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ATP-dependent K™ channels and capability to secrete insulin under
conditions where it no longer secretes somatostatin
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Abstract The 3-cell line RIN14B was characterized with regard
to ATP-regulated K™ (Katp) channel activity and hormone
release. By applying the patch-clamp technique, dose-response
curves for ATP and the sulfonylurea tolbutamide were obtained
in inside-out patches. The concentration causing half-maximal
KaTp channel inhibition was found to be 23.7 and 27.6 uM for
ATP and tolbutamide, respectively. ADP and diazoxide
stimulated Korp channel activity, an effect dependent on the
presence of intracellular Mg?". The stimulatory effect of
diazoxide also required the presence of ATP. The Kinetic
properties of the Kxrp channel were analysed in the presence
of ATP, a combination of ADP and ATP and in nucleotide-free
solutions. The distribution of KxTp channel open time could be
described by a single exponential function with a time constant of
approximately 30 ms in nucleotide-free and in ATP-containing
solutions. The presence of both ATP and ADP resulted in the
appearance of an additional time constant of > 150 ms. Single-
channel unitary current—voltage (i-F) relation was characterised
for the KaTp channel present in RIN14B cells. The slope
conductance, measured at the reversal potential was found to be
19.1 2.4 pS. The permeability for K* ions was calculated to be
0.31 X103 cm3-s™1. We have not been able to confirm the
somatostatin releasing profile of the RIN14B cells using radio-
immunoassays, nor could we find positive somatostatin stain with
immunocytochemical techniques. We conclude that the RIN14B
cell line, previously characterized as a somatostatin-secreting cell
line, contains K5orp channels with properties closely resembling
the Karp channel described in the pancreatic B-cell. However,
the cell line appears to have dedifferentiated with regard to the
ability to secrete somatostatin, maintaining the highly differ-
entiated function of both insulin biosynthesis and exocytosis.
© 1997 Federation of European Biochemical Societies.
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1. Introduction

The molecular mechanisms underlying somatostatin release
from the pancreatic 8-cell have not been characterized in great
detail. Release of somatostatin has been reported to follow
release of insulin from the B-cell in the endocrine pancreas,
independent of stimuli [1]. Also in patients with non-insulin
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dependent diabetes mellitus (NIDDM) hormonal abnormal-
ities pertain not only to insulin but also to somatostatin se-
cretion [1]. Thus, there is a decrease in both insulin and so-
matostatin release in response to glucose. This suggests
similarities in the stimulus-secretion coupling between the
pancreatic B- and 3-cell. In the B-cell, glucose is metabolized
leading to closure of ATP-dependent potassium channels
(KaTp channels) due to an increase in the ATP/ADP ratio.
The resulting depolarization of the B-cell membrane potential
triggers opening of voltage-dependent Ca?* channels, increase
in cytoplasmic free Ca?*-concentration, [Ca’*];, and thereby
initiation of insulin secretion. If a similar sequence of events is
operating in the secretion of somatostatin, it implies the pres-
ence of Karp channels in the pancreatic 8-cell. The Karp
channel is present in several tissues and was first described
in skeletal and cardiac muscle [2-4] and subsequently in in-
sulin-secreting cells [5]. The major problem in obtaining in-
formation on the stimulus—secretion coupling in the pancre-
atic o-cell, is the relatively low number of these cells in the
pancreatic islet. Therefore, an alternative and attractive ap-
proach is to use cell lines derived from islet cell tumours. In
the present study we have used the established clonal rat pan-
creatic d-cell line RIN14B [6,7], originating from the parent
RIN-m cell line [8]. In the original characterization of the
secretion profile of the RIN14B cell line, it was found that
they mainly secrete somatostatin and to some extent insulin
[8]. Regarding the identity and characterization of ion chan-
nels in the o-cell, very little is known. Since somatostatin is
released from pancreatic islets upon glucose stimulation [1], it
is likely that one of the initial steps in the secretory pathway
in the &-cell includes closure of the Karp channel. In the
present study we have made a detailed characterization of
the Karp channel in RIN14B cells, under conditions where
we have also investigated cellular contents of somatostatin
and insulin and capability of the cells to secrete these two
hormones.

2. Materials and methods

2.1. Electrophysiology

2.1.1. Preparation of cells. All experiments were performed using
the clonal &-cell line RIN14B or the clonal B-cell line RINm5F. The
RINI14B cell line has previously been described to secrete somatosta-
tin by Gazdar et al. [8]. Cells were grown on Corning Petri dishes
(Corning Glass Works, Corning, NY) in RPMI-1640 tissue culture
medium containing 11 mM glucose, 10% (w/v) fetal calf serum
(Flow Laboratories, Irvine, UK), 2 mM L-glutamine (HyClone,
Cramlington, UK), 100 pg/ml streptomycin and 100 IU/ml penicillin
(both supplied by Northumbria Biologicals Ltd., Cramlington, UK).
The cells were split using Trypsin-EDTA PBS solution (HyClone) and
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kept in culture for 1-3 days at 37°C in an atmosphere of 5% COa,
prior to experiments.

2.1.2. Solutions. The pipettes were filled with standard extracellu-
lar solution containing (in mM): 138 NaCl, 5.6 KCl, 1.2 MgCl,, 2.6
CaCl, and HEPES-NaOH (pH set to 7.40). The bath solutions (i.e.
the ‘intracellular’ solution) consisted of (in mM): 125 KCI, 1 MgCl,,
10 EGTA, 30 KOH and 5 HEPES-KOH (pH 7.15). Adenosine 5’'-
triphosphate (ATP) and adenosine 5’-diphosphate (ADP) (both sup-
plied by Sigma Chemical, St. Louis, MO) were added to the ‘intra-
cellular’ solution, as indicated in text and figure legends. When nu-
cleotides were added as their Na™ salt, Mg?* was added to maintain
an excess of Mg?*. Diazoxide and tolbutamide were prepared as con-
centrated stock solutions in dimethyl sulfoxide (DMSO), final concen-
tration of DMSO < 0.1%. Patches were excised into nucleotide-free
solution and 0.1 mM ATP was first added to test for channel inhib-
ition.

2.1.3. Recordings. All experiments were performed using the in-
side-out configuration of the patch-clamp technique [9]. This config-
uration allows free access to the cytoplasmic face of the plasma mem-
brane. Pipettes were pulled from alumino- or borosilicate glass
(Hilgenberg, Malsfeld, Germany), coated with Sylgard resin (Dow
Corning, Kanagawa, Japan) near the tip and fire-polished. When filled
with ‘extracellular’ solution, the pipettes had a tip resistance of 3-6
MQ, respectively. Currents were recorded using an Axopatch 200
patch-clamp amplifier (Axon Instruments, Inc., Foster City, CA).
During the experiments the current signal was stored on magnetic
tape using a video cassette recorder (Super VHS, JVC, Tokyo, Japan)
and a modified digital audio processor (VR-10B, Instrutech Corp.,
Elmont, NY). The recorded signal was stored with an upper cut-off
frequency of 2 kHz. With the solutions used, ion currents will
be outward (i.e. into the pipette) and channel records are displayed
according to the convention with upward deflections denoting out-
ward currents. Kypp channel activity was identified on the basis
of the unitary amplitude (1.5-2 pA) and sensitivity to ATP. Before
establishment of the seal, the pipette current was adjusted to zero.
All experiments were performed at room temperature (20-24°C)
and channel activity was measured at 0 mV, if not otherwise indi-
cated.

2.1.4. Data analysis. For analysis of single channel Kkinetics,
records were filtered at 0.2 kHz (—3 dB value) by using an 8-pole
Bessel filter (Frequency Devices, Haverhill, MA), digitized at 0.5 kHz
using a TL-1 DMA interface (Axon Instruments) and stored in a
computer (IBM clone). The degree of channel activity was assessed
using in-house software by digitizing segments of the current records
(30-70 s long) and forming histograms of baseline and open-level data
points. The mean current (i) was calculated according to the equa-
tion:

K1)
,Z -t (1)

where N is the number of samples, /; is the current observed in sample
j and Ip is the value of an user-defined baseline. Analysis of the
distribution of Karp channel open times was restricted to segments
of the experiment record containing one to three channel levels using
the digitized data. The kinetic constants were derived by approxima-
tion of the data to exponential functions by the method of maximum
likelihood [10].

Dose-response curves for ATP and tolbutamide were fitted to the
Hill equation:
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where [X] is the concentration of ATP or tolbutamide, K; is the con-
centration of [X] causing half-maximal inhibition and » is the slope
parameter corresponding to the Hill coefficient. The i/ic represents the
ratio of mean current found during (i) and prior (ic) to the experi-
ment. In most inside-out patches channel activity decreased rapidly
(run-down) following patch isolation. As shown in Fig. 1, exposing a
freshly isolated inside-out patch to ATP, led to an almost complete
block of channel activity. Following wash-out of the nucleotide, chan-
nel activity increased and reached a maximum activity, which is re-
ferred to as the control segment. In the following experiments, test
compounds were added ~30 s after the control segment and are
referred to as test segment. The mean current test/control ratio for
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three patches during perfusion with nucleotide-free solutions was cal-
culated to 0.6 +0.03 (n=3), and was used to make allowance for the
run down of channel activity.

Open probability (Pg,en) was estimated by approximating the ob-
served probability (P,) of finding x simultaneously active channels,
out of a total number of N channels, to the binomial theorem:

N\ o N
e (%) B 5

X

Single channel permeability for potassium ions (pk) can be related to

Goldmann-Hodgkin-Katz equation [11]:
V(K] VTR —[K)

px = l/ﬁ (eVF/RT) 1) 4)

where V' is the reversal potential, and R, T and F denote molar gas
constant, temperature in degrees Kelvin (°K) and Faraday’s constant,
respectively. The [KT]; represents the bath solution and the [K*], the
pipette solution, containing 5.6 and 155 mM K™, respectively. Unless
otherwise indicated, each experimental condition was tested with iden-
tical results in at least five different patches. For figures, records were
digitized at 0.16 kHz (if not otherwise indicated) using a DMA inter-
face (Axon instrument). Segments of digitized recordings were ex-
ported into CorelDraw (Corel Inc., CA). Values are presented as
means £ SD. Channel activity and P, were compared using Stu-
dent’s t-test.

2.2. Cytology, immunocytochemistry and measurements of insulin and
somatostatin release

Cells grown in culture for 3 days in Petri dishes were stained with
Papanicolaou stain to show cellular morphology. Cells used for im-
munohistochemistry were grown in Petri dishes, detached, using Tryp-
sin-EDTA, and fixed in 4% formaldehyde in PBS buffer overnight.
After centrifugation, the cell block was dehydrated in a graded serie of
ethanols followed by xylene and finally embedded in paraffin. Depar-
affinized sections were incubated overnight with the following anti-
bodies: somatostatin, monoclonal, 1:600 and 1:200 (Novo Biolabs,
Bagsvaerd, Denmark); somatostatin, polyclonal from rabbits, 1:800
and 1:300, (Dakopatt, Glostrup, Denmark); insulin, monoclonal, di-
lution 1:1000 and 1:300, (Biogenix, San Ramon, CA); insulin, poly-
clonal from guinea pig, 1:3000 and 1:1000, (a gift from professor A.
Lernmark, Department of Medicine, University of Washington, Seat-
tle, WA). The lower concentration of antibodies served as a positive
control, since it is routinely used in our laboratory for sections of
pancreatic tissues employing normal formalin fixed paraffin embedded
islets. To enhance the sensitivity when studying the RIN14B cell line,
we also applied the antibodies at 3 times higher concentrations. For
negative controls, the primary antibody was replaced by non-immune
sera. The avidin-biotin-complex technique (Vectastain, Vector Labo-
ratories, Burlingame, CA) was used to visualize the antibody-antigen-
binding site. Diaminobenzidine was used as chromogen, and Mayer’s
haematoxylin as counter stain. For hormone measurements, cells were
grown in RPMI-1640 medium in 24-well plates. The cells were washed
and pre-incubated in a buffer consisting of (mM): 125 NaCl, 5.9 KCl,
1.28 CaCly, 25 HEPES-NaOH, pH 7.40, and stimulated according to
the protocols given in the text. Measurements of insulin and soma-
tostatin release were performed as described previously [12]. Insulin
and somatostatin release was analysed radioimmunologically, using
rat insulin and somatostatin as standards.

3. Results and discussion

It is evident from a number of studies that glucose and
other stimulators of insulin secretion also enhance the release
of somatostatin. The parallelism between somatostatin and
insulin responses may arise from electrical coupling between
4- and B-cells [13] but can also reflect independent reactions of
the two cell types. An explanation for an independent but still
virtually identical response pattern for the 6- and B-cells
would be that they share a common initial step in their stim-
ulus-secretion coupling. In the B-cell, the Kap channel serves
as a link between glucose metabolism and more distal events
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Fig. 1. Time-dependent decline in Ky7p channel activity after inclusion of 0.1 mM ATP. The control segment (i) is set to * 15 s from maxi-
mum channel amplitude and test segment (i) to approximately 60 s after the perfusion of ATP. The mean currents during control and test seg-
ment were found to be 7.6 pA and 4.7 pA, respectively.

in the insulin secretory process. In the present study we at- 3.1. Effects of adenine nucleotides on Katp channel activity
tempted to identify and characterize a possible Kyp channel It is well known that the open probability of the Karp
in the RIN14B 0&-cell line. channel is reduced by application of ATP to the intracellular
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Fig. 2. A: The effect of different ATP concentrations (0.01, 0.03, 0.3 and 1 mM) on Karp channel activity in an inside-out patch. In between
each concentration trial, 0.1 mM ATP was applied. Concentration—-inhibition relationship for the inhibition of ATP on the Ksrp channel. B:
Ordinate shows the ratio of i/ic. The points show means and vertical bar £SD (when larger than symbols) (7 =3-5). Abscissa shows ATP con-
centration in uM (logarithmic scale). The line was fitted to Eq. 2 yielding a K; of 23.7 uM and a slope parameter, n, of 2.21. C: The effect of
ADP on the Kyrp channel activity and its ability to reactivate the Karp channel. A mean current in nucleotide-free solution of 1.72 pA was
observed which was increased to 2.5 pA in the presence of 0.1 mM ATP and 0.1 mM ADP. A reactivation of the Kyrp channel is observed
after application of ADP. D: Channel amplitude-histogram in the presence of control-solution (left) and 0.1 mM ADP (right). Ordinate shows
integrated time in seconds and abscissa shows current in pA.
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Fig. 3. Record (A) shows the ability of diazoxide to stimulate Karp channel activity. Mean current prior to diazoxide was estimated to 3.1 pA,
which subsequently increased to 3.6 pA during exposure to diazoxide. B: An example trace of the ability of tolbutamide to block the Karp
channel activity in an inside-out patch shortly after patch isolation (<30 s). C: Concentration—inhibition relationship for the action of tolbuta-
mide in closing the Kayrp channel. Ordinate shows the ratio of i/ic. The points show means and vertical bar +SD (n=3-5). Abscissa shows
tolbutamide concentration in uM (logarithmic scale). The curve was fitted by hand.

surface of the cell membrane. The characterization of the
RIN14B Katp channel therefore started by assessing the ef-
fects of ATP on channel activity, by exposing inside-out
patches to a series of concentrations of ATP, interrupted by
exposure to nucleotide-free solution. As expected, Karp chan-
nel activity was inhibited with increasing concentrations of
ATP. Fig. 2A shows a typical trace of the blocking effect of
ATP in excised patches from RIN14B cells. All patches were
tested with six different ATP concentrations ranging from 3 to
1000 uM. Channel activity was expressed as the ratio of ac-
tivity obtained in the presence of the different ATP concen-
trations and activity estimated in nucleotide-free solution, pri-
or to exposure to ATP. All determinations of channel activity
were corrected for channel run-down, as described in the

method section. To ascertain a standardized channel reacti-
vation, especially when exposing the patches to low ATP
(<0.1 mM ATP) concentrations, the protocol was interrupt-
ed by short exposures of the patch to 0.1 mM ATP. In
Fig. 2B, compiled data from the concentration—inhibition
relation is shown. The mean value points were fitted to Eq.
2, on the assumption that a single molecule of ATP binds
to each Karp channel and close it. The inhibition constant,
K;, was estimated to be 23.7 uM and a Hill coefficient,
n, of 2.21 was obtained. Earlier reports have estimated
half-maximal inhibition of B-cell Karp channel activity
to 10-50 uM, whereas millimolar concentrations cause a
complete block of activity [5,14]. Thus, the sensitivity to
ATP of the RIN14B K1p channel shows a close resem-
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Fig. 4. Distribution of Karp channel open-time displayed as open-time histograms (A-C). The distribution of channel lifetime could be de-
scribed by a single exponential function with a time constant T=35.1 ms in ATP-free solution (A). A total number of 3850 events were ana-
lysed. B: Open-time histogram in the presence of 0.1 mM ATP. A total number of 942 events were analysed and could be fitted by a single ex-
ponential function with T=36.9 ms. C: The distribution of open-time in the simultaneous presence of ATP and ADP (both 0.1 mM). A total
number of 2553 events were analysed and could be best described as the sum of two exponentials with t; =36.6 and 12 =212.1 ms. Of the total
number of channel events, 49.6% belonged to the slow component. The insets show sections of Karp channel activity recorded under the re-
spective experimental conditions. A sample frequency of 1.0 kHz was used and the bin width was set to 25 ms (A-C). Arrow heads indicate
current level when the channel is closed. D: Representative recording of single Karp channel currents from an inside-out patch in nucleotide-
free solution. The pipette potential is indicated to the right of each single channel trace. The arrow heads denote the current level when the
channel is closed. The vertical amplitude bar is 5 pA in left column and 2.5 pA in right column. E: Shows Ksrp channel amplitude-histogram.
Ordinate shows integrated time in seconds and the abscissa indicates channel amplitude in pA. The numbers within parentheses indicate num-
ber of simultaneously open channels and zero denotes when the channel is closed. F: Single-channel unitary current-voltage (i-V) relation. The
symbols indicate mean and vertical bar = SD (n=3). Ordinate shows pipette potential in mV and the abscissa shows current in pA. E,, is indi-
cated by arrow.

blance to what has been previously reported in the B-cell and direct inhibitors of the Kyrp channel. The K; for tolbu-
[15]. tamide on channel activity has been reported to be in the

The control of Karp channel activity in the B-cell is be- lower UM range [19] in the B-cell. Fig. 3B shows the blocking
lieved to result not only from binding of ATP, but also effect of tolbutamide on RIN14B Krp channel activity. A
from interaction with ADP. It is well known that ADP coun- similar protocol as described for the ATP experiments was
teracts the blocking effect of ATP on the Katp channel [16]. used, where mean currents during exposure to different con-
In Fig. 2C, a combination of 0.1 mM ADP and 0.1 mM ATP centrations of tolbutamide were compared to currents found
was applied to an inside-out patch. It is clear that the block- prior to exposure to tolbutamide. Compiled results are shown
ing effect of ATP is potently counteracted by the presence of in Fig. 3C. Addition of diazoxide caused an enhancement of
ADP also in RIN14B cells. In agreement with earlier reports Karp channel currents (Fig. 3A). The ability of diazoxide to
using B-cells [17], the ability of ADP to stimulate channel stimulate Kx7p channel activity has been reported to require
activity required the presence of Mg?*. The stimulatory effect the presence of ATP [17]. In a series of experiments, we ex-
of Mg-ADP was quantified by mean current analysis in three posed inside-out patches to 0.4 mM diazoxide in the presence
patches and showed an increase of 180 * 36%. This magnitude of 0.1 mM ATP. This induced a clear cut increase in channel
of Mg-ADP-induced increase in Kyp channel activity is very activity (142 +22%; n=3).

close to that found in studies with the B-cell [18].
3.3. Kinetic properties of the RINI4B Kxtp channel
3.2. Effects of tolbutamide and diazoxide on Katp channel In Fig. 4A-C, changes in Karp channel open time are dem-
activity onstrated in an inside-out patch from a RIN14B cell, follow-
Sulfonylureas are a class of drugs known to act as potent ing exposure to nucleotide-free solution and to 0.1 mM ATP,
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Fig. 5. A: The morphological appearance of RIN14B cells after
3 days of culture displayed apparently well-differentiated cells with
elongations reaching nearby cells. No contamination of fibroblasts
was seen. Papanicolaou stain, magnification X 640. B: Immunocyto-
chemical staining for somatostatin showed no detectable immunor-
eactivity in the cytoplasm. The nuclei of the cells were stained dark
by haematoxylin. Cells were stained with the avidin-biotin complex
method after incubation with high and low concentrations of both
monoclonal and polyclonal antibodies. Magnification: X320. C:
Immuno-cytochemical staining for insulin. The techniques used were
as in (B). Several cells showed cytoplasmic insulin immunoreactivity
(black cells) of various intensity. Bars (A-C): 40 pum.

in the presence or not of 0.1 mM ADP. It is clear that open-
ings observed during exposure to ADP and ATP (Fig. 4C) are
much longer than those observed in nucleotide free solution
(Fig. 4A) or in the presence of ATP alone (Fig. 4B). We have
quantified this effect by analysing the distribution of channel
open times in patches not containing more than three simul-
taneously active channels. In nucleotide free solution, channel
activity consisted of relatively short openings. Mean open
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time was calculated to 40+ 13 ms (n=15). The distribution of
the openings was best fitted by a single exponential. After
exposing the patches to ATP alone, channel activity decreased
but mean channel open time remained unaffected (43 +9 ms;
n=4). Also in this case, distribution of openings was best
described by a single exponential. In the presence of both
ATP and ADP, mean channel open time was dramatically
increased to 170+ 33 ms (n=5) and was best described as a
sum of two exponentials.

To further characterize Karp channel kinetics, we per-
formed a binomial analysis of the amplitude distribution de-
scribed by Eq. 3. The open probability, Pgyen, for the Karp
channel in nucleotide-free solution was 0.32+0.19 (n=Y5).
When exposed to 0.1 mM ATP, P, was reduced to
0.12£0.1 (n=4). Simultaneously adding ADP and ATP
(both 0.1 mM) to the patch resulted in a Py,en of 0.62+0.21
(n=5; P<0.01, compared to nucleotide-free solution).

Like the Ky7p channel present in the pancreatic B-cell, the
RIN14B Kurp channel displayed complex kinetic properties.
The distribution of channel open time suggested that there are
at least two open states similar to those which have been
observed in the B-cell [20].

3.4. Channel permeability properties

In Fig. 4D-F, the single channel current-voltage (i-V) rela-
tion is shown. At 0 mV we estimated the single channel am-
plitude to be 1.64 £0.02 pA (n=7). A reversal potential (E,cy)
of —75.6 mV was obtained as determined from the intersec-
tion with the ordinate (voltage axis). The slope is a second
order regression line with a correlation coefficient, 2, value of
0.998. Measuring the unitary mean slope conductance (ys) at
the E,., resulted in 19.1£2.4 pS (n=4). This single channel
conductance is comparable with results obtained (20-30 pS)
using normal ionic gradients ([K*],=5 mM; [K*];=150
mM) in inside-out patches from the pancreatic B-cell [20—
22]. When these values where fitted to Eq. 4 to assess sin-
gle-channel permeability (pk) for K* ions, the resulting pxk
was found to be 0.31 X107 c¢cm3s™!. This value of px may
be compared to a px value of 0.98 X 10713 cm3s™!, reported by
Ashcroft et al. [23] for the Karp channel in the pancreatic -
cell. This discrepancy can be fully explained by the fact that
solutions with different ion concentrations were used.

3.5. Secretory properties of the RINI4B cell line

Earlier reports have shown that the origin of the RIN14B
cell line is a pancreatic 8-cell [6,7] and that it mainly secretes
somatostatin. However, because of the known problem of cell
line stability, we reinvestigated the secretory profile of the
RINI14B cell line. RIN14B cells were stimulated for 30 min
with 25 mM K* or with 500 uM tolbutamide. Following
analysis of hormone release, we were not able to detect release
of somatostatin whereas insulin levels increased 2-fold
(208 £102%; n=28). Simultanecous measurements in the
RINmSF B-cell line revealed a 4-fold increase in insulin secre-
tion (392+157%; n=38). Microscopical examination of the
cultured RIN14B cells demonstrated a homogenous growth
of apparently well-differentiated cells with thin cell extensions
(Fig. 5A), which correspond well to the original description of
the cell line [8] and indeed to normal &-cells. There were no
signs of fibroblastoid contamination. Immunocytochemical in-
vestigation showed no positive somatostatin immunoreactivity
(IR) with monoclonal antibodies in high or low concentra-
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tions as well as with polyclonal antibodies in low concentra-
tion. High concentration of the latter antibody gave a uniform
diffuse non-specific reaction. Monoclonal insulin antibodies in
high concentration gave positive IR with varied intensity,
whereas low concentration gave negative results. Polyclonal
antibodies to insulin gave positive IR using both dilutions,
with a mixture from intensive IR to nearly negative cells.
Hence, the RIN14B cells that we have used secrete insulin
but not somatostatin. However, secretion of insulin is less
than that of the B-cell line RINm5F, which may reflect the
fact that the RIN14B cells are derived from a parent d-cell.

3.6. Conclusion

The fact that the release of somatostatin follows the release
of insulin in the endocrine pancreas, indicates a close resem-
blance in the stimulus—secretion coupling between the pancre-
atic B- and 8-cell. This may also suggest that the Kyrp chan-
nel is involved in the process leading to release of
somatostatin in the &-cell. Our detailed characterization of
the Katp channel in the RIN14B cell, indicated a close re-
semblance to the Kyrp channel described in the pancreatic -
cell. Thus, the Karp channel in RIN14B cells was inhibited by
ATP within an identical ATP-concentration range to that re-
ported in the B-cell. Single channel kinetics, in the presence of
various adenine nucleotides, also showed a striking similarity
to what we have reported for the B-cell [17]. The sulfonylurea
tolbutamide and the sulfonamide diazoxide affected the chan-
nel in a way similar to what has been described for the -cell.
Single channel conductance as well as permeability properties
were virtually identical to those shown in the pancreatic B-cell.

Our data on secretion indicate that RIN14B cells have de-
differentiated with regard to their secretory properties and
were now mainly secreting insulin. In view of the present
results, we postulate that the &-cell line RIN14B undergoes
dedifferentiation and loses its capability to secrete somatosta-
tin under conditions where it maintains Katp channels and
ability to synthesize and secrete insulin. In this context, it is of
interest to note that after treatment of adult mice with strep-
tozotocin, a population of cells containing somatostatin
(SOM™) and homeodomain-containing transcription factor
pancreas duodenum homeobox gene-1 (PDX-1") appeared
in pancreatic islets [24]. The appearance of SOM*/PDX-1*
cells was followed by the sequential differentiation to
SOM */insulin-containing cells and to B-cells expressing only
insulin.
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