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Abstract. Multiple myeloma (MM) is one of the most common 
causes of mortality from hematological malignancy in China. 
Recent studies have demonstrated that cancerous inhibitor of 
protein phosphatase 2A (CIP2A) may exhibit a role in promoting 
the growth of cancer; however, the function of CIP2A in 
MM remains unknown. In the present study, the expression 
and molecular mechanism underlying the effects of CIP2A 
in patients with MM and in MM cell lines were elucidated. 
Firstly, the expression of CIP2A was detected in patients with 
MM and in MM cell lines by reverse transcription-quantitative 
polymerase chain reaction. Furthermore, silencing of CIP2A 
with short hairpin RNA was performed in MM cells, and the 
impact on the proliferation and apoptosis of RPMI-8226 cells 
was analyzed (as endogenous CIP2A is highly expressed in 
RPMI-8226 cell lines compared with other cells). CIP2A was 
significantly elevated in patients with MM and in MM cell 
lines, and silencing of CIP2A could inhibit the proliferation 
ability of RPMI-8226 cells in vitro. In addition, CIP2A 
knockdown induced apoptosis and led to substantial reduction 
of c-Myc protein levels in MM cell lines. This study suggested 
that CIP2A inhibition may provide a promising therapeutic 
strategy for patients with MM.

Introduction

Multiple myeloma (MM) is a hematological malignancy 
derived from clonal B cells. Different stages of differentiation 
of the neoplastic clone may cause heterogeneity in MM (1). 
MM is relatively uncommon but can be fatal. Patients with 
MM initially respond to treatment, but eventually relapse and 

succumb to disease after several months or years (2,3). Thus, 
the development of novel treatment strategies to effectively 
control MM are required.

Cancerous inhibitor of protein phosphatase 2A (CIP2A) 
is a novel human oncoprotein that can promote tumor trans-
formation and maintain the malignant phenotype in various 
types of cancer (4). The oncogenic effects of CIP2A may occur 
in part through stabilization of c-Myc (5). CIP2A levels are 
significantly elevated in several malignancies, compared with 
normal tissue (6-8). To the best of our knowledge, CIP2A 
expression has not been reported in MM. Thus, the present 
study aimed to determine the levels of CIP2A in patients with 
MM and in MM cell lines. In addition to the effect of CIP2A 
on MM cell growth and apoptosis following knockdown using 
shRNA, phosphorylation of key signaling molecules was 
analyzed in vitro.

Materials and methods

Serum samples. In total, 40 serum samples were obtained 
from patients with MM who underwent treatment at the 
Second Hospital of Shanxi Medical University (Taiyuan, 
Shanxi) between October 2010 and August 2014 (20 cases with 
κ-type, 16 cases with λ-type and 4 cases with non-secretory 
type). There were 20 serum samples from the normal control 
without any detectable bone marrow abnormalities observed 
during physical examination. The controls had a median age 
of 42 years (range, 31-60 years), controls were excluded if 
they were deceased or had been previously diagnosed with a 
hematological malignancy at the corresponding MM patient 
diagnosis. The diagnostic criteria of all MM patients was deter-
mined using the International Myeloma Working Group 2012 
system (9). This study was approved by the Ethics Committee 
of the Second Hospital of Shanxi Medical University. All 
patients provided informed consent.

Cell lines and cell culture. U266, KM3 and RPMI-8226 human 
myeloma cell lines were obtained from American Type Culture 
Collection (Manassas, VA, USA). All cells were maintained in 
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc., 
St. Louis, MO, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) at 37˚C, in 
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a humidified atmosphere containing 5% CO2. The cells at the 
logarithmic growth phase were harvested for the subsequent 
experiments when the cells reached 80% confluence.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction. Total RNA was extracted from 
samples and cell lines using TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instructions. Subsequently, complementary DNA (cDNA) was 
synthesized from 2 µg total RNA using the GoScript™ Reverse 
Transcription System kit (Promega Corporation, Madison, 
WI, USA) according to the manufacturer's instructions. 
Briefly, the samples were pre‑incubated at 70˚C for 10 min, 
cooled on ice and then added to a reaction mixture consisting 
of 10 mmol/l deoxynucleotide triphosphate, 25 mmol/l MgCl2, 
15 units avian myoblastosis virus reverse transcriptase, 10X 
reverse transcription buffer, 0.5 units RNasin® and 0.5 µg 
oligo-(dT) 15 primer (all provided in the GoScript™ Reverse 
Transcription System kit). The reaction mixture (final volume, 
20 ml) was incubated at 44˚C for 15 min, 99˚C for 5 min and 
4˚C for 5 min. The cDNA was maintained at 20˚C prior to use. 
The PCR reaction used 5 µg cDNA. RT-qPCR was performed 
using SYBR Master mix [Takara Biotechnology (Dalian) 
Co. Ltd., Dalian, China] on a LightCycler 480 system (Roche 
Applied Science, Penzberg, Germany). The thermocycling 
conditions were as follows: 40 cycles of 94˚C for 30 sec, 
60˚C for 30 sec and 72˚C for 30 sec. A human glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) gene served as an 
endogenous control for sample normalization. Results were 
presented as the fold expression relative to that of GAPDH. 
PCR primers were as follows: Forward 5'-GAG TCA ACG 
GAT TTG GTC GT-3' and reverse 5'-GAC AAG CTT CCC GTT 
CTC AG-3' for human GAPDH; and forward 5'-GGG AAT 
TCC CTG ATT CCT CTT CA-3' and reverse 5'-CCC TCG AGC 
TAG AAG CTT ACT TCC AT-3' for CIP2A. PCR products 
were separated by electrophoresis on 1.5% agarose gels. The 
gel images were captured with a camera and analyzed using 
NIH Image 2.0 (rsb.info.nih.gov/nih-image).

Western blot analysis. Total proteins from RPMI-8226 
cells were extracted in lysis buffer (Beijing Solarbio 
Science & Technology Co., Ltd., Beijing, China) and quanti-
fied using the Bradford method (Pierce Biotechnology, Inc., 
Rockford, IL, USA). Protein (20 µg) was separated on 10% 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
gels (Bio-Rad Labratories, Inc., Hercules, CA, USA), and 
transferred to nitrocellulose membrane (Bio-Rad Labratories, 
Inc.), and blocked by incubation with 5% non-fat milk in 
Tris-buffered saline with Tween-20 at room temperature for 
1 h. The membrane was then incubated overnight at 4˚C with 
the following primary antibodies: Anti-CIP2A mouse mono-
clonal IgG1 (1:500; Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA, USA; cat. no. sc-80662), rabbit monoclonal (PE 
Conjugate) c-Myc (D84C12) XP® [1:1,000; Cell Signaling 
Technology, Inc., Danvers, MA, USA (cat. no. 12189)], rabbit 
monoclonal Akt (1:1,000; Cell Signaling Technology, Inc.; 
cat. no. 4691), rabbit monoclonal p-Akt (Ser473) (D9E) XP® 
(1:2,000; Cell Signaling Technology, Inc.; cat. no. 4060) and 
rabbit polyclonal IgG anti-actin (H-196) (1:1,000; Santa Cruz 
Biotechnology, Inc.; cat. no. sc-7210). The membranes were 

washed with phosphate-buffered saline three times for 5 min 
each time. This was followed by incubation with horseradish 
peroxidase-conjugated goat anti-mouse (1:2,000; Santa Cruz 
Biotechnology, Inc.; cat. no. sc-2972) and goat anti-rabbit 
(1:2,000; Santa Cruz Biotechnology, Inc.; cat. no. sc-2030) 
secondary antibodies. Membranes were then washed again 
three times for 10 min each with TBST. Target protein bands 
were visualized using enhanced chemiluminescence (GE 
Healthcare Life Sciences, Chalfont, UK). All western immu-
noblot analyses were performed three times.

CIP2A short hairpin (sh)RNA transfection. The MM cells 
were seeded onto the 6-well plates at a density of 2x105 cells 
per well prior to transfection. Sequences of CIP2A shRNA 
and shRNA control (Santa Cruz Biotechnology, Inc.) were 
as follows: 5'-AAA CTT CTC TCA ACA TAC TAGC-3' and 
5'-CCT AAG GTT AAG TCG CCC TCG-3', respectively. 
Cells were plated in 6-well plates and infected with lenti-
virus constructs using 8 ng/ml polybrene (Santa Cruz 
Biotechnology, Inc.) as described in a previous study (10). 
The stable cell lines were selected in the presence of 1 µg/ml 
puromycin (Sigma-Aldrich, St. Louis, MO, USA) for 2 weeks.

Cell proliferation assay. An MTT assay was used to measure 
relative cell growth. Briefly, cells transduced shRNA for 
CIP2A and control shRNA were seeded into 96-well micro-
plates (3x103 cells/well) for 48 h in RPMI-1640 medium 
with 10 % FBS. After culture, cells were incubated with 
20 µl/well MTT (Sigma‑Aldrich) at 37˚C for 4 h, and then 
200 µl dimethyl sulfoxide was added to each well. Cells were 
subjected to absorbance reading at 570 nm using a 96-well 
microplate reader (Synergy NEO; Bio-Tek Instruments, Inc., 
Winooski, VT, USA).

Colony formation assay. Cells were plated into three 6-cm 
cell culture dishes after transfection with CIP2A shRNA 
or control shRNA. Cells were incubated for two weeks in 
complete growth media. Cell colonies were fixed with cold 
methanol stained with 0.1% crystal violet (Beyotime Institute 
of Biotechnology, Haimen, China) for 30 min. The colo-
nies were manually counted using an inverted microscope 
(CKX41SF; Olympus Corporation, Tokyo, Japan).

Apoptosis analysis. At transfection, cells were harvested 
and washed with ice-cold PBS twice. Then, cells were 
re-suspended in Annexin V-binding buffer, and 5 µl prop-
idium iodide and 5 µl Annexin V‑fluorescein isothiocyanate 
(FITC; BD Pharmingen, San Diego, CA, USA) was added. 
Cells were analyzed by FACSCalibur flow cytometry (BD 
Biosciences, Franklin Lakes, NJ, USA). The proportion of 
apoptotic cells (Annexin V-positive cells) was presented as 
the mean ± standard deviation.

Statistical analysis. All experiments were repeated at least 
three times. The data are presented as the mean ± standard 
deviation and analyzed using SPSS software 15.0 (SPSS Inc., 
Chicago, IL, USA). Student's t-test was used to compare 
differences, and data were analyzed using the Pearson's χ2 
test and Fisher's exact test. P<0.05 and P<0.01 were consid-
ered to indicate a statistically significant difference.
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Results

CIP2A is overexpressed in MM plasma and cell lines. The 
expression of CIP2A in the plasma of 40 patients with MM 
and 20 normal donors was examined by RT-qPCR. It was 
found that the level of CIP2A in plasma samples was upregu-
lated in patients with MM compared with healthy control 
subjects (Fig. 1A), indicating that CIP2A may contribute to 
the development of MM. In addition, the expression level of 
CIP2A in MM cell lines was evaluated. Endogenous CIP2A 
was significantly increased with different levels in all of these 
MM cell lines, compared with normal plasma cells) from 
healthy donors (Fig. 1B). The RPMI-8226 cell line was used 
as the research model in the rest of the experiments.

CIP2A depletion in MM cell lines inhibits cell proliferation. 
The RPMI-8226 cell line was used to generate cell lines stably 
expressing CIP2A shRNA, in order to investigate the role of 
CIP2A in the pathogenesis of MM. The knockdown of CIP2A 
was confirmed by western blotting. CIP2A shRNA effectively 
decreased CIP2A expression in the RPMI-8226 cell line 
(Fig. 2A). The proliferation of RPMI-8226 cells was measured 
by an MTT assay. Targeting CIP2A with specific shRNA 
inhibited RPMI-8226 cell proliferation (Fig. 2B), suggesting 
the function of CIP2A in promoting MM cell proliferation. 
Furthermore, the role of CIP2A on proliferation was deter-
mined by colony formation assays. As shown in Fig. 3A and B, 
the total number of colonies and average colony diameter was 
markedly decreased with CIP2A knockdown. These findings 
suggested that CIP2A may regulate cell proliferation and 
potential tumorigenicity of MM.

CIP2A depletion induces apoptosis and inhibits c‑Myc expres‑
sion in MM cells. Annexin V-FITC analysis was used to detect 
the rate of apoptosis in RPMI-8226 cells. The results showed 
that CIP2A depletion could induce a notable population of early 
and late apoptotic RPMI-8226 cells compared with controls 
(Fig. 4). To investigate the mechanism underlying the effects 
of CIP2A, the c-Myc expression level was analyzed following 
knockdown of CIP2A. Western blot analysis revealed that 
CIP2A depletion downregulated the c-Myc protein expression 
in RPMI-8226 cells, indicating that CIP2A could regulate cell 

apoptosis and growth through the c-Myc signaling pathway 
(Fig. 2A).

Discussion

MM is an incurable disease characterized by plasma cell 
malignancy with heterogeneity (11). CIP2A is a tumor-associ-
ated antigen that has been identified in patients with different 
types of cancer. It has been reported that CIP2A is ampli-
fied and overexpressed in various solid and hematological 
tumors (12,13), however, the role of CIP2A in patients with 
MM requires further investigation. Previous studies demon-
strated cytoplasmic CIP2A overexpression in various types 
of cancer (14-16). In addition, Böckelman et al (17) noted 
that strong CIP2A expression could be associated with poor 
survival in ovarian cancer. The present study investigated the 
expression of CIP2A in plasma samples from patients with 
MM and normal donors, and found a significant upregulation 
of CIP2A in patients with MM, indicating that CIP2A may 
be important in MM. This result in patients was also in line 
with results in MM cell lines, which showed that endogenous 
CIP2A was significantly higher in all three MM cell lines 
compared with normal plasma cells from healthy donors. 
This suggests that CIP2A has a functional role in MM carci-
nogenesis.

CIP2A is a novel human oncoprotein that can protect 
c-Myc S62 from dephosphorylation and inhibit c-Myc associ-
ated protein phosphatase 2 activity (4). In the present study, 
our clinical investigation was extended and function studies in 
RPMI-8226 cells were conducted due to their high abundance 
of CIP2A. The results showed that the knockdown of CIP2A 
significantly decreased clonogenic formation and cell growth 
ability. The results demonstrated that CIP2A contributed to the 
colony formation and proliferation abilities of MM in vitro and 
may therefore represent a novel therapeutic target in patients 
with MM.

Apoptosis is regulated through two major pathways, the 
extrinsic and the intrinsic pathways, and these pathways can 
induce the activation of downstream effector caspases pathway. 
Recently, studies reported that the downregulation of CIP2A 
expression is associated with apoptosis in human cancer cells. 
In this study, the results showed that compared with control 

Figure 1. Reverse transcription-quantitative polymerase chain reaction showing expression level of CIP2A mRNA in (A) patients with MM and (B) in MM cell 
lines. **P<0.01. CIP2A, cancerous inhibitor of protein phosphatase 2A; MM, multiple myeloma.

  B  A
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groups, CIP2A knockdown led to a significant increase in the 
apoptosis rate of RPMI-8226 cells, which suggests that inhibi-
tion of CIP2A may be a potential anticancer agent for patients 
with MM.

Previous studies revealed that CIP2A could regulate 
cancerous transformation and growth of cancer cells via 

c-Myc signaling pathway regulation (15,18). Furthermore, 
CIP2A promotes c-Myc expression, which is required for the 
proliferation of cancer cells. This study demonstrated that 
CIP2A silencing strongly suppresses cell proliferation by 
means of decreasing the expression of c-Myc and the level of 
AKT phosphorylation in vitro to a certain degree.

Figure 2. Effect of knocking down CIP2A on multiple myeloma cells. (A) Western blot analysis demonstrated that CIP2A shRNA treatment markedly 
decreased CIP2A levels and c-Myc levels in RPMI-8226 cells. (B) Knock down of CIP2A in RPMI-8226 cells decreased cell proliferation. CIP2A, cancerous 
inhibitor of protein phosphatase 2A; shRNA, short hairpin RNA; P-, phosphorylated.

Figure 3. (A) Colony formation assay was performed in RPMI-8226 cells transfected with CIP2A shRNA. (B) A decrease was observed in the number of 
colonies in the groups treated with CIP2A shRNA. CIP2A, cancerous inhibitor of protein phosphatase 2A; shRNA, small hairpin RNA.

Figure 4. (A) Apoptotic cell death was determined by flow cytometric analysis with Annexin V and propidium iodide staining. RPMI‑8226 cells were 
transfected with CIP2A shRNA and then subjected to an apoptosis assay. (B) The percentage of apoptosis, including early and late stage apoptotic cell death 
in each group, is shown. CIP2A, cancerous inhibitor of protein phosphatase 2A; shRNA, small hairpin RNA.

  B  A

  B  A

  B  A
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In conclusion, CIP2A is upregulated in MM, and CIP2A 
expression promotes cell proliferation and clonogenic 
formation ability by regulating the expression of AKT phos-
phorylation and c-Myc. This study indicated that CIP2A may 
be important in the carcinogenesis and progression of MM.
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