
Original article

Purpose: Type 1 diabetes (T1D) is an autoimmune disease that involves genetic, 
epigenetic, and environmental factors. Change in body composition is a potential 
mechanism for explaining the increased incidence of T1D. Micro RNA-378 
(miRNA-378) is a positive regulator of adipogenesis that has yet to be studied in 
such patients. This study aims to evaluate the miRNA-378 expression profile in 
peripheral mononuclear cells of T1D patients and controls and to determine its 
possible association with levels of body fat, interleukin-6 (IL-6), and tumor necrosis 
factor alpha (TNF-α).
Methods: Twenty-four T1D subjects and 20 controls under 18 years of age without 
autoimmune diseases were studied. miRNA-378 expression profile was determined 
by TaqMan probes. Body composition was determined by multifrequency 
bioimpedance. IL-6 and TNF-α serum levels were determined by LUMINEX. Anti-
GAD65, anti-IA2, and anti-ZnT8 antibodies were quantified in serum by enzyme 
immunoassays. Statistical significance was considered P<0.05.
Results: Similar body mass index and body fat (kg) were observed between the T1D 
and control subjects (P=0.55 and P=0.69, respectively). The miRNA-378 expression 
profile was significantly higher in T1D patients compared with the controls (P<0.05). 
Lower miRNA-378 expression in prepubertal controls was observed compared to 
pubertal controls, prepubertal T1D, and pubertal T1D (P<0.05). AntiGAD65, AntilA2, 
and AntiZnT8 were positively correlated with miRNA-378 (P=0.002, P=0.053, and 
P=0.007). No statistically significant correlation was observed between miRNA-378 
expression and IL-6, TNF-α, or body fat.
Conclusion: Elevated miRNA-378 expression in T1D patients compared with controls 
is linked to pubertal stage but is not associated with proinflammatory status or 
body composition.
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Introduction

Type 1 diabetes (T1D) is a chronic autoimmune disease of multifactorial etiology that results 
in destruction of pancreatic β cells.1) Since the 1980s, the incidence of T1D has increased 
globally.2) Through the DiaMond Study (Diabetes Mondiale Project Group) published in 2000, 
Chile was classified as a country with a low incidence of T1D with 2.36 new cases per year 
per 100,000 inhabitants of Santiago, Chile's capital city, under 15 years of age (data obtained 
between 1990 and 1992).3) Between 1994 and 2000, however, the incidence of T1D in Chile 
increased to 4.5 per 100,000 inhabitants (<15 years) of Santiago.4) Together, the increase in 
worldwide T1D incidence and the reduced number of genotypes that confer an increased T1D 
risk suggest that the environment is a predisposing factor to T1D. Potential mechanisms may 
include modifications in gene expression due to epigenetic changes.5)

Over the last 3 decades, there has been an increasing percentage of obesity in both developed 
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and developing countries.6) In Chile, it has been reported that 
50% of the child population is overweight or obese.7) The 
global increase in prevalence of overweight and obesity may 
result in epigenetic changes due to excessive accumulation of 
adipose tissue and subsequent infiltration of macrophages in 
production of proinflammatory cytokines.8) Several cytokines 
that are released by adipose tissue, such as tumor necrosis factor 
alpha (TNF-α) and interleukin-6 (IL-6), have been proposed 
along with other mediators of inflammation to being related to 
generation of both T1D and type 2 diabetes.9)

There is increasing evidence linking miRNAs to autoimmune 
pathologies.10) Other studies have shown that certain miRNA 
activity is related to adipose tissue development and function.11) 
In this context, miR-378 has been reported to be upregulated in 
human adipocytes treated with IL-6, TNF-α, and leptin.12) This 
miRNA is coded by an intron of the peroxisome proliferator-
activated receptor gamma coactivator 1β gene (PPARGC1β), 
counterbalancing the metabolic actions of  peroxisome 
proliferator-activated receptor gamma coactivator 1β (PGC-
1β). Micro RNA-378 (miRNA-378) has also been identified as 
integral to the human regulatory system that controls systemic 
energy homeostasis and total oxidative capacity of insulin target 
tissues.13) Furthermore, it is now apparent that miR-378 plays a 
role in several biological processes, such as cancer metastasis, 
osteoblast differentiation, and adipogenesis.14,15)

Given that Chile has been facing concurrent increases in 
both T1D and childhood obesity, Chile provides a suitable 
environment in which to further study the mechanisms related 
to the association between excess body fat and pathogenesis of 
T1D. Therefore, we sought to evaluate the expression profile 
of miRNA-378, levels of IL-6 and TNF-α, and their possible 
association with body fat in T1D Chilean patients.

Materials and methods

1. Study participants

In this study, 24 children with T1D from Santiago, Chile (from 
the Maternal and Child Research Institute [IDIMI], University 
of Chile) and 20 healthy controls without T1D under 18 years 
of age were enrolled. Study participants were recruited from the 
Maternal and Child Research Institute (IDIMI, for its name in 
Spanish) at the University of Chile. Since sex-specific differences 
in microRNAs have not been described, the study sample was 
designed independent of sex. Study participants were also 
recruited independent of nutritional status and pubertal stage. 
The primary caregiver or parent of each study subject provided 
written informed consent, and assent was obtained from all 
study participants. A survey was conducted that compiled the 
patient's medical, family, and clinical histories. This study was 
approved by the Ethics Committees of the Faculty of Medicine 
and IDIMI of the University of Chile.

2. Anthropometry and body composition analysis

Height was measured to the nearest centimeter using a 
rigid stadiometer (SECA, Hamburg, Germany). Weight was 
estimated (without clothing) using a balance (SECA) calibrated 
at 0.1 kg. Body mass index (BMI) was calculated as weight 
(kg)/height (m2). Pubertal stage was classified using Tanner 
staging. Waist circumference was measured to the nearest 
centimeter using an inelastic tape measure (SECA), considering 
the smallest circumference between the costal border and the 
iliac crest. Body composition analysis was performed using 
multifrequency bioimpedance with InBody S10 equipment 
(Seoul, Korea). Nutritional status was classified according to 
the 2006 World Health Organization (WHO) growth charts 
for children 0 to 5 years of age considering weight-for-length/
height, weight-for-age, and length/height-for-age indicators and 
2007 WHO growth charts for children less than 5 years of age 
using height-for-age and BMI-for-age indicators.16)

3. Sample collection blood draws

Blood samples were collected from all study participants in 
the San Borja Arriarán Hospital. In all cases, 12 mL of blood 
were obtained through venous puncture.

4. Extraction of mononuclear cells

Each of the 12-mL blood samples was diluted with a saline 
phosphate buffer (phosphate-buffered saline, PBS) in a 1:1 
ratio to facilitate the handling of the sample. Diluted samples 
were slowly disolved in Ficoll-Hypaque solution (lymphocyte 
separation medium, 1,077-g/mL density; Cellgro, Manassas, VA, 
USA) and centrifuged for 30 minutes at 1,840 rpm (410 g) and 
4℃. After centrifugation, the peripheral blood mononuclear 
cells were transferred to a new tube and washed twice with PBS 
1× through 10 minutes of centrifugation at 2,400 rpm (730 g). 
Finally, the obtained cells were resuspended in RPMI-1640 
(medium without glucose) (Gibco, Invitrogen, Waltham, MA, 
USA) and then counted using trypan blue stain (Trypan Blue 
Stain 0,4%; Gibco, Invitrogen, USA) under Neubauer cameras.

5. Total RNA extraction

Total RNA extraction was performed with the TRIzol 
method (Invitrogen). Purity by lack of phenol or chloroform 
contamination was determined by the absorbance ratio 
A260/280 and A260/230. RNA integrity was evaluated through the 
relationship between the 28S and 18S ribosomal bands and 
subsequently quantified by absorbance spectrometry (Infinite 
NanoQuant M200 Absorbance Microplate Reader, TECAN, 
Männedorf, Switzerland). Finally, cDNA was synthesized from 
10 ng of total RNA using the TaqMan small RNA assay (Applied 
Biosystems by Life Technology, Foster City, CA, USA).
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6. MicroRNA expression

RT-stem loop (Applied Biosystem) specific for miR-378 
was used. Expression levels were determined with TaqMan 
MGB probes and TaqMan Universal PCR Master Mix II (2x) 
not UNG, in the Agilent Mx3005P (Agilent Technologies). 
Expression levels of miR-378 were normalized to RNU48.

7. Serological analysis

Anti-GAD65, anti-IA2, and anti-ZnT8 antibodies were 
quantified in serum by enzyme immunoassay (ELISA) using 
commercially available kits Medizym anti-IA2, Medizym anti-
GAD, and Medizym anti-ZnT8 (Medipan GmbH, Berlin, 
Germany) according to the manufacturer's instructions for both 
T1D and the controls. IL-6 and TNF-α levels were determined 
by LUMINEX assay.

8. Statistical analysis

We used the program REST (Relative Expression Software 
Tool) to analyze Quantitative PCR values. All subsequent 
calculations were performed using the software packages SPSS 
ver. 15.0.1 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 
version 5 (GraphPad Software, Inc., San Diego CA, USA). The 
Shapiro-Wilk normality test was performed to determine 
the distribution of the variables. To determine if there were 
differences between control subjects and T1D patients regarding 
age, BMI, body fat level, waist circumference, and inflammation 
profile, the Mann-Whitney test was used. To determine if there 
was an association between miRNA expression, body fat level, 
inflammation profile, and autoimmunity profile, the Kruskal-
Wallis test followed by post hoc Dunns was used. To determine 
if there was a correlation between miRNA expression, body 
fat level, inflammation profile, and autoimmunity profile, the 
Spearman correlation was used. Statistical significance was 

considered P<0.05.

Results

Table 1 shows the clinical, immunological, and inflammatory 

Table 1. Clinical, immunologic, and inflammatory parameters in 
controls and T1D patients
Variable Controls (n=20) T1D (n=24) P-value
Age (yr) 10.2

(3.2–16)
9.3

(3.5–16.1)
0.78

Sex, male:female 9:11 16:8 0.23
Body mass index (kg/m2) 17.8

(13.1–32.5)
18.7

(14.2–26.5)
0.55

BMI z-score (SD) 0.47
(-1.79 to 2.98)

0.83
(-1.02 to 2.44)

0.50 

Body fat (%) 20.6
(6.7–42.1)

21
(4.1–35)

0.69

Waist circumference (cm) 64
(47–98)

63.5
(50–88)

0.90

Nutritional status, 
  overweight and obesity: 
  normal

7:13 11:13 0.54

TNF-α (pg/mL) 2.3
(1.38–4.76)

1.89
(0.25–5.57)

0.08

IL-6 (pg/mL) 14.4
(6.31–63.4)

14.1
(6.44–38.8)

0.37

% Positive AntiGAD65 Negative 79 -
% Positive AntiIA2 Negative 50 -
% Positive AntiZnT8 Negative 42 -
Disease duration (yr) - 0.45

(0.1–6.7)
-

HbA1c (%) - 7.45
(5.7–13)

-

Values are presented as number or median (interquartile range). 
Fisher exact test.
T1D, type 1 diabetes; BMI, body mass index; SD, standard 
deviation; TNF, tumor necrosis factor; IL, interleukin; HbA1c, 
glycosylated hemoglobin.

Table 2. Nutritional status and body composition by sex and pubertal stage in controls and T1D patients

Variable

Controls (n=20) T1D (n=24)

P-value‡Prepubertal
males 
(n=6)

Pubertal
males 
(n=3)

Prepubertal
females 
(n=6)

Pubertal
females 
(n=5)

P-value†
Prepubertal

males 
(n=10)

Pubertal
males 
(n=6)

Prepubertal
females  
(n=4)

Pubertal
females
(n=4)

P-value†

Age (yr) 8.25 15.4 8.5 12.6 <0.01* 8.2 12.9 6.0 13.3 <0.01* <0.01*

BMI
  (kg/m2)

16.7
(15.5–25.1)

18.7
(17.8–23.9)

17.0
(13.1–22.3)

19.1
(16.7–32.6)

0.33 18.6
(14.3–20.5)

20.1
(16.0–26.6)

17.8
(16.5–21.5)

20.6
(17.5–24.4)

0.25 0.42

BMI z-score 
  (SD)

0.29
(0.18–2.4)

-0.01
(-0.9 to 1.23)

0.77
(-1.8 to 2.08)

0.81
(-0.7 to 2.9)

0.80 1.35
(-1.02 to 2.4)

0.29
(-0.8 to 2.4)

1.6
(0.62–2.0)

0.71
(-0.24 to 1.2)

0.37 0.70

Fat mass 
  (%)

18.3
(9.1–31.2)

11.1
(7.3–17.7)

21.7
(6.7–31.4)

27.2
(15.2–42.1)

0.17 19.1
(4.1–28.6)

18.7
(11.1 –32.4)

23.6
(18.2–31.3)

26.8
(18.0–35.0)

0.36 0.22

Waist 
  circumference 
  (cm)

60.5
(51–85)

77
(63–83)

56
(47–67)

68.5
(63–98)

0.08 62.5
(50–72)

72.5
(58–88)

57.5
(55–69)

72.5
(62–84)

0.04* 0.04*

Values are presented as number or median (interquartile range). Kruskal-Wallis test.
T1D, type 1 diabetes; BMI, body mass index; SD, standard deviation.
*P<0.05. †Intra group. ‡Between controls and T1D.
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characteristics of both the T1D and control groups. Nutritional 
status, body fat (%), IL-6 (pg/mL), and TNF-α (pg/mL) was 
similar between the groups (Table 1). Categorizing subjects by 
sex and pubertal stage resulted in a higher body fat percentage 
in pubertal girls even though there was no significant difference 
(Table 2). No significant differences were observed in BMI and 
z-score BMI between the groups. Waist circumference was 
statistically significantly higher in the pubertal groups compared 
to the prepubertal groups (Table 2).

The correlation analysis between inflammatory cytokines 
and anthropometric parameters is shown in Table 3. Significant 
correlations were observed for TNF-α and IL-6 with BMI 
and body fat in the total study sample but not in the stratified 
analysis by group (T1D vs. controls).

Fig. 1 shows the relative expression of miR-378 in T1D 
patients and controls. A higher expression of miR-378 was 
observed in those with T1D compared to the controls (P<0.05).

Fig. 2 shows the relative expression of miR-378 in those with 
T1D and the controls by pubertal stage. A lower expression of 
miR-378 was observed in prepubertal controls in comparison to 
pubertal controls, prepubertal T1D, and pubertal T1D (P<0.05).

Fig. 3 shows the correlations between miRNA-378 expression 

level and autoantibody concentration in those with T1D. 
Both AntiGAD65 and AntiZnT8 antibodies were statistically 
significantly positively correlated with miRNA-378. No 
statistically significant correlation was observed between the 
AntiIA2 antibody and miRNA-378.

Finally, Table 4 summarizes the correlations between cyto
kines and body composition related to miR-378 expression. 
However, no statistically significant correlations were observed 
among these parameters.

Discussion

To the best of our knowledge, this is the first study of miR-
378 expression in T1D juvenile patients. Despite the previously 
described association between miR-378 and adipose tissue, 
we did not find associations between miRNA-378 with 
proinflammatory states or body composition even though 
we found that miRNA-378 was greater in those with T1D 
compared to the controls as well as among all subjects 
undergoing puberty. Furthermore, while the overall study 

Table 3. Correlation analysis between inflammatory cytokines level vs. BMI, body fat %, and waist circumference of controls and T1D 
patients

Variable
Controls (n=20) T1D (n=24) Total (n=44)
r P-value r P-value r P-value

BMI vs. TNF-α -0.240 0.308 -0.290 0.169 -0.339 0.024*

BMI z-score vs. TNF-α -0.415 0.069 -0.217 0.308 -0.186 0.227
Body fat vs. TNF-α -0.369 0.110 -0.217 0.308 -0.297 0.049*

Waist circumference vs. TNF-α -0.590 0.804 -0.325 0.121 -0.210 0.170
BMI vs. IL-6 -0.361 0.118 -0.126 0.557 -0.300 0.047*

BMI z-score vs. IL-6 -0.391 0.088 -0.015 0.945 -0.244 0.111
Body fat vs. IL-6 -0.431 0.057 -0.143 0.505 -0.312 0.039*

Waist circumference vs. IL-6 -0.283 0.226 -0.184 0.389 -0.223 0.146
T1D, type 1 diabetes; BMI, body mass index; TNF, tumor necrosis factor; IL, interleukin.
Spearman correlation test.
*P<0.05.

Figure 1: Expression of miRNA-378 in controls and T1D patients
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*P<0.05
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Fig. 1. Expression of micro RNA-378 (miRNA-378) in controls and type 1 diabetes 
(T1D) patients.

Figure 2: Expression of miRNA-378 in controls and t1D patients grouped according to pubertal stage
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Fig. 2. Expression of micro RNA-378 (miRNA-378) in controls and type 1 diabetes 
(T1D) patients grouped according to pubertal stage.
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sample had a high prevalence of overweight, this study also 
found no statistically significant differences in nutritional status 
(BMI z-score and percent body fat) of children with T1D and 
the controls.

In recent years, an increase in overweight T1D patients has 
been described. One study performed by Flechtner-Mors et 
al.17) with 18,382 T1D children and teenagers from Germany 
and Austria showed that, between 2000 and 2006, there was 
an increase in obesity and overweight prevalence in both girls 

and boys with T1D. In addition, Dubose et al.18) developed 
an investigation including 32,936 children from Germany, 
Austria, and the United States showing that, according to WHO 
classification criteria, 24% of patients are overweight and 12% 
are obese. In contrast, a study by Mosso et al.19) of 30 T1D 
Chilean juvenile patients found that only 17% were overweight. 
The study of Gregory et al.20) showed a higher body fat percen
tage in T1D pubertal girls compared to T1D prepubertal 
subjects and T1D pubertal boys.
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Fig. 3. Correlation analysis between micro RNA-378 (miRNA-378) relative 
expression and autoantibodies level of type 1 diabetes patients.

Table 4. Correlation analysis between miRNA-378 vs. inflamatory cytokines level, BMI, percent body fat, and waist circumference of 
controls and T1D patients

Variable
Controls (n=20) T1D (n=24) Total (n=44)

r P-value r P-value r P-value
miRNA378 vs. TNF-α 0.214 0.366 0.072 0.743 -0.018 0.908
miRNA378 vs. IL-6 -0.191 0.419 0.289 0.181 0.007 0.967
miRNA378 vs. BMI 0.225 0.340 0.157 0.475 0.153 0.328
miRNA378 vs. BMI z-score 0.135 0.571 -0.118 0.593 0.015 0.926
miRNA378 vs. Body fat 0.218 0.356 -0.121 0.582 0.003 0.983
miRNA378 vs. waist circumference 0.340 0.142 0.154 0.483 0.169 0.279
BMI, body mass index; T1D, type 1 diabetes; TNF, tumor necrosis factor; IL, interleukin.
Spearman correlation test.
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Several publications have shown a progressive increase of 
body fat during puberty compared to the prepuberty stage.20,21) 
Comparing those with T1D to those without T1D, weight 
gain during puberty tends to be higher in those with T1D in 
both sexes22,23) and only in girls without T1D.17,19) The greater 
weight gain in those with T1D may be explained as undesirable 
consequence of subcutaneous insulin treatment23,24) that is 
known to have a double inhibitor effect of lipolysis and as 
a lipogenesis stimulator, promoting fat accumulation. This 
situation is increased during puberty due to higher insulin 
requirements caused by both higher anabolism and lower 
insulin sensibility.25)

In our study, no significantly higher BMI or body fat % was 
observed in T1D patients compared to controls when the 
analysis was stratified by age and pubertal stage. While we 
observed a higher waist circumference in pubertal T1D and 
controls, this was expected considering that weight, and possibly 
height, are likely to increase during puberty.

A limitation of our study is that we measured total body fat 
and not the distribution of body fat. Research conducted in El 
Cairo26) also found that those with T1D had higher total body 
and abdominal fat compared to the controls. Taken together, 
our results are consistent with those by Paulino et al.27) who also 
found no significant differences in BMI z-score or body fat % by 
group (with or without T1D) even though they found a higher 
waist circumference in T1D patients compared to controls. 
This fat distribution has been related to glucose control in 
teenagers, and the excess of adipose tissue has been linked to 
cardiovascular risk factors in T1D.28)

Our study showed similar inflammatory cytokine levels in 
diabetic patients compared to controls, which is in agreement 
with the literature since most T1D patients considered in 
this study had adequate metabolic control (glycosylated 
hemoglobin<7.5%) and were diagnosed less than 1 year prior. 
Recently, Alnek et al.,29) in concordance with our study, found 
elevated level of IL-1β but not IL-6 or TNF-α in T1D children.

In our study, miR-378 overexpression was observed in 
T1D patients compared to control patients. However, mi-378 
expression was not statistically significantly correlated with 
percent body fat or inflammatory cytokine level. This may 
be explained by the similar inflammatory cytokines levels, 
nutritional status, and body fat of the T1D patients and the 
controls recruited for this study.

Carrer et al.13) demonstrated that mice genetically lacking 
miR-378 are resistant to obesity induced by a high fat diet. 
Therefore, a reduction in fat mass deposits was observed as well 
as a diminution of adipocyte size, raising the possibility that 
this miRNA is necessary for efficient hypertrophy and lipid 
absorption in adipocytes. miR-378 counteracts the metabolic 
actions of  PGC-1β.13) PGC-1β acts in conjunction with 
transcription factors such as estrogen-related receptors (ERRα, 
ERRβy, and ERRγ), activating mitochondrial biogenesis, fatty 
acids oxidation, glucose uptake, and gluconeogenesis in several 
tissues.30)

Studies have shown that diabetic subjects with insulin 

resistance or obesity have decreased mitochondrial capacity 
in skeletal muscle that is linked to low PGC-α and PGC-1β 
expression and, therefore, to deregulation of both mitochondrial 
genes and their subsequent enzymatic activity.31,32) miRNA-378 
is known to be highly induced during adipogenesis. A study 
performed by Xu et al.,12) where human mature adipocytes were 
treated with TNF-α, IL-6, leptin, and resistin, showed miR-378 
overexpression in adipocytes treated with TNF-α, IL-6, and 
leptin but not with resistin. Ishida et al.33) found that miRNA-378 
represses the adiponectin gene in human adipocytes that in 
turn likely reduces adiponectin expression. In addition, Gerin 
et al.34) demonstrated that miRNA378/378* overexpression 
during adipogenesis increases triacylglycerol accumulation in 
adipocytes due to the increase of de novo lipogenesis. Therefore, 
we hypothesize that T1D, as described for other miRNAs,35) 
may contribute to miRNA-378 overexpression with consequent 
negative regulation of PGC-1β/ERRs and its target genes. 
Recent studies have reported that epigenetic factors such as 
miRNAs play a key role in pathogenesis of T1D, primarily 
affecting functioning of the immune system and apoptosis of 
pancreatic β cells.35)

When T1D patients and controls were categorized by 
pubertal stage, we observed lower miRNA-378 expression 
in all prepubertal subjects compared to pubertal subjects, 
suggesting a puberty effect on miRNA-378 expression. Given 
that miRNA-378 is necessary for adipose tissue hypertrophy,36) 
it can be explained by the lower insulin sensitivity and increase 
in fat mass that occurs during puberty.20,21,23) The higher miR-
378 expression we found in T1D patients may be related 
to the greater gain in fat mass during puberty that has been 
previously observed in diabetic patients.17,19,22,23) It can also be 
linked to Wilkin’s “Accelerator Hypothesis,” which indicates that 
adiposity responsible for insulin resistance could increase beta-
cell demand and induce apoptosis with autoantigen release, 
accelerating autoimmune damage in genetically predisposed 
subjects.37)

miR-378 is related to PGC-1β, a coactivator of ERRs. ERR 
expression and its role in pubertal development have yet to 
be fully defined. A recent study38) demonstrated that ERRγ is 
expressed in mouse Leydig cells, increases synthesis of testicular 
testosterone, and regulates steroidogenic genes expression, 
which could link it to pubertal development.

Our study showed positive correlations between autoantibo
dies and miR-378 relative expression that was only statistically 
significant for AntiGAD65 and AntiZnT8. Several studies have 
compared the expression profiles of miRNAs with those of 
autoantibodies in human subjects with T1D. Salas-Pérez et al.39) 
observed decreases in miR-21a and miR-93 expression in T1D 
children compared to healthy controls but found no correlation 
between expression of these miRNA and autoantibody profiles. 
In contrast, the study by Sebastiani et al.40) is consistent with 
our findings in which greater expression of miR-326 in T1D 
subjects was positively correlated with AntiGAD65 and AntiIA2 
autoantibodies.

Taken together, the finding indicate that microRNA may 
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have a modulating role in the autoimmune response of T1D 
patients. Further studies are necessary to determine if the 
differential miR-378 expression in T1D patients compared to 
that of healthy controls is due to an event after or before T1D 
onset–the latter of which could position miR-378 as a potential 
biomarker for T1D.

Ethical statement

All procedures followed were in accordance with the 
ethical standards of the responsible committee on human 
experimentation (institutional and national) and with the 
Helsinki Declaration of 1975, as revised in 2008. This study was 
approved by the Ethics Committees of the Faculty of Medicine 
and IDIMI of the University of Chile (IRB Nº 053/2014). 
Informed consent was obtained from all patients included in 
the study.

Conflict of interest

No potential conflict of interest relevant to this article was 
reported.

Acknowledgments

We thank all the participants for their cooperation. This 
project was supported by FONDECYT Grant 1130240.

References

1.	 Pugliese A. The multiple origins of type 1 diabetes. Diabet 
Med 2013;30:135-46.

2.	 Nokoff N, Rewers M. Pathogenesis of type 1 diabetes: 
lessons from natural history studies of high-risk individuals. 
Ann N Y Acad Sci 2013;1281:1-15.

3.	 Carrasco E, Pérez-Bravo F, Santos JL, López G, Calvillán 
M, Wolff C, et al. One of the lowest validated incidence 
rates of  insulin dependent diabetes mellitus in the 
Americas: Santiago, Chile. Diabetes Res Clin Pract 1996;34 
Suppl:S153-7.

4.	 Carrasco E, Pérez-Bravo F, Dorman J, Mondragón A, Santos 
JL. Increasing incidence of type 1 diabetes in population 
from Santiago of Chile: trends in a period of 18 years 
(1986-2003). Diabetes Metab Res Rev 2006;22:34-7.

5.	 Hewagama A, Richardson B. The genetics and epigenetics 
of autoimmune diseases. J Autoimmun 2009;33:3-11.

6.	 Wang YC, McPherson K, Marsh T, Gortmaker SL, Brown 
M. Health and economic burden of the projected obesity 
trends in the USA and the UK. Lancet 2011;378:815-25.

7.	 Informe Mapa Nutricional 2015 [Internet]. 2016 Sep 
[cited 2019 May 4]. Available from: https://www.junaeb.
cl / w p - c ontent / uplo a ds / 2 0 1 7 / 0 3 / Infor me - Map a -
Nutricional-2015.pdf.

8.	 Weisberg SP, McCann D, Desai M, Rosenbaum M, 
Leibel RL, Ferrante AW Jr. Obesity is associated with 
macrophage accumulation in adipose tissue. J Clin Invest 
2003;112:1796-808.

9.	 Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose 
expression of tumor necrosis factor-alpha: direct role in 
obesity-linked insulin resistance. Science 1993;259:87-91.

10.	 Poy MN, Eliasson L, Krutzfeldt J, Kuwajima S, Ma X, 
Macdonald PE, et al. A pancreatic islet-specific microRNA 
regulates insulin secretion. Nature 2004;432:226-30.

11.	 Ono K. MicroRNA links obesity and impaired glucose 
metabolism. Cell Res 2011;21:864-6.

12.	 Xu LL, Shi CM, Xu GF, Chen L, Zhu LL, Zhu L, et al. TNF-α, 
IL-6, and leptin increase the expression of miR-378, an 
adipogenesis-related microRNA in human adipocytes. Cell 
Biochem Biophys 2014;70:771-6.

13.	 Carrer M, Liu N, Grueter CE, Williams AH, Frisard MI, 
Hulver MW, et al. Control of mitochondrial metabolism 
and systemic energy homeostasis by microRNAs 378 and 
378*. Proc Natl Acad Sci U S A 2012;109:15330-5.

14.	 Kahai S, Lee SC, Lee DY, Yang J, Li M, Wang CH, et al. 
MicroRNA miR-378 regulates nephronectin expression 
modulating osteoblast differentiation by targeting GalNT-7. 
PLoS One 2009;4:e7535.

15.	 Lee DY, Deng Z, Wang CH, Yang BB. MicroRNA-378 
promotes cell survival, tumor growth, and angiogenesis by 
targeting SuFu and Fus-1 expression. Proc Natl Acad Sci U 
S A 2007;104:20350-5.

16.	 WHO Multicentre Growth Reference Study Group. WHO 
child growth standards: Length/height-for-age, weight-
for-age, weight-for-length, weight-for-height and body 
mass index-for-age: methods and development. Geneva 
(Switzerland): World Health Organization, 2006-2007.

17.	 Flechtner-Mors M, Schwab KO, Fröhlich-Reiterer EE, 
Kapellen TM, Meissner T, Rosenbauer J, et al. Overweight 
and obesity based on four reference systems in 18,382 
paediatric patients with type 1 diabetes from Germany and 
Austria. J Diabetes Res 2015;2015:370753.

18.	 DuBose SN, Hermann JM, Tamborlane WV, Beck RW, Dost 
A, DiMeglio LA, et al. Obesity in youth with type 1 diabetes 
in Germany, Austria, and the United States. J Pediatr 
2015;167:627-32.e1-4.

19.	 Mosso C, Halabi V, Ortiz T, Hodgson MI. Dietary intake, 
body composition, and physical activity among young 
patients with type 1 diabetes mellitus. J Pediatr Endocrinol 
Metab 2015;28:895-902.

20.	 Gregor y JW, Wilson AC, Greene SA. B ody fat and 
overweight among children and adolescents with diabetes 
mellitus. Diabet Med 1992;9:344-8.

21.	 Ahmed ML, Ong KK, Watts AP, Morrell DJ, Preece MA, 
Dunger DB. Elevated leptin levels are associated with excess 
gains in fat mass in girls, but not boys, with type 1 diabetes: 
longitudinal study during adolescence. J Clin Endocrinol 
Metab 2001;86:1188-93.

22.	 Manyanga T, Sellers EA, Wicklow BA, Doupe M, Fransoo 

https://www.junaeb.cl/wp-content/uploads/2017/03/Informe-Mapa-Nutricional-2015.pdf
https://www.junaeb.cl/wp-content/uploads/2017/03/Informe-Mapa-Nutricional-2015.pdf
https://www.junaeb.cl/wp-content/uploads/2017/03/Informe-Mapa-Nutricional-2015.pdf


125

Duarte L, et al. • miRNAs and Type 1 Diabetes

www.e-apem.org

R. Not as skinny as we used to think: Body mass index in 
children and adolescents at diagnosis of type 1 diabetes 
mellitus. J Diabetes Complications 2016;30:292-4.

23.	 Holl RW, Grabert M, Sorgo W, Heinze E, Debatin KM. 
Contributions of age, gender and insulin administration 
to weight gain in subjects with IDDM. Diabetologia 
1998;41:542-7.

24.	 Dunger D, Ahmed L, Ong K. Growth and body composi
tion in type 1 diabetes mellitus. Horm Res 2002;58 Suppl 
1:66-71.

25.	 Smart CE, Annan F, Bruno LP, Higgins LA, Acerini CL; 
International Society for Pediatric and Adolescent Diabetes. 
ISPAD Clinical Practice Consensus Guidelines 2014. 
Nutritional management in children and adolescents with 
diabetes. Pediatr Diabetes 2014;15 Suppl 20:135-53.

26.	 Abd El Dayem SM, El-Shehaby AM, Abd El Gafar A, Fawzy 
A, Salama H. Bone density, body composition, and markers 
of bone remodeling in type 1 diabetic patients. Scand J Clin 
Lab Invest 2011;71:387-93.

27.	 Paulino MF, de Lemos-Marini SH, Guerra-Junior G, 
Minicucci WJ, Mendes CT, Morcillo AM. Growth and body 
composition in children with type 1 diabetes mellitus. Arch 
Bras Endocrinol Metab 2006;50:490-8.

28.	 Lipsky LM, Gee B, Liu A, Nansel TR. Body mass index 
and adiposity indicators associated with cardiovascular 
biomarkers in youth with type 1 diabetes followed 
prospectively. Pediatr Obes 2017;12:468-76.

29.	 Alnek K, Kisand K, Heilman K, Peet A, Varik K, Uibo R. 
Increased blood levels of growth factors, proinflammatory 
cytokines, and th17 cytokines in patients with newly 
diagnosed type 1 diabetes. PLoS One 2015;10:e0142976.

30.	 Dufour CR, Wilson BJ, Huss JM, Kelly DP, Alaynick WA, 
Downes M, et al. Genome-wide orchestration of cardiac 
functions by the orphan nuclear receptors ERRalpha and 
gamma. Cell Metab 2007;5:345-56.

31.	 Lowell BB, Shulman GI. Mitochondrial dysfunction and 
type 2 diabetes. Science 2005;307:384-7.

32.	 Patti ME, Butte AJ, Crunkhorn S, Cusi K, Berria R, Kashyap 

S, et al. Coordinated reduction of genes of  oxidative 
metabolism in humans with insulin resistance and diabetes: 
Potential role of PGC1 and NRF1. Proc Natl Acad Sci U S 
A 2003;100:8466-71.

33.	 Ishida M, Shimabukuro M, Yagi S, Nishimoto S, Kozuka 
C, Fukuda D, et al. MicroRNA-378 regulates adiponectin 
expression in adipose tissue: a new plausible mechanism. 
PLoS One 2014;9:e111537.

34.	 Gerin I, Bommer GT, McCoin CS, Sousa KM, Krishnan V, 
MacDougald OA. Roles for miRNA-378/378* in adipocyte 
gene expression and lipogenesis. Am J Physiol Endocrinol 
Metab 2010;299:E198-206.

35.	 Assmann TS, Recamonde-Mendoza M, De Souza BM, 
Crispim D. MicroRNA expression profiles and type 1 
diabetes mellitus: systematic review and bioinformatic 
analysis. Endocr Connect 2017;6:773-90.

36.	 Perrini S, Laviola L, Cignarelli A, Melchiorre M, De Stefano 
F, Caccioppoli C, et al. Fat depot-related differences in gene 
expression, adiponectin secretion, and insulin action and 
signalling in human adipocytes differentiated in vitro from 
precursor stromal cells. Diabetologia 2008;51:155-64.

37.	 Wilkin TJ. The accelerator hypothesis: a review of the 
evidence for insulin resistance as the basis for type I as well 
as type II diabetes. Int J Obes (Lond) 2009;33:716-26.

38.	 Park E, Kumar S, Lee B, Kim KJ, Seo JE, Choi HS, et al. 
Estrogen receptor-related receptor γ regulates testicular 
steroidogenesis through direct and indirect regulation 
of steroidogenic gene expression. Mol Cell Endocrinol 
2017;452:15-24.

39.	 Salas-Pérez F, Codner E, Valencia E, Pizarro C, Carrasco E, 
Pérez-Bravo F. MicroRNAs miR-21a and miR-93 are down 
regulated in peripheral blood mononuclear cells (PBMCs) 
from patients with type 1 diabetes. Immunobiology 
2013;218:733-7.

40.	 Sebastiani G, Grieco FA, Spagnuolo I, Galleri L, Cataldo D, 
Dotta F. Increased expression of microRNA miR-326 in 
type 1 diabetic patients with ongoing islet autoimmunity. 
Diabetes Metab Res Rev 2011;27:862-6.


