
Contents lists available at ScienceDirect

Life Sciences

journal homepage: www.elsevier.com/locate/lifescie

SIRT6 as a potential target for treating insulin resistance
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A B S T R A C T

Aims: We aimed to explore the role of SIRT6 in Insulin resistance (IR). We are the first to investigate on this
crucial relationship in an obese mouse model fed on a high-fat diet (HFD) and an IR model based on the mature
3T3-L1-derived adipocytes.
Main methods: Western blotting (WB) and qPCR analysis were performed to evaluate the SIRT6 protein and
mRNA expressions in HFD mice as well as IR cells. Injection of adenovirus encoding SIRT6 gene in HFD mice and
transfection of pcDNA3-SIRT6 in IR cells increased the glucose uptake levels and insulin sensitivity.
Key findings: The positive regulatory effects of SIRT6 on transient receptor potential vallinoid 1 (TRPV1) in IR
cells were confirmed by a mechanistic investigation at both protein and mRNA levels. Further, the over-
expression of SIRT6 was found to activate the TRPV1/Calcitonin gene-related peptide (CGRP) signaling and
upregulate the glucose transporter (GLUT) expression at protein and mRNA levels. Additionally, administration
of the TRPV1 antagonist, SB-705498 repressed the insulin sensitivity upregulated by SIRT6 overexpression ac-
companied with the inhibition of CGRP and decrease in GLUT proportions. The results also showed that TRPV1
agonist, Capsaicin boosted the SIRT6-induced glucose uptake, CGRP production, and GLUT4 levels.
Significance: Overall, SIRT6 was concluded to be involved in the TRPV1-CGRP-GLUT4 signaling axis thus leading
to increased glucose uptake and decreased IR in HFD mice and 3T3-L1 adipocytes. Therefore, in terms of obesity
and diabetes, SIRT6 is a novel candidate for treating IR.

1. Introduction

Type 2 diabetes (T2D) has been recognized as a global prominent
health issue that affects children as well as adults [1,2]. Over the past
30 years, the occurrence of T2D has been prevalently rising and thus, an
in-depth understanding of its complex pathologic mechanism needs to
be achieved. The major pathogenic factors of T2D reported are genetic,
obesity, lifestyle, and impaired glucose tolerance [3,4]. Insulin re-
sistance (IR) is a major leading cause for impaired glucose metabolism,
which is a critical component of metabolic syndrome [5]. IR is con-
sidered an attenuated capability of targeted cells such as adipocytes,
hepatocytes, and skeletal muscle cells in the presence of insulin [6]. IR
induces impairment in the synthesis of glycogen and promotes un-
regulated production of glucose in the liver. However, the molecular
mechanism responsible for IR in hepatocytes is still not known.

Sirtuins have been recognized as deacetylases that are dependent on
NAD+ and have mediating roles in a variety of biological processes,
thereby playing a part in the progression of many different diseases.
SIRT6 belongs to a family of sirtuins that was first generated by cloning
from the cDNA library of the human spleen [7]. SIRT6 has inhibitory
effects on the transcription of its target genes by deacetylating histone

H3 at specific sites [8,9]. Besides, SIRT6 has controlling or mediating
effects on inflammatory responses, maintenance of chromosome in-
tegrity, and many other biological functions [8,9]. Increased evidence
suggests that reduction in the SIRT6 activity induced by factors such as
overnutrition and aging is associated with obesity and diabetes. This
can lead to abnormality in lipid and glucose metabolism. Serious hy-
poglycemic syndrome has been reported in the mouse model after
SIRT6 knockout [10–13]. Studies also show that steatosis of liver can be
aggravated after ablating SIRT6 in a hepatic-specific manner [14]. The
blood glucose levels were found to be increased after deleting SIRT6 in
a fat-specific way wherein the steatosis of liver was also aggravated. In
this case, the IR and obesity that were induced by diet were also in-
creased in the absence of SIRT6 [12,13,15]. In another study, the IR and
obesity induced by diet were also increased after neural-specific SIRT6
deletion in the mouse model [16]. The diet-induced IR and obesity were
potentially avoided on the overexpression of SIRT6 [11]. However, its
role and molecular mechanism in a high-fat diet (HFD) mouse and IR
cells has not been completely elucidated.

To further characterize the underlying mechanism of SIRT6-medi-
ated HFD mice and IR adipocytes, the present study established an
obese mouse model (based on HFD mice) as well as a TNF-α-induced IR
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adipocyte cell model to elucidate the role of SIRT6 in IR and glucose
metabolism. Our results showed that TRPV1 served as a target for
SIRT6 regulation in controlling IR and glucose metabolism. Therefore,
this study confirmed that SIRT6 is a promising candidate to treat IR in
obesity and T2D.

2. Materials and methods

2.1. Animal and treatment

C57BL/6 male mice (n=24) were commercially bought from Vital
River Laboratories (Beijing, China). A diet-induced obesity model was
established as previously reported [17]. Briefly, HFD was provided to
the 4-week old mice (n=6) (Research Diet, USA; 45% kcal fat), or with
standard chow diet (n=6) for a period of 10 weeks. The experiments
were performed under controlled humidity and temperature conditions
(45–55% and 20–24 °C, respectively).

The mice were intravenously injected via tail vein with adenovirus-

encoding green fluorescent protein (Ad-NC, n=6) or SIRT6 (Ad-SIRT6,
n=6) at a dosage of 1×108 PFU in 0.2mL PBS (0.2mL/25 g body
weight). On the 9th day post injection, mice were sacrificed and tissues
such as the pancreas, liver, and white adipose were collected. The tis-
sues were assayed by real-time quantitative PCR (rtPCR) along with
western blotting (WB). The experiments in this mouse study were
performed with the suggestions and approval from National Research
Council Guide for Care and Use of Laboratory Animals under the pro-
tocol of Animal Ethics Committee of Zhoukou Central Hospital.

2.2. Cell cultivation and transfection

The mouse 3T3-L1 cell line used in this study was obtained from the
Shanghai Institutes for Biological Sciences, Chinese Academy of
Sciences. At first, RPMI-1640 media with 100 U/mL penicillin, 100mg/
mL streptomycin (Gibco), 10% fetal bovine serum (FBS, Gibco), and
2mmol/L glutamine was prepared for the cultivation of 3T3-L1 pre-
adipocytes. Following cultivation, the preadipocytes were incubated in

Fig. 1. Down-regulation of SIRT6 in
HFD-fed mice and IR cells.
(A, B) For HFD-obese mice, a decrease
in the expression of SIRT6 was ob-
served in the liver, pancreas, and white
adipose tissues using real-time PCR and
WB analysis at week 10. (C) Cells were
treated with high-glucose DMEM that
contained FBS (10%, w/v) supple-
mented with TNF-α (10 ng/mL) for
24 h. Subsequently, they were in-
cubated for 0.5 h with another cell
medium comprising insulin (100 nM)
in high-glucose DMEM containing FBS
(10%, w/v). The establishment of the
IR adipocyte model was confirmed by
2-DOG assay. (D) WB analysis was
performed to detect the expression of
IRβ, AKT, and GSK3β after TNF-α
treatment (E, F) qPCR and WB were
utilized showing a sharp down-regula-
tion of SIRT6 expression in IR cell
model treated with TNF-α compared to
the expression in the normal control
3T3-L1 cells. *P < 0.05, **P < 0.01,
on comparing with the indicated
groups were considered significant.
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CO2 (5%) at 37 °C. The cells were induced for differentiation into adi-
pocytes according to the protocol described in the previous literature
[18,19]. In brief, a differentiation mixture that contained 10 μg/mL
insulin, 1 μM dexamethasone, and 0.5 mM 3-isobutyl-1-methylxanthine
in DMEM with 10% FBS was prepared and used for the differentiation
of the 3T3-L1 preadipocytes (on 100% confluency) for 48 h. Cells were
then cultivated for 10 days in 10% FBS-DMEM supplemented with in-
sulin (10 μg/mL). Finally, the mature adipocytes were confirmed using
light microscopy with oil red O staining before using in subsequent
experiments.

2.3. IR adipocyte model establishment

It has been widely reported that the resistance to insulin is partly
caused by tumor necrosis factor-α (TNF-α) and plays a key role in the
pathogenesis of type 2 diabetes and obesity [20–22]. At first, the dif-
ferentiated 3T3-L1 adipocytes were cultured in high-glucose DMEM
containing FBS (0.5%, w/v) for 3 h as a pretreatment. Further treatment
was conducted using high-glucose DMEM containing FBS (10%, w/v)
supplemented with TNF-α (10 ng/mL) for 24 h. Subsequently, the cells
were incubated for 0.5 h with a different cell medium comprising of
insulin (100 nM) in high-glucose DMEM containing FBS (10%, w/v). To
verify the successful construction of an insulin-resistant cell model, the
glucose assay kit (Sigma-Aldrich, USA) was employed for the detection
of glucose.

2.4. Recombinant adenovirus preparation

Based on the previous literature, recombinant adenoviruses that
expressed a SIRT6 or a negative control (Ctrl) adenovirus vector were
made commercially available from Shanghai GeneChem Co., Ltd.

(China) [23].
Glucose- and insulin-tolerance tests (GTT and ITT).
After 12 h of fasting, the mice were injected intraperitoneally using

2 g/kg D-glucose. During the insulin tolerance test (ITT assay) before
injection, the concentration of the recombinant human insulin was
adjusted from 100 U/mL to 0.075 U/mL through dilution in saline. At
12 h after food deprivation, the mice were treated with intraperitoneal
insulin injection (0.1 mL/10 g body weight). At 15, 30, 45, 60, and
90min, the blood glucose levels were measured with a glucometer (One
Touch Ultra) using the blood samples collected from the mice tail vein.

2.5. 2-Deoxyglucose (2-DOG) uptake measurement

An improved protocol as described in previous literature was used
for the glucose uptake tests. Briefly, Krebs-Ringer phosphate buffer was
used for washing (3 times) the pre-treated cells, followed by a 10min
cell incubation in a final concentration of 1 μCi/mL 3H-2-DG (GE
healthcare, USA). Krebs-Ringer phosphate buffer was then used for
terminating the reaction. Cells were lysed using NaOH (0.1 N) and a
scintillation counter (LS 6500, Beckman, USA) was used for the mea-
surement of radioactivity (DPM). Eventually, DPM correction was
conducted for the content of protein assayed by BCA protein mea-
surement in each well.

2.6. Western blot

Cell lysis was performed with a protease suppressor cocktail (Roche,
Switzerland) in a RIPA buffer (pH 8.0) containing 1% NP-40, 0.1% SDS,
50mM Tris-HCl, and 150mM NaCl. A BCA Protein Quantitation Kit was
employed for the quantification of proteins. On a 10% SDS-PAGE gel,
the protein samples were isolated and transferred onto a 0.45 μm PVDF

Fig. 2. SIRT6 overexpression-induced hyperglycemia amelioration and IR prevention in obese mouse model and IR cells.
C57BL/6 mice were induced with 10-week HFD (Research Diet, USA; 45% kcal fat) or with 10-week standard chow diet. The mice were treated with intravenous
injection of Ad-ctrl and Ad-SIRT6. (A) Expression of SIRT6 was determined in the liver, pancreas, and white adipose tissues using qPCR. (B) Glucose tolerance test
(GTT) was performed in the HFD-obese mice at day 7 post Ad-ctrl or Ad-SIRT6 injection. (C) Insulin tolerance test (ITT) was performed in the HFD- obese mice at day
7 post Ad-ctrl or Ad-SIRT6 injection. (D) In the IR 3T3-L1 cells transfected with pcDNA3-SIRT6 or pcDNA3 vector, the SIRT6 expression levels were studied by qPCR.
(E) Glucose uptake levels were tested in IR 3T3-L1 cells transfected with SIRT6 vector by 2-deoxyglucose uptake assay (2-DOG). *P < 0.05, **P < 0.01, on
comparing with the indicated groups were considered significant.
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Fig. 3. SIRT6 positively regulated the expression of TRPV1 channel.
C57BL/6 mice were induced with 10-week HFD (Research Diet, USA; 45% kcal fat) or with 10-week standard chow diet. The mice were treated with intravenous
injection of Ad-ctrl and Ad-SIRT6. Expressions of (A) SIRT6 and (B) TRPV1 were determined in the liver, pancreas, and white adipose tissues using qPCR, and (C) WB.
qPCR (D) and WB assay (E) showed that SIRT6 upregulation significantly increased the expression of TRPV1 protein as well as mRNA levels. *P < 0.05, **P < 0.01,
***P < 0.001, on comparing with the indicated groups were considered significant.

Fig. 4. Roles of SIRT6 in the TRPV1 activation and GLUT expression in IR 3T3-L1 cells.
SIRT6 or control vector was used for cell transfection, followed by treatment with 10 ng/mL TNF-α and/or 100 nM insulin in high-glucose DMEM containing FBS
(10%, w/v). (A) WB displayed that SIRT6 vector transfection led to GLUT upregulation and CGRP expression. (B) The released CGRP levels in cells were measured by
ELISA under different treatment conditions. (C) GLUT mRNA expression was detected by qPCR test in IR 3T3-L1 cells under different treatment conditions. (D)
Immunofluorescence analysis (IFA) showed that GLUT4 staining was increased and transported to nucleus after SIRT6 transfection. *P < 0.05, **P < 0.01, on
comparing with the indicated groups were considered significant.
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membrane. The membranes were blocked for 1 h with PBST containing
BSA (5%) at ambient temperature, followed by primary antibody in-
cubation using specific antibodies: anti-actin, anti-Bax, anti-Bcl-2, and
anti-SIRT6 at 4 °C for 60min. Then, the membranes were incubated
using secondary antibodies that were conjugated to Amersham ECL
peroxidase: goat anti-rabbit immunoglobulin G (1:10,000) or goat anti-
mouse immunoglobulin G (1:10,000) at ambient temperature for 1 h.
The immunoreactivity was measured with a SuperSignal West Femto
Maximum Sensitivity Substrate Kit (Thermofisher scientific, USA) on a
C-DiGit Blot Scanner.

2.7. RNA extraction and qPCR

Trizol reagent was used to isolate total RNA from the 3T3-L1 cells.
Transcription levels were analyzed with the Roche Light-Cycler 480
Real Time PCR system with GAPDH as the internal reference control.
SYBR Green PCR Master Mix was used for qPCR (20 μL). PCR cycling
was performed as below: initial denaturation at 95 °C for 10min,
40 cycles of denaturation at 95 °C for 15 s, annealing at 60 °C for
0.5 min, and extension at 72 °C for 0.5 min. Quantification was per-
formed according to the 2-ΔΔCT method through normalization to
GAPDH with reference to the calibrator (mean of the control samples).

2.8. ELISA measurement

In cell supernatants, the calcitonin gene-related peptide (CGRP)
levels were measured using ELISA kit (R&D Systems, Minneapolis, MN,
USA) as per manufacturer's instructions. For comparative analysis, the
absorbance was recorded using microplate reader (BMG Labtech,
Offenburg, Germany; OD: 543 nm).

Immunofluorescence assays (IFA).

Cell transfection was carried out using the 3T3-L1 cells. The cells
were grown in 24-well plates with cover slides. Cells were then fixed at
ambient temperature for 60min using 4% paraformaldehyde in PBS.
This was followed by 10-min cell permeabilization at 25 °C using PBST.
Cells were then blocked in PBST containing 0.4% BSA at 37 °C for
60min followed by polyclonal anti-GLUT antibody (diluted in PBST
containing 0.2% BSA) primary antibody incubation for another 60min
at 37 °C. The cells were washed with PBST for 60min. TRITC-labeled
goat anti-rabbit antibody (diluted in 0.2% BSA /PBST) as secondary
antibody was used at 37 °C for 60min followed by 60min of PBST
washing. Cell nuclei were stained using DAPI. The VP1 staining in cells
was analyzed using FITC filter of a confocal laser scanning fluorescence
microscope (Olympus LSCMFV500, Japan).

2.9. Data analysis

Data are represented as mean ± standard deviation (SD) values.
The intergroup difference was analyzed using the one-way analysis of
variance or two-tailed Student's t-test where statistical significance was
considered at P < 0.05.

3. Results

3.1. Downregulation of SIRT6 levels in obese mice models and IR cells

An HFD-induced obese mice model and IR 3T3-L1 cell model were
established to study the role of SIRT6 in glucose metabolism and insulin
resistance. At First, SIRT6 expressions at the mRNA and protein level in
the pancreatic tissues of obese mice showed sharp downregulation
compared to the control group (Fig. 1A and B). For in vitro study, IR
cells were obtained by pre-incubation with TNF-α in 3T3-L1-induced

Fig. 5. TRPV1 inhibitor SB-705498 reversed the ef-
fect of SIRT6 overexpression on insulin sensitivity.
(A) The effect of TRPV1 inhibitor, SB-705498 (SB,
1 μM) on insulin sensitivity was assessed by studying
the glucose uptake level in IR 3T3-L1 cells under
different treatment conditions. (B) The expression of
CGRP and GLUT in cells with or without SB (1 μM)
treatment for 24 h was determined by WB assay. (C)
The released CGRP levels in cells under different
treatment conditions were determined by ELISA. (D)
qPCR results showed that the GLUT expression was
inhibited by SB treatment. *P < 0.05, **P < 0.01,
on comparing with the indicated groups were con-
sidered significant.
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adipocytes and confirmed with respect to the glucose uptake detection
capability by 2-DOG assay in the presence and absence of insulin. In the
absence of TNF-α, the glucose uptake levels were raised after adding
insulin in the 3T3-L1-induced adipocytes (Fig. 1C). However, no var-
iation was observed for the glucose uptake levels after TNF-α pre-in-
cubation with or without insulin treatment. Lower glucose uptake levels
suggested that a successful IR model in adipocytes was established. To
further confirm the IR modeling, we determined the expression and
phosphorylation of Insulin Receptor beta subunit (IRβ), AKT, and
GSK3β after TNF-α treatment. Our data indicated that TNF-α damaged
the insulin signaling (Fig. 1D). Similar to the mouse model, qPCR and
WB data showed that SIRT6 also decreased after TNF-α pre-incubation
in IR cells (Fig. 1E and F).

3.2. Regulation of glucose metabolism and IR in HFD-fed mice and IR 3T3-
L1 cell by SIRT6 overexpression

To study the role of SIRT6 in IR and glucose metabolism in in vivo
animal and in vitro cell models, the mice fed with HFD were in-
travenously injected with the recombinant adenovirus expressing SIRT6
(Ad-SIRT6) or a control (Ad-ctrl) through the tail vein. Injection of Ad-
SIRT6 increased SIRT6 mRNA expression level in the pancreas, liver,
and white adipose tissues (Fig. 2A). In the presence of insulin, the trend
in blood glucose level reduction intensified as shown in Fig. 2B. Thus, it
was observed that in the obese mice, the insulin sensitivity was en-
hanced after SIRT6 overexpression. Compared to the mice treated with
Ad-ctrl, the Ad-SIRT6-injected mice fed with HFD showed severe de-
crease in the fasting blood glucose levels. The oral glucose tolerance
experiment results indicated that the reduction in SIRT6 level could
evidently elevate the glucose tolerance, as shown in Fig. 2C.

IR 3T3-L1 cells were also transfected with SIRT6-expressing vector.
For each group, the qPCR assay was conducted to measure the SIRT6

expression level (Fig. 2D). The glucose uptake levels in cells displayed a
remarkable upregulation under SIRT6 overexpression in the IR 3T3-L1
adipocytes when compared to the control group (Fig. 2E). Thus, the
data suggested that SIRT6 plays a key role in increasing insulin sensi-
tivity.

3.3. SIRT6 regulates TRPV1 expression

The expression level of TRPV1 was studied in obese mice and IR
cells by qPCR and WB. It has been reported that TRPV1 is regulated by
SIRT6 [24], and it plays an essential role in IR and glucose metabolism
[25]. Our results in the obese mice and IR cells exhibited similar trend
of abated TRPV1 expression whereas its expression was restored fol-
lowing with SIRT6 overexpression by injection of Ad-SIRT6 (Fig. 3A–C).
WB and qPCR assays were performed to study the role of SIRT6 in
TRPV1 expression in IR 3T3-L1 cells. Further, TRPV1 synthesis was
investigated by transfecting IR 3T3-L1 adipocytes using a SIRT6-ex-
pressing vector or control vector. The results showed that SIRT6 ex-
pression was augmented after SIRT6 transfection (Fig. 3D and E) which
suggested that SIRT6 positively regulates TRPV1 expression.

3.4. Expression of SIRT6 is related to GLUT expression and CGRP
production in IR cells

As it has already been reported that TRPV1 is a transporter of CGRP
and regulator of GLUT expression [25], we determined the CGRP and
GLUT expression levels, and CGRP release in IR cells after transfection
with SIRT6-expressing vector. Upregulation of CGRP expression was
confirmed by WB (Fig. 4A) and CGRP release was also intensified
(Fig. 4B). WB, qPCR, and IFA showed that GLUT4 levels were also in-
creased in SIRT6-overexpressing cells, and GLUT4 transported to nu-
cleus after SIRT6 transfection (Fig. 4A, C and D). Thus, it was evident

Fig. 6. TRPV1 agonist capsaicin ampli-
fied the effect of SIRT6 overexpression
on insulin sensitive cells.
In the IR 3T3-L1 cells, glucose uptake
level was examined under different
treatment conditions to assess the effects
of TRPV1 inhibitor, capsaicin (CA, 3 μM)
on insulin sensitivity. (B) With or
without CA treatment (3 μM) for 24 h,
the expressions of GLUT and CGRP in
cells were detected by WB assay. (C)
Under different treatment conditions, the
released CGRP levels in cells were de-
tected by ELISA. (D) qPCR results
showed that GLUT expression was in-
hibited by CA treatment. *P < 0.05,
**P < 0.01, on comparing with the in-
dicated groups were considered sig-
nificant.
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that SIRT6 is positively associated with CGRP and GLUT4 levels.

3.5. TRPV1 is responsible for the SIRT6-mediated insulin sensitivity

To confirm the effects of TPRV1 on SIRT6-regulated insulin sensi-
tivity, TPRV1 inhibitor, SB-705498 was added to the medium of SIRT6-
transfected IR cells. The results showed that SB-705498 treatment re-
versed the glucose uptake that had been increased by SIRT6 over-
expression (Fig. 5A). Furthermore, GLUT expression was rapidly re-
duced with the SB-705498 treatment (Fig. 5B and D) while CGRP
expression and release were also blocked (Fig. 5B and C).

The effects of TRPV1/CGRP signaling on the insulin sensitivity that
was regulated by SIRT6 were further studied by treating the SIRT6-
transfected IR cells by a TRPV1 agonist, capsaicin. The results showed
that the increased glucose uptake level was further amplified after
capsaicin treatment (Fig. 6A). Additionally, CGRP expression and re-
lease in SIRT6+ capsaicin group was higher than that in the SIRT6-
only group (Fig. 6B and C) while GLUT mRNA and protein expression
levels were significantly improved (Fig. 6B and D).

4. Discussion

The present work revealed a reduction in SIRT6 expression in obese
mouse and IR cell model and increase in glucose uptake levels and
insulin sensitivity in case of SIRT6 overexpression. Further investiga-
tion revealed that SIRT6 overexpression promotes TRPV1 expression
levels. Overexpression of SIRT6 was found to promote the activation of
TRPV1/CGRP signaling and GLUT expression at mRNA as well as pro-
tein levels. Usage of TRPV1 agonist and antagonist modified the insulin
sensitivity upregulated by SIRT6 overexpression and accompanied with
the mediation of CGRP release and decrease in GLUT levels. The results
of this study revealed that SIRT6 had a suppressing role in IR mice and
cells by regulating the expression of TRPV1 protein. Therefore, we
hypothesize that SIRT6 can be a potential candidate to treat IR in
metabolic syndrome.

Several methods were explored to establish an IR model at the
cellular level, such as dexamethasone in FL83B cells [26], pretreatment
with dexamethasone in L6 myotubes [26], and HepG2 cells induced by
palmitate and glucosamine [27]. However, in this study, we established
the IR model in 3T3-L1 adipocytes using TNF-α. Furthermore, a lower
glucose uptake level determined by glucose detection assay (2-DOG)
suggested the successful establishment of an IR cell model. For animal
model, obese mice were treated with HFD. HFD leads to skeletal muscle
IR by upregulating free fatty acids, which produces diacylglycerols
(DAGs) and ceramides as intermediate metabolites. The DAGs activate
serine/threonine kinases by activating protein kinase C family and
phosphorylate IRS tyrosine. In turn, the ceramides can lead to Akt2
phosphorylation by activating protein phosphatase A2. Additionally,
ceramides also induce IR by activating the NF-kappa-b, JNK, and other
inflammatory pathways [28].

The expression of TRP protein super-family as cation-permeable
channels has already been reported in mammalian cells. TRPV1 channel
is a perfect representative. TRPV1, characterized by nonselectivity, is
involved in pain sensation and thermogenesis and shows high Na+ and
Ca2+ permeation [29-31]. As a main constituent of the plant family
Capsicum (chili pepper), capsaicin causes spicy sensation including
thermogenic responses and pain as a specific and natural TRPV1
channel agonist [25], whereas a selective and powerful antagonist for
TRPV1 receptor, SB-705498, was found to have an inhibitory effect on
the receptor activation, which was mediated by heat, acid, and cap-
saicin [32]. TRPV1 channel could cause neurogenic inflammation via
the CRTC1/cAMP response element binding (CREB) signaling to up-
regulate CGRP expression [33]. SB-705498 and capsaicin cause nerve
injury via spontaneous inflammation by down- and up-regulating the
activity of TRPV1, respectively [34,35]. In the present study, IR model
reduced the TRPV1 expression and activity, which was accompanied by

SIRT6 downregulation. Our data also showed that elevated CGRP re-
lease and expression levels were found in HFD-fed mice and TNF-α-
treated cells. However, the CGRP release was suppressed on SIRT6
overexpression. In this work, SB-705498 and capsaicin were utilized to
confirm the role of TRPV1/CGRP pathway in IR and glucose metabo-
lism followed by detection of glucose uptake and GLUT expression. The
results indicated that dysregulation in IR and glucose metabolism sti-
mulated by HFD and TNF-α was significantly inhibited on SIRT6
overexpression.

5. Conclusion

Collectively, our data prove the absence of SIRT6 in human HFD-fed
mice and IR cell model, and repression of IR and increased glucose
metabolism can be caused by SIRT6 overexpression. Thus, we hy-
pothesize that SIRT6-TRPV1-CGRP may be a crucial axis in regulating
the insulin resistance and glucose uptake; thus, SIRT6 is a suitable
candidate for treating IR as well as obesity.
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