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B Abstract

Activating mutations in the KCNJ77 gene encoding the
Kir6.2 subunit of ATP-sensitive potassium channel have
been described in patients with permanent neonatal diabetes
mellitus (PNDM). The main pathophysiological feature of
PNDM associated with Kir6.2 mutations is a profound de-
fect in insulin secretion. However, the expression of Kir6.2
protein is not limited to B-cells; it also includes skeletal mus-
cles, heart, brain, and peripheral nerves. Thus, the hypothe-
sis that Kir6.2 mutations may influence insulin sensitivity in
humans seems justified. Moreover, this notion is additionally
supported by an animal model of Kir6.2 knock-out mice.
Four adult carriers of a Kir6.2 mutation from the Polish
population (mean age 31.5 years, range 20-50) were available
for this study that aimed to evaluate their insulin sensitivity
by the hyperinsulinemic euglycemic clamp technique. Three
subjects carried the R201H mutation and one patient was a
carrier of the K170N mutation. In addition, eight healthy

volunteers with normal glucose tolerance were examined for
comparison (mean age 31.0 years, range 20-41). The mean
M value, i.e. the amount of metabolized glucose, for PNDM
cases equaled 4.49 mg/ (kg x min) (tange 2.76-6.66) and was
significantly lower than in the control group (9.64 mg/ (kg x
min), range 4.59-18.00). This observation suggests that im-
paired insulin sensitivity, in addition to profoundly de-
creased insulin secretion, contributes to the clinical picture
of PNDM resulting from mutations in the Kir6.2 gene. An
additional factor that might influence insulin sensitivity in
our diabetes patients is glucose toxicity that may have ap-
peared due to poor metabolic control prior to the examina-
tion (mean HbAlc = 8.95%). The intriguing question to be
answered in the future is whether an improvement in insulin
action could be seen following the transfer of Kir6.2 muta-
tion carriers to sulphonylurea compounds.
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Introduction

g{ecently, substantial progress has been made in

understanding the molecular background of pet-
manent neonatal diabetes mellitus (PNDM). Almost
half of the patients diagnosed with diabetes before 6
months of age have a mutation in the KCNJ77 gene
encoding the Kir6.2 subunit of the ATP-sensitive po-
tassium channel [1]. This protein is expressed in -cells
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and also in some other tissues, such as skeletal mus-
cles, heart, peripheral nerves, and brain. These muta-
tions cause eatly onset diabetes by the reduction of po-
tassium channel sensitivity to ATP. This results in a
permanent activation of the channel and its opening
causing cellular membrane hyperpolarization. In this
state, insulin secretion by B-cells is almost completely
suppressed. Thus, it is not surprising that the Kir6.2
mutation carriers are characterized by insulin deficiency,
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which is usually very profound, and that they are clini-
cally insulin-dependent, hence treated with insulin from
disease onset [2]. The birth weight of subjects with
Kir6.2 mutations is low and they are frequently prone
to ketoacidosis. While the clinical picture may imitate
early onset type 1 diabetes, the autoimmunological
markers are not present. In 25% of patients with
Kir6.2 mutations, features such as muscle weakness,
developmental delay and epilepsy may be present in
addition to diabetes. These extra-pancreatic symptoms
reflect the pattern of tissue expression of the Kir6.2
protein. Interestingly, the initial reports showed that
PNDM associated with Kir6.2 responded very well to
sulphonylurea agents [2, 3]. Sulfonylurea derivatives
bind to the potassium channels causing their closure
and improve responsiveness to glucose [2]. It has not
yet been determined whether the symptoms related to
other organs, such as epilepsy or psychomotorical de-
lay, can be also improved by the action of these com-
pounds [2].

for example MODY5 that is a consequence of HNF13
mutations, are characterized by altered insulin sensitiv-
ity [5]. The aim of this study was to evaluate insulin
sensitivity in adult Kir6.2 mutation carriers with
PNDM prior to their transfer to sulphonylurea agents.

Methods

The Nationwide Registry was established in 2005
for the task of dissecting the genetic background of
PNDM in Poland. So far, 33 subjects have been in-
cluded, all diagnosed before the end of 6 months of
age (range 1-26 weeks). This constitutes one of the
world’s largest national PNDM collections. To date,
we have examined the KCNJ77 gene in 25 insulin-
treated, diabetic patients (age at examination: 1-50
years) by automatic sequencing. So far, we have identi-
fied eleven patients with heterozygous missense diabe-
tes causing mutations (M.T. Malecki, unpublished
data). Three adult patients with R210H, two females

Table 1. Clinical characteristics of the study groups and the results of hyperinsulinemic euglycemic clamp

Patient” Mutation Gender Age BMI Insulin dose HbAlc M

v (kg/m?) U/kg) @) (mg/(kg x min)
Pol13 R210H F 20 227 0.7 8.7 2.76
Poll4 R201H F 34 22.7 0.9 7.2 3.91
Pol19 R201H M 50 22.0 0.4 9.7 4.64
Poll7 K170N F 22 18.4 0.9 10.2 6.66
8 controls i 4F, 4M 31 (20-41; 24.1 (20.8-29.4; - - 9.64 (4.59-18.0;

SD=9) SD=3.21) SD=4.05)

Legend: For controls the mean values, range and standard deviations for age, BMI, and M parameters are shown. BMI: body mass index. M: metabolized

glucose. * Patient’s no. in the Polish PNDM registry.

While there is little doubt that the major mecha-
nism of PNDM associated with the Kir6.2 gene is a
profound defect in insulin secretion, no data is avail-
able on the influence of its mutations on insulin sensi-
tivity. The hypothesis that Kir6.2 mutations may in-
deed influence insulin action is justified by the fact that
this protein is expressed in skeletal muscles and the
heart [2]. Thus, certain severe mutations that cause ap-
parent muscle weakness, as well as those not associated
with such clinical presentation, may influence glucose
uptake and alter insulin sensitivity. This notion is fur-
ther supported by the animal model, in which Kir6.2
knock-out mice show increased glucose uptake by
skeletal muscles and adipose tissue [4]. One may
speculate that the activating mutations in humans
could potentially have the opposite effect. It should
also be pointed out that some monogenic forms of
diabetes resulting primarily from a severe 3-cell defect,
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and one male (Pol13, Poll4, and Poll9, respectively),
and one female with K170N (Pol17), were available for
examination of insulin sensitivity by body glucose up-
take measured by the hyperinsulinemic euglycemic
clamp technique as described elsewhere [6]. No evi-
dence of additional extra-pancreatic features was de-
tected on physical and neurological examination of the
patients. For comparison, we performed hyperinsu-
linemic euglycemic clamp in eight adult non-obese, and
non-elderly, volunteers with normal glucose tolerance
as confirmed by the WHO test. All the study subjects
were Caucasian residents of Poland. The clinical char-
acteristics of both study groups is presented in Table 1.
All participants gave their informed consent. The study
protocol was approved by the Ethical Committee of
the Jagiellonian University, Medical College. The pro-
ject was conducted according to the rules of Helsinki
Declaration as revised in 2000.
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All diabetic patients were on insulin from diagnosis
until the study entry. Poll3 and Poll7 were treated
with an intensive regimen of multiple daily insulin in-
jections. Pol14 was on two daily injections of premix,
biphasic human insulin. Pol19 was treated with one
daily injection of mixed intermediate and long-acting
porcine insulin. The clamp study was performed in the
Department of Metabolic Diseases, Jagiellonian Uni-
versity, Krakow, Poland. All individuals were examined
after at least eight hours of overnight fasting. The dia-
betic patients were hospitalized one day before the ex-
amination. They did not receive their morning dose of
insulin prior to the clamp. Control individuals were
admitted in the morning on the day of examination.
The left antecubital veins were catheterized for infu-
sions and the right forearms were placed in a heated
cuff to obtain arterialized venous blood samples from
the right antecubital veins. Blood samples were taken
every 5 minutes. A primed, continuous insulin infu-
sion, adjusted for the total body surface area, was
started in order to achieve stable plasma insulin con-
centrations. Blood glucose concentrations of 5.0
mmol/l were maintained by a variable rate of 20% glu-
cose infusion according to the Futler algorithm [7].
The equilibration period was at least 30 minutes. M
values were calculated during the last 60 minutes of the
clamp, when plasma glucose levels were maintained at
5.0 mmol/l. Comparisons between groups were made
using the Student’s #test for independent variables.
Homogeneity of variances was tested with Levene’s
test, and normality was tested with Shapiro-Wilk’s W
test. A value of p < 0.05 was considered statistically
significant.

Results and Discussion

M values of the patients, as well as the control
group, are shown in Table 1. Mean M in the PNDM
subjects was 4.49 mg/(kg x min). This value in the
controls reached 9.64 mg/ (kg x min) and it was signifi-
cantly higher than in the patient group (p = 0.04).
Moreover, for all mutation carriers, the M value was
below the mean for the controls (range 2.76 to 6.66
mg/(kg x min)). Interestingly, the K170N mutation
carrier had better insulin sensitivity than all other dia-
betic subjects who carried the most common Kir6.2
mutation, which is an R201H substitution.

Our initial report constitutes the first description of
insulin sensitivity in subjects with PNDM due to muta-
tions in the Kir6.2 gene. We found that the insulin
sensitivity was lower in the adult PNDM subjects than
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in healthy adult, non-obese, and non-elderly volunteers
from the same Polish population. It should be pointed
out that the M values measured in our control group
correspond with the levels described in healthy, young
subjects from other populations [8]. The K170N muta-
tion carrier had a higher M value than any R201H mu-
tation carrier examined in this study. While the nature
of the mutations may influence, not only the degree of
B-cell dysfunction, but also insulin resistance, there are
other factors that could have contributed to this ob-
servation such as low BMI (18.4 kg/m?) and the young
age of this subject. The molecular basis for decreased
insulin sensitivity in carriers of activating KCNJ77 mu-
tation is uncertain. In the animal-model study, lack of a
functional Kir6.2 subunit resulted in an increased re-
sponse to insulin in muscle and fatty cells [4]. This
finding seems to be in line with the results of our re-
port in humans and, taken together, both studies sup-
port the hypothesis that the Kir6.2 mutations may di-
rectly alter peripheral insulin sensitivity.

There are a few shortcomings of outr study which
should be discussed. First, the number of subjects in-
cluded in our assessment was low. It should be pointed
out, however, that PNDM associated with Kir6.2 mu-
tations is a very rare phenomenon. In fact, we included
in this study all adult patients with this form of diabe-
tes identified so far in the Polish population (M. T.
Malecki, unpublished data). Perhaps one should also
mention the possible influence of glucose toxicity on
the peripheral insulin action in our patients, since, as
shown in Table 1, none of them had well-controlled
diabetes at the time of examination (HbAlc ranging
from 7.2 to 10.2%). The insulin sensitivity in type 1
diabetes subjects with poor metabolic control, as as-
sessed by hyperinsulinemic euglycemic clamp, was
previously reported to be similar to that in our PNDM
group [9]. The phenomenon of the presence of insulin
resistance and its subsequent normalization following
intensification of insulin therapy in type 1 diabetes is
well described [10-12]. Pootly controlled diabetes
could therefore have contributed to the moderate insu-
lin resistance in the examined PNDM subjects. Thus,
we can not ascribe unequivocally the decreased insulin
sensitivity solely to the direct influence of an altered
potassium channel function in our PNDM patients. To
confirm the insulin resistance in PNDM associated
with Kir6.2 and to explain its pathogenesis, further in-
vestigations are needed. There are intriguing questions
to be answered in the future, for example, whether the
improvement in insulin action occurs following the
transfer of Kir6.2 mutation carriers to sulphonylurea
compounds. Furthermore, it would be interesting to
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assess insulin sensitivity in subjects with severe Kir6.2
mutations that involve muscles and other organs.
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