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ABSTRACT

Background: Previous studies suggested that Type 1 diabetes
mellitus (T1DM) is related to an increased risk of osteoporosis (OP)
with unknown mechanism. Here, we hypothesized that TIDM and OP
present shared molecular basis, and that OP related genes may also
play roles for TIDM.

Methods: To identify potential OP risk genes from T1DM-gene group,
we conducted an integrated analysis using large scale ResNet relation
data and gene expression data for T1IDM and OP. Disease-gene
relation data were acquired from Pathway Studio ResNet Mammalian
database. Gene expression profile were acquired from samples of 40
subjects including 20 OP cases and 20 normal controls.

Results: Genes linked to T1DM and OP present significant overlap
(183 genes, p-value = 2.84E-128). These genes play roles through
multiple genetic pathways (enrichment p-value < 8.8e-23 for the top
10 pathways) influencing the pathogenesis of both diseases. A genetic
network of 16 genes were identified. T1IDM may exert influence on OP
these genes. Two T1DM genes, ITGAE and RELB, present significant
difference (p-value < 0.0005) between OP cases and controls. Network
analysis support the results and reveal strong functional association
between OP and these two genes.

Conclusion: Results from this study support the hypothesis that
complex genetic associations exist between T1DM and OP, and that
T1DM related genes should be tested for their potential roles in OP
pathogenesis.
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1 INTRODUCTION

Type1 diabetes (T1DM) is one type of diabetes
mellitus. It is a genetic disease diagnosed in children
and young adults characterized by presenting not
enough insulin in the body. T1DM accounts for
approximately 5% of all cases of diabetes in USA!".
Studies showed that, T1DM is more frequently linked
to fracture risk that that of type 2 diabetes mellitus
(T2DM). Studies showed that T1DM is associated
with a 6.4 to 6.9 fold increase in the relative risk of

hip fracture compared to individuals without diabetes
2

Osteoporosis (OP) is an age related disorder
characterized by low bone mass and increased
risk of bone fractures, affecting over 200 million
people worldwide . People usually reach their
peak bone mass by age 30. Approximately 30%
of all postmenopausal women are affected by OP,
and 40% of the population are susceptive to a
lifetime risk of a bone fracture . The well accepted
pathophysiological mechanisms for OP include
early apoptosis of osteoblasts I, osteocytes ",
prolongation of the life span of osteoclasts ® and
the imbalance between osteoblastogenesis and
adipogenesis of bone marrow mesenchymal stem
cells. The functional effect of genes associated with
T1DM should be investigated to determine its linkage
with OP. Recent genetic studies using both Genome-
wide association study (GWAS) and gene expression
data showed that OP is linked to hundreds of genes
B Additionally, studies showed that TIDM patients
tend to demonstrate increased OP risk "%,

In recent years, Pathway Studio ResNet database
has been widely used to study modeled relationships
between proteins, genes, complexes, cells, tissues
and diseases "\ In this study, we hypothesized that
genetic associations exist between T1DM and OP,
and that some genes play roles in the development
of TIDM may also influence OP pathogenesis. To
test the hypothesis, large scale ResNet relation data
and gene expression data were integrated to study
the shared genetic basis between TIDM and OP, with
the purpose to identify potential OP risk genes.

2 MATERIALS AND METHODS

Large scale T1DM-gene and OP-gene ResNet
relation data were first studied to identify shared

genes and genetic pathways. Then, these OP/
TIDM related genes were further investigated using
an OP expression data to discover potential novel
genes for OP. After that, functional network analysis
were employed to study the potential pathogenic
significance of these candidate genes to OP.

2.1 TIDM-Gene and OP-Gene data
acquisition

Disease-gene relation data for both T1DM and OP
were acquired from Pathway Studio (PS) ResNet
relation database. Updated weekly, The PS ResNet
Databases is the largest database among known
competitors in the field ™. Besides the full lists of
genes, we also presented the supporting references
for each disease-gene relation in Supplementary
Data, including titles of the references and the
related sentences where these relations were
identified. These information could be used to locate
detailed description of how a candidate gene is
related to T1DM and/or OP.

2.2 Identification of OP risk genes

We used a gene expression data set (GSE13850) of
40 subjects to test the genes related to T1DM but not
to OP. The gene expression profile were acquired
from 20 smoking-related OP in postmenopausal
females and 20 healthy postmenopausal females
(GSE7429). The expression data were log2
normalized and is online available at https://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE13850.
For each gene that linked to TIDM but not to OP, a
one-way ANOVA analysis were performed on OP
cases and controls. FDR corrected p-values were
used to pick potential OP risk genes for further
analysis.

2.3 Network analysis of OP risk genes

For the target OP risk genes identified through
expression analysis described above, we performed
a network analysis between the target genes and
OP to identify potential biological connections. The
analysis were performed using Pathway Studio
(www.pathwaystudio.com) at three levels: proteins/
genes, small molecular/drugs and functional classes.

3 RESULTS

3.1 Shared genetic bases between T1DM
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and OP

A systematic analysis on the T1DM-Gene and OP-
Gene ResNet relation data was conducted. Results
showed that 977 genes were associated with T1DM,
supported by 4,454 references from 1975 to Oct.
2016 (Supplementary Table S1a and Table S1b).
For OP, we identified 507 genes supported by 2,321
references from 1976 to Oct. 2016 (Supplementary
Table S2a and Table S2b). A significant overlap of
183 genes appears between the T1DM-genes and
OP-genes (p-value = 2.84E-128; Right tail Fisher’s
Exact test,), as shown in Fig. 1. The shared genes
and related references appear in Supplementary
Table S3a and Table S3b.

To test the functional profile of the 183 genes
associated with both T1DM and OP, we conducted a
Pathway Enrichment Analysis (PEA) using Pathway
Studio. The 10 most significantly enriched pathways
(p-value < 8.8e-23) are presented in Table 1. In

T1DM

Osteoporosis

Fig.1 Venn diagram for overlap between T1DM-
genes and OP-genes

total, 615 pathways/gene sets were enriched with
p-value<1e-04 including 179 out of these 183 genes
(Supplementary Table S4).

Table 1. Genetic pathways enriched with 183 genes linked to both T1IDM and OP

Name GO ID # of Entities  Overlap p(';';::)e p-valued
aging 0016280 254 46 1.72E-43 5.82E-48
response to hypoxia 0001666 259 41 5.82E-36 3.93E-40
response to lipopolysaccharide 0032496 252 38 2.43E-32 2.46E-36
inflammatory response 0006954 404 43 1.08E-30 1.45E-34
response to drug 0017035 509 46 4.87E-30 8.23E-34
g:’;:;:;;i”'a”o” of cell 0008284 568 46 530E-28  1.09E-31
cell surface 0009929 645 43 3.00E-23 7.80E-27
Lis:]’sgji;o organic cyclic 0014070 253 31 3.00E-23  8.11E-27
response to glucocorticoid 0051384 133 25 4.84E-23 1.47E-26
response to estrogen 0043627 104 23 8.85E-23 2.99E-26

Note: For each pathway/Go term, the p-value was calculated using Fisher-Exact test against the hypothesis that a
randomly selected gene group of same size (183) can generate a same or higher overlap with the corresponding
pathway/Go term. All these pathways/Go terms passed the FDR correction (q = 0.001).
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Many of these pathways have been implicated
with both T1DM and OP, such as the response to
lipopolysaccharide (GO ID: 0032496) "*'®, aging
(GO ID: 0016280) """® response to estrogen (GO
ID: 0043627)"°* and inflammatory response (GO
ID: 0006954) "3 For more detailed information
of these significantly enriched pathways, please
refer to Supplementary Table S4. Our results
suggest that TIDM and OP share multiple genetic
pathways, through which a large group of genes play
roles affecting the pathogenic development of both
diseases.

3.2 Possible T1IDM — OP regulations

Further functional network analysis using PS showed
that,16 out of the 183 genes are downstream targets
of T1DM (influenced by T1DM), while they are
the upstream regulator of OP, as shown in Fig.2.
Therefore, T1IDM may influence the pathogenic
development of OP through the regulation of
these 16. For each relation (arrow) in Fig. 2, there
were one or more supporting references (see
Supplementary Table S3b), which could be used
for detailed description of each relation.
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Fig. 2 A TIDM—Gene—OP pathway composed of 16 genes. The network were generated using
‘network building’ module of Pathway Studio. For the definition of the entity types and relation types in
the figure please refer to http://pathwaystudio.gousinfo.com/ResNetDatabase.html

Our results suggest that any genes linked to T1DM
may be worthy of study for their potential relation to
OP. These genes affect the pathogenic development
of T1DM, which in turn may influence the disease
status of OP.

3.3 Gene expression analysis of T1DM-
genes for OP

Fig.1 showed that more T1DM genes were not linked
to OP than these were (794 vs. 183). To identify
genes only linked to T1DM and may be potentially
OP risk genes, a gene expression analysis was
conducted to study the expression difference
between OP case and controls (NCBI GSE13850)
on these 794 genes (see Supplementary Table S5
for results). Fig. 3 elucidates the normalized ‘~log10’
transferred p-values (NLP) of each gene, where the
transferred p-value was normalized by the mean

p-value of all genes, such that genes with mean
‘-log10’ transferred p-values will have a NLP = 1.
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Fig. 3 The p-values of the 794 T1DM genes for OP
case/control expression comparison. The p-values
have been through FDR correction with g = 0.05 and
normalized logic transformation using ‘~log10’. Names
of 2 genes demonstrating significant differences
(p-value < 0.0005) were marked at corresponding
positions.
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The two genes, ITGAE and RELB, presented
significant difference (p-value < 0.0005, before
FDR correction) between OP cases and controls.
According to PS ResNet database (updated Nov.
2016), these two genes present no direct relation
with OP (no reference reporting an association
between these genes and OP). However, further

network analysis revealed strong functional
association between these two genes and OP,
bridged by 36 genes/proteins and 3 small molecular
(see Fig. 4). The 41 entities and the 82 relations with
474 supporting references in Fig. 4 are presented in
Supplementary Table S6a and S6b, respectively.
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Fig. 4 Functional network between 2 T1IDM genes and OP. The network were built using ‘network building’

4 DISCUSSION

Previous studies showed that T1DM is strongly
linked to increase incidence of OP with unclear
mechanism. In this study, we used large scale
ResNet relation data and gene expression data to
study the share genes and genetic pathway between
T1DM and OP, based on which we identified
potential novel risk genes for OP.

Our results showed that genes linked to T1DM
and OP present significant overlap (183 genes,
p-value = 2.84e-128). Furthermore, 179 out of these
183 genes were significantly enriched within 615
pathways (p-value < 1e-04, FDR corrected: q =
0.005), many of which have been implicated to be
linked to both T1IDM and OP, such as the response
to lipopolysaccharide (GO ID: 0032496) "> aging
(GO ID: 0016280) """ response to estrogen (GO
ID: 0043627) "% and inflammatory response
(GO ID: 0006954) #"* These results suggest that
T1DM and OP share multiple genetic pathways. A
large group of genes (179 out of 183) regulate the
pathogenic development of both diseases through
these pathways. Moreover, we observed a 16-
gene network, through which T1DM could affect the

disease status of OP (Fig. 2). Our findings provide
further support for the hypothesis that T1IDM genes
may also regulate pathogenic development of OP.

Closer study of the 794 T1DM alone genes (Fig.
1 (a)) using OP gene expression data showed
that two genes, ITGAE and RELB, demonstrated
significant difference between OP cases and controls
(p-value < 0.0005, NLP = 50.93; in Fig. 3. Further
validation using ResNet network analysis showed
that, these two genes presented strong functional
correlation with OP, forming a functional genetic
network supported by 474 supporting references
(Fig. 4 and Supplementary Tables S6b). Specially,
RELB presented strong correlation with OP through
38 genes/proteins and 2 small molecules. Where
there are there two genes and one molecule
linking it to OP. The network analysis revealed
multiple potential pathways through which ITGAE
and RELB may affect the disease status of OP. In
additionally, the RELB is essential for the regulation
of IL17A production in GD T cells ®®, while IL17A
mediated sRANK ligand elevation is involved in
postmenopausal OP ?Y. These findings indicates a
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possible RELB — IL17A — OP regulatory pathway. A
possible ITGAE—TNF— OP regulatory pathway was
identified as follows. ITGAE coded integrin protein
CD103 (cluster of differentiation 103) expresses in
many dendritic cells (e.g., CD103-DCs), influencing
the production of tumor necrosis factor alpha (TNF-a)
3 which plays a pivotal role in inflammation-
related OP through the promotion of bone resorption
and suppression of bone formation®®®. These
observations suggest a possible TNF-a pathway
via which ITGAE may regulate OP. More potential
connections between these two genes and OP could
be identified in Supplementary Tables S6b.

To sum up, results from this study support the
hypothesis that TIDM and OP present significant
associations at genetic level, which may partially
explain their clinical correlations. Moreover, novel
potential OP genes can be identified by cross
disease analysis integrating ResNet relation data
and gene expression data. To our knowledge, this
is the first study integrating large scale ResNet
relation data and gene expression data to study
the molecular associations between T1DM and
OP. Findings here may provide new insights into
the current field of T1IDM-OP correlation study, and
guarantee further studies using more data sets to
identify novel potential risk genes for OP.
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