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Purpose: To investigate changes in the protein expression profile of white adipose tissue in low-birth weight (LBW) mice with high-
fat diets using tandem mass tag (TMT) and liquid chromatography-mass spectrometry (LC-MS/MS) and parallel reaction monitoring
(PRM).
Methods: Institute of Cancer Research (ICR) mice were used to establish an LBW model using malnutrition during pregnancy. Male
pups were randomly selected from LBW and normal-birth weight (NBW) offspring, then all given a high-fat diet. Blood glucose,
serum insulin, total cholesterol (TC) and triglyceride (TG) levels were measured. The weight ratio of liver, muscle, and adiposity index
were calculated. Hematoxylin and eosin staining was used to visualize adipose tissue morphology. Oil red O staining of liver and TG
content of muscle were used to determine ectopic lipid deposition. TMT combined with LC-MS/MS was used to analyze protein
expression in white adipose tissue. PRM and Western blot were used to verify the expression of CD36, SCD1, PCK1 and PPARγ.
Results: Compared with NBW mice, fasting blood glucose, insulin and HOMA-IR significantly increased in LBW mice, indicating
insulin resistance and impaired glucose regulation; TC, TG, adipocyte size, and adiposity index were increased in LBW mice,
suggesting obesity and disorder of lipid metabolism. We observed ectopic lipid deposition in liver and muscle. There were 996
differentially expressed proteins (DEPs) in the LBW/NBW groups. Peroxisome proliferator-activated receptor (PPAR) was a relatively
important signaling pathway regulating metabolic process in functional enrichment analysis of DEPs. Up-regulated expression of
CD36, SCD1, and PCK1 in the adipose tissue of LBW mice was observed through PPAR pathways cluster analysis. And PRM and
Western blot assay validated the proteomics findings.
Conclusion:When exposed to high-fat diets, LBW mice exhibited insulin resistance and disorder of lipid metabolism compared with
NBW mice. The expression of PPARγ was elevated, as well as upstream CD36, downstream SCD1 and PCK1 of the PPARγ in the
adipose tissue of LBW mice. It was suggested that the activation in CD36/PPARγ/SCD1 and CD36/PPARγ/PCK1 pathways may
induce adipose dysfunction, thereby increasing susceptibility to insulin resistance.
Keywords: low birth weight, adipose tissue, insulin resistance, lipid metabolism

Introduction
Low birth weight (LBW) is an indicator of malnutrition and growth restriction in utero,1 with maternal diet restriction
and an abnormal intrauterine growth environment causing fetal metabolic pressure. In recent years, many prospective
studies have confirmed that LBW is closely related to metabolic diseases such as adult insulin resistance and obesity.2–4

Our research group previously proposed that birth weight is negatively correlated with type 2 diabetes mellitus (T2DM)
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using meta-analysis.5 Animal models show that LBW is associated with insulin resistance and adiposity.6–8 There are
epigenetic speculations such as fetal insulin and the thrifty phenotype hypothesis for LBW inducing an imbalance in
glucose and lipid homeostasis in adulthood,9,10 but the specific molecular mechanism remains ambiguous. This limits the
control and prevention of susceptibility to insulin resistance in LBW populations.

Adipose tissue is an endocrine organ responsible for dynamic energy storage, and dysfunctional adipose tissue plays
a key role in the development of insulin resistance.11 Excessive energy intake leads to adipocyte hyperplasia and
hypertrophy,12 and the increased release of free fatty acids. Ectopic lipid deposition in non-adipose tissues increases
lipotoxicity, thus interfering with insulin signaling pathways and glucose homeostasis, and promoting insulin
resistance.13 Nakano et al proposed the overloaded adipocyte hypothesis in LBW infants,14 while Wu et al suggested
the role of adipose tissue dysfunction as an underlying mechanism of the relationship between LBW and glucose
metabolism disorders in children aged 6–18 years.15 The role and potential molecular mechanism of adipose tissue in the
process of insulin resistance and T2DM associated with LBW needs to be further explored. Moreover, few studies have
applied proteomics to study the relationship between low birth weight and insulin resistance. Proteomics analysis can
profile all the proteins in adipose tissue, so an investigation with proteomics analysis would help to unravel this enigma.

In this study, LBW mice were subjected to high-fat overfeeding to simulate the dietary pattern among modern human
populations, and protein changes in epididymal adipose tissue were observed using tandem mass tag (TMT)-labeled
proteomics analysis. Bioinformatics analysis and parallel reaction monitoring (PRM) verification were used to explore
the possible mechanism underlying how LBW might affect insulin resistance in adulthood, providing evidence for the
prevention and treatment of T2DM in LBW populations.

Materials and Methods
Animals and Experimental Groups
Specific-pathogen-free Institute of Cancer Research (ICR) mice aged 6–8 weeks (20 females and 10 males) without
mating history were selected for this experiment. After one week of adaptive feeding, the female and male ICR mice
were caged at a ratio of 2:1.The vaginal plug was recorded as the 0.5th day of pregnancy. The pregnancy malnutrition
method was adopted to establish the LBW model. Pregnant females were randomly assigned to either a control or
undernutrition group. Control dams received normal food intake. Dams in the undernutrition group were fed at 50%
food-restriction levels (refer to normal food intake in controls) from days 12.5 to 18.5. All newborn mice were weighed
within 24 hours of delivery. At birth, litter numbers were equalized to eight. During suckling, dams were randomly
assigned to ad libitum chow.

Nine male pups were randomly selected from the LBW and normal-birth weight (NBW) offspring. They were labeled
as LBW or NBW. After the breastfeeding period (age 3 weeks), they were given a high-fat diet (total calories 2193.4 kJ/
100 g). Calorie composition of the diet was 60% fat, 20% carbohydrate, and 20% protein. The weight and food intake of
offspring mice was measured every week to the nearest 0.1 g.

Intraperitoneal Glucose Tolerance Test (IPGTT)
The IPGTT was performed on the eleventh week of the high-fat intervention (age 14 weeks). After fasting for 12 h,
fasting blood glucose (baseline blood glucose) was measured using tail vein blood samples, followed by intraperitoneal
injection of 50% glucose 2 g/kg. Tail vein blood was then drawn again to measure blood glucose at 15, 30, 60, and 120
minutes after glucose injection using a blood glucose meter (Roche Diagnostics GmbH, Mannheim, Baden-Wurttemberg,
Germany).

Specimen Collection
The mice fed high-fat diets for 17 weeks (age 20 weeks) were weighed after fasting 12 h before anesthesia with 1%
pentobarbital (60 mg/kg). Blood was collected and centrifuged at 4°C at 3000 rpm for 15 min in a refrigerated high-speed
centrifuge (Thermo Fisher Scientific, Waltham, Massachusetts, USA) and the serum collected. Serum was stored in
a −80°C freezer (Qingdao Haier Biomedical Co Ltd, Qingdao, China) for later use. After blood sampling, the liver,
skeletal muscle were removed by laparotomy, weighed for weight ratio (g/100g of body weight). And epididymal and
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perirenal fat tissues were dissected away and weighed for adiposity index determination (g/100g of body weight). Then
these tissues snap frozen in liquid nitrogen and stored at −80°C.

Measurement of Fasting Blood Glucose, Insulin
Serum fasting Insulin levels were measured using ELISA (Alpco, Salem, USA). Fasting blood glucose levels were
measured using a blood glucose meter. After that, a Homoeostasis Model Assessment for Insulin Resistance (HOMA-IR)
was calculated according to the following formula: Blood Glucose (mmol/L) × (Serum Insulin (mlU/L)/22.5.

Measurement of Serum TC and TG
Serum total cholesterol (TC) and triglyceride (TG) assay kits were purchased from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China). The experimental procedures were performed according to the manufacturer’s instructions.

Hematoxylin and Eosin (HE) Staining of Adipose Tissue
Adipose tissues were fixed with 4% neutral formaldehyde (Biosharp, China), then the paraffin-embedded tissues were
sliced into sections. Sections were stained using HE (Servicebio, Wuhan, China) then observed and photographed using
light microscopy.

Oil Red O Staining of Liver Tissue
Oil Red O reagent (Servicebio) was used to stain frozen liver slices to examine lipid accumulation within hepatocytes.
Stained sections were observed and photographed using light microscopy.

Measurement of TG Content in Muscle
50mg skeletal muscle tissue was weighed and put into a pre-cooled EP tube, 9 times the volume of anhydrous ethanol
was added according to the ratio of weight (g): volume (mL)= 1:9. The mixture were ground in a frozen grinder,
centrifuged at 2500 rpm for 10 minutes at room temperature, and the supernatant was taken to test the TG content using
a triglyceride enzymatic assay kit (Nanjing Jiancheng Bioengineering Institute).

Sample Preparation
Epididymal adipose tissue samples were powdered and dissolved in lysis buffer (8 M urea, 2 mM ethylenediamine
tetraacetic acid and 1% protease inhibitor cocktail [Sigma, St. Louis, USA]), followed by sonication using a high-
intensity ultrasonic processor (Scientz, Ningbo, China). The remaining debris was removed by centrifugation at 4°C.
Supernatants were collected to determine protein concentration. For digestion, the protein solution was reduced with 5
mM dithiothreitol (Sigma, St. Louis, USA) for 30 min at 56 °C and alkylated with 11 mM iodoacetamide (Sigma,
St. Louis, USA) for 15 min at room temperature in darkness. The protein sample was then diluted by adding 100 mM
triethylammonium bicarbonate (TEAB; Sigma, St. Louis, USA) to a urea concentration <2 M. Trypsin (Promega,
Madison, Wisconsin, USA) was added at 1:50 trypsin:protein mass ratio for the first digestion overnight and 1:100
trypsin:protein mass ratio for a second 4-h digestion. After trypsin digestion, peptides were desalted using a Strata
X C18 SPE column (Phenomenex, Torrance, California, USA) and vacuum-dried. Peptide samples were reconstituted in
0.5 M TEAB and processed according to the manufacturer’s protocol for the TMT kit/iTRAQ kit (Thermo Fisher
Scientific).

LC-MS/MS Analysis
The tryptic peptides were dissolved in 0.1% formic acid (Fluka, St. Louis, USA; solvent A) then separated using the
EASY-nLC 1000 UPLC system (Thermo Fisher Scientific). Peptides were subjected to the ion source followed by
tandem mass spectrometry (MS/MS) using Orbitrap Fusion™ (Thermo Fisher Scientific). Peptide precursor ions and
their secondary fragments were detected and analyzed using high-resolution Orbitrap. A data-dependent procedure was
used for data collection. The quantitative method was set to TMT-6plex, and the false discovery rate for protein and
peptide-spectrum match identification was adjusted to <1%.
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Bioinformatics Methods
Gene Ontology (GO) is a major bioinformatics initiative to unify the representation of gene and gene product attributes
across all species. The UniProt-GOA database (http://www.ebi.ac.uk/GOA/) and InterProScan software (http://www.ebi.
ac.uk/interpro/) were used to provide protein annotation and classification. Kyoto Encyclopedia of Genes and Genomes
(KEGG) (http://www.kegg.jp/) integrated the network information of differentially expressed protein (DEP) interactions
for pathway enrichment analysis. The InterPro database was used to analyze the enrichment of the functional domains of
the DEPs.

PRM Verification
In this experiment, PRM was used to verify DEPs. The peptides were dissolved in the mobile phase A of LC then
separated using the EASY-nLC 1000 ultra-high performance liquid system. Mobile phase A was an aqueous solution
containing 0.1% formic acid and 2% acetonitrile (Thermo Fisher Scientific); and mobile phase B contained 0.1% formic
acid and 90% acetonitrile. The liquid gradient setting of phase B was as follows: 0~40 min, 7–25% B; 40~52 min, 25–
35% B; 52~56 min, 35–80% B; 56~60 min, 80% B, all at a constant flow rate of 350 nL/min.

Western Blot Validation
Because of the lack of LC-MS/MS data about peroxisome proliferator-activated receptor gamma (PPARγ), Western blot
analyses were performed to confirm its presence. Adipose tissue samples from both the LBW and NBW groups were
lysed in lysis buffer (Solarbio, Beijing, China) containing protease inhibitors (Solarbio), and protein concentrations were
determined using the Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific). Protein samples were then resolved
using sodium dodecyl sulphate–polyacrylamide gel electrophoresis and transferred onto polyvinylidene difluoride
membranes using electrophoresis. Membranes were blocked with 5% non-fat dried milk (Solarbio) then incubated
with the appropriate primary and secondary antibodies. The band was detected using enhanced chemiluminescent
reagents (Zen BioScience Co, Ltd., Chengdu, China) under a gel imager. The following antibodies were used:
glyceraldehyde-3-phosphate dehydrogenase (GAPDH; rabbit antibody; 1:20,000 dilution; Proteintech, Wuhan, China);
PPARγ (rabbit antibody; 1:1000 dilution; Cell Signaling Technology, Boston, USA); and horseradish-peroxidase-labeled
goat anti-rabbit immunoglobulin G (1: 10,000 dilution; Abbkine, Wuhan, China). GAPDH was used as the loading
control.

Statistical Analysis
All statistical analyses were performed using SPSS 22.0 software (IBM Corp., Armonk, NY, USA). Data were expressed
as mean ± standard deviation. When the data satisfied normal distribution and the variances were consistent, between-
group comparisons were conducted by t-test. p<0.05 was defined as statistically significant.

Results
Establishment of the LBW Mouse Model in Offspring
The LBW mouse model was established by 50% food restriction in ICR mice during pregnancy days 12.5–18.5. The
birth weights of the offspring mice in the LBW group (1.10 ± 0.17 g) were significantly lower than those of the offspring
mice in the NBW group (1.66 ± 0.16 g), indicating successful establishment of the LBW model (Figure 1A).

LBW Mouse Model Develop Insulin Resistance and Impaired Glucose Regulation
At 20 weeks, there was no significant difference in body weight between NBWand LBWmice (Figure 1B). Food intake was
not significantly different between the two groups (Figure 1C). In the IPGTT performed at 14 weeks, fasting blood glucose in
the LBW group increased significantly compared with the NBW group, and blood glucose increased at 1 h and 2 h after
glucose injection (Figure 2A). At the end of 20 weeks, the serum levels of fasting glucose and insulin in LBW group were
higher than those in the NBW group (Figure 2B and C). Thereafter, the values of HOMA-IR were calculated. The results
showed that the values of HOMA-IR in the LBW group were significantly higher than those in the NBW group (Figure 2D).

https://doi.org/10.2147/DMSO.S353095

DovePress

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15852

Wang et al Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.ebi.ac.uk/GOA/
http://www.ebi.ac.uk/interpro/
http://www.ebi.ac.uk/interpro/
http://www.kegg.jp/
https://www.dovepress.com
https://www.dovepress.com


Elevation of serum TC in the LBW group was more pronounced (Figure 2E), while TG showed a rising trend (Figure 2F).
The weight ratio of liver and skeletal muscle in the LBW group was not increased significantly, while adiposity index was
increased markedly, suggesting obesity and disorder of lipid metabolism (Figure 3). All these results indicated that LBW
mice fed with high-fat diet exhibited severely insulin resistance and impaired glucose regulation in adulthood.

Adipose Tissue Morphology and Ectopic Lipid Deposition
To observe adipose tissue morphology and ectopic lipid deposition, we performed HE staining and oil red O staining, and
measured TG content in muscle. The HE staining of adipose tissue showed that adipocyte size was increased significantly
in the LBW group compared with the NBW group (Figure 4A).A large number of red lipid droplets in hepatocytes in
both the LBW and NBW groups were seen according to the oil red O staining of liver, suggesting liver lipid deposition
(Figure 4B).Muscle TG content increased significantly in LBW group compared with NBW group, indicating muscle
lipid deposition (Figure 4C).

Analysis of DEPs in Adipose Tissue
A total of 5854 proteins were identified in this study, of which 4940 had quantitative information. According to the
filtrate threshold (P value <0.05, average ratio >1.2 or average ratio <1.0), the DEPs were screened out. There were
996 DEPs in the LBW/NBW groups, comprising 325 up-regulated and 671 down-regulated proteins. (Figure 5A).

The GO analysis of the identified DEPs was conducted using the UniProt-GOA database and Interport Scan software
and the proteins were classified according to biological process (BP), molecular function, and cell composition. In the BP

Figure 1 (A) Birth weight, (B) body weight (age 20 weeks), (C) food intake of mice in each group. Data were presented as the mean ± standard deviation; *p<0.05 vs NBW
(Student’s t test).
Abbreviations: NBW, normal birth weight; LBW, low birth weight.
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analysis, DEPs in the LBW/NBW groups were mainly involved in cellular processes, single-organism processes,
metabolic processes, and biological regulation, of which metabolic processes accounted for approximately 12%
(Figure 5B), suggesting that the DEPs might play an important role in the metabolic process.

The KEGG pathway enrichment analysis of DEPs in the LBW/NBW groups using Fisher’s precise double-ended test
method showed that DEPs were mainly involved in lysosome, ribosome, chemical carcinogenesis, renin-angiotensin
system, PPAR, and other glycan degradation and carbon metabolism processes (Figure 5C), among which the PPAR
pathway was a relatively critical signal transduction pathway.

Verification of the PPAR Signaling Pathway
Through enrichment analysis of the KEGG pathway, we found that the PPAR signaling pathway was a relatively
important signal transduction pathway in which DEPs were involved. In adipose tissue, the PPARγ signaling pathway
was closely related to lipid metabolism (Figure 6).Thirty-three DEPs in the PPAR signaling pathway were identified. In

Figure 2 (A) IPGTT, (B) fasting blood glucose, (C) serum insulin, (D) HOMA-IR, (E) TC, (F) TG of mice in each group. Data were presented as the mean ± standard
deviation; *p<0.05 vs NBW (Student’s t test).
Abbreviations: IPGTT, intraperitoneal glucose tolerance test; HOMA-IR, Homoeostasis Model Assessment for Insulin Resistance; TC, total cholesterol; TG, triglyceride.
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the PPARγ pathway, CD36, PCK1, and SCD1 might affect glucose metabolism via the regulation of lipid metabolism,
and the differential expression of CD36 changed substantially, so CD36, SCD1, and PCK1 were selected for analysis.
Expression of CD36, SCD1, and PCK1 in the LBW group was up-regulated compared with the NBW group (Figure 7).
Six protein samples were selected from the LBW group and NBW group for PRM quantification. Each protein was
quantified with two or more unique peptides. After PRM quantification, we accurately identified the up-regulated CD36,
SCD1, and PCK1, and the results were consistent with the proteomic analysis. The fragment ion peak areas of the
corresponding peptides of CD36, SCD1, and PCK1 are shown in Figure 8A and B. Western blot analysis demonstrated
that PPARγ expression was up-regulated in the LBW group compared with the NBW group (Figure 8C and D).

Discussion
A number of human and animal studies have shown that LBW raises the risk of insulin resistance and obesity, but the
specific mechanism underlying this remains unclear. To explore the molecular and physiological mechanisms contribut-
ing to this correlation, we used calorie restriction during pregnancy in ICR mice to produce LBW offspring, along with
NBW controls. Offspring mice from both groups were fed a high-fat diet. Our study is the first to apply proteomics to
investigate the molecular mechanisms of insulin resistance caused by low birth weight. Proteomics analysis and PRM
validation in adipose tissue revealed possible pivotal signaling pathways associated with LBW that might contribute to
insulin resistance in adulthood.

Figure 3 (A) Weight ratio of liver, (B) muscle, (C) adiposity index (g/100g of body weight) of mice in each group. Data were presented as the mean ± standard deviation;
*p<0.05 vs NBW (Student’s t-test).
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In our research, LBW offspring presented higher levels of fasting glucose, insulin, HOMA-IR and adiposity index,
and enlarged adipocyte size, indicating development of insulin resistance and adipose dysfunction in adulthood. The GO
analysis of the TMT proteomics analysis showed that a high proportion of DEPs in the NBW/LBW groups were involved
in metabolic process, reaching up to approximately 12%. Combined with KEGG pathway enrichment analysis, we found
PPAR to be a relatively significant signaling pathway, involving DEPs and strongly linked to lipid metabolism in adipose
tissues. PPARγ, as a highly enriched subtype of the PPAR family in white adipose tissue,16 regulates the transcription of
target genes controlling lipid metabolism in adipocytes17,18 and promotes adipogenesis.19 In our study, expression of
PPARγ was up-regulated in LBW mice compared with NBW mice. In vivo experiments have demonstrated the
importance of PPARγ function in the regulation of whole-body insulin sensitivity.20 Deficiency of the PPARγ gene in
mice has been reported to result in a more insulin-sensitive phenotype under high-fat conditions.21 To verify the
proteomics-based observations, we performed further PRM validation of CD36, SCD1, and PCK1 in the PPAR pathway.

Figure 4 (A) HE staining of adipose tissue, (B) oil red O staining of liver, (C) TG content in muscle. Data were presented as the mean ± standard deviation; *p<0.05 vs
NBW (Student’s t-test).
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As a fatty acid translocase, CD36 promotes the transport of long-chain fatty acids in adipocytes.22 The oxidized low-
density lipoprotein recognized and absorbed by CD36 has a strong activating effect on PPARγ,23,24 and PPARγ further
regulates the expression of downstream CD36 and SCD1. PPARγ can directly stimulate the expression of SCD1.
However, the main regulation of SCD1 by PPARγ occurs at the transcriptional level, where PPARγ increases the
transcriptional activity of SCD1 by binding to the SCD1 promoter, which can produce a two-fold increment in the
promoter’s activity.25 There is evidence that the gene encoding PCK1 in adipose tissue is the target gene of PPARγ,
which regulates the activation of the PCK1 gene during adipogenesis.26 In the proteomics analysis, expression of CD36,
SCD1, and PCK1 were up-regulated in the LBW group compared with NBW group. PRM quantified up-regulated CD36,
SCD1, and PCK1. In summary, compared with NBW group, the whole PPARγ pathway was active in the adipose tissue
of LBW mice, promoting adipogenesis.

In adipose tissue, SCD1 and PCK1 are crucial to lipogenesis. SCD1 is a rate-limiting enzyme that synthesizes
monounsaturated fatty acids-the main component of triglycerides.27 PCK1 in adipose tissue is a key enzyme in the re-
esterification of fatty acids and is critical in the regulation of glyceroneogenesis and the release of fatty acids through the
triglyceride/fatty acid cycle, which is essential for lipid storage in adipose tissue.28 Animal experiments in LBW mice
suggest that LBW alters the expression of genes regulating adipocyte differentiation and function.29 This has also been

Figure 5 (A) Quantitative information, (B) GO analysis, (C) KEGG pathway enrichment analysis of differential proteins in LBW/NBW.
Abbreviations: GO, the Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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demonstrated in other LBW mammalian models.30–32 Therefore, it is plausible that LBW might affect lipid metabolism
through the CD36/PPARγ/SCD1 and CD36/PPARγ/PCK1 pathways in adipose tissue (as shown in Figure 9). Compared
with NBW mice, we observed increased adipocyte size and accumulated epididymal fat in LBW mice with high-fat
feeding, and taken together with the results of proteomics analysis and PRM verification, it might be concluded that
LBW aggravated the accumulation of white adipose tissue and reduced the lipid storage threshold because of excessive
use of lipid storage capacity in a high-fat environment.

In the LBW model, high-fat feeding exacerbated the inability of white adipose tissue to further expand and, combined
with abnormal expression of genes regulating lipid metabolism and adipocyte differentiation, adipocytes were unable to
appropriately accommodate energy surplus, leading to increased lipid overflow.33 Compared with their NBW counter-
parts, LBW mice shown elevated peripheral triglyceride levels and ectopic lipid deposition in the liver and muscle
(typical manifestations of lipotoxicity), thus interfering with cell homeostasis, impairing metabolic pathways and
inducing insulin resistance.34,35 Elevated values of fasting blood glucose, insulin and HOMA-IR revealed glucose
homeostasis imbalance. In contrast to other animal studies on LBW, a long-term high-fat diet was applied to mimic
the dietary pattern of modern life in our study. Compared with NBW mice, the PPARγ signaling pathway in adipose

Figure 6 Network of PPAR pathways.
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tissue remained relatively active in LBW mice with high-fat feeding, and the expression of CD36, SCD1, and PCK1
increased. Accordingly, CD36 promoted the transport of fatty acids in adipocytes and activated PPARγ, which stimulated
the expression of SCD1 and PCK1, promoting adipogenesis and leading to impaired lipid storage capacity and increased
lipotoxicity in the LBW mice, which might be the mechanism underlying insulin resistance caused by LBW. Most
importantly, the PPARγ pathway was reported for the first time as a significant mechanism linking low birth weight with
adulthood diabetes.

This study has some limitations. Our evidence is obtained from in vitro studies, and there is a lack of in vivo
experimental data. Future studies of the role of the CD36/PPARγ/SCD1 and CD36/PPARγ /PCK1 pathways using gene-
edited LBW mice could provide useful in vivo evidence of the relationship between LBW and insulin resistance.

Conclusion
In summary, when exposed to high-fat diets, LBW mice exhibited insulin resistance and disorder of lipid metabolism
compared with NBW mice. Following functional enrichment analysis suggested PPAR pathway as an important
mechanism underlying metabolic regulation in adipose tissue of high-fat fed LBW mice. The expression of PPARγ

Figure 7 PPAR pathways cluster analysis heatmap.
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was elevated, as well as upstream CD36, downstream SCD1 and PCK1 of the PPARγ in the adipose tissue of LBW mice,
further confirming the activation of PPARγ signaling pathway. It was suggested that the activation in CD36/PPARγ/
SCD1 and CD36/PPARγ/PCK1 pathways may induce adipose dysfunction, thereby increasing susceptibility to insulin
resistance.

Figure 8 The ion peak normalized area of CD36, SCD1, and PCK1 in each group with (A) TMTand (B) PRM. Western blot verified the expression of PPARγ in the NBW/
LBW groups. (C) Quantitation analysis of PPARγ expression standardised by GAPDH. (D) Western blot picture. Data were presented as the mean ± standard deviation;
*p<0.05 vs NBW (Student’s t test).
Abbreviations: TMT, tandem mass tag; PRM, parallel reaction monitoring; PPARγ, peroxisome proliferator-activated receptor gamma; GAPDH, glyceraldehyde-3-phos-
phate dehydrogenase.

Figure 9 CD36/PPARγ/SCD1 and CD36/PPARγ/PCK1 pathway.
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