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Sirtuin 1 inhibits lipopolysaccharide-induced
inflammation in chronic myelogenous leukemia
k562 cells through interacting with the Toll-like
receptor 4-nuclear factor k B-reactive oxygen
species signaling axis

Lei Wang, Mingming Wang, Hongju Dou, Wenjie Lin and Lifang Zou™

Abstract

Background: Chronic myelogenous leukemia (CML) is a clonal myeloproliferative neoplasm resulting from BCR-ABL-
transformed hematopoietic stem cells. Previous research has implicated multifunctional proinflammatory cytokines in
CML development. It has been reported that Sirtuin 1 (SIRT1) as well as ADP-ribosyltransferase and deacetylase may
influence CML cell viability and inflammation.

Methods: This study was directed toward exploring the SIRT1-involved in the mechanism of lipopolysaccharide
(LPS)-triggered inflammation in CML k562 cells.

Results: In our study, the LPS-induced inflammation in k562 cells was reflected by increases in levels of diverse
inflammatory cytokines, including interleukin (IL)-10, IL-13, IL-6, interferon-y, tumor necrosis factor (TNF)-a and TNF-{.
LPS also decreased SIRT1 expression and nuclear location in k562 cells. Furthermore, SIRT1 overexpression inhibited
the release of the above mentioned cytokines in LPS-treated cells. We also determined that LPS stimulation could acti-
vate Toll-like receptor 4 (TLR4), the nuclear factor k B (NFkB) subunit, and p65 and produce reactive oxygen species
(ROS) in k562 cells. Nevertheless, SIRT1 overexpression decreased TLR4 expression, thereby repressing the phospho-
rylation of the NFkB subunit and p65 and decreasing ROS production.

Conclusions: These findings suggest that SIRT1 is a latent therapeutic target for mitigating LPS-induced inflamma-
tion via the TLR4-NFkB-ROS signaling axis.
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Background

Chronic myelogenous leukemia (CML) is a clonal hema-
tological malignancy resulting from BCR-ABL-trans-
formed hematopoietic stem cells (HSCs) [1]. There are
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three clinical phases of CML, progressing from a chronic
phase to an accelerated phase and then to a terminal blast
crisis. Tyrosine kinase inhibitors (TKIs) target the con-
stitutively activated BCR—ABL kinase, thus leading to a
longer-term remission of CML in majority of patients,
but they do not eliminate leukemia stem cells (LSCs).
Thus, the relapse that occurs in 50% of patients after
stopping treatment with TKIs is likely due to the pres-
ence of LSCs [2, 3].
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Sirtuins (SIRTs) are nicotinamide adenine dinucleo-
tide (NAD)-dependent protein deacetylases that are
highly conserved from yeast to mammalian cells. Seven
SIRTs (SIRT1-SIRT7) in mammalian cells exhibit func-
tional significance on aging, diabetes, cardiovascular
diseases, and cancers [4]. SIRT1, the most extensively
studied SIRT, can deacetylate various histone and non-
histone substrates alike including p53, ¢c-MYC, and
FOXO, thereby regulating DNA repair, metabolism,
cell cycle, and survival [5, 6]. Earlier studies identified
tumor suppressor p53 as the first nonhistone SIRT1
deacetylase target: under stress conditions, such as
DNA damage, the deacetylation of p53 attenuates its
transactivation-dependent apoptosis, thus promoting
lung cancer cell survival [7, 8]. Likewise, E2F1 was also
found to be negatively regulated by SIRT1 in the lung
cancer cell line [9]. Therefore, SIRT1 is considered to be
an oncogenic protein.

Cytokines create a proinflammatory environment
during CML development, and provide a proliferative
advantage to leukemic cells [10, 11]. Several inflam-
matory cytokines, including granulocyte—macrophage
colony-stimulating factor (GM-CSF), interleukin (IL)-
6, and IL-1a, are significantly increased during leuke-
mogenesis.; these inflammatory cytokines provide a
leukemic environment that might impose malignant
cell properties on untransformed cells [11, 12]. There-
fore, therapeutic applications targeting the inflamma-
tory environment might restore normal differentiation
as well as perturb leukemic cells [13]. Inflammatory
signals, sent to respond to environmental stresses, not
only can elicit the active cycle of HSCs but also directly
trigger these cells to produce cytokines that enhance
myeloid differentiation. After stress myelopoiesis is
triggered, HSCs inactivate the response through intra-
cellular signaling programs and then return to a stable
state. Long-term or immoderate exposure to inflam-
matory cytokines can result in a continuous cycle and
final HSC loss, which enhances bone marrow failure
and elicits preleukemic states or leukemia by acquir-
ing genetic and epigenetic variations in HSCs. The
phenomena mentioned above can occur by initiating
clonal hematopoiesis, with the subsequent appearance
of pre-LSCs. In acute myeloid leukemia, LSC cycling
and differentiation can be enhanced by activating a few
inflammatory signaling pathways [14]. However, the
detailed mechanism of inflammation in CML has been
rarely reported. In the present study, lipopolysaccha-
ride (LPS) was utilized to trigger inflammation in CML
k562 cells and the role of SIRT1 as well as that of the
Toll-like receptor 4 (TLR4)—nuclear factor k B (NFkB)—
reactive oxygen species (ROS) signaling axis in inflam-
mation was investigated.
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Materials and methods

Cell culture

CML k562 cells (Type Culture Collection, Chinese Acad-
emy of Sciences, Beijing, China) were cultured in Roswell
Park Memorial Institute 1640 medium containing new-
born calf serum (10%), streptomycin (100 pg/mL), and
penicillin (100 U/mL) at 37 °C in a damp condition (5%
CO,), followed by exposure to 10 ug/mL of LPS for 4 h.

Transfection

About 4 x 10° cells were transfected with pCDNA (4 pg),
pCDNA-SIRT1 (4 pg), siRNA-NC (8 pg), or siRNA-
SIRT1 (8 pg) using the Lipofectamine2000 transfection
agent (Thermo Fisher). These cells were used for experi-
ments 36 h after the transfection.

Western blot (WB)

Cells were subjected to radioimmunoprecipitation assay
buffer to prepare lysate. Bicinchoninic acid assay was
then used to determine the protein concentration. After
resolving via 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, proteins were transferred to polyvi-
nylidene difluoride membranes (0.45 um), which were
then blocked with 5% bovine serum albumin (BSA) in
phosphate-buffered saline (PBS)-Tween20 (PBS-T) at
25 °C for 60 min and incubated at 4 °C for 12 h with the
following immunoglobulins: rabbit anti-IL-1B (1:2000,
ab2105, Abcam), anti-IL-6 (1:2000, ab7737, Abcam),
anti-TNF-a (1:2000, ab9635, Abcam), mouse anti-SIRT1
(1:1000, ab110304, Abcam), anti-TLR4 (1:2000, ab220438,
Abcam), anti-p-NFkB (1:500, ab86299, Abcam), anti-
NFxB (1:2000, abl16502, Abcam), and anti-GAPDH
(1:5000, ab8245, Abcam). Subsequently, the resulting
membranes were incubated with horseradish peroxi-
dase-connected secondary antibodies at 4 °C for another
60 min. Blots were observed through an chemilumines-
cence reaction via a blot scanner.

Quantitative polymerase chain reaction (qPCR)

Total RNA was isolated with Trizol as per the manufac-
turer’s instructions, and messenger RNA (mRNA) lev-
els were measured through qPCR with GAPDH as the
internal standard. qPCR was performed using SYBR
Green master mix via a real-time PCR system. The PCR
reaction was performed at 95 °C for 10 min and cycled
40 times for 15 s and at 60 °C and 72 °C for 30 s each.
The 2-AACT method was used for determining the copy
number of objective genes. The primer sequences were
as follows: IL-1f F: 5'-CCA CAG ACC TTC CAG GAG
AAT G-3/, IL-1B R: 5'-GTG CAG TTC AGT GAT CGT
ACA GG-3/; IL-6 F: 5'-AGA CAG CCA CTC ACC TCT
TCA G-3/, IL-6 R: 5’-TTC TGC CAG TGC CTC TTT
GCT G-3; TNF-a F: 5-GAT CTC AAA GAC AAC CAA
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CAT GTG-3/, TNF-a R: 5-CTC CAG CTG GAA GAC
TCC TCC CAG-3’; IL-10 F: 5'-CAC AAA GCA GCC
TTG CAG AA-3/, IL-10 R: 5-AGA GCA GGC AGC
ATA GCA GTG-3; IFN-y F: 5-ATC CCG TGG AGA
CTC CTC AA-3, IFN-y R: 5-CCA AAC ACG TAG
ACT GGG TAT CC-3; TNF-p F: 5-CCC ATG GCA
TCC TGA AAC-3/, TNF-B R: 5-GGA GGC CTG GAA
TCC AAT-3’; SIRT1 F: 5-TGC TGG CCT AAT AGA
GTG GCA-3/, SIRT1 R: 5'-CTC AGC GCC ATG GAA
AAT GT-3/; TLR4 F: 5'-CCC TGA GGC ATT TAG GCA
GCT A-3/, TLR4 R: 5-AGG TAG AGA GGT GGC TTA
GGC T-3; p65 F: 5'-GGT CCA CGG CGG ACC GGT-
3/, TLR4 R: 5'-GAC CCC GAG AAC GTG GTG CGC-
3/; GAPDH F: 5-CAT GGC CTT CCG TGT TCC TA-3/,
GAPDH R: 5-TGT CAT CAT ACT TGG CAG GTT
TCT-3'.

Enzyme-linked immunosorbent assay (ELISA)

IL-1p (BMS224), IL-6 (BMS213), IL-10 (BMS215-
2), IFN-y (KHC4021), TNF-a (BMS223), and TNEF-
(BMS202) levels were detected using an ELISA kit from
Thermo Fisher in accordance with the manufacturer’s
protocol. Absorbance was recorded at OD 543 using a
microplate reader POLARstar Omega (BMG Labtech).

Subcellular fractionation

Cells (1 x 10°) were plated on 6 cm dishes and grown for
36 h. Then, the cells were harvested via scraping into a
500 pL cell lysis buffer containing 10 mM HEPES (pH
7.4), 10 mM NaCl, 1 mM KH,PO, 5 mM NaHCO,,
1 mM CaCl,, 0.5 mM MgCl,, and 5 mM EDTA with
complete protease inhibitor cocktail. Cells were allowed
to swell for 5 min, followed by Dounce homogenization
for 50-time strokes. Then, the cells were centrifuged at
7500 rpm for 5 min, generating a pellet containing nuclei
and debris and a supernatant of cytosol and plasma. Pel-
lets were resuspended in a 1 mL buffer containing 10 mM
Tris (pH 7.5), 300 mM sucrose, 1 mM EDTA, and 0.1%
NP40 with complete protease inhibitor cocktail, and then
pelleted, resuspended, and washed twice. The final pellets
were pure nuclei.

Determination of SIRT1 activity

SIRT1 activity in whole cell lysate was measured using
the SIRT1 fluorometric kit (ab156065, Abcam). Briefly,
the assays were performed by incubating the whole cell
lysate and Fluoro-Substrate Peptide (0.2 mM), Developer,
and NAD (2 mM) at 37 °C for 30 min. Fluorescent inten-
sity was measured on a microplate reader POLARstar
Omega (BMG Labtech) with excitation set at an Ex/
Em = of 350/460 nm.
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ROS determination

ROS production in k562 cells was determined using
dichloro-dihydro-fluorescein diacetate (DCFH-DA),
a fluorescence probe. Following the LPS treatment for
4 h, cells were incubated with DCFH-DA (10 uM) away
from light at 37 °C for 30 min. A fluorescence micro-
scope was used to determine fluorescence intensity (Ex
488/Em 525 nm) using a microplate reader POLARstar
Omega (BMG Labtech). For NAC treatment, 5 uM
NAC was used to treat k562 cells for 4 h.

Immunofluorescence assay (IFA)

IFAs were performed using the Leica SP8 confocal laser
scanning microscope. Coverslips carrying k562 cells
were washed with PBST (PBS plus 1% Triton X-100)
and then fixed with 4% paraformaldehyde. Cells were
then blocked with 4% BSA dissolved in PBST and
stained with anti-SIRT1 antibody. The secondary anti-
bodies were tetramethyl rhodamine isocyanate-conju-
gated anti-rabbit IgG.

Statistical analysis

Data were expressed as mean + standard deviation. An
analysis of variance or t-test was applied to analyze sig-
nificant differences in variables among the groups. A
P-value of < 0.05 indicated significance.

Results

LPS induced inflammation in k562 cells

First, we examined the proinflammatory role of LPS
in k562 cells. These cells were subjected to 10 pg/mL
of LPS for 4 h. Subsequently, ELISA and qPCR were
used to assess the levels of diverse proinflammatory
cytokines. LPS treatment markedly increased in the
mRNA levels of inflammatory cytokines in k562 cells
(Fig. 1a). Furthermore, a time course experiment was
performed to examine IL-1f, IL-6, and TNF-a mRNA
levels at 4, 8, and 12 h after the LPS stimulation in k562
cells. The production of IL-1f, IL-6, and TNF-a mRNA
gradually increased at 4—12 h posttreatment (Fig. 1b);
meanwhile, their protein levels were likewise obvi-
ously increased in k562 cells (Fig. 1c). Moreover, IL-1p,
IL-6, and TNF-«a levels were elevated in both k562 and
KU812 cells compared with those in the control group
(Fig. 1d, e).

SIRT1 expression is reduced after LPS treatment

Recently, different roles of SIRT1 in several hemato-
logic malignancy subtypes have been reported [15]. In
the present study, k562 cells were treated with LPS and
qPCR was used to detect mRNA levels of SIRT1 at dif-
ferent time points; the levels were found to be lower
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Fig. 1 LPS-triggered production of proinflammatory cytokines in k562 cells. Cytokines and chemokines in LPS-treated k562 cells were detected
using qPCR, ELISA, and WB. a Influence of LPS treatment on mRNA expressions of inflammatory cytokines in k562 cells determined via gPCR. b
gPCR was performed to examine the mRNA expression of inflammatory cytokines after LPS treatment in k562 cells. In gPCR, gene expressionin each
group was first normalized to the GAPDH gene, and then normalized to the data of the control group. ¢ Influence of LPS treatment on the protein
expressions of inflammatory cytokines in k562 cells determined via ELISA. d, e Influence of LPS treatment on protein levels of IL-13, IL-6, and TNF-a
in both k562 and KU812 cells determined via WB analyses. Data are expressed as mean = standard deviation. *P <0.05, **P <0.01 relative to the
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Fig. 2 SIRT1 expression in LPS-treated k562 cells. a gPCR was used to measure the mRNA expression of SIRT1 at 0, 4, 8, and 12 h after LPS treatment
in k562 cells. b, ¢ WB was performed to detect SIRT1 protein levels in k562 and KU812 cells after LPS treatment. d SIRT1 subcellular localization

in LPS-treated k562 cells detected using IFA. SIRT1 was stained to red using anti-SIRT1 antibody (red), whereas nuclear DNA was counterstained
blue using DAPI (blue). The merged image displays the nuclear localization of SIRT1. e Cell fractionation assay showed the location of SIRT1 in
nuclear and cytoplasmic fractions. f SIRT1 activity was detected in the whole cell lysate. Data are expressed as mean =+ standard deviation. *P <0.05,

in the LPS group than in the control group in time
dependent manner (Fig. 2a). WB analyses showed that
LPS treatment reduced SIRT1 expression in both k562
and KU812 cells (Fig. 2b, c). Meanwhile, IFA and cell
fractionation showed that LPS treatment reduced the
nuclear location of SIRT1 in k562 cells (Fig. 2d, e). In
addition, SIRT1 in the whole cell lysate was significantly
decreased (Fig. 2f). These findings indicate that SIRT1
is downregulated and deactivated during inflammation.

Influence of SIRT1 overexpression on LPS-triggered
inflammation in k562 cells

To determine the influence of SIRT1 on inflammatory
factor production in k562 cells, these cells were first
transfected with SIRT1-expressing plasmid or empty
plasmid and then treated with either LPS or the control
formulations. SIRT1 expression was detected via WB.
Following SIRT1 overexpression, SIRT1 mRNA and pro-
tein levels were dramatically increased, even in the LPS
group (Fig. 3a, d). Subsequently, qPCR, ELISA and WB
were used to detect the mRNA and protein levels of
inflammatory cytokines, respectively. Ultimately, SIRT1
overexpression was found to significantly reduce the

mRNA and protein levels of cytokines in LPS-treated
k562 cells (Fig. 3b—d). To determine the effects of SIRT1
silencing on LPS-induced inflammation, k562 cells were
transfected with siRNA-NC or siRNA-SIRT1, and then
either treated or not treated with LPS. qPCR was per-
formed to examine the expression of IL-1p, IL-6, TNEF-
a, and SIRT1 mRNA expressions. The data showed that
SIRT1 silencing did not affect cytokines production in
the group not treated with LPS, however, SIRT1 knock-
out augmented the expression of LPS-induced cytokines
of k562 cells (Fig. 3e). Similar observations for IL-1(,
IL-6, and TNF-a mRNA levels in KU812 cells with
SIRT1 overexpression were obtained using the qPCR
data (Fig. 3f), which revealed that SIRT1 overexpres-
sion inhibited IL-1pB, IL-6, and TNF-« expressions at the
mRNA level in KU812 cells.

Effects of SIRT1 overexpression

on the inflammation-associated TLR4-NFkB-ROS axis

The TLR4-NFkB-ROS signaling axis has been highly
associated with the onset of inflammation [16, 17]; there-
fore, WB and qPCR analyses were utilized to assess the
involvement of this axis in LPS-induced inflammation
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Fig. 3 Influence of SIRT1 overexpression on inflammatory responses in k562 cells. a k562 cells were transfected with SIRT6-expressing plasmid/
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transfected with siRNA-NC or siRNA-SIRT1, followed by exposure to 10 pg/mL of LPS for 4 h or not. Influence of LPS treatment and SIRT1 silencing
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SIRT6-expressing plasmid/empty plasmid, followed by exposure to

10 pug/mL of LPS or not for 4 h. a, b The mRNA expressions of TLR4
and p65 were detected by gPCR. Gene expression in each group was
first normalized to the GAPDH gene, and then normalized to the data
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TLR4, p65, and p65 phosphorylation was assessed using WB. d ROS
production reflected by DCF fluorescence intensity was determined
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and its relation with SIRT1. Cells transfected with SIRT1-
expressing plasmid were either treated or not treated
with LPS, subsequently, we detected the expression of
vital regulators of the TLR4—NF«xB-ROS axis. Both the
mRNA and protein expressions of TLR4 and p65 were
upregulated due to LPS treatment, but downregulated
after SIRT1 overexpression (Fig. 4c). Meanwhile, p65
phosphorylation was also decreased due to SIRT1 over-
expression. To investigate whether ROS production was
also reduced by SIRT1 overexpression, ROS production
was determined using DCFH-DA. LPS administration
resulted in the a robust ROS production in k562 cells,
whereas SIRT1 overexpression led to reduced ROS gen-
eration (Fig. 4d). These observations collectively indicate
that SIRT1 mitigated the inflammation caused by LPS
through modulating the TLR4-NFxB—-ROS axis.
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ROS production is responsible for LPS-induced
inflammation in k562 cells

We hypothesized that reducing ROS production could
result in the SIRT1-mediated inactivation of the TLR4—
NFkB-ROS axis and the alleviation of inflammation.
To explore this, k562 cells were cotreated with 5 uM
of NAC, a ROS scavenger [18], and LPS for 4 h. LPS-
induced ROS generation was clearly reduced with NAC
treatment (Fig. 5a). qPCR and WB were used to detect
the mRNA and protein expressions respectively, of
SIRT1, TLR4, and p65 in response to NAC treatment.
NAC treatment did not significantly alter the mRNA
expressions of SIRT1 and TLR4 (Fig. 5b, c, e), whereas
it downregulated the mRNA expression of p65 (Fig. 5d,
e), suggesting the existence of cross-talking between p65.
qPCR was used to detect IL-1P, IL-6, and TNF-amRNA
levels, and it was found that NAC pretreatment dramati-
cally reduced inflammatory cytokine levels triggered by
LPS (Fig. 5f); this suggested that SIRT1 could participate
in LPS-triggered cytokine generation by modulating ROS
production.

Discussion

The present study results showed that LPS-triggered
inflammation accompanied reduced SIRT1 expression
in k562 cells. SIRT1 overexpression also could decrease
LPS-induced inflammatory cytokine production and
obviously reduce inflammation-relevant TLR4 sensors
and the activation of downstream NF«B p65. In addition,
ROS generation via TLR4—NF«kB p65 activation was also
reduced by SIRT1 overexpression. The administration of
the ROS inhibitor NAC to LPS-treated k562 cells also led
to amelioration of inflammation. The study demonstrated
that SIRT1 inhibited LPS-induced inflammatory reac-
tions in k562 cells through the abrogation of the TLR4—
NFkB-ROS axis.

CML is a clonal hematological malignancy that arises
resulting from BCR—-ABL-transformed HSCs [1]. SIRT1
expression is significantly increased in CML LSCs
compared with that in their normal counterparts [19].
BCR-ABL activates SIRT1 through kinase-dependent
STATS5 signaling. However, BCR-ABL kinase inhibi-
tion or STAT5 knockdown can only partially reduce
SIRT1 expression, suggesting that other kinase-inde-
pendent mechanisms are responsible for increased
SIRT1 activity in CML [19]. The genetic loss of SIRT1
can also increase p53 acetylation in CML LSCs [20].
LPS treatment dramatically elevated the expression of
proinflammatory modulators and cytokines at protein
and mRNA levels in the present study. Meanwhile, the
SIRT1 expression decreased after LPS treatment. Pre-
vious studies have demonstrated that LPS causes Sirtl
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mL of LPS for 4 h. a ROS production in k562 cells was reflected by DCF fluorescence intensity. b—d gPCR was performed to determine the mRNA
levels of SIRT1, TLR4, and p65 in k562 cells. e WB was performed to determine the protein levels of SIRT1, TLR4, and p65 in k562 cells. f gPCR was
performed to determine the mRNA levels of IL-13, IL-6, and TNF-a in k562 cells. Gene expression in each group was first normalized to the GAPDH
gene, and then normalized to the data of the control group. g SIRT1 subcellular localization in LPS-treated k562 cells detected vialFA. SIRT1 was
stained to red through anti-SIRT1 antibody (red), whereas nuclear DNA was counterstained blue through DAPI (blue). The merged image displays
the nuclear localization of SIRT1. h Cell fractionation assay showed the location of SIRT1 in nuclear and cytoplasmic fractions. Data are expressed as
mean = standard deviation. *P < 0.05, **P < 0.01 and *P < 0.05, *P <0.01 relative to the control and LPS groups, respectively

downregulation in endothelial cells [21-23]. Further-
more, one study has demonstrated that LPS treatment
decreases SIRT1 stability by inactivating JNK during
the inflammatory responses of LPS-activated mac-
rophages [24]. To investigate the function of SIRT1 in
CML k562 cells, in the present study, SIRT1 was over-
expressed using transfection with pcDNA3-SIRTI.
Ultimately, SIRT1 overexpression reduced p65 phos-
phorylation and activation in CML k562 cells, reducing
the cellular inflammatory response.

TLRs play an essential roles in nonspecific immunity,
identify numerous exogenetic PAMPs and pathogens

and initiate endogenic immune reactions [25, 26]. TLR4,
a downstream MAPK signal activator and PRR-binding
protein, is reportedly inactivated by SIRT1 overexpres-
sion [27]. Simultaneously, its downstream NF«B pathway
in SIRT6-overexpressing cells is likewise inhibited [28].
After activation, TLRs exhibit the key effect of a strong
defense against invasive pathogens. LPS may induce
TLR4 to activate the downstream NFkB signaling path-
way, which can elicit cytokine production and the expres-
sions of various inflammation-relevant genes [16, 27, 28].
In the present study, LPS could activate the TLR4 sign-
aling pathway, whereas SIRT1 overexpression exhibited
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the contrary effect. We also observed that SIRT1 could
repress NFkB phosphorylation. These observations indi-
cated that SIRT1 could modulate LPS-triggered inflam-
mation by abrogating TLR4—NF«B.

Increased levels of ROS have been reported to be del-
eterious to cells due to the oxidative stress, resulting from
the interactions of ROS with nucleic acids, lipids, and
proteins [29]; ROS also play essential parts in inflamma-
tory reactions by activating NF«B, especially in immune
cells. For instance, cyclooxygenase-2, a well-known NF«B
target, can transform arachidonic acids to PGH2 [30].
Increased ROS production has been demonstrated as one
of the defining characteristics of CML [31, 32]. Reduc-
ing ROS levels may restrain the CML development, given
the high degree of oxidative stress typical of hematologi-
cal malignancies [33]. The present study revealed that
LPS treatment increased ROS production, despite the
inhibition of this production by SIRT1 overexpression.
Furthermore, NAC treatment reduced LPS-induced
inflammatory cytokine levels. These findings indicated
that ROS production was involved in SIRT1-mediated
inflammation triggered by LPS. One limitation of our
study is that we could not determine the type of ROS was
involved in the SIRT1-mediated inflammation in LPS-
treated CML cells, due to the nonspecific property of
DCFH-DA assay and ROS scavenger NAC. The type of
ROS species will be determined in our future study.

Conclusions

Our data suggest that SIRT1 exhibits a protective effect
in CML k562 cells against LPS-triggered inflammation.
SIRT1 ameliorates the inflammation elicited by LPS
in k562 and KU812 cells, probably by inactivating the
TLR4-NFxB-ROS axis. These results may help find a
new treatment method for inflammation in CML cells.

Abbreviations

CML: Chronic myelogenous leukemia; MPN: Myeloproliferative neoplasm;
SIRT1: Sirtuin 1; LPS: Lipopolysaccharide; IL: Interleukin; IFN: Interferon; IFA:
Immunofluorescence assay; PBS: Phosphate-buffered saline; mRNA: Messen-
ger RNA; TNF: Tumor necrosis factor; TLR4: Toll-like receptor 4; NFkB: Nuclear
factor k B; ROS: Reactive oxygen species; TKIs: Tyrosine kinase inhibitors;
SIRTs: Sirtuins; NAD: Nicotinamide adenine dinucleotide; WB: Western blot;
gPCR: Quantitative polymerase chain reaction; mRNA: Messenger RNA; ELISA:
Enzyme-linked immunosorbent assay.

Acknowledgements
Not applicable.

Authors’ contributions

In this work, LW and LFZ conceived the study and designed the experiments.
MMW, HJD and WJL contributed to the data collection; performed the data
analysis and interpreted the results. LW wrote the manuscript; LFZ contrib-
uted to the critical revision of article. All authors read and approved the final
manuscript.

Page 9 of 10

Funding
This work was supported by Three-year Plan of Shenkang Development
Center, Foundation Number: 16CR2040B.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 19 November 2019 Accepted: 24 February 2020
Published online: 06 March 2020

References

1. Raisz LG. Pathogenesis of osteoporosis: concepts, conflicts, and pros-
pects. J Clin Invest. 2005;115:3318-25.

2. Rea D, Mahon FX. How | manage relapse of chronic myeloid leukae-
mia after stopping tyrosine kinase inhibitor therapy. Br J Haematol.
2018;180:24-32.

3. Ross DM, Branford S, Seymour JF, Schwarer AP, Arthur C, Yeung DT, et al.
Safety and efficacy of imatinib cessation for CML patients with stable
undetectable minimal residual disease: results from the TWISTER study.
Blood. 2013;122:515-22.

4. Chalkiadaki A, Guarente L. The multifaceted functions of sirtuins in can-
cer. Nat Rev Cancer. 2015;15:608.

5. Brooks CL, GuW. How does SIRT1 affect metabolism, senescence and
cancer? Nat Rev Cancer. 2009;9:123.

6. Herranz D, Serrano M. SIRTT: recent lessons from mouse models. Nat Rev
Cancer. 2010;10:819.

7. Luo J, Nikolaev AY, Imai S-I, Chen D, Su F, Shiloh A, et al. Negative control
of p53 by Sir2a promotes cell survival under stress. Cell. 2001;107:137-48.

8. Vaziri H, Dessain SK, Eaton EN, Imai S-I, Frye RA, Pandita TK, et al.
hSIR2SIRT1 functions as an NAD-dependent p53 deacetylase. Cell.
2001;107:149-59.

9. WangC, Chen L, Hou X, Li Z, Kabra N, Ma YV, et al. Interactions between
E2F1 and SirT1 regulate apoptotic response to DNA damage. Nat Cell
Biol. 2006;8:1025.

10. Holyoake T, Jiang X, Eaves C, Eaves A. Isolation of a highly quiescent
subpopulation of primitive leukemic cells in chronic myeloid leukemia.
Blood. 1999;94:2056-64.

11. Zhang B, Ho YW, Huang Q MaedaT, Lin A, Lee SU, et al. Altered micro-
environmental regulation of leukemic and normal stem cells in chronic
myelogenous leukemia. Cancer Cell. 2012;21:577-92.

12. Reynaud D, Pietras E, Barry-Holson K, Mir A, Binnewies M, Jeanne M, et al.
IL-6 controls leukemic multipotent progenitor cell fate and contrib-
utes to chronic myelogenous leukemia development. Cancer Cell.
2011;20:661-73.

13. Welner RS, Amabile G, Bararia D, Czibere A, Yang H, Zhang H, et al. Treat-
ment of chronic myelogenous leukemia by blocking cytokine alterations
found in normal stem and progenitor cells. Cancer Cell. 2015;27:671-81.

14. Hemmati S, Haque T, Gritsman K. Inflammatory signaling pathways in
preleukemic and leukemic stem cells. Front Oncol. 2017;7:265.

15. Huang FT, Sun J, Zhang L, He X, Zhu YH, Dong HJ, et al. Role of SIRT1 in
hematologic malignancies. J Zhejiang Univ Sci B. 2019;20:391-8.

16. Meng Z,Yan C, Deng Q, Gao D-F, Niu X-L. Curcumin inhibits LPS-induced
inflammation in rat vascular smooth muscle cells in vitro via ROS-relative
TLR4-MAPK/NF-kB pathways. Acta Pharmacol Sin. 2013;34:901.

17. Yu Q Nie S-PWang J-Q, Yin P-F, Huang D-F, Li W-J, et al. Toll-like recep-
tor 4-mediated ROS signaling pathway involved in Ganoderma atrum
polysaccharide-induced tumor necrosis factor-a secretion during mac-
rophage activation. Food chem Toxicol. 2014,66:14-22.



Wang et al. Cancer Cell Int

20.

21

22.

23.

24.

25.

26.

(2020) 20:73

Halasi M, Wang M, Chavan TS, Gaponenko V, Hay N, Gartel AL. ROS inhibi-
tor N-acetyl-L-cysteine antagonizes the activity of proteasome inhibitors.
Biochem J. 2013;454:201-8.

Yuan H, Wang Z, Li L, Zhang H, Modi H, Horne D, et al. Activation of stress
response gene SIRT1 by BCR-ABL promotes leukemogenesis. Blood.
2012;119:1904-14.

Wang Z, Chen CC, Chen W. CD 150-side population defines leukemia
stem cells in a BALB/c mouse model of CML and is depleted by genetic
loss of SIRT1. Stem Cells. 2015;33:3437-51.

Zhang W, Zhang Y, Guo X, Zeng Z,Wu J, Liu Y, et al. Sirt1 protects
endothelial cells against LPS-induced barrier dysfunction. Oxid Med Cell
Longev. 2017;2017:14.

Liu X, Yang T, Sun T, Shao K. SIRT1-mediated regulation of oxidative stress
induced by Pseudomonas aeruginosa lipopolysaccharides in human
alveolar epithelial cells. Mol Med Rep. 2017;15:813-8.

Fu C,Hao S, Xu X, Zhou J, Liu Z, Lu H, et al. Activation of SIRT1 ameliorates
LPS-induced lung injury in mice via decreasing endothelial tight junction
permeability. Acta Pharmacol Sin. 2019;40:630.

Hwang JS, Ham SA, Yoo T, Lee WJ, Paek KS, Kim J-H, et al. Upregulation of
MKP-7 in response to rosiglitazone treatment ameliorates lipopolysac-
charide-induced destabilization of SIRT1 by inactivating JNK. Pharmacol
Res. 2016;114:47-55.

Akira S, Takeda K, Kaisho T. Toll-like receptors: critical proteins linking
innate and acquired immunity. Nat Immunol. 2001;2:675-80.

Beutler B, Hoebe K, Du X, Ulevitch RJ. How we detect microbes and
respond to them: the Toll-like receptors and their transducers. J Leukoc
Biol. 2003;74:479-85.

27.

28.

29.

30.

31

33.

Page 10 of 10

LiK, Lv G, Pan L. Sirt1 alleviates LPS induced inflammation of periodontal
ligament fibroblasts via downregulation of TLR4. Int J Biol Macromol.
2018;119:249-54.

Lin Q-q, Geng Y-w, Jiang Z-w, Tian Z-j. SIRT1 regulates lipopolysaccharide-
induced CDA40 expression in renal medullary collecting duct cells by
suppressing the TLR4-NF-kB signaling pathway. Life Sci. 2017;170:100-7.
Morgan MJ, Liu ZG. Crosstalk of reactive oxygen species and NF-kappaB
signaling. Cell Res. 2011;21:103-15.

Deng WG, Zhu Y, Wu KK. Up-regulation of p300 binding and p50 acetyla-
tion in tumor necrosis factor-alpha-induced cyclooxygenase-2 promoter
activation. J Biol Chem. 2003;278:4770-7.

Nieborowska-Skorska M, Kopinski PK, Ray R, Hoser G, Ngaba D, Flis

S, et al. Rac2-MRC-clll-generated ROS cause genomic instability in
chronic myeloid leukemia stem cells and primitive progenitors. Blood.
2012;119:4253-63.

. Al-Gayyar MM, Eissa LA, Rabie AM, El-Gayar AM. Measurements of oxida-

tive stress status and antioxidant activity in chronic leukaemia patients. J
Pharm Pharmacol. 2007;59:409-17.

Prieto-Bermejo R, Romo-Gonzélez M, Pérez-Ferndndez A, ljurko C,
Hernandez-Herndndez A. Reactive oxygen species in haematopoiesis:
leukaemic cells take a walk on the wild side. J Exp Clin Cancer Res.
2018;37:125.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Sirtuin 1 inhibits lipopolysaccharide-induced inflammation in chronic myelogenous leukemia k562 cells through interacting with the Toll-like receptor 4-nuclear factor κ B-reactive oxygen species signaling axis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Cell culture
	Transfection
	Western blot (WB)
	Quantitative polymerase chain reaction (qPCR)
	Enzyme-linked immunosorbent assay (ELISA)
	Subcellular fractionation
	Determination of SIRT1 activity
	ROS determination
	Immunofluorescence assay (IFA)
	Statistical analysis

	Results
	LPS induced inflammation in k562 cells
	SIRT1 expression is reduced after LPS treatment
	Influence of SIRT1 overexpression on LPS-triggered inflammation in k562 cells
	Effects of SIRT1 overexpression on the inflammation-associated TLR4–NFκB–ROS axis
	ROS production is responsible for LPS-induced inflammation in k562 cells

	Discussion
	Conclusions
	Acknowledgements
	References




