XX(20)
46,XY(11)
46,XY(20)
46,XY, add(1)(p36.1)(2)/46,XY(18)
46,XY(20)
46,XY(20)
46,XX(20)
46,XY(20)
46,XY(6)
45, X,-X(3)/46,XX(17)
45, X,Y,-Y(3)/46,XY(9)
46,XX(12)
46,XX(20)
46,XY(20)
46,XX(20)
45,X,Y,-Y(3)/46,XY(9)
46,XY(11)
46,XY(20)
46,XX(20)

31
12
31
11
19
23
76
18
49
94
12
33
32
36
49
23
33
29
20
13

analysis was performed between expression fold changes
(FC) of differentially expressed miRNA in FFPE and serum
and tumor diameters. Statistical significance was established at a P＜0.05.

RESULTS
1. Clinical characteristics of subjects
This study involved a total of 25 cases, 20 patients
diagnosed with MM (and with no other neoplastic
diseases) and 5 Westerners without neoplastic diseases
(control group). The study comprised 20 patients each
with more than and less than 30% plasma cells in the bone
marrow (Table 1).

Table 2. Fold change of individual microRNAs in multiple myeloma patients
Cases

miR-15a

miR-16

miR-21

miR-181a

miR-221

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

0.3
0.2
-0.1
1.3
0.5
-2.2
1.3
0.3
0.0
0.1
0.8
0.2
0.6
-0.1
-0.1
0.1
0.0
-0.4
0.1
0.1

0.6
-0.2
1.0
1.1
0.5
-2.5
-1.1
0.3
-0.4
0.1
0.7
0.3
1.2
0.1
0.0
0.0
0.1
-0.4
0.2
0.2

2.1
-0.8
-2.1
0.6
0.7
-1.8
-3.4
0.6
-1.8
0.1
1.0
0.3
1.0
-0.8
0.2
-1.8
-7.5
0.9
0.1
0.0

2.7
-2.3
-12.9
2.3
1.9
-4.2
-5.5
1.3
-8.3
0.4
2.8
0.9
4.3
3.0
1.4
-1.9
-1.6
-0.9
0.7
1.1

1.1
2.0
9.6
1.9
1.6
5.9
29.6
0.7
8.9
0.5
1.7
0.2
-8.1
5.0
2.5
3.6
5.1
-31.4
0.1
34.5

*Significance of fold change: 1.5＜ patient result, patient result ＞-1.5.
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Table 3. Results of expressed as Fold change of the microRNA
in multiple myeloma
MicroRNA

1.5＜ patients

Patients ＜-1.5

Expression

miR-15a
miR-16
miR-21
miR-181a
miR-221

0
0
1 (5.0%)
6 (30.0%)
13 (65.0%)

1 (5.0%)
1 (5.0%)
6 (30.0%)
7 (35.0%)
2 (10.0%)

Downexpression
Underexpression

Table 4. MicroRNAs differentially expressed between MM and
controls
MicroRNA

Average
Fold change

Pearson
correlation

Chromosomal
location

miR-15a
miR-16
miR-21
miR-181a
miR-221

0.2
0.1
-0.6
-0.7
3.8*

0.995
0.999
0.994
0.990
0.994

13q14.2
13q14.2
17q23.1
1q32.1
xp11.3

201

Table 5. Average fold change between plasma cell more then 30%
and less then 30% in multiple myeloma patients
MicroRNA

30%＜
plasma cell

Plasma cell
＜30%

P-value

miR-15a
miR-16
miR-21
miR-181a
miR-221

0.2
0.2
-1.2
-1.6
5.4

0.1
0.0
-0.1
0.1
2.1

0.657
0.538
0.261
0.438
0.575

*P＜0.05: Significance, P-values were calculated by regression
analysis.

*Significance of fold change: 1.5＜ patient result, patient result
＞-1.5.

miR-181a (-0.7), and miR-221 (3.8; P＜0.05). The total
numbers of individual samples with expression patterns
are significantly different than controls, 1 case (5%) for
miR-15a and miR-16 (both overexpressed), 7 cases (35%)
for miR-21 (underexpression (N=6); overexpression (N=1),
15 cases (75%) for miR-181 (overexpression (N=6);

Figure 2. Validation of microRNA expression level in multiple
myeloma. The amount of miR-15A, miR-16, miR-21, miR-181A
and miR-221 in formalin-fixed paraffin-embedded (FFPE) tissues
obtained from the bone marrow. Results were expressed as fold
change of the microRNA on house keeping gene SNORD43.

underexpression (N=10), and 15 cases (75%) for miR-221
(underexpression (N=2); overexpression (N=13). To sum

Next, mean miRNA expression levels of these groups were

up, the overexpression of miR-221 was observed in 13

compared with the control group. In summary, and as

cases (65%), while 6 (30%) and 7 (35%) of cases displayed

shown in Table 5, no significant differences were observed

overexpression and underexpression of miR-181 a

for the expression of any miRNA tested between the ＜30%

compared with controls, respectively (Figure 2, Table 3, 4).

and ＞30% plasma cell groups. Consequently, our findings

Correlation coefficients of two repeated test results were

suggest that there is no significant impact of plasma cell

0.995 in miR-15a, 0.999 in miR-16, 0.994 in miR-21,

concentration within bone marrow on the expression

0.990 in miR-181a, and 0.994 in miR-221, showing a high

levels of miRNA in patients with MM.

correlation between the results (Table 4).
3. Plasma cell concentrations of bone marrow and
miRNA expression levels

DISCUSSION
The miRNA is an endogenous non-protein coding small

To assess the potential role of plasma cells con-

RNA molecule that negatively regulates gene expression

centration within bone marrow and miRNA expression

by the degradation of messenger RNA (mRNA) or the

levels, the 20 patients within the experimental group were

suppression of mRNA translation. miRNA plays important

divided into one of 2 groups (ie, those with plasma cell

roles in physiologic processes such as cellular develop-

concentrations within bone marrow of ＜30% and ＞30%).

ment, differentiation, proliferation, apoptosis, and stem
www.kjcls.org
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cell self-renewal. Studies show that deregulation of

increased incidence of various cancers (eg, colorectal,

miRNA expression is closely associated with tumo-

breast, liver, pancreatic, lung, and gastric) and lymphomas

rigenicity, invasion, and metastasis. The functionality of

[5, 17, 26]. Overexpression of miR-181a in patients with

aberrant miRNAs in cancer could act either as oncogenes

MM has been implicated in the development of breast,

or tumor suppressors during tumor initiation and

pancreatic, and prostate cancer [5, 16]. In this study, the

progression. Similar to protein-coding gene regulation,

overexpression of miR-181a was seen in 6 cases (30.0%),

dysregulation of miRNAs may be related to changes in

while underexpression was observed in 7 cases (35.0%),

miRNA gene copy numbers, epigenetic modulation,

again differing from the results of previous studies. The

polymorphisms, or biogenesis modifications. Elucidation

reported overexpression of miR-221 in patients with MM,

of the miRNA expression profiles (miRNomes) of many

results that match well with the observations in this study

types of cancers is starting to decode the regulatory

(overexpression in 13 (65.0%) cases). In conclusion, this

network of miRNA-mRNA interactions from a systems

study demonstrates that in miR-221 expression levels may

biology perspective [29]. Upregulation of miR-221/222

be an important marker in Korean patients with MM; these

has been found in several solid and hematologic

findings are similar to previous studies on Westerners. In

malignancies, including multiple myeloma (MM), and is

contrast, contradicting results were found for miR-21. No

thought to have oncogenic potential and promote cell

significance was shown in miR-15, miR-16, and miR-181a

proliferation via down-regulation of p27 and/or p57,

(Figure 1, Table 3, 4). Conflicting results may be due to the

negative regulators of cell cycle progression. We

exclusion of patients with the abnormality in chromosome

previously demonstrated that upregulation of both

related with MM. Through karyotype analysis, patients

miRNAs occurs in malignant plasma cells (PCs) from

with deletion of 14q32, 13q, and 17p associated with MM,

multiple myeloma (MM) patients belonging to TC2 and

abnormal chromosome 1 (loss on 1p and gain of 1q), and

TC4 (traslocation/Cyclin) groups. A rising body of

partial trisomy 1q were excluded since chromosome

evidence suggests that silencing miRNAs with oncogenic

abnormality could impact microRNA expression levels

potential could represent a novel approach for human

and our sample size was not large enough to characterize

cancer therapy. We previously demonstrated that

the potential effects of these abnormalities.

silencing miR-221/222 exerts significant anti-MM activity

Minor and major criteria for the diagnosis of multiple

and triggers canonical targets in vitro and in vivo [30]. The

myeloma according to the definition of the WHO

aim of this study was to investigate the relationship

classification include different categories of the bone

between microRNA and miRNA-221 in patients with

marrow plasma cell count: a shift from the 10∼30% group

multiple myeloma.

to the ＞30% group equals a shift from a minor to a major

In this study, underexpression (of at least 1.5-fold

criterium [31]. When comparing the expression profiles of

compared with controls) of miR-15a and miR-16 levels

miRNA in patients with plasma cell concentrations within

were observed in 5.0% and 35% of samples from patients

the bone marrow of ＞30% and ＜30%, no significances

with MM, respectively. Although these differences are not

were observed for the miRNA tested (miR-15a, miR-16,

significantly different, in part perhaps because of the small

miR-21, miR-181a, and miR-221; P＞0.05). Therefore,

sample size, our findings are consistent with those of who

plasma cells are not expected to have a significant impact

observed underexpression of miR-15a and miR-16 in

on the expression levels of miRNA in patients with MM

patients with MM [16, 17]. Underexpression (＜1.5 fold

(Table 5).

change compared with controls) of miR-21 was seen in 6

In a study of Westerners, miR-221 was overexpressed

cases (30.0%), a finding that contradicts those by who

[16, 17, 19]. However, underexpression was found in

reported that miR-21 overexpression is associated with an

previous studies [25]. This is to confirm the characteristic

www.kjcls.org
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result of Korean people. In addition, we tried to confirm

않았다. MiR-221은 서구인과 같은 결과를 얻었으며, 다발성 골

whether there was a problem in selection of samples

수종 환자에서 miR-221이 다발성 골수종 환자 진단에 매우 중

because frequency was low. The specimens were selected

요한 지표가 될 수 있을 것으로 생각된다. 결론적으로 miR-221

for more specific multiple myeloma patients and 20 cases

은 한국인의 다발성 골수종 진단 또는 예후 지표로 활용할 수 있

were performed. As a result, miR-16 showed the same

음을 확인하였다.

result, and miR-221 obtained the result of overexpression.
This is thought to be the result of careful examination of
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