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Original Article
SIRT2 plays a key role in both cell cycle regulation and 
cell survival of BV2 microglia
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Abstract: Sirtuin 2 (SIRT2) is a member of sirtuin protein family. Previous studies have suggested that SIRT2 plays 
differential roles in the survival and cell cycle regulation of various cell types. Because microglia plays critical roles 
in multiple major neurological disorders, in our current study we investigated the roles of SIRT2 in regulation of 
the cell cycle and cell survival of BV2 microglia by applying SIRT2 siRNA. We found that SIRT2 reductions by SIRT2 
siRNA can produce cell cycle arrest of the cells at G0/G1 phase, by significantly increasing percentage of the cells 
in G0/G1 phase as well as decreasing percentage of the cells in S phase. The SIRT2 reductions can also increase 
late-stage apoptosis of the cells. We further found that SIRT2 silencing can lead to a decrease in the number of 
surviving BV2 cells, which may result from the effects of SIRT2 siRNA on both cell cycle and cell survival of the cells. 
Collectively, our study has suggested an important role of SIRT2 in regulating both the cell cycle and basal survival 
of microglia.
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Introduction

Sirtuin family proteins (SIRT1-7), the mammali-
an homologs of yeast silent information regula-
tor 2 (Sir2), are NAD+-dependent histone 
deacetylases [1-3]. Cumulative evidence has 
indicated that sirtuins play crucial regulatory 
roles in a variety of cellular processes, such as 
cell survival/death, metabolism, genome stabil-
ity, and stress resistance [4, 5]. Among these 
sirtuins, there has been no sufficient informa-
tion regarding the biological functions of SIRT2.

SIRT2 has been shown to play seemingly para-
doxical roles in cell survival: SIRT2 has been 
indicated as a key mediator of programmed 
necrosis [6]; and SIRT2 inhibition has been 
shown to produce beneficial effects in models 
of Parkinson’s disease (PD) and Huntington’s 
disease (HD) [7, 8]. In contrast, some studies 
have suggested that SIRT2 activity is required 
for the survival of such cell types as C6 glioma 
cells and Hela cells [9, 10]. 

There are also conflicting reports regarding the 
roles of SIRT2 in cell cycle regulation: The study 
of Dryden et al. suggested that SIRT2 can inhib-
it the exit from the mitosis of osteoblastic cell 
line Saos2 [11], which was indicated by the 
overexpression of wild-type SIRT2, but not the 
deacetylase activity-deficient mutant of SIRT2, 
to produce a delay of the exit from mitosis. 
Similar results were reported by a study using 
myelomonocytic cell line U937 [12]. However, 
several studies did not find any significant roles 
of SIRT2 in the cell cycle regulation of U251MG 
cells [13], HeLa cells and HEK293 cells [14].

Microglia are the resident macrophages of the 
central nervous system (CNS) [15], which show 
a ‘resting’ phenotype characterized by ramified 
morphology in the healthy adult CNS [16]. 
Numerous studies have suggested significant 
roles of microglia in multiple major neurological 
disorders including stroke and PD [17, 18]. 
Therefore, it is of both theoretical and thera-
peutic significance to elucidate the mecha-
nisms underlying microglial survival. 
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Latest studies have suggested that SIRT2 plays 
a crucial role of microglia activation [19]. 
However, there has been no sufficient informa-
tion regarding the roles of SIRT2 in both the bio-
logical functions and survival of resting microg-
lia. Considering the studies reporting complex 
roles of SIRT2 in affecting the survival and cell 
cycle of different cell types, in our current study 
we applied the approach of SIRT2 silencing to 
investigate the roles of SIRT2 in regulating the 
survival and cell cycle of microglia, using BV2 
microglia as a cellular model. Our study has 
suggested that SIRT2 plays significant roles in 
regulation of both survival and cell cycle of BV2 
microglia. 

Materials and methods

Cell culture

BV2 microglia cells were purchased from the 
Cell Resource Center of Shanghai Institute of 
Biological Sciences, Chinese Academy of 
Sciences. The cells were plated onto 24-well or 
6-well cell culture plates in Dulbecco’s Modified 
Eagle Medium (Thermo Scientific, Waltham, 
MA, USA) containing 1% penicillin and strepto-
mycin (Invitrogen, Carlsbad, CA, USA) and 10% 
fetal bovine serum (Gibco, Grand Island, NY, 
USA) in an incubator with 5% CO2 at 37°C.

siRNA transfection

Stealth RNAi oligonucleotides were used for 
siRNA transfection (Invitrogen,Carlsbad, CA, 
USA). The sequences targeting mouse SIRT2 
were as follows: sense, 5’- AUGAUGAGGAG- 
GUCCACCUUGGAGA -3’; antisense, 5’- UCUC- 
CAAGGUGGACCUCCUCAUCAU -3’. A medium GC 
duplex of Stealth RNAi Negative Control 
Duplexes (Invitrogen, Carlsbad, CA, USA) was 
used as a negative control. For each well, 100 
nM Stealth RNAi oligonucleotides were trans-
fected into BV2 cells using lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s protocols.

Western blot

BV2 cells were harvested and lysed in RIPA buf-
fer (Millipore, Temecula, CA, USA) containing 
Complete Protease Inhibitor Cocktail (Roche 
Diagnostics, Mannheim, Germany) plus 1 mM 
PMSF. Thirty μg of total protein was electropho-
resed through a 10% SDS-polyacrylamide gel, 
and then transferred to 0.45 μm nitrocellulose 

membranes (Millipore, CA, USA) using an elec-
troblotting apparatus (Bio-Rad Laboratories, 
CA, USA). Blots were incubated overnight at 
4°C with a rabbit polyclonal anti-SIRT2 anti-
body (Santa Cruz Biotechnology, Santa Cruz, 
CA, USA, 1:500 dilution), then incubated with 
appropriate HRP-conjugated secondary anti-
body (EPITOMICS, Hangzhou, Zhejiang Province, 
China, 1:5000 dilution). Protein signals were 
detected using an ECL detection system (Pierce 
Biotechonology, Rockford, IL, USA). An anti-
actin antibody (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA, 1:1000 dilution) was used 
to normalize sample loading and transfer. The 
intensities of the bands were quantified by den-
sitometry using Gel-Pro Analyzer.

Intracellular lactate dehydrogenase (LDH) as-
say

Intracellular LDH assay was conducted to 
determine cell survival, as described previously 
[9].

Cell cycle analysis

Forty-eight hours after transfection, BV2 cells 
were collected by trypsinisation and assessed 
for cell cycle by flow cytometry as described[20]. 
Briefly, the cells were fixed with 70% cold etha-
nol. Then the fixed cells were washed with PBS, 
treated with 50 µg/ml RNase A, and stained 
with 50 µg/ml propidium iodide for 30 mins in 
the dark. Subsequently, the cells were analyzed 
by flow cytometry (BD FACSCalibur). The cell 
populations at the G0/G1, S and G2/M phases 
were quantified using the Modfit software (BD).

FACS-based Annexin V/7-AAD staining

The FACS assay was conducted to measure the 
degrees of both apoptosis and necrosis using 
ApoScreen Annexin V kit (SouthernBiotech, 
Birmingham, AL, USA) according to the manu-
facturer’s instructions. In brief, BV2 cells were 
digested by 0.1% trypsin and resuspended in 
cold binding buffer (10 mM HEPES, pH 7.4, 140 
mM NaCl, 2.5 mM CaCl2, 0.1% BSA) at concen-
trations between 1 × 106 and 1 × 107 cells/ml. 
Ten μL of labeled Annexin V was added into 100 
μL of the cell suspension. After 15-min incuba-
tion on ice, 380 μL binding buffer and 10 μL 
7-AAD solution were added into the cell suspen-
sion. The number of stained cells was assessed 
by a flow cytometer (BD FACSAriaII).



SIRT2 mediates cell cycle and cell survival

168 Int J Physiol Pathophysiol Pharmacol 2014;6(3):166-171

Statistical analyses

All data are presented as mean mean ± SE. 
Data were assessed by one-way ANOVA, fol-
lowed by Student-Newman-Keuls post hoc test. 
P values less than 0.05 were considered statis-
tically significant.

Results 

We applied SIRT2 siRNA to decrease the SIRT2 
levels in BV2 cells. At 48 hrs or 72 hrs after the 
treatment of 100 nM SIRT2 siRNA, SIRT2 levels 
were assessed by Western blot (Figure 1). 
Quantifications of the Western blots showed 
that SIRT2 silencing led to significant decreas-
es in the SIRT2 levels (Figure 1). Intracellular 
LDH assay was conducted to determine the 
effects of SIRT2 silencing on the survival of the 
cells, which showed that treatment of the cells 
with SIRT2 siRNA for 48 or 72 hrs led to a sig-
nificant decrease in the number of surviving 
BV2 cells (Figure 2).

Cell cycle analysis was conducted to determine 
if the SIRT2 reductions led to the decreased in 

the number of surviving cells by producing inhi-
bition of cell cycle of the cells. Our study has 
suggested that SIRT2 silencing produced cell 
cycle arrest of BV2 cells at G0/G1 phase: The 
SIRT2 silencing led to a significant increase in 
the percentage of cells in G0/G1 phase from 
61.2% to 79.6%, as well as a significant 
decrease in the percentage of cells in S phase 
from 31.1% to 14.7% (Figure 3A, 3B).

We further determined if SIRT2 silencing may 
also affect the apoptosis and necrosis of the 
cells by conducting FACS-based Annexin V/7-
AAD staining assay. The SIRT2 silencing was 
shown to produce an increase in the late-stage 
apoptosis cells, as indicated by the increase in 
Annexin V+/7-AAD+ cells (Figure 4A, 4B). In con-
trast, the SIRT2 silencing did not affect the 
number of necrotic cells (Annexin V-/7-AAD+ 
cells) (Figure 4A, 4B). 

Discussion

The major findings of our current studies 
include: First, SIRT2 reductions by SIRT2 siRNA 
can produce cell cycle arrest of BV2 cells at G0/
G1 phase, by both significantly increasing per-
centage of the cells in G0/G1 phase and signifi-
cantly decreasing percentage of the cells in S 
phase; second, the SIRT2 reductions can also 
increase late-stage apoptosis of the cells; and 
third, the SIRT2 reductions can lead to a 
decrease in the number of surviving cells, 

Figure 1. Western blot assay showed that the SIRT2 
siRNA treatment led to a significant decrease in the 
SIRT2 levels of BV2 cells. The cells were transfected 
with SIRT2 siRNA for either 48 or 72 hrs, and subse-
quently the SIRT2 levels of the cells were determined 
by Western blot assay. N = 4-5. Data were collected 
from four independent experiments. *, p < 0.05; **, 
p < 0.01.

Figure 2. Treatment of BV2 cells with SIRT2 siRNA 
led to a significant decrease in the number of surviv-
ing BV2 cells, as assessed by intracellular LDH assay. 
The cells were treated with 100 nM SIRT2 siRNA for 
either 48 or 72 hrs, and subsequently intracellular 
LDH assay was conducted to determine the effects 
of SIRT2 silencing on the cell survival. N = 12. Data 
were collected from three independent experiments. 
*, p < 0.05; ***, p < 0.001.
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which may result from the effects of SIRT2 
reductions on both cell cycle and cell survival of 
BV2 cells. Collectively, our study has suggested 
important roles of SIRT2 in regulating both the 
cell cycle and the basal survival of microglial 
BV2 cells.

SIRT2 has been shown to play seemingly para-
doxical roles in both cell cycle and cell survival: 
Several studies did not find any significant roles 
of SIRT2 in the cell cycle regulation of U251MG 
cells [13], HeLa cells and HEK293 cells [14], 
while SIRT2 has been shown to inhibit the exit 
from the mitosis of osteoblastic cell line Saos2 
[11] and myelomonocytic cell line U937 [12]. 
Multiple studies have also suggested contrast-
ing roles of SIRT2 inhibition in cell death under 

various conditions: SIRT2 inhibition has 
been shown to produce beneficial effects 
in models of PD, HD [7, 8] and ischemic 
myocardial damage [6]. However, SIRT2 
inhibition has also been shown to produce 
apoptosis of C6 glioma cells and Hela cells 
[9, 10]. 

Due to the differential roles of SIRT2 in the 
cell cycle and cell death in different cell 
types, it appears to be necessary to con-
duct studies to determine the roles of 
SIRT2 in certain type of cells. In our cur-
rent study, we determined the roles of 
SIRT2 in both cell cycle and cell survival of 
microglia. Because microglia play signifi-
cant roles in multiple major neurological 
disorders [18], our study on the roles of 
SIRT2 in both cycle and cell survival of 
microglia may not only improve our under-
standing on the fundamental regulatory 
mechanisms of microglia, but also 
enhance our understanding regarding the 
roles of SIRT2 in neurological disorders.  

Our current study has provided evidence 
suggesting that SIRT2 plays important 
roles in the cell cycle regulation of BV2 
cells: The SIRT2 silencing led to a signifi-
cant increase in the percentage of cells in 
G0/G1 phase, as well as a significant 
decrease in the percentage of cells in S 
phase. This finding has suggested that 
SIRT2 plays a significant role in cell cycle 
regulation in microglia, in contrast to the 
minimal roles of SIRT2 in such cell types 
as U251MG cells [13], HeLa cells and 
HEK293 cells [14]. SIRT2 is a NAD+-

Figure 3. SIRT2 silencing led to significant alterations of the 
cell cycle of BV2 cells. A. Representative histograms depict-
ing cell cycle profiles of control BV2 cells and the BV2 cells 
transfected with 100 nM siRNA. B. Quantifications of the his-
tograms suggested that the SIRT2 silencing led to a significant 
increase in the percentage of cells in G0/G1 phase, as well as 
a significant decrease in the percentage of cells in S phase. 
BV2 cells were transfected with SIRT2 siRNA for 48 hrs, and 
then cell cycle analysis was conducted. N = 5. Data were col-
lected from five independent experiments. ***, p < 0.001.

dependent enzyme. Because such factors as 
oxidative stress can significantly decrease 
intracellular NAD+ levels [21], our study has 
suggested that oxidative stress might alter the 
cell cycle progression of microglia by affecting 
NAD+ and SIRT2. 

Our current study has also shown that SIRT2 
silencing can produce an increase in late-stage 
apoptosis of the microglia, without affecting 
the number of necrotic cells. This observation 
is consistent with previous reports that SIRT2 
inhibition can lead to apoptosis of C6 glioma 
cells, Hela cells [9, 10] and PC12 cells (unpub-
lished observation). Our finding that SIRT2 
silencing can induce BV2 cell death is also con-
sistent with our previous study showing that 
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treatment of BV2 cells with AGK2 – a widely 
used SIRT2 inhibitor – can lead to cell death of 
BV2 cells [22]. Combined our studies using 
either molecular approach or pharmacological 
approaches to inhibit SIRT2, our observations 
from these two studies have collectively sug-
gested that SIRT2 is required for the basal sur-
vival of BV2 microglia.

Our intracellular LDH assay has 
suggested that the SIRT2 reduc-
tions can lead to a decrease in 
the number of surviving cells. 
Both inhibition of cell cycle pro-
gression and cell death can 
lead to decreased number of 
surviving cells. Therefore, our 
observations that SIRT2 reduc-
tions can lead to both cell cycle 
arrest and late-stage apoptosis 
have suggested that both of 
these two effects of the SIRT2 
reductions may contribute to 
the SIRT2 reductions-induced 
decrease in the number of sur-
viving cells. 

In summary, our study has sug-
gested important roles of SIRT2 
in regulating both the cell cycle 
and the basal survival of microg-
lial BV2 cells. Because microg-
lia play critical roles in the 
pathologies of such neurologi-
cal disorders as stroke and PD 
[17, 18], our study has suggest-
ed that SIRT2 may become a 
therapeutic target for the disor-
ders due to the major effects of 
SIRT2 on the cell cycle and sur-
vival of microglia.
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