
Nutrients 2017, 9, 407 5 of 20 

 

determined using Fisher’s exact test. Data were expressed as mean ± SEM, unless otherwise mentioned. 
A value of p < 0.05 or FDR (false discovery rate) < 0.1 was considered significant. 

3. Results 

3.1. Maternal Late Gestation Diabetes Increases Heart Weight in Offspring 

We compared the average weight of the neonate hearts that were subjected to ChIP-seq 
experiments. Similar observations were previously reported with echocardiographic data in larger 
cohorts of rat pups using the same animal model (Figure 1) [1,2]. Although we did not observe any 
significant interaction effect on neonatal heart weight due to combined diet and diabetes exposure, 
diabetes-exposed (CS) pups had significantly higher average heart weight compared to controls (CC) 
(55.64 ± 1.95 mg vs. 48.94 ± 2.03 mg, p < 0.05). A similar effect was observed in combination-exposed 
(HS) pups when compared with the diet-matched controls (HC) (52.92 ± 1.62 mg vs. 44.91 ± 2.30 mg, 
p < 0.05) (Figure 2a). Diabetes-exposed pups also had a significantly higher heart to body weight ratio 
when compared to controls (0.0089 ± 0.0004 vs. 0.0071 ± 0.0002, p < 0.05) (Figure 2b). These data 
corresponded to elevated maternal late gestation glucose levels induced by STZ when compared to 
their respective CC and HC diet-matched control groups (305.30 ± 92.01 mg/dL vs. 82.23 ± 3.92 mg/dL 
and 295.42 ± 39.27 mg/dL vs. 88.30 ± 2.61 mg/dL; both p < 0.05) (Figure 2c). We did not observe any 
significant interaction effect on maternal late gestation glucose levels due to combined exposure.  

 
Figure 2. Physiological characteristics of pups and corresponding mothers. Higher neonatal heart 
weight (a) and neonatal heart to body weight ratio (b) that correspond to elevated maternal late 
gestation glucose levels (c) in diabetes exposed group; n = 10–12 (a,b), n = 2 (c). * p < 0.05, CC, controls; 
CS, diabetes exposed; HC, HF-diet exposed; HS, combination exposed. 

3.2. In Utero Exposure to Diabetes or HF-Diet Associates with Differential Histone Modifications in 
Offspring Cardiac Tissue  

ChIPed DNA sequence revealed differential peak distribution among the diet groups. The 
highest concentration of enriched peaks (around 40% enrichment compared to input DNA) were 
overlapping or upstream (−5 kb or gene promoters) of the transcription start site (TSS) for all three 
modifications in the treatment groups (Figures A1–A3). About 29, 11, and 36% of approximately 
41,000; 73,000; and 54,000 enriched peaks for H3Ac, H3K27me3, and H3K4me3 respectively 
overlapped to known exonic regions when mapped to the rat genome (data not shown). The genome 
occupancy of the gene-activating histone marks (H3Ac, H3K4me3) were distinct from the 
suppressive mark H3K27me3 by 24% and 20% on axes 1 and 2, respectively (Figure 3). The 5 kb 
upstream regions in the combination-exposed newborn heart genome had relatively higher 
concentrations of gene-activating marks (H3Ac and H3K4me3) and lower concentration of repressive 
marks (H3K27me3) as measured in terms of mean peak densities (tag/50 bp) compared to diabetes or 
diet-exposed hearts as shown by the Seqminer density plots (Figure 4). In the diet-exposed group, 
the two gene-activating marks, H3Ac and H3K4me3, showed small but higher association between 
each other (Pearson’s r = 0.29) than between the gene-activating and gene suppressive methylation 
marks (Pearson’s r = 0.09) (Figure A2). Together, the effect of the diabetes and HF diet affected the 


