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Polymorphisms of Paired box 4 (PAX4) were associated with type 2 diabetes
(T2D) in East Asian population and mutations of PAX4 caused maturity onset diabetes
of the young, type 9 (MODY9). The role of Pax4 in pancreatic beta-cell survival and/or
proliferation has been reported and a decrease in beta-cell number contributes to the
pathogenesis of T2D and MODY. To better understand the critical role that Paxd exerts
in pancreatic beta-cells, this study generated Pax4 knockdown INS-1 832/13 cells using
specific siRNA and identified transcriptional regulatory network of genes involved in beta-
cell survival. PAX4 knockdown (KD) cells displayed a 2.5-fold increase in beta-cell
apoptosis and reduce in beta-cell viability. Down-regulation of Wnt3a, Bcl2l1, and Bcl2l2
gene and protein were confirmed in PAX4 KD cells. Wnt3a and Bcl2(2 (Bcl-w) were firstly
described as target genes regulated by Paxd. Overexpression of PAX4 did not show any
significant increase transcriptional activity on the Wht3a and Bcl2(2 promoters, while it
had significantly increased transcriptional activity on the Bcl2l1 promoter. The cells
overexpressing HNF1A or HNF4A had significantly increased Wnt3a promoter activity, and
those cells expressing HNF1A can also stimulate Bcl2(2 gene promoter. Decreased
expression of Hnfla, but not Hnf4a, was observed in Pax4 KD cells. Furthermore, we
show that Pax4 may play roles in the regulation of Hnfla gene expression. This finding
suggests that decreased Wnt3a gene expression may be partly controlled by HNF4A and
HNF1A, which is regulated by PAX4. For Bcl2l1 gene promoter, we demonstrate that
overexpression of PAX4, HNF1A, and HNF1A can activate the promoter activity. In
addition, we confirm the crucial role of PAX4 in maintaining beta-cell number and
survival of human pancreatic beta-cell line (1.1B4). In conclusion, Pax4 is a crucial
transcription factor regulating beta-cell survival via Wnt3a signaling and anti-apoptotic
pathways. The understanding of PAX4 function and its downstream target may offer a
promising approach for endogenous replenishment of the lost beta-cell mass for DM
treatment.
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EXECUTIVE SUMMARY

Diabetes mellitus (DM) is a group of metabolic disorder characterized by
hyperglycemia resulted from defects in insulin secretion, in insulin action, or the
combination of both defects. Type 2 diabetes (T2D) is characterized by hyperglycemia
resulted from the presence of insulin resistance and impaired insulin secretion. Maturity-
onset diabetes of the young (MODY) is a monogenic form of diabetes, characterized by
autosomal dominant inheritance, early age at onset, and pancreatic beta-cell
dysfunction. Reduction of beta-cell function and beta-cell number can contribute to
insulin deficiency in T2D and in MODY. Moreover, no controlled strategy for restoration
of beta-cell mass has been identified. At the molecular level, pancreatic beta-cell loss
by apoptosis appears to play an important role in the development of insulin deficiency
and the onset and/or progression of the disease. Therefore, a more complete
understanding of the mechanisms that control beta-cell proliferation, survival, and
function is required in order to develop more effective therapies for diabetes. Our group
discovered that mutations of Paired box 4 (PAX4) gene causing MODY, type 9 (MODY9).
Genetic variations of PAX4 have been identified in various types of diabetes including
type 1 diabetes (T1D), T2D, and MODY. We had demonstrated that PAX4 R164W mutant
and R192H variant protein had decreased repression activity on human insulin and
glucagon promoters. Pax4 encodes a transcription factor that promotes pancreatic beta-
cell development and survival. Since the survival or anti-apoptotic role of PAX4 protein
has not totally been clear, we had identified potential target-gene of Paxd in rat
insulinoma cell line (INS-1 832/13). We demonstrate that suppression of Pax4 gene in
INS-1 832/13 cells increased cell apoptosis. Paxd knockdown (KD) cells had decreased
expression of Wnt3a, Bcl2ll, and Bcl2(2 genes, which encoded a growth-promoting
factor or anti-apoptotic proteins. Our study originally reports that Bcl2(2 (Bcl-w) and
Wnt3a are newly identified genes regulated by Pax4. The molecular mechanism
underlying that Paxd protects beta-cell survival might be mediated by up-regulating anti-

apoptotic genes, Bcl2l1 (Bcl-xL) and Bcl2(2 (Bcl-w), and/or Wnt3a gene.



In this project, we explore the exact molecular mechanism of Pax4 in regulating
these identified target-genes including Wnt3a, Bcl2l1, and Bcl2(2, and confirm the role
of PAX4 in human pancreatic beta-cell line (1.1B4). Molecular mechanism underlying
Pax4 regulation on these target-genes were determined using luciferase promoter assay.
Overexpression of PAX4 did not show any significant increase transcriptional activity on
the Wnt3a and Bcl2l2 (Bcl-w) gene promoters, while had significantly increased
transcriptional activity on the Bcl2(1 (Bcl-xL) gene promoter. The cells overexpressing
HNF1A or HNF4A had significantly increased transactivation on the Wht3a sgene
promoter, and those expressing HNF1A can also stimulate Bcl2l2 gene promoter.
Furthermore, we demonstrate the decreased expression of Hnfla, but not Hnf4a, gene
in Pax4 KD cells while increased expression of these genes were observed in PAX4
overexpressing cells. Our results suggest that the decreased Wnt3a gene expression in
Pax4 KD cells may be partly controlled by other transcription factors, such as HNF1A
and HNF4A, and Pax4 may play roles in the regulation of Hnfla gene expression. For
Bcl2ll gene promoter, we show that overexpression of PAX4, HNF-1a, and HNF-4a can
activate the promoter activity. However, studying of exact binding site of PAX4 on this
gene promoter is still needed to clarify further. In addition, we confirm a crucial role of
PAX4 in human pancreatic beta-cell line (1.1B4) which is required to maintain cell
survival and cell number. Human PAX4 might control Wnt3a and Bcl-w protein
expression that are essential for promoting beta-cell proliferation and protecting beta-
cells from stress-induced apoptosis. In conclusion, Pax4d is a crucial transcription factor
regulating beta-cell survival via Wnt3a signaling and anti-apoptotic pathways. The
understanding of PAX4 function and its downstream target may offer a promising

approach for endogenous replenishment of the lost beta-cell mass for DM treatment.



Objectives

To investigate the molecular mechanism by which PAX4 regulates the Wnt
signaling pathway and/or anti-apoptotic gene expressions
To examine the role of PAX4 in human beta-cell line (1.1B4) and to evaluate the

function of human PAX4 on the newly identified target-genes



Research Methodology

1. Cell lines and reagents

1.1 Rat and human insulinoma cell lines

Rat insulinoma cell line (INS-1 82/13) and human pancreatic beta-cell line (1.1B4)
cells are used in this study. These two cell lines are maintained in Roswell Park Memorial
Institute (RPMI) 1640 (Gibco) supplemented with 10% fetal bovine serum (Gibco) and
100 units/ml penicillin and 100 pg/ml streptomycin in a humidified atmosphere at 37°c
and 5% CO,. For INS-1 832/13 cells, the medium is supplemented with 1 mM sodium
pyruvate, 50 uM B-mercaptoethanol, and 10 mM HEPES. The cells are sub-cultured twice
per week following a standard trypsinization protocol.

1.2 Purified Wnt3a protein

Purified full-length mouse Wnt3a protein was purchased from R&D systems.

1.3 Antibodies

Antibodies against Pax4 was purchased from Abcam, CA, USA. Antibodies against
Wnt3a, Bcl-xL, Bcl-w, beta-catenin were purchased from Cell Signaling Technology, MA,
USA.

1.4 Small interfering RNA (siRNA)

Universal negative control siRNA and Stealth siRNA targeting rat Pax4 were
purchased from Invitrogen (CA, USA). siGENOME SMARTpool siRNA targeting human PAX4
and ON-TARGETplus Non-targeting Pool (negative control siRNA) were purchased from
Dharmacon company (Lafayette, CO, USA).

1.5 Reagents and materials for RNA extraction, real-time PCR and Western
blotting

- TRIzol® reagent and SuperScript® Il Reverse Transcriptase kits were obtained

from Life Technologies, Carlsbad, USA.

- Transcriptor First Strand cDNA Synthesis kit LightCycler® 480 SYBR Green |

reagent were purchased from Roche Applied Science, IN, USA.

- Lipofectamine 2000™ transfection reagent was purchased from Invitrogen, CA,

USA.

- Dual-Luciferase® reporter assay system was purchased from Promega, WI, USA.



- Protran nitrocellulose transfer membrane was obtained from Schleicher &

Schuell, NH, USA.

- SuperSignal West pico Chemiluminescent Substrate was obtained from PIERCE,

IL USA.

- FITC AnnexinV apoptosis detection kit was obtained from BD Biosciences, MD,

USA.

1.6 Oligonucleotide primers

Primer Length |Annealing | PCR product
Orientation Nucleotide sequences (5’—3’)

name (bp) Ta (°C) size (bp)
rPax4-134-F | Forward GGAGCCTTAAGGTATCTAACG 21 60

238
rPax4-371-R | Reverse ATAGAGGATACACTGGGAGC 20 60
rPax6-F Forward CCAGCATGCAGAACAGTCAC 20 60

207
rPax6-R Reverse GTCTGATGGAGCCAGTCTCG 20 60
rWnt3a-F Forward TGAATTTGGAGGAATGGTCTCT 22 60

323
rWnt3a-R Reverse TGGGCACCTTGAAGTATGTGTA 22 60
rCycD1-F Forward TGGCCTCTAAGATGAAGGAGA 21 56

170
rCycD1-R Reverse AGGAAGTGTTCGATGAAATCGT 22 56
rBcl2l1-F Forward GAGCAGACCCAGTGAGTGAG 20 56

170
rBel2I1-F Reverse GTCCTGTTCTCTTCGACATCG 21 56
rBcl2I2-F Forward GAGTTTGAGACCCGCTTCC 19 56

362
rBcl212-R Reverse GTCCTCACTGATGCCCAGTT 20 56
rBcl2111-F Forward AGAGATACGGATCGCACAGG 20 56

100
rBel2111-R Reverse GTCTTCCGCCTCTCGGTAAT 20 56
Beta-Actin-F | Forward TGAAGATCCTGACCGAGC 18 60

387
Beta-Actin-R | Reverse CAGTAATCTCCTTCTGCATCC 21 60

2. Restoration of B-cell apoptosis in Pax4 KD cells upon Wnt3a treatment




To prove that increased cell apoptosis in the Pax4 knockdown cells was
mediated through the decreased Wnt3a protein, purified Wnt3a protein (100 ng/ml) was
added into Pax4 knockdown cells and examined for cell apoptosis. If the treatment with
purified Wnt3a can reduce the cell apoptosis, it suggests that the anti-apoptotic role of
Pax4 is mediated by promoting expression of Wnt3a protein. If this does not alter cell
apoptosis, it is possible that anti-apoptotic role of Pax4 is not mediated through Wnt3a

protein, but it may be mediated through others anti-apoptotic protein.
3. In silico prediction of potential PAX4-binding site on target-gene promoter

Potential Paxd-binding site within Wnt3a, Bcl2l1, and Bcl2(2 promoters were
predicted by using computational programs such as PROMO, TRANSFAC®, ContraV2,
and MAPPER2.

4. Cloning of target-gene promoter in luciferase reporter plasmid

Wnt3a promoter region (-1000 to +50 relative to transcription start site) was
cloned into a luciferase reporter plasmid, pGL3-luc+ vector. The pGL3-luc+ vector is a
gift from Associate Professor Dr. Hiroto Furuta from Wakayama University, Wakayama,
Japan. The Bcl2l1 gene promoter (-227 to +562 relative to transcription start site) and
Bcl2l2 promoter (-796 to +236 relative to transcription start site) were inserted into the
Xhol and Kpnl at the 5" and 3" site of pGL3-Luc+ vector. Promoter region of human
HNF1A encoding gene at position -685 to +285 relative to transcriptional start site was
also cloned into pGL3-Luc+ vector, named as pGL3-HNFIA promoter plasmid. All

constructs were verified the correct sequences by using automated DNA sequencing.
5. Analyses of Pax4 transactivation activity on target-gene promoter

Luciferase plasmid harbouring Wnt3a, Bcl-xL, Bcl-w, or HNF1A promoter was co-
transfected with an expression plasmid containing PAX4 wild-type cDNA, HNF1A, or
HNF4A, together with a pRL-SV40 plasmid that encoding a renilla luciferase enzyme
using for normalization. After transfection and cultured for 24 h, cells were harvested
and lysed in a lysis buffer. Lysed supernatant was quantified for firefly and renilla
luciferase enzymatic activities by using dual-luciferase assay in a luminometer machine

(LumatlLB9507). Calculation of normalized luciferase activity is followed this formula:



[Firefly luciferase activity (Sample)/ Renilla Luciferase activity (Sample)]

[Firefly luciferase activity (Basal control)/ Renilla Luciferase activity (Basal control)]

6. SiRNA-mediated knockdown of PAX4 gene expression in human B-cell (1.1B4)
Small interfering RNA (siRNA) fragments against rat Pax4 and human PAX4 were
purchased from Invitrogen and Dharmacon company, respectively. The optimal
condition to suppress endogenous Pax4 gene and protein expression were determined
by varying a concentration of siRNAs and time of cell collection. Specific siRNA targeting
Pax4 and negative control siRNAs were transfected into INS-1 832/13 or 1.1B4 cells using

lipofectamine 2000 reagents (Invitrogen).

7. Examination of Wnt3a and anti-apoptotic gene expressions in PAX4 KD
1.1B4 cells by using polymerase chain reaction (PCR) and real-time PCR

To examine mRNA expression of the Wnt3a and Bcl2(2 genes in PAX4 KD cells,
total RNA was prepared and was reverse transcribed into complementary DNA (cDNA) by
using reverse-transcription PCR. Total RNA was extracted by using Trizol reagent
(Invitrogen). RNA samples were reverse transcribed then cDNA templates were assayed
for level of transcription using a pair of specific primers. For level of transcription of the
genes in PAX4 KD or negative control cells, LightCycler® 480 SYBR Green | Master (Roche)
was used and the reactions were recorded and analyzed using LightCycler® 480

Instrument equipped with a 96-well or 384-well thermal cycler (Roche).

8. Examination of Wnt3a and anti-apoptotic protein expressions in PAX4 KD

1.1B4 cells by Western blot analysis

The expression of PAX4, Wnt3a, Bcl-xL, Bcl-w proteins were determined by using
western blotting. PAX4 KD or negative control cells were collected by standard
trypsinization, washed with PBS, and then lysed with lysis buffer. Protein content was
measured by the Bradford assay (Bio-Rad), and the protein samples were separated on an
10-12% sodium dodesyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and
electrically transferred onto nitrocellulose membrane (Bio-Rad). The target proteins on the
blots were probed with the specific antibodies against Pax4, Wnt3a, beta-catenin, Bcl-xL,
and Bcl-w, followed by horseradish peroxidase (HRP) conjugated antibodies for subsequence

detection by SuperSignal West Pico Chemiluminescent Substrate (Pierce).

9. Analyses of human rat insulinoma cell survivals in PAX4 knockdown cells



9.1 Cell viability assay

Cell viability of Pax4 KD or negative control cells were determined by using
PrestoBlue® Reagent (Invitrogen). INS-1 832/13 or 1.1B4 cells was cultured in 96-well
plates (Costar) then after 24 h incubation, cells were transfected with siRNA targeting rat
Pax4 or human PAX4 at optimal conditions. Then, PrestoBlue® dye was added to the
plate and incubated for further 2-4 h then the absorbance of the color complex was
read at 570 nm with a reference wavelength set at 600 nm using a BIO-TEK Power-Wave
XS multiwell plate reader.

9.2 DNA synthesis using BrdU-incorporation assay

Proliferation of PAX4 KD or negative control cells with or without Wnt3a
treatment was evaluated by using a 5’-Bromo-2’-deoxy-uridine (BrdU) labeling and
detection kit (Roche Diagnostics). The cells were grown onto sterile coverglass in 24-well
plate. After siRNA transfection and cultured for 24 h, the cells were incubated with a
medium containing BrdU and incubated for 4-8 h. Then, cells were fixed and incubated
with anti-BrdU antibody for 1 h followed by detecting with a fluorescein-conjugated IgG
secondary antibody. Nucleus was counterstained with Hoechst33342 dye (Molecular
Probe). Immunofluorescent stained cells were monitored under fluorescence
microscope. Proliferation was quantified by counting cells positive for BrdU staining in
total cell count.

9.3 Cell apoptosis by using AnnexinV/PI staining

Detection of cell apoptosis was performed by using Annexin-V/PI staining and flow
cytometry. Pax4 KD and negative control cells were trypsinized and washed with ice-cold PBS.
The cell pellet was washed in an Annexin-V buffer and resuspended in Annexin V-FITC/PI
solution (BD Bioscience) and incubated on ice for 15 min. At least 10,000 cells were counted
by FACSort™ and FACSCalibur flow cytometers (Becton Dickinson) and data were analyzed by
using Cell Quest software (Becton Dickinson) and Flowjo software (LLC, USA)

10. Statistical analysis
Statistical difference between means of two compared groups were determined by
Student’s t-test using SPSS software version 21.0 (SPSS Inc, NY, USA) and a GraphPad Prism5

software (GraphPad, San Diego, USA). p-value <0.05 was considered statistically significant.



Results

1. Examination of INS-1 cell viability in Pax4 knockdown cells by using Prestoblue

viability assay

INS-1 832/13 cells were cultured in 96-well plate and transfected with universal
negative control siRNA and siRNAs targeting Pax4 using Dharmafect transfection reagent.
After transfection and culture for 24, 48, and 72 h, cells were incubated with Prestoblue
cell viability dye for 2 h and then absorbance were measured at 570 nm and 600 nm
(reference wavelength) . The results showed that Pax4 knockdown cells had a
significantly decreased cell viability when compared to that of negative control cells in
every time points of measurement (Fig 1). The results were confirmed in three

independent experiments.
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Figure 1. Cell viability assay of INS-1 832/13 cells. INS-1 832/13 cells transfected with
siRNA targeting Pax4 and negative control a. Viability of INS-1 cells in various conditions
including non-transfection control (Mock), cells with transfection only, cells transfected
with siControl, and those cells with siPax4. b. Viability of INS-1 cells transfected with
siControl and siPax4 at 24, 48, and 72h. Results are mean T standard error of the mean

(SEM) [n=4]. * P < 0.05, ** P < 0.01, *** P < 0.001.



2. Examination of INS-1 cell proliferation/DNA synthesis in Pax4 knockdown cells

by using BrdU-incorporation assay

INS-1 832/ 13 cells were transfected with negative control and Pax4 siRNAs by
using Dharmafect transfection reagent. Two days after transfection, complete media
containing BrdU was added into the cells and incubated for 6 or 24h in CO, incubator.
BrdU- labelling cells were fixed and stained with anti- BrdU antibody followed by
incubating with fluorescein- conjugated secondary antibody. Stained cells were
monitored under fluorescence microscope. The results were derived from two
independent experiments. There is no difference in proliferation were detected in Pax4

KD INS-1 cells as compared to negative control INS-1 cells (Fig 2).
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Figure 2. BrdU-incorporation assay of INS-1 832/13 cells. INS-1 832/13 cells were

transfected with siControl and siPax4. After transfection and culture for 48 h, cells were
incubated with BrdU- labelling medium for 6 h and immunostained with anti- BrdU
followed by fluorescein- conjugated antibody. Nucleus was counterstained with

Hoechst33342. Stained cells were monitored under fluorescence microscope.

3. Determination of molecular mechanism underlying Pax4 regulation on the Wnt

signaling pathway

To explore whether addition of exogenous Wnt3a protein can rescue cell
apoptosis, knockdown cells were treated with recombinant Wnt3a protein and

examined using Prestoblue viability assay and AnnexinVPI staining. INS-1 832/13 cells



were cultured in 96-well plate and transfected with negative control and Pax4 siRNAs.
The cells were co-incubated with recombinant Wnt3a protein 50 pg/ml or 100 pg/ml
for 48 h and then measured viability of cells by using Prestoblue viability reagent (Fig
3a) and cell apoptosis by AnnexinV/ Pl staining (Fig 3b). The results showed that Pax4
knockdown cells had a significantly decreased cell viability (Fig 3a) and increased cell
apoptosis (Fig 3b) when compared to that of negative control cells. Addition of
recombinant Wnt3a protein 50 pg/ml and 100 pg/ml did not increase cell viability (Fig
3a) and/or reduce cell apoptosis (Fig 3b). However, the results were obtained from only

one or two experiments. Thus, we need to do more experiments to make a conclusive
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Figure 3. Cell viability and apoptosis of Pax4 knockdown cells after treated with

recombinant Wnt3a protein.

INS-1 832/13 cells were transfected with negative control and Pax4 siRNAs. After
transfection, cells were incubated with or without recombinant mouse Wnt3a protein
50 pg/ml and 100 pg/ml for 48 h. Cell viability and apoptosis were examined by using

Prestoblue viability reagent (a) and AnnexinV/PI staining (b), respectively. Results are

mean £ SEM (n= 3). * P < 0.05.

4. Determination of transactivation activities of PAX4 on its downstream targets

4.1 Analyses of Wnt3a promoter activity



Function of Pax4 to activate gene expression was demonstrated in mature
pancreatic beta-cells. Over-expression of mouse Pax4 in rat islets increased expression
of c-myc, Id2, and Bcl-xL genes; however, the exact Pax4-binding sites on these two
promoters are still undefined. Overexpression of Pax4 resulted in increased beta-cell
proliferation and in protection of the cells from cytokine-induced apoptosis may
mediate by up-regulation of c-myc and Bcl-xL expression. Therefore, this study aims to
determine the exact molecular mechanism by which Pax4 regulation on either Wnt3a,
Bcl2l1 (Bcl-xL), and Bcl2(2 (Bcl-w) gene promoters by using dual-luciferase reporter assay.
We constructed a luciferase reporter plasmid harbouring a 1000 bp region of Wht3a
promoter, approximately 800 bp region of Bcl2(1 gene promoter and a 1000 bp region
of Bcl2l2 gene promoters by molecular cloning techniques. We have analyzed the
presence of potential PAX4-binding site on the Wht3a gene promoter by using in silico
programme. We did not find any potential PAX4-binding site on the 1000 bp upstream
promoter region (Fig 4a), however, there is a potential site for PAX6 which can bind the
same cis-acting sequences as well as PAX4, and HNF within the promoter region.
Therefore, we constructed a 1000 bp upstream promoter into the luciferase reporter
plasmid and examined its activity in the presence of exogenous PAX4, HNF4A and
HNF1A. Results showed that overexpression of human PAX4 did not increase Wnt3a
luciferase activity in HelLa cell line (Fig 4b). In contrast, overexpression of HNF4A and
HNF1A proteins exerted the transactivation on Wnt3a gene promoter. Transactivation
activity of Wnt3a gene promoter showed a very high in the presence of HNF1A indicating
that HNF1A may play crucial role in regulation of Wnt3a transcription. However, the
molecular mechanism by which HNF1A protein on Wnt3a gene promoter is still
unknown. By these evidences, we speculated that Paxd may not directly bind on the
Wnt3a gene promoter but it might indirectly regulate the gene expression via other
transcription factors, for example, HNF1A and HNF4A. Therefore, further study will
propose to investigate the exact molecular mechanism of these transcription factors

within the Wnt3a gene promoter.
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Figure 4. Transcriptional activities of PAX4, HNF1A, and HNF4A on Wht3a gene promoter.

a. Map of Wnht3a gene promoter region and the prediction of potential
transcription factor-binding sites. b. Relative luciferase activity of cells overexpressing
PAX4, HNF4A, and HNF1A in the presence of Wnt3a luciferase plasmid. After transfection
and culture for 24h, luciferase activities were measured by using luminometer. Values
correspond to the mean+SEM of at least four individual transfections. Results are
presented as fold induction of the control sample obtained from cells transfected with

empty expression vector, pcDNA3.1/hisB. * P < 0.05, ** P < 0.01.
4.2. Analyses of Bcl2l1 (Bcl-xL) promoter activity

To find the potential binding site of PAX4 within the Bcl2l1 gene promoter, we
used genomatrix software for analysis. We found the presence of one potential PAX4-

binding site within the 800 bp upstream of the gene (Fig 5a). In addition, there are other



potential binding sites of PAX6, HNF1, Nkx6, and PDX1 within this promoter region. The
expression plasmid harbouring human PAX4, HNF4A or HNF1A gene, encoding beta-cell
transcription factors, were transfected into the cells together with the Bcl2(1 promoter
construct to investigate whether these transcription factors can transactivate the Bcl2l1
promoter transcription. The results showed that PAX4, HNF4A, and HNF1A can activate
the Bcl2l1 promoter transcription in human beta cell line (1.1B4) and Hela cell lines
(Fig 5b). Thus, the pancreatic transcription factor PAX4, HNF4A, and HNF1A play roles in
the transactivation of Bcl2(1 gene promoter. However, the molecular mechanism by
which these transcription factors transactivate on the promoter is still undefined. Then,
this study has further explored the potential regulation of Bcl2(1 gene expression

mediated by these transcription factors.
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Figure 5. Transcriptional activities of PAX4, HNF4A, and HNF1A on Bcl-xL gene promoter.

a. Prediction of the potential binding sites of pancreatic transcription factors
within the Bcl2l1 promoter. b,c. Relative luciferase activity of cells overexpressing PAX4,
HNF4A, and HNF1A in the presence of Bcl2l1 luciferase plasmid. Human pancreatic beta-

cell line (b) and HelLa cell line (c) were transfected with one microgram each of



expression plasmid encoding for PAX4 (hPAX4), HNF4A, or HNF1A together with pGL3-

Bcl2ll \uciferase plasmid and internal control plasmid. Values correspond to the

mean®SEM of at least three individual transfections. Results are presented as fold
induction of the control sample obtained from cells transfected with empty expression

vector, pcDNA3.1/hisB. ** P < 0.01, *** P < 0.001.
3. Analyses of Bcl2(2 (Bcl-w) promoter activity

Approximately 1000 bp region of human Bcl2(2 gene promoter was analyzed for
the presence of potential PAX4-binding site and other transcription factors by using in
silico program such as AliBaba2.1 and PROMO. The result showed that there is no
potential binding of PAX4 within the promoter region, however, there are two potential
binding sites of HNF1 within this promoter (Fig 6a). We cloned the promoter region into
a luciferase reporter vector and named as pGL3-Bcl2(2 promoter plasmid. Expression
vector encoded PAX4, HNF4A, and HNF1A was co-transfected with the pGL3-Bcl2(2
promoter plasmid into Huh7 and 1.1B4 cell lines. We have found that over-expression
of PAX4 and HNF4A did not activate transcription of the Bcl2(2 luciferase expression,
while those cells overexpressing HNF1A exerted a high transactivation activity on Bcl2(2
promoter in both cell lines (Fig 6b and 6c). This result suggested that regulation of Bcl2(2
gene expression might not be directly controlled via PAX4 and HNF4A, however, it may

be controlled by HNF1A.
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Figure 6. Transcriptional activities of PAX4 on Bcl2(2 gene promoter in Hela cell line

a. Prediction of the potential binding sites of pancreatic transcription factors
within the Bcl2(2 promoter. b and c. Relative luciferase activity of cells overexpressing
PAX4, HNF4A, and HNF1A in the presence of Bcl2(2 luciferase plasmid. Huh7 cell line (b)
and 1.1B4 cell lines (c) were transfected with expression plasmid encoding PAX4, HNF4A,
or HNF1A together with pGL3-Bcl2l1 luciferase plasmid and internal control plasmid,

PRL-SV40. Values correspond to the mean®SEM of at least two individual transfections.
Results are presented as fold induction of the control sample obtained from cells

transfected with empty expression vector, pcDNA3.1/hisB. *** P < 0.001.

5. Examination of altered gene expression in Pax4 knockdown cells

To find out the molecular mechanism by which regulation of Pax4 on the Wnt3a,
Bclal1, and Bcl2(2 gene promoters, we have examined the expression of possible genes
encoding transcription factors that might act interplay in this regulation. From our data,
we showed that HNF4A and HNF1A might play role in the transcription network with
Pax4 to regulate Wnt3a gene transcription. Expression level of beta-cell genes that play
roles in regulation of beta-cell survival and/or proliferation were examined by real-time
PCR using specific primer pairs. Data represents fold change of gene expression by
normalizing with negative control siRNA transfected sample. The result showed
decreased expression of Wnt3a, Bcl2l1 and Hnfla levels in Pax4 knockdown cells (Fig
7), indicating that Paxd may regulates Wnt3a and Bcl2l1 gene expression and Hnfla may

involve in the transcription regulatory network.
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Figure 7. Altered gene expression in Pax4 knockdown cells.

INS1 832/13 cells transfected with siControl or siPax4 were examined for gene
expression by real-time RT-PCR. After transfection and culture for 48 h, total RNA was
extracted and used as a template in a synthesis of complementary DNA (cDNA). PCR
reactions were performed by using cDNA template, gsene-specific primers, PCR reaction
cocktails, and a SYBR green | dye for measuring gene expression level. Beta-actin gene

was amplified for normalization.

6. Investigation of transcriptional activation of PAX4 on HNF1A gene promoter

Our data showed that several pancreatic transcription factors including PAX4,
HNF4A, and HNF1A play roles in the regulation of Wnt3a and Bcl-xL gene expressions.
PAX4 might control Wnt3a gene expression via other transcription factor such as HNF1A
due to the decrease expression of Hnfla gene was also found in Pax4 knockdown cells.
Therefore, we had further investigated whether human PAX4 can transactivate the
HNF1A gene promoter by using luciferase reporter assay. Previous study had showed
that HNF1A gene transactivation is partly controlled by the transcription factors HNF4A
and Nkx6.1 at a proximal and distal promoter region, respectively. Prediction of potential
PAX4-binding site was not discovered in this promoter region, but there are two potential
HNF4A-binding sites within the promoter. (Fig 8a). Huh7 cell line was transfected with
the luciferase reporter plasmid and expression vector. Here, we showed that

overexpression of PAX4 and HNF4A, which is a known transcriptional regulator of HNF1A,



had an increased luciferase activity in Huh7 cells (Fig 8b). This result indicated that
HNF1A gene expression might be controlled via PAX4 and HNF4A transcription factors.
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Figure 8. Transcriptional activities of PAX4 and HNF4A on HNF1A gene promoter.

a. Map of a promoter region of HNF1A gene cloned into luciferase reporter
constructs. b. Transcriptional activities of PAX and HNF4A on HNF1A gene promoter in
Huh7 cell. Values correspond to the mean £ SEM. Results are presented as normalized

luciferase activity.

7. Examination of DNA-binding activity of PAX4 protein on target-gene promoter

by using Electrophoretic-mobility shift assay (EMSA)

To examine the DNA-binding activity of PAX4 on its target-gene promoter region,
electrophoretic-mobility shift assay (EMSA) was performed. First, optimal condition in a
DNA and protein binding was investigated by using biotinylated double- stranded
oligonucleotides of the rat insulin C2 and SMS-UE that contains the binding sequences
of the PAX4 protein. In addition to the PAX4 WT, we also used a mutant PAX4 protein
(PAX4 R192H) in the experiment. Optimal condition and the system to test DNA-binding

activity of PAX4 protein on DNA probe was successfully performed. Then, we aim to test



the activity of PAX4 to bind on the Bcl2(1 promoter and/or HNF1A promoter region as
well as other candidate target-gene of PAX4.
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Figure 9. Analyses of DNA-binding activity of PAX4 on rat insulin C2 and SMS-UE
promoter region by using EMSA

Nuclear extracts from Hela-overexpressing PAX4 WT or mutant was prepared
and subjected into the binding reaction of the rat insulin C2 promoter (a) or rat SMS-UE
promoter (b). Protein-DNA binding reactions are loaded onto 5% native acrylamide gel
and detected by using streptavidin conjugated horseradish peroxidase (HRP) followed

by exposure onto an X-ray film.
8. Optimization of siRNA-mediated PAX4 suppression in 1.1B4 cell line
8.1 Detection of human PAX4 mRNA isoform in various human cell lines

Human PAX4 mRNA has at least four isoforms that expressed in various tissue
cell types. PAX4 mRNA isoforms are PAX4 isoform 3, isoform 4, isoformdv, and the
truncated isoform identified in Huh7 cells. PAX4 mRNA isoform 3 is an isoform that had
well- characterized function in pancreatic beta-cells. First, we examined the mRNA
isoforms of PAX4 in 1.1B4 and other human cell lines by using reverse-transcription PCR
(RT-PCR). PAX4 isoform- specific primer pairs are designed and used in PCR reaction to
amplify each PAX4 isoform (Fig 10). The results showed that 1.1B4 expressed an isoform

3 of human PAX4 while other cell lines expressed isoform 4 or Paxdv.
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Figure 10. Expression of human PAX4 mRNA isoforms in human cell lines

Total RNA was extracted from human cell lines including 1.1B4, HepG2, Hel a,
and HEK293T using Trizol reagent. First-strand synthesis was performed using oligo(dT)
primer and subjected to PCR amplification using specific primer pairs against each

isoform of PAX4. Beta-actin amplification is used as control for RT-PCR reaction.
8.2 Detection of human PAX4 protein in various human cell lines

We have examined an expression of human PAX4 protein in various human cell
lines, such as Huh7, HEK293T, Hel a, and 1.1B4 (human pancreatic beta-cell line). Human
PAX4 isoform 3 mRNA encoded 343 amino acids protein that has approximately 37 kDa.
PAX4 variant protein (short) has approximately 26 kDa. However, recent paper has
demonstrated that human PAX4 protein has post-translational modification, such as,
sumolyation. The results showed the presence of various PAX4 protein variants in
human cell lines (Fig 11). Human pancreatic beta-cell line (1.1B4) contained both short
form of protein (26 kDa) and isoform 3 (37 kDa), and also high molecular-weight size

protein that was post-translation modification.
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Figure 11. Expression of PAX4 protein in various human cell lines.

Total protein was extracted from human cell lines including 1. 1B4, Huh7, Hela,
and HEK293T, and murine insulinoma cell lines including betaTC3, INS1 832/13 and MIN6
cells. Protein lysate was loaded onto 12% SDS-PAGE and transferred onto nitrocellulose
membrane. Human PAX4 and beta-actin were detected by using antibody against PAX4

and beta-actin, respectively.

9. Optimization of SMARTpool siRNA targeting PAX4 concentration and

determination of knockdown efficiency

To investigate the role of human PAX4 in human pancreatic beta-cell line (1.1B4),
endogenous human PAX4 gene expression was suppressed by using the SMARTpool
siRNA targeting human PAX4 mRNA (Dharmacon). For negative control sample, sSiGENOME
non-targeting siRNA control pools were used in the experiment. The siGENOME non-
targeting siRNA control pools and SMARTpool siRNA targeting PAX4 at 100 uM, 200 UM,
and 300 uM were transfected into the cells using Dharmafect Duo transfection reagent.
After siRNA transfection, equal amounts of total proteins from negative control and Pax4
knockdown cell lysates were separated on 12% SDS-PAGE, followed by electroblotting
and immunodetection of Pax4 using anti- Pax4 antibody. The results showed that Pax4
protein level was significantly decreased in Pax4 knockdown cells compared to that of
the negative control cells (Fig 12a and 12b). Expected size of PAX4 protein is 37 kDa.
However, the observed bands showed higher molecular weight size than the expected
one. It is possible that human PAX4 protein has post-translational modification (PTM) in

modulating PAX4 activity, however, its evidences of PTMs yet little is shown. One of



the PTMs have been reported is SUMOylation that regulates transcription factors
function. Nevertheless, this issue is still need to study in the future. In summary,
optimization of PAX4 knockdown in 1.1B4 is still required to investigate its role in

pancreatic beta-cells.
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Figure 12. Western blot analyses of PAX4 protein in lysates from siRNA transfected 1.1B4

SIGENOME non-targeting siRNA control pools and SMARTpool siRNA targeting
PAX4 at concentration of 100 uM, 200 uM, and 300 UM were transfected into 1.1B4 cells
using Dharmafect Duo transfection reagent. Expected size of PAX4 protein is 38 kDa,

however, the observed band size had higher molecular weight size than expected one.

10. Examination of cell number and cell apoptosis after PAX4 knockdown in 1.1B4

cells

To investigate the role of human PAX4 in human pancreatic beta-cells (1.1B4),
beta-cell number and cell apoptosis were investigated from non-targeting control siRNA
and PAX4 knockdown cells by using trypan blue exclusion assay and AnnexinV/PI
staining, respectively. The result showed that PAX4 knockdown 1.1B4 cells had
significantly decreased cell number (Fig 13) and increased cell apoptosis (Fig 14) when
compared to those negative control cells. Our finding indicated that PAX4 may play role

in regulating cell number and cell survival of human pancreatic beta-cells.



Non-targeting control cell PAX4 knockdown cell

Beta-cell number

% "'2' Cre 100 167.29% Easi b
800000 * 10 10 00 10”10 o 10" 10 10 10t
o AnnexinV-FITC AnnexinV-FITC
2 600000 o sl
g 50
2 400000 2 N
s 2 40
T 2
O 200000 g
=20
8
0 T = 10
A o~ o
Non-targeting PAX4 Non-targeting PAX4
control cells knockdown cells control cells  :nockdown cells

Figure 13. Analyses of cell number and cell apoptosis of PAX4 knockdown 1.1B4 cells.

1.1B4 cells were transfected with non-targeting control siRNA and SMARTPool
SiRNA targeting human PAX4. After transfection and culture for 48 hr, cells were
collected and counted by using Trypan blue exclusion assay (a) and stained with
AnnexinV /PI dye followed by flow cytometry (b). Results are presented as mean + SEM.
* P < 0.05.

11. Examination of Wnt3a, Bcl-xL, and Bcl-w protein expression in PAX4 knockdown

1.1B4 cells

To determine whether suppression of PAX4 affect the identified target genes or
not, Wnt3a, Bcl-xL, and Bcl-w protein expression level were analyzed from lysates of
negative control and SMARTPool siPAX4 transfected cells. The result showed the
decreased human PAX4 protein expression level in SMARTPool siPAX4 transfected cells
when compared to those cells transfected with non-targeting negative control siRNAs
(Fig 14). In addition, we found that expression of Wnt3a and Bcl-w, but not Bcl-xL
protein, were reduced in PAX4 knockdown 1.1B4 cells. This finding indicated that PAX4
may also involve in the regulation of Wnt3a and Bcl-w expression in human pancreatic

beta-cell similar to those observed in rat INS-1 832/13 cells.
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Figure 14. Analyses of PAX4 and its target protein expression in PAX4 knockdown 1.1B4

1.1B4 cells were transfected with non-targeting control siRNA and SMARTPool
SiRNA targeting human PAX4. After transfection and culture for 48 h, cells were collected,
lysed and separated on SDS-PAGE, followed by detecting specific protein using specific
antibody.

Proposed model of molecular mechanism by which PAX4 regulation on its target
genes including Wnt3a, Bcl2l1, and Bcl2(2, for maintaining beta-cell survival (Fig 15).
Under the physiological condition, Paxd is required to maintain pancreatic beta-cell
survival by regulating a wide variety of genes involved in anti-apoptosis and Wnt signaling
pathways. This study demonstrates that Pax4 may directly controlled expression of
Bcl2l1 (Bcl-xL) and the HNFIA gene promoter, while it did not directly regulate on the
Wnt3a and Bcl2(2 (Bcl-w) gene promoters. Increased expression of anti-apoptotic
proteins will protect beta-cells from apoptosis. In addition, the secreted Wnt3a protein
acts via its binding to receptor, leading to inactivation of GSK3p that can be modified
beta-catenin; consequently, free beta-catenin can translocate into the nucleus to acts
in combination with T-cell factor (TCF), e.g. Tcf712, to stimulate transcription of Wnt-
responsive genes, many of which (such as Cyclin D or c-myc) stimulate cell proliferation.
Thus, the reduction of Pax4 expression results in imbalance of cell proliferation and

apoptosis, leading to reduction of beta-cell mass and pathogenesis of diabetes.
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Figure 15. Schematic illustration of the proposed mechanism of how Pax4 may

regulate beta-cell survival.



Conclusion and discussion

Diabetes mellitus (DM) is a group of metabolic disorder characterized by
hyperglycemia resulted from defects in insulin secretion, in insulin action, or the
combination of both defects. T2D is the most common form of diabetes. T2D is
characterized by hyperglycemia resulted from the presence of insulin resistance and
impaired insulin secretion. Maturity-onset diabetes of the young (MODY) is a monogenic
form of diabetes, characterized by autosomal dominant inheritance, early age at onset,
and pancreatic beta-cell dysfunction (1). Reduction of pancreatic beta-cell function and
beta-cell number can contribute to insulin deficiency in T2D and in MODY. Moreover,
no controlled strategy for restoration of beta-cell mass has been identified. At the
molecular level, pancreatic beta-cell loss by apoptosis appears to play an important
role in the development of insulin deficiency and the onset and/or progression of the
disease. Therefore, a more complete understanding of the mechanisms that control
beta-cell proliferation, survival, and function is required in order to develop more

effective therapies for diabetes.

Previous study by Siriraj Center of Research Excellence-Diabetes and Obesity
(Si-CORE-DO) discovered that mutations of Paired box 4 (PAX4) gene causing MODY, type
9 (MODY9) (2). Genetic variations of PAX4 have been identified in various types of
diabetes including type 1 diabetes (T1D) (3), T2D (4-6), and MODY (2, 7-9). Our group
identified two novel mutations of PAX4 including PAX4 R164W and IVS7-1G>A in two
Thai families with MODY (2). Our group demonstrated that PAX4 R164W mutant (2) and
R192H variant protein had decreased repression activity on human insulin and glucagon
promoters (10). Pax4 encodes a transcription factor that promotes pancreatic beta-cell
development (11, 12), differentiation (13-15) and survival (16, 17). PAX4 plays dual roles
in the regulation of target-gene promoters: transrepression of g¢lucagon, insulin,
somatostatin, IAPP, and ghrelin promoters (18, 19) and transactivation on c-myc and Bcl-
xL promoters (16), which promotes islet proliferation and protects cells from stress-
induced apoptosis, respectively. Several lines of evidence support the role of PAX4 in
promoting proliferation of human embryonic kidney cell line (HEK293) (20), rat
insulinoma cell line (INS-1E) (17), human insulinoma cells (21), and murine and human
islets (22). These data suggested that Pax4 acts as survival gene in these cells. Recent

study elucidated that targeted overexpression of wild-type Pax4 in mice that targeted



induction of wild-type Pax4 can protect against streptozotocin-induced hyperglycemia,
while those mice overexpressing Pax4 R129W mutant were not (23). These data strongly
indicated that Paxd plays implicated role in regulating beta-cell survival under stress
conditions. Pax4 knockdown INS-1E cells resulted in down-regulation of Bcl-xL
expression (17). Since the survival or anti-apoptotic role of PAX4 protein has not totally
been clear, our preliminary experiment was performed to identify potential target-gene
of Paxd. We have found that suppression of Pax4 gene expression in INS-1 832/13 cells
increased cell apoptosis. Pax4 knockdown cells had decreased expression of Wnt3a,
Bcl2l1, and Bcl2(2 genes, which encoded a growth-promoting factor or anti-apoptotic
proteins. We originally report that Wnt3a and Bcl2(2 (Bcl-w) are newly identified genes
regulated by Pax4. The molecular mechanism underlying that Pax4 protects beta-cell
survival might be mediated by up-regulating anti-apoptotic genes, Bcl2(1 (Bcl-xL) and
Bcl2l2 (Bcl-w), and/or Wnt3a gene. However, the exact mechanism of Pax4 in the
regulation of these genes is still unknown.

Wnt3a encodes Wnt3a protein that belongs to the Wnt family (24). It is a secreted
protein and plays implicated role in cell proliferation (25, 26), differentiation (27), and
oncogenesis (28, 29). Activation of the Wnt signaling is mediated by the interaction of
Wnt protein with the receptors, Frizzled receptor and LRP co-receptors. Expression of
components of the Wnt signaling pathway, including Wnt ligand family members and
the receptors, had been documented in the adult human pancreas (30). The Wnt
signaling pathway is shown to play important modulator in several biological processes,
such as in adipogenesis (31), pancreas development (32), insulin secretion (33), beta-cell
proliferation and survival (34). An endogenous activation of Wnt signaling had been
illustrated in INS-1 cells transfected with the TOPflash construct, a Lef/Tcf-sensitive
reporter assay (33). Addition of Wnt3a or fat-cell conditioned medium (FCCM) into the
INS-1 cells transfected TOPflash reporter plasmid increased activation of this reporter
construct in this cells, indicating that Wnt3a protein or Wnt protein secreted from
adipocyte can activate the Wnt signaling pathway (33). In addition, mouse pancreatic
beta-cell line, NIT-1 cells, treated with purified Wnt3a protein had been shown to
promote NIT-1 cells proliferation, decrease cell apoptosis in the presence of cytokine,
and enhance glucose-stimulated insulin secretion (34). The mechanism underlying the
effect of Wnt3a protein in promoting NIT-1 cell proliferation has been shown to be
mediated by the activation of IRS2/PI3K/Akt pathway (34). The NIT-1 cells treated with
purified Wnt3a protein increased cyclin D2 and Bcl-2 mRNA levels (34). This evidence



supports the results of the present study that decreased Wnt3a expression was
correlated with the reduction of Bcl-xL and Bcl-w expression levels. The evidence to
support anti-apoptosis function of Wnt3a was illustrated in the mouse embryonic liver
stem cells, the mechanism of this event involved up-regulating Bcl-2 and Mcl-1 and
down-regulating pro-apoptotic factors (35).

In this project, we explore the molecular mechanism of Pax4 in regulating
these identified target-genes including Wnt3a, Bcl2l1, and Bcl2(2, and confirm the role
of PAX4 in human pancreatic beta-cell line (1.1B4). Molecular mechanism underlying
Pax4 regulation on these target-genes were determined using luciferase promoter assay.
Promoter region of Wnt3a, Bcl2l1, or Bcl2(2 was cloned into a luciferase reporter
plasmid, that were co-transfected with expression plasmid containing human PAX4,
HNF4A, or HNF1A. Overexpression of HNF1A or HNF4A, but not PAX4, had significant
increase transcriptional activity on the Wnt3a. This finding suggests that PAX4 did not
directly stimulate Wnt3a promoter activity, however, it may be partly controlled via
HNF1A and HNF4A. The cells overexpressing PAX4, HNF1A or HNF4A had significantly
increased transactivation on the Bcl2l1 (Bcl-xL) gene promoter. The finding of this study
supports the results of the previous studies that anti-apoptotic gene — Bcl2(2 (Bcl-xL)
was regulated by Pax4 (16). However, our study provides additional evidence on the
decreased Bcl-xL protein, which was not demonstrated in the previous studies (16).
Identification of functional Pax4 binding sites on Bcl2l1 gene promoter is still under
investigation. We try to figure out potential binding site of PAX4 on the gene promoter
by using in silico program. There is only one potential PAX4-binding site on the Bcl2(1
gene promoter from the prediction program. Luciferase plasmid containing mutation at
this potential PAX4-binding site was constructed and transfected into the cells together
with  PAX4 expression plasmid. However, we did not observe any change in
transactivation activity on the promoter. We thus hypothesize that there might be other
position of PAX4-binding site on the promoter. We suggest to serially delete region of
the promoter and then examine luciferase promoter assay. In addition to PAX4, we
have found that HNF1A transcription factor may also regulate Bcl2(1 gene expression,
and overexpression of HNF1A mutant had significantly decreased transactivation on the
Bcl2l1 gene promoter (unpublished data). For Bcl2l2 (Bcl-w) gene promoter,
overexpression of HNF1A had significantly increased transcriptional activity on the gene

promoter, while those cells overexpressing PAX4 did not. This finding indicates that



regulation of Bcl2(2 gene expression may be mediated through HNF1A, but not PAX4

transcription factor.

Furthermore, we demonstrate the decreased expression of Hnfla, but not
Hnf4a, sene in Pax4 KD cells while increased expression of these genes were observed
in PAX4 overexpressing cells. We have shown by transfection studies that PAX4 may
indirectly regulate Wnt3a gene expression through the activation of the HNFIA gene
promoter. Our results suggest that the decreased Wnt3a gene expression in Pax4 KD
cells may be partly controlled by other transcription factors, such as HNF1A and HNF4A,
and Pax4 may play roles in the regulation of Hnfla gene expression. We now report that
Paxd regulates directly or indirectly the transcription of the Wnt3a, Bcl2l1, and Bcl2l2

genes, which are critical for cell proliferation and survival in rat insulinoma cells.

In addition, we confirm a crucial role of PAX4 in human pancreatic beta-cell
line (1.1B4) which is required to maintain cell survival and cell number. Human PAX4
might control Wnt3a and Bcl-w protein expression that are essential for promoting beta-
cell proliferation and protecting beta-cells from stress-induced apoptosis. In conclusion,
Pax4 is a crucial transcription factor regulating beta-cell survival via Wnt3a signaling and
anti-apoptotic pathways. The understanding of PAX4 function and its downstream target
may offer a promising approach for endogenous replenishment of the lost beta-cell

mass for DM treatment.
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Paired box 4 regulates pancreatic beta-cell survival via the Wnt signaling and

anti-apoptosis pathways
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Abstract

Genetic variations of Paired box 4 )PAX4( were reported to be associated with type 2
diabetes (T2D) and caused maturity onset diabetes of the young type 9 )MODY9). A
decrease in B-cell number contributes to the pathogenesis of T2D and MODY. Role of
PAX4 in B-cell survival has been reported, however, the molecular mechanism by which
PAX4 controls B-cell survival is not clearly understood. We aimed to explore how PAX4
regulates - cell survival by using siRNA- mediated PAX4 knockdown (KD) in rat
insulinoma cell line. PAX4 KD cells displayed a 2.5-fold increase in B-cell apoptosis,
while did not alter B-cell proliferation. Down-regulation of Wnt3a, Bcl211 )Bcl-xL( and
Bcl212 )Bcl-w( were demonstrated in PAX4 KD cells. Overexpression of PAX4 did not
show any significant increase transcriptional activity on the Wnt3a gene promoter. In
contrast, the cells overexpressing HNF1A or HNF4A had significantly increased
transactivation on the promoter. Decreased expression of Hnfla, but not Hnf4a, gene was
found in Pax4 KD cells. Our results suggest that the decreased Wnt3a gene expression in
Pax4 KD cells may be partly controlled by other transcription factors, such as HNF1A
and HNF4A, and Pax4 may play roles in the regulation of Hnfla gene expression. Pax4
is a crucial transcription factor regulating B- cell survival via Wnt3a signaling and anti-
apoptotic pathways. The understanding of PAX4 function in association with (- cell
development, proliferation, and apoptosis may lead to a novel therapeutic strategy for
diabetes.

Keywords: Paired box 4, Pax4, beta-cell survival, Wnt signaling, anti-apoptosis
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Results (cont.)

Maturity-onset diabetes of the young
(MODY) is characterized by autosomal
dominant inheritance, early age at onset,
and pancreatic p-cell dysfunction. To date,
mutations in at least fourteen distinct genes
causing MODY types 1-14 have been
discovered (1; Figure 1).

MODY9 is caused by mutations of
Paired box 4 (Pax4) which encodes a
transcription factor promoting pancreatic -
cell development, differentiation (2) and
survival (3). Pax4 expression is controlled
by various transcription factors encoded
from other MODY genes such as HNF1a,
HNF4a, Pdx1, and NeuroD1 (Figure 1).

Silencing of Pax4 increased INS-1 832/13 cell
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Figure 2. Silencing of Pax4 gene increased INS-1 832/13 apoptosis
without altered cell proliferation rate.

siControl and siPax4 were transfected into INS-1 832/13 cells by using
2000. After and culture for 48 h, mRNA and protein

Figure 1. Model of proteins implicated in MODY1-14 (a), and the
proteins required for beta-cell development and differentiation (b).

Pax4 plays dual roles in the regulation of
target-gene promoters: trans-repression of
glucagon, insulin, and ghrelin promoters and
trans-activation on c¢-myc and Bcel-xL
promoters. Pax4 controls INS-1E cell survival
is at least mediated through Bcl-xL gene up-
regulation (3). However, there may be other
unknown apoptotic and signaling pathways
controlled by Pax4.

[

Objectives

To identify other genes regulated by Pax4
and to ine the lecular mechani of
Pax4 in regulating pancreatic beta-cell
survival and/or apoptosis, which may guide
to the development of new strategies for
treatment of diabetes.

expression of Pax4 were examined by using real-time RT-PCR (a) and
Western blot analyses (b), respectively. Pax4 knockdown (KD) cells were
examined for viability, proliferation, cleaved caspase 3 protein level, and
apoptosis by using PrestoBlue viability assay (c), BrdU-incorporation assay
(d). Western blotting (e), and AnnexinV/PI staining (f and g), respectively. The
statistical differences between groups were analyzed by the unpaired Students
ttest. (*; p<0.05, **; p<0.01, NS; no statistical significance difference)

Signal transduction pathway Figure 3. Differential gene
expression i signal

(@) and
apoptosis (b) pathways in
Pax4 KD cells.
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[I rl Y‘MB‘"‘I"“-I INS-1  832/13 cells were
transfected with siControl or
siPax4 for two consecutive
days. After transfection and
culture for 48 h, total RNAs
were extracted and CDNAs
were prepared. The cDNAs
were subjected to the RT?
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Figure 6. Transactivation activities of TFs on Wnt3a and Bc/-xL gene
promoters using luciferase reporter assay.

Human pancreatic beta-cell line (1.1B4) and HeLa cells were transfected with
expression vector encoding PAX4, or HNF1A, or HNF4A, together with
Wht3a gene promoter or Bcl-xL gene promoter, and pRL-SV40 intemal
control plasmid. Firefly and renilla luciferase activities were measured by
using luminometer. The statistical differences between groups were analyzed
by the unpaired Student's t test. (*; p<0.05, **; p<0.01, ***; p<0.001).

a. b.
15 23 slosstrl AHINFIA promoter Fire] +
= - e
of H
s i s
i i .
& i
240s H
E du
: i
00 sosbaic 1

PLI-HNFIA

Expressionvector hisB  hisB hisB-PAXS NsB-HAFAA

&, fg‘»gf S
Figure 7. Relative mRNA expression levels of genes Involved In

regulating beta-cell function and/or survival (a) and the transactivation
actlvities of PAX4 and HNF4A on human HNF1A gene promoter (b)
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The up-regulated and down-
regulated gene expressions
were illustrated.
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Silencing of Pax4 leads to decreased expressions of
Wnt3a, Bcl2i1 (Bel-xL), and Bcl2i2 (Bel-w).

Pax4 plays a crucial role in regulating B-cell
survival. The might be mediated by up-
regulating anti-apoptotic genes, Bc/2/1 (Bcl-xL)
and Bcl2/2 (Bcl-w), and/or Wnt3a gene that
involved in promoting cell proliferation.
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Pax4 may regulate beta-cell survival.
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