
Int J Clin Exp Med 2019;12(9):11806-11812
www.ijcem.com /ISSN:1940-5901/IJCEM0098133

Original Article
Correlation between methylation levels of TRIM28  
gene at Cpg10-11 sites in patients with gestational  
diabetes mellitus and infant obesity

Binyuan Li1, Liwen Gai2, Jing Meng2

1Department of Child Health, Tengzhou Maternal and Child Health Hospital, Tengzhou, Shandong Province, China; 
2Department of Obstetrics, Tengzhou Central People’s Hospital, Tengzhou, Shandong Province, China

Received June 7, 2019; Accepted August 9, 2019; Epub September 15, 2019; Published September 30, 2019

Abstract: Objective: We aimed to investigate the correlation between methylation levels of TRIM28 gene at CpG10-
11 sites in patients with gestational diabetes mellitus (GDM) and infant obesity. Methods: A total of 513 GDM 
patients were selected for the study. Meanwhile, 213 healthy pregnant women with normal glucose tolerance (NGT) 
were assigned to a control group. After delivery, 5 mL cord blood was collected from each subject for detecting the 
methylation degree of TRIM28 gene at CpG10-11 sites using matrix-assisted laser desorption ionization-time of 
flight mass spectrometry (MALDI-TOF-MS) method. A multivariate regression model was applied to analyze the cor-
relation between the methylation level of TRIM28 gene at CpG10-11 sites and infant obesity at birth and 6, 12, and 
18 months old. Results: The methylation level of TRIM28 gene at CpG3 site was positively correlated with the birth 
weight (P<0.05). The methylation levels of TRIM28 gene at CpG sites had no correlation with the infant weight at 6 
months, weight gain during the 6 months, weight-for-age BMI Z-Score, and weight-for-age Z-Score (all P>0.05). After 
the confounding factors were adjusted, the mean methylation levels of TRIM28 gene at CpG sites showed a positive 
correlation with the infant weight at 12 months, weight gain from 6 to 12 months, and weight-for-age Z-Score (all 
P<0.05). Conclusion: The methylation level of TRIM28 gene at CpG10-11 sites and the mean methylation levels of 
TRIM28 gene at CpG sites were significantly correlated with BMI and age-specific BMI Z-Score of infants, and the 
correlation was most significant at 18 months.
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Introduction

With the development of society and the im- 
provement in living standards, the problem of 
infant obesity has been taken seriously, and 
the traditional view is that the increased occur-
rence of obesity may be related to the improved 
nutrition level, decreased physical activities, 
and genetic factors [1]. Further studies have 
shown that the intrauterine high-glucose envi-
ronment in patients with gestational diabetes 
mellitus (GDM) may also be a significant cause 
of infant obesity [2]. It is currently believed that 
the biological mechanism of GDM affecting 
infant obesity may be related to hyperinsuline- 
mia and epigenetic changes, and the latter is 
the dominant factor [3]. Epigenetics believes 
that without changing the gene sequence, dif-

ferent environment can result in different epi-
genetic modifications of genes and then may 
cause different biological effects [4]. DNA me- 
thylation is the most common change of epi-
genetic modification [5, 6]. As a ‘switch’ in the 
gene for obesity, TRIM28 (Tripartite motif pro-
tein 28) was found to play a crucial role in ‘fetal 
programming’. At the same time, experiments 
in animals found that the distribution of body 
weights of mice with TRIM28 mutation was 
bimodal, and the incidence rate of obesity was 
significantly increased [7, 8]. Based on the 
above research findings, this study speculates 
that the high-glucose environment in GDM pa- 
tients can lead to the initiation of ‘fetal obesity 
programming’, which then causes the changes 
in the methylation levels of TRIM28 gene and 
ultimately results in obesity.

http://www.ijcem.com
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Materials and methods

Study subjects

A total of 513 GDM patients treated in Tengzh- 
ou Central People’s Hospital between January 
2014 and December 2015 for labor were 
selected and assigned to a GDM group (age: 
28.6±4.3 years, pre-pregnancy BMI: 23.6±4.2 
kg/m2). Meanwhile, 213 healthy pregnant wo- 
men with normal glucose tolerance (NGT) were 
assigned to a control group (NGT group). This 
research has been approved by the Ethics 
Committee of Tengzhou Central People’s Hos- 
pital.

Inclusion and exclusion criteria

Inclusion criteria: 1) patient who was 18 to 42 
years old; 2) patient who had singleton preg-
nancy confirmed by color ultrasound; 3) patient 
who was 37 to 42 weeks pregnant; 4) patient 
who had received at least senior high school 
education; 5) clinical data was complete; 6) 
patient who was healthy without other diseas-
es; 7) patient who consented to be involved in 
the study.

Exclusion criteria: 1) patient who was under 18 
years of age or above 42 years of age; 2) patient 
who had twin pregnancy or multiple pregnan-
cies; 3) patient who gave birth prematurely; 4) 
patient who had not received senior high school 
education; 5) patient who had incomplete clini-
cal data; 6) patient who suffered from any of 
the chronic diseases including pregestation- 
al diabetes mellitus, gestational hypertension, 
preeclampsia, hyperthyroidism, hypothyroidi- 
sm, and severe renal impairment; 7) patient 
who refused to be involved in the study.

Diagnostic criteria for GDM

The diagnostic criteria used in the study was 
based on the International Association of Dia- 
betes and Pregnancy Study Groups (IADPSG) 
criteria for GDM, according to which the diagno-
sis was made if any of the following abnormal 
values appeared after an oral glucose toler-
ance test (OGTT): 1) fasting plasma glucose 
level ≥5.1 mmol/L; 2) one-hour plasma glucose 
level ≥10 mmol/L; 3) two-hour plasma glucose 
level ≥8.5 mmol/L.

Evaluation methods for markers of obesity

The birth weight and length of 20,000 babies 
born in Tengzhou Central People’s Hospital in 

the past ten years were used as criteria. The 
newborns who had birth weight greater than 
the 90th percentile for their gestational age 
were considered large for gestational age (LGA); 
newborns who had birth weight below the 10th 
percentile were considered small for gestation 
age (SGA); and newborns who had birth weights 
between the two percentiles were considered 
appropriate for gestational age (AGA). Obesity-
related indicators were calculated using the 
Z-Score formula: Z-Score = (measured value (of 
height or weight) - mean of standard (height or 
weight))/standard deviation of standard (height 
or weight). Specific evaluation indicators includ-
ed gestational age-specific birth weight Z-Sco- 
re, age-specific BMI Z-Score, and weight-for-age 
Z-Score.

Detection of the methylation level of TRIM28 
gene

On the premise of obtaining informed consent 
from all the study objects, 5 mL cord blood was 
collected after delivery, centrifuged at 1,000 
rpm for 10 minutes, numbered, and then stored 
in a refrigerator at -80°C. After completing all 
the collection, guanidine hydrochloride method 
was used for DNA extraction, and the informa-
tion of TRIM28 gene and promoter region CpG 
islands was obtained using NCBI and UCSC 
databases. MassArray, a methylation-specific 
primer design software, was used to design pri- 
mers, and T7-promoter sequence was added  
to the 5’ end of the reverse primer and 10 mer 
tag to the 5’ end of the forward primer. Specific 
primer sequences and CpG sites are shown in 
Tables 1 and 2. Matrix-assisted laser desorp-
tion ionization-time of flight mass spectrome- 
try (MALDI-TOF-MS) was employed for detec-
tion. The mass spectrum peak was detected 
using EpiTYPER software, and the degree of 
methylation was assessed based on the mass 
spectrum peak figure.

PCR reaction system

The total volume was 5 μL, which included 1.42 
μL double distilled water, 0.5 μL PCR buffer 
(10×), 0.04 μL dNTP and enzyme, 1 μL forward 
and reverse primers, and 1 μL DNA samples  
to be measured. The reaction conditions are 
shown in Figure 1.

Statistical analysis

All data were analyzed using SPSS Statistics 
21.0. Measurement data are represented by 
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mean ± sd, and count data are expressed as  
n, %. When the methylation level of TRIM28 
gene did not conform to the normal distribu-
tion, the median was used as a reference value. 
The patients whose level was no less than the 
reference value composed a reference group. 
Single-variant logistic analysis was used to an- 
alyze the correlation between the various fac-
tors, with α=0.05 as the significance level.

Results

Basic information of the subjects

The GDM group and the NGT group were com-
parable in terms of maternal age, pre-pregnan-
cy BMI, marital status, and annual household 
income per capita (P>0.05). There were also no 
differences in gestational age at delivery, pari-
ty, and newborns’ gender (P>0.05, Table 3).

Comparison of blood glucose levels during 
pregnancy and birth weight of newborns in the 
two groups

As shown in Table 4, levels of the first trimes- 
ter glycosylated hemoglobin and second-tri-
mester OGTT markers including fasting blood 
glucose, glucose concentration at one-hour gl- 
ucose load, and glucose concentration at two-
hour glucose load of the patients in the GDM 
group were significantly higher than those in 
the NGT group (P<0.001). The fasting blood glu-
cose levels in the two groups during the first 
trimester were similar (P>0.05). The birth wei- 
ght, gestational age-specific birth weight Z- 
score, and the proportion of LGA and fetal mac-
rosomia in the GDM group were significantly 
higher than those in the NGT group (P<0.01).

Correlation between methylation levels of 
TRIM28 gene and markers related to birth 
weight

Statistical analysis showed that the methyla-
tion level of TRIM28 gene at CpG3 site was 
positively correlated with birth weight, and the 
relations between methylation levels at other 
sites and the birth weight as well as gestational 
age-specific birth weight Z-Score were not sta-
tistically significant. See Table 5.

Correlation between methylation level of 
TRIM28 gene and markers related to growth 
and development in 6-month old infants

At 6th month of the study, 13 babies were lost 
to follow-up, so information of 500 infants was 
collected in this phase. Statistical analysis 
showed that there were no correlations bet- 
ween the methylation level of TRIM28 gene  
at CpG sites and the weight of 6-month old 
infants, weight gain during the 6 months, BMI, 
weight-for-age Z-Score, and age-specific BMI 
Z-Score. See Table 6.

Correlation between methylation level s of 
TRIM28 gene and markers related to growth 
and development in 12-month-old infants

At 12th month of the study, more babies were 
lost to follow-up. Information of only 460 infants 

Table 1. PCR amplification primers of TRIM28 gene
Sequence Number of CpG Island Segment

10F aggaagagagTTTTTTTTATTTGTGGTTAGGTTGG 11 487
T7R cagtaatacgACTCATAGGGGGAGAAGGCAATAATTCCCCCT

Table 2. Position of each CpG site of TRIM28 
gene
CpG site Chromosome Position of CpG site
CpG1 chr19 59055377
CpG2 59055389
CpG3 59055414
CpG4 59055412
CpG5 59055458
CpG6 59553698
CpG7 59555874
CpG8 59558952
CpG9 59557458
CpG10 59555963
CpG11 59553308

Figure 1. PCR reaction conditions.
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was collected in this phase. After the confo- 
unding factors were adjusted in the statistical 
analysis, the mean methylation level of TRIM28 
gene at each CpG site (CpGM#) showed a posi-
tive correlation with the infant weight at 12 
months, weight gain from 6-12 months, and 
weight-for-age Z-Score. See Table 7.

Correlation between methylation levels of 
TRIM28 gene and markers related to growth 
and development in 18-month old children

In this phase, clinical data of 400 children were 
collected. The analysis showed that the meth-
ylation levels of TRIM28 gene at CpG 10-11 and 
CpGM sites were positively correlated with the 

have positive impact. For GDM patients, the 
probability of giving birth to large babies or 
overweight babies is greatly increased. The 
problem of infant obesity seriously affects the 
health of offspring, which required a focused 
clinical study [11-14].

At present, the relationship between GDM and 
obesity in patients’ offspring is still unclear. 
Epigenetics provides a possible explanation  
for one of the molecular mechanisms of obesity 
in GDM patients’ offspring. It is believed that 
necessary mutations can occur in some ge- 
nes according to the environment, so to some 
extent, these kinds of mutations can reflect  
the changes in the environment where the off-

Table 3. Basic information of the subjects
Variable GDM group (n=513) NGT group (n=213) P value
Maternal age 25.3±3.65 26.8±1.96 0.695
Pre-pregnancy BMI 21.6±2.36 20.9±2.02 0.952
Marital status (yes/no) 502/11 208/5 0.654
Annual household income per capita (ten thousand) 3.2±0.36 3.3±0.58 0.512
Gestational age at delivery 39.5±0.99 39.4±1.02 0.485
Parity (1/2) 480/33 208/5 0.852
Newborn’s gender (male/female) 265/248 108/105 0.721
Note: GDM, gestational diabetes mellitus; NGT, normal glucose tolerance; BMI: body mass index.

Table 4. Comparison of blood glucose level during pregnancy and birth 
weight of newborns in the two groups

Variable GDM group  
(n=513)

NGT group  
(n=213) P

First trimester
    FBG (mmol/L) 5.01±0.63 4.96±0.33 0.254
    HbA1c (%) 5.4±0.51 5.3±0.44 0.066
Second trimester (OGTT)
    0 h 5.3±0.21 4.2±0.31 0.000
    1 h 8.9±1.25 6.9±2.01 0.000
    2 h 7.4±1.36 6.5±1.02 0.000
Birth weight (kg) 3.9±0.45 3.1±0.66 0.000
Gestational age-specific birth weight Z-Score 0.5±0.91 -0.5±1.03 0.000
Birth weight (based on gestational age)
    SGA 13 (2.53) 16 (7.51) 0.000
    AGA 361 (70.37) 180 (84.51)
    LGA 139 (27.10) 17 (7.98)
Birth weight
    Normal 410 (79.92) 203 (95.31) 0.000
    Fetal macrosomia 103 (20.08) 10 (4.69)
Note: GDM, gestational diabetes mellitus; NGT, normal glucose tolerance; LGA: large for 
gestational age; SGA: for gestation age; AGA: appropriate for gestational age; FBG, fasting 
blood glucose; HbA1c: hemoglobin A1c; OGTT: oral glucose tolerance test.

markers related to gr- 
owth and development 
in 18-month-old chil- 
dren. The results are 
shown in Table 8.

Discussion

The World Health Re- 
port 2004 stated that 
about 10% of children 
were overweight or ob- 
ese at that time, and 
the obesity rate of the 
children aged 0 to 6 in 
China was roughly eq- 
ual to that number [9- 
10]. Related studies ha- 
ve indicated that child-
hood obesity not only 
impairs children’s he- 
alth in childhood but 
also may cause various 
life-threatening diseas-
es in adulthood. Ther- 
efore, active control of 
children’s weight can 
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spring stay in. As the blood glucose level of the 
GDM patients is high, their babies often take 
too much glucose in. Under this kind of internal 
environment, gene mutations occur in babies, 
and then a large amount of sugar gets convert-
ed into fat, resulting in obesity of the offspring 
[15-17]. During the fetal development process, 
the fetuses are very sensitive to the intrauter-
ine environment. In order to adapt to the high 

the babies are born. Even the babies stay away 
from the high-sugar environment, their sensitiv-
ity to sugar and the conversion efficiency from 
sugar to fat remain unchanged. As a “switch” 
gene for obesity, TRIM28 is turned on in a high-
sugar environment, and then the obesity pro-
cess is started. However, the “on” position will 
not be changed after the birth of the babies. It 
will not be turned off and still works even 

Table 5. Correlation between methylation level of TRIM28 gene and birth weight

Variable
Birth weight (kg) Gestational age-specific birth weight Z-Score

β (SE) P β (SE) P
CpGM# 33.63 (23.56) 0.361 0.08 (0.06) 0.315
CpG1-2 -19.36 (16.32) 0.254 -0.05 (0.04) 0.541
CpG3 31.28 (15.23) 0.049 0.07 (0.04) 0.041
CpG4 -3.58 (20.21) 0.845 -0.02 (0.03) 0.666
CpG5-6-7 15.36 (14.02) 0.327 0.01 (0.06) 0.841
CpG8-9 12.36 (13.02) 0.125 0.02 (0.03) 0.329
CpG10-11 9.36 (11.02) 0.587 0.03 (0.04) 0.116
Note: #represents the mean methylation level of TRIM gene at CpG sites; SE: Standard error.

Table 6. Correlation between methylation levels of TRIM28 gene and markers related to growth and 
development in 6-month-old infants

Variable
Weight (kg) Weight gain in 0-6 

months (kg) BMI (kg/m2) Weight-for-age Z-Score Age-specific BMI 
Z-Score

β (SE) P β (SE) P β (SE) P β (SE) P β (SE) P
CpGM# 0.04 (0.03) 0.563 0.04 (0.03) 0.205 0.04 (0.04) 0.763 0.06 (0.05) 0.554 0.03 (0.04) 0.212
CpG1-2 0.03 (0.05) 0.196 0.05 (0.04) 0.151 0.03 (0.06) 0.851 0.04 (0.03) 0.354 0.04 (0.03) 0.071
CpG3 0.01 (0.04) 0.543 0.05 (0.03) 0.062 0.01 (0.05) 0.663 0.05 (0.03) 0.606 0.04 (0.06) 0.176
CpG4 0.05 (0.05) 0526 0.02 (0.01) 0.611 -0.05 (0.06) 0574 -0.05 (0.04) 0.611 -0.02 (0.01) 0.601
CpG5-6-7 0.01 (0.04) 0.336 0.01 (0.02) 0.141 0.01 (0.04) 0.136 0.06 (0.04) 0.081 0.05 (0.04) 0.343
CpG8-9 0.03 (0.05) 0.522 0.02 (0.03) 0.332 -0.03 (0.01) 0.510 -0.02 (0.03) 0.112 0.07 (0.02) 0.804
CpG10-11 0.05 (0.04) 0.517 0.03 (0.04) 0.075 0.05 (0.02) 0.219 0.03 (0.04) 0.854 -0.03 (0.01) 0.375
Note: #represents the mean methylation level of TRIM gene at CpG sites; BMI: body mass index; SE: Standard error.

Table 7. Correlation between methylation levels of TRIM28 gene and 
markers related to growth and development in 12-month old infants

Variable
Weight (kg) Weight gain in 6-12 

months (kg)
Weight-for-age  

Z-Score
β (SE) P β (SE) P β (SE) P

CpGM# 0.14 (0.08) 0.033 0.09 (0.16) 0.041 0.11 (0.13) 0.025
CpG1-2 0.02 (0.04) 0.106 0.05 (0.03) 0.211 0.03 (0.02) 0.101
CpG3 0.03 (0.03) 0.053 0.04 (0.02) 0.762 0.03 (0.03) 0.162
CpG4 -0.04 (0.02) 0.516 -0.02 (0.02) 0.601 -0.02 (0.012) 0.677
CpG5-6-7 0.11 (0.04) 0.056 0.10 (0.08) 0.101 0.06 (0.04) 0.103
CpG8-9 0.12 (0.04) 0.512 0.13 (0.23) 0.072 0.11 (0.10) 0.302
CpG10-11 -0.05 (0.04) 0.507 -0.03 (0.04) 0.145 -0.03 (0.04) 0.175
Note: #represents the mean methylation level of TRIM gene at CpG sites; SE: Standard 
error.

glucose level in the envi-
ronment, they will stay  
or change their high glu-
cose state. The fetuses 
undergo epigenetic mo- 
difications during the de- 
velopment process, lead-
ing to the over conver-
sion of sugar to fat. The 
epigenetic modifications 
that occur under these 
conditions may be per-
manent and have a long-
term impact on the he- 
alth of the offspring. They 
will not disappear after 
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though the babies are no longer stay in the 
high-sugar intrauterine environment. Therefore, 
TRIM28 works as a promoter to obesity in the 
“fetal programming” process [18-20]. This stu- 
dy found that the methylation level of TRIM28 
gene at CpG3 site was positively correlated 
with the birth weight. Although negative results 
were obtained at 6 months, the methylation 
levels of TRIM28 gene at CpG10-11 sites and 
CpGM levels were positively correlated with the 
BMI and age-specific BMI Z-Score of the chil-
dren at 18 months. These findings suggest that 
the increase in methylation levels of TRIM28 
gene results in the decrease in the expression 
levels of TRIM28 gene in vivo, which leads to  
an increase in BMI and age-specific BMI Z-Score 
in 18-month-old children. In another similar 
study by He et al., it was found that in addition 
to birth weight, feeding patterns, time of com-
plementary feeding, and genetic factors, espe-
cially TRIM28 genes, can influence infant obe-
sity as well [21].

In conclusion, the study results showed that 
GDM may raise the BMI and age-specific BMI 
Z-Score of infants by increasing the methylati- 
on levels of TRIM28 gene at CpG10-11 sites 
and the CpGM levels. As time went on, this in- 
fluence was strengthened at 18 months. In this 
study, the methylation levels at the CpG10-11 
sites were found to be associated with BMI and 
age-specific BMI Z-Score of the babies, howev-
er, the mechanism of how methylation at the 
CpG10-11 sites induces the increase in the lev-
els of BMI and age-specific BMI Z-Score of the 
babies were not explained and its molecular 
biological mechanism remained unclear. The- 

na. Tel: +86-0632-5532385; Fax: +86-0632-5532- 
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