multipotent precursor cells were identified in the mouse and found to express insulin,
high levels of Ngn3, and Glut2 was expressed at near-absent levels (42). Further
characterization of PDX-1"/insulin™ precursor cells will be necessary in future
experiments. Expansion and differentiation of B-cell precursors ex vivo would provide an
excellent source of B-cells for replacement therapy.

These findings may indicate that normal maturational pathways that allow such
cells to differentiate into functional B-cells are impaired by LP exposure, resulting in a
reduced B-cell mass. In addition to a risk for later diabetes, the loss of plasticity may
compromise the female offspring during pregnancy, where a substantial expansion of
maternal B-cell mass normally occurs.

In conclusion, we describe a mouse model in which exposure to a LP diet during
gestation has critical effects on the development of the endocrine pancreas and B-cell
recovery after STZ. We have shown that mouse pancreatic development in a protein-
deficient environment was altered to produce morphological changes in islet mass in
early life, and glucose intolerance in females later in life. Additionally, recovery from
STZ-induced injury was impaired by prior LP exposure, whereas C-fed STZ treated
offspring regenerated B-cell mass through replication or precursor differentiation. Our
results therefore suggest that the prior dietary environment is a determinant of

subsequent B-cell plasticity in a mouse model.
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CHAPTER 3:
The Mechanism Underlying the Development of Glucose Intolerance and the Failure of

B-cell Regeneration in Fetal Protein Restricted Mice.

Cox, A.R., Carter, D., Strutt, B., Arany, E.J., Hill, D.J.
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3.1. Introduction

Maintenance of B-cell mass is important to provide adequate blood glucose
regulation. In individuals with type 1 diabetes the B-cell mass is reduced by greater than
90%, while in individuals with type 2 diabetes the B-cell mass is reduced with
progression of disease (1; 2). Stimulation of endogenous regenerative mechanisms to
restore B-cell mass is one strategy that is being actively pursued for B-cell replacement
therapies in diabetes. Promising research in rodent models of B-cell injury has
demonstrated the capacity for B-cell regeneration. For example, administration of the B-
cell specific toxin, streptozotocin (STZ), in single or multiple doses to neonatal rodents
has been followed by rapid and significant regeneration (3-5). However, in adult animals,
the response is less robust leading to diabetes later in life (6; 7). Collectively, there is
evidence to support both B-cell replication and precursor cell differentiation in the
mechanism of B-cell regeneration (8-11). However, it is imperative to determine which
mechanism will be most beneficial as a therapeutic approach to diabetes.

It is important to consider how environmental factors, such as diet, affect B-cell
development and plasticity. Poor fetal growth and low birth weight are associated with
increased risk of impaired glucose tolerance (12), type 2 diabetes (13) and the metabolic
syndrome (14) in adult life. Previous work has examined the impact of maternal protein
restriction (LP) during fetal life in mice on islet development and long term glucose
homeostasis (Chapter 2). Specifically, offspring of LP fed mice were characterized by a
decreased birth weight and in females, an altered islet mass and an impaired glucose

tolerance in adulthood. Additionally, it was observed that neonatal offspring of LP dams
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subsequently treated with multiple low doses of STZ were unable to regenerate their -
cell mass to control levels by d30. In contrast, offspring of control (C) fed dams receiving
STZ regenerated B-cell mass within 30 days. There was a significant increase in islet
neogenesis in female C+STZ mice at d7, while the female LP+STZ mice had an increased
presence of PDX-1"/insulin™ precursor cells. A lack of differentiation of this PDX-
1*/insulin™ population into mature B-cells may account for the failure of regeneration.

In addition to identifying the source of new B-cells and the supportive cells
contributing to B-cell regeneration, it is also essential to determine the signalling
mechanism involved. Studies have identified various mitogenic and differentiation
factors associated with B-cell regeneration such as insulin-like growth factor (IGF) -I (15),
glucagon-like peptide-1 (GLP-1) (3), activin A and betacellulin (16) and gastrin and
epidermal growth factor (17). The regenerating-islet derived (Reg) gene family members
are upregulated during B-cell regeneration (18-22). Additionally, Reg genes stimulate -
cell replication, likely through the upregulation of cell cycle genes such as cyclin D1
(Ccnd1) and cyclin dependent kinase (Cdk) 4 (19; 23; 24). Furthermore, the Wnt pathway
signals through dishevelled (DVL) and B-catenin (CTNNB1) to upregulate gene expression
of Cdk4 and Ccnd1, leading to an increased proliferation of B-cells (25; 26).

Our first objective is to look at the expression profiles of C and LP fed offspring
following STZ to determine if these or other novel genes may be altered under LP
conditions leading to a failure in B-cell regeneration. Identification of novel factors
capable of stimulating B-cell expansion could provide new therapies for B-cell

replacement. Furthermore, understanding how the intrauterine environment affects p-

102



cell development could lead to intervention strategies to prevent glucose dysregulation
and type 2 diabetes. Therefore our second objective was to identify signalling pathways
and cellular functions that may be altered by LP exposure in utero based on altered gene

expression profiles.

3.2. Materials and Methods

3.2.1. Animals

Balb/c mice (Charles River Ltd, Montreal, QC, Canada) were housed in a temperature
controlled room with 12 h light:dark cycle. Water and food (Bio-Serv, Frenchtown, NJ,
USA) were given ad libitum. An isocaloric LP diet (8% protein) or control (C; 20% protein)
diet was administered to pregnant mice during gestation as described previously
(Chapter 2). On d 1 through 5, female offspring received injections of either 35 mg/kg
body weight of STZ (Sigma Chemical, St.Louis, MO, USA) in sodium citrate buffer (0.1
mol/L, pH 4.5) or equal volume of the vehicle (sham). Female offspring were divided into
four groups: C = control diet, sham injected; C + STZ = control diet, STZ injected; LP = low
protein diet, sham injected; LP + STZ = low protein diet, STZ injected. On day 7, 14 and
30 female offspring were killed and the pancreas was removed and stored in RNAlater

(Applied Biosystems Canada, Streetsville, ON, Canada) at -80°C.

3.2.2. Islet Isolation

Female offspring were killed on day 7 and islets were isolated by a modified protocol

previously described (27). Briefly, the pancreas was removed and perfused in a petri dish
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with 1 mL of Collagenase type V (1 mg/mL; Sigma) in Hank’s Buffered Salt Solution
(HBSS; Invitrogen Canada Inc., Burlington, ON, Canada). Pancreata from 2-4 female mice
for each litter were perfused and collected in 4-8 mL of HBSS + Collagenase type V and
placed in a 37°C shaking water bath for 30 min. Digested tissue was passed through a 14
gauge needle and washed in HBSS + 5% bovine serum (Invitrogen) by centrifugation.
Islets were separated from acinar and duct cells using a Dextran (MP Biomedicals, Solon,
OH, USA) gradient consisting of 27, 23 and 11% Dextran which was centrifuged for 25
min at 1250 rpm. Islets were collected from the 23-11% boundary and washed in HBSS +
5% serum. Islets were placed in a petri dish with HBSS + 5% serum and picked using an
inverted microscope. Islets for RNA use were stored in RNAprotect (Qiagen, Mississauga,
ON, Canada) at -80°C and islets for protein use were sonicated in lysis buffer and stored

at -80°C.

3.2.3. Microarray Experiments

Total RNA was extracted and purified from whole pancreas of 30 day old female
offspring using the Qiagen column method with the RNeasy Plus Mini kit (Qiagen).
Separate RNA samples were extracted from 3 pancreata per group (C, C+STZ, LP, LP+STZ)
with each sample hybridized to a separate GeneChip (n=3). All GeneChips were
processed at the London Regional Genomics Centre (Robarts Research Institute, London,

Ontario, Canada; http://www.lrgc.ca). RNA quality was assessed using the Agilent 2100

Bioanalyzer (Agilent Technologies Inc., Palo Alto, CA, USA) and the RNA 6000 Nano kit

(Caliper Life Sciences, Mountain View, CA, USA) (Appendix 4).
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Biotinylated complimentary RNA (cRNA) was prepared from 10 ug of total RNA as
per the Affymetrix GeneChip Technical Analysis Manual (Affymetrix, Santa Clara, CA,
USA). Double-stranded cDNA was synthesized using SuperScript Il (Invitrogen) and
oligo(dT),4 primers. Biotin-labeled cRNA was prepared by cDNA in vitro transcription
using the BioArray High-Yield RNA Transcript Labeling kit (Enzo Biochem, New York, NY,
USA) incorporating biotinylated UTP and CTP. Ten pg of labeled cRNA was hybridized to
Affymetrix Mouse 430 2.0 arrays for 16 h at 45°C as described in the Affymetrix
Technical Analysis Manual (Affymetrix). GeneChips were stained with Streptavidin-
Phycoerythrin, followed by an antibody solution and a second Streptavidin-
Phycoerythrin solution, with all liquid handling performed by a GeneChip Fluidics Station
450 (Affymetrix). GeneChips were scanned with the Affymetrix GeneChip Scanner 3000
(Affymetrix).

Probe level data from the .CEL files were analyzed using Partek Genomics Suite v6.5
(Partek, St.Louis, MO, USA). Probes were imported and summarized using RMA and
ANOVA was used to determine fold changes and p-values. Differentially expressed
genes between the four groups were selected based on fold change (= 1.5) differences
and a p-value cut-off of 0.05. Gene Ontology (GO) enrichment was performed within
Partek to determine enriched GO terms (molecular functions, biological processes or
cellular components) within a specific list of genes. A Fisher’s exact test was used to

determine significantly enriched GO terms.

3.2.4. Reverse Transcription and Real-Time PCR

Total RNA was extracted from whole pancreas from 7, 14 and 30 day old female
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offspring and from isolated islets of d7 mice with the RNeasy Plus Mini kit (Qiagen). RNA
quality was assessed using the Agilent 2100 Bioanalyzer (Agilent Technologies Inc.) and
the RNA 6000 Nano kit (Caliper Life Sciences) (Appendix 4). RNA from whole pancreas
was treated with DNase (Invitrogen) to remove contaminating DNA and 4 ug were
reverse transcribed (RT) using Superscript Il Reverse Transcriptase (Invitrogen) and
random hexamers (Invitrogen). Eight uL of RNA from isolated islets was treated with
DNase (Invitrogen) and then RT using the Superscript Vilo kit (Invitrogen). Primer sets
directed against insulin |, insulin 1l, glucagon, Reg1, Reg36, Ctnnb1, Cdk4, Ccnd1 and the
housekeeping genes 18s and cyclophilin A were designed using NCBI Primer Blast

(http://www.ncbi.nlm.nih.gov/; National Center for Biotechnology Information,

Bethesda, MD, USA) (Table 3.1). Primers were designed to have a melting temperature
~60°C, a product size between 80 and 150 bases, 4-5 base mismatches with similar non-
target sequences, at least 1 near the 3’ end and spanning an exon-exon junction when
possible. Cyclophilin A primer set was designed as previously described (28).

The relative abundance of each RNA transcript was determined by quantitative real-
time RT-PCR (qPCR) using the Bio-Rad CFX384 real-time PCR machine (Bio-Rad,
Mississauga, ON, Canada) with SYBR Green (Bio-Rad) for detection of PCR products. Over
a wide range of known cDNA concentrations, all primer sets were demonstrated to have
good linear correlation (slope = -3.32) and equal priming efficiency for an input cDNA
dilution series compared with their cycle threshold (Ct) values (Appendix 5). The relative
abundance of each target compared with the calibrator was determined by comparative

Ct method using 22*“; AACt is the calibrated Ct value (primer - internal control).
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Table 3.1. Real-time PCR primers utilized

Target Primer (5’-3’) Reference no.

Insulin | Forward: AGCCCCGGGGACCTTCAGAC NM_008386
Reverse: GCGGGTCGAGGTGGGCCTTA

Insulin Il Forward: ACCATCAGCAAGCAGGAAGCCT NM_008387
Reverse: GAAGAGCAGGGCCAGCAGGG

Glucagon Forward: AGCTTGGGCCCAGGACACACT NM_008100
Reverse: CCAGCTGCCTTGCACCAGCA

Beta catenin  Forward: ACGCACCGTCCTTCGTGCTG NM 007614
Reverse: AGGCGAACGGCATTCTGGGC

Cyclin D1 Forward: GCACCAGCCACACAGCGGTA NM_007631
Reverse: GATGTGGGCAGGCTGCAGGG

Cdka Forward: CCTCTCTAGCTCGCGGCCTGT NM_009870
Reverse: TTCCTGCGGCGCCATACACC

Regl Forward: TCCTGGGCAACTGGGTCTCCT NM_009042
Reverse: GGGCATCACAGTTGTCATCCTTCCA

Reg36 Forward: TCCACGCATCAGCTGTCCCCA NM_013893
Reverse: AGCCCAGGTCTGTGGTTCCAG

Cyclophilin A Forward: ATGGTCAACCCCACCGTGT NM_008907
Reverse: TTCTGCTGTCTTTGGAACTTTGTC

18s Forward: ACGATGCCGACTGGCGATGC NR_003278

Reverse: CCCACTCCTGGTGGTGCCCT
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3.2.5. Western Blot Analysis

At least 200 islets isolated from 7 day old female mice were sonicated in lysis buffer
containing 50 mM Tris-HCl pH 7.4, 150 mM NaCl, 1 mM phenylmethanesulfonylfuoride,
0.1% Igepal (MP Biomedicals, Solo, OH, USA), 0.1% Aprotinin (Sigma), 14% mini
complete 7x solution (Roche, Mississauga, ON, Canada) in deionized water. Protein
quantification was performed using a micro BCA protein assay kit (Peirce Protein
Researcher, Rockford, IL, USA) according to manufacturer’s instructions. A
representative standard curve is shown in Appendix 3.3. Acetone precipitation was
performed to concentrate the protein samples and was then dissolved in 50 pL of 1x
sample buffer. Protein (<5 pg) was resolved on a 12% SDS-PAGE gel and transferred to a
nitrocellulose membrane using the iBlot Dry Blotting System (Invitrogen). Membranes
were probed with a sheep anti-REG1 antibody (1:200; R&D Systems, Minneapolis, MN,
USA) with a donkey anti-sheep secondary (1:1000; R&D Systems) and then stripped and
probed with a rabbit anti-B-actin antibody (1:5000, Abcam, Cambridge, MA, USA) used
as a loading control with a goat anti-rabbit secondary antibody (1:10,000; Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Antibody specificity is demonstrated in Appendix 6.
Relative abundance of REG1 was determined by densitometry using GeneSnap v7.09 and

GeneTools v 3.06 software (SynGene, Cambridge, England) and normalized to B-actin.

3.2.6. Pancreatic Insulin, Glucagon and GLP-1 Content

Whole pancreas tissue was collected at d7 from female offspring and snap frozen in

liguid nitrogen and stored at -80°C. Tissue samples (~20 mg) were mechanically
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homogenized in 200 pL of lysis buffer with 2% DPPIV inhibitor (Millipore, Etobicoke, ON,
Canada). Insulin extraction was performed, adding 50 pL of tissue lysates to 150 pL acid
ethanol (165 mM HCL in 75% ethanol). After overnight incubation at 4°C, samples were
centrifuged (2000g) for 5 minutes at 4°C. Insulin was quantified in the supernatant with
a sensitive rat insulin radioimmunoassay (RIA) (Millipore; 100% reactivity to mouse
insulin) and normalized to pancreatic DNA content from the pellet. Assay sensitivity was
0.2 ng/mL. Glucagon content was also measured from tissue lysates using the glucagon
RIA kit (Millipore). Assay sensitivity for glucagon was 20 pg/mL. Pancreas tissue lysates
(100-200 pL) were purified by Sep-Pak Cy5 (Waters, Milford, MA, USA) as previously
described (29). Ten pL of each sample was dried down using a Savant and then
reconstituted in hydrating buffer included with the RIA kit. Total GLP-1 content was
measured using the GLP-1 (total) RIA kit (Millipore) according to the manufacturer’s
instructions. Assay sensitivity for GLP-1 was 3 pM. A representative standard curve is

shown in Appendix 3.3.

3.2.7. Statistical Analysis

The effects of diet and STZ treatment were analyzed using a two-way ANOVA with a
Bonferroni post-test using GraphPad Prism v5 software (GraphPad Software, La Jolla, Ca,
USA). Statistical analysis of microarray data was performed as detailed above (Methods

3.2.1). All values are means + SEM and significance level p < 0.05.
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3.3. Results

3.3.1. Microarray Experiments

DNA microarray experiments were performed to identify pancreatic genes involved
in B-cell regeneration following STZ treatment, and in the metabolic deficiencies seen in
female LP offspring. Over 45,000 transcripts were examined on the Mouse 430 2.0 gene
chip. Comparisons were made between groups (ie. C+STZ vs C; LP vs C; LP+STZ vs LP;
LP+STZ vs C+STZ) to create gene lists containing all genes with a significant (p < 0.05)
change in expression of > 1.5 fold (Appendix 7). In the LP offspring 369 transcripts were
significantly reduced (p < 0.05) by > 1.5 fold compared to control-fed animals and 35
transcripts were significantly increased (p < 0.05). The C+STZ group, which were capable
of regeneration of B-cells by day 30 (Chapter 2), had a significantly decreased (p < 0.05)
expression of 60 transcripts, while 18 transcripts were significantly increased (p < 0.05)
by > 1.5 fold compared to the sham injected controls. Only 9 transcripts were
significantly decreased (p < 0.05) in the LP+STZ group compared to LP alone by > 1.5
fold. This suggests that STZ treatment does not have a large additive affect on gene
expression in LP offspring. However, comparing LP+STZ to C+STZ mice, 411 transcripts
were significantly decreased (p < 0.05) and 15 transcripts were significantly increased (p
< 0.05). These represent candidate genes that might be linked to the failure of B-cell

plasticity seen in LP-fed animals following STZ treatment.

3.3.2. GO Enrichment - Islet Function

Gene Ontology (GO) is a bioinformatics initiative to annotate genes based on their
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biological process, molecular function or cellular component. A GO enrichment analysis
can determine significantly shared GO terms within a set of genes (30). The algorithm
attempts to determine whether an observed level of annotation for a group of genes is
significant (p < 0.05) within the context of annotation for all genes within the genome
(30). Using the gene lists created from the microarray data based on a > 1.5 fold change
and a p-value cut off of 0.05, GO enrichment analysis was performed as an indication of
which biological processes, molecular functions or cellular components may be affected
by prior LP exposure and regeneration following STZ. From this analysis specific genes
with the significantly enriched GO term were identified within the data set.

Our first observation was the significant enrichment (p < 0.05) of GO terms such as
glucose transport, protein processing, protein maturation, secretory granule and
hormone activity. Therefore genes encoding for the islet hormones, enzymes for
hormone processing and glucose transporters were identified within the microarray
data (Table 3.2). Both insulin genes and islet amyloid polypeptide were significantly
decreased (p < 0.05) in expression in both the C+STZ and LP groups compared to control,
with a further decrease (p < 0.05) in insulin expression in the LP+STZ group (Table 3.2).
Glucagon and somatostatin were significantly decreased (p < 0.05) in the LP group
compared to control (Table 3.2). Genes involved in glucose transport (Glut2),
gluconeogenesis (G6pc2), and hormone processing (Pc2, Cpe, Scg2) were significantly
decreased (p < 0.05) in the C+STZ and LP groups (Table 3.2). An additive effect of LP and
STZ was not observed, except for insulin | and Il genes, which corresponds with the

reduced B-cell mass at this time (Chapter 2).
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Table 3.2. Islet hormones, processing and secretion

Gene

Probeset ID Symbol Gene Name C+STZ LP LP+STZ
1422447 at Ins1 insulin | -4.959*  -2.434*  -4.063"
1422446 _x_at Ins2 insulin Il -3.285*  -2.124*  -3.570"
1425952 a_at Gcg glucagon -1.764  -2.968* -2.092
1417954 at Sst somatostatin -1.447 -1.812* -1.54
1423510_at lapp Islet amyloid polypeptide -5.323*  -3.439* -4.385
1449067 _at Slc2a2/Glut2  glucose transporter 2 -1.912*  -1.702* 1.894
1448312_at Pcsk2/Pc2 proprotein convertase 2 -1.678*  -1.648* -1.52
1423529 _at G6pc2 glucose-6-phosphatase, -5.254*  -3.687* -3.996

catalytic, 2

1415949 at Cpe carboxypeptidase E -1.692*  -1.756* -2.055
1450708 _at Scg2 secretogranin Il -2.024*  -1.795%* -1.795
1423150_at Scg5 secretogranin V -1.801 -1.704 -1.760
1418149 at Chga chromogranin A -1.702* -1.445 -1.698

Represents fold change in expression versus the C group for microarray analysis
performed using total RNA samples from d30 pancreata of female offspring from C- and
LP-fed dams, with or without subsequent STZ treatment. Data was analyzed using a two-

way ANOVA (n = 3). * p < 0.05 vs C+sham; # p < 0.05 vs LP+sham.
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3.3.3. GO Enrichment — B-Cell Regeneration

Regarding B-cell regeneration, GO enrichment analysis of the gene lists comparing
C+STZ to C and LP+STZ to C+STZ revealed that GO terms including regulation of cell
proliferation, G1/S transition checkpoint, tissue regeneration and cell differentiation
were significantly enriched (p < 0.05). Genes encoding known regulators of the cell cycle,
mitogenic factors and transcription factors were investigated in the microarray data
(Table 3.3). Transcripts for cell cycle proteins that may be altered by LP and therefore
affect cell proliferation were examined. Ccnd1 expression was significantly reduced (p <
0.05) in the LP group compared to control, while other genes (Cdk4, Pcna, Ki67) were
not significantly altered (Table 3.3). The proto-oncogene c-Myc was found to be
significantly increased (p < 0.05) in the C+STZ group versus control and also when
compared to the LP+STZ group (Table 3.3). Members of the Wnt signalling pathway
(Ctnnb1, Dvl1) were examined since the pathway was recently shown to stimulate Ccnd1
and c-Myc expression associated with B-cell proliferation (31). However, no significant
expression changes in Ctnnb1 or Dvi1 mRNAs were observed. The regenerating islet-
derived gene, Reg1, was significantly decreased (p < 0.05) with prior LP exposure, while
Reg36 was unchanged (Table 3.3). TmemZ27, which encodes for a protein that stimulates
B-cell proliferation (32), and was found to be significantly decreased (p < 0.05) in both
C+STZ and LP groups compared to control (Table 3.3). Igf-I was significantly
downregulated (p < 0.05) in the LP and LP+STZ groups compared to the control and STZ
groups, respectively (Table 3.3). However, the expression of insulin receptor substrate 2

(Irs2), the downstream signalling target in the IGF-I and insulin signalling pathways, was
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Table 3.3. Cell cycle genes, mitogenic and transcription factors

Gene
Probeset ID Symbol Gene Name C+STZ LP LP+STZ
1448698 at Ccndl cyclin D1 -1.080 -1.099* -1.12
1422441 x_at Cdk4 cyclin-dependent kinase 4 -1.100 -1.060 -1.180
1417947 at PCNA proliferating cell nuclear antigen -1.236 -1.287 -1.610
antigen identified by monoclonal
1426817 _at Mki67 antibody Ki 67 -1.679 -1.236 -1.624
1424942 a_at c-Myc myelocytomatosis oncogene 1.594* 1.175 -1.033t
1420811_a_at Ctnnbl B-catenin -1.231 -1.438 -1.564
1450978 _at Dvlil Dishevelled, dsh homolog 1 -1.043 -1.087 -1.097
1415905_at Regl regenerating islet-derived 1 -1.159 -1.441*  -1.559
1448290_at Reg3pB regenerating islet-derived 3 beta 1.121 -1.551 -1.36
1424009 at Reg36 regenerating islet-derived 3 delta -1.080 -1.299 -1.524
1435064 _a_at Tmem27 transmembrane protein 27 -1.997*  -2.495*  -2.078
1452014 _a_at lgf-1 insulin-like growth factor 1 -1.010 -1.253*  -1.511t
1443969 _at Irs2 insulin receptor substrate 2 1.111 1.181* 1.149
pancreatic and duodenal
1422174 _at Pdx1 homeobox 1 -1.237*  -1.183*  -1.212
NK2 transcription factor related,
1421112_at  Nkx2.2  locus2 -1.072 1.031  -1.076"
1419424 _at Ptfla Ptfla -1.184 -1.677 -1.813
1416072_at Cd34 CD34 -1.413 -1.606* -1.547

Represents fold change in expression versus the control group for microarray analysis

performed using total RNA samples from d30 pancreata of female offspring from C- and

LP-fed dams, with or without subsequent STZ treatment. Data was analyzed using a two-

way ANOVA (n = 3). * p<0.05 vs C+sham; T p < 0.05 vs C+STZ; # p < 0.05 vs LP+sham.
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significantly increased (p < 0.05) in LP offspring (Table 3.3). Important B-cell transcription
factors were also significantly altered (p < 0.05); Pdx-1 was decreased in C+STZ and LP
groups, while Nkx2.2 was decreased in the LP+STZ group compared to LP alone (Table
3.3). Also of note was a significant decrease (p < 0.05) in the expression of the

hematopoietic and endothelial progenitor cell marker, Cd34 in LP offspring (Table 3.3).

3.3.4. GO Enrichment — Translation and Cellular Respiration

The GO enrichment data was also analyzed to identify cellular systems affected by
LP exposure that may predispose for the development of altered islet metabolism and
protein synthesis. The gene list comparing the C and LP groups consisted of many GO
terms relating to protein biosynthesis, such as ribosome binding and translation
initiation (Table 3.4). These GO terms were significantly enriched as indicated by the
respective p-value. Furthermore, GO terms relating to cellular respiration, such as the
electron transport chain (ETC) and ATP synthesis coupled proton transport, were
significantly enriched in the gene list comparing the C and LP groups (Table 3.5). This
suggests that LP offspring have significant alterations to transcripts that may have an
important impact on translation and cellular respiration. The gene list comparing fold
change between C+STZ and LP+STZ was also significantly enriched for GO terms relating
to translation and cellular respiration (Table 3.4 and 3.5). A greater percentage of genes
from the C+STZ versus LP+STZ gene list were present within each GO term compared to
the C versus LP list (Table 3.4 and 3.5).

The mitochondria are the site of cellular respiration and the ETC, so transcripts

encoding ETC enzymes were identified as an indication of potential mitochondrial
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Table 3.4. Enrichment of GO terms relating to protein biosynthesis

LP vs Control gene list

LP+STZ vs C+STZ gene list

% genes  # genes % genes  # genes
Function Type p-value in group in group p-value in group in group
translation biological 4 hoe 00 24.08 59 1.92E-260 3238 79
process
. . cellular
ribosomal subunit 1.10E-12 47.62 10 3.38E-62 52.38 11
component
rRNA binding molecular 1 e 06 30.00 6 4.12E-46  47.37 9
function
translational elongation biological ¢ coe 04 30.00 3 7.54628  50.00 5
process
transllatlorj faFtor activity, molec.ular 1.94E-03 799 7 1.27E-07 9.47 9
nucleic acid binding function
eukaryotic translation cellelar 1 67603 50.00 2 462612 5000 2
elongation factor 1 complex component
translation regulator activity  "MO°“?" 305£03 673 7 6.94E-07  8.74 9
function
translational initiation biological 4 59e 05 1111 3 2.266-10  19.23 5
process
ribosome binding molecular 1 o2r 02 16.67 2 9.13E-09  25.00 3
function
trar\sllatlon elongation factor molec.ular 2 05E-02 9.38 3 0.002531 9.38 3
activity function
translation initiation factor molecular
L ) 2.43E-02 6.67 4 5.52E-06 10.17 6
activity function

Using the microarray data, gene lists were created for significantly altered (p<0.05)

genes in the LP group compared to the C group with > 1.5 fold change and also for the

comparison LP+STZ versus C+STZ. These gene lists were analyzed for GO terms that were

significantly enriched based on a Fisher’s exact test with p < 0.05. The percentage and

number of genes from the gene list out of the total genes for that GO term are listed.
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Table 3.5. Enrichment of GO terms relating to cellular respiration

LP vs Control gene list LP+STZ vs C+STZ gene list
% genes  # genes % genes  # genes

Function Type p-value in group in group p-value in group in group

cytochrome-c oxidase molecular ) g0e 07 37.50 6 22433 43.75 7

activity function

proton-transporting ATP cellular

synthase complex, coupling  component 4.72E-07 50.00 5 2.10E-89 90.00 9

factor F(o)

electron transport chain biological 1.46E-06 11.46 11 3.76E-61 25.53 24
process

proton transport biological ) 3/e 04 12.50 6 4.75E-42 2917 14
process

ATP synthesis coupled biological 5 1 je 64 1515 5 3.76E-54  39.39 13

proton transport process

NADH dehydrogenase molecular 5 ie03  17.65 3 3.626-16  29.41 5

(ubiquinone) activity function

NADH dehydrogenase molecular 5 i3 17.65 3 3.626-16  29.41 5

(quinone) activity function

ATP biosynthetic process biological ) hoe 01 444 2 4.98E-11 1556 7
process

. . cellular
mitochondrial part 1.00E+00 7.08 24 3.71E-47 12.76 43
component

oxidation reduction biological 4 hoe00  2.85 17 1.26E-10 5.6 33

process

Using the microarray data, gene lists were created for significantly altered genes in the
LP group compared to the C group with > 1.5 fold change and also for the LP+STZ versus
the C+STZ groups. These gene lists were analyzed for GO terms that were significantly
enriched based on a Fisher’s exact test with p < 0.05. The percentage and number of

genes from the gene list out of the total genes for that GO term are listed.
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dysfunction (Table 3.6). Most notably, 23 transcripts related to Complex | of the ETC
were significantly altered (p < 0.05), the majority of which were downregulated in the LP
and/or LP+STZ groups (Table 3.6). ATP synthase (Complex V) is the final step in the ETC
leading to the production of ATP. Twelve transcripts encoding for ATP synthase subunits
were also significantly downregulated in the LP and/or LP+STZ groups (Table 3.6). Similar
observations were also found for transcripts encoding subunits of Complex Il, lll and IV
(Table 3.6). Decreased expression of ETC enzyme encoding transcripts may result in

mitochondrial dysfunction in LP offspring.

3.3.5. Antioxidant Expression

The mitochondrial respiratory chain is a major site of reactive oxygen species (ROS)
production which can be detrimental to cell function and survival (33; 34). Since the LP
diet had a significant effect on the expression of genes relating to cellular respiration,
genes responsible for ROS scavenging were identified in the microarray (Table 3.7).
Expression of transcripts encoding for the antioxidants glutathione peroxidase (Gpx1,
Gpx3, Gpx4), peroxiredoxin (Prdx1, Prdx2, Prdx4) and glutathione S-transferase (Gstp1,
Mgst1) were significantly decreased (p < 0.05) in the LP group compared to control
(Table 3.7). Similarly, in the LP+STZ group there was a significant decrease (p < 0.05) in
expression of transcripts for antioxidants (Gpx1, Gpx4, Prdx4, Prdx5, Gstk1, Gstmé,
Gstt1) compared to the C+STZ group, while expression of the glutathione S-transferase
members (Gstk1, Gstmé6, Gstt1) were further downregulated (p < 0.05) compared to the
LP group (Table 3.7). Interestingly, the expression of the enzyme involved in glutathione

synthesis, glutathione synthetase (Gss), was significantly upregulated (p < 0.05) in the LP
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collagen, type IV, alpha 1

vesicle-associated membrane protein 3

eukaryotic translation initiation factor 2, subunit 2 (beta)
guanine nucleotide binding protein (G protein), gamma 10
predicted gene 10443/ ribosomal protein S28

translocase of outer mitochondrial membrane 20 homolog (yeast)

predicted gene 10191/ ribosomal protein L31 pseudogene/ predicted
gene 768

nuclear factor, erythroid derived 2, like 2

heterogeneous nuclear ribonucleoprotein H1

peptidylprolyl isomerase A

predicted gene 11793/ heterogeneous nuclear ribonucleoprotein F
ribosomal protein S8

NADH dehydrogenase (ubiquinone) 1, alpha/beta subcomplex, 1
low density lipoprotein receptor-related protein associated protein 1
ribosomal protein S7

insulin-like growth factor binding protein 4

myeloma overexpressed 2

hexosaminidase B

ribosomal protein L14

ATP synthase, H+ transporting, mitochondrial FO complex, subunit f,
isoform 2

ribosomal protein L14

predicted gene 4076

predicted gene 10269/ predicted gene 4342/ ribosomal protein L35
cytochrome c oxidase, subunit Vic

integral membrane protein 2B
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0.008
0.009
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0.026
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0.013
0.018
0.014
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0.024
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0.007
0.049
0.006
0.014
0.006
0.020
0.010
0.042
0.023
0.013
0.015
0.006
0.009
0.009
0.014
0.009
0.034
0.000
0.049
0.042
0.013
0.043

0.011
0.004
0.025
0.043
0.019
0.016
0.011
0.037
0.018
0.010
0.030
0.042
0.013

0.029
0.020
0.027
0.013
0.002
0.011

-1.62
-1.62
-1.62
-1.62
-1.62
-1.62
-1.62
-1.62
-1.61
-1.61
-1.61
-1.61
-1.61

-1.61
-1.61
-1.61
-1.61
-1.61
-1.61
-1.61
-1.61
-1.61
-1.61
-1.61
-1.60
-1.60
-1.60
-1.60
-1.60
-1.60
-1.60
-1.60
-1.60
-1.60
-1.60
-1.60

-1.60
-1.60
-1.60
-1.59
-1.59
-1.59
-1.59
-1.59
-1.59
-1.59
-1.59
-1.59
-1.59

-1.59
-1.59
-1.59
-1.59
-1.59
-1.59



H47
Reep5
Tff2
Rpl10

Gm10027/ Gm10260/ Rps18
7223

Eif3i

GIrx3

Pisd/ Pisd-ps1/ Pisd-ps3
Hnrpdl

Gm10079/ LOC100047501/
Rps16

Kpna2

Serf2

Gm10063/ Gm12334/

Gm5462/ Gm7567/ Gm9153/

LOC676277/ Rps12
Cox7a2

Ptn

Tmem107

Rpl7

Ndufal

Sfrs11

P4hb
1810028F09Rik
Arll

H47
9430020K01Rik

Gm13819/Gm2423/ Ywhaq
1110028C15Rik
Mrpl13

Akrlad

Polrld

Brp44

Rpl21

Mgstl
Gm11793/Hnrnpf
4933421E11Rik
Neatl

Xbpl

Serpini2

Epasl
Gm10443/Rps28

LOC100046668/Rps23
Psmb4

Hnrnphl
Gm12270/Gm15483/
Gm6573/Gm6834/
LOC100044992/Rps13

histocompatibility 47

receptor accessory protein 5

trefoil factor 2 (spasmolytic protein 1)

ribosomal protein 10

ribosomal protein S18 pseudogene/ predicted gene 10260/ ribosomal
protein

zinc finger, ZZ domain containing 3

eukaryotic translation initiation factor 3, subunit |

glutaredoxin 3

phosphatidylserine decarboxylase/phosphatidylserine decarboxylase,
pseudogene

heterogeneous nuclear ribonucleoprotein D-like

ribosomal protein S16 pseudogene/ ribosomal protein $S16 pseudogene/

riboso
karyopherin (importin) alpha 2

small EDRK-rich factor 2

predicted gene 10063/ predicted gene 12334/ ribosomal protein S12
pseudoge

cytochrome c oxidase, subunit Vlla 2

pleiotrophin

transmembrane protein 107

ribosomal protein L7

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 1
splicing factor, arginine/serine-rich 11

prolyl 4-hydroxylase, beta polypeptide

RIKEN cDNA 1810028FQ9 gene

ADP-ribosylation factor-like 1

histocompatibility 47

RIKEN cDNA 9430020K01 gene

predicted gene 13819/ predicted gene 2423/ tyrosine 3-
monooxygenase/trypto

RIKEN cDNA 1110028C15 gene

mitochondrial ribosomal protein L13

aldo-keto reductase family 1, member A4 (aldehyde reductase)
polymerase (RNA) | polypeptide D

brain protein 44

ribosomal protein L21

microsomal glutathione S-transferase 1

predicted gene 11793/heterogeneous nuclear ribonucleoprotein F
RIKEN cDNA 4933421E11 gene

nuclear paraspeckle assembly transcript 1 (non-protein coding)
X-box binding protein 1

serine (or cysteine) peptidase inhibitor, clade I, member 2
endothelial PAS domain protein 1

predicted gene 10443/ribosomal protein S28

similar to yeast ribosomal protein S28 homologue/ribosomal protein
S23

proteasome (prosome, macropain) subunit, beta type 4
Heterogeneous nuclear ribonucleoprotein H1

predicted gene 12270/predicted gene 15483/ribosomal protein S13
pseudogene
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0.024
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0.015
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0.013
0.008

0.014
0.006

0.012
0.037
0.004
0.009

0.009
0.020
0.023
0.015
0.002
0.022
0.019
0.023
0.027
0.049
0.018
0.013
0.010
0.000

0.010
0.011
0.015
0.003
0.042
0.003
0.020
0.021
0.018
0.017
0.010
0.046
0.013
0.019
0.033
0.046
0.017

0.013
0.013
0.027

0.010
0.001

-1.58
-1.58
-1.58
-1.58

-1.58
-1.58
-1.58
-1.58

-1.58
-1.58

-1.58
-1.58
-1.57
-1.57

-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.56

-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56

-1.55
-1.55
-1.55

-1.55
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Gnb2I1

Chfr
Gm5963/Rps21
Uba2

Rps27I

Rpl14

S$100a11

Gstpl
Gm6573/Gm6834/
LOC100044992/Rps13
Rpl18

Sypl

Rpl35

Vamp3

Pdia2

Rpsi15a

Marcks

Serf2

Eeflg/LOC100047986
Krtcap2

Prdx1

Ythdcl

Fbxo22

Ndufb8

Sparc

Rpl13

Gm13020/Gm7379/Rpl38
Cox4il

Atp6vOb

Rpl7

Rpl6

Gdi2

Atp5h

Gm3244/Ndufb4

Dbi

Gjal

Dynit3

Rpl23a

Tmed10

Ccdc72

Gjal

Ndufb11

Rgs5
Cnn3/LOC100047856
Cst3

Mff

Rps10

lgfl

Rps20

Acatl

Acatl
Gm11599/Gm11687/
Gm12091/Gm12366/

guanine nucleotide binding protein (G protein), beta polypeptide 2 like 1

checkpoint with forkhead and ring finger domains
predicted gene 5963/ribosomal protein 521
ubiquitin-like modifier activating enzyme 2
ribosomal protein S27-like

ribosomal protein L14

$100 calcium binding protein A11 (calgizzarin)
glutathione S-transferase, pi 1

ribosomal protein S13 pseudogene/predicted gene 6834/similar to
ribosomal S13

ribosomal protein L18

synaptophysin-like protein

ribosomal protein L35

vesicle-associated membrane protein 3

protein disulfide isomerase associated 2

ribosomal protein S15A

myristoylated alanine rich protein kinase C substrate
small EDRK-rich factor 2

eukaryotic translation elongation factor 1 gamma/similar to eukaryotic

translation

keratinocyte associated protein 2

peroxiredoxin 1

YTH domain containing 1

F-box protein 22

NADH dehydrogenase (ubiquinone) 1 beta subcomplex 8
secreted acidic cysteine rich glycoprotein

ribosomal protein L13

ribosomal protein L38 pseudogene/ribosomal protein L38
pseudogene/ribosomal

cytochrome c oxidase subunit IV isoform 1

ATPase, H+ transporting, lysosomal VO subunit B
ribosomal protein L7

ribosomal protein L6

guanosine diphosphate (GDP) dissociation inhibitor 2

ATP synthase, H+ transporting, mitochondrial FO complex, subunit d
predicted gene 3244/NADH dehydrogenase (ubiquinone) 1 beta
subcomplex 4

diazepam binding inhibitor

gap junction protein, alpha 1

dynein light chain Tctex-type 3

ribosomal protein L23a

transmembrane emp24-like trafficking protein 10 (yeast)
coiled-coil domain containing 72

gap junction protein, alpha 1

NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 11
regulator of G-protein signaling 5

calponin 3, acidic/similar to calponin 3, acidic

cystatin C

mitochondrial fission factor

ribosomal protein S10

insulin-like growth factor 1

ribosomal protein S20

acetyl-Coenzyme A acetyltransferase 1

acetyl-Coenzyme A acetyltransferase 1

predicted gene 11599/predicted gene 11687/predicted gene 12091/40S

R
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0.029
0.010
0.031
0.003
0.029
0.015
0.019
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0.024
0.022
0.009
0.007
0.026
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0.011
0.010

0.048
0.009
0.034
0.035
0.020
0.016
0.014
0.046
0.017

0.021
0.035
0.006
0.033
0.026
0.017
0.008

0.010
0.013
0.004
0.017
0.021
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0.036
0.012
0.014
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0.018
0.017
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0.015
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0.030
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-1.55
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-1.54
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Gm12922/Gm14583/
Gm16408/Gm4968/
Gm5921/Gm6139/
Gm6266/Gm6359/
Gm6433/Gm7143/
Gm8225/Gm8235/
Gm8520/L0C100048354/

LOC634916/LOC639606/Rps2

Ddx5

Rpl26

Insm1

Psmd6

Agpl
Gm6159/Hnrnpr

Nelf

Gm13611/ LOC100048508/
Rpl36

Prpfdb

Dnajal

Naca

Ndufs8
Gm11263/Gm12242/
Gm13654/Gm14138/
Gm16406/Gm4796/
Gm6476/Gm9143/
LOC100043734/
LOC236932/L0C623245/
LOC639593/Rps6
Whbp5

Basp1/LOC100045716
Jtb

Rpl14

Ndufal3

Rpl36al

Sumol

Yifla

Rpl27

Gm1821/Ubb
Gm6301/Rpl27
2810422J05Rik/Gm11808
/Uba52

Rps17
Gm10045/Gm10155/
Gm10163/Gm10240/
Gm12411/Gm13653/
Gm14648/Gm16376/
Gm5495/L0C100042767/
LOC100047019/
LOC100047314/
LOC676590/Rpl21
Atp5j

Rplp0

Cxcr7

Marcks
B230219D22Rik

DEAD (Asp-Glu-Ala-Asp) box polypeptide 5

ribosomal protein L26

insulinoma-associated 1

proteasome (prosome, macropain) 26S subunit, non-ATPase, 6
aquaporin 1

predicted gene 6159/heterogeneous nuclear ribonucleoprotein R

nasal embryonic LHRH factor

predicted gene 13611/similar to Rpl36 protein/ribosomal protein L36
PRP4 pre-mRNA processing factor 4 homolog B (yeast)

Dnal (Hsp40) homolog, subfamily A, member 1

nascent polypeptide-associated complex alpha polypeptide

NADH dehydrogenase (ubiquinone) Fe-S protein 8

predicted gene 11263/predicted gene 12242 /predicted gene 13654/40S

r
WW domain binding protein 5

brain abundant, membrane attached signal protein 1/similar to 22 kDa

neuronal

jumping translocation breakpoint

ribosomal protein L14

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 13
ribosomal protein L36A-like

SMT3 suppressor of mif two 3 homolog 1 (yeast)

Yip1 interacting factor homolog A (S. cerevisiae)

ribosomal protein L27

predicted gene 1821/ubiquitin B

ribosomal protein L27 pseudogene/ribosomal protein L27
RIKEN cDNA 2810422J05 gene/predicted gene 11808/ubiquitin A-52
residue r

ribosomal protein S17

predicted gene 10045/predicted gene 10155/predicted gene
10163/predicted

ATP synthase, H+ transporting, mitochondrial FO complex, subunit F
ribosomal protein, large, PO

chemokine (C-X-C motif) receptor 7

myristoylated alanine rich protein kinase C substrate

RIKEN cDNA B230219D22 gene
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0.041
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Gtpbp2

Scrt2
Zfand2a
Ceacaml
Pcca
Samhd1
Ncaml

Pttgl

St3gal6
Gm2380
Gdap2
Rab6b
Rnasek

Itih4

Tnrc6a
Gm5620/Gm7172/
LOC100045728/Tubala
/Tubalc
Ddx5

Stap2
Hdacl1l

Gss

Fcgr2b
Klra21

Car7
1110002E22Rik
Slc5a9

Opa3

Ang2

Ptgr2

Actrla

Hoxa5
Armc8

Duxbl

Vatl
D13Ertd787e

GTP binding protein 2

scratch homolog 2, zinc finger protein (Drosophila)

zinc finger, AN1-type domain 2A

carcinoembryonic antigen-related cell adhesion molecule 1
propionyl-Coenzyme A carboxylase, alpha polypeptide
SAM domain and HD domain, 1

neural cell adhesion molecule 1

pituitary tumor-transforming gene 1

ST3 beta-galactoside alpha-2,3-sialyltransferase 6
predicted gene 2380

ganglioside-induced differentiation-associated-protein 2
RAB6B, member RAS oncogene family

ribonuclease, RNase K

inter alpha-trypsin inhibitor, heavy chain 4

trinucleotide repeat containing 6a

predicted gene 5620/predicted gene 7172/similar to tubulin, alpha 1/

DEAD (Asp-Glu-Ala-Asp) box polypeptide 5

signal transducing adaptor family member 2

histone deacetylase 11

glutathione synthetase

Fc receptor, 1gG, low affinity Ilb

killer cell lectin-like receptor subfamily A, member 21

carbonic anhydrase 7

RIKEN cDNA 1110002E22 gene

solute carrier family 5 (sodium/glucose cotransporter), member 9
optic atrophy 3 (human)

angiogenin, ribonuclease A family, member 2

prostaglandin reductase 2

ARP1 actin-related protein 1 homolog A, centractin alpha (yeast)
homeo box A5

armadillo repeat containing 8

double homeobox B-like

vesicle amine transport protein 1 homolog (T californica)

DNA segment, Chr 13, ERATO Doi 787, expressed

0.002
0.021
0.020
0.001
0.009
0.014
0.005
0.009
0.004
0.029
0.034
0.026
0.001
0.003
0.017
0.022
0.029

0.000
0.008
0.002
0.014
0.003
0.016
0.007
0.010
0.013
0.005
0.003
0.012
0.011
0.010
0.004
0.002
0.002
0.002
0.006

-1.50
1.50
1.51
151
151
1.53
1.53
1.53
1.54
1.54
1.54
1.55
1.56
1.57
1.58
l1.61
1.62

1.63
1.63
1.65
1.66
1.75
1.81
1.84
1.86
1.89
1.93
1.94
1.94
1.95
2.02
2.24
2.26
243
2.50
2.67
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Appendix 7.3. Significantly altered genes in the LP+STZ group compared to the C+STZ

group

Differentially expressed genes between the four groups were selected based on a p-

value cut-off of 0.05 and a fold change of >1.5. Fold change represents the difference

from the C+STZ group. A 2-way ANOVA was performed with a Student Newman-Keuls

post test.
Fold

Gene Symbol Gene Title p-value change
Sgkl serum/glucocorticoid regulated kinase 1 0.039 -3.03
D4Wsu53e DNA segment, Chr 4, Wayne State University 53, expressed 0.023 -2.63
Pim3 proviral integration site 3 0.009 -2.33
- - 0.012 -2.18
Errfil ERBB receptor feedback inhibitor 1 0.037 -2.11
Nuprl nuclear protein 1 0.012 -2.05
Rps27 ribosomal protein S27 0.016 -1.98
Gm7285/ Rps7 predicted gene 7285/ ribosomal protein S7 0.027 -1.95
Gm4076 predicted gene 4076 0.009 -1.93
Dbi diazepam binding inhibitor 0.007 -1.92
Mtm1 X-linked myotubular myopathy gene 1 0.002 -1.91
Gm13611/ Gm4604/ predicted gene 13611/ predicted gene 4604/ similar to Rpl36 protein/
LOC100048508/ Rpl36 ribosomal L36 0.006 -1.90
Slc19a2 solute carrier family 19 (thiamine transporter), member 2 0.015 -1.90
Gm4149/ Rpl37a predicted gene 4149/ ribosomal protein L37a 0.013 -1.90
Dbi diazepam binding inhibitor 0.003 -1.89
- - 0.024 -1.89

ATP synthase, H+ transporting, mitochondrial FO complex, subunit f,
Atp5j2 isoform 2 0.021 -1.88

Finkel-Biskis-Reilly murine sarcoma virus (FBR-MuSV) ubiquitously
Fau/ Gm9843 expressed (fox) 0.028 -1.88
Ndufcl NADH dehydrogenase (ubiquinone) 1, subcomplex unknown, 1 0.006 -1.85
Gm10269/ Gm4342/ Rpl35 predicted gene 10269/ predicted gene 4342/ ribosomal protein L35 0.005 -1.85

predicted gene 3244/ NADH dehydrogenase (ubiquinone) 1 beta
Gm3244/ Ndufb4 subcomplex 4 0.008 -1.85
Rps9 ribosomal protein S9 0.008 -1.85
Gm13611/ LOC100048508/
Rpl36 predicted gene 13611/ similar to Rpl36 protein/ ribosomal protein L36 0.007 -1.85
Rplp2 ribosomal protein, large P2 0.010 -1.85
Ndufa7 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 7 (B14.5a) 0.007 -1.84
Dbi diazepam binding inhibitor 0.017 -1.84
Cox7a2 cytochrome c oxidase, subunit Vlla 2 0.009 -1.84
Gm13611/ Gm4604/ predicted gene 13611/ predicted gene 4604/ similar to Rpl36 protein/
LOC100048508/ Rpl36 ribosomal protein L36 0.013 -1.83
Gm10079/ Rps16 ribosomal protein S16 pseudogene/ ribosomal protein S16 0.011 -1.83
Nuprl nuclear protein 1 0.011 -1.82
Ndufb2 NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 2 0.003 -1.81
--- --- 0.001 -1.81
Ube2d3 ubiquitin-conjugating enzyme E2D 3 (UBC4/5 homolog, yeast) 0.047 -1.81
Ndufa6 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 6 (B14) 0.009 -1.80
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Gm3362/ Rpl23a
Uqcr

Cox6b1l

Rpl35

Rps17

Atp5I

Klk1b5

Atp5j

Rpl35

Atp5j2

Gm14303/ Rps29
Rpl34

Ndufa4

Tmed11

Ccenl2

Uqcrq

Rpl35

Rps21

Rpl26

Rpl23a

Uqgcrh

Rpl32

Rpl12

Sepwl

Gm10213/ Gm10247/
Gm10296/ Gm15434/ Ino80/
LOC100046034/
mCG_133520/ Rpl35a
Rps7

Gm11353/ Gm14289/
Gm15501/ Gm6998/
LOC100042180/
LOC100048094/ Rps8
Rps15
LOC100046223/ Rps15
Rpl37a

Rps10

Rpl9

Ssr4

Hist1h2bc/ Hist1h2be/
Hist1h2bl/ Histlh2bm/
Histlh2bp/ LOC100046213/
LOC665622/ RP23-38E20.1

Atp5e

Gm10709/ Gm12447/
Gm12704/ Gm13841/
Gm5561/ Gm6344/ Gm8088/
Rpl29

Dad1l

Rpl34

Dbi

Edfl

Hist1h2bc

Bsg

Rpsll

Itm2b

predicted gene 3362/ ribosomal protein L23a
ubiquinol-cytochrome c reductase (6.4kD) subunit

cytochrome c oxidase, subunit Vb polypeptide 1

ribosomal protein L35

ribosomal protein S17

ATP synthase, H+ transporting, mitochondrial FO complex, subunit g
kallikrein 1-related peptidase b5

ATP synthase, H+ transporting, mitochondrial FO complex, subunit F
ribosomal protein L35

ATP synthase, H+ transporting, mitochondrial FO complex, subunit f,
isoform 2

predicted gene 14303/ ribosomal protein 529

ribosomal protein L34

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 4
transmembrane emp24 protein transport domain containing

cyclin L2

ubiquinol-cytochrome c reductase, complex Il subunit VII
ribosomal protein L35

ribosomal protein S21

ribosomal protein L26

ribosomal protein L23a

ubiquinol-cytochrome c reductase hinge protein

ribosomal protein L32

ribosomal protein L12

selenoprotein W, muscle 1

ribosomal protein L35a pseudogene/ predicted gene 10247/ ribosomal

protein

ribosomal protein S7

predicted gene 11353/ ribosomal protein S8 (Rps8) pseudogene/
predicted gene

ribosomal protein S15

similar to insulinoma protein (rig)/ ribosomal protein 515
ribosomal protein L37a

ribosomal protein S10

Ribosomal protein L9

signal sequence receptor, delta

histone cluster 1, H2bc/ histone cluster 1, H2be/ histone cluster 1, H2bl

ATP synthase, H+ transporting, mitochondrial F1 complex, epsilon
subunit

predicted gene 10709/ predicted gene 12447/ predicted gene 12704/
predicted

defender against cell death 1

ribosomal protein L34

diazepam binding inhibitor

endothelial differentiation-related factor 1

histone cluster 1, H2bc

basigin

ribosomal protein S11

integral membrane protein 2B
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0.046
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-1.74
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-1.73
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-1.73

-1.73
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Gm6948/ Gm8942/
LOC677113/ Rps24
Ndufb6é

Cox6c

Gm6301/ Rpl27
Gm6573/ Gm6834/
LOC100044992/ Rps13
Rabacl

Rpl23

Atp5k

Gm10027/ Gm10260/ Rps18
Atp5k

Gm10709/ Gm12508/
Gm13841/ Gm5561/
Gm6344/ Rpl29

Txnl

Rpl22

Reep5

Eif4a2

Cox6al/ Gm7795
Cox6c

Rpl14

LOC100046668/ Rps23

Gm10027/ Gm10260/ Rps18
Ndufb11

Rps17

Tmed6

Rps19

Atp50/ LOC100047429

Gm3244/ Ndufb4
Gm12967/ Gm4468/ Rpl37
Ndufal

Gm10051/ Gm15435/ Rpl28
Eif3k

Atp2c2

2810422J05Rik/ Gm11808/
Uba52

Rps24

Histlh2ad/ Hist1h2an/
Hist2h2aal/ Hist2h2aa2/
Hist2h2ac/ Hist2h3cl
Rpl14

Gpx1

Naca

Rps27I

Rps25

Gm10164/ Gm10223/
Gm10294/ LOC100041933/
LOC100046300/ Rpl17
2010107HO0O7Rik

Ndufb2

ribosomal protein S24 pseudogene/ predicted gene 8942/ similar to
ribosomal

NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 6

cytochrome c oxidase, subunit Vic

ribosomal protein L27 pseudogene/ ribosomal protein L27

ribosomal protein S13 pseudogene/ predicted gene 6834/ similar to
ribosomal

Rab acceptor 1 (prenylated)

ribosomal protein L23

ATP synthase, H+ transporting, mitochondrial F1FO complex, subunit e
ribosomal protein S18 pseudogene/ predicted gene 10260/ ribosomal
protein

ATP synthase, H+ transporting, mitochondrial F1FO complex, subunit e

predicted gene 10709/ predicted gene 12508/ predicted gene 13841/
predicted

thioredoxin 1

ribosomal protein L22

receptor accessory protein 5

eukaryotic translation initiation factor 4A2

cytochrome c oxidase, subunit VI a, polypeptide 1/ predicted gene 7795
cytochrome c oxidase, subunit Vic

ribosomal protein L14

similar to yeast ribosomal protein S28 homologue/ ribosomal protein
S23

ribosomal protein S18 pseudogene/ predicted gene 10260/ ribosomal
protein

NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 11

ribosomal protein S17

transmembrane emp24 protein transport domain containing 6
ribosomal protein S19

ATP synthase, H+ transporting, mitochondrial F1 complex, O subunit/
similar to

predicted gene 3244/ NADH dehydrogenase (ubiquinone) 1 beta
subcomplex 4

predicted gene 12967/ predicted gene 4468/ ribosomal protein L37
NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 1

predicted gene 10051/ ribosomal protein L28 pseudogene/ ribosomal
protein

eukaryotic translation initiation factor 3, subunit K

ATPase, Ca++ transporting, type 2C, member 2

RIKEN cDNA 2810422J05 gene/ predicted gene 11808/ ubiquitin A-52
residue r

ribosomal protein S24

histone cluster 1, H2ad/ histone cluster 1, H2an/ histone cluster 2,
H2aal

ribosomal protein L14

glutathione peroxidase 1

nascent polypeptide-associated complex alpha polypeptide
ribosomal protein S27-like

ribosomal protein S25

ribosomal protein L17 pseudogene/ ribosomal protein L17 pseudogene/
predicted

RIKEN cDNA 2010107HO07 gene
NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 2
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0.011
0.004
0.023

0.016
0.010
0.018
0.014

0.030
0.015
0.005

0.023
0.018
0.010
0.022
0.042
0.012
0.002
0.016

0.010

0.014
0.007
0.028
0.010
0.009

0.018

0.007
0.031
0.016

0.016
0.014
0.001

0.015
0.017

0.005
0.020
0.011
0.026
0.024
0.013

0.021
0.006
0.014
0.003

-1.71
-1.71
-1.71
-1.71

-1.71
-1.70
-1.70
-1.70

-1.70
-1.70
-1.70

-1.70
-1.69
-1.69
-1.69
-1.69
-1.69
-1.69
-1.69

-1.69

-1.69
-1.68
-1.68
-1.68
-1.68

-1.68

-1.68
-1.68
-1.68

-1.68
-1.68
-1.67

-1.67
-1.67

-1.67
-1.67
-1.67
-1.67
-1.67
-1.67

-1.67
-1.67
-1.67
-1.67



Rpl41

Snrpd3

Gm14303/ Rps29
Ndufv2

Atp5h

Rpl18a

Ftll

Reep5

Ndufa3

EifSa

Rpl19

Rpl15

Gm2614/ Rpsl7
Rps17

Rpl14

Pfdn5

Rpl11

Gm10164/ Gm10223/
Gm10268/ Gm10362/
Gm4329/ Gm6133/ Hk1/
LOC100048040/ Rpl17
Map1llc3b

Gm10071/ Gm12918/
Gm15710/ Rpl13
Oazl

Rpl35

Cst3

Rpl13a/ Zfp526
Slc19a2

Rps3

2310016E02Rik

Myc

Ndufs8

Ndufs8

Ndufa3

Rps24

Krtcap2

Psmb10

Gm11425/ Gm4957/

Gm5962/ Gm6285/ Gm6336/

Gm7117/ LOC546695/
LOC630855/ LOC639477/
Rpl12

Gm10709/ Gm13841/
Gm5561/ Gm6344/ Rpl29
Rpl13a

Qdpr

Gm10709/ Gm13841/
Gm3550/ Gm6344/ Rpl29
Rps10

Rps18

Ggh

Ndufs8

Gm10117/ Gm7206/
Gm9822/ Rpl9
1110002B05Rik

Stk24

ribosomal protein L41

small nuclear ribonucleoprotein D3

predicted gene 14303/ ribosomal protein S29

NADH dehydrogenase (ubiquinone) flavoprotein 2

ATP synthase, H+ transporting, mitochondrial FO complex, subunit d
ribosomal protein L18A

ferritin light chain 1

receptor accessory protein 5

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 3
eukaryotic translation initiation factor 5A

ribosomal protein L19

ribosomal protein L15

predicted gene 2614/ ribosomal protein S17

ribosomal protein S17

ribosomal protein L14

prefoldin 5

ribosomal protein L11

ribosomal protein L17 pseudogene/ ribosomal protein L17 pseudogene/

predic

microtubule-associated protein 1 light chain 3 beta
predicted gene 10071/ predicted gene 12918/ predicted gene 15710/
ribos

ornithine decarboxylase antizyme 1

ribosomal protein L35

cystatin C

ribosomal protein L13A/ zinc finger protein 526

solute carrier family 19 (thiamine transporter), member 2
ribosomal protein S3

RIKEN cDNA 2310016E02 gene

myelocytomatosis oncogene

NADH dehydrogenase (ubiquinone) Fe-S protein 8

NADH dehydrogenase (ubiquinone) Fe-S protein 8

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 3
ribosomal protein S24

keratinocyte associated protein 2

proteasome (prosome, macropain) subunit, beta type 10

predicted gene 11425/ ribosomal protein L12 pseudogene/ predicted
gene 596

predicted gene 10709/ predicted gene 13841/ predicted gene 5561/
predic

ribosomal protein L13A

quinoid dihydropteridine reductase

predicted gene 10709/ predicted gene 13841/ predicted gene 3550/
predic

ribosomal protein S10

ribosomal protein S18

gamma-glutamyl hydrolase

NADH dehydrogenase (ubiquinone) Fe-S protein 8

ribosomal protein L9 pseudogene/ predicted gene 7206/ ribosomal
protein L9

RIKEN cDNA 1110002B05 gene

serine/threonine kinase 24 (STE20 homolog, yeast)
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0.005
0.020
0.023
0.014
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0.016
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0.006
0.013
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0.018
0.017
0.020
0.030
0.014
0.010
0.019

0.020
0.006

0.025
0.032
0.006
0.013
0.026
0.031
0.013
0.015
0.010
0.025
0.008
0.041
0.009
0.019
0.030
0.005

0.011

0.025
0.017
0.037

0.030
0.017
0.038
0.040
0.008

0.017
0.027
0.009
0.044

-1.67
-1.67
-1.67
-1.66
-1.66
-1.66
-1.66
-1.66
-1.66
-1.66
-1.66
-1.66
-1.66
-1.66
-1.66
-1.66
-1.65

-1.65
-1.65

-1.65
-1.65
-1.65
-1.65
-1.65
-1.65
-1.65
-1.65
-1.65
-1.65
-1.65
-1.65
-1.64
-1.64
-1.64
-1.64

-1.64

-1.64
-1.64
-1.64

-1.64
-1.64
-1.64
-1.64
-1.64

-1.64
-1.64
-1.64
-1.64



Thbca

Gm10335/ Rpl23a
Ndufal3

Sec61b

Gal

Gm10045/ Gm10155/
Gm10163/ Gm10240/
Gm12411/ Gm13653/
Gm14648/ Gm16376/
Gm5495/ LOC100042767/
LOC100047019/
LOC100047314/ LOC676590/
Rpl21

Cox7a2

Secblg
LOC100048449/ Rpl18
Eif3i

Rpl37

Fabp4

Hnrnpal

Rps10

Ifitm2

Erp27

Prss3

Rpl22I1

Gm9385/ Rpl24

Gm13020/ Gm7379/ Rpl38
Gm10164/ Gm10223/
Gm10294/ LOC100041933/
LOC100046300/
LOC100047874/ Rpl17
Rps21

Rpl21

Rpsi4

Rps5

Ndufall

Rpl14

Gm15451/ Rpl10a
1810005K13Rik

Gstm2

Cox4il

Rpsa

Ufm1

Rps8

Rps24

Rps26

Chchd10

Gm10335/ Gm3940/
Gm5384/ Gm7413/ Gm8158/
LOC100042058/ Rpl23a
Akrla4d

Atp5k

Rpsi15a

Rps8

Fabp4

tubulin cofactor A

predicted gene 10335/ ribosomal protein L23a

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 13
Sec61 beta subunit

galanin

predicted gene 10045/ predicted gene 10155/ predicted gene 10163/
predicted

cytochrome c oxidase, subunit Vlla 2

SEC61, gamma subunit

similar to ribosomal protein L18/ ribosomal protein L18
eukaryotic translation initiation factor 3, subunit |
ribosomal protein L37

fatty acid binding protein 4, adipocyte

heterogeneous nuclear ribonucleoprotein Al

ribosomal protein S10

interferon induced transmembrane protein 2
endoplasmic reticulum protein 27

protease, serine, 3

ribosomal protein L22 like 1

predicted gene 9385/ ribosomal protein L24

ribosomal protein L38 pseudogene/ ribosomal protein L38 pseudogene/

riboso

ribosomal protein L17 pseudogene/ ribosomal protein L17 pseudogene/

predicted

ribosomal protein S21

ribosomal protein L21

ribosomal protein S14

ribosomal protein S5

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 11
ribosomal protein L14

ribosomal protein L10a pseudogene/ ribosomal protein L10A
RIKEN cDNA 1810005K13 gene

glutathione S-transferase, mu 2

cytochrome c oxidase subunit IV isoform 1

ribosomal protein SA

ubiquitin-fold modifier 1

ribosomal protein S8

ribosomal protein S24

ribosomal protein S26

coiled-coil-helix-coiled-coil-helix domain containing 10

predicted gene 10335/ predicted gene 3940/ predicted gene 5384/
predicted

aldo-keto reductase family 1, member A4 (aldehyde reductase)

ATP synthase, H+ transporting, mitochondrial F1FO complex, subunit e
ribosomal protein S15A

ribosomal protein S8

fatty acid binding protein 4, adipocyte
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0.013
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0.038
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0.030
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0.021
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0.014
0.025
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0.014
0.017
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0.024
0.029
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0.014
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0.037
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-1.63
-1.63
-1.63
-1.63
-1.63
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-1.63
-1.63
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-1.63
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-1.62
-1.62
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-1.61
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-1.61

-1.61
-1.61
-1.61
-1.61
-1.61
-1.61



Gm10119/ Gm9000/ Rps3a
Eifl

1810046J19Rik
Gm13654/ Rps6
Rpl39

Rpl7

Rpl27a

Rplpl

Cstb

Mettl7al

Spint2

Eroll/ Gm10191/ Gm13004/
Gm16382/ Gm7689/
Gm9401/ LOC638399/
LOC675018/ Rpl31
Qdpr

Gm10191/ Gm16382/
Gm7689/ LOC638399/
LOC675018/ Rpl31

Jtb

Lgalsl

Gm2614/ Gm5215/ Gm7780/

LOC674335/ Rpsl17
Tmed3

Rplp0

Rpl18

Ndufb6

Rpl13a

Hintl

Rpl7a

Atp5f1
Rpl7
Tmem208

Eefld

Eroll/ Rpl31

Btbd3

Eif3h

Pfdn5

Rps7

Ndufb9

Romol

Eeflb2

Gnb2I1

Rhoa

Nme2

Ndufv3
2810422J05Rik/ Gm11808/
Uba52

Chchd2/ LOC100045688/
Scand3
5730427NO09Rik
Rpl36al

Gm10443/ Rps28
Gm10063/ Gm12334/

predicted gene 10119/ predicted gene 9000/ ribosomal protein S3A
eukaryotic translation initiation factor 1
RIKEN cDNA 1810046J19 gene

predicted gene 13654/ ribosomal protein S6
ribosomal protein L39

ribosomal protein L7

ribosomal protein L27A

ribosomal protein, large, P1

cystatin B

methyltransferase like 7A1

serine protease inhibitor, Kunitz type 2

ERO1-like (S. cerevisiae)/ predicted gene 10191/ predicted gene 13004/
quinoid dihydropteridine reductase

predicted gene 10191/ ribosomal protein L31 pseudogene/ predicted
gene 768

jumping translocation breakpoint

lectin, galactose binding, soluble 1

predicted gene 2614/ predicted gene 5215/ predicted gene 7780/
hypothetical

transmembrane emp24 domain containing 3

ribosomal protein, large, PO

ribosomal protein L18

NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 6

ribosomal protein L13A

histidine triad nucleotide binding protein 1

ribosomal protein L7A

ATP synthase, H+ transporting, mitochondrial FO complex, subunit b,
isoform 1

ribosomal protein L7

transmembrane protein 208

eukaryotic translation elongation factor 1 delta (guanine nucleotide
exchange protein)

ERO1-like (S. cerevisiae)/ ribosomal protein L31

BTB (POZ) domain containing 3

eukaryotic translation initiation factor 3, subunit H

prefoldin 5

ribosomal protein S7

NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 9

reactive oxygen species modulator 1

eukaryotic translation elongation factor 1 beta 2

guanine nucleotide binding protein (G protein), beta polypeptide 2 like 1
ras homolog gene family, member A

non-metastatic cells 2, protein (NM23B) expressed in

NADH dehydrogenase (ubiquinone) flavoprotein 3

RIKEN cDNA 2810422J05 gene/ predicted gene 11808/ ubiquitin A-52
residue r

coiled-coil-helix-coiled-coil-helix domain containing 2/ similar to coiled-
coil

RIKEN cDNA 5730427N09 gene

ribosomal protein L36A-like

predicted gene 10443/ ribosomal protein S28

predicted gene 10063/ predicted gene 12334/ ribosomal protein S12

207

0.039
0.026
0.012
0.014
0.019
0.035
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0.018
0.019
0.011
0.031
0.047

0.019
0.021

0.017
0.039
0.015

0.023
0.027
0.039
0.027
0.024
0.010
0.042
0.013

0.027
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0.030
0.018

0.014
0.002
0.022
0.043
0.014
0.002
0.030
0.031
0.030
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0.038
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0.012

0.013
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0.003
0.025
0.023
0.015

-1.61
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-1.60
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-1.60
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-1.59
-1.59
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-1.59
-1.59
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-1.59
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-1.59
-1.59
-1.59
-1.59
-1.59
-1.58
-1.58
-1.58
-1.58
-1.58

-1.58

-1.58
-1.58
-1.58
-1.58
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Gm5462/ Gm7567/ Gm9153/
LOC676277/ Rps12
Gabarapll

Rpl18

Prdx4

Gm10079/ LOC100047501/
Rpsl6

Lemtl

Mrpl52

Atp5g1/ Gm10039

LOC100047839/ Tomm6
Ndufb11

Rpl13

Rps10

Ube2b

Serf2

Gng5

Higd2a

Ftl1/ Ftl2/ Gm10116

LOC100044627/ Rpl23

Atp5g3

Hbxip

Cox5b

Gm11263/ Gm13654/
LOC100043734/ LOC236932/
Rps6

Naca

Kdelrl

Rpl23

Atp5d

Ndufb9

Rpl13a

Cox6b1l

Hnrpdl

Ndufcl

H2afj

Gm10443/ Rps28
Nid1

Ndufa7

Gm10071/ Gm12918/
Gm15710/ Gm5075/
Gm9026/ LOC674921/ Rpl13
Ndufb5

Gm10241/ Gm13430/
Gm13690/ LOC100046167/
Sumo2

Gm15500/ Rpl5

Btf3

Gnmt

Myeov2

Atp5g2

pseudogene

gamma-aminobutyric acid (GABA) A receptor-associated protein-like 1
ribosomal protein L18

peroxiredoxin 4

ribosomal protein S16 pseudogene/ ribosomal protein $S16 pseudogene/
ribosomal

leucine carboxyl methyltransferase 1

mitochondrial ribosomal protein L52

ATP synthase, H+ transporting, mitochondrial FO complex, subunit c
(subunit 9),

hypothetical protein LOC100047839/ translocase of outer mitochondrial
membrane

NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 11

ribosomal protein L13

ribosomal protein S10

ubiquitin-conjugating enzyme E2B, RAD6 homology (S. cerevisiae)
small EDRK-rich factor 2

guanine nucleotide binding protein (G protein), gamma 5

HIG1 domain family, member 2A

ferritin light chain 1/ ferritin light chain 2/ ferritin light chain 1
pseudogene

similar to HL23 ribosomal protein/ ribosomal protein L23

ATP synthase, H+ transporting, mitochondrial FO complex, subunit ¢
(subunit 9),

hepatitis B virus x interacting protein

cytochrome c oxidase, subunit Vb

predicted gene 11263/ predicted gene 13654/ similar to ribosomal
protein S

nascent polypeptide-associated complex alpha polypeptide

KDEL (Lys-Asp-Glu-Leu) endoplasmic reticulum protein retention
receptor 1

ribosomal protein L23

ATP synthase, H+ transporting, mitochondrial F1 complex, delta subunit
NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 9
ribosomal protein L13A

cytochrome c oxidase, subunit VIb polypeptide 1

heterogeneous nuclear ribonucleoprotein D-like

NADH dehydrogenase (ubiquinone) 1, subcomplex unknown, 1
H2A histone family, member J

predicted gene 10443/ ribosomal protein S28

nidogen 1

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 7 (B14.5a)

predicted gene 10071/ predicted gene 12918/ predicted gene 15710/
predicted
NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 5

predicted gene 10241/ predicted gene 13430/ predicted gene 13690/
similar

predicted gene 15500/ ribosomal protein L5

basic transcription factor 3

glycine N-methyltransferase

myeloma overexpressed 2

ATP synthase, H+ transporting, mitochondrial FO complex, subunit c
(subunit 9),
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Gm9786/ Oazl

Gm3379/ Gm4892/ Gm7476/
Rpl10

Gm13654/ Rps6
1110003E01Rik

Gm5805/ Rps14

Gabarap

Ptpla

Rpl6

Rala

Hamp?2

Cox5b

Ndufa7

Gm14303/ Rps29

Cmil

Fkbp2

Mrps28

1110003E01Rik

Gm11970/ Gm12936/
Gm6525/ Gm8001/ Gm8697/
Rpl36a

Gm10080/ Gm5526/
Gm8894/ Myl6

Gceat

Bagl

Rpl27

Ccdc56

Ube2d1

Cregl

Tff2

Rgs5

Zfand6

Gabarapl2

Gm6573/ LOC100044992/
Rps13

Mid1lipl

Rps12

Gm9354/ LOC100042019/
Rps27a

Fthl

Gm11599/ Gm11687/
Gm12091/ Gm12366/
Gm12922/ Gm14583/
Gm16408/ Gm4968/
Gm5921/ Gm6139/ Gm6266/
Gm6359/ Gm6433/ Gm7143/
Gm8225/ Gm8235/ Gm8520/
LOC100048354/ LOC634916/
LOC639606/ Rps2

Rps21

Mtl

Sec62

Gm12270/ Gm15483/
Gm6573/ Gm6834/
LOC100044992/ Rps13

ornithine decarboxylase antizyme 1 pseudogene/ ornithine
decarboxylase antizy

predicted gene 3379/ ribosomal protein 10 pseudogene/ 60S ribosomal
protein

predicted gene 13654/ ribosomal protein S6

RIKEN cDNA 1110003E01 gene

predicted gene 5805/ ribosomal protein S14

gamma-aminobutyric acid receptor associated protein

protein tyrosine phosphatase-like (proline instead of catalytic arginine),
member

ribosomal protein L6

v-ral simian leukemia viral oncogene homolog A (ras related)

hepcidin antimicrobial peptide 2

cytochrome c oxidase, subunit Vb

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 7 (B14.5a)
predicted gene 14303/ ribosomal protein S29

camello-like 1

FK506 binding protein 2

mitochondrial ribosomal protein S28

RIKEN cDNA 1110003E01 gene

predicted gene 11970/ predicted gene 12936/ predicted gene 6525/
predicted

predicted gene 10080/ predicted gene 5526/ predicted gene 8894/
myosin,

glycine C-acetyltransferase (2-amino-3-ketobutyrate-coenzyme A ligase)
BCL2-associated athanogene 1

ribosomal protein L27

coiled-coil domain containing 56

ubiquitin-conjugating enzyme E2D 1, UBC4/5 homolog (yeast)

cellular repressor of E1A-stimulated genes 1

trefoil factor 2 (spasmolytic protein 1)

regulator of G-protein signaling 5

zinc finger, AN1-type domain 6

gamma-aminobutyric acid (GABA) A receptor-associated protein-like 2
ribosomal protein S13 pseudogene/ similar to ribosomal protein S13/
ribosomal

Mid1 interacting protein 1 (gastrulation specific G12-like (zebrafish))
ribosomal protein $12

predicted gene 9354/ similar to fusion protein: ubiquitin (bases 43_513);
rib

ferritin heavy chain 1

predicted gene 11599/ predicted gene 11687/ predicted gene 12091/
40SR

ribosomal protein S21

metallothionein 1

SEC62 homolog (S. cerevisiae)

predicted gene 12270/ predicted gene 15483/ ribosomal protein S13
pseudogene
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0.017
0.016
0.033
0.029
0.037

0.024
0.026
0.043

0.021
0.028

0.043
0.039
0.010
0.036

0.020

-1.55

-1.55
-1.55
-1.55
-1.55
-1.55
-1.55

-1.55
-1.55
-1.55
-1.55
-1.55
-1.55
-1.55
-1.55
-1.54
-1.54
-1.54

-1.54

-1.54
-1.54
-1.54
-1.54
-1.54
-1.54
-1.54
-1.54
-1.54
-1.54
-1.54
-1.54

-1.53
-1.53
-1.53

-1.53
-1.53

-1.53
-1.53
-1.53
-1.53

-1.53



EG436523/ Gm10334/ Prss1/

Prss3
Serf2
Ndufab1l
Sod1

LOC100046344/ Nmel

Rpl8
Atp6vilf

Dynlt1/ Dynlt1-ps1/

LOC100040563
Cox5b

Cops6

Chchd3

Rpl30

Eif3i

Rpl27

Rpl7
1810026B05Rik
Prelidl

Atp5h

Gm10257/ Gm8524/ H3f3a/
H3f3c/ LOC100045490

1810010K12Rik
Cregl
Serf2
Lamp?2
Spink3
Ndufa2
Cox8a
Ndufs5
H47
Sepx1
H2-D1
Lampl
Tm2d2
Eifl
Tecr
Mff
Cox5b
Fam96a
Hsbp1l
Rpl13a
Ndufv2
Secllc
Rps20
1810027010Rik
Mrps24
Eif5
Acatl
Atp6v0b
Rpl10
Tceb2

predicted gene, EG436523/ predicted gene 10334/ protease, serine, 1
(tryps

small EDRK-rich factor 2

NADH dehydrogenase (ubiquinone) 1, alpha/beta subcomplex, 1
superoxide dismutase 1, soluble

similar to Nucleoside diphosphate kinase A (NDK A) (NDP kinase A)
(Tumor metastasis)

ribosomal protein L8

ATPase, H+ transporting, lysosomal V1 subunit F

dynein light chain Tctex-type 1/ dynein light chain Tctex-type 1,
pseudogene

cytochrome c oxidase, subunit Vb

COP9 (constitutive photomorphogenic) homolog, subunit 6 (Arabidopsis
thaliana)

coiled-coil-helix-coiled-coil-helix domain containing 3

ribosomal protein L30

eukaryotic translation initiation factor 3, subunit |

ribosomal protein L27

ribosomal protein L7

RIKEN cDNA 1810026B05 gene

PRELI domain containing 1

ATP synthase, H+ transporting, mitochondrial FO complex, subunit d
predicted gene 10257/ predicted gene 8524/ H3 histone, family 3A/ H3
hi

RIKEN cDNA 1810010K12 gene

cellular repressor of E1A-stimulated genes 1

small EDRK-rich factor 2

lysosomal-associated membrane protein 2

serine peptidase inhibitor, Kazal type 3

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 2
cytochrome c oxidase, subunit Vllla

NADH dehydrogenase (ubiquinone) Fe-S protein 5
histocompatibility 47

selenoprotein X 1

histocompatibility 2, D region locus 1

lysosomal-associated membrane protein 1

TM2 domain containing 2

eukaryotic translation initiation factor 1

trans-2,3-enoyl-CoA reductase

mitochondrial fission factor

cytochrome c oxidase, subunit Vb

family with sequence similarity 96, member A

heat shock factor binding protein 1

ribosomal protein L13A

NADH dehydrogenase (ubiquinone) flavoprotein 2

SEC11 homolog C (S. cerevisiae)

ribosomal protein S20

RIKEN cDNA 1810027010 gene

mitochondrial ribosomal protein S24

eukaryotic translation initiation factor 5

acetyl-Coenzyme A acetyltransferase 1

ATPase, H+ transporting, lysosomal VO subunit B

ribosomal protein 10

transcription elongation factor B (Slll), polypeptide 2
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0.010
0.001
0.018
0.025
0.024

0.050
0.030
0.019

0.010
0.007

0.037
0.036
0.049
0.029
0.034
0.014
0.036
0.007
0.044
0.014

0.030
0.038
0.026
0.019
0.014
0.014
0.018
0.023
0.044
0.034
0.049
0.013
0.043
0.020
0.021
0.037
0.027
0.002
0.009
0.017
0.015
0.023
0.031
0.022
0.031
0.032
0.031
0.008
0.049
0.041
0.013
0.019
0.025
0.026

-1.53
-1.53
-1.53
-1.53
-1.53

-1.53
-1.53
-1.53

-1.53
-1.53

-1.53
-1.53
-1.53
-1.53
-1.52
-1.52
-1.52
-1.52
-1.52
-1.52

-1.52
-1.52
-1.52
-1.52
-1.52
-1.52
-1.52
-1.52
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.50
-1.50
-1.50
-1.50



Gm10443/ LOC100044740/
Rps28

H47

Raplb
Ddost

Mdh1
RP23-195K8.6
Lat2

Txnl

Kcnh3

Dpp6

Klra21

Gss

Mgea5
N6amt2
Hoxa5

Duxbl

Armc8

Ptgr2

Pvr

Opa3
D13Ertd787e

predicted gene 10443/ similar to ribosomal protein S28/ ribosomal
protein

histocompatibility 47

RAS related protein 1b
dolichyl-di-phosphooligosaccharide-protein glycotransferase
malate dehydrogenase 1, NAD (soluble)

hypothetical protein LOC622404

Linker for activation of T cells family, member 2

thioredoxin 1

potassium voltage-gated channel, subfamily H (eag-related), member 3
dipeptidylpeptidase 6

killer cell lectin-like receptor subfamily A, member 21
glutathione synthetase

meningioma expressed antigen 5 (hyaluronidase)

N-6 adenine-specific DNA methyltransferase 2 (putative)
homeo box A5

double homeobox B-like

armadillo repeat containing 8

prostaglandin reductase 2

poliovirus receptor

optic atrophy 3 (human)

DNA segment, Chr 13, ERATO Doi 787, expressed

0.027
0.024
0.013
0.045
0.041
0.001
0.023
0.042
0.038
0.015
0.034
0.010
0.001
0.015
0.044
0.035
0.018
0.033
0.018
0.005
0.040

-1.50
-1.50
-1.50
-1.50
-1.50
-1.50
1.51
1.53
1.57
1.59
1.61
1.63
1.64
1.65
1.70
1.74
1.75
1.78
191
1.96
2.05
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Appendix 7.4. Significantly altered genes in the LP+STZ group compared to the
LP+sham group

Differentially expressed genes between the four groups were selected based on a p-
value cut-off of 0.05 and a fold change of >1.5. Fold change represents the difference

from the LP+sham group. A 2-way ANOVA was performed with a Student Newman-Keuls

post test.
Fold
Gene Symbol Gene Title p-value  change
Clk1 CDC-like kinase 1 0.014 -1.72
nuclear paraspeckle assembly transcript 1

Neatl (non-protein coding) 0.023 -1.70
Rab24 RAB24, member RAS oncogene family 0.019 -1.67
Nuprl nuclear protein 1 0.031 -1.67
Mettl7al methyltransferase like 7A1 0.027 -1.54
Ankrd24 ankyrin repeat domain 24 0.046 -1.52
1810005K13Rik RIKEN cDNA 1810005K13 gene 0.033 -1.51
Nuprl nuclear protein 1 0.035 -1.51
1810010K12Rik RIKEN cDNA 1810010K12 gene 0.028 -1.50
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