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	 Background:	 Acute kidney injury (AKI) caused by sepsis is a very dangerous clinical complication. This study explored the ef-
fects of calcitonin gene-related peptides (CGRP) on AKI and its mechanisms.

	 Material/Methods:	 We cultured renal proximal tubular epithelial cells (HK-2 cells) and induced AKI models using LPS. Recombinant 
human CGRP was used to stimulate HK-2 cells and we detected markers of kidney injury (KIM-1 and NGAL) to 
determine the protective effect of CGRP on HK-2 cells. In addition, we constructed Sirt1-overexpressing lenti-
virus and small interfering RNA to increase or decrease Sirt1 expression in HK-2 cells to verify that CGRP pro-
tects HK-2 cells by regulating Sirt1.

	 Results:	 After CGRP stimulation of HK-2 cells, LPS-induced HK-2 cell damage was significantly ameliorated, showing a 
decrease in the expression of KIM-1, NGAL, and inflammatory factors. In addition, Sirt1 was significantly in-
creased in CGRP-stimulated HK-2 cells. After transfection of HK-2 cells with Lenti-Sirt1, inflammation and dam-
age of HK-2 cells were both reduced, indicating that Sirt1 has a protective effect on HK-2 cells and can medi-
ate the protective effect of CGRP on HK-2 cells. Therefore, the protective effect of CGRP on HK-2 cells was also 
attenuated after reducing Sirt1 in HK-2 cells. Finally, we used CGRP to treat LPS-induced mice and verified the 
protective effect of CGRP on mouse AKI.

	 Conclusions:	 CGRP has a significant anti-inflammatory effect. In the treatment of AKI, CGRP can increase the expression of 
Sirt1 to exert an anti-inflammatory effect and has a good protective effect on LPS-induced HK-2 cells.
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Background

Acute kidney injury (AKI) is a clinical syndrome with a sharp 
decline in kidney function that can be caused by a variety 
of factors. The disease is often accompanied by oliguria and 
symptoms such as azotemia, hyperkalemia, and metabolic aci-
dosis [1]. AKI can be caused by a large number of causes, such 
as nephrotoxic drugs and renal ischemia reperfusion. These 
factors will cause renal cell necrosis and acute renal patho-
logical changes, resulting in renal dysfunction. In particular, 
due to the increasing number of cancer cases in recent years, 
nephrotoxic anti-tumor drugs (such as cisplatin) have become 
important in increasing the incidence of AKI [2]. At present, 
the incidence of the disease is about 0.5% to 1% in the gen-
eral population, and is 2% to 7% in hospitalized patients, and 
4% to 25% in ICU and postoperative patients. In these groups, 
the mortality rate ranges from 28% to 90% [3]. In recent years, 
with the development of various medical technologies, many 
diseases have been effectively controlled. However, AKI has 
not been effectively treated, and the related mortality has not 
been significantly improved [4]. Therefore, finding the right 
treatment for AKI is essential.

Sirt1 is a mammalian NAD+-dependent protein deacetylase con-
sisting of 747 amino acids that form a highly conserved cat-
alytic core domain with extended highly ordered N-terminal 
and C-terminal regions. Its core domain is the region where 
NAD+-dependent deacetylation occurs [5]. Sirt1 is located in 
the nucleus and regulates the target in the cytoplasm by shut-
tle. Sirt1 can inhibit inflammation and apoptosis, and its bio-
logical function mainly depends on its deacetylase activity [6]. 
Recent studies have shown that Sirt1 also inhibits Toll-like re-
ceptor 4-induced transcription of NF-kB in renal medullary col-
lecting duct cells. Acetylation of NF-kB is extremely important 
for its transcriptional activity, while Sirt1 inhibits the NF-kB 
signaling pathway, mainly by deacetylation [7].

Calcitonin gene-related peptide (CGRP) is an active peptide and 
plays an important role in maintaining normal cardiovascular 
function. Recent studies have found that CGRP also has a va-
riety of biological functions. CGRP inhibits lymphocyte prolif-
eration, inhibits the production of chemokines, inhibits the re-
lease of IL-2, IFN-g, TNF-a, and other cytokines by T cells, and 
can prevent inflammatory damage in the liver of mice [8]. CGRP 
can inhibit macrophage exposure to heat-killing virus-induced 
lymphocyte proliferation response, inhibit NK cell-killing func-
tion, and inhibit IL-2 activation of T cells. Studies have shown 
that CGRP can inhibit IL-7-mediated B lymphocyte maturation 
and differentiation. CGRP induces Langerhans cells to pres-
ent specific antigens and stimulate T cells to transform into 
Th2 subpopulations. Mature and immature dendritic cells ex-
press type 1 CGRP receptors on the surface. Binding to CGRP 
may attenuate the proliferation of mature dendritic cells by 

downregulating the expression of CD86 and HLA-DR. In addi-
tion, CGRP can inhibit dendritic cells and macrophages to pres-
ent antigens, thereby reducing cellular immune responses [9].

Our study found that CGRP can regulate the expression of 
Sirt1 to play an important anti-inflammatory role. AKI is ac-
companied by many inflammatory reactions in the kidney, 
and the anti-inflammatory effects of CGRP may have a good 
effect on AKI. This may provide new directions for the treat-
ment of clinical AKI.

Material and Methods

Cell culture and treatment

HK-2 cells were purchased from Shanghai Yaji Biotechnology 
Co. (Shanghai, China). Dulbecco’s modified Eagle’s medi-
um (DMEM) (Gibco, Rockville, MD, USA) was used to culture 
HK-2 cells. We prepared 10% fetal bovine serum (FBS) (Gibco, 
Rockville, MD, USA) and 1% penicillin plus streptomycin (Gibco, 
Rockville, MD, USA) in DMEM to make complete medium. 
The cells were cultured in an incubator at 37°C and 5% CO2. 
When the cell growth density was about 60%, we added or 
transfected the cells. Lipopolysaccharide (LPS, Sigma, St. Louis, 
MO, USA) was used to induce HK-2 cell damage, while CGRP 
(Invitrogen, Carlsbad, CA, USA) was used to stimulate HK-2 
cells to detect their effects.

Cell transfection

HK-2 cells were passaged to 6-well plates and after cell growth 
density reached approximately 60%, we transfected Lenti-NC, 
Lenti-Sirt1, siRNA-negative control (NC), or siRNA-Sirt1 using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). Lenti-Sirt1 
was used to increase Sirt1 in HK-2 cells, while siRNA-Sirt1 was 
used to reduce Sirt1 in HK-2 cells. Lenti-NC transfected cells 
were used as a negative control. The primer for siRNA-Sirt1 was 
made by Shanghai Jierui Biotech Co. (Shanghai, China), and the 
primer sequence was 5’-ACUUUGCUGUAACCCUGUAdTdT-3’.

Animals and grouping

Specific pathogen-free (SPF) grade C57/BL6 male mice were 
used in the study. All mice were housed in SPF barrier facilities 
and given standard-grade feed and drinking water. The mice in 
this study were divided into 3 groups: control group, AKI group, 
and AKI+CGRP group. AKI models were constructed in both AKI 
and AKI+CGRP mice. We constructed the AKI model by intra-
peritoneal injection of 10 mg/kg LPS into mice, and 24 hours 
later, we collected urine and killed the mice [10]. In addition, 
the AKI+CGRP group received a daily intraperitoneal injection 
of CGRP 1 nmol/kg 1 week before and 1 day after LPS injection. 
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This study was approved by the Animal Ethics Committee of 
The Fourth People’s Hospital of Jinan Animal Center.

Enzyme-linked immunosorbent assay (ELISA)

We measured the expression levels of cell supernatants, mouse 
urine, and serum-related indicators by ELISA. The cell superna-
tant, mouse urine, or serum was taken out and centrifuged to 
remove the precipitate, and then we used the ELISA kits (Lianke, 
Hangzhou, China) to detect IL-1b, TNF-a, KIM-1, or NGAL.

Malondialdehyde (MDA) and superoxide dismutase (SOD) 
activity assay

After mice were sacrificed, we took the mouse kidney tissue 
and ground the kidney tissue into powder on ice, which was 
then dissolved in phosphate-buffered saline (PBS). After re-
moving the precipitate by centrifugation, we used MDA activ-
ity kit (Lianke, Hangzhou, China) and SOD activity kit (Lianke, 
Hangzhou, China) to detect the levels of MDA and SOD in 
PBS solution.

Hematoxylin-eosin (HE) staining

After the mice were sacrificed, we immediately removed the 
mouse kidney tissue and placed it in 4% paraformaldehyde 
solution for 24 hours. Then, we washed the kidney tissue with 
PBS and embedded the tissue in paraffin after dehydration. We 
then used a microtome to make paraffin sections and placed 
the paraffin sections in a 37°C incubator for 24 hours. Then, 
after dewaxing and hydration, we soaked the paraffin sec-
tions in hematoxylin stain for 5 minutes and rinsed the paraf-
fin sections with running water. Then, we placed the paraffin 
sections in eosin solution for 5 minutes. Finally, after dehydra-
tion and sealing, we observed and recorded the staining re-
sults using a microscope.

Western blot

We used protein lysate to lyse cells and mouse kidney tis-
sue and detect protein concentration by bicinchoninic acid 
(BCA) kit (Beyotime, Shanghai, China). Equal amounts of pro-
tein were added to each well of the electrophoresis gel for 
sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE). We then transferred the protein to the polyvinyl-
idene fluoride (PVDF) membranes (Roche, Basel, Switzerland) 
by transfer. After washing the PVDF membranes with phos-
phate-buffered saline-tween (PBST), we incubated the PVDF 
membranes with 5% BSA-PBST for 1 hour. We then incubat-
ed the PVDF membrane at 4°C overnight with primary anti-
body dilution (KIM-1, 1: 3000, Rabbit, Abcam, Cambridge, MA, 
USA; NGAL, 1: 3000, Rabbit, Abcam, Cambridge, MA, USA; IL-6, 
1: 3000, Rabbit, Abcam, Cambridge, MA, USA; IL-8, 1: 3000, 

Rabbit, Abcam, Cambridge, MA, USA; Sirt1, 1: 3000, Rabbit, 
Abcam, Cambridge, MA, USA; b-actin, 1: 5000, Rabbit, Abcam, 
Cambridge, MA, USA). After washing the PVDF membranes the 
next day, we used secondary antibody dilution (Goat anti-rab-
bit, 1: 3000, Abcam, Cambridge, MA, USA) to incubate the PVDF 
membrane for 1 hour. Finally, we observed the protein bands 
by chemiluminescence and analyzed them.

RNA isolation and quantitative real-time polymerase chain 
reaction (RT-PCR)

We used TRIzol (Invitrogen, Carlsbad, CA, USA) to solubilize HK-2 
cells or mouse kidney tissue and extract total RNA. RNA was 
reversed to complementary deoxyribose nucleic acid (cDNA) 
by reverse transcription. We then amplified the corresponding 
cDNA fragments with different primers using the SYBR Green 
kit (Beyotime, Shanghai, China). We used the expression lev-
el of endogenous glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) as control to compare the expression levels of other 
cDNA fragments and represent them using 2–DDCT. Primer se-
quences for RT-PCR were as follows:
Human,
KIM-1 sense: CGGTTATGTGTGGGGAA,
KIM-1 anti-sense: TCCAAAGGACAGGGAAAG;
NGAL sense: CAGGGGAAGTGGTATGTGG,
NGAL anti-sense: CCTAAACAGGACGGAGGTG;
IL-6 sense: CAATAACCACCCCTGACC,
IL-6 anti-sense: GCGCAGAATGAGATGAGTT;
IL-8 sense: GTGCTGTGTTGAATTACGGA,
IL-8 anti-sense: TTGACTGTGGAGTTTTGGC;
IL-1b sense: TTGAGTCTGCCCAGTTCC,
IL-1b anti-sense: TTTCTGCTTGAGAGGTGCT;
TNF-a sense: CCCTCCTTCAGACACCCT,
TNF-a anti-sense: GGTTGCCAGCACTTCACT;
Sirt1 sense: CCATACCCCATGAAGTGC,
Sirt1 anti-sense: GCAGATGAGGCAAAGGTT;
GAPDH sense: CCTTCCGTGTCCCCACT,
GAPDH anti-sense: GCCTGCTTCACCACCTTC;
Mouse,
Sirt1 sense: ACTGGAGCTGGGGTTTCT,
Sirt1 anti-sense: CTTGAGGGTCTGGGAGGT;
GAPDH sense: TGTTTCCTCGTCCCGTAGA,
GAPDH anti-sense: ATCTCCACTTTGCCACTGC.

Cell counting kit-8 (CCK8) assay

We cultured HK-2 cells and passaged them into 96-well plates. 
After the cell growth density reached about 60%, we stimu-
lated HK-2 cells for 24 hours with different concentrations of 
CGRP and LPS. We then added 10 μL of CCK8 reagent (Dojindo, 
Kumamoto, Japan) to each well and continued incubation for 
2 hours. Then, we used a microplate reader to measure the 
absorbance of each well.
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Immunocytofluorescence (IF) staining

We used 24-well plates to culture HK-2 cells and added cell 
slides to the culture dishes. After treating the cells, we took out 
the culture dish and discarded the medium. We then fixed the 
cells with 4% paraformaldehyde for 10 minutes and continued 
incubation with 0.2% Triton-PBS for 15 minutes. After washing 
the cells with PBS, we blocked the cells with 10% goat serum 
for 30 minutes. Then, we discarded the liquid in the culture dish 
and added the primary antibody dilution (KIM-1, 1: 500, rab-
bit, Abcam, Cambridge, MA, USA; NGAL, 1: 500, rabbit, Abcam, 
Cambridge, MA, USA; Sirt1, 1: 500, rabbit, Abcam, Cambridge, 
MA, USA). The cells were incubated overnight at 4°C. The next 
day, after washing the cells with PBS, we incubated the cells 
with fluorescent secondary antibody dilution (Goat anti-rab-
bit-FITC, 1: 500, Abcam, Cambridge, MA, USA) for 1 hour and 
washed the cells. Then, we fixed the cells to the slides using a 
4’,6-diamidino-2-phenylindole (DAPI)-containing capsule and 
observed the staining results using a fluorescence microscope.

Statistical analysis

We used Statistical Product and Service Solutions (SPSS) 21.0 
(IBM, Armonk, NY, USA) and STATA 15.0 software (London, UK) 
to analyze the data from this study. Data were represented as 
mean±SD (Standard Deviation). Comparison between multi-
ple groups was done using One-way ANOVA test followed by 
the least significant difference post hoc test. P<0.05 was con-
sidered to be statistically significant. All experiments were re-
peated more than 3 times.

Results

CGRP attenuates LPS-induced damage to HK-2 cells

To determine whether CGRP can protect HK-2 cells, we used 
LPS to induce HK-2 cell damage and stimulated HK-2 cells with 
CGRP. The results of CCK8 showed that CGRP can increase 
HK-2 cell activity and 10 nmol/L CGRP is the optimal concen-
tration (Figure 1A), while 1 μg/mL LPS can significantly reduce 
HK-2 cell activity (Figure 1B). The results of ELISA showed that 
LPS-induced inflammatory factors (IL-1b and TNF-a) in HK-2 
cells were significantly increased and CGRP was able to re-
duce the expression of inflammatory factors (IL-1b and TNF-a) 
(Figure 1C, 1D). In addition, we examined the expression of re-
nal injury biomarkers KIM-1 and NGAL by IF staining and re-
sults showed that CGRP can significantly reduce KIM-1 and 
NGAL (Figure 1E, 1F). The results of Western blot (Figure 1G) 
and RT-PCR (Figure 1H) also showed that CGRP reduced KIM-1, 
BGAL, IL-6, and IL-8 levels.

CGRP increased the expression of Sirt1 in HK-2 cells

To determine the mechanism of CGRP, we examined Sirt1 in 
HK-2 cells. The results of IF staining (Figure 2A) showed that 
Sirt1 was decreased in LPS-induced HK-2 cells, indicating that 
the damage of HK-2 cells was accompanied by the decrease 
of Sirt1. However, in CGRP-stimulated HK-2 cells, the expres-
sion of Sirt1 increased. The results of Western blot (Figure 2B) 
and RT-PCR (Figure 2C) were similar to those of IF staining.

Overexpression of Sirt1 reduced damage and inflammation 
of HK-2 cells

To determine the relationship between Sirt1 and HK-2 cell 
damage, we constructed HK-2 cells overexpressing Sirt1 by 
lentiviral transfection. The results of Western blot (Figure 3A) 
and RT-PCR (Figure 3B) confirmed the transfection efficiency 
of Lenti-Sirt1. The results of IF staining (Figure 3C, 3D) showed 
that the expression of KIM-1 and NGAL in HK-2 cells was sig-
nificantly decreased after Sirt1 overexpression and Sirt1 de-
creased the expression of KIM-1 and NGAL, indicating that 
Sirt1 can reduce LPS-induced HK-2 cells damage. The results 
of ELISA (Figure 3E, 3F) and RT-PCR (Figure 3G) showed that 
Sirt1 significantly reduced inflammatory factors (IL-1b and 
TNF-a) in HK-2 cells. These results indicated that overexpres-
sion of Sirt1 could protect HK-2 cells.

Silence of Sirt1 attenuated the protective effect of CGRP 
on HK-2 cells

We verified whether CGRP protects HK-2 cells by modulat-
ing Sirt1. The results of Western blot (Figure 4A) and RT-PCR 
(Figure 4B) confirmed the transfection efficiency of siRNA-Sirt1. 
The results of IF staining (Figure 4C, 4D) showed that the ex-
pression of KIM-1 and NGAL was significantly increased after 
silencing the expression of Sirt1, indicating that silencing of 
Sirt1 aggravated the damage to HK-2 cells. The results of ELISA 
(Figure 4E, 4F) and RT-PCR (Figure 4G) showed that silence of 
Sirt1 also aggravated the inflammation of HK-2 cells, which 
was manifested by an increase in IL-1b and TNF-a. These re-
sults indicated that the therapeutic effect of CGRP on HK-2 
cells was inhibited after reducing Sirt1 in HK-2 cells.

Exogenous CGRP attenuated LPS-induced mouse AKI

To verify the effect of CGRP on AKI, we used LPS to induce 
mouse AKI and pretreated mice with CGRP. The results of HE 
staining (Figure 5A) showed that the kidney tissues in the AKI 
group were swollen and there was inflammatory cell infiltration 
in the interstitium. The morphology of the kidney tissue of the 
mice in the AKI+CGRP group was significantly improved. In ad-
dition, CGRP also significantly reduced the expression of MDA 
in mouse kidney tissue and increased the expression of SOD, 
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Figure 1. �CGRP attenuates LPS-induced damage to HK-2 cells. (A) CCK8 assay of CGRP; (B) CCK8 assay of LPS; (C, D) ELISA results of 
IL-1b and TNF-a; (E, F) IF staining results of KIM-1 and NGAL (magnification×400); (G, H) Western blot and RT-PCR results of 
KIM-1, NGAL, IL-6 and IL-8. (* P<0.05 vs. the control group and # P<0.05 vs. the LPS group).

e923900-5
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Liu P. et al.: 
CGRP attenuates AKI
© Med Sci Monit, 2020; 26: e923900

ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Control

Sirt1

DAPI

Merge

Sirt1

β-catenin

LPS LPS+CGRP

Control LPS LPS+CGRP

Control LPS LPS+CGRP

#

*

1.5

1.0

0.5

0.0Re
lat

ive
 Si

rt 
1 m

RN
A e

xp
res

sio
n

A B C

Figure 2. �CGRP increases the expression of Sirt1 in HK-2 cells. (A) IF staining result of Sirt1 (magnification ×400); (B) Western blot 
result of Sirt1; (C) RT-PCR result of Sirt1. (* P<0.05 vs. the control group and # P<0.05 vs. the LPS group).

Control Lenti-NC Lenti-Sirt1

Control Lenti-NC Lenti-Sirt1

Sirt1

β-actin

*4

3

2

1

0Re
lat

ive
 Si

rt 
1 m

RN
A e

xp
res

sio
n

Control

#

LPS LPS+
Lenti-NC

LPS+
Lenti-Sirt1

**50

40

30

20

10

0

 IL
-1

β (
pg

/m
l)

Control

#

LPS LPS+
Lenti-NC

LPS+
Lenti-Sirt1

**

60

40

20

0

TN
F-

α (
pg

/m
l)

Control

KIM-1

DAPI

Merge

LPS LPS+
Lenti-NC

LPS+
Lenti-Sirt1

Control

NGAL

DAPI

Merge

LPS LPS+
Lenti-NC

LPS+
Lenti-Sirt1

* *

IL-1β

#

* *

TNF-α

#

4

3

2

1

0

Re
l. m

RN
A l

ev
els

 re
lat

ive
 to

 co
nt

ro
l

Control
LPS
LPS+Lenti-NC
LPS+Lenti-Sirt1

A

D

G

E F

B C

Figure 3. �Overexpression of Sirt1 reduces damage and inflammation of HK-2 cells. (A, B) Western blot and RT-PCR results of Sirt1; 
(C, D) IF staining results of KIM-1 and NGAL (magnification×400); (E, F) ELISA results of IL-1b and TNF-a; (G) RT-PCR results 
of IL-1b and TNF-a. (* P<0.05 vs. the control group and # P<0.05 vs. the LPS+Lenti-NC group).

e923900-6
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Liu P. et al.: 
CGRP attenuates AKI

© Med Sci Monit, 2020; 26: e923900
ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



indicating that CGRP improved oxidative stress in kidney tis-
sue (Figure 5B, 5C). The results of ELISA (Figure 5D–5G) showed 
that CGRP reduced the expression of KIM-1 and NGAL in mouse 
urine and decreased the expression of IL-1b and TNF-a in 
mouse serum. The results of Western blot (Figure 5H) and RT-
PCR (Figure 5I) showed that exogenous CGRP increased the ex-
pression of Sirt1 in mouse kidney tissue, which also confirmed 
that CGRP can attenuate AKI by regulating Sirt1.

Discussion

Sepsis is a systemic inflammatory response caused by infec-
tion. Pathogen invasion into the body leads to tissue damage 
and release of dangerous signals, including the pathogen-asso-
ciated molecular pattern (PAMP) of the infection itself and the 
damage-associated molecular pattern (DAMP) of the dam-
aged tissue. Immune cells, endothelial cells, and renal tubular 
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Figure 4.� Silence of Sirt1 attenuates the protective effect of CGRP on HK-2 cells. (A, B) Western blot and RT-PCR results of Sirt1; 
(C, D) IF staining of KIM-1 and NGAL (magnification ×400); (E, F) ELISA results of IL-1b and TNF-a; (G) RT-PCR results of IL-1b 
and TNF-a. (* P<0.05 vs. the control group, # P<0.05 vs. the LPS group and ## P<0.05 vs. the LPS+CGRP group).

epithelial cells recognize PAMP and DAMP through pattern re-
ceptors, initiate natural immune inflammatory responses, and 
release a large number of inflammatory factors, resulting in sus-
tained activation of immune system and release of pro-inflam-
matory factors and reactive oxygen species [11]. The kidney is 
one of the target organs of inflammatory cytokine attack and 
is highly susceptible to damage. Tubular capillaries are simi-
lar to tubular epithelial cells, and activated white blood cells 
leaving tubular capillaries can produce pro-inflammatory fac-
tors and DAMP [12]. The accumulation of inflammatory cells 
increases the pressure between the tubules and the stroma, 
leading to renal microcirculatory disorders and tubule occlusion. 
Therefore, we used LPS to induce sepsis in mice to construct a 
mouse AKI model. The results showed that LPS-induced renal 
tubular epithelial cells in mice showed apoptosis and inflam-
matory cell infiltration in the stroma. In addition, LPS-induced 
HK-2 cells also showed significant inflammatory response [13]. 
SOD is a metal enzyme widely existing in the body, and is a 
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good superoxide anion free radical scavenger. SOD can cata-
lyze the superoxide anion free radicals in the cells to generate 
oxygen and hydrogen peroxide [14]. MDA is a product of lip-
id peroxidation. It is not only a biomarker of oxidative stress, 
but also has certain toxic and adverse effects [15]. Therefore, 
we also examined the changes of MDA and SOD activity in 
mice, and found that CGRP can reduce the MDA activity and 
increase the SOD activity. This showed that CGRP can reduce 
the level of oxidative stress in mice. NGAL is the most widely 
studied biomarker for predicting AKI and its prognosis. NGAL 
synthesis increased and accumulated in human renal tubules, 
blood and urine, which was the earliest biomarker for the ele-
vation of AKI after the occurrence of AKI. Some authors called 
it “troponin of kidney” [16]. KIM-1 is a transmembrane pro-
tein that is significantly increased in patients with ischemic or 
toxic AKI, and is used in combination with NGAL to diagnose 
AKI [17]. The inhibitory effect of CGRP on kIM-1 and NGAL in 
HK-2 cells and mice demonstrated its renal-protective effect.

The Sirtuins family of proteins is an ortholog of mammalian 
yeast silent information regulator 2 (Sir2). The Sirtuins fam-
ily consists of 7 members, Sirt1 to Sirt7, of which Sirt1 has 
the highest homology with yeast Sir2 and is the most widely 
studied member. Although Sir2 was originally thought to be a 
histone deacetylase, Sirt1 has histone and non-histone sub-
strates [18]. The endogenous substrate of Sirt1 is very rich, 
including p53, NF-kB, and c-Jun. Each of its deacetylation re-
actions hydrolyzes a NAD+, and thus Sirt1 is also known as 
NAD+-dependent protein deacetylase. Sirt1’s deacetylase ac-
tivity confers multiple immunomodulatory functions and is in-
volved in the development of partial immune diseases [19]. 
Sirt1 is directly in contact with the NF-kB subunit ReIA/p56, 
causing its lys310 terminal to deacetylate, while the lys310 
terminal is an important target for NF-kB transcriptional activ-
ity. It was found that smoking-mediated release of monocyte 
and rat lung pro-inflammatory factors is regulated by the ac-
tion of Sirt1 and NF-kB [20]. Sirt1 inhibitors Sirtinol and Sirt1 
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knockdown have an increased effect on the release of inflam-
matory factors, while Sirt1 agonist SRT 1720 inhibits the re-
lease of smoking-mediated pro-inflammatory factors. In addi-
tion, Sirt1 levels and activity were decreased in patients with 
COPD [21]. Downregulation of Sirt1 causes an increase in lung 
pro-inflammatory factor via the NF-kB pathway. Recent studies 
have shown that the deacetylation of Sirt1 can cause down-
regulation of cyclooxygenase-2 gene expression, suggesting 
the multi-target characteristics of Sirt1 in inflammatory regula-
tion [22]. In our study, LPS-induced expression of Sirt1 in HK-2 
cells and mouse kidneys was reduced. However, after treat-
ment of HK-2 cells and mice with CGRP, the inflammation lev-
els in HK-2 cells and mouse kidneys were reduced, accompa-
nied by an increase in Sirt1 levels. Overexpression of Sirt1 in 
HK-2 cells also had protective effects on HK-2 cells, suggesting 
that the protective effect of CGRP on HK-2 cells may be relat-
ed to the regulation of Sirt1. In addition, the reduction of the 
therapeutic effect of CGRP on HK-2 cells after reducing the ex-
pression of Sirt1 in HK-2 cells also confirmed that the allevia-
tion of AKI by CGRP may be related to the regulation of Sirt1.

Wang et al. [23] proposed that CGRP is one of the mediators of 
the neuro-immune system. Studies have shown that when ce-
rebral hemorrhage and hemorrhagic, endotoxin, septic shock, 
the release of CGRP significantly increased. Some common in-
flammatory mediators (such as prostaglandins, bradykinin) and 

environmental factors such as pH, high lactic acid, and high-ten-
sion liquid can directly stimulate the nerve excitation contain-
ing CGRP, causing an increase in the release of CGRP. Increased 
levels of lactic acid can enhance the release of CGRP caused by 
the above inflammatory mediators [24]. Studies have confirmed 
that CGRP regulates a variety of immune functions; for example, 
CGRP regulates multiple functions of endotoxin-activated mac-
rophages and has the function of dual regulation of IL-6 produc-
tion (a small dose increases and a high dose inhibits IL-6) [25]. 
Therefore, CGRP has promising prospects due to its superior anti-
inflammatory effects. We believe that this study can help make 
a new breakthrough in the prevention and treatment of AKI.

Conclusions

CGRP and overexpression of Sirt1 can effectively alleviate the 
damage of HK-2 cells and reduce their inflammation. The ex-
pression of Sirt1 in HK-2 cells stimulated by CGRP was signif-
icantly increased and the inhibition of Sirt1 attenuated the 
protective effect of CGRP on HK-2 cells. Therefore, CGRP has 
a good protective effect on LPS-induced HK-2 cells.
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