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The proliferation of pancreatic 8 cells is enhanced to enable an increase in 8-cell mass and to compensate
for insulin resistance during pregnancy. To elucidate the mechanisms involved, we previously in-
vestigated islets from pregnant and nonpregnant mice by gene expression profiling and found that the
expression of postsynaptic density-95/Discs large/zonula occludens-1 (PDZ)-binding kinase (Pbk), a
member of the mitogen-activated protein kinase kinase family, is increased in pregnant mouse islets
compared with control mouse islets. Among the pregnancy hormones, treatment with estradiol up-
regulated Pbk expression. Inhibition of Pbk expression using a small interfering RNA for Pbk reduced
bromodeoxyuridine incorporation in mouse insulinoma 6 cells, which was accompanied by a decreased
expression of Ccnbl, a regulatory gene involved in mitosis. Ccnb1 expression was augmented in mouse
islets during pregnancy. The forced expression of Pbk using an adenovirus system in isolated mouse
islets increased Ccnbl expression, and the Pbk inhibitor HI-TOPK-032 suppressed Ccnbl expression
in islets isolated from pregnant mice. Our results suggest that Pbk contributes to the expansion of islets
during pregnancy and that Ccnbl may assist Pbk in its role in B-cell proliferation.
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Pregnancy results in hormonal changes, which in turn induce insulin resistance to shift
nutrients from the mother to the fetus. Previous studies using rodents demonstrated that
during pregnancy, B-cell mass is increased to enhance insulin secretion and to compensate for
the insulin resistance [1, 2]. B8 cells express receptors that recognize pregnancy hormones, and
this likely contributes to the changes in B-cell function and/or survival during pregnancy.
Heterozygous prolactin receptor—deficient mice were unable to augment B-cell mass during
pregnancy [3, 4]. Prolactin represses the expression of Menin, which is an endocrine tumor
suppressor through the upregulation of cyclin-dependent kinase inhibitors, and enhances the
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expression of FoxM1, which plays a crucial role in islet expansion [5, 6]. Furthermore,
prolactin elicits serotonin production by upregulating the expression of rate-limiting enzymes
of serotonin synthesis, namely tryptophan hydroxylase 1 and 2 (Tph1 and Tph2, respectively)
in mouse islets [7, 8], and the increased secretion of serotonin plays a key role in B-cell
proliferation. Estrogen is also involved in the hormonal changes that alter B-cell function
during pregnancy. The activation of estrogen signaling enhances glucose-stimulated insulin
secretion through inhibition of the adenosine triphosphate—sensitive potassium channel and
protects oxidative stress- and cytokine-induced B-cell apoptosis [9—11]. These studies suggest
that pregnancy hormones play key roles in increasing B-cell mass, enhancing insulin se-
cretion, and preserving 8 cells. Whereas several mechanisms underlying this phenomenon
have been studied, the mechanisms underlying the changes that occur during pregnancy
remain unclear.

Postsynaptic density-95/Discs large/zonula occludens-1 (PDZ)-binding kinase (Pbk) is a
member of the serine/threonine kinases and was originally identified as a mitogen-activated
protein kinase kinase (MAPKXK) by two independent groups [12, 13]. Pbk comprises 322 amino
acids, of which 89% are conserved between human and mouse. Pbk is expressed in the
placenta, testis, heart muscle, and pancreas and is weakly expressed in skeletal muscle,
kidney, liver, and lung. Neural progenitor cells also express Pbk during the preneonatal and
postneonatal period [14]. It is noteworthy that Pbk is abundantly expressed in malignant
neoplasms, including Burkitt lymphoma and leukemia cells, as well as breast, lung, colon, and
prostate cancers [12, 15—20]. Previous studies demonstrated that Pbk plays a role in tumor
growth and metastasis. Therefore, an increase in Pbk expression could be a predictor of
disease progression and poor prognosis [18, 21-23]. Pbk is phosphorylated by the cyclin-
dependent kinase (Cdk) 1/cyclin B complex and induces cell proliferation through the acti-
vation of p38 mitogen-activated protein kinase (MAPK), Erk, and phosphoinositide 3-kinase
(PI8K), or inactivation of p53 [12, 18, 24-26]. Interestingly, the inhibition of Pbk suppressed
the growth of transplanted tumors in a mouse model of colon cancer, suggesting that Pbk
plays key roles in the proliferation of many cell types [26—28].

In a previous study, we performed comprehensive gene expression analyses using islets
1solated from nonpregnant and pregnant mice at gestational day (G)12.5 and found that the
expression of Pbk is augmented in mouse islets during pregnancy [7]. Because Pbk is involved
in the proliferation of many cell types, we hypothesized that Pbk plays a role in B-cell
proliferation during pregnancy. Hence we aimed to elucidate the role of Pbk in 3 cells during
pregnancy.

1. Material and Methods
A. Antibodies and Reagents

The polyclonal rabbit antibody against PDZ-binding kinase (PBK) was purchased from BD
Biosciences [Research Resource Identifier (RRID): AB_399542; 12, 13]. Monoclonal mouse
antibodies against p53 (RRID: AB_331743), p38 MAPK (RRID: AB_331298), phospho-p38
MAPK (RRID: AB_331296), and glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
(RRID: AB_561053) were purchased from Cell Signaling. The polyclonal goat IgG against
cyclin B1 (RRID: AB_1964555) was purchased from R&D Systems. The antibody against p21
was purchased from Proteintech (RRID: AB_11042450). The monoclonal mouse antibody
against B-actin was purchased from Sigma-Aldrich (RRID: AB_476692). The Pbk inhibitor
HI-TOPK-032 was purchased from Merck Millipore.

B. Cell Culture

MIN6 mouse insulinoma cells were maintained in Dulbecco’s modified Eagle’s medium
supplemented with 15% [volume-to-volume ratio (v/v)] fetal calf serum, 10 mM HEPES, and
1% (v/v) penicillin and streptomycin (ThermoFisher Scientific) under 5% CO, at 37°C. MIN6
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cells were treated with or without 100 nM estradiol or 5 pM HI-TOPK-032 for the indicated
times.

C. RNA Interference

Stealth small interfering RNAs (siRNAs) against Pbk (si-Pbk or si-Pbk2) or nontargeting
sequences (si-scramble) were purchased from Life Technologies and transfected into MIN6
cells using Lipofectamine RNAIMAX Transfection Reagent (ThermoFisher Scientific)
according to the manufacturer’s instructions. Seventy-two hours after transfection, cells were
obtained for isolation of total RNA or total protein. Sequences of siRNAs used in this study
were as follows: si-Pbk: 5'- GCUUUGGAACUAGAUGGCCAAUGUU -3'; si-Pbk2: 5- CAG-
AAGAGACUAACUGAUGAAGCUA -3'; and si-scramble: 5-UAAAUGUACUGCGCGUGG-
AGAGGAA-3'.

D. Quantitative Reverse Transcription Polymerase Chain Reaction

MING cells (7 X 10°) were seeded in 6-well plates and transfected with si-Pbk, si-Pbk2, or si-
scramble. Seventy-two hours after transfection, total RNA was extracted from the cells by
using RNeasy Mini kit (Qiagen) according to the manufacturer’s instructions. Comple-
mentary DNA was synthesized by using SuperScript III Reverse transcription (Thermo-
Fisher Scientific). Reaction mixtures for PCR were prepared by using FAST SYBR Green
Master Mix (Life Technologies) according to the manufacturer’s instructions, and quanti-
tative PCR was performed by using the 7500 Fast Real-Time PCR System (ThermoFisher
Scientific). The condition for PCR was 40 cycles of 95°C for 3 seconds and 60°C for 30 seconds.
Primer sequences for quantitative reverse transcription (QRT)-PCR are shown in the Sup-
plemental Table.

E. Immunoblot Assays

MING cells (1 X 10° cells) were seeded onto 10-cm dishes. After 2 days, the cells were washed
twice with phosphate-buffered saline and then lysed by adding cell lysis buffer containing
140 mM of NaCl, 20 mM of Tris, 1 mM of EDTA, 50 mM of NaF, 2 mM of MgCl,, 1 mM of
phenylmethylsulfonyl fluoride, 25 U/mL of Benzonase (Merck), and 1 X Halt™ Protease
Phosphatase Inhibitor Cocktail (ThermoFisher Scientific). Approximately 20 wg of total
protein was separated by using 4% to 15% Mini-PROTEAN TGX Precast Gels (Bio-Rad),
transferred to polyvinylidene fluoride membranes and incubated with antibodies against
PBK (1:1000), p53 (1:1000), cyclin B1 (1:1000), p38 MAPK (1:1000), phospho-p38 MAPK
(1:1000), B-actin (1:5000), p21 (1:500), or GAPDH (1:5,000). Bound primary antibodies were
detected with peroxidase-coupled secondary mouse, rabbit, or goat antibodies (RRID:
AB_2340069, AB_2313567, AB_2340390), and IRDye®-conjugated secondary mouse or rabbit
antibodies (LI-COR Biosciences; RRID: AB_621840, AB_621841). Immunoblots were visu-
alized by using the Odyssey (LI-COR Biosciences) or SuperSignal West DURA system (Pierce)
with ECL-Plus™ (Amersham Biosciences).

F. Bromodeoxyuridine Incorporation Assay

Twenty-four hours before transfection, 1 X 10* MING6 cells were seeded in 96-well plates and
then transfected with si-Pbk, si-Pbk2, or si-scramble. Seventy-two hours after transfection or
24 hours after treatment with 5 puM HI-TOPK-032, the proliferation of MING6 cells was
analyzed by using Cell Proliferation ELISA and Bromodeoxyuridine (BrdU; Roche Di-
agnostics). Briefly, MING cells were incubated with 10 uM BrdU for 2 hours, and the inte-
grated BrdU was detected by using a peroxidase-conjugated anti-BrdU monoclonal antibody.
After the addition of tetramethyl-benzidine as a substrate, BrdU incorporation was measured
by absorbance at a wavelength of 370 nm by using an xMark™ microplate spectrophotometer
(Bio-Rad).
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G. Mouse Experiments

C57BL/6J mice were mated at 12 weeks old and euthanized at the indicated gestational ages.
Mouse islets were isolated from pregnant mice and nonpregnant littermates according to a
previous study [29] and were maintained in RPMI1640 supplemented with 10% (v/v) fetal calf
serum and 1% (v/v) penicillin and streptomycin. Isolated mouse islets were treated with
100 nM estradiol, 44.2 mM prolactin, 10 IU/mL human chorionic gonadotropin or 10 pM
progesterone, and then total RNA was isolated as previously described. Animal experiments
were performed with the approval from the Ethics Review Committee for Animal Experi-
mentation of Juntendo University.

H. Statistical Analysis

All data are presented as the mean * standard error of the mean. Comparisons involving two
groups were analyzed by the Student ¢ test. One-way analysis of variance followed by the
Tukey-Kramer test was used for comparisons among three or more groups. A P value < 0.05
was considered to indicate a statistically significant difference between two groups.

2. Results
A. Pbk Expression is Augmented in Mouse Islets During Pregnancy

We previously performed comprehensive gene expression analysis using isolated islets from
nonpregnant and pregnant mice on G12.5 and identified that the rate-limiting enzymes for
serotonin synthesis, namely Tphl and Tph2, are upregulated and contribute to B-cell pro-
liferation [7, 8, 30]. To identify other candidate genes regulating maternal 8-cell growth and/
or function, we focused on Pbk among the genes upregulated during pregnancy, owing to our
above results [7]. To confirm the changes in Pbk expression during pregnancy, we isolated
islets from nonpregnant and pregnant mice at G14.5 and quantitated Pbk expression by qRT-
PCR. As shown in Fig. 1A, expression of Pbk and E2f1, which is a transcription factor that
regulates Pbk expression [31], were increased during pregnancy. In addition, immunoblotting
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Figure 1. Pbk expression is increased in mouse islets during pregnancy. (A) Islets were
isolated from nonpregnant and pregnant mice at G14.5 for qRT-PCR analysis. Expression
levels of Pbk and E2f1 were normalized to Tbp expression levels. Results are shown as the
means * standard error of the mean; n = 3. *Statistically significant difference (P < 0.05)
compared with the islets isolated from nonpregnant mice. (B) Islets were isolated from
nonpregnant and pregnant mice at G14.5 and subjected to immunoblot using PBK and
B-actin antibodies. Upper panels show a representative immunoblot. Relative protein levels
of Pbk were normalized to B-actin (n = 4).
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using an anti-Pbk antibody demonstrated an increasing tendency of Pbk protein expression in
the islets from pregnant mice compared with those from nonpregnant mice (Fig. 1B).

B. Estradiol Upregulates Pbk Expression in Mouse Islets

Because pregnancy hormones contribute to the expansion of islets during pregnancy, it is
likely that pregnancy hormones regulate Pbk expression. Thus, we incubated islets with
various pregnancy hormones at concentrations equivalent to those present in pregnant mice
in the second trimester, and we investigated the expression of various genes that are reported
to be involved in the expansion of islets during pregnancy. Whereas we observed a robust
increase in the expression of Tphl by prolactin, as shown previously [7], the expression of Pbk
was significantly upregulated by estradiol, but not by the other hormones (Fig. 2A). Although
mouse islets treated with estradiol showed a tendency of increased E2f1 expression, there was
no significant difference from E2f1 levels in islets treated with vehicle. On the other hand, in
MIN 6 cells, the expression levels of Pbk and E2f1 were increased by estradiol (Fig. 2B). Thus,
during pregnancy, estradiol may enhance Pbk expression in 8 cells via both E2f1-dependent
and E2fl-independent mechanisms.

C. Suppression of Pbk Expression Attenuates Cell Proliferation in MIN6 Cells

To investigate the role of Pbk in B-cell growth, we suppressed Pbk expression in mouse
insulinoma MING6 cells using the RNA interference method and HI-TOPK-032, a phar-
macological inhibitor of Pbk. As shown in Fig. 3A and 3B, treatment of MING cells with an
siRNA against Pbk (si-Pbk) that we designed effectively decreased Pbk messenger RNA
(mRNA) levels and protein levels. Under this condition of decreased Pbk expression, we
analyzed cell proliferation by BrdU incorporation and found that the proliferation rate of
MING cells was decreased by 37% (Fig. 3C). This decrease in proliferation was reproducible
in MING cells transfected with a different siRNA against Pbk (si-Pbk2) (Fig. 3D and 3E). In
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Figure 2. Estradiol upregulates Pbk expression in isolated mouse islets and MING6 cells. (A)
Islets were isolated from 12-week-old female mice; treated with 100 nM estradiol, 10 .M
progesterone, 44.2 mM prolactin, or 10 IU/mL human chorionic gonadotropin (Heg) for 24
hours; and then subjected to qRT-PCR (n = 4). *Statistically significant difference (P < 0.05)
compared with islets treated with vehicle. (B) MING6 cells were treated with or without 100
nM estradiol for 24 hours. Total RNA was isolated for qRT-PCR analysis (n = 4). Expression
levels of each gene were normalized to Tbp expression. *Statistically significant difference

(P < 0.05) compared with MING6 cells treated with vehicle. Results are shown as the means =
standard error of the mean.
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Figure 3. Pbk knockdown reduces cell proliferation in mouse insulinoma MING6 cells. (A)
Seventy-two hours after transfection with si-Pbk or si-scramble, total RNA was isolated from
MING cells for analysis of Pbk expression. Expression levels of Pbk were normalized to Tbp
expression (n = 3). (B) After knockdown using si-Pbk or si-scramble, total protein was
isolated from MING cells and subjected to immunoblot for PBK and GAPDH. Upper panels
show a representative immunoblot. Relative protein levels of Pbk were normalized to Gapdh
(n = 3). (C) Seventy-two hours after the transfection of MING6 cells with si-Pbk or si-scramble,
the BrdU incorporation assay was performed. (D) Seventy-two hours after transfection

with si-Pbk2 or si-scramble, total protein was isolated from MING6 cells and subjected to
immunoblot for PBK and GAPDH. (E) After knockdown using si-Pbk2 or si-scramble, MIN6G
cells were subjected to BrdU incorporation analysis. (F) Twenty-four hours after treatment
with HI-TOPK-032 (5 pM) or vehicle, BrdU incorporation analysis was performed. Results
are shown as the mean * standard error of the mean. *Statistically significant difference

(P < 0.05) compared with MING cells treated with si-scramble. f£Statistically significant
difference (P < 0.05) compared with MING6 cells treated with vehicle.
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addition, treatment with HI-TOPK-032 also attenuated BrdU incorporation in MING cells
(Fig. 3F).

D. Inhibition of Pbk Does Not Alter the Expression of p53-Target Genes in MIN6 Cells

Pbk is a member of the MAPKK family, which phosphorylates p38 MAPK and contributes to
cell growth in breast cancer Michigan Cancer Foundation 7 cells [32]. Although we performed
immunoblotting using an antiphospho-p38 MAPK antibody, the phosphorylated form of p38
MAPK could not be detected in MING cells at the steady state, as previously reported (data not
shown) [33]. In the HT-1080 fibrosarcoma cell line, Pbk interacts with p53 and the ectopic
expression of Pbk induces the destabilization of p53 [34]. In colon cancer cells, pharmaco-
logical inhibition of Pbk increased p53 protein levels and inhibited cell proliferation [26]. In
contrast, knockdown of Pbk using short hairpin RNA increased p53 activity without affecting
p53 protein levels, and upregulated the p53-target gene Cdknla, which encodes p21, in
colorectal carcinoma HCT-166 cells [27]. To investigate the effect of Pbk on p53 expression, we
performed immunoblotting for p53 in MING6 cells treated with si-Pbk or HI-TOPK-032 and
found that the expression of p53 was augmented by both methods of Pbk suppression (Fig. 4A
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Figure 4. Expression levels of p53-target genes are not altered by Pbk knockdown in

MING cells. (A) Seventy-two hours after transfection of MING cells with si-Pbk or si-scramble,
total protein was isolated for immunoblot analysis. Upper panels show representative
immunoblots of p53 and GAPDH. Relative protein levels of p53 were normalized to those of
Gapdh (n = 4). *Statistically significant difference (P < 0.05) compared with MING6 cells
transfected with si-scramble. (B) Six hours after treatment with HI-TOPK-032 (5 nM) or
vehicle, total protein was isolated for immunoblot analysis using anit-p53 and GAPDH
antibodies. IStatistically significant difference (P < 0.05) compared with MING6 cells treated
with vehicle. (C) After knockdown using si-Pbk or si-scramble, total RNA was isolated from
MING cells to analyze the expression levels of p53-target genes, including Cdknla, Pten, Bax,
Fas, and Gadd45a. Expression levels of each gene were normalized to those of Thp. Results
are shown as the means * standard error of the mean; n = 3. (D) Total RNA was isolated
from islets of pregnant or nonpregnant mice to analyze the expression levels of p53-target
genes (n = 4).

and 4B). p53 contributes to cell cycle arrest and apoptosis through the transactivation of
Cdknla, Pten, Bax, Fas, and Gadd45a [35—38]. Thus, we analyzed the expression of p53 target
genes by qRT-PCR. However, Pbk suppression did not alter the expression of p53 target
genes, such as Cdknla, Pten, Bax, Fas, and Gadd45a, nor p21 protein levels (Fig. 4C and data
not shown). In addition, pregnancy did not change the expression of these genes in mouse
islets (Fig. 4D). These results suggest that the role of Pbk on B-cell proliferation may be
independent of the p53 target genes mentioned above.

E. Pbk Regulates Ccnbl Expression in Islets of Pregnant Mice

Because the suppression of Pbk reduced cell proliferation in MING6 cells and p53-targeted
genes showed no change in Pbk suppression in MING6 cells, we analyzed the expression of
genes regulating the cell cycle to identify Pbk-target gene candidates. As shown in Fig. 5A,
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Figure 5. Pbk knockdown attenuates Ccnbl expression in MING6 cells. (A) Expression
levels of genes regulating the cell cycle were analyzed by qRT-PCR in MING6 cells
transfected with si-Pbk or si-scramble. *Statistically significant difference (P < 0.05)
compared with MING cells transfected with si-scramble. (B) Six hours after treatment
with HI-TOPK-032 (5 pM) or vehicle, total RNA was isolated from MING6 cells for qRT-
PCR analysis (n = 3). {Statistically significant difference (P < 0.05) compared with MIN6
cells treated with vehicle. (C) Isolated mouse islets were incubated with adenoviruses
expressing Pbk or GFP and then subjected to qRT-PCR analysis (n = 3). Expression levels
of each gene were normalized to those of Tbp. Results are shown as the mean * standard
error of the mean. §Statistically significant difference (P < 0.05) compared with islets
treated with green fluorescent protein—expressing adenoviruses. (D) MING6 cells were
transfected with si-Pbk or si-scramble, followed by immunoblotting for PBK and GAPDH.
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Upper panels show representative immunoblots. The lower panel shows relative protein
levels of Pbk, which were normalized to those of Gapdh (n = 3). *Statistically significant
difference (P < 0.05) compared with MING6 cells transfected with si-scramble. (E) Six hours
after treatment with HI-TOPK-032 or vehicle, total protein was isolated from MING cells for
immunoblot analysis. fStatistically significant difference (P < 0.05) compared with vehicle-
treated cells. Results are shown as the mean + standard error of the mean; n = 3.

Pbk knockdown attenuated the expression of Ccna2, Cenbl, Cenb2, Cend2, Cend3, Cdkl,
and Cdk4. To confirm these findings, we used HI-TOPK-032 and found that treatment with
this inhibitor also attenuated the expression of these genes in MING6 cells (Fig. 5B). In
addition, we isolated mouse islets and enhanced their expression of mouse Pbk using an
adenovirus vector system. Interestingly, among these genes, Ccnbl was the only gene to be
upregulated in response to the forced expression of Pbk (Fig. 5C). Similar to the changes in
Ccnbl mRNA, immunoblotting analysis showed that cyclin B1 was reduced in MING cells by
Pbk knockdown as well as treatment with HI-TOPK-032 (Fig. 5D and 5E). Previous data
showed that p53 interrupts the cell cycle through the suppression of Ccnbl [39]. To in-
vestigate whether a similar system is involved in the regulation of B-cell proliferation, we
suppressed Pbk expression and then treated MING cells with the p53 inhibitor Pifithrin-a.
However, inhibition of p53 did not reverse the reduction in Cenbl expression (data not
shown).

Finally, we investigated the expression of these genes in islets isolated from pregnant mice.
As shown in Fig. 6, Ccna2 and Ccnb 1 levels were increased in the islets of pregnant mice, and
treatment with HI-TOPK-032 attenuated Ccnbl expression.

3. Discussion

Pbk is expressed in proliferative fetal tissues, and its expression is observed in limited types of
adult tissues [15]. Interestingly, we found that the expression of Pbk is augmented in islets
during pregnancy. As Pbk contributes to tumor cell growth, we hypothesized that Pbk is
involved in the expansion of B-cell mass in pregnancy. In this study, we found that estradiol
enhanced the expression of Pbk. In addition, the forced expression of Pbk enhanced the
expression of Cenb in islets, and the augmented expression of Cenbd 1 in islets from pregnant
mice was suppressed by the inhibition of Pbk. Although we could not directly investigate the
effect of Pbk on the cell proliferation of pregnant islets, the suppression of Pbk attenuated
BrdU incorporation in MING cells, indicating that Pbk is involved in the regulation of 8-cell
proliferation. Furthermore, Pbk knockdown reduced the mRNA expression levels of several
cell-cycle genes, including Cenbl.
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Figure 6. Attenuation of Cenbl expression by a Pbk inhibitor in isolated islets of pregnant
mice. Isolated mouse islets were incubated with 5 pM HI-TOPK-032 or vehicle for 24 hours
and then subjected to qRT-PCR analysis. Expression levels of each gene were normalized to
Tbp expression (n = 4). *Statistically significant difference (P < 0.05) compared with islets of
nonpregnant mice. §Statistically significant difference (P < 0.05) compared with islets of
pregnant mice treated with vehicle.
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To identify the upstream signal of Pbk expression, we treated isolated mouse islets with
several pregnancy hormones and identified that estradiol upregulates Pbk expression. The
role of the estrogen signal on B cells is controversial. Whereas Le May et al. [40] showed that
treatment with estradiol inhibited B-cell apoptosis without affecting B-cell proliferation in a
streptozotocin-induced diabetic mouse model, replacement therapy for estradiol was reported
to contribute to B-cell proliferation in a mouse model of ovariectomy with subtotal pancre-
atectomy [41]. In addition, treatment with a selective estrogen receptor 8 agonist increased
the number of BrdU-positive cells in mouse islets [42]. Given that in pregnancy, estrogen
induces B-cell proliferation by cooperating with other humoral factors, our results suggest
that Pbk is involved in the estrogen signaling pathway.

Although the necessity of Ccnbl for B-cell proliferation has not yet been elucidated,
previous studies showed that the expression of cyclin Bl is associated with B-cell pro-
liferation. Ackermann et al. [43] demonstrated that the expression of Ccnbl was increased
during the expansion of mouse islets in a mouse partial pancreatectomy model. In addition,
the enhanced expression of cyclin B1 is also observed with the overexpression of the onco-
protein MafB in cultured BTC3 cells [44]. Thus, the enhanced expression of Ccnbl by Pbk
during pregnancy may play a role in the expansion of B-cells mass. Further analyses to
investigate the role of Ccnb1 on B-cell proliferation are required in the future.

As previously shown, we found that CcnaZ2 expression is increased in mouse islets during
pregnancy [7]. Ccna2 overexpression was reported to enhance B-cell proliferation [45], and
thus Ccna?2 is a possible candidate downstream target of Pbk that mediates B-cell pro-
liferation [45]. Pbk knockdown attenuated the expression of Ccna2 in MING cells and the
pharmacological inhibition of Pbk also demonstrated a decreasing tendency of Ccnal ex-
pression in isolated islets from pregnant mice. However, the forced expression of Pbk was
unable to upregulate Ccna2 in mouse islets. This phenomenon can be explained if Pbk is able
to enhance Ccnal expression, by cooperating with other essential factors that are upregulated
in pregnancy. Thus, it is possible that CcnaZ2is the main mediator of Pbk function in pregnant
islets.

p53 is a tumor suppressor that plays important roles in cell cycle arrest and apoptosis, and
its fundamental functions are well established in cancer research [46, 47]. Pbk directly binds
p53 and inhibits the functions of p53. Previous studies demonstrated that the inhibition of p53
increased the expression of Cdknla, the gene encoding p21, which inhibits the activity of
cyclin/Cdk complexes. p53 also contributes to mitochondrial function and proliferation in
B cells [48, 49]. Whereas knockdown of Pbk increased p53 protein levels in MING cells, Cdkn la
expression levels were not altered. The expression of Cdknla may be regulated independently
of p53 in B cells [560]. We evaluated the expression of other p53-target genes regulating cell
proliferation or apoptosis. However, the suppression of Pbk did not alter the expression of
those genes. Because p53 plays an important role in tumor growth and controls the tran-
scription of many genes, it is possible that p53 might contribute to the effects of Pbk other than
on the cell cycle in B cells.

4. Conclusion

Here, we propose a role of Pbk in the expansion of islets in pregnant mice. During pregnancy,
an increased estrogen level upregulates the expression of Pbk. This enhanced expression of
Pbk increases Ccnbl and possibly Ccnal. The enhanced expression of Cenbl and Cenal2 may
induce B-cell proliferation. Although direct evidence that Pbk and Ccnbl are involved in the
expansion of B-cell mass in pregnancy is lacking, here we showed evidence to support such a
role.
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