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CK2 regulates somatostatin expression in pancreatic delta cells
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ABSTRACT ARTICLE HISTORY
Pancreatic and duodenal homeobox protein (PDX)1 is a major transcription factor for the regula- Received 18 December 2024
tion of insulin, glucagon and somatostatin (SST) expression. PDX1 is phosphorylated by CK2 and Revised 16 April 2025
inhibition of this kinase results in an increased insulin and decreased glucagon secretion. Accepted 29 May 2025
Therefore, we speculated in this study that CK2 also affects SST expression. To test this, we KEYWORDS

analyzed the effects of the two CK2 inhibitors CX-4945 and SGC as well as of PDX1 overexpression Pancreatic islets; pancreatic
on SST expression and secretion in RIN14B cells by qRT-PCR, luciferase assays, Western blot and 8-cells; PDX1; protein kinase
ELISA. SST expression and secretion were additionally assessed in isolated murine and human islets CK2; somatostatin
exposed to the CK2 inhibitors. Moreover, we determined the expression and secretion of the

pancreatic endocrine hormones in CX-4945-treated mice. We found a suppressed SST expression in

RIN14B cells due to a methylated SST promoter, which could be abolished by DNA demethylation.

Under these conditions, we showed that CK2 inhibition increases SST gene expression and

secretion. Additional experiments with overexpression of a CK2-phosphorylation mutant of PDX1

verified that SST expression is regulated by CK2. The exposure of isolated murine and human islets

to CX-4945 or SGC as well as the treatment of mice with CX-4945 revealed that CK2 also regulates

SST expression under physiological conditions. Taken together, these findings not only demon-

strate that CK2 controls SST expression in pancreatic &-cells but also emphasize the crucial role of

this kinase in regulating the main hormones of the endocrine pancreas.
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CK2 phosphorylates PDX1 in &-cells, which promotes its degradation. This, in turn, reduces SST
expression and, thus, secretion.

Introduction known to phosphorylate more than 500 different

Protein kinase CK2, a highly conserved serine/  substrates. Accordingly, CK2 is involved in the
threonine kinase, is ubiquitously expressed in  regulation of several metabolic processes.' In
eukaryotes. CK2 consists of two catalytic a- or a’-  this context, the kinase determines the activity of
subunits and two non-catalytic f-subunits and is  enzymes, such as glycogen synthase and glucose-6-
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phosphate isomerase.®” Moreover, it has been
demonstrated that CK2 controls endocrine pan-
creatic functions by downregulating the activity of
the transcription factor pancreatic and duodenal
homeobox protein (PDX)1.>’

In pancreatic B-cells, PDXI1 induces the expres-
sion of the insulin gene and other genes responsible
for glucose sensing and metabolism, such as glu-
cose transporter (GLUT)2 and glucokinase.m’11 In
contrast, PDX1 has a repressive function on gluca-
gon expression in B-cells.'” Hence, it is not surpris-
ing that pancreatic a-cells, which physiologically
highly express glucagon, exhibit low levels of
PDX1."> We have already demonstrated that CK2
regulates the expression of insulin and glucagon in
pancreatic islets via phosphorylation of PDXI.
Further analyses showed that the loss of the CK2-
dependent phosphorylation of PDX1 on threonine
231 and serine 232 stabilizes and increases the
transcriptional activity.>'*"> This results in an
upregulated insulin and downregulated glucagon
expression.>>'® Besides the expression of PDX1
in a- and B-cells, this transcription factor is also
expressed in §-cells. In these cells, PDX1 is capable
of stimulating the expression of the peptide hor-
mone somatostatin (SST) via binding to specific
consensus sites on the SST promoter.'”'®

SST is produced by the proteolytic cleavage of
pro-SST into the two cyclic peptides SST-28 and
SST-14 amino acids.'” The latter one is the major
final product in pancreatic 8-cells.”® SST is stored
in secretory granules and its secretion is regulated
by dietary components, such as amino acids, glu-
cose and fat.>'** The hormone has a short half-life
(~2min) in the circulation and binds to specific
somatostatin receptors (SSTR) on various tissues,
which reduces cell proliferation, cell migration,
angiogenesis and hormone release.”**® Of note,
an elevated expression of SSTR can be found on
pathological tissues, such as neuroendocrine
tumors, and SST analogues are commonly used
for the treatment of these types of cancer.” "

Since (i) CK2 inhibition promotes PDX1
activity, (ii) PDX1 stimulates the expression of
SST and (iii) 8-cells express CK2 and PDXI1, we
hypothesized that CK2 inhibition increases SST
expression in O-cells. To test this, we exposed
the 6-cell line RIN14B and murine islets to the
two CK2 inhibitors CX-4945 and SGC and

determined SST expression. Moreover, mice
were treated with CX-4945 to study the systemic
effect of CK2 inhibition on endocrine pancreatic
hormone expression. Finally, we analyzed the
inhibitory effect of CK2 inhibition on SST
expression and release of human islets.

Results

CK2 inhibition does not affect SST expression in
RIN14B cells

To study the effect of CK2 inhibition on SST
expression, we used the RINI14B cell line
(Figure 1A). We first assessed the expression of
CK2a, CK2p and PDX1. We found that the pro-
teins are expressed in these cells as shown by
Western blot analyses (Figure 1B). Additional
immunofluorescence stainings of CK2 and PDX1
revealed that both proteins are mainly localized in
the nucleus (Figure 1C).

To reduce CK2 activity, we performed
a pharmacological strategy. CK2 inhibition is mainly
caused by targeting the ATP-binding site, which may
result in off-target effects due to the highly conserved
nature of the ATP pocket.’>* To exclude that the
herein observed effects are caused by off-target effects,
we used two specific CK2 inhibitors CX-4945>* and
SGC.” Moreover, the cells were exposed to only
10 uM of each inhibitor to reduce their inhibitory
effect on further kinases.'®*>*® Our results demon-
strate that the two inhibitors markedly reduce the
phosphorylation of Akt on serine 129 in RIN14B
cells (Figure 2A), a specific CK2 phosphorylation
site,” without affecting cell viability, as shown by
water-soluble tetrazolium (WST) and lactate dehy-
drogenase (LDH) assays (Figure 2(B,C)).
Surprisingly, we detected no effect of CK2 inhibition
on SST gene expression (Figure 2D). To trigger SST
gene expression in RIN14B cells, we overexpressed
PDX1-wildtype (WT) in this cell line (Figure 2E).
However, again we did not observe an increased
SST gene expression (Figure 2F).

SST promoter methylation represses SST expression
in RIN14B cells

It has been reported that hypermethylation of the SST
promoter may decrease SST gene expression®
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Figure 1. Expression of CK2 in RIN14B cells. (A) bright field images showing the morphology of RIN14B cells (scale bar in left panel:
800 um; scale bar in right panel: 200 um). (B) Representative Western blots of B-actin, PDX1, CK2a, CK2 expression in whole cell
extracts of RIN14B cells. (C) Representative immunofluorescence stainings of CK2a (green, upper panel) and PDX1 (green, lower panel)
in RIN14B cells. Cell nuclei were stained with Hoechst 33,342 (blue). Scale bar: 50 um.

(Figure 3A). Based on our results showing that CK2
inhibition as well as PDX1 overexpression do not
affect SST gene expression, we next treated RIN14B
cells with the DNA methyltransferase (DNMT) inhi-
bitor 5-aza-2’-deoxycytidine (AZA) to demethylate
the SST promoter region. Our results clearly showed
that the exposure of the cells to AZA increases SST
gene expression over a time period of 16 days
(Figure 3B). Of note, 16 days of AZA-treatment did
not affect cell viability (Figure 3(C,D)). We then pre-
treated the cells with AZA for 16 days and subse-
quently exposed them for 24 h to CX-4945, SGC and
vehicle (Figure 3E). As expected, this treatment
resulted in elevated levels of SST mRNA in cells
exposed to the two CK2 inhibitors when compared
to vehicle-treated controls (Figure 3F). We addition-
ally performed SST-promoter analyses. For this pur-
pose, we cloned the SST promoter fragment
harboring several PDX1 binding sites into
a luciferase reporter vector (Figure 3G) and subse-
quently transfected RIN14B cells with this construct.
We found a higher luciferase activity in cells exposed

to the two CK2 inhibitors (Figure 3H). To verify that
this effect is mediated by a higher transcriptional
activity of PDX1 due to the reduced CK2 activity, we
overexpressed PDX1-WT and PDX1-mutant (MUT).
The latter cannot be phosphorylated by CK2. We
showed that PDX1-WT and PDX1-MUT increased
luciferase activity (Figure 3I). Of note, luciferase activ-
ity in PDX1-MUT-overexpressing cells was superior
to that of PDX1-WT-overexpressing cells (Figure 3I).
As expected, additional Western blot analyses demon-
strated that loss of the CK2-dependent phosphoryla-
tion of PDX1 (PDXI1-Mut) leads to its stabilization
(Figure 3]). This indicates that CK2 activity may reg-
ulate SST expression via PDX1 phosphorylation.

CK2 inhibition increases SST expression and
secretion in murine isolated islets

To study the effect of CK2 inhibition on SST
expression ex vivo, we isolated islets from murine
pancreata and exposed them to CX-4945, SGC or
vehicle (Figure 4A). Thereafter, we analyzed the
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Figure 2. CK2 inhibition does not affect viability and SST expression in RIN14B cells. (A) Representative Western blots of Akt, pAkt, -
actin, CK2a and CK2p expression in whole cell extracts of RIN14B cells exposed to CX-4945, SGC or vehicle for 24 h. (B and C) RIN14B
cells were treated as described in (A) and the viability was analyzed by a WST-1 assay (B) and LDH assay (C). Data are expressed in % of
vehicle (n = 3 each). Mean * SD. (D) Quantitative analysis of SST mRNA expression in RIN14B cells treated as described in (A). Data are
expressed in % of vehicle (n =3 each). Mean £ SD. (E) Representative immunofluorescence stainings of RIN14B cells overexpressing
FLAG-tagged PDX1-WT. FLAG-Tag (red, upper left panel) and PDX1 (green, upper right panel) in RIN14B cells. Cell nuclei were stained
with Hoechst 33,342 (blue). Scale bar: 25 um. (F) Quantitative analysis of SST mRNA expression in RIN14B cells overexpressing FLAG-
tagged PDX1-WT or control vector (mock). Data are expressed in % of mock (n = 3 each). Mean + SD.

effect of CK2 inhibition on SST expression.
Immunofluorescence stainings showed that soma-
tostatin-expressing 8-cells are positive for CK2
(Figure 4B). To exclude that the exposure of iso-
lated islets to the two inhibitors affects their cellular
composition, we first determined the number of §-
cells in CX-4945- and SGC-exposed islets. Our
results showed no differences between the groups
(Figure 4C). Next, we assessed the effect of CK2
inhibition on SST expression. We found that both
inhibitors efficiently diminished the phosphoryla-
tion of Akt on serine 129 resulting in a significantly
upregulated SST mRNA expression
(Figure 4(D,E)). In addition, we also detected
higher levels of secreted SST in CX-4945- and

SGC-exposed islets when compared to vehicle-
treated controls (Figure 4F).

CK2 inhibition increases SST expression under
physiological conditions

To assess the effect of the increased SST expression
after CK2 inhibition under physiological condi-
tions, mice were treated with CX-4945 or vehicle
for 3 days and plasma insulin/glucagon as well as
tissue SST expression were examined (Figure 5A).
We found elevated plasma insulin levels and lower
glucagon levels in mice after CK2 inhibition
(Figure 5(B,C)). Moreover, we detected a higher
SST expression in mice treated with CX-4945
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Figure 3. SST promoter hypermethylation represses SST expression in RIN14B cells. (A) Schematic illustration of the methylated
endogenous SST promoter region. (B) RIN14B cells were exposed to AZA for the indicated time points and SST mRNA expression was
assessed. Data are expressed in % of vehicle (n=3 each). Mean + SD. *p < 0.05. (C and D) RIN14B cells were exposed to AZA for
16 d and their viability was analyzed by a WST-1 assay (C) and LDH assay (D). Data are expressed in % of vehicle (n = 3 each). Mean +
SD. (E) Schematic illustration of the cell treatment strategy. RIN14B cells were exposed to AZA for 16 d and subsequently treated with
CX-4549, SGC or vehicle. (F) RIN14B cells were treated as described in (E) and SST mRNA expression was assessed. Data are expressed
in % of vehicle (n =3 each). Mean £ SD. *p < 0.05. (G) Schematic illustration of the PDX1 binding sites of the SST promoter reporter
gene construct. (H) RIN14B cells were transfected with pGL4-SST for 24 h and subsequently exposed to CX-4945, SGC or vehicle for
24 h. The cells were lysed and the luciferase activity was detected by a luciferase assay. Data are expressed in % of vehicle (n = 3 each).
Mean £ SD. *p < 0.05. (I) RIN14B cells were transfected with pGL4-SST and FLAG-tagged PDX1-WT or FLAG-tagged PDX1-MUT for 24 h.
Cells transfected with pGL4-SST and control vector served as control (mock). The cells were lysed and the luciferase activity was
detected by a luciferase assay. Data are expressed in % of mock (n = 3 each). Mean £ SD. *p < 0.05. (F) Representative Western blot of
RIN14B cells, which were transfected with FLAG-tagged PDX1-WT or FLAG-tagged PDX1-MUT for 24 h. PDX1 was detected by FLAG
antibodies. GAPDH acts as loading control.

when compared to controls (Figure 5D). We finally ~ (Figure 5E). Our results clearly showed that CX-
determined SST secretion after CK2 inhibition in 4945 and SGC also significantly increase SST secre-
isolated islets from healthy human donors tion in human islets (Figure 5F).
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Figure 4. CK2 inhibition increases SST expression and secretion in murine isolated islets. (A) Schematic illustration of the experimental
setting: islets were isolated from mice and exposed to CX-4945, SGC or vehicle for 24 h. Subsequently, the islets were collected and
prepared for protein expression and secretion analyses. (B) Representative immunofluorescence stainings of CK2a (green) and SST
(red) in isolated murine islets. Cell nuclei were stained with Hoechst 33,342 (blue). Scale bar: 100 um. (C) Isolated murine islets were
treated as described in (A) and the number of SST-positive cells was determined in % of vehicle-treated islets. Mean £ SD. (D)
Representative Western blots of Akt, pAkt and B-actin in whole cell extracts of murine islets treated as described in (A). (E) Murine islets
were treated as described in (A) and SST mRNA expression was assessed. Data are expressed in % of vehicle (n = 3 each). Mean + SD.
*p < 0.05. (F) Murine islets were treated as described in (A) and SST secretion was quantitatively analyzed (ng/mL) (n = 3 each). Mean

+5D. *p < 0.05.

Discussion

In previous studies, we could already demonstrate
that protein kinase CK2 plays an important role in
the regulation of endocrine pancreatic hormones.”
In this context, we have shown that CK2 inhibition
promotes insulin expression and secretion.” In
addition, we detected a decreased glucagon secre-
tion after reducing CK2 activity.'® Molecular ana-
lyses revealed that both effects are mainly caused by
the increased transcriptional activity of PDXI1 after
CK2 inhibition.>'® In the present study, we now
found that CK2 inhibition increases SST

expression and secretion of pancreatic §-cells in
a PDX1-dependent manner indicating the impor-
tant role of CK2 in the glucometabolic control.
We first analyzed the effect of CK2 inhibition on
SST expression in the cell line RIN14B. This cell
line is a secondary clone derived from the RIN-m
rat islet cell line, which has been shown to synthe-
size and secrete SST.” In the present study, we
found that RIN14B expresses CK2 and PDXI. In
contrast, we detected low mRNA levels of SST,
which were not affected by the treatment with
CX-4945 or SGC and PDXI1 overexpression. In
addition, we did not measure SST in the
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Figure 5. CK2 inhibition increases SST expression under physiological conditions. (A) Schematic illustration of the experimental
setting: mice were treated with CX-4945 or vehicle. After 3 d, the mice were euthanized and islets as well as plasma were isolated to
study SST gene expression, insulin and glucagon plasma levels. (B and C) Quantitative analysis of plasma insulin levels (pmol/L) and
plasma glucagon levels (ng/L) of mice treated as described in (A) (n =3 each). Mean + SD. *p < 0.05. (D) SST mRNA expression of
isolated islets from mice treated as described in (A). Data are expressed in % of vehicle (n=3 each). Mean £ SD. *p < 0.05. (E)
Schematic illustration of the experimental setting: islets were isolated from pancreata of human donors. The islets were then exposed
to CX-4945, SGC or vehicle and the subsequent SST secretion was assessed. (F) Human islets were treated as described in (E) and SST
secretion was quantitatively analyzed (ng/mL) (n =2 each). Mean % SD.

supernatant of high glucose-stimulated RIN14B
cells. This is in line with the results from
Branstrom et al.*’ showing that RIN14B cells sti-
mulated for 30 min with 25 mm K" or 500 uM
tolbutamide do not release SST. Hence, it is con-
ceivable that this 8-cell line undergoes dedifferen-
tiation and loses its capability of secreting SST or
that SST gene expression is repressed by DNA
modification.

SST is a protein with anti-proliferative and anti-
secretory activity.*"*> Therefore, the specific sup-
pression of SST gene expression is a prerequisite

for proper cell proliferation. Epigenetic alterations,
such as DNA cytosine methylation of CpG sites in
oncogenes and tumor-suppressor genes, have been
extensively described in cancer cells and various
cell lines.**** This process is mainly catalyzed by
DNMT. Of note, the SST gene is hypermethylated
in different stages of tumors*>*" and demethyla-
tion drugs can restore SST gene expression.*®*
Hence, we assume that this epigenetic machinery
also silences SST gene expression in the herein used
RIN14B cells. In fact, we could show that the
DNMT inhibitor AZA promotes the expression of
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SST. In addition, CK2 affects SST expression, as
shown by a higher expression of SST after CK2
inhibition. We have reported that CK2 phosphor-
ylates PDX1 and this phosphorylation represses its
transactivation activity by reducing PDXI1
stability.” It is known that the SST promoter har-
bors several PDX1 consensus sites,” which are
important for SST gene expression.'” Accordingly,
the elevated SST expression after CX-4945 or SGC
exposure may be caused by increased PDX1 stabi-
lity and, thus, activity. Indeed, we found that over-
expression of the phosphorylation-deficient
mutant of PDX1 increases SST expression when
compared to overexpression of WT PDXI.

We next used murine and human isolated pan-
creatic islets to evaluate the effect of CK2 inhibition
on SST expression. In line with our in vitro results,
we found that CK2 inhibition significantly reduces
the expression and secretion of SST. This indicates
that the CK2-dependent regulation of SST expres-
sion is species-independent. However, it should be
noted that the complex paracrine communication
between a-, B-, §-cells may additionally affect SST
expression. For instance, Svendsen et al.”' showed
that exogenous glucagon stimulates SST secretion
through glucagon and glucagon like peptide
(GLP)-1 receptors. We reported that CK2 inhibi-
tion reduces glucagon secretion.'® Hence, it is con-
ceivable that the herein observed increased SST
expression is weakened by the decreased glucagon
secretion after CK2 inhibition.

In this study, we could show that the treatment
of mice with CX-4945 leads to higher plasma insu-
lin levels and lower plasma glucagon levels. This is
in line with our previous study showing that sys-
temic CK2 inhibition affects the secretion of the
two hormones.'® We were not able to measure SST
plasma levels after CK2 inhibition. This is most
probably due to the extremely short half-life
(~2 min) of SST.?®? To overcome this problem,
we determined SST expression in pancreatic tissue
of CX-4945-treated mice. As expected, we detected
an upregulated SST expression.

Besides pancreatic islets, SST is expressed in
additional organs, such as the central nervous sys-
tem, stomach and intestine.*”>>> SST predomi-
nantly exerts endocrine and exocrine inhibitory
effects across multiple systems, such as cell prolif-
eration, cell migration, hormone secretion and

angiogenesis.”>>* Hence, synthetic analogues of
SST are widely used in clinical practice for the
treatment of neuroendocrine tumors and acrome-
galy, which are associated with a high SSTR
e)(pression.30’3 1,3953.35 The overexpression of CK2
in cancer promotes cell proliferation and migration
by dysregulating signaling pathways, such as
nuclear factor-kappa (NF-k)B and phosphoinosi-
tide 3-kinase (PI3K)/Akt.>® Based on these central
functions of CK2 in tumorigenesis, it is not surpris-
ing that a broad spectrum of CK2 inhibitors has
been developed, culminating in the synthesis of
CX-4945."7 This compound has a high
bioavailability”” and is currently tested in phase
I and II clinical trials for the treatment of different
cancer types, such as medulloblastoma
(NCT03904862) and  multiple myeloma
(NCT01199718). Therefore, it is conceivable that
targeting CK2 by CX-4945 represents a promising
therapeutic approach for the treatment of SSTR-
positive tumors not only by upregulation of SST
expression but also by repressing further oncogenic
pathways.

In the present study, we found that CK2 inhibi-
tion increased SST expression in §-cells of murine
and human islets. The analysis of the underlying
mechanisms revealed that this was due to an ele-
vated transcriptional activity of PDXI. These
results together with the results of previous studies
showing that CK2 inhibition increases insulin and
decreases glucagon expression, clearly illustrate the
crucial role of CK2 in regulating glucose
homeostasis.

Materials and methods
Materials

Collagenase NB 4 G was purchased from SERVA
Electrophoresis GmbH (Heidelberg, Germany).
Neutral red solution, Tween 20 and Hoechst
33,342 were purchased from Sigma-Aldrich
(Taufkirchen, Germany). Ketamine
(Ursotamin®) was purchased from Serumwerk
Bernburg (Bernburg, Germany) and Xylazine
(Rompun®) from Bayer (Leverkusen, Germany).
Bovine serum albumin (BSA) and fetal calf
serum (FCS) were purchased from Santa Cruz
Biotechnology (Heidelberg, Germany). Cell lysis



reagent QIAzol and QuantiNova Reverse
Transcription Kit were purchased from Qiagen
(Hilden, Germany). HepatoQuick® as well as
WST and LDH assays were purchased from
Roche (Basel, Switzerland). The qScriber cDNA
Synthesis Kit and ORA SEE qPCR Green ROX
L Mix were purchased from HighQu (Kraichtal,
Germany). The CK2 inhibitors CX-4945 and
SGC (SGC-CK2-1) were purchased from
SelleckChem (Munich, Germany). Protein assay
dye reagent and luminol-enhanced chemilumi-
nescence (ECL) Western blotting substrate were
purchased  from  Bio-Rad  Laboratories
(Feldkirchen, Germany). Lipofectamine 3000,
Roswell Park Memorial Institute (RPMI) med-
ium 1640 and insulin ELISA kit were purchased
from Fisher Scientific GmbH (Schwerte,
Germany). Somatostatin ELISA kit was pur-
chased  from  Phoenix  Pharmaceuticals
(Burlingame, USA). Glucagon ELISA kit was
purchased from R&D systems
(Minneapolis, USA).

Antibodies

The anti-pAktS129 antibody (ab133458) was
from Abcam (Cambridge, UK). The anti-AKT

antibody (11E7) was from Cell Signaling
(Frankfurt am Main, Germany). The anti-CK2p
antibody (E9) was from Santa Cruz

Biotechnology (Heidelberg, Germany). The anti-
B-Actin (AC-74) and the anti-FLAG were
(F1804) were from Sigma Aldrich (Taufkirchen,
Germany). The generation of the anti-CK2a anti-
body was described previously.”® PDX1 was iden-
tified with a polyclonal antiserum generated by
immunizing rabbits with recombinant mouse
PDX1."* The peroxidase-labeled anti-rabbit anti-
body (NIF 824) and the peroxidase-labeled anti-
mouse antibody (NIF 825) were purchased from
GE Healthcare (Freiburg, Germany).

Cell culture

The rat RIN-14B cells (ATCC: CRL-2059) were
cultivated in RPMI supplemented with 10% (v/
v) FCS in a humidified atmosphere with 5%
CO, at 37°C. Transient transfection was per-
formed with the SST promoter construct or
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different  p3xFlagCMV7.1-PDX1-constructs™
and Lipofectamine 3000 according to the man-
ufacturer’s protocol. The used cell line was free
from mycoplasma contamination.

Western blot analysis

RIN-14B cells or isolated murine islets exposed to
CX-4945 (10 uM), SGC (10 pM) or DMSO as con-
trol for 24 h were harvested and lysed for 30 min at
4°C with lysis buffer (10 mmol/L Tris-HCl, pH 7.5,
10 mmol/L NaCl, 0.1 mmol/L EDTA, 0.5% (v/v)
Triton X-100, 0.02% NaNj; (w/v) supplemented
with 0.5 mmol/L phenylmethylsulfonyl fluoride
(PMSEF) and a protease and phosphatase inhibitor
cocktail (1:75 v/v, Sigma-Aldrich)). The cytoplasmic
and nuclear extracts were generated and analyzed, as
described previously in detail.*

qRT-PCR

Total RNA from RIN-14B cells as well as iso-
lated murine islets exposed to CX-4945, SGC or
DMSO for 24h were extracted using QIAzol
lysis reagent. The corresponding cDNA was
synthesized from the total RNA by
QuantiNova Reverse Transcription Kit and the
qRT-PCR analysis was performed by means of
ORA™ SEE qPCR Green ROX L Mix (highQu,
Kraichtal, Germany). Primer sequences for qRT-
PCR were coded as follows: mouse SST forward
5'-CCCAACCAGACAGAGAATGA -3’ and
reverse 5'- ACAGGATGTGAATGTCTTCCA
-3’ rat SST forward 5'-
GGAAGACATTCACATCCTG -3’ and reverse
5'- GCAGGGTCTAGTTGAG
CAT-3'; GAPDH forward 5'-CGGTGCTG
AGTATGTC-3" and reverse 5'-TTTGGCTCCAC
CCTTC-3".

WST-1 assay

A WST-1 assay was used to analyze the effect of
CK2 inhibition on cell viability by determining the
activity of mitochondrial dehydrogenases. Cells
were seeded in a 96-well culture plate at a density
of 2x 10° cells/well. After 24 h, a WST assay was
performed according to the manufacturer’s
protocol.



10 S. WRUBLEWSKY ET AL.

LDH assay

A LDH assay was used to evaluate the cytotoxic
effects of CK2 inhibition. Cells were seeded in a 96-
well culture plate at a density of 2 x 10> cells/well.
After 24 h, a LDH assay was performed according
to the manufacturer’s protocol.

Reporter luciferase assay

The sequence of the mouse SST promoter was
amplified and the resulting construct was cloned
into the Xhol restriction site of the luciferase repor-
ter vector pGL4.10 (Promega, Mannheim,
Germany). The identity of pGL4.10-glucagon was
verified by sequencing. The transcriptional activity
of the SST promoter was assessed by reporter gene
assays according to the manufacturer’s instructions
(Promega, Mannheim, Germany). Briefly, RIN-
14B cells were seeded in a 24-well plate.
Subsequently, cells were transfected with pGL4
(Mock) or pGL4-SST reporter vector by using
Lipofectamine 3000 for 24 h. In addition, pGL4-
SST-transfected cells were exposed to CX-4945,
SGC or DMSO for 24 h. Then, cells were lysed
and the luciferase activity was detected by
a luminescence plate reader.

Immunofluorescence microscopy

RIN14B cells were seeded on coverslips, fixed with
PBS (3.7 % formalin) for 10 min and subsequently
permeabilized with PBS (0.2 % Triton X-100) for
30 min. Afterward, the cells were blocked in PBS (2
% BSA) for further 30 min at room temperature.
The cells were then incubated with specific primary
antibodies (1:50), which were detected by the cor-
responding fluorescence-coupled secondary anti-
bodies (1:250). Subsequently, the cells were sealed
with mounting media and analyzed by fluorescence
microscopy  (BX60;  Olympus, Hamburg,
Germany).

Animals

All animal care and experimental procedures were
performed according to the German legislation on
protection of animals and the National Institutes of
Health (NIH) Guide for the Care and Use of

Laboratory Animals (Institute of Laboratory
Animal Resources, National Research Council,
Washington DC, USA). The experiments were
approved by the local governmental animal protec-
tion committee (Landesamt fiir Verbraucherschutz
LAV Saarland). Animals were maintained on
a standard 12/12 h day/night cycle. Standard pellet
chow (Altromin, Lage, Germany) and water were
provided ad libitum.

Isolation of murine and human pancreatic islets

Murine pancreatic islets were isolated by collage-
nase-induced enzymatic digestion and purified by
hand picking, as described previously in detail.”"
Isolated islets were cultivated in RPMI 1640 sup-
plemented with 10% (v/v) FCS, 100 U/mL penicil-
lin and 0.1 mg/mL streptomycin for 24 h at 37°C
and 5% CO,. For the determination of SST secre-
tion, we used 30 islets per 24-well.

Human islets were isolated from donor pan-
creata at the Alberta Diabetes Institute IsletCore
(http://www.isletcore.ca.)62 of the University of
Alberta (Edmonton, Alberta, Canada) and were
cultured in low-glucose (5.5 mmol/L) DMEM
with L-glutamine, 110 mg/L sodium pyruvate,
10% FBS and 100 units/mL penicillin/streptomy-
cin. All human islet studies were approved by the
Human Research Ethics Board (Pro00013094;
Pro00001754) at the University of Alberta and all
families of organ donors provided written
informed consent.

Immunohistochemical analyses

Murine islets were incubated for 45 min at 37°C in
100 pL HepatoQuick®, 50 uL human citrate plasma
and 10 pL 10% CaCl, solution. The resulting clot
was also fixed for 24 h in 4% paraformaldehyde at
4°C. After dehydration, the paraffin-embedded
samples were cut into 3-um-thick sections.
Antigens in samples were demasked by citrate buf-
fer and the unspecific binding sites were blocked by
goat serum. Cells were stained with specific pri-
mary antibodies (1:300), which were detected by
the corresponding fluorescence-coupled secondary
antibodies (1:1000). Cell nuclei were stained with
Hoechst 33,342. The sections were analyzed using
a BX60F fluorescence microscope (Olympus).
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SST secretion measurements

The amount of secreted SST was measured by
a SST ELISA kit. For this purpose, RIN14B cells,
30 murine or 20 human islets were cultivated in
KRB buffer (140 mm NaCl, 3.6 mm KCI, 2.6 mm
CaCl,H,0, 0.5 mm MgSO,47 h,0, 0.5 mm NaH,
PO, 2 mm NaHCO;, 5 mm HEPES, 1 mm glucose)
for 30 min at 37 °C and 5% CO,. Subsequently, the
buffer was removed, and the islets were cultivated
in KRB buffer (70 mm NaCl, 70 mm KCI, 2.6 mm
CaCLH,0, 0.5 mm MgSO,7 h,0, 0.5mm NaH,
PO,, 2mm NaHCOj;, 5 mm HEPES, 20 mm glu-
cose) for 2 h. The supernatants were collected, and
the amount of secreted SST was determined by
using a SST ELISA kit according to the manufac-
turer’s protocol.

Analysis of plasma insulin and glucagon levels

in mice

C57BL/6] mice were daily treated by intraperito-
neal injection of CX-4945 (1.5 mg/kg dissolved in
DMSO/PBS) for 3 days. Mice were killed and the
blood was collected. Glucagon secretion was ana-
lyzed by a glucagon ELISA kit and insulin by an
insulin ELISA Kkit.

Statistical analysis

All in vitro and ex vivo experiments were repro-
duced at least three times. Differences between two
groups were assessed by an unpaired Student’s
t-test. One way ANOVA was applied when com-
paring multiple groups. This was followed by the
Tukey post-hoc test by means of Prism software 8
(GraphPad). The results were expressed as mean +
SD. Statistical significance was indicated as *p
<0.05.
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