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Study on the genes related to insulin resistance, type 2 diabetes and obesity
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Insulin resistance associates with multiple clinical manifestations such as obesity, type 2
diabetes, hypertension, dyslipidemia and coronary artery disease (CAD), collectively termed
metabolic syndrome, and is a major health issue in our society and in the whole world. In
this limited 3-years project, we propose to dissect pathogenic pathways leading to the major
defect underlying the metabolic syndrome, i.e. insulin resistance. We applied several
approaches to accomplish the goals. The first is molecular genetic studies of the association
between candidate SNPs and clinical phenotypes including insulin resistance, obesity and
type 2 diabetes. The candidate genes that we choose to study are mostly identified from a
differential display between adipocytes vs. preadipocytes in our own laboratory. Based on
our large collection of the samples, we can analyze and correlate the genetic variants with
clinical phenotypes in the control, obese, type 2 diabetes and CAD subjects. Once confirmed,
the other molecules involved in the same pathway might serve as other candidates for
testing. We expected to accomplish several molecular genetic studies for publication in 3

years.

Since we have characterized some of the candidate genes previously, we will confirm the
biological function of the gene(s) that are shown to associated with the diseases. For this
purpose, the best way is to knockout the genes and to see if phenotypes occur. Others and
we have shown the role of SH3P12/SORBSI in the insulin-stimulated glucose uptake. In
addition, we have found SNP of this gene correlated with obesity and type 2 diabetes in our
population. We will create knockout mice of the SH3P12/SORBS1 gene and establish an
animal model for studying insulin resistance, obesity, and diabetes mellitus. Another new
gene designated X in this proposal is also very interesting in that the expression of this gene
is increased in the adipose tissues of heterozygous and homozygous db/db mice as
compared to the wild type mice. Moreover, an insulin sensitizer down regulated the
expression of this gene in the 3T3-L1 adipocytes, suggesting that this gene might involve
insulin sensitivity. Sequence study indicated this gene was a secretory protein that contained
a signal peptide. It is therefore speculated that overproduction will cause insulin resistance

and the related phenotypes such as obesity and type 2 diabetes.

Isolation of the SNPs of the candidate genes and confirm the association with insulin
resistance and the related clinical disorders such as type 2 diabetes, obesity and coronary
artery disease in Chinese population. We have confirmed by clinical association studies to
show a positive correlation of SNP of the APM1 gene and its interaction with PPARy gene
in subjects with obesity and insulin resistance. More importantly, we showed the
allele-specific expression of APM1 gene and expression of SORBSI gene in the adipose

tissue to correlate clinical obesity and insulin sensitivity.

Currently, we have identified more interesting genetic markers that might be related to
clinical complex disorder such as the metabolic syndrome. Future large-scale genotyping

might yield more remarkable data via high throughput genome center.
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Background.

Type 2 diabetes is a multifactorial disorder involving both genetic and environmental factors (7).
Detailed studies reveal two interacting basic defects are established in pathophysiology for
human type 2 diabetes, i.e., Bcell dysfunction (8,9), and insulin resistance (10-12). Understanding
the mechanisms of insulin resistance and Pcell defect is the key to elucidating the pathogenesis of
type 2 diabetes and obesity. However, the genetic susceptibility factors for this disorder remains
to be identified, due to a limited success in gene finding for the multifactorial diseases in general
(14,15).

From our and others’ observations, obesity is the major determinant for the development of type 2
diabetes (13). In addition to the environmental contribution to the development of obesity, obesity
is now can also be considered as a genetic disease of adipose tissue (16). The molecular
mechanisms of programming of adipocytes differentiation have been extensively studied and
theses studies also provide a basic understanding of obesity in animals and humans (for review,
see 17). It is therefore possible to isolate the genes involved in syndrome of obesity and diabetes
from the understanding of adipocyte gene expression (18). Interestingly, the induction of

adipocyte differentiation is associated with an increase in insulin sensitivity (19).

Aims of the study.

1. To isolate and characterize the genes related to insulin resistance, obesity and type 2 diabetes.
2. Study of the functions of the candidate genes relating to insulin resistance

Sudy design and methods.

1. Differential display, subtraction cloning, and microarray to isolate the candidate genes that
involve insulin signaling/insulin action and adipocytes differentiation.
In the first year, we focused on 3 genes isolated from adipogenesis: i.e. PPARy, APM1,
SORBSL1.

Designs and Methods

Subjects. Two independent samples, one of normal non-diabetic and normotensive individuals
serving as control and the other of type 2 diabetes mellitus as cases.

Genotyping. (i) Genomic DNA. Total genomic DNA from peripheral blood leukocytes of
each individual was extracted using Puregene DNA extraction kit, in accordance with the
provider’s instruction (Minneapolis, MN). For the genotyping analysis which need more high
quality DNA , the DNA concentration of each sample will be measured more exactly by
fluorometric quantitation method using PicoGreen dsDNA Quantitation Reagent (Molecular
Probes, Eugene, Oregon) and gel electrophoresis. The genomic DNA was stored at —20 degree C
until SNP analysis wsa performed.

(ii) SNP analysis.
a) Candidate genes selection: In the previous study, we isolated 56 candidate genes for
diabetes/obesity development in mouse adipogenesis system. Two genes such as

Sorbs1/Sh3d5/Cap and Acrp30 had been demonstrated which play some role in the

pathogenesis of human disorder with insulin resistance. After human homology searching, we



identified 45 genes for further SNP allele frequencies determination.

b) SNPs selection: In principle, we will select 4 SNPs from public database such as  dbSNP in
NCBI  (http://www.ncbi.nlm.nih.gov/SNP/), JSNPs in Japanese JSNP Database
(http://snp.ims.u-tokyo.ac.jp/) and SNPper database (http://bio.chip.org:8080/bio/) for each

gene to perform genotyping. Each SNP will been identified the validation and heterozygosity
with 96 case and control subjects first then additional subjects genotyping been performed as
its real and has more than 10 % polymorphism. The sequence surrounding a SNP site will be
obtained from above mentioned SNP databases. PCR primers for evaluating polymorphic sites
will be designed by employing SpectroDESIGNER™ software (MassARRAY™, Sequenom).
We will try to perform three or four SNPs variant analysis in one genotyping analysis. In this
purpose, we will use SpectroDESIGNER to design optimal multiple primer sets for SNPping
reaction.

¢) MALDI-TOF Mass Spectrometry: After PCR reaction, the terminal phosphate of
non-incorporated dNTPs will be removed from the amplification products by shrimp alkaline
phosphatase (SAP) treatment. =~ Homogeneous MassExtend (hME) reaction can detect
polymorphisms in amplified DNA by specifically extending a specific primer annealing near
the SNP site. Then, the analyte DNA of 1 pl will be added to the 384-spectroCHIP by using
SpectroPOINT and dried at room temperature. The DNA on the matrix spot will be
introduced into the source region of a mass spectrometer (Sequenom). SNP genotyping from a

384-well target will be performed automatically.

Results and Discussion.

a. Selected candidate genes and clinical metabolic diseases. We have demonstrated 3 major
genes isolated from differential display, i.e. the APM1 gene, the SORBSL gene and PPARy,
that showed significant association of metabolic phenotypes in humans. In the 3 papers that
we published, we did show significant SNPs of the three genes either alone or interact with
each others affect insulin sensitivity, glucose/insulin metabolisms, and clinical diseases such

as obesity and type 2 diabetes (See publications #1~3).

b. Mechanism of SNP and clinical disorders. We identified certain genetic interaction of the
T/G polymorphism of the APM1 gene with PPARy Pro12Ala polymorphism in determination
of insulin sensitivity, serving as a good model of gene-gene interaction for such a complex
disorder or a complex trait. Furthermore, in correlation of the tissue expressions of the genes
with clinical phenotypes, we found that tissue mRNA expressions of the APM1 and SORBS1
genes are indeed correlated with clinical phenotypes (See publications #1,3). More
interestingly, we found a specific allelic expression of the silent SNP of APM1 gene might be
the underlying molecular mechanism that leads to clinical phenotypes (See publication #1).
More recently, we found a significant correlation of APM1 genetic polymorphism with
coronary artery disease (manuscript 1 in submission). Due to our clinical human association
of adiponectin gene, APM1, our manuscript on reviewing the genetic association of APM1
gene has been accepted as a review article in the Journal of Molecular Medicine (See

publication #4).


http://www.ncbi.nlm.nih.gov/SNP/)
http://snp.ims.u-tokyo.ac.jp/
http://bio.chip.org:8080/bio/)

c. Two additional candidate genes, GLUT10 and APOAS5 that contribute to clinical
phenotypes. We have tested for the contribution of GLUT10 and APOA5 to clinical
phenotypes such as type 2 diabetes and hypertriglyceridemia. We found that certain
uncommon SNP haplotypes of the GLUT10 gene were associated with type 2 diabetes
although with a modest significance level (manuscript 2 in submission). On the other hand,
the SNP of the APOAS gene, which interacts with fasting plasma glucose, was associated with
hypertriglyceridemia, indicating another example of complex disease caused by

gene-environment interaction (See publication #5).

d. Large-scale SNP genotyping for the genes involved in adipogenesis in human type 2
diabetes. We demonstrated the feasibility of finding genes from the differentially expressed
genes during a pathway of adipogenesis, which is involved in pathogenesis of clinical
disorders such as insulin resistance, obesity and type 2 diabetes. For now, we have chosen 4
SNP sites for each of the genes isolated from differential display that resulted in 106 SNP
which were informative and successfully genotyped. In the first set of 380 normal and 380
diabetic samples, total genotyping of 60,040, we found 7 SNPs that were significantly
correlated with type 2 diabetes. For replication, we genotype another set of 380 normal and
380 diabetic samples and found two of the SNPs that were significant associated with type 2
diabetes. The following summarizes the processes that we conducted for this association
study:

Overall success rate for the SNP genotyping : 97.02% for the control samples; 90.78% for

the diabetic samples

Testing allelic and genotypic distribution difference (association) between control and

patient groups;
Testing HWE for all SNPs in the control group (http://www.biostat-resources.convstata/);

Significant level determined by Monte Carlo simulation (with CLUMP from
http://www.gene.ucl.ac.uk/~dcurtis). SNPs with p<0.05 after correction for multiple

testing are labeled significant.

The final two SNPs that were significant in association with type 2 diabetes are now

under more SNP typing and for further haplotype analyses.
Some statistical results are shown in the following:

1. Firstly, we can analyzed the different SNP/gene on the quantitative traits, such as fasting
plasma glucose, HbAlc, HOMA-IR or —beta, and triglyceride levels (Table 1~4) in the
normal non-diabetic and normotensive individuals. These examples illustrate a multigenetic

nature for the complex disorder.

2. There are good examples to show a diverse effect of one single gene on metabolic

phenotypes, genetic pleiotropism- a common feature of complex disorder (Table 5,6).

3. Among the two genes that had associated with type 2 diabetes, we further used
STRUCTURE and STRAT software to adjust for population structure in association study.



HMGAZ?2 remained highly significant after adjustment for population structure. Interestingly,
this encoded protein contains structural DNA-binding domains and may act as a
transcriptional regulating factor. Identification of the deletion, amplification, and
rearrangement of this gene that are associated with myxoid liposarcoma suggests a role in
adipogenesis and mesenchymal differentiation. A gene knock out study of the mouse
counterpart demonstrated that this gene is involved in diet-induced obesity, making this
finding highly sensible. The other GM2A, though showed significant association with insulin
resistance with HOMA as shown in the table 3 and association with type 2 diabetes, the
explanation of its functional significance remains to be further explored (manuscript 3 in

preparation).



Table 1. The SNPs that are associated with fasting plasma glucose in the normal individuals
with quantitative analyses. The SNP numbering (the first two rows), gene names, and

p-values are shown.

s48 6150 153205421 CHPT1 0.0013

s28[ 6115 rs340141 TRIP10| 0.0113

s39 61331 1s2256923| IGFALS| 0.0255

sS0  6153] 152695281 CHPT1 0.029

s94) 7546 rs2303873 SORT1 0.0427

s48 6150, 1s3205421 CHPT1 0.0006

s39|  6133] 152256923 IGFALS 0.02

s3 6065 153740297 GDF2 0.0331

s28[ 6115 rs340141 TRIP10|  0.0362

sS0  6153] 152695281 CHPT1 0.0479

Table 2. The SNPs that are associated with HbAlc in the normal individuals with quantitative

analyses. The SNP numbering (the first two rows), gene names, and p-values are shown.

s78 6223 rs1250259 |FN1 0

s19 6096 rs2273181 [ARHJ 0.0003
s71 6195 rs4260185 [SDPR 0.0013
s77 6220 rs1530380 [CDH2 0.002
s24 6106 rs340140  [TRIP10 0.0065
s102 808 21843 0.0312
s101 807 18500 0.032




Table 3. The SNPs that are associated with HOMA-IR or HOMA-beta in the normal individuals

with quantitative analyses. The SNP numbering (the first two rows), gene names, and p-values

are shown.

s58 16167 [rs1048719|GM2A 0.0458
s58 16167 [rs1048719(GM2A 0.0355
s66 16184 [rs153477 (GM2A 0.0259
s66 16184 [rs153477 (GM2A 0.0284

Table 4. The SNPs that are associated with triglyceride levels in the normal individuals with

quantitative analyses. The SNP numbering (the first two rows), gene names, and p-values are

shown.

s15 6091 rs2293810 |ABCD2 0.0115
S65 6182  [rs10358 TK1 0.0155
s25 6112  [rs2215448 |CAV1 0.02
s72 6196  [rs903147 [MAD2LI 0.0251
s23 6101 rs1410563 |GRF2 0.0264
s32 6123  [rs2291865 [|ARL10C 0.0325
s73 6200  [rs1251077 |[ACADM 0.0429
s85 7533 -3338 0.0445
s18 6095  [rs1868844 |ARHQ 0.0481
s15 6091 rs2293810 |ABCD2 0.0063




Table 5. Correlation of the SNPs of caveolin 1 with various metabolic phenotypes.

It s26 6113 [rs6867 |CAVI 0.0103
|t r s26 6113 [rs6867 [CAV1 0.007
Itg s25 6112 [rs2215448|CAV1 0.02
Itg r s25 6112 [rs2215448|CAV1 0.039
jua s25 6112  [rs2215448|CAV1 0.0143
|ua_r s25 6112  [rs2215448|CAV1 0.0068

Ht: height; tg: triglyceride, ua: uric acid; r: data transformed

Table 6. Correlation of the SNPs of CCRN4L with various metabolic phenotypes.

bmi s8 6081 rs2292839 |CCRN4L 0.0427
pC sl1 6085  [rs2271777 |CCRN4L 0.0296
ua s8 6081 rs2292839 |CCRN4L 0.0379

bmi: body mass index; pc: postprandial plasma glucose; ua: uric acid
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Self evaluation. Based on the first year’s experience, we demonstrated the feasibility of finding
genes from the differentially expressed genes during a pathway, which is involved in
pathogenesis of clinical disorders for a complex disorder. This would provide us a ground base
for a plan in the next two years for a larger set of the genes that are isolated during adipogenesis
for better understanding of the pathogenetic mechanism of insulin resistance and the related
clinical disorders. In addition, we have many original papers and one review paper accepted for

publications in the prestigious journals.



