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Abstract. The present study aimed to explore the regulatory 
role of sirtuin 2 (SIRT2) in malignant progression of multiple 
myeloma (MM) and the potential associated signaling path‑
ways. In total, 30 patients with MM and 15 healthy bone 
marrow donors were enrolled in the current study and their 
bone marrow samples were collected to isolate the plasma 
cells. The expression levels of SIRT2 were detected in MM 
cell lines (KMS‑28BM, U266, RPMI‑8226 and NCI‑H929) 
and normal plasma cells (collected from healthy bone marrow 
donors as the control) via reverse transcription‑quantitative 
PCR (RT‑qPCR) and western blot analysis. SIRT2 knockdown 
was established by transfecting two MM cell lines (RPMI‑8226 
and NCI‑H929 cells) with short hairpin RNA‑SIRT2 recombi‑
nant plasmid; the control group was transfected with a control 
recombinant plasmid. Subsequently, the effect of SIRT2 
knockdown on MM cell proliferation, apoptosis, cell cycle 
progression and RAS/ERK signaling was investigated via Cell 
Counting Kit‑8, flow cytometry, RT‑qPCR and western blot 
assays, respectively. The mRNA and protein expression levels 
of SIRT2 were increased in U266 (P<0.001), KMS‑28BM 
(P<0.001), RPMI‑8226 (P<0.001) and NCI‑H929 (P<0.001) 
cells compared with those in the control cells. In NCI‑H929 
and RPMI‑8226 cells, cell proliferation was decreased 
48 h (P<0.05) and 72 h (P<0.05) after SIRT2 knockdown. 
Furthermore, the cell apoptotic rate was elevated 48 h after 

SIRT2 knockdown (P<0.01). In addition, the percentage of 
cells at the G0/G1 phase was increased (P<0.01), whereas the 
percentage of cells at the S phase was reduced (P<0.01) 48 h 
after SIRT2 knockdown. The expression levels of HRAS and 
phosphorylated‑ERK were also reduced 48 h after SIRT2 
knockdown. In conclusion, SIRT2 was highly expressed in 
MM cell lines, and knockdown of SIRT2 inhibited MM cell 
proliferation, inactivated the RAS/ERK signaling pathway, 
and promoted cell apoptosis and cell cycle arrest.

Introduction

Multiple myeloma (MM) is a heterogeneous disorder of 
plasma cells that is characterized by uncontrolled prolifera‑
tion of monoclonal plasma cells, leading to the accumulation 
of nonfunctional intact immunoglobulins or immunoglobulin 
chains in the bone marrow (1). As the second most prevalent 
hematological malignancy, MM accounts for ~1%  of all 
cancer cases and the current 5‑year survival rate is estimated 
at ~46.6% worldwide (2). The emergence of several advanced 
treatments for MM, including autologous stem cell transplants, 
chemotherapy, targeted drugs and immunomodulatory drugs, 
has resulted in a marked improvement in the clinical outcomes 
of patients with MM. However, the majority of patients with 
MM still suffer from a high risk of relapse and the develop‑
ment of refractory MM, as a result of current therapies (3‑5). 
Therefore, it is essential to explore novel, promising therapeutic 
targets, which can be applied for the improvement of treatment 
efficacy in MM.

Sirtuin 2 (SIRT2) is a member of the human sirtuin family, 
which has a unique NAD+‑dependent protein deacetylase 
activity (6). Emerging evidence has demonstrated that SIRT2 
functions as an α‑tubulin deacetylase, which is implicated 
in numerous biological processes, including microtubule 
dynamics, mitotic arrest, cell motility and cell differentia‑
tion (7‑12). Furthermore, the involvement of SIRT2 in specific 
pathological processes, such as carcinogenesis, development 
of leukemia, neurodegeneration and formation of drug resis‑
tance has been previously reported (13‑16). For example, the 
role of SIRT2 in regulating aberrant proliferation and survival 
of myeloid leukemia cells has been reported in former 
studies. SIRT2 has been shown to promote proliferation 
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and survival of acute myeloid leukemia (AML) cells via 
regulating ERK1/2 signaling and RAS/ERK/JNK/MMP‑9 
signaling  (16‑18). In addition, RAS/ERK signaling has 
been reported to regulate the p85‑fibroblast growth factor 
receptor 3 (FGFR3) interaction in MM, whereas FGFR3 
knockdown may inhibit proliferation and promote apoptosis 
of MM cells (16,17,19). Furthermore, activation of RAS/ERK 
has been associated with the increased proliferation and 
survival of MM cells, contributing to the pathogenesis of 
this disease (20). Based on the aforementioned data, it was 
hypothesized that SIRT2 might have an important role in 
the development and progression of MM. However, to the 
best of our knowledge, the interaction of SIRT2 with MM 
progression has not been previously reported. Therefore, in 
the present study, the regulatory effect of SIRT2 knockdown 
on cell proliferation, induction of apoptosis and regulation of 
the cell cycle was investigated in MM cells. Moreover, the 
interaction of the RAS/ERK signaling pathway in MM was 
examined with regards to the aforementioned processes.

Materials and methods

Participants. A total of 30 MM bone marrow samples were 
collected from 30 patients (age range, 28‑72 years; sex, 18 males 
and 12 females) with de novo MM treated at Huashan Hospital 
(Shanghai, China) or Shanghai Jing'an District Beizhan Hospital 
(Shanghai, China) between June 2016 and December 2018. All 
patients had a confirmed diagnosis of de novo symptomatic 
MM, according to The International Myeloma Working Group 
criteria of MM (21). The patients were all >18 years old, and 
had not received radiation or chemotherapy prior to sample 
collection. The patients were also devoid of other hemato‑
logical malignancies or solid tumors. In addition, 15 healthy 
bone marrow samples were collected from 15 bone marrow 
donors (age range, 29‑45 years; sex, 10 males and 5 females) 
during the same period. The present study was approved by the 
Institutional Review Board of Shanghai Jing'an District Beizhan 
Hospital (approval number 2019‑021). All participants provided 
written informed consent for their participation in the study.

Cell culture. Human MM cell lines, KMS‑28BM, U266, 
RPMI‑8226 and NCI‑H929, were purchased from the 
American Type Culture Collection. All cells were cultured 
in RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10%  (KMS‑28BM, RPMI‑8226 
and NCI‑H929) or 15% fetal bovine serum (U266) (Gibco; 
Thermo  Fisher Scientific, Inc.) and 1%  penicillin and 
streptomycin at 37˚C in a humidified incubator containing 
5% CO2. The plasma cells were isolated from bone marrow 
mononuclear cells, which were derived from the bone 
marrow samples of patients with MM and healthy bone 
marrow donors. Briefly, after collection, the bone marrow 
samples were processed with gradient density centrifuga‑
tion (865 x g at 37˚C for 20 min) for separating the bone 
marrow mononuclear cells; subsequently, the separated 
bone marrow mononuclear cells were purified using 
CD138‑coated magnetic beads (Miltenyi Biotec GmbH) 
to obtain plasma cells (22,23). The plasma cells were then 
stored in liquid nitrogen for further analysis. After incuba‑
tion at 37˚C for 24 h, SIRT2 expression in MM cell lines 

and normal plasma cells (from healthy bone marrow donors 
that were used as the control group) was determined by 
RT‑qPCR and western blot analysis.

Plasmid transfection. SIRT2 short hairpin RNA (shRNA) and 
a nonsense shRNA sequence were designed and synthesized 
by Changchun Changsheng Gene Pharmaceutical Co., Ltd. 
The sequences for the shRNAs were as follows: shSIRT2 
type 1, 5'‑GCT​AAG​CTG​GAT​GAA​AGA​GAA‑3'; shSIRT2 
type  2, 5'‑GCC​AAC​CAT​CTG​TCA​CTA​CTT‑3'; shSIRT2 
type  3, 5'‑CCT​GCT​CAT​CAA​CAA​GGA​GAA‑3'; and 
shNC, 5'‑GCA​ACA​AGA​TGA​AGA​GCA​CCA​A‑3' (24). The 
sequences were subsequently cloned into the GenePharma 
SuperSilencing shRNA™ vector (pGPU6/RFP/Neo) 
(Shanghai GenePharma Co., Ltd.) to construct shRNA‑SIRT2 
(Sh‑SIRT2) recombinant plasmid and shRNA‑negative 
control (Sh‑NC) recombinant plasmid. Lipofectamine® 3000 
Transfection Reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) was used to transfect the RPMI‑8226 and NCI‑H929 cells 
(1x105 cells/well) with 0.8 µg recombinant plasmids at 37˚C 
for 24 h, which resulted in the corresponding Sh‑SIRT2 and 
Sh‑NC cells. After 24 h, SIRT2 expression in the cells was 
detected by RT‑qPCR and western blot analysis.

Cell proliferation and apoptosis assays. At 0, 24, 48 and 72 h 
post‑transfection, the proliferation of Sh‑SIRT2 and Sh‑NC 
cells was detected using the Cell Counting Kit‑8 assay (Dojindo 
Molecular Technologies, Inc.) in accordance with the manufac‑
turer's instructions. The optical density value of the samples 
was measured at 450 nm using the iMark microplate reader 
(Bio‑Rad Laboratories, Inc.). The determination of apoptosis of 
Sh‑SIRT2 and Sh‑NC cells was performed 48 h post‑transfec‑
tion using the Annexin V‑fluorescein isothiocyanate Apoptosis 
Detection kit (Sigma‑Aldrich; Merck KGaA), as described 
previously (17). The apoptotic cells (early + late apoptotic cells; 
PI‑/Annexin V+ staining represents early apoptotic cells and 
PI+/Annexin V+ staining represents late apoptotic cells) were 
analyzed using a CytoFLEX™ flow cytometer (Beckman 
Coulter, Inc.) and FlowJo 7.0 software (FlowJo LLC).

Cell cycle analysis. A total of 48  h post‑transfection, the 
transfected Sh‑SIRT2 and Sh‑NC cells were harvested by 
trypsinization and subjected to cell cycle analysis using a 
BD FACSCalibur flow cytometer (BD Biosciences). The assay 
was performed as described previously (25). At least 10,000 
events were acquired for each sample in order to obtain a measur‑
able signal. The cell percentages at the G0/G1, S and G2/M phases 
were quantified using FlowJo 7.0 software (FlowJo LLC).

SIRT2‑associated pathway detection. The previous study 
indicated that SIRT2 was associated with the activity 
of the ERK1/2 signaling pathway in AML cells  (16). 
Furthermore, it was previously shown that SIRT2 induced 
the migration and invasion of gastric cancer cells through the 
RAS/ERK/JNK/MMP‑9 pathway (17). As a result, in order to 
investigate whether SIRT2 was associated with regulation of 
the RAS/ERK pathway in MM cells, the expression levels of 
HRAS, ERK and phosphorylated ERK (p‑ERK) were assessed 
using western blot analysis and RT‑qPCR in Sh‑SIRT2 and 
Sh‑NC cells after 48 h of incubation.
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Western blot analysis. Western blot analysis was performed 
as described previously (26). Briefly, the cells were lysed in 
RIPA lysis buffer (Sigma‑Aldrich; Merck KGaA) and protein 
concentration was measured using a Pierce™ Rapid Gold BCA 
Protein assay kit (Thermo Fisher Scientific, Inc.). Subsequently, 
20 µg protein/lane was separated via 4‑20% SDS‑PAGE. The 
proteins were then transferred to nitrocellulose membranes 
(Qiagen GmbH) and after blocking with 5% BSA (Beyotime 
Institute of Biotechnology) at 37˚C for 1.5 h, the membranes 
were incubated with the following specific primary antibodies 
overnight at 4˚C: Rabbit monoclonal anti‑SIRT2 (1:2,000; 
Abcam; cat.  no.  ab211033), rabbit polyclonal anti‑HRAS 
(1:2,000; ProteinTech Group, Inc.; cat. no. 15531‑1‑AP), rabbit 
monoclonal anti‑ERK1/2 (1:10,000; Abcam; cat. no. ab109282), 
rabbit monoclonal anti‑p‑ERK1/2 (1:10,000; Abcam; 
cat. no. ab223500), rabbit polyclonal anti‑PI3K (1:1,000; Abcam; 
cat.  no.  ab154598), rabbit polyclonal anti‑p‑PI3K (1:1,000; 
Abcam; cat. no. ab182651) and anti‑GAPDH (1:10,000; Abcam; 
cat. no. ab245355). The following day, the membranes were 
incubated with goat anti‑rabbit IgG H&L (HRP) (1:20,000; 
Abcam; cat. no. ab97047) at 37˚C for 1.5 h. The EasyBlot ECL 
kit (Sangon Biotech Co., Ltd.) was used for chemiluminescence 
detection. GAPDH was used as a loading control.

RT‑qPCR. Total RNA was extracted from the cells using 
TRIzol® Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
and was subsequently reverse transcribed into cDNA using 
the ReverTra Ace® qPCR RT Kit (Toyobo Life Science) at 
42˚C for 30 min. qPCR was performed using the TB Green™ 
Fast qPCR Mix (Takara Bio, Inc.). The following thermocy‑
cling conditions were used: Initial denaturation at 95˚C for 
30 sec; followed by 40 cycles of denaturation at 95˚C for 
5 sec, and annellation and extension, both at 61˚C for a total 
of 15 sec. The experiments aimed to quantify SIRT2 and 
HRAS mRNA expression levels. The results were calcu‑
lated using the 2‑∆∆Cq method with GAPDH as the internal 
reference  (27). The primer sequences used for RT‑qPCR 
were as follows: SIRT2, forward 5'‑ACG​CTG​TCG​CAG​
AGT​CAT‑3', reverse 5'‑CGC​TCC​AGG​GTA​TCT​ATG​TT‑3'; 
HRAS, forward 5'‑TGC​CAT​CAA​CAA​CAC​CAA​GTC​TT‑3', 
reverse 5'‑CTG​AGC​CTG​CCG​AGA​TTC​CA‑3'; and GAPDH, 
forward 5'‑GAA​GGT​GAA​GGT​CGG​AGT​C‑3' and reverse 
5'‑GAA​GAT​GGT​GAT​GGG​ATT​TC‑3'.

Statistical analysis. All data are presented as the mean ± stan‑
dard deviation and all experimental studies were conducted in 
triplicate. The comparison between two groups was determined 
by unpaired Student's t‑test and the comparison among multiple 
groups was determined by one‑way ANOVA followed by the 
Dunnett‑t test. All figure plotting and statistical analyses were 
performed using GraphPad Prism 7.01 (GraphPad Software, 
Inc.). P<0.05 was considered to indicate a statistically significant 
difference.

Results

SIRT2 expression in MM cell lines and control cells. The rela‑
tive mRNA expression levels of SIRT2 were increased in U266 
(P<0.001), KMS‑28BM (P<0.001), RPMI‑8226 (P<0.001) and 
NCI‑H929 (P<0.001) cells compared with those in the control 
cells (Fig. 1A). In addition, western blot analysis indicated that 
the relative protein expression levels of SIRT2 were increased 
in U266, KMS‑28BM, RPMI‑8226 and NCI‑H929 cell lines 
compared with those in the control cells (Fig. 1B and C). These 
data suggested that SIRT2 levels were increased in MM cell 
lines.

SIRT2 expression in patients with MM and healthy subjects. 
The relative mRNA expression levels of SIRT2 were higher in 
samples from patients with MM compared with those in samples 
from healthy donors (P<0.001; Fig. S1).

SIRT2 expression following transfection of NCI‑H929 and 
RPMI‑8226 cells. As the increased expression of SIRT2 was 
the most significant in NCL‑H929 and RPMI‑8226 cells, 
these two cell lines were chosen for subsequent experiments. 
Post‑transfection of MM cells with three shRNA‑SIRT2 recom‑
binant plasmids, the plasmid (shSIRT2 type 3) with the best 
knockdown effect on SIRT2 expression was selected for use in 
subsequent experiments (data not shown). The expression levels 
of SIRT2 mRNA (P<0.001; Fig. 2A) and protein (Fig. 2B and C) 
were decreased in the Sh‑SIRT2 group compared with those in 
the Sh‑NC group in NCI‑H929 cells. In addition, the expression 
levels of SIRT2 mRNA (P<0.001; Fig. 2C and D) and protein 
(Fig. 2E and F) were reduced in the Sh‑SIRT2 group compared 
with those in the Sh‑NC group in RPMI‑8226 cells. These 
data suggested that the transfection was successful.

Figure 1. Detection of SIRT2 expression in MM cell lines and control cells. Comparison of relative (A) mRNA and (B and C) protein expression levels of 
SIRT2 between MM cell lines and control cells. *P<0.05, ***P<0.001 vs. Control. SIRT2, sirtuin 2; MM, multiple myeloma. 
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Effects of SIRT2 knockdown on the proliferation of NCI‑H929 
and RPMI‑8226 cells. In NCI‑H929 cells, cell proliferation 
was significantly decreased in the Sh‑SIRT2 group compared 
with that in the Sh‑NC group at 48 and 72 h post‑transfection 
(P<0.05; Fig. 3A). In RPMI‑8226 cells, cell proliferation 
was also reduced in the Sh‑SIRT2 group compared with 
that in the Sh‑NC group at 48 (P<0.05) and 72 h (P<0.01) 
post‑transfection (Fig. 3B). These data indicated that SIRT2 
knockdown inhibited MM cell proliferation.

Effects of SIRT2 knockdown on apoptosis of NCI‑H929 and 
RPMI‑8226 cells. In NCI‑H929 cells, the apoptotic rate was 

increased in the Sh‑SIRT2 group compared with that in the 
Sh‑NC group at 48 h post‑transfection (P<0.01; Fig. 4A and B). 
Similar results were noted in RPMI‑8226 cells; the apoptotic 
rate was significantly increased in the Sh‑SIRT2 group 
compared with that in the Sh‑NC group at 48 h post‑transfec‑
tion (P<0.01; Fig. 4C and D). These data suggested that SIRT2 
knockdown promoted MM cell apoptosis.

Effects of SIRT2 knockdown on cell cycle progression in 
NCI‑H929 and RPMI‑8226 cells. In NCI‑H929 cells, the 
percentage of the cells at G0/G1  phase was significantly 
increased (P<0.01), whereas the percentage of cells at S phase 

Figure 2. Detection of SIRT2 expression post‑transfection. Comparison of (A) mRNA and (B and C) protein expression levels of SIRT2 between Sh‑SIRT2 
and Sh‑NC groups in NCI‑H929 cells. Comparison of (D) mRNA and (E and F) protein expression levels of SIRT2 between Sh‑SIRT2 and Sh‑NC groups in 
RPMI‑8226 cells. **P<0.01 ***P<0.001. SIRT2, sirtuin 2; Sh‑SIRT2, shRNA‑SIRT2; Sh‑NC, shRNA‑negative control; shRNA, short hairpin RNA.

Figure 3. Proliferation of transfected NCI‑H929 and RPMI‑8226 cells. Comparison of cell proliferation between Sh‑SIRT2 and Sh‑NC groups post‑transfection 
into (A) NCI‑H929 and (B) RPMI‑8226 cells. *P<0.05, **P<0.01 vs. Sh‑SIRT2. SIRT2, sirtuin 2; Sh‑SIRT2, shRNA‑SIRT2; Sh‑NC, shRNA‑negative control; 
shRNA, short hairpin RNA; OD, optical density.
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was significantly decreased (P<0.001) in the Sh‑SIRT2 
group compared with in the Sh‑NC group (Fig. 5A and B). 
In RPMI‑8226 cells, cell cycle arrest at G0/G1 arrest was also 

noted (P<0.01), which was accompanied by a reduction in the 
percentage of cells at S phase (P<0.01) in the Sh‑SIRT group 
compared with in the Sh‑NC group (Fig. 5C and D). These 

Figure 4. Apoptosis of transfected NCI‑H929 and RPMI‑8226 cells. Comparison of cell apoptosis between Sh‑SIRT2 and Sh‑NC groups following transfection 
into (A and B) NCI‑H929 and (C and D) RPMI‑8226 cells. **P<0.01. SIRT2, sirtuin 2; Sh‑SIRT2, shRNA‑SIRT2; Sh‑NC, shRNA‑negative control; shRNA, 
short hairpin RNA; PI, propidium iodide; AV, Annexin V.

Figure 5. Cell cycle analysis of NCI‑H929 and RPMI‑8226 cells post‑transfection. Comparison of cell percentages between the Sh‑SIRT2 and Sh‑NC groups 
following transfection into (A and B) NCI‑H929 and (C and D) RPMI‑8226 cells. The percentages of cells at G0/G1, S and G2/M phases are shown. **P<0.01, 
***P<0.001. SIRT2, sirtuin 2; Sh‑SIRT2, shRNA‑SIRT2; Sh‑NC, shRNA‑negative control; shRNA, short hairpin RNA. 
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findings indicated that SIRT2 knockdown induced cell 
cycle arrest in MM cells.

Effects of SIRT2 knockdown on the RAS/ERK signaling 
pathway in NCI‑H929 and RPMI‑8226 cells. In NCI‑H929 
cells, the mRNA expression levels of HRAS were signifi‑
cantly decreased in the Sh‑SIRT2 group compared with 
those in the Sh‑NC group (P<0.01; Fig. 6A). The protein 
expression levels of HRAS and p‑ERK/ERK were also 
reduced in the Sh‑SIRT2 group compared with those in 
the Sh‑NC group (Fig.  6B and C). In RPMI‑8226 cells, 
the mRNA expression levels of HRAS were significantly 
decreased in the Sh‑SIRT2 group compared with those in 
the Sh‑NC group (P<0.001; Fig. 6D). The protein expres‑
sion levels of HRAS and p‑ERK were also reduced in the 
Sh‑SIRT2 group compared with those in the Sh‑NC group 
(Fig. 6E and F). In addition, in NCI‑H929 (Fig. S2A and B) 
and RPMI‑8226 (Fig. S2C and D) cells, the protein expres‑
sion levels of p‑PI3K/PI3K were lower in the Sh‑SIRT2 
group compared with those in the Sh‑NC  group. These 
findings suggested that SIRT2 knockdown inactivated the 
RAS/ERK signaling pathway in MM cells.

Discussion

In the present study, the data demonstrated that SIRT2 was highly 
expressed in U266, KMS‑28BM, RPMI‑8226 and NCI‑H929 
cell lines compared with those in normal plasma cells. Although 
SIRT2 knockdown inhibited cell proliferation, it promoted cell 
apoptosis and cell cycle arrest in MM cells. Furthermore, SIRT2 
knockdown inactivated the RAS/ERK signaling pathway in MM 
cells.

SIRT2 is a NAD+‑dependent deacetylase, which serves 
as a regulator of α‑tubulin acetylation, and is localized in the 
cytoplasmic and nuclear regions of the cell (11,12). SIRT2 has 
been reported to serve an important role in regulating a variety 
of cellular physiological and biological processes. Notably, 
the implication of SIRT2 in the pathogenesis of malignancies, 
neurodegenerative diseases and inflammation‑related diseases, 
has attracted increasing attention (8,13,28,29). The involvement 
of SIRT2 in the pathological process of hematological malignan‑
cies has been confirmed by a previous study demonstrating that 
it was highly expressed in primary AML blasts compared with 
in hematopoietic progenitor cells from healthy donors. Moreover, 
its inhibition decreased cell proliferation and promoted apoptosis 

Figure 6. Effects of SIRT2 knockdown on RAS/ERK signaling. (A) Comparison of the mRNA expression levels of HRAS between the Sh‑NC and 
Sh‑SIRT2 groups in NCI‑H929 cells. (B and C) Comparison of HRAS, ERK and p‑ERK protein expression levels between Sh‑NC and Sh‑SIRT2 groups 
in NCI‑H929 cells. (D) Comparison of the mRNA expression levels of HRAS between the Sh‑NC and Sh‑SIRT2 groups in RPMI‑8226 cells. (E and 
F) Comparison of HRAS, ERK and p‑ERK protein expression levels between the Sh‑NC and Sh‑SIRT2 groups in RPMI‑8226 cells. *P<0.05, **P<0.01, 
***P<0.001. SIRT2, sirtuin 2; Sh‑SIRT2, shRNA‑SIRT2; Sh‑NC, shRNA‑negative control; shRNA, short hairpin RNA; p‑ERK, phosphorylated‑ERK.
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in AML via acetylation of AKT and further inactivation of 
β‑catenin (18). In addition, another functional experiment (16) 
revealed that overexpression of SIRT2 led to increased 
multidrug resistance protein 1 expression, decreased drug 
accumulation and attenuated drug sensitivity. These effects 
were caused by activation of the ERK1/2 signaling pathway in 
AML cells and demonstrated the ability of SIRT1 to regulate 
the RAS/ERK/JNK/MMP‑9 pathway, further promoting the 
development and progression of malignancies. Accumulating 
evidence has shown that activation of the RAS/ERK signaling 
cascade may result in FGFR3‑mediated transformation, 
which is responsible for oncogenic cellular transformation in 
MM (19). According to these data, the current study examined 
whether SIRT2 was implicated in the pathological process 
of MM, which, to the best of our knowledge, has not been 
previously investigated. Initially, the expression levels of 
SIRT2 were compared between several human MM cell lines 
(KMS‑28BM, U266, RPMI‑8226 and NCI‑H929) and normal 
plasma cells; the data demonstrated that SIRT2 expression 
levels were upregulated in MM cells compared with those 
in normal plasma cells. Furthermore, the data indicated that 
SIRT2 expression levels were higher in samples from patients 
with MM compared with those in samples from healthy 
donors.

The present study established the Sh‑SIRT2 group 
by transfecting RPMI‑8226 and NCI‑H929 cells with a 
Sh‑SIRT2 recombinant plasmid. These transfected MM cell 
lines aimed to explore the effects of SIRT2 knockdown on 
cell proliferation, apoptosis and regulation of the cell cycle. 
The data demonstrated that SIRT2 knockdown inhibited cell 
proliferation, whereas it promoted cell apoptosis and cell cycle 
arrest in MM cells. The possible reasons for these observations 
may include the following: i) According to previous evidence, 
SIRT2 expression may be positively associated with nicotin‑
amide phosphoribosyltransferase (NAMPT) expression, and 
NAMPT knockdown has been shown to promote expression 
of the serine‑threonine kinase glycogen synthase kinase 3β by 
inducing AKT phosphorylation. This in turn may inactivate 
proto‑oncogene β‑catenin and suppress MM cell prolifera‑
tion (18,30). Therefore, SIRT2 knockdown may inhibit cell 
proliferation and cell cycle, while promoting apoptosis of MM 
cells. ii) Based on the previous studies reported, SIRT2 knock‑
down may inactivate the RAS/ERK signaling cascade (17), 
which could lead to suppression of FGFR3‑mediated pheno‑
types (16,17,19), further contributing to decreased proliferation, 
cell cycle arrest and increased apoptosis of MM cells.

SIRT2 has been reported to regulate the RAS/ERK 
signaling pathway in certain types of cancer  (16,17). For 
example, SIRT2 expression has been revealed to be positively 
associated with activation of the ERK1/2 signaling pathway in 
AML (16). An additional study revealed that the deacetylase 
activity of SIRT2 was inhibited by SirReal2 via the regulation 
of the RAS/ERK/JNK/MMP‑9 signaling pathway  (16,17). 
Furthermore, interruption of RAS/ERK signaling promoted 
the expression of the checkpoint kinase 1 inhibitor, resulting 
in an increase in apoptosis and cell cycle arrest of hematopoi‑
etic malignant cells (31). Taken together, the aforementioned 
studies indicated that SIRT2 knockdown may decrease 
the expression levels of HRAS and p‑ERK, which was also 
found in the current study, suggesting that this process could 

inactivate RAS/ERK signaling in MM. This may occur due to 
several possible reasons: i) SIRT2 knockdown may decrease 
PI3K expression; notably, a previous study indicated that PI3K 
interacts with RAS/ERK signaling (32). Therefore, reduction 
of PI3K expression may alleviate the stimulation of PI3K, 
leading to the inhibition of RAS/ERK signaling and a further 
decrease in the development of cancer (33). This speculation 
was verified by cellular experiments in which SIRT2 knock‑
down was shown to decrease PI3K expression in MM. ii) In 
addition, SIRT2 knockdown may decrease KRAS acetylation, 
which could further reduce activation of RAS downstream 
signaling markers, contributing to inhibition of RAS/ERK 
signaling (33). However, this hypothesis requires additional 
studies in order to be fully verified in MM. Although the 
present data demonstrated that SIRT2 knockdown inactivated 
RAS/ERK signaling in MM, its ability to inhibit MM cell 
malignant behavior via the RAS/ERK signaling pathway 
requires additional experiments. However, due to the limited 
budget, the relevant experiments were not performed, which is 
a limitation of the current study.

In conclusion, SIRT2 was revealed to be highly expressed 
in MM cell lines, and its knockdown inhibited cell prolif‑
eration, inactivated RAS/ERK signaling, and promoted cell 
apoptosis and cell cycle arrest in MM. Collectively, the present 
study implied that targeting SIRT2 may be a novel therapeutic 
option for the treatment of MM.
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