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Abstract. - OBJECTIVE: Type 2 diabetes melli-
tus (T2DM) is a chronic disease characterized by
insulin resistance in the target tissue of insulin
with insufficient insulin secretion in pancreatic -
cells. Src homology 2-containing 5’-inositol phos-
phatase 2 (SHIP2) is a lipid phosphatase that hy-
drolyzes PI3-kinase product PI(3,4,5)P3 to
PI(3,4)P2, which contributes to the negative regu-
lation of insulin signaling both in vitro and in vivo.
Some polymorphisms of SHIP2 have been report-
ed to be associated with the metabolic syndrome
including T2DM and hypertension in British,
French and Japanese T2DM population.

PATIENTS AND METHODS: In our present
study, we investigated the relation between sin-
gle nucleotide polymorphisms (SNPs) on SHIP2
gene and the pathogenesis of T2DM in Chinese
Han population.

RESULTS AND CONCLUSIONS: Our results in-
dicated that the genotype and allele frequency of
SHIP2 (+1893CC/AA) locus in T2DM patients
showed significantly different from between the
healthy control population. In addition, the G al-
lele of SHIP2 (+2945A/G) seemed to increase the
susceptibility to hypertension for T2DM patients.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic
disease due to endocrine dysfunction that affects
millions of people globally and is associated with
multiple comorbidities and complications. T2DM
is a rapidly growing health concern in both de-
veloped and developing nations'?. According to

the World Health Organization (WHO), in 2011,
approximately 364 million people globally suffer
from diabetes mellitus (DM), and it is expected
that the number of DM-related deaths will dou-
ble from 2005 to 2030°. In China, the number of
patients with T2DM will double in 2030%.

T2DM is characterized by insulin resistance in
the target tissue of insulin with insufficient in-
sulin secretion in pancreatic f3-cells®. Phos-
phatidyl Inositol 3-Kinase (PI3K) dependent
pathway plays a crucial role in the metabolic ac-
tion of insulin®’. After insulin stimulation, acti-
vated insulin receptors phosphorylate tyrosine
residues of insulin receptor substrate. The phos-
phorylated insulin receptor substrate binds to the
p85 subunit of PI3K and activates its p110 cat-
alytic subunit’. The activated PI3K functions as a
lipid kinase that phosphorylates the D-3 position
of the phosphoinositide ring and produces
PI1(3,4,5)-trisphosphate [P1(3,4,5)P3]. P1(3,4,5)P3
functions as a lipid second messenger in the acti-
vation of downstream signaling of PI3K includ-
ing Akt/protein kinase B and atypical protein ki-
nase C¥!'!. This series of insulin signaling leads
to glucose uptake by promoting glucose trans-
porter 4 translocation from the cytosol to the
plasma membrane®®!!. The PI3K pathway also
plays an important role in regulating glucose
homeostasis via hepatic gene expression®. Inhibi-
tion of PI3K activity results in a blockade of in-
sulin signaling including glucose uptake and
glycogen synthesis. Therefore, it has been specu-
lated that the disruptions of the regulation of
PI(3,4,5)P3 metabolism are part of the pathogen-
esis of insulin resistance and T2DM.
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Src homology 2-containing 5’-inositol phos-
phatase 2 (SHIP2) is a lipid phosphatase that hy-
drolyzes PI3-kinase product PI(3,4,5)P3 to
P1(3,4)P2, which contributes to the negative reg-
ulation of insulin signaling both in vitro and in
vivo'>1314 Qverexpression of SHIP2 could inhibit
insulin-induced activation of Akt, glucose uptake
and glycogen synthesis in 3T3-L1 adipocytes and
L6 myotubes via the 5 -phosphatase activity!'>1°.
Loss of SHIP2 could lead to the increased sensi-
tivity to insulin, which was characterized by se-
vere neonatal hypoglycemia, deregulated expres-
sion of the genes involved in gluconeogenesis,
and perinatal death in mice. Heterozygous
knockout mice of the SHIP2 gene had increased
glucose tolerance and insulin sensitivity associat-
ed with an increased recruitment of the GLUT4
glucose transporter and increased glycogen syn-
thesis in skeletal muscles!'’. It has been reported
that some polymorphisms of SHIP2 were associ-
ated with the metabolic syndrome including
T2DM and hypertension in British and French
T2DM population'®. Kagawa et al'” reported that
human SHIP2 gene polymorphism was associat-
ed with T2DM in Japanese population. It is un-
clear whether SHIP2 phenotype is associated
with T2DM in Chinese population.

In the present study, we investigated the relation
between single nucleotide polymorphisms (SNPs)
on SHIP2 gene and the pathogenesis of T2DM in
Chinese Han population. Our study indicated that
the genotype and allele frequency of SHIP2
(+1893CC/AA) locus in T2DM patients showed
significantly different from between the healthy
control population. In addition, the G allele of
SHIP2 (+2945A/G) seemed to increase the suscep-
tibility to hypertension for T2DM patients.

Patients and Methods

Study Participants

Blood was obtained from the following two
groups and DNA was extracted for genotyping:
(1) healthy donors of Chinese Han population
without diabetes history and diabetes family his-
tory (n=382) and (2) Type 2 diabetes mellitus
(T2DM) inpatients (cases) of Chinese Han popu-
lation in the Second Affiliated Hospital, Hebei
Medical University from July 2009 to June 2010
(n=376). The inclusion criteria was shown as fol-
lows: (1) complied with the World Health Orga-
nization (WHO) diagnostic criteria for diabetes
in 1999: fasting plasma glucose (FPG) = 7.0
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mmol/L and/or 2h plasma glucose (PG 2h) =
11.1 mmol/L in 75 g oral glucose tolerance test
(OGTT). (2) Unrelated individuals. (3) Maturity-
onset diabetes of the young (MODY) and type I
diabetes were excluded. The study was approved
by the Medical Ethics Committee of the Second
Affiliated Hospital of Hebei Medical University
and informed consent was obtained from all re-
cruited subjects before enrollment.

The age, gender, height, body weight Waist-
hip Ratio (WHR) and hypertension history of
each participant were recorded at the entry of
study. The body mass index (BMI) was calculat-
ed according to the following formula:
BMI=body weight (kg)/height> (m?). The fasting
blood glucose, glycosylated hemoglobin, serum
total cholesterol (CHOL), triglyceride (TG), high
density lipoprotein (HDL) and low density
lipoprotein (LDL) were routinely examined in
the Department of Clinical Laboratory, the Sec-
ond Affiliated Hospital of Hebei Medical Univer-
sity.

DNA Extraction

Venous blood (5 ml) was drawn from each
subject into Vacutainer tubes containing EDTA
and stored at 4°C. Genomic DNA was extracted
within one week after sampling using proteinase
K (Merck, Darmstadt, Germany) digestion fol-
lowed by a salting out procedure according to the
method of Miller et al®.

SHIPZ SNP Genotyping

The SHIP2 genotyping was determined by
PCR-restriction fragment length polymorphism
(PCR-RFLP) assay. The PCR primers used for
amplifying the SHIP exon 16 c1893/1894
CC/AA (SNP3) polymorphism were as follows:
forward, 5’-TAAGGGCCACATGGGCTATCAC-
CCC-3> and reverse, 5 -CCTGACAC-
CCAGGGATACTGCAAGT-3’. PCR was per-
formed in a 20 pl volume containing 100 ng of
DNA template, 2 pl of 10 x PCR buffer, 1.5
mmol of MgCl,, 1 U of Tag DNA polymerase
(BioDev-Tech., Beijing, China), 200 pmol of
dNTPs and 200 nmol of sense and antisense
primer. The PCR cycling conditions were 5 min
at 94°C, followed by 35 cycles of 15 s at 94°C,
40 s at 68°C and 40 s at 72°C, with a final step at
72°C for 5 min to allow for the complete exten-
sion of all PCR fragments. An 8 pl aliquot of
PCR product was digested overnight at 37°C in a
10 ul reaction containing 10 U of Ddel (TakaRa
Biotechnology Co. Ltd, Dalian, China) and 1 x
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reaction buffer. After 4 h digestion, the products
were resolved and separated on a 2% agarose gel
stained with ethidium bromide. After elec-
trophoresis, homozygous CC alleles were repre-
sented by a DNA band with size at 118 bp, 85bp
and 38bp, homozygous AA alleles were repre-
sented by DNA bands with sizes at 203bp and 38
bp, whereas heterozygous AC displayed a combi-
nation of both alleles (203bp, 118bp, 85bp and
38 bp) (Figure 1). For a negative control, each
PCR reaction used distilled water instead of
DNA in the reaction system.

The PCR primers used for amplifying the
SHIP exon 26 c2945A/G (SNP5) polymorphism
were as follows: forward, 5°-TACGTC-
CTTGAAGGGGTCCCGCAC-3’ and reverse,
5’-AGTGGAGGCCTTGGATGGGCCTTG-3".
PCR was performed in a 20 pl volume containing
100 ng of DNA template, 2 ul of 10 x PCR
buffer, 1.5 mmol of MgCl,, 1 U of Tag DNA
polymerase, 200 pmol of dNTPs and 200 nmol
of sense and antisense primer. The PCR cycling
conditions were 5 min at 94°C, followed by 35
cycles of 20 s at 94, 60 s at 63°C and 60 s at
72°C, with a final step at 72°C for 5min to allow
for the complete extension of all PCR fragments.
An 8 pl aliquot of PCR product was digested
overnight at 37°C in a 10 pl reaction containing
10 U of BamHI (TakaRa Biotechnology Co. Ltd,
Dalian, China) and 1 x reaction buffer. After 4 h
digestion, the products were resolved and sepa-
rated on a 2% agarose gel stained with ethidium
bromide. After electrophoresis, homozygous AA
alleles were represented by a DNA band with
size at 338 bp, homozygous GG alleles were rep-
resented by DNA bands with sizes at 249bp and
89 bp, whereas heterozygous AG displayed a
combination of both alleles (338bp, 249bp and

Figure 1. SHIP2 SNP3 (+1893CC/AA) genotyping by
PCR-RFLP analysis. Lane 3, 4: CA heterozygous genotype;
Lane 1, 2,5, 6,7, 8,9, 10, 11: CC homozygous genotype;
Lane 12: 500 DNA Marker.

89 bp) (Figure 2). For a negative control, each
PCR reaction used distilled water instead of
DNA in the reaction system.

Statistical Analysis

Statistical analysis was performed using SPSS
13.0 software package. Hardy-Weinberg analysis
was performed to compare the observed and ex-
pected genotype frequencies using the Chi-
square test. The average of the two groups was
performed by using the two-sample ¢ test. The as-
sociation of different rates was evaluated by us-
ing Chi-square test. p value less than 0.05 was
considered statistically significant.

Results

General Clinical Data

The diabetic group consists of 196 cases of
males and 180 cases of females, with an average
age of 56.78 = 13.21 years. The control group
consists of 233 cases of males and 149 cases of
females, with an average age of 52.28 = 12.40
years. As shown in Table I, the age, BMI and TG
in the T2DM group were significantly higher
than the control group (p < 0.05). The HDL and
LDL in the T2DM group were significantly low-
er than the control group (p < 0.05). The CHOL
in the T2DM group seems lower than control
group, but the difference is not statistically sig-
nificant (p > 0.05).

SNP Genotype Distribution and Allele
Frequency of SHIPZ (+1893CC/AA)
Locus in T2DM Patients

As shown in Table II, the distribution of
SHIP2 (+1893CC/AA) locus in the T2DM group

Figure 2. SHIP2 (+2945A/G) genotyping by PCR-RFLP
analysis. Lane 1, 2, 3, 4, 5, 9, 11, 12: A/A homozygous
genotype; Lane 6, 7: A/G heterozygous genotype; Lane §,
10: G/G homozygous genotype; Lane 13: DNA Marker.
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Table I. Comparison of clinical data between diabetes mellitus and the control groups (x + s).

Index Diabetics Control p value
Age (years old) 56.82 + 13.21 52+12 0.035*
Gender (male/female) 196/180 133/49 0.000*
WHR 0.94 +0.41 0.89 £ 0.05 0.105
BMI (kg/m?) 26.27+ 3.97 254 +£3.08 0.005*
CHOL (mmol/1) 5.11+2.93 4.85+0.84 0.109
TG (mmol/l) 202+ 191 1.57 £ 1.00 0.000*
HDL (mmol/l) 1.44 £ 0.44 1.53 £0.33 0.026*
LDL (mmol/l) 273+1.1 3.00 +£0.70 0.001*

Note: BMI: body mass index; CHOL: total cholesterol; TG: triglycerides; HDL high-density lipoprotein; from: LDL: low den-

sity lipoprotein.

Table IlI. Genotype and allele frequency distribution of SHIP2 (+1893CC/AA) between T2DM group and the control group.

Genotype frequency Allele frequency
Groups n AA CA CcC A C
T2DM 376 23 (6.1%) 80 (21.3%) 273 (72.6%) 126 (16.5%) 626 (83.2%)
Controls 382 13 (3.4%) 54 (14.1%) 315 (82.5%) 80 (10.5%) 684 (89.5%)
%2 10.78 21.80
p value 0.000 0.000

was 6.1% (23 of 376) of AA type, 72.6% (273 of
376) of CC type and 21.3% (80 of 376) of CA
type, respectively. The genotype distribution of
SHIP2 (+1893CC/AA) locus in the control group
was 3.4% (13 of 382) of AA type, 82.5% (315 of
382) of CC type and 14.1% (54 of 382) of CA
type, respectively. The A allele distribution in the
T2DM group and the control group was 16.8%
(126 of 752) and 10.5% (80/764), respectively.
The C allele distribution in the T2DM group and
the control group was 83.2% (626 of 752) and
89.5% (684/764), respectively. The genotype dis-
tribution and allele frequency were in accordance
with Hardy-Weinberg genetic equilibrium (p >
0.05). The distribution of SHIP2 (+1893CC/AA)
locus genotype was significantly different be-
tween the T2DM group and the control group ()’

=10.78, p =0.00). The allele frequency of SHIP2
(+1893CC/AA) locus was also significantly dif-
ferent between the T2DM group and the control
group (x> = 21.80, p = 0.00).

SNP Genotype Distribution and
Allele Frequency of SHIPZ (+2945A/G)
Locus in T2DM Patients

As shown in Table III, the distribution of
SHIP2 (+2945A/G) locus in the T2DM group
was 83.5% (314 of 376) of GG type, 4.3% (16 of
376) of AA type and 12.2% (46 of 376) of AG
type, respectively. The genotype distribution of
SHIP2 (+2945A/G) locus in the control group
was 80.6% (308 of 382) of GG type, 3.4% (13 of
382) of AA type and 16% (61 of 382) of AG
type, respectively. The G allele distribution in the

Table Ill. Genotype and allele frequency distribution of SHIP2 (+2945A/G) between T2DM patients and controls.

Genotype frequency Allele frequency
Groups n GG AG AA G A
T2DM 376 314 (83.5%) 46 (12.2%) 16 (4.3%) 674 (89.6%) 78 (10.4%)
controls 382 308 (80.6%) 61 (16%) 13 (3.4%) 662 (86.6%) 102 (13.4%)
x> 2.42 3.21
p value 0.30 0.07
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Table IV. Association between genotype and clinical presentation of SHIP2 (+1893CC/AA) in T2DM group.

Genotype p values
Index CcC AA CA CCvsAA CCvsCA AAvsCA
Age (years old) 56.55 + 14.01 56.56 + 8.13 57.78 + 11.55 1 0.812 0.920
WHR 0.94 +0.48 0.93 £0.06 0.92 +£0.07 0.925 0.722 0.917
BMI (kg/m?) 26.32+£4.18 26.10 £3.76 26.13 £3.26 0.792 0.696 0.975
CHOL (mmol/1) 497 +1.56 479 +1.18 5.09 +£1.57 0.603 0.544 0.422
TG (mmol/l) 2.07 £2.04 1.76 + 1.15 1.94 + 1.59 0.452 0.579 0.695
HDL (mmol/l) 1.46 £0.46 1.29 +0.30 1.41 £0.42 0.080 0.388 0.253
LDL (mmol/l) 2.68 = 1.05 2.80+0.97 2.89+1.27 0.610 0.136 0.739

Note: BMI: body mass index; CHOL.: total cholesterol; TG: triglycerides; HDL: high-density lipoprotein; from: LDL: low den-

sity lipoprotein. *p =< 0.05.

T2DM group and the control group was 89.6%
(674 of 752) and 86.6% (662/764), respectively.
The A allele distribution in the T2DM group and
the control group was 10.4% (78 of 752) and
13.4% (102/764), respectively. The genotype dis-
tribution and allele frequency were in accordance
with Hardy-Weinberg genetic equilibrium (p >
0.05). The distribution of SHIP2 (+2945A/G) lo-
cus genotype was not significantly different be-
tween the T2DM group and the control group ()’
=2.42, p = 0.30). The allele frequency of SHIP2
(+2945A/G) locus was also not significantly dif-
ferent between the T2DM group and the control
group (x> =3.21, p = 0.07).

Association Between SHIPZ
(+1893CC/AA) Genotype and
the Clinical Features of T2DM
Patients and the Control Group

As shown in Table IV, there was no significant
difference between SHIP2 (+1893CC/AA) geno-
type and the clinical features of T2DM patients,

such as the patient’s age, WHR, BMI, CHOL,
TG, HDL, LDL (p > 0.05). In the control group,
there was no significant difference between
SHIP2 (+1893CC/AA) genotype and the clinical
features was found (p > 0.05) (Table V).

Association Between SHIPZ (+2945A/G)
Genotype and the Clinical Features of
T2DM Patients and the Control Group

As shown in Table VI, there was no significant
difference between SHIP2 (+2945A/G) genotype
and the clinical features of T2DM patients, such as
the patient’s age, WHR, BMI, CHOL, TG, HDL,
LDL (p > 0.05). In the control group, the BMI in
AA type group was significantly decreased as
compared with the GG type group (Table VII).

Association Between SHIPZ
(+1893CC/AA) (+2945A/G) Genotype
and the Hypertension in T2DM Patients
220 of 376 T2DM patients showed hyperten-
sion. As shown in Table VIII, the distribution of

Table V. Association between genotype and clinical presentation of SHIP2 (+1893CC/AA) in control group.

Genotype p values
Index (de AA CA CCvsAA CCvsCA AAvsCA
Age (years old) 52.52 +12.1 50.66 + 12.37  51.23 +14.44 0.72 0.625 0.920
WHR 0.88 +0.05 0.88 +0.03 0.89 +£0.62 0.23* 0.11* 0.25*
BMI (kg/m?) 25.44 £ 3.00 27.17 £3.09 24.77 £ 3.47 0.178 0.308 0.087
CHOL (mmol/1) 4.87 +0.86 4.82+0.51 4.69 +0.77 0.868 0.308 0.752
TG (mmol/l) 1.60 £ 1.02 1.97 +1.49 1.35+0.74 0.374 0.258 0.178
HDL (mmol/l) 1.51 £0.31 1.49£0.19 1.61 £0.40 0.997 0.524 0.651
LDL (mmol/1) 3.00+0.73 3.14 £ 0.50 2.96 +£0.58 0.645 0.786 0.582

Note: BMI: body mass index; CHOL: total cholesterol; TG: triglycerides; HDL: high-density lipoprotein; from: LDL: low den-

sity lipoprotein. *p =< 0.05.
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Table VI. Association between genotype and clinical presentation of SHIP2 (+ 2945A/G) in T2DM group.

Genotype p values
Index GG AA AG GGVsSAA GGVsAG AAVSAG
Age (years old) 57.06 = 13.0 55.62 1544 5558 +14.04 0.673 0.481 0.992
WHR 0.91+0.10 0.92 £0.07 0.91 £0.07 0.997 0.999 0.856
BMI (kg/m?) 26.32 £3.78 26.07 +4.10 2599 +5.10 0.809 0.606 0.946
CHOL (mmol/1) 5.00 = 1.607 5.01x1.37 482+ 1.11 0.995 0.456 0.681
TG (mmol/l) 1.99 + 1.82 1.46 £ 0.66 246 +£2.62 0.284 0.119 0.073
HDL (mmol/l) 1.45+0.44 1.59 £ 0.61 1.31 +0.40 0.235 0.051 0.053
LDL (mmol/l) 275+ 1.14 2.87 +£0.93 2.55+0.77 0.680 0.254 0.325

Note: BMI: body mass index; CHOL: total cholesterol; TG: triglycerides; HDL: high-density lipoprotein; from: LDL: low den-

sity lipoprotein. *p < 0.05.

Table VII. Association between genotype and clinical presentation of SHIP2 (+2945A/G) in control group.

Genotype p values
Index AA GG AG AAvsGG AAVSAG GGvVsAG
Age (years old) 52.58 +12.45 49.18 +10.75  51.96 + 12.96 0.384 0.07 0.528
WHR 0.88 +0.05 0.90 £ 0.06 0.89 £ 0.05 0.323 0.622 0.555
BMI (kg/m?) 25.21+2.98 27.33£293 25.58 +3.45 0.028* 0.56 0.107
CHOL (mmol/1) 4.85+0.85 4.66 +0.65 4.89 +0.90 0.462 0.848 0.447
TG (mmol/l) 1.59£0.33 1.56 £ 0.89 1.52+0.92 0.937 0.761 0.916
HDL (mmol/l) 1.52+£0.33 1.56 +0.41 1.51 +0.28 0.701 0.901 0.682
LDL (mmol/l) 3.00 = 0.69 2.86 = 0.66 3.05 +0.80 0.536 0.708 0.446

Note: BMI: body mass index; WHR: Waist-hip Ratio; CHOL: total cholesterol; TG: triglycerides; HDL high-density lipopro-

tein; from: LDL: low density lipoprotein. *p < 0.05.

Table VIII. Association between the genotype frequencies or allele frequencies of SHIP2 (+1893CC/AA) and the hypertension

in T2DM patients.
Genotype frequencies Allele frequencies
Groups CcC CA AA C A
Hypertension 195 (88.6%) 24 (10.9%) 1 (0.5%) 414 (94.1%) 2(5.9%)
Non-hypertension 142 (91.0%) 12 (7.7%) 2 (1.3%) 296 (94.9%) 16 (5.1%)
%2 1.828 0.211
p 0.401 0.646

SHIP2 (+1893CC/AA) locus in the hypertension
patients was 88.6% (195 of 220) of CC type,
10.9% (24 of 220) of CA type and 0.5% (1 of
220) of AA type, respectively. The distribution of
SHIP2 (+1893CC/AA) locus in the non-hyper-
tension patients was 91.0% (142 of 156) of CC
type, 12% (12 of 156) of CA type and 2% (2 of
156) of AA type, respectively. There was no sig-
nificant difference among these three genotypes
()¢* = 1.828, p = 0.401). The C allele and A allele
distribution was 94.1% (414 of 416) and 5.9%
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(2/416) in the hypertension patients, respectively.
The C allele and A allele distribution was 94.9%
(296 of 312) and 5.1% (16/312) in the non-hy-
pertension patients, respectively. The allele distri-
bution was no significant difference between
these two groups (x> = 0.211, p = 0.646).

As shown in Table IX, the distribution of
SHIP2 (+2945A/G) locus in the hypertension pa-
tients was 88.18% (194 of 220) of GG type,
8.63% (19 of 376) of AG type and 3.19% (7 of
220) of AA type, respectively. The distribution of
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Table IX. Association between the genotype frequencies or allele frequencies of SHIP2 (+2945A/G) and the hypertension in

T2DM patients.
Genotype frequencies Allele frequencies
Groups GG AG AA G A
Hypertension 194 (88.18%) 19 (8.63%) 7 (3.19%) 407 (92.5%) 33 (7.5%)
Non-hypertension 120 (76.92%) 27 (17.3%) 9 (5.78%) 267 (85.57%) 45 (14.43%)
x2 8.431 9.412
p 0.015 0.002

SHIP2 (+2945A/G) locus in the non-hyperten-
sion patients was 76.92% (120 of 156) of GG
type, 17.3% (27 of 156) of AG type and 5.78% (9
of 156) of AA type, respectively. The AA type
distribution was significantly lower in the hyper-
tension patients as compared with the no-hyper-
tension patients (> = 8.431, p = 0.015). The G
allele and A allele distribution was 92.5% (407 of
440) and 7.5% (33/312) in the hypertension pa-
tients, respectively. The G allele and A allele dis-
tribution was 85.57% (267 of 440) and 14.43%
(45/312) in the non-hypertension patients, re-
spectively. The G allele distribution was signifi-
cantly higher in the hypertension patients as
compared with the no-hypertension patients (> =
9.412, p = 0.002).

Discussion

The metabolic syndrome including T2DM, hy-
pertension, central obesity, and dyslipidemia, oc-
curs at a high rate globally?'?%. Insulin resistance
is the focal component of the metabolic syn-
drome, and both genetic and environmental fac-
tors contribute to its development®. Genetic sus-
ceptibility to T2DM involves many genes, most
of which are still unknown.

SHIP2 is a negative regulator of insulin signal-
ing, and has been proved to be associated with
T2DM, hypertension, and insulin resistance®*%.
Some polymorphisms of SHIP2 have been re-
ported to be associated with the metabolic syn-
drome including T2DM and hypertension in
British and French T2DM population'®. SHIP2
gene polymorphism was also associated with
T2DM in Japanese population'®. It is unclear
whether SHIP2 phenotype is associated with
T2DM in Chinese population.

In the present study, we investigated the rela-
tion between single nucleotide polymorphisms
(SNPs) on SHIP2 gene and the pathogenesis of

T2DM in Chinese Han population. Our results
showed that the SHIP2 (+1893CC/AA)
(+2945A/G) genotype distribution and allele fre-
quency in both T2DM group and the control
group were in accordance with Hardy-Weinberg
genetic equilibrium. The distribution of SHIP2
(+1893CC/AA) locus genotype was significantly
different between the T2DM group and the con-
trol group. The allele frequency of SHIP2
(+1893CC/AA) locus was also significantly dif-
ferent between the T2DM group and the control
group. However, the distribution and allele fre-
quency of SHIP2 (+2945A/G) locus genotype
were not significantly different between the
T2DM group and the control group. These re-
sults suggested that the distribution and allele
frequency of SHIP2 (+1893CC/AA) were corre-
lated with T2DM.

We did not find any correlation between
SHIP2 (+1893CC/AA) and SHIP2 (+2945A/G)
genotypes with the clinical features of T2DM pa-
tients, such as the patient’s age, WHR, BMI,
CHOL, TG, HDL, LDL. We also did not find any
correlation between SHIP2 (+1893CC/AA) and
SHIP2 (+2945A/G) genotypes with the clinical
features in the control group.

It has been reported that hypertension is the
high risk factor for the T2DM. At least one third
of diabetic patients showed hypertension. In the
present study, we analyzed the correlation be-
tween the SHIP2 (+1893CC/AA) or (+2945A/G)
genotype and the hypertension in T2DM patients.
Totally, 220 of 376 T2DM patients showed hy-
pertension in our present study. No significant
difference was found for the distribution of
SHIP2 (+1893CC/AA) locus between hyperten-
sion patients and non-hypertension patients.
However, for SHIP2 (+2945A/G) genotype, the
AA type distribution was significantly lower in
the hypertension patients as compared with the
no-hypertension patients. In addition, the G allele
distribution was significantly higher in the hyper-
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tension patients as compared with the no-hyper-
tension patients. These results suggested that the
G allele seemed to increase the susceptibility to
hypertension for T2DM patients.

Conclusions

Our results confirmed the role of SHIP2
(+1893CC/AA) and (+2945A/G) genotype in the
pathogenesis of T2DM in Chinese Han popula-
tion. Our study indicated that the genotype and
allele frequency of SHIP2 (+1893CC/AA) locus
in T2DM patients showed significantly different
from between the healthy control population. In
addition, the G allele of SHIP2 (+2945A/G)
seemed to increase the susceptibility to hyperten-
sion for T2DM patients.

Acknowledgements

This work was supported by Medical Science Foundation of
Hebei Province in China (No. 20120306). The authors
would like to greatly appreciate Dr. Qianglin Duan, a skilled
English proofreader from Tongji University for paper revi-
sion.

Conflict of Interest

The Authors declare that there are no conflicts of interest.

References

1) Zimmet B Aertt KGMM, SHAw J. Global and soci-
etal implications of the diabetes epidemic. Nature
2001; 414: 782-787.

2) SHAw JE, SICREE RA, ZimmeT PZ. Global estimates of
the prevalence of diabetes for 2010 and 2030. Di-
abetes Res Clin Pract 2010; 87: 4-14.

3) WorLD HealTH OrGANizaTioN. Diabetes: Key Facts.
Geneva, Switzerland: World Health Organization,
2011.

4) GINTER E, Sivko V. Type 2 diabetes mellitus, pan-
demic in 21st century. Adv Exp Med Biol 2012;
771:42-50.

5) Virkamaki A, Ueki K, KaHN CR. Protein-protein inter-
action in insulin signaling and the molecular
mechanisms of insulin resistance. J Clin Invest
1999; 103: 931-943.

6) SALTIEL AR, KaHN CR. Insulin signaling and the reg-
ulation of glucose and lipid metabolism. Nature
2001; 414: 799-806.

7) PessIN JE, SALTIEL AR. Signaling pathways in insulin
action: molecular targets of insulin resistance. J
Clin Invest 2000; 106: 165-169.

136

8) CzecH MR Corvera S. Signaling mechanisms that
regulate glucose transport. J Biol Chem 1999;
274: 1865-1868.

9) RAMEH LE, CanTLEY LC. The role of phosphoinosi-
tide 3-kinase lipid products in cell function. J Biol
Chem 1999; 274: 8347-8350.

10) FrumAN DA, RAMEH LE, CanTLEY LC. Phosphoinosi-
tide binding domains: embracing 3-phosphate.
Cell 1999; 97: 817-820.

11) VANHAESEBROECK B, ALEssI DR. The PISK-PDK1 con-
nection: more than just a road to PKB. Biochem J
2000; 346: 561-576.

12) ISHIHARA H, SAsaokAa T, Hori H, WADA T, HIrAI H,
HARUTA T, LANGLOIS WJ, KoBavasHI M. Molecular
cloning of rat SH2-containing inositol phos-
phatase 2 (SHIP2) and its role in the regulation of
insulin signaling. Biochem Biophys Res Commun
1999; 260: 265-272.

13) SLEEMAN MW, WorTLEY KE, LAl KMV, GoweN LC,
KINTNER J, KLINE WO, GARCIA K, STiTT TN, YANCOPOU-
Los GD, WiegaND SJ, Grass DJ. Absence of the lipid
phosphatase SHIP2 confers resistance to dietary
obesity. Nat Med 2005; 11: 199-205.

14) Pesesse X, DELeu S, DE SMEDT F, DRAYER L, ERNEUX C.
Identification of a second SH2-domain-containing
protein closely related to the phosphatidylinositol
polyphosphate 5-phosphatase SHIP. Biochem
Biophys Res Commun 1997; 239: 697-700.

15) WAaDA T, SAsAokA T, FUNAKI M, Horl H, MurakamI S,
IsHIKI M, HARUTA T, AsaNO T, OGAWA W/, ISHIHARA H,
KosavasHi M. Overexpression of SH2-containing
inositol phosphatase 2 results in negative regula-
tion of insulin-induced metabolic actions in 3T3-
L1 adipocytes via its 5’-phosphatase catalytic ac-
tivity. Mol Cell Biol 2001; 21: 1633-1646.

16) Sasaoka T, Horl H, WADA T, IsHiki M, HARUTA T, IsHI-
HARA H, KoBAvasHI M. SH2-containing inositol
phosphatase 2 negatively regulates insulin-in-
duced glycogen synthesis in L6 myotubes. Dia-
betologia 2001; 44: 1258-1267.

17) CLemENT S, KRAUSE U, DEsMEDT F TANTI JF BEHRENDS
J, PESESSE X, SAsAkI T, PENNINGER J, DOHERTY M,
MALaisse W, DumMONT JE, LE MARCHAND-BRUSTEL Y,
ErNEUx C, HUE L, ScHURMANS S. The lipid phos-
phatase SHIP2 controls insulin sensitivity. Nature
2001; 409: 92-97.

18) KAGAWA S, SASAOKA T, YAGUCHI S, ISHIHARA H, TSUNEKI
H, Murakami S, Fukul K, WADA T, KoBAYAsHI S, KIMU-
RA |, KoBavasHI M. Impact of Src homology 2-con-
taining inositol 5-phosphatase 2 gene polymor-
phisms detected in a japanese population on in-
sulin signaling. J Clin Endocrinol Metab 2005; 90:
2911-2919.

19) Kaisaki PJ, DE'LEPINE M, WOON PY, SEBAG-MONTEFIORE
L, WiLDErR SB MEeNzEL S, VIONNET N, MARION E, RIVE-
LINE J-P CHARPENTIER G, SCHURMANS S, Levy JC, LATH-
ROP M, FARRALL M, GAUGUIER D. Polymorphisms in
type 1l SH2 domain- containing inositol 5-phos-
phatase (INPPL1, SHIP2) are associated with
physiological abnormalities of the metabolic syn-
drome. Diabetes 2004; 53: 1900-1904.



SNP of SHIPZ in T2DM

20)

21)

22)

23)

24)

MiLLer SA, Dykes DD, Potesky HF. A simple salting
out procedure for extracting DNA from human nu-
cleated cells. Nucleic Acids Res 1988; 16: 1215.

ForD ES, GiLes WH, Dietz WH. Prevalence of the
metabolic syndrome among US adults: findings
from the third National Health and Nutrition Ex-
amination Survey. JAMA 2002; 287: 356-359.

AsScASO JFE ROMERO P ReAL JT, LORENTE RI, MARTINEZ-
VALLS J, CARMENA R. Abdominal obesity, insulin re-
sistance, and metabolic syndrome in a southern
European population. Eur J Intern Med 20083; 14:
101-106.

Beck-NiELseN H. General characteristics of the in-
sulin resistance syndrome: prevalence and heri-
tability: European Group for the Study of Insulin
Resistance (EGIR). Drugs 1999; 58(Suppl. 1): 7-
10.

GHOsH S, WATANABE RM, VALLE TT, HAUSER ER,
MAGNUSON VL, LANGEFELD CD, ALLy DS, MOHLKE

25)

26)

KL, SitANDER K, KoHTAMAKI K, CHINES P BALOwW JR J,
BirzNIEKS G, CHANG J, ELDRIDGE W, ERDOS MR,
KARANJAWALA ZE, KNAPP JI, KUDELKO K, MARTIN C,
MoRALES-MENA A, Musick A, Musick T, PFAHL C,
PorTER R, RAYMAN JB. The Finland-United States
investigation of non-insulin-dependent diabetes
mellitus genetics (FUSION) study. I. An autoso-
mal genome scan for genes that predispose to
type 2 diabetes. Am J Hum Genet 2000; 67:
1174-1185.

PANHUYSEN CIM, CuppLes LA, WiLsoN PWFE HERBERT
AG, Myers RH, MeiGcs JB. A genome scan for loci
linked to quantitative insulin traits in persons with-
out diabetes: the Framingham Offspring Study. Di-
abetologia 2003; 46: 579 -587.

Xu X, Rogus JJ, TErRwebow HA, YANG J, WANG Z,
CHEN C, Niu T, WANG B, Xu H, WEIss S, SCHORk NJ,
FANG Z. An extreme-sib-pair genome scan for
genes regulating blood pressure. Am J Hum
Genet 1999; 64: 1694-1701.

137



