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Abstract

Background Although environmental factors play an important role in the aetiology of diabetes, its
underlying molecular mechanisms remain largely unknown. Since epigenetic changes, such as
DNA methylation and histone modification, can be sensitive to environment, their influence to
type 2 diabetes has been one of the topics these days.

Aims Among various classes of noncoding RNAs, especially long noncoding RNAs (IncRNAs) could
be involved in the pathophysiology of diabetes because of its function as epigenetic modulators.
The emergence of next generation sequencing technology has enabled transcript identification and
quantification regardless of any existing genome annotations. The aim of this study is to
investigate the effectiveness of genome-wide identification of transcripts including IncRNAs,
which are of potential interest in the aetiology of diabetes due to the environment-dependent
transcriptional regulation.

Outline for Results Section

I. Mice.

a. Male C57BL/6J mice fed a high-fat diet (60% energy by fat)  b. KK mice
II. Experiments on Chromatin-associated RNAs (CARs)

III. RNA sequencing (RNA-Seq) by Next-Generation Sequencer
IV. Short-Read Sequence Analysis
Results

I. Mice

a. Male C57BL/6J mice fed a high-fat diet (HFD, 60 kcal% fat) were used. HFD was started at
10 weeks of age, and pancreatic islets were isolated 4 and 18 weeks later. Relatively short-term (4
weeks) HFD resulted in a slight but significant increase in body weight in comparison with age-
and sex- matched controls fed a chow diet. HFD mice also exhibited mild glucose intolerance with
enhanced glucose-dependent insulin secretion by intraperitoneal glucose tolerance test IPGTT, 1
g/kg BW). However, long-term (18 weeks) HFD caused an excessive increase in body weight. It also
resulted in severer glucose intolerance and blunted glucose-dependent insulin secretion in the
experimental group.

b. The KK spontaneously diabetic mouse was established by inbreeding of the local strains of
Japanese mice. Changing its diet or environmental conditions strongly influence its course of
diabetes (Diabetes Res Clin Pract. 24:Suppl:S313-S316,1994). Male KK mice at the age of 9 weeks
were divided into 2 groups: singly housed and group housed (control). Probably because the former
were more sluggish than the latter, they became heavier with age. At the age of 11 weeks, fasting

glucose levels were similar between both groups, although singly housed mice exhibited relative
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glucose intolerance by IPGTT. Interestingly, a significant increase in fasting blood glucose levels
was observed in singly housed mice afterwards, and their blood glucose levels exceeded 250 mg/dl
at the age of 16 weeks.

II. Experiments on Chromatin-associated RNAs (CARs)

Chromatin-associated long noncoding RNAs (CARs) are of special interest since they could be
directly involved in the epigenetic mechanisms (Genome Res. 20:899-907,2010). At the beginning,
we optimized the protocol for purifying CARs by using INS-1 cells, a rat insulinoma cell line. After
verifying that selective isolation of CAR was successful, mice were examined to purify CAR from
pancreatic islets. However, probably due to exocrine contamination, it was not possible to obtain
constant results. Thus, we could not help concluding that the initial plan had to be changed.

I11. RNA sequencing (RNA-Seq) by Next-Generation Sequencer

RNA-seq has been used to identify thousands of lincRNAs in various organisms. To investigate
the transcripts including IncRNAs expressed in mouse pancreatic islets, we generated RNA-seq
data after constructing libraries using the strand specific dUTP method.

IV. Short-Read Sequence Analysis:

a. 101-bp paired-end RNA-Seq reads were aligned using TopHat (Bioinformatics
25:1105-1111,2009) in order to identify exon-exon splice junctions. Then, aligned RNA-Seq reads
were assembled using Cufflinks (Nat Biotechnol. 28:511-515,2010). It also calculates transcript
abundances in Fragments Per Kilobase of exon per Million fragments mapped (FPKM).

b. Identification of differentially expressed genes for two-group RNA-seq data were done using an
R package named TCC (BMC Bioinformatics. 14:219,2013), which can rank genes according to the
significance of their differential expression. When compared to controls at a threshold of FDR <
0.05, approximately 2,000 ~ 7,000 genes were shown to be differentially expressed in islets isolated
from HFD mice and singly-housed KK mice.

c. Next, we tried to detect differentially coexpressed genes, because they could not only share
cis-regulatory elements but also be functionally related (Genome Res. 9:1106-1115,1999). To this
end, we also isolated pancreatic islets from mice other than those mentioned above, which
included four inbred strains at various ages and were fed either with chow diet or with HFD. In
total, we obtained twenty-three RNA-Seq datasets and found that ~13,000 expressed genes were
judged as differentially expressed at least in one of the comparisons between an experimental
group and a control group. Finally, we could group these genes into 68 gene modules by K-means
clustering. Although preliminary, it seemed highly likely that the result was appropriate in that
the modules were well enriched for specific functions and pathways by DAVID
(http://david.abce.nciferf.gov/) analysis.

d. We were interested in how the above analysis could be useful for understanding the observed
differences in gene expression between an experimental sample and a control sample. First of all,
we looked into the upregulated genes in the islets isolated from C57Bl/6J mice fed a HFD for 4
weeks. Module 1 was a module containing a highly significant number of genes associated with ER

stress. Remarkably, 46% of genes in module 1 were those upregulated in the islets of HFD mice,
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which was the highest proportion among all modules identified. This finding was in agreement
with the consensus about the physiological requirement of ER stress in the islets of obese mice.

We also investigated the proportion of genes in various modules that were upregulated in the
islets of mice fed a HFD for 18 weeks. In this case, we found that module 2, which was highly
enriched for genes associated with cell cycle, contained the highest proportion (62%) of
upregulated genes among all modules, whereas the proportion of upregulated genes in the same
module was 8.3%. Thus, these data suggest that upregulation of cell cycle genes in module 2 may
not only become more important in the islets after prolonged HFD feeding but also be able to
explain the rapid weight gain seen at a later stage.

e. Deterioration of glucose tolerance in singly-housed KK mice was more progressive than that in
their group-housed counterparts. Thus, by using this model, it would be interesting to profile
changes in islet gene expression during development of diabetes. Since we also observed
significant variation in blood glucose levels of singly-housed KK mice after 11 weeks of age, we
empirically separate 16-week old mice into three groups of two animals each: singly-housed mice
with high blood glucose levels (group H, 327 mg/dl, mean), group-housed mice with normal blood
glucose levels (control, 105 mg/dl, mean), and singly-housed mice with medium blood glucose levels
for those with blood glucose levels in between (group M, 188 mg/dl, mean). In 32 out of 67 modules,
both group M and group H revealed that there were more upregulated genes at the age of 16 weeks
than those at the age of 11 weeks. However, of the 32 modules, 12 revealed that the number of
upregulated genes was smaller in group H than in group M. Since these 12 modules were
associated with cell cycle, ER stress, transcriptional regulation and so on, hyperglycemia of group
H could be due to insufficient dosage of these genes.

Conclusions

We have investigated how islet genes were differentially expressed in response to environmental
factors by RNA-Seq. Then, higher-ranked genes with FDR below a certain threshold were selected
in order to identify differentially coexpressed gene modules. Because of the enrichment for specific
functional annotations, each module could consist of genes that can modulate specific cellular
functions as a group. Actually, the transcriptome of islets under environmental stimuli revealed
the enrichment of differentially expressed genes in modules that were associated with important
functions for adaptive response of beta-cells, whereas such compensatory gene expression changes
seemed to be insufficient after the onset of diabetes.

This study also showed the effectiveness of gene level quantification of expression. However,
when advances in sequencing technologies may further increase the efficiency of obtaining more
detailed information, such as splicing isoforms and IncRNAs, transcript level analysis will bring us

more accurate and novel results in the future.
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