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Abstract

BACKGROUND

Diabetes mellitus type 2 (T2DM) is formed by defective insulin secretion with the
addition of peripheral tissue resistance of insulin action. It has been affecting over
400 million people all over the world.

AIM
To explore the pathogenesis of T2DM and to develop and implement new pre-
vention and treatment strategies for T2DM.

METHODS

Receiver operating characteristic (ROC) curve analysis was used to conduct diag-
nostic markers. The expression level of genes was determined by reverse transc-
ription-PCR as well as Western blot. Cell proliferation assays were performed by
cell counting kit-8 (CCK-8) tests. At last, T2DM mice underwent Roux-en-Y gastric
bypass surgery.
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RESULTS

We found that NPAS2 was significantly up-regulated in islet B cell apoptosis of T2DM. The ROC curve revealed
that NPAS2 was capable of accurately diagnosing T2DM. NPAS2 overexpression did increase the level of KANKI.
In addition, the CCK-8 test revealed knocking down NPAS2 and KANKI1 increased the proliferation of MING6 cells.
At last, we found that gastric bypass may treat type 2 diabetes by down-regulating NPAS2 and KANKI.

CONCLUSION
This study demonstrated that NPAS2 induced B cell dysfunction by regulating KANKI expression in type 2
diabetes, and it may be an underlying therapy target of T2DM.

Key Words: Diabetes mellitus type 2; KANK1; NPAS2; Gastric bypass

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Diabetes mellitus type 2 (T2DM) is formed by defective insulin secretion with the addition of peripheral tissue
resistance of insulin action. This study demonstrated that NPAS2 induced B cell dysfunction by regulating KANKI
expression in type 2 diabetes, and it may be an underlying therapy target of T2DM.
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INTRODUCTION

Diabetes mellitus is mainly divided into 2 categories, type 1 diabetes is caused by autoimmune destruction of beta cells,
and diabetes mellitus type 2 (T2DM) is formed by errors of insulin secretion and the addition of peripheral tissue
resistance of insulin action. Both of the two types are polygenic. There are also 2%-5% of diabetes cases caused by muta-
tions in single genes which results in uncommon early-onset monogenic diabetes[1]. Some studies indicated that T2DM
has affected approximately 500 million people around the world. And the high incidence of this disease is a serious risk
factor of human beings[2]. Monogenic diabetes is classified as Neonatal Diabetes Mellitus and Maturity Onset Diabetes of
the Young. Monogenic diabetes is a heterogeneous disease caused by variants in the single genes that play a key role in
beta cell development, functional performance, including transcription factors like PTF1A, HNF1B, PDX1, RFX6,
NEUROGS3[3].

Proteins are crucial in human different biological processes, about 2500 proteins are regarded as binding to chromatin,
such as DNA transcription, DNA replication, DNA repair. Moreover, there are approximately 1500 transcription factors
among these proteins. Transcription factor is a specific kind of proteins which combine DNA helix at regulatory seque-
nces, thereby activating or repressing transcription through trans-activation or trans-repression domains. In addition, ri-
bonucleic acids, such as mRNA, rRNA, Inc-RNA, were expressed in the processes of transcription in living organisms.

The transcription factors are organized in various families reflecting homologies in their DNA-binding domains and,
so are DNA-binding sequences[4,5]. They could be organized into 71 different families, some of which have more me-
mbers than others, such as zing-finger C2H2 (more than 600 members), homeobox (more than 200 members) and helix-
loop-helix (more than 80 members) families that represent more than half of the total number of transcription factors[6].
The significance of transcription factors in the study of human pathology is now increasingly mentioned in the literature.
Furthermore, a more recent study found that a bigger number of transcription factors are involved in human disorders. In
fact, Zhang et al[7] identified that there are 164 transcription factors (approximately 12%) directly associated with 277
diseases. But the role of transcription factors in type 2 diabetes has rarely been studied.

Here, we found that transcription factor (NPAS2) made the expression of KANKI significantly increase in the pancreas
of T2DM rats. We also explore the role of KANKIand NPAS2 in B-cell dysfunction in T2DM, which could lead to a novel
strategy for the mechanism of T2DM.

MATERIALS AND METHODS

Animal studies

In this study, we used C57BL/6] male mice (weighing 22 + 2 g, Institute of laboratory animal sciences, Beijing, China) to
established the animal model. The animal investigation described in this report was approved by the Biological and
Medical Research Ethics Committee of Jiamusi University (2021-0330).
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We put the male mice in a temperature-controlled room with a 12-hour light/dark cycle. The high-fat diet as well as
low-dose intraperitoneal injection of streptozocin (STZ) was used to create the T2DM model, as previously described. The
mice were fed adaptively for one week before being randomly divided into two groups. We chose 5 10% kcal% fat diet
mice(D12450B) as the normal control group and 5 60% kcal% high-fat diet mice(D12492i) as T2DM model group.

After 28 days, T2DM group was given 100 mg/kg STZ. Meanwhile, the control group also received 100 mg/kg citrate
buffer. After 7 days, the tail cutting was used to test the fasting blood glucose (FBG) of mice and FBG between 7.8 and 15
mmol/L were included for analysis as diabetic cases. After feeding for 16 weeks, the mice were subjected to glucose-
stimulated insulin secretion test (GSIS) and the glucose tolerance test (OGTT). Afterwards, mice were anesthetized using
100 mg/kg pentobarbital injection. The serum which was from orbital venous plexus was centrifuged for 15 minutes at
3500 g. Total cholesterol (TC), serum FBG, triglyceride (TG), and insulin, which were form Abcam, United Kingdom,
were determined. The pancreas tissues from the mice was washed and half-fixed with 10% formalin, then stored at minus
80 degrees Celsius in liquid nitrogen until needed.

The procedure of Roux-en-Y gastric bypass (RYGB) surgery has been described in detail by Hao et al[8]. Briefly, created
little gastric pouch with around 5 percent of the total stomach content and remained the Roux and biliopancreatic limbs
6-7 cm long. The jejunum was sliced open it’s distal end was anastomosed end-to-end with the stomach pouch. Mice in
the control group performed laparotomy without severing jejunum and stomach transection. On the stomach's front wall,
a simple continuous suture was employed. After surgery, all mice fasted only with tap water for one day, and for liquid
food freely for 2 days.

OGTT and GSIS

In order to perform OGTT, mice were fasted for half a day, and took 2 g/kg of glucose dissolved in water orally. The
concentration of blood glucose, which was from tail tip, was determined every 30 minutes for 2 hours. In order to
perform GSIS, blood was taken from mice's ocular venous sinuses for 0 min. The stomach was then infused with 40
percent (w/v) glucose. Blood samples were taken every 15 minutes for 1 hour. Insulin ELISA kit (Merck Millipore
Corporation, Germany) was used to detect insulin in serum, and we recorded and calculated the area under curve.

Culture and transfection of MIN6 cell injury model

Islet B-cell MING cells (ATCC, United States) were cultivated in DMEM (25 mmol/L glucose) containing 1% penicillin-
streptomycin (PS), 10% fetal bovine serum (FBS) as well as 1% B-mercaptoethanol at 37 degrees Celsius in a 5% CO,
environment. The MING cell injury model was grown in 24 well plates with 2 x 10* cells per well or in six well plates with
10° cells per well. The cells were cultivated in DMEM which contained 10% FBS as well as 1% p-mercaptoethanol.
Transfection started after the cells had reached 60%-70% confluence. For the first 5 minutes, we diluted plasmid,
transfected mimic, as well as Lipofectamine 2000 in Opti-MEM. After that, we added the diluted plasmid and mimic to
the transfection reagent for double mixing for 20 minutes. In the end, we added the double mixed solution into the
culture plate well, cultivated for 4 hours in Opti-MEM without FBS, and then changed for normal DMEM (with 25 mmol/
L glucose, 1% p-mercaptoethanol, 1% PS, 10% FBS) culture. All reagents were from Gibco (United States).

Injury model of MING cells induced by palmitic acid

We seeded MING cells in 96 well plates. Then we set up the blank control group as well as the treatment group with
various concentrations of palmitic acid (0.1-1.0 mmol/L), as soon as the fusion degree of cells reached about 80%. Cell
counting kit-8 (CCK-8) tests was used to determine the cell survival rate after 24 hours of treatment, and the ideal concen-
tration of palmitic acid was chosen to create the MING6 cell damage model.

Western blot

We used western blot to test the protein concentration as previously reported[9]. Briefly, total protein which from MIN6
cells or pancreatic tissue was tested by BCA protein assay kit (Thermo Fisher Scientific, United States). Each specimen
was isolated from twelve alkyl sulfonate polyacrylamide gel, transferred to a polyvinylidene fluoride membrane (Bio-
Rad, China), then sealed with 5 percent (w/V) BSA for 2 hours. Next, membranes were detected overnight at 4 degrees
Celsius with suitable primary antibodies (Caspase-3, SIRT1, B-actin). The membranes were cultured with secondary
antibodies at room temperature for 2 hours after washing three times with TBST [150 mmol/L NaCl, 10 mm Tris-HCI, as
well as 0.1 percent (V/V) Tween-20]. Protein bands were shown using enhanced chemiluminescence, and pictures were
created using GENE Imaging system (Tannon, China).

Detection of accumulated insulin secretion by MING cells

We seeded MING cells in 24 well plates. The cells were divided into groups and treated respectively as soon as the fusion
degree of cells reached about 80%. After collecting the supernatant and cell protein, the insulin content in the supernatant
was detected by insulin ELISA kit (Merck, Germany).

RNA quantification

The expression levels of gene was detected by reverse transcription-PCR (RT-PCR) as previously reported[10]. Briefly,
TRIzol (Merck, Germany) was used to extract the total RNAs, followed the instruction by the manufacturer. The primer
was used to detect the mRNA level. One ug extracted RNA was reverse transcribed to cDNA, using the kit from Madison,
United States. On an ABI 7300, RT-PCR was carried out using Fast Start universal SYBR Green Master (Roche, United
States). 224" was used to evaluate the expression levels in comparison to the control.
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Cell proliferation assay

Cell viability was detected by the CCK-8 assay as indicated by the protocol from the manufacturer. Briefly, the cells were
grown in 96-well plates with appropriate amount of tumor cells. Then the varied amounts of temozolomide or a dime-
thyl sulfoxide control was incubated with the cells. After that, the CCK-8 solution was supplemented into the wells. Cells
were found in a microplate reader at 450 nm of absorbance.

Statistical analysis

For statistical analysis, we utilized SPSS 23.0 (SPSS, United States). The final data were presented as the average SD of
three separate studies. To compare two or three groups, the Student's t-test or ANOVA were utilized, accordingly. A
value of P less than 0.05 was regarded statistically significant.

RESULTS

Establishment of type 2 diabetic mice
Table 1 showed the amount of change in lipid-related parameters in T2DM mice. The findings showed, compared with
the control group, the levels of TG (P < 0.05), low-density lipoprotein cholesterol (P < 0.05), TC (P less than 0.01) as well as
FBG (P < 0.01) were remarkably increase, but the levels of fasting insulin (P < 0.05) as well as high-density lipoprotein
cholesterol (P < 0.05) was significantly decreased in T2DM mice.

The area under the glucose concentration curve of the OGTT (P < 0.0001) as well as GSIS (P < 0.0001) showed that the
glucose tolerance was damaged in the model group, and insulin secretion sensitivity was markedly reduced following
glucose stimulation (Figure 1).

NPAS2 was significantly up-regulated in islet B cell of T2DM

To verify if the above results were connected with NPAS2 in T2DM mice or not, the mRNA of NPAS?2 in islet tissue was
determined with RT-PCR. The expression of NPAS2 in B-cell of T2DM mice was notably increase compare with that in
control group (P < 0.0001; Figure 2A). And western blotting showed the overexpression of NPAS2 in T2DM groups (P <
0.0001; Figure 2B). The above results show that NPAS2 was significantly up-regulated in islet B cell of T2DM.

KANK1 was the potential target gene of NPAS2
Using the R package "Dorothea" to look for NPAS2 downstream target genes, we discovered that NPAS2 may influence
KANKT1 expression. In T2DM, a scatter plot revealed a favorable connection between KANK1I and NPAS2 (r = 0.659, P =
5.01e-06; Figure 3A).

To see whether KANK1 is expressed in T2DM. We observed KANKI mRNA and protein levels in B-cells of T2DM mice
and normal mice. According to the results, the mRNA level of KANKI in T2DM group was higher than that in control
group (P < 0.0001; Figure 3B and C).

NPAS2 positively requlates KANK1 expression

We created an NPAS2 overexpression construct and transfected it into a MING cell injury model to further establish the
regulatory link between NPAS2 and KANKI1. MING6 cell injury model were transfected using overexpression plasmids of
KANKT1 for 2 days and then for Western blotting and quantitative reverse transcriptase PCR. The findings showed that
overexpression of NPAS2 did enhance KANKI mRNA and protein levels (P < 0.001; Figure 4A and B), On the contrary,
knocking down NPAS2 with shRNA had the opposite effect (Figure 4C and D), demonstrating that NPAS2 controls
KANKT1 expression. Above results showed that NPAS2 positively regulates KANKI expression.

Knocking down NPAS2 and KANK1 increased the proliferation of MING6 B-cell

This study investigated if NPAS2 and KANK1 deceased B-cell survival or not. Using sh-strategy, we were able to
knockdown gene expression in MIN6 cell damage model. CCK-8 tests were used to assess cell proliferation. The results
showed that knocking down NPAS2 and KANK1 increased the proliferation of MING6 cells (P < 0.01; Figure 5).

NPAS2 deceased B-cell survival by regulating KANK1 expression

These findings proved that KANKI and NPAS2 are important in inducing B cell dysfunction. According to the above
assays, we conjectured that KANKI was an effector of NPAS2. To verify this conjecture, KANK1 was knocked down in
NPAS2 overexpressing MING6 cell injury model. The CCK-8 test revealed that cell proliferation rate was higher in the sh-
NPAS2 + empty vector MING cell injury model compared to the sh-Control + empty vector model (P < 0.01). However, it
was reversed by KANKI overexpression (sh-NPAS2 + OE-KANK1), showing that NPAS2 suppressed MING6 cell prolif-
eration through KANK1 (P < 0.01; Figure 6). These results suggested that NPAS2 deceased p-cell survival by regulating
KANK1 expression.

Gastric bypass may treat type 2 diabetes by down-regulating NPAS2 and KANK1

RYGB surgery is a usual method for T2DM. To investigate the role of NPAS2 and KANKI in this surgery, T2DM mice
underwent RYGB surgery. In the RYGB group, the mRNA content of KANKIand NPAS2 in the p-cell of mice was much
lower than that in control group (P < 0.0001; Figure 7A). Meanwhile western blotting showed the same result. These
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Table 1 Serum biochemical parameters of Con and diabetes mellitus type 2 C57BL/6J mice

Parameter Con T2DM

FBG (mM) 3.16 +0.25 11.77 +1.71°
LDL-C (mM) 0.26 +0.02 0.53 +0.10"

TG (mM) -0.035, 1.40 + 0.04 0.080,2.23 + 0.24°
TC (mM) 0.972,5.03 +0.23 0.013, 7.04 + 0.42"
FINS (mU/L) 13.01 +3.36 5.85 +0.20"
HDL-C (mM) 2.75+0.15 2.20 +0.14°

ap < 0.01.

®p < 0.001.

LDL-C: Low-density lipoprotein cholesterol; T2DM: Diabetes mellitus type 2; FBG: Fasting blood glucose; TG: Triglyceride; TC: Total cholesterol; FINS:
Fasting insulin; HDL-C: High-density lipoprotein cholesterol.
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Figure 1 Changes of the glucose tolerance test, glucose-stimulated insulin secretion test in diabetes mellitus type 2 mice. A: In the control
group and diabetes mellitus type 2 (T2DM) groups, the glucose tolerance test curve and the area under the curve were assessed after orally gavage with glucose; B:
After stimulation of glucose, plasma insulin concentrations were measured in different phases during glucose-stimulated insulin secretion test in control group and
T2DM group. 2P < 0.0001. T2DM: Diabetes mellitus type 2; OGTT: Glucose tolerance test; GSIS: Glucose-stimulated insulin secretion test.
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Figure 2 NPAS2 is highly expressed in diabetes mellitus type 2 samples. A: NPAS2 levels in islet tissues of control group and diabetes mellitus type 2
(T2DM) group were detected by reverse transcription-PCR; B: Western blotting showed the overexpression of NPAS2 in T2DM. 2P < 0.0001. T2DM: Diabetes mellitus
type 2.
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mellitus type 2 (T2DM); B and C: The expression of KANK1 in T2DM group was higher than that in control group. 2P < 0.0001. T2DM: Diabetes mellitus type 2.

findings implied that RYGB surgery, by inhibiting the NPAS2/KANK1 signaling pathway, may prevent B-cell dysfunction
(P <0.0001; Figure 7B).

DISCUSSION

As a matter of fact, T2DM has been affecting over 400 million people all over the world[11]. In addition, the incidence of
T2DM may keep growing and, it is projected to influence approximately 33 percent people of the United States by 2050
[12]. The Global Burden of Diseases study showed T2DM as well as its complications was the reason for the 22% increase
in disability in the past decade[13]. For the past few years, tremendous advance has been made in the prevention and
therapy of diabetes[14]. It is well known that T2DM is a kind of multifactorial endocrine illness. At present, the major
treatment in T2DM involved lifestyle intervention, the use of anti-diabetic drugs and monitoring of arterial pressure and
lipid profile[15,16]. However, if the patients with T2DM have poor glycemic control, long-term hyperglycemia will cause
great damage to the blood vessels and nerves. While studies on molecular mechanisms could suggest a new therapeutic
option. As a result, there is an urgent need to explore the molecules that can be used as diagnostic marker in order to
develop the novel preventative and treatment strategies. In the present study, we found that NPAS2 was capable of
accurately diagnosing T2DM. Furthermore, our results revealed that NPAS2 induced P cell dysfunction by regulating
KANK1 expression in type 2 diabetes.

Recent studies have revealed that the NPAS2 can play an vital role in oncogenesis as an oncogene or tumor suppressor
in tumor and endocrine diseases[17-20]. To study the function of NPAS2 in T2DM, we first created a T2DM model. The t-
test results indicated that NPAS2 was considerably elevated in islet tissues of T2DM patients. In addition, the ROC curve
revealed that NPAS2 was capable of accurately diagnosing T2DM. What’s more, NPAS2 is link to multiple endocrine
diseases such as obesity, thyroid gland, osteoporosis as well as gout[21,22]. Kovanen et al[23] elevated that NPAS2 mRNA
amounts are strongly related to higher disease free survival and overall rate in thyroid gland. Englund et al[18] found that
NPAS2? has a closely relationship with hypertension. Not only fetal liver metabolism, but also non-alcoholic fatty liver
disease were linked to NPAS2[24]. The above studies illustrated the importance of NPAS2 in endocrine diseases.

Diabetes mellitus is a kind of endocrine diseases. But studies on the relationship between NPAS2 and T2DM have not
been carried out in depth. This paper is to further investigate the impact of NPAS2 on T2DM. In the study we discovered
that NPAS2 may influence KANKI expression. Previous study demonstrated that KANKI was not only related to cir-
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Figure 4 NPAS2 regulates KANK7expression. A: Quantitative reverse transcriptase PCR (qRT-PCR) showed that NPAS2 overexpression increased the
mRNA level of KANK1; B: Western blotting showed that NPAS2 overexpression enhanced the protein of KANK1; C: gRT-PCR showed knocking down NPAS2 with
shRNA decreased the mRNA level of KANK1; D: Western blotting showed knocking down NPAS2 with shRNA decreased the protein of KANK1. 2P < 0.01, °P <
0.001, °P < 0.0001. T2DM: Diabetes mellitus type 2.
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Figure 5 NPAS2 and KANK1 deceased B-cell survival. A and B: CCK-8 tests showed that knocking down NPAS2 and KANK1 increased the proliferation of
MING cells. 2P < 0.01.

culating proinsulin levels but also connected with insulin processing as well as secretion traits[25]. To see whether
KANKI1 is the target of NPAS2, we knocked down KANK1 in NPAS2 overexpressing MING6 cell injury model. The CCK8
test revealed that knocking down NPAS2 and KANKI increased the proliferation of MING6 cells. The above results
indicated that NPAS2 induced B cell dysfunction by regulating KANK1 expression in type 2 diabetes. Meanwhile, we also
found that RYGB surgery prevent p-cell dysfunction by inhibiting the NPAS2/KANKI signaling pathway. This project
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Figure 6 NPAS2 deceased B-cell survival by regulating KANK1 expression. The cell proliferation rate in sh-Control + Empty vector, sh-NPAS2 + Empty
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Figure 7 Gastric bypass may treat type 2 diabetes by down-regulating NPAS2 and KANK1. A: Quantitative reverse transcriptase PCR showed the
mRNA content of KANK1 and NPAS2 in the B-cell of mice; B: Western blotting indicated the protein of KANK1 and NPAS2 in the B-cell of mice. 2P < 0.0001.

aims to make the B cell dysfunction regulatory network more complete, and lay theoretical foundation for revealing the
dependent conditions of T2DM.

However, there is still room for further improvement in future experiments. For example, using more advanced
sequencing technology, we can determine the cellular origin of NPAS2 and the mode of cell interaction. It is also a good
treatment method to analyze the susceptibility of T2DM based on a large clinical sample, so as to target therapeutic drugs
for susceptible genes. The high incidence of T2DM makes it more and more important to explore the depth and breadth
of its mechanism.

CONCLUSION

This study demonstrated that NPAS2 induced P cell dysfunction by regulating KANKI1 expression in type 2 diabetes, and
it may be an underlying therapy target of T2DM.

FOOTNOTES

Author contributions: Yin YB, Zhang LH and Ji W were responsible for conception and design; He DD, Fan JX were responsible for

Guieidenge  WID | https:/ /www.wjgnet.com 1939 September 15,2024 | Volume15 | Issue9 |



Yin YB ef al. Gastric bypass and T2MD

administrative support; Xu SL, Gao QH, He DD and Fan JX were responsible for provision of study materials or patients; Zhang LH and
Gao QH were responsible for collection and assembly of data; Zhang LH and Yin YB were responsible for data analysis and
interpretation; all authors were responsible for manuscript writing; all authors were responsible for final approval of manuscript.

Supported by Natural Science Foundation of Heilongjiang Province, No. LH2021H105.

Institutional animal care and use committee statement: The animal investigation described in this report was approved by the Biological
and Medical Research Ethics Committee of Jiamusi University (No. 2021-0330).

Conflict-of-interest statement: The authors have no relevant financial or non-financial interests to disclose.

Data sharing statement: The datasets generated and/or analysed during the current study are available in the manuscript and supp
lementary materials.

ARRIVE guidelines statement: The authors have read the ARRIVE guidelines, and the manuscript was prepared and revised according to
the ARRIVE guidelines.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country of origin: China
ORCID number: Li-Hai Zhang 0009-0000-3658-8983.

S-Editor: Lin C
L-Editor: A
P-Editor: Zhao YQ

REFERENCES

1 Schwitzgebel VM. Many faces of monogenic diabetes. J Diabetes Investig 2014; 5: 121-133 [PMID: 24843749 DOI: 10.1111/jdi.12197]

Guariguata L. Contribute data to the 6th edition of the IDF Diabetes Atlas. Diabetes Res Clin Pract 2013; 100: 280-281 [PMID: 23522917

DOI: 10.1016/j.diabres.2013.02.006]

3 Badis G, Berger MF, Philippakis AA, Talukder S, Gehrke AR, Jaeger SA, Chan ET, Metzler G, Vedenko A, Chen X, Kuznetsov H, Wang CF,
Coburn D, Newburger DE, Morris Q, Hughes TR, Bulyk ML. Diversity and complexity in DNA recognition by transcription factors. Science
2009; 324: 1720-1723 [PMID: 19443739 DOI: 10.1126/science.1162327]

4 Bernstein DA. Identification of small molecules that disrupt SSB-protein interactions using a high-throughput screen. Methods Mol Biol 2012,

922: 183-191 [PMID: 22976187 DOI: 10.1007/978-1-62703-032-8 14]

Vaquerizas JM, Kummerfeld SK, Teichmann SA, Luscombe NM. A census of human transcription factors: function, expression and

evolution. Nat Rev Genet 2009; 10: 252-263 [PMID: 19274049 DOI: 10.1038/nrg2538]

6 Li J, Du H, Zhang M, Zhang Z, Teng F, Zhao Y, Zhang W, Yu 'Y, Feng L, Cui X, Zhang M, Lu T, Guan F, Chen L. Amorphous solid
dispersion of Berberine mitigates apoptosis via iPLA(2)B/Cardiolipin/Opal pathway in db/db mice and in Palmitate-treated MING B-cells. Int J
Biol Sci 2019; 15: 1533-1545 [PMID: 31337982 DOI: 10.7150/1jbs.32020]

[\S)

W

7 Zhang M, Lv XY, LiJ, Xu ZG, Chen L. The characterization of high-fat diet and multiple low-dose streptozotocin induced type 2 diabetes rat
model. Exp Diabetes Res 2008; 2008: 704045 [PMID: 19132099 DOI: 10.1155/2008/704045]
8 Hao Z, Zhao Z, Berthoud HR, Ye J. Development and verification of a mouse model for Roux-en-Y gastric bypass surgery with a small gastric

pouch. PLoS One 2013; 8: €52922 [PMID: 23326365 DOI: 10.1371/journal.pone.0052922]

9 Yu Y, DuH, Wei S, Feng L, Li J, Yao F, Zhang M, Hatch GM, Chen L. Adipocyte-Derived Exosomal MiR-27a Induces Insulin Resistance in
Skeletal Muscle Through Repression of PPARY. Theranostics 2018; 8: 2171-2188 [PMID: 29721071 DOI: 10.7150/thno.22565]

10 Kroh EM, Parkin RK, Mitchell PS, Tewari M. Analysis of circulating microRNA biomarkers in plasma and serum using quantitative reverse
transcription-PCR (qRT-PCR). Methods 2010; 50: 298-301 [PMID: 20146939 DOI: 10.1016/j.ymeth.2010.01.032]

11 NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in diabetes since 1980: a pooled analysis of 751 population-based studies
with 4.4 million participants. Lancet 2016; 387: 1513-1530 [PMID: 27061677 DOI: 10.1016/S0140-6736(16)00618-8]

12 Gregg EW, Buckley J, Ali MK, Davies J, Flood D, Mehta R, Griffiths B, Lim LL, Manne-Goehler J, Pearson-Stuttard J, Tandon N, Roglic G,
Slama S, Shaw JE; Global Health and Population Project on Access to Care for Cardiometabolic Diseases. Improving health outcomes of
people with diabetes: target setting for the WHO Global Diabetes Compact. Lancet 2023; 401: 1302-1312 [PMID: 36931289 DOTI:
10.1016/S0140-6736(23)00001-6]

13 GBD 2015 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence, and years
lived with disability for 310 diseases and injuries, 1990-2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet 2016;
388: 1545-1602 [PMID: 27733282 DOI: 10.1016/S0140-6736(16)31678-6]

14 Ogurtsova K, da Rocha Fernandes JD, Huang Y, Linnenkamp U, Guariguata L, Cho NH, Cavan D, Shaw JE, Makaroff LE. IDF Diabetes
Atlas: Global estimates for the prevalence of diabetes for 2015 and 2040. Diabetes Res Clin Pract 2017; 128: 40-50 [PMID: 28437734 DOI:
10.1016/j.diabres.2017.03.024]

15 Shen X, Wang C, Liang N, Liu Z, Li X, Zhu ZJ, Merriman TR, Dalbeth N, Terkeltaub R, Li C, Yin H. Serum Metabolomics Identifies

Buisdenge WID | hittps:/ /www.wjgnet.com 1940 September 15,2024 | Volume15 | Issue9 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0000-3658-8983
http://orcid.org/0009-0000-3658-8983
http://www.ncbi.nlm.nih.gov/pubmed/24843749
https://dx.doi.org/10.1111/jdi.12197
http://www.ncbi.nlm.nih.gov/pubmed/23522917
https://dx.doi.org/10.1016/j.diabres.2013.02.006
http://www.ncbi.nlm.nih.gov/pubmed/19443739
https://dx.doi.org/10.1126/science.1162327
http://www.ncbi.nlm.nih.gov/pubmed/22976187
https://dx.doi.org/10.1007/978-1-62703-032-8_14
http://www.ncbi.nlm.nih.gov/pubmed/19274049
https://dx.doi.org/10.1038/nrg2538
http://www.ncbi.nlm.nih.gov/pubmed/31337982
https://dx.doi.org/10.7150/ijbs.32020
http://www.ncbi.nlm.nih.gov/pubmed/19132099
https://dx.doi.org/10.1155/2008/704045
http://www.ncbi.nlm.nih.gov/pubmed/23326365
https://dx.doi.org/10.1371/journal.pone.0052922
http://www.ncbi.nlm.nih.gov/pubmed/29721071
https://dx.doi.org/10.7150/thno.22565
http://www.ncbi.nlm.nih.gov/pubmed/20146939
https://dx.doi.org/10.1016/j.ymeth.2010.01.032
http://www.ncbi.nlm.nih.gov/pubmed/27061677
https://dx.doi.org/10.1016/S0140-6736(16)00618-8
http://www.ncbi.nlm.nih.gov/pubmed/36931289
https://dx.doi.org/10.1016/S0140-6736(23)00001-6
http://www.ncbi.nlm.nih.gov/pubmed/27733282
https://dx.doi.org/10.1016/S0140-6736(16)31678-6
http://www.ncbi.nlm.nih.gov/pubmed/28437734
https://dx.doi.org/10.1016/j.diabres.2017.03.024

16

19

20

Yin YB ef al. Gastric bypass and T2MD

Dysregulated Pathways and Potential Metabolic Biomarkers for Hyperuricemia and Gout. Arthritis Rheumatol 2021; 73: 1738-1748 [PMID:
33760368 DOI: 10.1002/art.41733]

Leibowitz G, Kaiser N, Cerasi E. Balancing needs and means: the dilemma of the beta-cell in the modern world. Diabetes Obes Metab 2009;
11 Suppl 4: 1-9 [PMID: 19817783 DOIL: 10.1111/1.1463-1326.2009.01101.x]

Hoshino A, Ariyoshi M, Okawa Y, Kaimoto S, Uchihashi M, Fukai K, Iwai-Kanai E, Ikeda K, Ueyama T, Ogata T, Matoba S. Inhibition of
p53 preserves Parkin-mediated mitophagy and pancreatic B-cell function in diabetes. Proc Natl Acad Sci U S A 2014; 111: 3116-3121 [PMID:
24516131 DOI: 10.1073/pnas.1318951111]

Englund A, Kovanen L, Saarikoski ST, Haukka J, Reunanen A, Aromaa A, Lonnqvist J, Partonen T. NPAS2 and PER?2 are linked to risk
factors of the metabolic syndrome. J Circadian Rhythms 2009; 7: 5 [PMID: 19470168 DOI: 10.1186/1740-3391-7-5]

Garcia JA, Zhang D, Estill SJ, Michnoff C, Rutter J, Reick M, Scott K, Diaz-Arrastia R, McKnight SL. Impaired cued and contextual memory
in NPAS2-deficient mice. Science 2000; 288: 2226-2230 [PMID: 10864874 DOI: 10.1126/science.288.5474.2226]

O'Neil D, Mendez-Figueroa H, Mistretta TA, Su C, Lane RH, Aagaard KM. Dysregulation of Npas2 leads to altered metabolic pathways in a
murine knockout model. Mol Genet Metab 2013; 110: 378-387 [PMID: 24067359 DOI: 10.1016/j.ymgme.2013.08.015]

Kim HI, Lee HJ, Cho CH, Kang SG, Yoon HK, Park YM, Lee SH, Moon JH, Song HM, Lee E, Kim L. Association of CLOCK, ARNTL, and
NPAS2 gene polymorphisms and seasonal variations in mood and behavior. Chronobiol Int 2015; 32: 785-791 [PMID: 26134245 DOI:
10.3109/07420528.2015.1049613]

Partonen T. Clock gene variants in mood and anxiety disorders. J Neural Transm (Vienna) 2012; 119: 1133-1145 [PMID: 22538398 DOI:
10.1007/s00702-012-0810-2]

Kovanen L, Saarikoski ST, Aromaa A, Lonnqvist J, Partonen T. ARNTL (BMAL1) and NPAS2 gene variants contribute to fertility and
seasonality. PLoS One 2010; 5: 10007 [PMID: 20368993 DOI: 10.1371/journal.pone.0010007]

Smith AK, Fang H, Whistler T, Unger ER, Rajeevan MS. Convergent genomic studies identify association of GRIK2 and NPAS2 with chronic
fatigue syndrome. Neuropsychobiology 2011; 64: 183-194 [PMID: 21912186 DOI: 10.1159/000326692]

Huyghe JR, Jackson AU, Fogarty MP, Buchkovich ML, Stan¢akova A, Stringham HM, Sim X, Yang L, Fuchsberger C, Cederberg H, Chines
PS, Teslovich TM, Romm JM, Ling H, McMullen I, Ingersoll R, Pugh EW, Doheny KF, Neale BM, Daly MJ, Kuusisto J, Scott LJ, Kang HM,
Collins FS, Abecasis GR, Watanabe RM, Boehnke M, Laakso M, Mohlke KL. Exome array analysis identifies new loci and low-frequency
variants influencing insulin processing and secretion. Nat Genet 2013; 45: 197-201 [PMID: 23263489 DOI: 10.1038/ng.2507]

Buisdenge WID | hittps:/ /www.wjgnet.com 1941 September 15,2024 | Volume15 | Issue9


http://www.ncbi.nlm.nih.gov/pubmed/33760368
https://dx.doi.org/10.1002/art.41733
http://www.ncbi.nlm.nih.gov/pubmed/19817783
https://dx.doi.org/10.1111/j.1463-1326.2009.01101.x
http://www.ncbi.nlm.nih.gov/pubmed/24516131
https://dx.doi.org/10.1073/pnas.1318951111
http://www.ncbi.nlm.nih.gov/pubmed/19470168
https://dx.doi.org/10.1186/1740-3391-7-5
http://www.ncbi.nlm.nih.gov/pubmed/10864874
https://dx.doi.org/10.1126/science.288.5474.2226
http://www.ncbi.nlm.nih.gov/pubmed/24067359
https://dx.doi.org/10.1016/j.ymgme.2013.08.015
http://www.ncbi.nlm.nih.gov/pubmed/26134245
https://dx.doi.org/10.3109/07420528.2015.1049613
http://www.ncbi.nlm.nih.gov/pubmed/22538398
https://dx.doi.org/10.1007/s00702-012-0810-2
http://www.ncbi.nlm.nih.gov/pubmed/20368993
https://dx.doi.org/10.1371/journal.pone.0010007
http://www.ncbi.nlm.nih.gov/pubmed/21912186
https://dx.doi.org/10.1159/000326692
http://www.ncbi.nlm.nih.gov/pubmed/23263489
https://dx.doi.org/10.1038/ng.2507

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Animal studies
	OGTT and GSIS
	Culture and transfection of MIN6 cell injury model
	Injury model of MIN6 cells induced by palmitic acid
	Western blot
	Detection of accumulated insulin secretion by MIN6 cells
	RNA quantification
	Cell proliferation assay
	Statistical analysis

	RESULTS
	Establishment of type 2 diabetic mice
	NPAS2 was significantly up-regulated in islet β cell of T2DM
	KANK1 was the potential target gene of NPAS2
	NPAS2 positively regulates KANK1 expression
	Knocking down NPAS2 and KANK1 increased the proliferation of MIN6 β-cell
	NPAS2 deceased β-cell survival by regulating KANK1 expression
	Gastric bypass may treat type 2 diabetes by down-regulating NPAS2 and KANK1

	DISCUSSION
	CONCLUSION
	FOOTNOTES
	REFERENCES

