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Abstract. – OBJECTIVE: Myeloma seriously 
threats human life and health and needs more 
efficacy treatment method in the clinic. MiR-126 
regulates cell proliferation and apoptosis. This 
study explores the regulatory role of miR-126 in 
myeloma and related molecular mechanism. 

MATERIALS AND METHODS: MiR-126 and 
control were synthesized and transfected to my-
eloma cell line Karpas707 using Lipofectamine. 
Cell apoptosis was evaluated by MTT assay, 
caspase-3 activity detection, and flow cytome-
try. Myeloid cell leukemin (MCL) siRNA and plas-
mid were transfected to Karpas707 cells to test 
its impact on cell apoptosis. 

RESULTS: MTT assay revealed that miR-126 
significantly restrained Karpas707 cell growth 
(p=0.0017). Cell apoptosis detection showed 
that miR-126 significantly promoted phospha-
tidylserine eversion and caspase-3 activa-
tion (p=0.031), and downregulated MCL lev-
el (p=0.017). MCL siRNA markedly enhanced 
Karpas707 cell apoptosis induced by miR-126 
(p=0.024), while the MCL overexpression appar-
ently inhibited Karpas707 cell apoptosis induced 
by miR-126 (p=0.0073).

CONCLUSIONS: MiR-126 induces Karpas707 
cell apoptosis by downregulating anti-apoptotic 
protein MCL, which provides a theoretical basis 
for the target selection of myeloma. 
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Introduction

Myeloma critically threatens human life1,2. 
Individualized and comprehensive therapy ac-
cording to different stages emerge as popular 
means against myeloma, including surgery, 

chemotherapy, and radiotherapy3,4. Though the 
comprehensive therapy exhibits good curative 
effect, it still presents several deficiencies, such 
as bleeding5-7.

At present, molecular targeted therapy be-
comes a hotspot in myeloma treatment8-10. There 
is still a lack of targets for myeloma treatment, 
current molecular targets against Bcl-2 and AIPs 
shows limited efficacy11. Thus, it is urgently need-
ed to find more effective targets for myeloma11,12. 
MiRNA is a type of small endogenous RNA at 
about 20-24 nucleotides. It shows multiple im-
portant regulatory effects in cells. It is found that 
miRNA plays a profound role in cancer diagnosis 
and treatment. For instance, miR-143 can inhibit 
myeloma cell proliferation, while miR-34a is re-
lated to tumor metastasis13,14. It is suggested that 
miRNA may be involved in myeloma occurrence 
and development13-15. The miR-143 level was sig-
nificantly higher in the myeloma tissue compared 
with that in adjacent normal control, revealing 
that miR-143 may participate in myeloma cell de-
velopment16,17.

The ideal anti-tumor strategy is character-
ized to kill tumor cells without affecting normal 
cells. Cell apoptosis is regulated by anti-apoptot-
ic proteins and pro-apoptotic proteins18,19. Apop-
tosis inhibiting protein myeloid cell leukemia 
(MCL) is a widely investigated anti-apoptotic 
molecule20,21. Though there are numerous drugs 
targeting MCL, their effects in reducing MCL 
protein level are not satisfactory22. MiR-126 is 
involved in regulating multiple cells growth and 
apoptosis. However, the role of miR-126 in Kar-
pas707 cells remains unclear. The purpose of 
this study is to investigate the potential regulato-
ry role of miR-126 on myeloma cells and related 
molecular mechanism.
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Materials and Methods

Reagents and Cell Model
FBS and medium were purchased from Hua-

lan Biological Engineering, Inc (Beijing, Chi-
na). Lipofectamine was bought from Invitrogen 
(Carlsbard, CA, USA). Protein extraction kit, 
bicinchoninic acid (BCA) protein quantification 
kit, Fluoresceine isothiocyanate (FITC)-annexin 
detection kit, and caspase-3 detection kit were 
got from Beyotime (Shanghai, China). 3-(4,5-di-
methyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazoli-
um bromide (MTT) was obtained from Dingguo 
Changsheng Biotechnology co., Ltd (Beijing, 
China). Horseradish peroxidase (HRP) labeled 
rabbit anti-mouse IgG, and mouse anti-human 
myeloid cell leukemia (MCL) and actin mono-
clonal antibodies were provided by Santa Cruz 
Biotechnology (Santa Cruz, CA, USA). MiR-126 
(5’-AGACTGCATCTCGTCCAAGTAT-3’ and 
5’-AAGAGTATAGGGACAAAAGCA-3’), con-
trol miR-NC (5’-CTTCAAGCTACTCTGAGG-
GC-3’ and 5’-TTATCTTGACACGTCGAAT-3’), 
MCL siRNA (5’-CTACGCGTGAGCATTACT-
GC-3’ and 5’-TCTCTATCAAGCGATTAGT-3’), 
and MCL plasmid were derived from Genephar-
ma (Suzhou, Zhejiang, China). Myeloma cell line 
Karpas707 was purchased from ATCC (Manas-
sas, VA, USA).

Cell Culture
Myeloma cell line Karpas707 was maintained 

in Dulbecco’s Modified Eagle’s medium (DMEM) 
high-glucose medium (Waltham, MA, USA) at 
5% CO2 and 37°C9.

Transfection
MiR-126 and control miR-NC were transfect-

ed to Karpas707 cells using Lipofectamine. Kar-
pas707 cells were seeded in 24-well plate at densi-
ty 68%. A total of 1 μl miR-126 or miR-NC (1 μg/
μl) was suspended in lipo2000 at room tempera-
ture for 7 min. Then the mixture was added to the 
cells for culture9. The cell medium was changed 
after 12 h and the cells were further cultured at 
5% CO2 and 37°C for 20 h. 

MTT Assay
MTT assay was applied to test Karpas707 cell 

viability10. Karpas707 cells were seeded in 6-well 
plate at 1×106/well for 8 h. After transfected by 
miR-126 or miR-NC, the cells were added with 
MTT at 1 mg/ml. After incubation for 5 h, the 
cells were treated by Dimethyl sulfoxide (DMSO) 

to stop the reaction. At last, the plate was read at 
420 nm to draw the cell growth curve11.

Flow Cytometry
Annexin-V-FITC double staining method 

was used to evaluate cell apoptosis. Karpas707 
cells were transfected with miR-126 or miR-
NC. After 48 h, the cells were collected and 
added with 8 μl loading buffer and 0.5 μl An-
nexin-V-Fluoresceine isothiocyanate (FITC) 
at room temperature avoid of light for 17 min. 
Then the cells were analyzed on flow cytometry 
(BD FACSCalibur) (San Jose, CA, USA) with 
exciting light and absorption light at 426 nm 
and 628 nm14. 

Western Blot
The cells were collected to extract protein ac-

cording to the manual. After quantified by BCA 
method, the protein was boiled for 7 min and 
added with five times of loading buffer. Next, the 
protein was separated by sodium dodecyl sul-
fate- polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene difluo-
ride (PVDF) membrane at 140 mA for 2 h. After 
blocking in 8% skim milk at room temperature 
for 1.5 h, the membrane was incubated in prima-
ry antibody (1:800) at 4°C overnight. Then the 
membrane was washed by Phosphate-Buffered 
Solution and Tween 20 (PBST) and incubated 
in secondary antibody at 1:1500 at 37°C for 2 h. 
At last, the membrane was developed using en-
hanced chemiluminescence (ECL) reagent. The 
image was obtained by the imaging system to 
analyze protein expression15.

Caspase-3 Activity Detection
Karpas707 cells transfected by miR-126 or 

miR-NC were collected and resuspended in 
DMEM. After cracking, the supernatant was 
collected and added with the chromophoric sub-
strate at room temperature. Next, the mixture 
was moved to 6-well plate and measured the 
absorbance value on a microplate reader (Ge-
neTex, Irvine, CA, USA)17. Relative caspase-3 
activity was calculated by the value obtained 
from the control group and miR-126 transfec-
tion group.

MCL siRNA or Overexpression
Karpas707 cells were seeded in 12-well plate 

at density 65% before transfection. A total of 
2 μl MCL siRNA (1.6 μg/μl) was suspended in 
lipo2000 and added to the cells for 1.5 h under 
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5% CO2 and 37°C. Next, 2 μl miR-126 or miR-NC 
(0.6 μg/μl) was mixed in lipo2000 and added to 
the cells transfected by MCL plasmid or siRNA. 
The cell medium9 was changed after 12 h and the 
cells were cultured for another 48 h at 5% CO2 
and 37°C.

Statistical Analysis
All data analyses were performed on SPSS14.0 

software (SPSS Inc., Chicago, IL, USA). The data 
were presented as mean ± standard deviation and 

compared by t-test. p<0.05 was depicted as statis-
tical significant. 

Results

MiR-126 Transfection Reduced 
Karpas707 Cell Viability and Inhibited 
Cell Growth – Karpas707 Cell Viability 
Was Determined by MTT Assay

Karpas707 cell viability was significantly sup-
pressed by 0.5 μg miR-126 compared with miR-
NC group (p=0.0017). Since no statistical differ-
ence was observed on cell viability between the 
miR-NC group and untransfected group (p<0.05). 
This study used miR-NC as control in the follow-
ing experiments (Figure 1).

MiR-126 Transfection Induced Karpas707 
Cell Apoptosis

Annexin-V-FITC staining was used to test 
Karpas707 cell apoptosis. Phosphatidylserine 
eversion was statistically increased in Karpas707 
cells transfected by 1 μg miR-126 compared with 
control (p=0.031, Figure 2). 

Figure 1. MiR-126 transfection reduced Karpas707 cell vi-
ability and inhibited cell growth. **p < 0.01, compared with 
miR-NC.

Figure 2. MiR-126 transfection induced Karpas707 cell apoptosis. **p < 0.01, compared with miR-NC.
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MiR-126 Transfection Activated 
Caspase-3 in Karpas707 Cells

As shown in Figure 3, caspase-3 activity was 
significantly enhanced in Karpas707 cells trans-
fected by 0.5 μg miR-126 compared with control 
(p=0.0042).

MiR-126 Transfection Downregulated 
MCL Protein Expression in Karpas707 
Cells

Western blot was applied to test MCL protein 
expression in Karpas707 cells. As shown in Fig-
ure 4, MCL protein level was significantly down-
regulated in Karpas707 cells transfected by 0.5 μg 
miR-126 compared with control (p=0.0036).

MCL siRNA Enhanced Karpas707 Cell 
Apoptosis Induced by miR-126

We then determined the impact of MCL on 
Karpas707 cell apoptosis induced by miR-126, 
through the transfection of MCL siRNA to Kar-
pas707 cells before miR-126 treatment. As shown 
in Figure 5A, MCL protein level was significantly 
reduced in Karpas707 cells transfected by MCL 
siRNA. It exhibited statistical difference in MCL 
siRNA + miR-126 group compared with MCL 
siRNA group. As shown in Figure 5B, caspase-3 
activity was markedly enhanced in miR-126 
transfection group compared with the transfection 
with miR-NC (p=0.014), while it was apparently 
higher in MCL siRNA + miR-126 transfection 
group compared with miR-126 group (p=0.0024). 

MCL Overexpression Inhibited 
Karpas707 Cell Apoptosis Induced 
by miR-126

We also tested the effect of MCL on Karpas707 
cell apoptosis induced by miR-126. MCL was 

transfected into Karpas707 cells before miR-126 
transfection. As shown in Figure 6A, MCL pro-
tein level was significantly upregulated in Kar-
pas707 cells transfected by MCL plasmid. The 
level was remarkably increased in MCL + miR-
126 group compared with that in MCL group. 
As shown in Figure 6B, caspase-3 activity was 
significantly attenuated in miR-126 transfection 
group (p=0.0034), while it was apparently lower 
in MCL + miR-126 transfection group compared 
with miR-126 group (p=0.0073).

Discussion

This study used myeloma cell line Karpas707 
to explore the regulatory role of miR-126 and re-
lated mechanism. Our results showed that miR-
126 transfection declined Karpas707 cell viability 
and growth, and induced cell apoptosis, suggest-
ing that miRNA is involved in cell growth and 
survival3. There is still a lack of investigation 
about the impact of miRNA in myeloma3. It has 
been shown that miR-143 can inhibit myeloma 
cell proliferation, while miR-34a is related to tu-
mor metastasis13,14. It suggested that miRNA may 
be involved in myeloma occurrence and develop-
ment13-15. MCL is a type of anti-apoptotic protein23. 
It remains to be elucidated on whether MCL is 
regulated by miR-126 to affect myeloma cell line 
Karpas707 growth24,25. Our results showed that 
miR-126 transfection reduced MCL protein lev-
el. Karpas707 cell apoptosis was even enhanced 

Figure 3. MiR-126 transfection activated caspase-3 in 
Karpas707 cells. **p < 0.01, compared with miR-NC.

Figure 4. MiR-126 transfection downregulated MCL pro-
tein expression in Karpas707 cells.



MiR-126 induces myeloma cell apoptosis

6877

transfected by miR-126 and MCL siRNA. Zhou 
et al26 revealed that a variety of factors, such as 
epigallocatechin gallate, inhibited the prolifer-
ation of myeloma cells via certain mechanism. 
Interestingly, this study demonstrated the role 
of MCL in Karpas707 cell apoptosis induced by 
miR-126, among which, our data on Western blot 
showed that MCL protein significantly downreg-
ulated in Karpas707 transfected by miR-126. Im-
portantly, the inhibition of MCL by specific siR-

NA enhanced Karpas707 cell apoptosis induced 
by miR-126. In contrast, MCL plasmid restrained 
Karpas707 cell apoptosis induced by miR-126. 
Our result indicates that MCL plays a crucial role 
in Karpas707 cell apoptosis induced by miR-126. 
MCL protein may be a new strategy for the mo-
lecular targeted treatment of myeloma27. Current-
ly, MCL also plays an anti-apoptosis role in oth-
er types of cancer22,25,28,29. There are still several 
drawbacks in this study. In vivo test by compar-

Figure 5. MCL siRNA enhanced Karpas707 cell apoptosis induced by miR-126. *p < 0.05, compared with miR-NC. #p < 
0.05, compared with miR-126.

Figure 6. MCL overexpression attenuated Karpas707 cell apoptosis induced by miR-126. *p < 0.05, compared with miR-NC. 
#p < 0.05, compared with miR-126.
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ing myeloma tissue and adjacent normal control 
ought to be performed to further determine the 
relationship between MCL and myeloma.

Conclusions

We demonstrated that miR-126 restrained 
Karpas707 cell viability by downregulating an-
ti-apoptotic protein MCL. MCL may be a thera-
peutic target for myeloma, which provides theo-
retical support for the treatment of myeloma.
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