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Abstract

Aim/hypothesis. Phosphatase and tensin homologue
deleted from chromosome ten (PTEN) has recently
been characterized as a novel member in the expand-
ing network of proteins regulating the intracellular
effects of insulin. By dephosphorylation of phosphati-
dyl-inositol-(3, 4, 5)-trisphosphate (PIP;) the PTEN
protein regulates the insulin-dependent phosphoino-
sitide 3-kinase (P1;K) signalling cassette and accord-
ingly might function as a regulator of insulin sensitiv-
ity in skeletal muscle and adipose tissue. In this study
we tested PTEN as a candidate gene for insulin resis-
tance and late-onset Type II (non-insulin-dependent)
diabetes mellitus in a Danish Caucasian population.
Methods. The nine exons of the PTEN, including in-
tronic flanking regions were analysed by PCR-SSCP
and heteroduplex analysis in 62 patients with insulin-
resistant Type II diabetes.

Results. No mutations predicted to influence the ex-
pression or biological function of the PTEN protein
but four intronic polymorphisms were identified:

IVS1-96 A—G (allelic frequency 0.22, 95% CI:
0.12-0.32), IVS3+99 C->T (0.01, CI: 0-0.03),
IVS7-3 TT-T (0.10, CI: 0.03-0.18) and IVSS8 + 32
G-T (0.35, CI: 0.23-0.47). The IVS8 +32 G->T
polymorphism was used as a bi-allelic marker for the
PTEN locus and examined in 379 patients with Type
II diabetes and in 224 control subjects with normal
glucose tolerance. The IVS8 +32 G—T polymor-
phism in the PTEN was not associated with Type II
diabetes and it did not have any effect on body-mass
index, blood pressure, HOMA insulin resistance in-
dex, or concentrations of plasma glucose, serum insu-
lin or serum C peptide obtained during an oral glu-
cose tolerance test (OGTT).
Conlusion/interpretation. Variability in the PTEN is
not a common cause of Type II diabetes in the Danish
Caucasian population. [Diabetologia (2001) 44: 237—
240]
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Impaired insulin-stimulated glycogen synthesis of
skeletal muscle is among the most consistent patho-

Received: 31 July 2000 and in revised form: 20 August 2000

Corresponding author: Lars Hansen, MD, Steno Diabetes
Center, Niels Steensens Vej 2, DK-2820 Gentofte, Copenha-
gen, Denmark

Abbreviations: PTEN, Phosphatase and tensin homlogue de-
leted from chromosome ten; PIP;, phosphatidyl-inositol-(3, 4,
5)-triphosphate; PL;K, phosphoinositide 3-Kinase; IVS, intron-
ic variant sequence; PKB, protein kinase B; SSCP, single
stranded conformation polymorphism; HOMA, homeostasis
model of assessment.

physiological characteristics of late-onset Type II dia-
betes and studies of glucose-tolerant first degree rela-
tives of patients with late-onset Type II diabetes have
shown that decreased insulin sensitivity in the whole
body and impaired insulin-stimulated glycogen syn-
thesis of skeletal muscle precede the onset of Type 11
diabetes [1]. The genetic basis of these findings, how-
ever, is mostly not known but genes encoding pro-
teins, active in the continuously expanding network
of interacting molecules constituting the insulin sig-
nalling pathways, are plausible candidates for insulin
resistance and Type II diabetes [2]. Metabolic effects
of insulin (glucose uptake and glycogen synthesis)
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Table 1. Clinical and physiological characteristics of the 62 Type II diabetic patients that were included in the primary study of
variability in the PTEN compared with 20 normal glucose-tolerant control subjects.

Patients Control subjects p-value
No. 62 20 -
Age (years) 52 (8) 49 (17) NS
BMI (kg/m?) 29 (8) 28 (8) NS
HbA, . (%) 7.8 (1.7) 55(0.8) <0.0001
f-p-glucose (mmol/l) 10.9 (4.1) 5.5(0.8) < 0.0001
f-s-insulin (pmol/l) 81 (50) 64 (50) NS
f-s-C peptide (pmol/l) 730 (332) 710 (332) NS
Basal glucose disposal, mol/l (mg - m~2 - min~')? 88 (17) 76 (17) <0.001
Insulin-stimulated, mol/l (mg - m~2 - min~!)® 269 (107) 420 (191) < 0.0001
Steady-state serum insulin during clamp*® 1102 (266) 1051 (457) NS

Data represent means (SD). f = fasting; s = serum; p = plasma;
NS = non significant

2 indicates basal whole body glucose disposal (mol/l) value

® indicates clamp value of insulin-stimulated whole body glu-

cose disposal (M)

are most likely mediated through the IR/IRS/PI;K
signalling cassette and, hypothetically, abnormalities
caused by genetic variabilities in these proteins might
impair signalling and present as decreased insulin-
stimulated glucose uptake and glycogen synthesis [2].

Recently, the protein phosphatase PTEN (also
known as MMAC or TEP1) [3] has been introduced
into the insulin signalling cassette as a lipid phos-
phatase that negatively regulates the concentration
of intracellular phosphatidyl-inositol-(3, 4, 5)-tris-
phosphate generated in response to the activation of
phosphoinositide 3-kinase (P1;K) [4], preventing the
downstream phosphatidylinositol (3, 4, 5)-trisphos-
phate (PIP;)-dependent activation of protein kinase
B (PKB). Activation of the PI;K and PKB is an essen-
tial step in the insulin-stimulated glucose uptake and
glycogen synthesis [2], and recent studies of the regu-
lation of PI;K and PKB isoforms in insulin-sensitive
liver, muscle and adipose tissues in the obese Zucker
rat model of insulin resistance suggest that PTEN is a
potential candidate for regulating the signal transduc-
tion between PI;K and PKB [5]. This has been further
investigated in the db/db insulin-resistant mice where
inhibition of PTEN expression by the use of antisense
technology improves insulin resistance and reverses
hyperglycaemia [6]. As a modulator of insulin sensi-
tivity, we considered PTEN a potential candidate
gene for the development of insulin resistance and
Type 1I diabetes. To test this hypothesis we carried
out a mutational analysis of coding regions including
exon and intron boundaries of the PTEN in 62 pa-
tients with Type II diabetes.

Materials and methods

Subjects. All patients with Type II diabetes were recruited at
the outpatient clinic at Steno Diabetes Center, Copenhagen,
and glucose-tolerant control subjects were traced through the

¢ indicates steady-state serum insulin concentration during the
euglycemic hyperinsulinaemic 4 h clamp (7)

Danish Central Personal Register. Type II diabetes was diag-
nosed according to the 1985 World Health Organisation
(WHO) criteria and all the patients tested negative for anti-
GAD antibodies. Before participation, the purpose and risk
of the study were explained, and informed consent was ob-
tained from all the participants. The protocol was approved
by the ethics committee of Copenhagen and was in accordance
with the Helsinki declaration II.

For primary mutation analysis DNA was isolated from leu-
kocytes [8] of 62 patients with Type II diabetes (Table 1) and
association studies were done in 379 unrelated patients with
Type II diabetes (age, 61 + 11 years; BMI, 29 + 5 kg/m?; age of
clinical onset of diabetes, 55 + 5 years). Of the patients 28 %
were diet treated, 58 % were treated with sulphonylurea or
biguanide or both, and 14% were treated with insulin. The
characteristics of 224 matched unrelated glucose-tolerant con-
trol subjects are shown (Table 2).

Genetic analyses. Mutation analysis of the PTEN was done by
polymerase-chain-reaction single-stranded-conformation-
polymorphism (PCR-SSCP) and heteroduplex analysis using
two different experimental conditions [8]. The PTEN was am-
plified in 10 segments (225-310 bp) on 100 ng of genomic
DNA [8]. Individual PCR conditions and primers, located in
intronic sequences to avoid amplification of the PTEN
pseudogene WPTEN, were designed from the genomic se-
quence (Acc. No. AF000726-AF000734). For PCR amplifica-
tion we used sense (a) 5°-3’/antisense (b) 5’-3’ primers for
each segment (intron) followed by an indication of the specific
annealing temperatures and Mg?* concentrations (temp/Mg>*
mmol/l): 1a/b, cttctgceatctctctecte/actacggacattttegeate, 55°/
2.0; 2a/b ccatgtggaagttacctttta*/aataatgttectgtatacge®, 55 °/1.5;
3a/b ggtggctttttgtttgtttg™/ttaatcggtitaggaatacaa*, 55°/1.5; 4a/b
gggggtgataacagtatc/catagtacagtacattcatace, 55°/1.5;  Sa/b
tcttattctgaggttatctttttacc/tccaggaagaggaaaggaaa, 55°/1.5; 6a/b
catagcaatttagtgaaataact/gatatggttaagaaaactgttc, 55°/ 1.5; 7a/b
tgacagtttgacagttaaagg/ggatatttctcccaatgaaag, 55 °/2.0; 8 a/b cat-
tcttcataccaggaccag*/tcatgttactgectacgtaaac*, 55°/1.5; 9a/b ctca-
gattgccttataatagtc®/cgatttcttgatcacatag™, 55°/1.5; 10a/b
tcatatttgtgggttttcattt/ttttcatggtgttttatccete, 55°/2.0. Only exon
8 was divided into two segments (8 + 9). Primers also used for
sequencing are marked by an asterisk. The PCR conditions
were the following: initial denaturation at 95°C for 2 min, 35
cycles of denaturation at 94 °C, 30 s, annealing 30 s, elongation
for 30 s at 72°C and final elongation at 72 °C for 9 min.
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Table 2. Clinical and physiological characteristics of 224 glucose-tolerant control subjects, classified according to the PTEN geno-

type, at position IVS8 + 32 G>T

Wt Het Ho p-value
Number (men/women) 94 (43/51) 105 (57/48) 25 (11/14)
Age (years) 53.6 (13.2) 52.2 (14.3) 45.8 (12.9)
BMI (kg/m?) 253 (4.1) 26.0 (4.0) 23.8 (2.8) 0.06
Systolic blood pressure (mm Hg) 139 (21) 141 (19) 138 (17) 0.34
Diastolic blood pressure (mm Hg) 89 (11) 91 (12) 90 (10) 0.51
HOMA index (fmol/l) 231 (147) 217 (116) 180 (86) 0.26
Fasting
Plasma glucose (mmol/l) 5.2(0.6) 5.1(0.5) 5.0 (0.4) 0.27
Serum insulin (pmol/l) 43 (23-77) 42 (18-69) 36 (21-67) 0.44
Serum C peptide (pmol/l) 562 (383-813) 577 (394-797) 496 (367-787) 0.33
At 30 min during OGTT
Plasma glucose (mmol/l) 7.7 (1.6) 7.9 (1.4) 7.7 (1.3) 0.15
Serum insulin (pmol/l) 263 (108-418) 272 (105-482) 223 (82-376) 0.70
Serum C peptide (pmol/l) 1640 (1065-2305) 1695 (1140-2410) 1434 (884-2154) 0.57
At 120 min during OGTT
Plasma glucose (mmol/l) 53(1.3) 55(1.2) 54(1.2) 0.32
Serum insulin (pmol/l) 161 (55-299) 179 (45-368) 145 (49-370) 0.39
Serum C peptide (pmol/l) 1782 (1068-2783) 1991 (1080-3093) 1682 (880-3153) 0.16

Data represent means (SD) or means (10-90 per centile range)
for log-transformed data (serum insulin and serum C peptide).
Wt, wildtype; He, heterozygote; Ho, homozygote. A general-
ized linear model was used to compare the wildtype, heterozy-
gous and homozygous carriers. In the analysis age, BMI

The SSCP variants were sequenced using Thermo Sequen-
ase (Amersham, Cleveland, Ohio, USA) as described [8]. Mu-
tations occurring within intronic regions are named IVS, fol-
lowed by the intron number and a plus/minus, indicating the
position of either downstream or upstream from the corre-
sponding exon, and the given nucleotide changes. Genotyping
of the G—T variant in position IVS8 + 32 was done by PCR
amplification of segment 8 using primers 8 a, 8b and restriction
fragment length polymorphism (RFLP) using Hphl restriction
enzyme. The fragments were separated on a 3% agarose gel
and visualised by staining with ethidium bromide.

Biochemical assays. HbA, ., plasma glucose, serum insulin, and
serum C peptide were analysed as described previously [7] and
the HOMA insulin resistance index was calculated as the prod-
uct of fasting plasma glucose and fasting serum insulin, leaving
out the 22.5 constant.

Statistical analysis. Chi-squared and Fishers exact test as imple-
mented in AssoTest ver. 04 a (Steno Diabetes Center, Dept. 521,
Copenhagen, Denmark) was applied to test for any significant
differences in allele frequencies. Normal distribution of the re-
siduals were visually verified and data were logarithmically
transformed if necessary. Serum insulin and serum C peptide
concentrations were logarithmically transformed at all times.
Statistical Package of Social Science (SPSS) for Windows, ver-
sion 9.0 was used for analysis applying a generalized linear mod-
el. The analyses included age, BMI and sex as covariates. For
the analysis of 30 min, 60 min, and 120 min concentrations of
circulating insulin and C peptide, the corresponding fasting con-
centrations were also included as covariate in the model to ac-
count for differences in basal concentrations among subjects.
A p-value of less than 0.05 was considered statistically signifi-
cant. Data in text and table are given as means (SD).

and gender were included as covariates. For the analysis of
30 min, 60 min and 120 min values of circulating insulin and C
peptide, the corresponding fasting concentrations (as a mea-
sure of insulin sensitivity) were added as covariates

Results

By applying PCR-SSCP-heteroduplex analysis and
direct sequencing of the gene encoding the PTEN
protein in patients with insulin-resistant Type II dia-
betes, we identified no coding region variants, but
four intronic polymorphisms: IVS1-96 A—G (allelic
frequency 0.22, 95% CI: 0.12-0.32), IVS3 + 99 C—>T
(0.01, CI. 0-0.03), 1IVS7-3 TT-T (0.10, CI
0.03-0.18) and IVS8 + 32 G—T (0.35, CI: 0.23-0.47).
The IVS7-3 TT—T is a deletion of the last T in a
stretch of fifteen T’s in the 3’-end of intron 7 and
does not predict any changes in the splice acceptor
consensus sequence. The IVS8 +32 G—T variant
was used as a bi-allelic marker for the PTEN locus
as a potential diabetes-associated chromosomal locus
in an association study comprising 379 patients with
Type II diabetes and 224 normal glucose-tolerant
control subjects, matched for age, BMI and gender.
The examined IVS8 + 32 G—T variant was in Har-
dy-Weinberg equilibrium. The allelic frequency of
the IVS8 + 32 G—T variant was not different be-
tween patients with Type II diabetes (allelic frequen-
cy 0.35, CI: 0.30-0.40) and the control subjects (allelic
frequency 0.35, CI: 0.28-0.42). The IVS8 + 32 G—>T
variant did not have any impact on insulin resistance
(HOMA index) and it did not interact with obesity
(BMI) in either the Type II diabetic subjects or the
glucose-tolerant control subjects when a PTEN*BMI
interaction term was included in the regression analy-
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sis (data not shown). Furthermore, the IVS + 32
G—T polymorphism did not have any significant ef-
fect on systolic or diastolic blood pressure and it was
not associated with changes in plasma glucose, serum
insulin and C peptide concentrations in the fasting
state or during a WHO standardized oral glucose tol-
erance test (OGTT) in the 224 control subjects (Ta-
ble 2).

Discussion

This study on PTEN as a candidate gene for the com-
mon late-onset Type II diabetes in Caucasians is
based on knowledge of the pathophysiology of insulin
resistance and Type 1l diabetes and it is a continua-
tion of our genetic dissection of the metabolic path-
ways of insulin signalling in search for gene variants
that associate with Type Il diabetes and quantitative
metabolic traits [9]. Genome-wide linkage studies in
the Mexican American population have identified a
susceptibility locus for Type II diabetes on chromo-
some 10q [10]. This region on the chromosome 10q
harbours positional candidate genes for Type 1I dia-
betes and occasionally such a positional candidate
gene also qualifies as a pathophysiological candidate
gene for Type II diabetes and insulin resistance. As
we have not done a genome-wide linkage analysis
we do not have linkage to chromosome 10q from
Danish subjects with Type II diabetes. With its key
position in the insulin signalling pathway [2] and the
fact that it maps to chromosome 10q [3], the PTEN
also makes an excellent candidate gene for Type II di-
abetes susceptibility in the Danish Caucasian popula-
tion. Another positional candidate gene (PPPIRS5)
from chromosome 10q did not contain mutations as-
sociated with Type II diabetes in the Danish Cauca-
sians [9].

In this study we failed to detect genetic variants
that would predict changes in the PTEN protein ei-
ther in the form of amino acid substitutions or alter-
native splicing. Furthermore, we found no evidence
for an association of the PTEN locus with Type II di-
abetes or relevant quantitative metabolic traits (insu-
lin-resistant phenotypes) when the IVS8 + 32 G—>T
variant was applied as a bi-allelic marker. We there-
fore conclude that variability in the coding region of
the PTEN is not likely to be a common cause of

L.Hansen et al.: PTEN variability and Type II diabetes

Type II diabetes and insulin-resistant phenotypes in
Danish Caucasian subjects.
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