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Association Between the Human Glycoprotein PC-1
Gene and Elevated Glucose and Insulin Levels in a
Paired-Sibling Analysis
Harvest F. Gu, Peter Almgren, Eero Lindholm, Lucia Frittitta, Antonio Pizzuti, Vincenzo Trischitta, 

and Leif C. Groop

We studied whether there is an association between the
single nucleotide polymorphism c.533A>C (K121Q) in the
glycoprotein PC-1 gene and features of the metabolic syn-
drome in case-control and intrafamily association studies
in 922 subjects from Finland and Sweden. No difference
was observed in the Q allele frequency between control
subjects and type 2 diabetic subjects (12.9 vs. 15.1%).
The QK genotype was associated with higher fasting
plasma glucose (FPG) concentrations than the KK geno-
type in type 2 diabetic patients (P <0.001) and their rel-
atives (P <0.05). A permutation test of siblings discordant
for the QK and KK genotypes also showed that the non-
diabetic siblings with the QK genotype had higher FPG
(6.1 ± 2.0 vs. 5.4 ± 0.6 mmol/l, P <0.001) and fasting
insulin (7.0 ± 3.6 vs. 4.8 ± 2.6 mU/l, P <0.05) concentrations
than the carriers of the KK genotype. In addition, diabetic
siblings with the QK genotype had higher systolic blood
pressure (147.0 ± 18.0 vs. 140.0 ± 18.7 mmHg, P <0.05) and
higher fasting (9.9 ± 3.0 vs. 8.8 ± 2.8 mmol/l, P <0.05) and
2-h plasma glucose (17.3 ± 8.5 vs. 12.9 ± 4.2 mmol/l, P <
0.05) concentrations than the diabetic carriers of the
KK genotype. The present study shows that, although the
Q allele of the human glycoprotein PC-1 gene is associated
with surrogate measures of insulin resistance, it may not
be enough to increase the susceptibility to type 2 dia-
betes. Diabetes 49:1601–1603, 2000

I
nsulin resistance is seen in first-degree relatives of
patients with type 2 diabetes and has been considered
an inherited trait. Insulin resistance has also been con-
sidered a common denominator of several abnormali-

ties, including glucose intolerance, hypertension, and dys-

lipidemia (1,2). Previous studies indicated that the membrane
glycoprotein PC-1 inhibits insulin receptor tyrosine kinase
(IR-TK) activity and subsequent cellular signaling and that its
content is increased in skeletal muscle, fat, and fibroblasts
from insulin-resistant subjects (3–9). Thus, the glycoprotein
PC-1 gene, which is located on chromosome 6q22-q23 (10),
may be a candidate gene for insulin resistance. Recently, a
novel single nucleotide polymorphism c.533A>C (K121Q)
(GenBank D12485) in the exon 4 of the glycoprotein PC-1
gene was described and found to be associated with insulin
resistance in Caucasians from Sicily (11). In addition, IR-TK
activity was reduced in cultured skin fibroblasts from indi-
viduals carrying the QK genotype (11). The present study was
designed to examine if the Q allele of the glycoprotein PC-1
gene is associated with features of insulin resistance and
type 2 diabetes using a case-control and an intrafamily design,
including studies of sib-pairs discordant for the Q allele.

The frequency of the Q allele in all of the 922 subjects from
Finland and Sweden was 13.8% and in Hardy-Weinberg equi-
librium. Eight (2%) of the 392 type 2 diabetic patients, 2 (0.5%)
of the 383 relatives of type 2 diabetic patients, and 1 of the 147
nondiabetic control subjects were homozygous for the Q allele.
There was no significant difference in the Q allele frequency
among type 2 diabetic patients (15.1%), their relatives (12.9%),
and nondiabetic control subjects (12.9%). Among the type 2
diabetic patients, carriers of the QK genotype had higher fast-
ing plasma glucose concentrations than homozygous carriers
of the K allele (P < 0.001) (Table 1). A similar difference was
seen in the relatives of type 2 diabetic patients (P < 0.05). How-
ever, no significant difference was found in fasting plasma glu-
cose concentrations between the carriers of the KK and QK
genotypes in the nondiabetic unrelated subjects.

We also performed a family association study in siblings dis-
cordant for the Q allele using a permutation test. In total, 49
type 2 diabetic sibling pairs (82 siblings from 41 families and
12 triplets from 4 families) and 30 nondiabetic sibling pairs (28
siblings from 14 families and 24 triplets from 8 families) were
analyzed. The mean difference of the paired-siblings analysis
between KK and QK sibs is summarized in Table 2. Nondiabetic
siblings with the QK genotype had higher fasting plasma glu-
cose (P = 8 � 10–5) and insulin (P = 0.02) concentrations than
siblings with the KK genotype. Type 2 diabetic siblings with the
QK genotype also had higher fasting glucose (P = 0.02) and 2-h
glucose (P = 0.03) concentrations compared with diabetic
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siblings with the KK genotype. Systolic blood pressure was also
higher in diabetic siblings with the QK genotype than in dia-
betic siblings with the KK genotype (P = 0.02).

The data obtained from the association, as well as from
the study of genotype-discordant sib-pairs, indicate that the

Q allele in the glycoprotein PC-1 gene is associated with ele-
vated plasma glucose and serum insulin levels and higher
blood pressure. This association was seen in both type 2 dia-
betic subjects and their relatives, but the allele frequency
was not increased in the patients with type 2 diabetes. The
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TABLE 1
Characteristics of nondiabetic and diabetic subjects and their relatives with the KK, QK, and QQ genotypes of the glycoprotein PC-1 gene 

Nondiabetic control subjects Relatives of type 2 diabetic patients Type 2 diabetic patients

KK QK QQ KK QK QQ KK QK QQ

n (M/F) 110 (50/60) 36 (15/21) 1 (0/1) 308 (140/168) 73 (35/38) 2 (1/1) 304 (148/156) 80 (35/45) 8 (5/3)
Age (years) 56 ± 13 53 ± 15* 46 45 ± 16 43 ± 14 67 ± 14 58 ± 14 59 ± 15 64 ± 12
Age at — — — — — — 51 ± 13 53 ± 11 57 ± 9

onset (years)
BMI (kg/m2) 25.3 ± 3.5 25.5 ± 3.4 23.5 26.7 ± 4.7 26.5 ± 4.9 25.1 ± 0.5 30.6 ± 5.5 31.0 ± 5.3 30.5 ± 5.8
Waist-to-hip 0.87 ± 0.10 0.85 ± 0.09 0.74 0.89 ± 0.10 0.90 ± 0.11 0.98 ± 0.01 0.94 ± 0.08 0.93 ± 0.10 0.97 ± 0.11

ratio
Systolic blood 134.0 ± 17.9 128.5 ± 14.1 133.0 129.2 ± 17.8 130.0 ± 15.4 145.0 ± 7.1 142.5 ± 17.8 148.9 ± 21.9 153.8 ± 29.5

pressure (mmHg)
Diastolic blood 81.0 ± 9.4 78.4 ± 1.6 72.0 78.6 ± 10.8 78.6 ± 10.8 82.5 ± 10.6 82.2 ± 10.3 83.1 ± 12.1 85.4 ± 10.3

pressure (mmHg)
FP glucose 5.3 ± 0.5 5.6 ± 0.6 5.4 5.6 ± 1.0 6.0 ± 1.1* 5.8 ± 0.6 9.5 ± 3.7 10.8 ± 3.0† 10.7 ± 3.9

(mmol/l)
2-h glucose 5.4 ± 2.0 5.9 ± 1.8 5.1 6.7 ± 2.8 6.7 ± 2.5 6.8 ± 2.9 9.7 ± 7.6 11.1 ± 10.4 6.5 ± 9.4

(mmol/l)
FS insulin 4.7 ± 3.0 5.7 ± 5.3 5.2 6.1 ± 4.5 7.5 ± 7.3 4.9 ± 0.9 11.1 ± 9.0 13.5 ± 15.2 15.4 ± 1.8

(mU/l)
2-h insulin 28.7 ± 23.4 29.3 ± 54.4 31.5 41.1 ± 44.3 47.3 ± 54.3 19.4 ± 9.3 54.9 ± 53.2 40.6 ± 35.1 31.3 ± 40.0

(mU/l)
Total cholesterol 5.7 ± 0.9 6.0 ± 1.0 4.4 5.7 ± 1.2 5.2 ± 1.0 6.1 ± 0.1 5.7 ± 1.1 5.9 ± 1.1 6.1 ± 1.9

(mmol/l)
HDL cholesterol 1.4 ± 0.3 1.4 ± 0.5 1.1 1.3 ± 0.4 1.2 ± 0.4 1.4 ± 0.4 1.1 ± 0.3 1.1 ± 0.3 1.0 ± 0.2

(mmol/l)
Triglycerides 1.3 ± 0.3 1.4 ± 0.6 1.1 1.5 ± 0.8 1.5 ± 0.9 1.6 ± 0.2 2.2 ± 1.7 2.3 ± 2.6 3.6 ± 4.3

(mmol/l)

Data are means ± SD, unless otherwise indicated, and were adjusted for age. *P < 0.05 vs. KK; †P < 0.001 vs. KK. FP, fasting plasma;
FS, fasting serum.

TABLE 2
Clinical characteristics of nondiabetic and type 2 diabetic sibling-pairs discordant for the KK and QK genotypes of the glycoprotein PC-1 gene

Nondiabetic sib pairs (30/52) Type 2 diabetic sib pairs (49/94)

Sib KK Sib QK Sib KK Sib QK 
Subjects (n = 24) (n = 28) OSD P* (n = 46) (n = 48) OSD P*

Age (years) 33 ± 15 42 ± 2 –34 59 ± 12 57 ± 12 –40
BMI (kg/m2) 21.5 ± 1.5 23.9 ± 3.0 67.3 0.07 31.3 ± 6.7 31.0 ± 5.5 –10.36
Waist-to-hip ratio 0.8 ± 0.1 0.8 ± 0.1 0.01 0.9 ± 0.1 0.9 ± 0.1 0.22
Systolic blood 122.7 ± 13.7 128.6 ± 15.5 170 140.0 ± 18.7 147.0 ± 18.0 369 0.02

pressure (mmHg)
Diastolic blood 75.5 ± 10.9 80.4 ± 13.5 143 81.3 ± 11.0 84.4 ± 13.5 155 

pressure (mmHg)
FP glucose (mmol/l) 5.4 ± 0.6 6.1 ± 2.0 37.7 8 � 10–5 8.8 ± 2.8 9.9 ± 3.0 50.9 0.02
2-h glucose (mmol/l) 6.9 ± 2.9 7.9 ± 3.2 23.0 12.9 ± 4.2 17.3 ± 8.5 100.6 0.03
FS insulin (mU/l) 4.8 ± 2.6 7.0 ± 3.6 47.3 0.02 10.3 ± 7.4 12.2 ± 8.2 89.8 0.08 
2-h insulin (mU/l) 23.0 ± 17.6 28.9 ± 19.9 –99.5 41.0 ± 39.0 47.6 ± 50.8 119.2
Total cholesterol (mmol/l) 4.4 ± 0.1 5.0 ± 0.2 –8.8 5.9 ± 1.2 6.0 ± 1.3 3.8
HDL cholesterol (mmol/l) 1.3 ± 0.1 1.4 ± 0.3 –9.9 1.1 ± 0.3 1.2 ± 0.3 4.8
Triglycerides (mmol/l) 0.8 ± 0.04 0.7 ± 0.1 8.0 2.0 ± 1.1 2.0 ± 1.2 2.4

Data are means ± SD, unless otherwise indicated. *Two-tailed P values estimated from a large random sample (107) of all possible
permutations. FP, fasting plasma; FS, fasting serum; OSD, observed sum of differences.



results are consistent with a previous study showing that the
carriers of the Q allele were more insulin resistant than
carriers of the K allele (11). As previously suggested, the
mechanism could include impaired IR-TK activity. In con-
trast, no association was observed between the K121Q vari-
ant and measures of insulin resistance (SI derived from an
intravenous glucose tolerance and the homeostasis assess-
ment model) in type 2 diabetic and nondiabetic Danish sub-
jects (12). Population-based association studies will always
suffer from problems related to the stratification of case
patients and control subjects (13). To circumvent this prob-
lem, family-based approaches like the transmission dise-
quilibrium test (14) or the current measured genotype
approach can be used (15,16). We have previously shown
that this is a sensitive and powerful method to detect sub-
tle differences in phenotypic variables (17). Despite an
association with features of the insulin-resistance syn-
drome, the Q allele was not increased in the patients with
type 2 diabetes. Therefore, the question arises of whether
insulin resistance alone is sufficient to increase susceptibility
to type 2 diabetes.

RESEARCH DESIGN AND METHODS

A total of 922 subjects from Finland and Sweden were included in the popu-
lation-based association study. From 156 nuclear families with 1 or more
affected sibs, 383 nondiabetic first-degree relatives and 392 type 2 diabetic
patients were selected. In addition, 147 nondiabetic unrelated spouses served
as control subjects. Concentrations of plasma glucose, serum insulin, total cho-
lesterol, HDL-cholesterol, and triglycerides were measured, as previously
described (18). All participants gave informed consent and the study was
approved by the local ethics committees.

Genomic DNA was extracted from peripheral blood using standard meth-
ods. The c.533A>C (K121Q) variant in the glycoprotein PC-1 gene was
detected using a polymerase chain reaction (PCR)–restriction fragment
length polymorphism (11). A 238-bp amplified PCR product was digested
with AvaII restriction enzyme (New England BioLabs). The wild-type genotype
(KK) was not digested, whereas the mutated homozygous genotype (QQ) was
cut as a doublet of 148 and 90 bp. The heterozygous genotype (QK) was rep-
resented as 3 fragments of 238, 148, and 90 bp. Samples were analyzed by elec-
trophoresis using 2.5% high-strength agarose gels (Appligene, Illkirch, France)
and precasted DNA retardation gels containing 6% polyacrylamide (Novex,
Frankfurt, Germany) and were stained with ethidium bromide (0.3 µg/ml). The
significance of differences in allele and genotype frequencies between ran-
domly selected subjects was tested by the �2 test. To correct for noninde-
pendence due to multiple members from the same family pedigrees, we
applied the measured genotype approach, which corrects for nonindependence
by using the residual genetic covariance among the family members (19).
The mean difference between the carriers of the KK and QK genotypes was
estimated using maximal likelihood ratios. We also performed a permutation
test of the family association study in siblings discordant for the Q allele
using a modified program (15,16). The 2-tailed P values were estimated using
107 random samples from all of the possible permutations (if 2n > 107). The dif-
ference between pairs was considered statistically significant if the observed
sum of differences was located within the 5% region of rejection.
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