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Abstract

Forkhead transcription factor O1 (FOXOT7) methylation is associated with inflammation. Diabetic kidney disease (DKD)i\s
characterized with increased inflammatory markers such as uric acid, hemogram indices, C-reactive protein derived markers,
omentin and neuregulin. This study aimed to investigate the effect of DNA methylation in FOXO7 gene promoter, blood glucose
and lipids in the process of type 2 DKD. Bisulfite genomic sequencing was used to monitor DNA methylation in the promoter
region (+1021, +1193) of FOXO1 gene. The detections were taken in glycosylated hemoglobin A1c, fasting plasma glucose and
blood lipid. 81 participants were divided into the control group, the preliminary diabetes mellitus group, the pure diabetes mellitus
group, and the DKD group. The other groups displayed higher fasting plasma glucose than the control group (all P value < .05).
The fasting plasma glucose level was higher in the pure diabetes mellitus group than the preliminary diabetes mellitus group
(P =.004). The levels of HbA1c were higher in other groups than control group and preliminary diabetes mellitus groups (all P
values < .01). The high-density lipoprotein level was lower in the DKD group (P = .021, P = .022) than control and pure diabetes
mellitus group. The levels of low-density lipoprotein were statistically lower in preliminary diabetes mellitus and DKD groups than
control group (all P value < .02). Along with the progress of DKD, a down trend was observed in the total methylation rate of
FOXO1 gene (P = .025), which contains 5 CpG sites (1021, +1193) in the promoter. Hypomethylation in the promoter of FOXO1

gene, hyperglycemia and low level of serum lipid might be associated with the pathogenesis of type 2 DKD.
Abbreviations: DKD = diabetic kidney disease, FOXO1 = forkhead transcription factor O1, FPG = fasting plasma glucose.
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1. Introduction

China’s economy has grown rapidly since the reform and open-
ing up. At the same time, unhealthy eating patterns become more
and more popular such as western diet and overeating, as well
as sedentary and staying up-to-night lifestyles, which directly
leads to a sharp increase in the prevalence of diabetes in China
these years, from 0.67% in 1980 to 10.4% in 2013.1" Type 2
diabetes is the most common type of diabetes, accounting for
about 90% of diabetes cases.’! Diabetes itself and its compli-
cations have seriously affected the quality of life.*! As the most
common and harmful microvascular complication in the late
stage of diabetes, the pathogenesis of diabetic kidney disease
(DKD) is not yet fully understood.?*!
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Forkhead transcription factor O1 (forkhead box protein
01, FOXO1) belongs to one of the FOXO family members."”!
Previous studies have shown that FOXO1 plays an import-
ant role in the pathogenesis of diabetes and DKD.$ FOXO1
methylation is associated with inflammation.”! On the other
hand, DKD is characterized with increased inflammatory mark-
ers such as uric acid,"” hemogram indices,!'!! C-reative protein
derived markers,"?! omentin,"! and neuregulin."¥ Previous
literatures also found that DNA methylation can regulate the
expression of FOXO1 gene during the onset of diabetes.!':!!
Thus, studying FOXOT1 in DKD is logical and prospective. We
plan to observe the changes in blood glucose, blood lipids and
FOXO1 gene methylation during the pathogenesis of DKD
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in type 2 diabetes, aiming to explore the potential epigenetic
pathogenesis of DKD and provide new perspectives for its diag-
nosis and treatment.

2. Methods

2.1. Study subjects

A total of 81 healthy people and type 2 diabetes patients were
selected as the study subjects, who completed physical exam-
inations at Longgang People’s Hospital from July 2015 to
December 2016. The classification of the subjects was based
on the “Guidelines for the Prevention and Treatment of Type
2 Diabetes in China (2019 Edition).” We divided the subjects
with fasting blood-glucose less than 6.1 mmol/L and postpran-
dial blood glucose less than 7.8 mmol/L into the control group,
and the others with 6.1~7.0 mmol/L fasting blood glucose or
7.8~11.1 mmol/L postprandial blood glucose into preliminary
diabetes mellitus group. Based on the “Expert Consensus on
the Prevention and Treatment of Diabetic Nephropathy (2014
Edition),” the cases were further classified into the pure diabe-
tes mellitus group (Urinary Albumin Excretion Rate < 30 mg/24
hour) and the DKD group (Urinary Albumin Excretion
Rate > 30 mg/24 hour), taking confirmed medical records into
account simultaneously.'” Exclusion criteria referred to previ-
ous literature.!'”]

2.2. Equipment and reagents

Genomic DNA extraction kit, DNA gel recovery kit and Bisulfite
conversion kit (Beijing Tiangen Biological Co., Ltd.); Taq
enzyme (Nanjing Vazyme Biotechnology Co., Ltd.); FOXO1
gene methylation polymerase chain reaction primers (Wuhan
Tianyi Huiyuan Biotechnology Co., Ltd.); PMD19 vector and
Escherichia coli DH50. competent cells (Dalian Bao Biological
Engineering Co., Ltd.); Automatic biochemical analyzer and
supporting reagents (Beckman AU5811); Hemoglobin test sys-
tem and supporting reagents (BD VARI).

2.3. Experimental procedures

2.3.1. Sample collection. Five mL venous blood was collected
using blood collection tube (EDTA anticoagulation) for
detection of glycosylated hemoglobin and the remaining blood
for methylation test. Synchronously, 3mL venous blood was
collected and placed in a procoagulant blood collection tube,
coagulated at room temperature for 30 minutes, and centrifuged
at 1000 g x 15 minutes to detect fasting plasma glucose (FPG),
blood lipids and other biochemical indicators.

2.3.2. Bisulfite genome sequencing. (1) Design of methylation
primer

The base sequence of human FOXO1 gene promoter was
found according to NCBI database and ensembl database. Then
we use the methylation primer design software (MethPrimer
online software) to confirm the existence of CpG islands in the
gene promoter region, so as to design the methylation primers
for bisulfite genome sequencing. See Table 1 for specific infor-
mation of primers.
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(2)Bisulfite sequencing:

Human genomic DNA was extracted from whole blood.
DNA concentration, purity and integrity was determined by
1.0% agarose gel electrophoresis. The genomic DNA in each
group was mixed and the bisulfite conversion was completed.
2 pL transformed sample was taken to carry out methylation
Polymerase Chain Reaction test: preheat at 95°C for 5 min-
utes; denature at 95°C for 20 seconds, annealing at 50°C for
20 seconds, extension at 72°C for 30 seconds; repeat for 30
cycles. Keep at 72°C for 5 minutes and store at 4°C. See Table 2.
Then we use 2.0% agarose gel electrophoresis to separate and
purify the methylated bands under UV light. PMD19 vector was
connected to the 5 pL purified and recovered product, and was
transformed into E coli DH5a competent cells to complete the
blue and white clonal spot screening test. Then we select the
positive cloned bacteria and culture them at 37°C, 200 rpm/min
with constant temperature shaking for 8 hours, and then take
10 to 12 turbid bacterial solutions from each group as soon as
possible to send to Wuhan Tianyi Huiyuan Biotechnology Co.,
Ltd. for sequencing. Biochemical Indicators: FPG, blood lipids
and other biochemical indicators were detected using auto-
matic biochemical analyzer (Beckman AU5811) and supporting
reagents. HbAlc: HbAlc was detected by high pressure liquid
chromatography with hemoglobin test system (BD VARI) and
supporting reagents.

2.4. Statistical analysis

A normal distribution of our data was shown using the normal-
ity test. Difference between measurement data, which was rep-
resented as Mean = Stand Error (S.E.), was compared through
1-way analysis of variance and that between groups with SNK
test on the condition that equal variance assumed. Tamhane T2
method was applied in the case of heterogeneity of variance.
Chi-squared test was applied for analysis of categorical variable.
The data was entered into SPSS13.0 software for analysis. The
test level is set as o = 0.05 for 2-tailed test. P < .05 is regarded as
a statistically significant difference.

3. Results

3.1. General information

The general information of the subjects is shown in Table 3.
There was no statistically significant difference in gender
between different groups (y2 = 1.488, P = .685), but there was a
statistically significant difference in age (y2 = 2.955, P = .038).

3.2. Biochemical indicators

There was no statistically significant difference in triglyceride
and total cholesterol among the 4 groups of study subjects
(62 = 2.955, all P values >.05). FPG, HbAlc, high-density
lipoprotein and low-density lipoprotein were with statistically
difference in 4 groups (all P values <.05). Among them, com-
pared with the control group, the FPG of the other 3 groups was
significantly increased (all P values < .05). Compared with the
preliminary diabetes mellitus group, the FPG of the pure diabe-
tes mellitus group increased significantly (P = .004). Compared

The information of the methylation primer sequence of FOXO1 gene.

Gene Primer sequence

Primer length (bp) Annealing temperature (C)

FoXo1 F: 5'- AAGGATAAG GGTGATAGTAATAGTT -3’

R: 5’- ACAACTCTTC TCCTAAAAAATTTCC -3’

173 50

FOXO1 = Forkhead transcription factor 01.
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2 diabetes. Epigenetic modification is a heritable phenotypic
variation other than base sequence changes. The most widely
known one is DNA methylation.!*"!

The component The application amount (L) This is a reaction in which a methyl group is added to the 5’
, position of cytosine under the catalysis of an enzyme to form

2 ?g?vsa'\rﬂdasi?r;yrlx (Dye Plus) 2? 5-methylcytosine, which mainly occurs in CpG islands of gua-
Reverse Srimer 1 nine gnd cyt.osine-enriched genes. The hyp.ermethylation of
DNA template ’ CpG 1slapds in the promoter region of certain genes can legd
ddH.0 o1 to a decline in gene expression or even silencing.'”>'8 Studies

Total velume 50 have found that the DNA methylation level of FOXO1 gene

PCR = polymerase chain reaction.

with the control group and the preliminary diabetes mellitus
group, glycosylated hemoglobin in the other 2 groups was sig-
nificantly increased (all P values < .01). Compared with the con-
trol group and the pure diabetes mellitus group, the high-density
lipoprotein of the DKD group was significantly lower (P = .021,
P =.022). Both the preliminary diabetes mellitus group and the
DKD group were lower in low-density lipoprotein than the con-
trol group (P =.018, P =.002). The biochemical indicators of
each group are shown in Table 4.

3.3. DNA methylation results

It is estimated that the promoter region (+1021, +1193) of the
human FOXO1 gene contains a total of 5 CpG sites. As diabetes
progresses, the overall methylation ratio of the human FOXO1
gene promoter region (+1021, +1193) gradually decreases, and
the difference is statistically significant (32 = 9.319, P =.025).
See Table 5 and Figure 1.

4. Discussion

FOXOT1 transcription factor participates in the metabolism,
growth and development and tumor formation by regulating
various physiological and pathological processes such as oxi-
dative stress, cell proliferation and apoptosis.'! In particular,
FOXO1 plays an important role in lipid metabolism disor-
ders and microvascular diseases, which affect the pathogenesis
of kidney disease to varying degrees.>"”) DKD may be closely
associated with the changes in epigenetic modification of type

in vascular smooth muscle cells decreases, and the expression
of FOXO1 protein increases, which is closely associated with
lipid metabolism.">! This suggests that FOXO1 gene methyla-
tion may play an important role in the pathogenesis of DKD.

In this study, as the course of diabetes progressed, FPG and
HbA1c increased significantly, while high-density lipoprotein
and low-density lipoprotein decreased significantly. This shows
that the pure diabetes mellitus group and DKD group have dif-
ferent degrees of blood glucose and lipid metabolism disorders.
This is consistent with previous reports of glucose metabolism
disorders in diabetic patients characterized by increased FPG
and HbA1c.*'24 Our study suggested that the high-density lipo-
protein of the DKD group was significantly decreased, compared
with the control group (P = .021) and the pure diabetes mellitus
group (P =.022). Compared with the control group, low den-
sity lipoprotein levels in the preliminary diabetes mellitus group
(P =.018) and DKD group (P =.002) decreased significantly.
This is inconsistent with the decrease of high-density lipoprotein
and/or the increase of low-density lipoprotein in patients with
diabetes or DKD in previous studies. It is supposed that patients
with diabetes or DKD may have taken statins.

This study also found that the overall methylation ratio
of the human FOXO1 gene promoter region (+1021, +1193)
gradually decreased (y2 = 9.319, P =.025) as the disease
progressed, suggesting that the overall methylation of the
FOXO1 gene promoter region may play an crucial part in
the pathogenesis of DKD. This is consistent with the results
that a significant decrease in FOXO1 gene methylation level
in patients with diabetic retinopathy, compared with diabetic
patients, observed by Gao.!'” Other studies have shown that
the reduction of methylation in the FOXO1 promoter region
of smooth muscle cells is affected by oxidized low-density
lipoprotein. Furthermore, it promotes lipid deposition and cell

The basic information of different groups.

Items Control group Pre-diabetes mellitus group Pure diabetes mellitus group DKD group
Gender (male/female) 20 (12/8) 11 (8/3) 29 (15/14) 21 (12/9)
Age (yrs) 48.15 +13.99 41.36 + 17.65 49.48 +17.11 57.81 +13.89°

DKD = diabetic kidney disease.

Compared with the control group, 3P < .05. Compared with the preliminary diabetes mellitus group, ° < .05. Compared with the pure diabetes mellitus group, °P < .05.

The basic information of blood biochemistry.

Items The control group Preliminary diabetes mellitus group Pure diabetes mellitus group DKD group
FPG (mmol/L) 4.56 +0.52 6.19+1.372 10.32 £ 554 ® 8.46 +£3.112
HbA1c (%) 555+ 0.35 6.64 +1.21 9.70£2.76® 9.34 +2.80®

Triglyceride(mmol/L) 1.36 +0.56 1.86 +1.00 2.29+2.06 2.06 +1.02

Total cholesterol (mmol/L) 544 +1.16 4.22 +0.62 6.14 +7.31 431 +0.96
High density 1.49 + 0.30 1.48 +0.43 145+0.73 111 +£030%
lipoprotein (mmol/L)
Low density lipoprotein (mmol/L) 3.27 £0.97 244 +£0.60° 2.78 +1.06 238+0.762

DKD = diabetic kidney disease, FPG = fasting plasma glucose, HbAlc = glycosylated hemoglobin.
Compared with the control group, #P < .05. Compared with the preliminary diabetes mellitus group, °P < .05. Compared with the pure diabetes mellitus group, °P < .05.
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Table 5
The data of DNA methylation on CpG sites of FOXO1 gene.
Preliminary diabetes Pure diabetes
Sites Control group mellitus group mellitus group DKD group
CpG (%) 12 (24%) 6 (13.33%) 3(6.67%) 3 (6%)
TpG (%) 38 (76%) 39 (86.67%) 42 (93.33%) 47 (94%)
DKD = diabetic kidney disease, FOXO1 = Forkhead transcription factor O1.
AAGGATAAGGGTGATAGTAATAGTT C_(‘-(]CEGGT T AAGGATAAGGGTGATAGTAATAGTT ﬁ(-l_G GGTT
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Figure 1. Graphic representation of DNA methylation of FOXO7 gene (Left: The control Group; Right: The DKD group). DKD = diabetic kidney disease,

FOXO1 = Forkhead transcription factor O1.

transformation in smooth muscle cells, which may result in
abnormal lipid metabolism.!**!

In this study, the simultaneous occurrence of abnormal glu-
cose and lipid metabolism and FOXO1 gene hypomethylation
suggests that during the pathogenesis of DKD, hypomethylation
in the promoter region of the FOXO1 gene may associated with
increased gene expression, which is closely related to abnormal
glucose metabolism and lipid metabolism. However, the causal
relationship between them is still unclear. Moreover, several
other aspects in which further research work should be inten-
sified are put forward, such as FOXO1 gene methylation and
mRNA and protein expression during the pathogenesis of DKD,
temporality between metabolic abnormalities and FOXO1 gene
epigenetic modification regulation through animal models.

In conclusion, by preliminarily exploring the relationship
between FOXO1 gene DNA methylation, abnormal metabolism
and the onset of DKD in patients with type 2 diabetes, we specu-
lates that hypomethylation in the promoter region of FOXO1 gene
promotes gene transcription, relating to increased FOXO1 protein
expression, which in turn associates with abnormal sugar metab-
olism and lipid metabolism, eventually may lead to DKD. During
the early stages of DKD, detection of epigenetic events could be
valuable for timely diagnosis and prompt treatment to prevent end-
stage renal disease’s progression. Identification of DKD’s epigenetic
signatures might also inform precision medicine approaches.
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