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Abstract

Maternal obesity (MO) predisposes offspring to metabolic disorders, but the mechanisms remain
poorly defined. Recent studies emphasize the importance of brown adipose tissue (BAT) in
maintaining metabolic health, and MO was recently demonstrated to impair BAT thermogenic
function in offspring. The current study aimed to investigate the mechanisms leading to the
impairment in fetal BAT development due to MO. Female C57BL/6J mice were fed a control diet
or a 60% high-fat diet for 10 weeks, mated and maintained on their respective diets during
pregnancy. Fetal tissue was collected at E18.5, the late stage of pregnancy. Fetal BAT contained
more triglycerides compared to the control, which was correlated with higher expression of white
adipogenic markers. On the other hand, the expression of BAT markers were down-regulated in
the MO fetal BAT. Based on RNA-sequencing analyses, genes related to mitochodriogenesis and
myogenesis were found to be down-regulated, while those related to white adipocyte
differentiation were up-regulated in MO fetal BAT. Because brown adipocytes are derived from
myogenic progenitors, the down-regulation of myogenic genes might partially explain hampered
brown adipogenesis in MO fetal BAT. Consistently, mitochondrial DNA and mitochondrial
biogenesis markers were also down-regulated in MO fetal BAT. MicroRNA-sequencing identified
that miR-204-5p expression was elevated in MO fetal BAT. This microRNA targeted the 3’-
untranslated regions of PGCla and Sirtl mRNA to suppress their expression and impair
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mitochondriogenesis. In summary, MO impaired fetal BAT development through suppressing
myogenesis and brown adipogenesis while enhancing white adipogenic commitment, and
inhibited mitochondriogenesis partially through enhancing miR-204-5p expression.
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1 Introduction

Obesity has become a worldwide problem and is accompanied by serious secondary
complications. Maternal obesity (MO) leads to poor fetal embryo development [1, 2],
predisposes offspring to obesity and metabolic/neurodevelopmental/ cardiovascular diseases
later in life [3-7]. Indeed, obesity and type 2 diabetes are increasing in children and
adolescents [8]. The responsible mechanisms linking MO to offspring obesity and metabolic
diseases remain to be fully defined.

Adipose tissues have been classified as white adipose tissue (WAT) and brown adipose tissue
(BAT). WAT is mainly responsible for energy storage in the form of triglyceride droplets [9].
Excessive WAT expansion results in chronic inflammation, insulin resistance and type 2
diabetes [9, 10]. On the other hand, BAT dissipates energy in the form of heat because of the
presence of abundant mitochondria and uncoupling protein 1 (UCP1) [11]. Enhancing the
thermogenic function of BAT protects against metabolic diseases, such as obesity and type 2
diabetes [12, 13].

The BAT primarily develops during the fetal stage. Brown adipocytes originate primarily
from cells in the dermomyotome expressing engrailed 1 (Enl), myogenic factor 5 (Myf5)
and paired-box protein 7 (Pax7), which can also give rise to muscle cells [14, 15]. Thus,
BAT and skeletal muscle are closely related during early development and share a common
pool of precursors, with the divergence occurring between embryonic day (E) 9.5 and E12.5
in mice [9, 14].. Thus, attenuating myogenesis during fetal development may impair brown
adipocyte formation. In addition, during BAT development, a portion of brown adipocytes
are developed from PDGFRa* cells with dual potential of white and brown adipogenic
differentiation [16]. We previously observed that MO increased the white adipogenesis of
progenitors in MO fetus [17], and MO during lactation also impairs the thermogenic
function of BAT in offspring [18]. Therefore, the fetal stage is important for BAT
development and MO is postulated to impair BAT development by shifting progenitor
differentiation into other lineages, which have long-term negative effects on offspring BAT
[16].

Extensive mitochondriogenesis is indispensable during brown adipocyte formation. The
peroxisome proliferator-activated receptor gamma coactivator 1-a (PGC-1a) is a master
regulator of mitochondrial genesis. MicroRNAs (miRNAS) are short non-coding RNAs (19—
22 nucleotides) which have been implicated in the regulation of brown adipogenesis and
insulin sensitivity [19, 20]. We hypothesized that microRNAs target PGC-1a to suppress
mitochondriogenesis during BAT development. Using fetal BAT at E18.5, the objectives of
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this study is to determine the effects of MO on the lineage commitments during fetal BAT
development, and further define the roles of microRNA in regulating PGC-1a expression
and mitochondriogenesis.

2 Methods

2.1 Ethical approval

All animal experiments in the present study (Approval No. CAU20180316-3) were approved
by the Animal Care and Use Committee of China Agricultural University (Beijing, China).

2.2 Animals

C57BL/6J mice were purchased from Beijing Vital River Laboratory Animal Technology
Co., Ltd. (Beijing, China). All mice were housed under 12 h light/dark cycle and at a
constant temperature. To obtain obese mice, female C57BL/6J mice (4-week-old) were fed a
control diet (10% energy from fat) or a high-fat diet (HFD, 60% energy from fat) (BIOPIKE,
Beijing, China) for 10 weeks. Control and obese female mice were then mated with
C57BL/6J male mice (on the normal chow diet) and maintained on their respective diets
during pregnancy. The mating was confirmed by the presence of the vaginal plug. At E18.5,
mice were killed and the BAT of male fetuses were collected for further analysis. Maternal
mice with fetal numbers between six and nine were included in this study. Five pregnant
mice per group were used and the average number of fetuses per pregnancy was balanced
between treatments. For each pregnancy, BAT from male and female fetuses was pooled
separately for analyses. Fetal sex was identified by PCR [21].

2.3 Quantitative real-time PCR

Total RNA was extracted from mouse tissues using RNAprep pure Cell Kit (Tiangen
biotech, Beijing, China) and cDNA was synthesized from 1-2 pg of total RNA using M-
MLV Reverse Transcriptase (Promega, Fitchburg, W1, USA). The cDNAs were used for
quantitative real-time PCR analysis with SYBR™ Select Master Mix (Applied
Biosystems™, Waltham, MA, USA). Primer sequences are shown in Table 1.

2.4 Mitochondrial DNA (mtDNA) copy number

Mt DNA copy number was analyzed as previously described [22]. Briefly, genomic DNA
was isolated with a TIANamp Genomic DNA Kit (Tiangen biotech, Beijing, China) and then
used for quantitative real-time PCR analysis with SYBR™ Select Master Mix (Applied
Biosystems™, Waltham, MA, USA). The mtDNA was amplified using primers for the
mitochondrial COX2 gene and normalized to genomic DNA based on the amplification of -
globin nuclear gene. Primer sequences are shown in Table 1.

2.5 Western blotting

Western blotting was conducted as previously described [22]. Antibodies against B-actin
(#4967) and SIRT1 (#9475) were purchased from Cell Signaling Technology (Danvers, MA,
USA). Antibodies against PGCla (ab54481), PRDM16 (ab106410) and UCP1 (ab10983)
were purchased from Abcam (Cambridge, UK). Goat anti-rabbit IgG HRP (A0208)
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secondary antibodies were bought from Beyotime Institute of Biotechnology (Haimen,
Jiangsu, China).

2.6 Construction and sequencing of RNA-seq libraries, and alignment of RNA-seq data
and differential expression analysis

E18.5 fetuses from control and HFD maternal mice were chosen to perform the RNA-seq. A
polyA selection protocol was used according to the lllumina TruSeq RNA-Seq library
protocol to construct RNA-Seq libraries. RNA-seq library was constructed for each RNA
sample, making 4 or 5 biological replicates for each treatment. Each library was sequenced
using llumina Hiseq 2500 platform (150 bp pair-end reads).

The low quality reads and adaptor sequences were trimmed with Trimmomatic [27]. Clean
reads were aligned to mouse genome mm10 (from Ensembl) by Hisat2 [28]. Gene counts
were calculated by counting the overlap of reads on each gene with HT-seq [29] and the
expression levels were normalized as RPKM with gene annotation file from Ensembly
(release 94) and edgeR package in R [30]. Differential expression genes were identified by
DESeq?2 package, and functional enrichment for Gene Ontology (GO) was performing with
GOstats package [31].

2.7 Small RNA library construction and sequencing and bioinformatics analyses

The protocol of small RNA library construction used in this study was based on the Illumina
TruSeq Small RNA Sample Preparation kit. Small RNA-seq library was constructed for each
RNA sample, which made 3 biological replicates for each treatment. Each library was
sequenced using Illumina Miseq platform (75 bp single-end reads).

The low quality reads and adaptor sequences were trimmed with Trimmomatic [27]. Clean
reads were aligned to mouse genome mm10 (from Ensembl) by STAR [32]. The distribution
of small RNA reads was annotated by Unitas [33]. MiRNA counts were calculated by
counting the overlap of reads on each gene with HT-seq [29] and the expression levels were
normalized as Trimmed Mean of M-values (TMM) with miRNA file from miRbase (v21).
Differential expression miRNAs were identified by DESeq2 package. The target genes of the
differentially expressed miRNAs were extracted using the miRWalk [34]. Functional
enrichment of target genes for GO were performing with GOstats package [31].

2.8 Hematoxylin eosin staining and electron microscopic examination of BAT structure

Hematoxylin eosin staining (H&E staining) was performed as previously described [35]. In
brief, tissues were fixed with 4% PFA for over 24 h and then embedded in paraffin and
sectioned into serial cross-sections of 5-um thickness. Then, sections were subjected to
deparaffinization and H&E staining. The slides were sealed with nail polish for microscopic
observation.

For transmission electron microscopic observation of mitochondrial structure, BAT was
processed as previously described [16].
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2.9 Fasting blood glucose and fasting serum insulin

Following an overnight fast, the blood samples were collected from the mouse tail to
measure blood glucose with a glucose meter (Roche Diagnostics, Mannheim, Germany).
The serum insulin concentration was analyzed using a mouse insulin enzyme-linked
immunosorbent assay (ELISA) kit (Mercodia, Uppsala, Sweden) according to the
manufacturer’s instruction.

2.10 Triglyceride content analysis

Triglyceride content analysis was performed using the EnzyChromTM Triglyceride Assay
Kit (BioAssay Systems, Hayward, USA) according to the manufacturer’s instruction.
Briefly, standards and samples were mixed with working reagent, including assay buffer,
enzyme mix, lipase, ATP and dye reagent, and then incubated for 30 min at room
temperature. The optical density (OD) was then read at 570 nm.

2.11 Luciferase assay

The pmirGLO vector (Promega) was used to clone 3’ untranslated regions (UTR) of PGCla
or Sirtl. HEK293 cells were seeded at 1x10° cells per well in 48-well plates the day prior to
transfection. Cells were transfected with pmirGLO luciferase expression constructs
containing the 3 UTR of PGCla or Sirtl, and pRL-TK Renilla luciferase vector (Promega).
In addition, cells were also transfected with miRNA precursor or negative control (Ambion).
At 48 h after transfection, luciferase activities were measured using the Dual-Luciferase
Reporter Assay System (Promega) and normalized to Renilla luciferase activity. All analyses
were performed in duplicate, and three independent experiments were conducted and used
for analyses.

2.12 Statistical Analyses

Data were generated from at least three independent experiments. All data were reported as
means + standard deviations (SD). Differences between groups were calculated using the
Student’s t test. P < 0.05 was considered to be statistically significant.

3 Results

3.1 Maternal weights, fasting glucose and insulin

After 10 weeks feeding on HFD, obese mice were heavier than control mice (Fig.1A), which
maintained to necropsy at E18.5. No difference in food intake was observed between
treatments (Fig.1B). At E18.5, MO mice had higher concentrations of glucose and insulin
compared to the control mice (Fig.1C and 1D). We also measured the weights of fetuses,
placenta and fetal BAT, which did not differ (Fig.1E and 1F).

3.2 MO enhanced the expression of white adipogenic marker and lipid accumulation in
fetal BAT

When stained with H&E, MO fetal BAT had more abundant lipid droplets (Fig. 2A and Fig.
S1A). To further confirm, we analyzed the triglyceride content in the BAT and found that
MO fetal BAT contained higher triglyceride contents (Fig. 2B). Similarly, white adipogenic
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markers, such as Zfp423, Psatl and Resistin, were significantly higher in MO group
compared to the control (Fig. 2C and Fig. S1B). Through transmission electron microscopic
examination, we found more and larger lipid droplets in the MO BAT but with less
mitochondria and their internal cisternae structure compared to the control group (Fig. 2D).
We also analyzed the effects of MO on fetal BAT transcriptome (Fig. 2E). Genes associated
with white adipocyte differentiation were increased in the MO fetal BAT (Fig. 2F). Taken
together, these data showed that MO impaired fetal BAT development.

3.3 MO attenuated fetal brown adipogenesis and myogenesis

According to the fetal BAT transcriptome, markers of brown adipocyte differentiation (i.e.
Prdm16, PGCla, Ppara, Fndc5, Dusp10 and Lep) were down-regulated in the MO fetal
BAT (Fig. 3A). Quantitative real-time PCR also confirmed these changes (Fig. 3B and Fig.
S1B). Moreover, based on Pearson correlation analysis, the expression of brown adipocyte
differentiation markers (i.e. Ucpl, Zfp516 and Prdm16) was negatively correlated with
maternal weight (Fig. 3C, S1C and S1D). Similarly, at the protein level, both PRDM16 and
UCP1 contents were down-regulated in the MO fetal BAT compared to the control group
(Fig. 3D and 3E). In the MO fetal BAT, genes related to myogenic differentiation were
decreased (Fig. 3F). Because brown adipocytes are derived from myogenic cells during fetal
development, the down-regulation of myogenic markers is consistent with attenuated brown
adipocyte development in MO fetal BAT.

3.4 MO impaired mitochondriogenesis of fetal BAT

BAT development is associated with extensive mitochondriogenesis. The GO terms in the
MO down-regulated group were closely related to mitochondriogenesis, indicating that MO
had negative effects on mitochondrial biogenesis, such as ATP biosynthetic process,
mitochondrial transport and cristae formation (Fig. 4A), in agreement with reduced
mitochondrial density and cristae structure in MO fetal BAT (Fig. 2D). Consistently,
quantitative real-time PCR analysis confirmed that mitochondrial transcription factor
Tfb2m, nuclear respiratory factors Nrf2 and components of the mitochondrial electron
transport chain (i.e. Ndufs8 and ATP5al) were reduced in the MO fetal BAT compared with
the control (Fig. 4B). MtDNA content was also down-regulated in the MO fetal BAT (Fig.
4C and S1E). At the protein level, marker proteins of mitochondriogenesis (PGCla and
SIRT1) were both reduced due to MO (Fig. 4D and 4E). These data showed that MO
impaired the mitochondriogenesis of fetal BAT.

3.5 MO changed miRNAs to stunt BAT development

In addition to RNA-seq, we also performed miRNA-seq to explore the effects of MO on the
fetal BAT development and profiled those down-regulated and up-regulated miRNAs using
GO analysis. Data showed that miRNAs (i.e. miR-1943-5p, miR-1198-5p and miR-6240)
suppressing white adipocyte differentiation were reduced due to MO (Fig. 5A and 5B),
while miRNAs (i.e. miR-199a-5p, miR-501-5p and miR-383-3p) interfering myogenic
differentiation, such as muscle cell development and differentiation, were enhanced in the
MO fetal BAT (Fig. 5C and 5D). Among these miRNAs, several miRNAs including
miR-540-5p and 501-5p, are also related to the brown fat cell differentiation [36].
Additionally, myoblast specific marker MYF5 were reduced due to MO (Fig. 5D, S1C and
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S1D), indicating that MO negatively affected fetal myogenesis. Taken together, these results
were consistent with fetal BAT transcriptional profiles, showing that MO might attenuate
fetal BAT development and mitochondriogenesis partially through regulating miRNAs.

3.6 MO impaired mitochondriogenesis partially through up-regulation of miR-204-5p

To understand the underlying mechanisms responsible for the impairment of MO fetal BAT
development, we analyzed miRNAs and their targets. The miR-204-5p that predictably
regulates PGCla and Sirtl expression was differentially expressed in fetal BAT.
Quantitative real-time PCR analysis showed that miR-204-5p was significantly up-regulated
in the MO fetuses compared to the control mice (Fig. 6A). To validate whether PGCla and
Sirtl genes are direct targets of miR-204-5p, we constructed luciferase reporters for the
PGC1la and Sirtl 3’UTRs, as well as reporter constructs in which the predicted miR-204-5p
binding sites were mutated (Fig. 6B and 6C). The luciferase reporter assay showed that
miR-204-5p mimics repressed luciferase activity of constructs containing PGCla and Sirtl
3’UTR elements, while mutations in 3’UTRs abolished miR-204-5p binding and the
repressive effects of miR-204-5p mimics (Fig.6D, 6E and S2). Together, these results
identified PGC1la and Sirt1 as the direct molecular targets of miR204-5p. MO negatively
affects mitochondriogenesis partially by increasing miR-204-5p, which inhibited the
expression of PGCla and Sirtl.

4 Discussion

Adipose tissue (WAT and BAT) is mainly developed during the fetal and neonatal stages,
which is profoundly affected by maternal physiological conditions. MO enhances fetal white
adipogenic differentiation and leads to adiposity in offspring [17, 37]. In addition, MO
impairs offspring BAT function [16, 18]. In this study, we further explored the effects of MO
on lineage commitments and mitochondrial biogenesis in fetal BAT at late pregnancy.

To define the impact of MO on fetal BAT development, we first performed the H&E staining
to examine morphological changes. More lipid droplets were observed in MO fetuses
compared to control fetuses. White adipogenic markers (i.e. Zfp423, Psatl and Resistin)
were also increased in MO fetal BAT. This is consistent with the previous studies showing
that MO promoted white adipogenic differentiation in fetal mice [17] and decreased BAT
function of offspring born to obese maternal mice [18, 38].

Furthermore, we found that UCP1 and PRDM16 which are regulators of brown adipogenesis
[11] were down-regulated at both mRNA and protein levels, suggesting that brown
adipogenic differentiation of fetal BAT was impeded due to MO. Brown adipocytes are
packed with mitochondria and, thus, extensive mitochondriogeneis is indispensable during
BAT development [39]. Consistently, we found that, due to MO, the transcription levels of
marker genes, ATP5a, Nrf2 and Tfb2m, and the protein levels of PGCla and SIRT1 were
reduced. Their mtDNA also reduced in MO fetal BAT. Supportively, genes related to
mitochondriogenesis were down-regulated in the MO group based on transcriptome
analysis. Similarly, more and larger lipid droplets and less mitochondria were in the MO
fetal BAT. In short, these data confirmed that mitochondrial biogenesis was impaired in MO
compared with control fetal BAT.
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MiRNASs (19-22 nucleotides) are long non-coding RNAs that suppress gene expression and
translation, and have been implicated in the regulation of brown adipogenesis [40]. We
found that MO altered miRNA profile of fetal BAT, which regulate myogenesis and white
adipocyte differentiation. MiRNAs associated with white adipose development, including
miR-1943-5p, miR-1198-5p and miR-6240, were down-regulated, leading to an increase in
white adipocyte markers, while miRNAs related to myogenesis, such as miR-199a-5p,
miR-501-5p and miR-383-3p, were up-regulated, resulting in the reduction of myogenic
differentiation markers. These changes could attenuate BAT development because brown
adipocytes are derived from myogenic cells during fetal development [14]. These data
showed that MO negatively affected fetal brown adipogenesis and mitochondriogenesis
partially through altering miRNA expression.

Of those differentially expressed miRNAs, we further analyzed miR-204-5p which was
increased in the MO group. We predicted that miR-204-5p had binding sites in PGCla and
Sirtl 3’UTR and hypothesized that MO negatively affected fetal BAT mitochondriogenesis
partially through miR-204-5p. Luciferase assay data showed that miR-204-5p directly bound
PGC1la and Sirtl 3’UTR to suppress their expression, correlated with mitochondrial
abnormalities in MO fetal BAT. These results indicated that MO impaired mitochondria
partially through upregulation of miR-204-5p.

In summary, MO impaired fetal brown adipogenesis while promoting white adipogenesis in
fetal BAT. In addition, mitochondriogenesis of fetal BAT was also inhibited due to MO. The
attenuation of mitochondriogenesis was associated with up-regulation of miR-204-5p, which
interfered with PGC1la and Sirtl expression, partially explaining the suppression of fetal
brown adipogenesis due to MO.
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Highlights

. Maternal obesity increases triglyceride content and white adipose markers in
fetal brown adipose tissue (BAT).

. Markers of mitochondriogenesis in fetal BAT is suppressed due to maternal
obesity.
. Maternal obesity enhances miR-204-5p expression to suppress PGCla and

Sirtl expression, attenuating mitochondriogenesis.
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Figure 1. Maternal and fetal characteristics.
(A) Body weights of maternal mice fed with the normal chow diet (Control) and HFD. (B)

Food intake between control and HFD maternal mice. Fasting glucose (C) and insulin (D) of
control and HFD maternal mice. (E) Weight of fetus and placenta. (F) Weight of fetal BAT.
n=5 per group; *p<0.05 versus control, **p<0.01 versus control, ***p<0.001 versus control.
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Figure 2. MO increased white adipogenesis and lipid contents of E18.5 fetal BAT.
(A) Representative images of H&E staining of E18.5 fetal BAT. MO fetal BAT showed more

lipid droplets. Bar, 50 um. (B) Triglyceride contents of E18.5 fetal BAT. (C) Quantitative
real-time PCR analysis of the expression of white adipogenic marker genes. (D) Electronic
microscopic images of mitochondria of BAT. Bar, 500 nm. (E) Principal component analysis
(PCA) of RNA-seq data. (F) MO up-regulated genes related to white adipocyte
differentiation. n=5 per group; *p<0.05 versus control, **p<0.01 versus control.
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Figure 3. MO negatively affected E18.5 fetal brown adipogenesis.
(A) Heatmap of the expression of selected genes associated with BAT development. (B)

Quantitative real-time PCR analyzed the expression of genes selected by heatmap (n=5 per
group). (C) Pearson correlation of brown adipocyte differentiation markers and maternal
weight. (D and E) Western blotting analysis of PRDM16 and UCP1 contents (D) and relative
guantitative analysis (E) of protein bands (n=5 per group). (F) GO terms of down-regulated
genes of muscle development.*p<0.05 versus control, **p<0.01 versus control.
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(A) Heatmap of the expression of selected genes associated with mitochondriogenesis. (B)
Quantitative real-time PCR analyzed the expression of genes selected by heatmap (n=5 per
group). (C) Mitochondrial DNA content in control and MO fetal BAT analyzed by
quantitative real-time PCR. (D and E) Western blotting analysis of SIRT1 and PGCla
contents (D) and relative quantitative analysis (E) of protein bands (n=5 per group). *p<0.05
versus control, **p<0.01 versus control, ***p<0.001 versus control.
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Figure 5. miRNA-seq analysis of fetal BAT
(A) Heatmap of the expression of selected miRNAs associated with white adipocyte

differentiation. (B) GO terms of targets (about white adipocyte differentiation) of
downregulated miRNAs (MO vs control). (C) Heatmap of the expression of selected
miRNAs associated with myogenesis and brown adipogenesis. (D) GO terms of targets
(about myogenesis) of up-regulated miRNAs (MO vs control). (E) Western blotting analysis
of MYF5 contents and relative quantitative analysis of protein bands (n=5 per group).

***p<0.001 versus control.
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Figure 6. MO impaired mitochondriogenesis partially through miR-204-5p.
(A) Quantitative real-time PCR analyzed the expression of miR-204-5p in control and MO

fetal BAT (n=5 per group). (B and C) Schematic representation of the miR-204-5p target
sequence within the 3’UTR of PGCla (B) and Sirtl (C). Several nucleotides were mutated
in the 3’UTR of PGC1la and Sirtl. (D and E) Luciferase reporter activity of wild-type and
mutant 3’UTR constructs of PGCla (D) and Sirtl (E) in HEK293 cells transfected with
miR-204-5p mimics or negative control. The mean of the results from cells transfected by
pmirGLO control vector was set as 100%. Data are means and standard deviation (SD) of
separate transfections (n=3). *p<0.05 versus control, **p<0.01 versus control, ***p<0.001
versus control.
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The primer sequences

Table 1

Gene Forward primer sequence (5’ to 3%) Reverse primer sequence (5’ to 3°)
PGCla ATGTGTCGCCTTCTTGCTCTTCC GGACCTTGATCTTGACCTGGAATATGG
Prdm16 CAGCAACCTCCAGCGTCACATC GCGAAGGTCTTGCCACAGTCAG
Ucpl ACTCAGGATTGGCCTCTACGACTC GCATTCTGACCTTCACGACCTCTG
Ppara CTTCACGATGCTGTCCTCCTTGATG GATGTCACAGAACGGCTTCCTCAG
Psatl CTTCCCCTGCTGTCGCCTTA AGCACACTGATGCCGAGTCC
Zfp423 GAGAGTGCTGAGGACCTGGAGAG GGTTGGCGACGTGGATCTGAATC
Resistin TCCTGTGGCTCTGCCTGTGG GCTGCTGTCCAGTCTATCCTTGC
Tfb2m ACCAAAACCCATCCCGTC TCTGTAAGGGCTCCAAATGTG
Collal [23] GCATGGCCAAGAAGACATCC ACTGGTAAGTGGGGCAAGAC

Nrf2 [24] TGAAGTTCGCATTTTGATGGC CTTTGGTCCTGGCATCTCTAC
ATP5al [24] CATTGGTGATGGTATTGCGC TCCCAAACACGACAACTCC
Ndufs8 [24] GTTCATAGGGTCAGAGGTCAAG TCCATTAAGATGTCCTGTGCG
B-actin [25] GATCTGGCACCACACCTTCT GGGGTGTTGAAGGTCTCAAA
COX2 [24] ATAACCGAGTCGTTCTGCCAAT TTTCAGAGCATTGGCCATAGAA
B-globin [26] GAAGCGATTCTAGGGAGCAG GGAGCAGCGATTCTGAGTAGA
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