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Molecular cloning of rat Pax4 cDNA from a rat insu-
linoma cell line, RINm5F, library by PCR-based clon-
ing strategy revealed four isoforms of the protein.
Analysis of tissue distribution using Northern blotting
and RT-PCR showed specific expression of Pax4 mRNA
in pancreatic islets and RIN cells. RT-PCR confirmed
that the mRNAs of four isoforms are expressed in RIN
cells. These Pax4 variants may regulate the transcrip-
tional activity of Pax4 during the development of pan-
creatic islets. © 1998 Academic Press

The Pax protein constitute a family of developmental
regulators which are characterized by the presence of
the paired domain (PD), a conserved DNA binding mo-
tif of 128 amino acids and are involved in pattern for-
mation during embryogenesis, possibly by determining
the time and place of organ initiation or morphogenesis
(1, 2, 3). The mammalian genome contains nine Pax
genes which have been classified into four different
groups (1, 2, 3). Members within a group are character-
ized by a specific assembly of three structural motifs;
PD, homeodomain (HD), and octapeptide (OP). Pax4
and Pax6 constitute a same group which contains PD
and HD but does not have OP. Recently, Pax4 and Pax6
knockout mice exhibited the lack of 8 and 6 cells, and
« cells in pancreatic islets, respectively (4, 5), demon-
strating that these proteins are profoundly involved
in the differentiation of pancreatic islets. Mouse Pax4
cDNA has been recently cloned and deduced human
Pax4 sequence has been published (6). Alternative
splicing generates multiple gene transcripts in Pax3,
5, 6, 7 and 8 by inclusion or exclusion of exon sequences
and have the potential to mediate distinct functions in
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the developing embryo (7,8,9,10,11,12). In this study,
we cloned the rat Pax4 cDNA from rat insulinoma cell
line, RINmM5F, library and report four isoforms of this
protein.

MATERIALS AND METHODS

Cloning of rat Pax4 cDNA from RINm5F cDNA library. Based
on the published mouse cDNA sequence (6), PCR primer, prm1: GAC-
TCAGCAGTGTGAATCAGC, sense, nt 252-272 of AB008912 (nucleo-
tide positions are represented by GenBank accession number in this
manuscript), and primer, prm2: TTATTACTGTCAAATAGAGGC,
antisense, nt 1312-1292 of AB008912 were synthesized. PCR was
carried out using these sense and antisense primers, A\gt10 RINm5F
cDNA library (kindly provided by S. Seino; Chiba University, Japan)
as a template, and Pfu DNA polymerase (Stratagene, La Jolla, CA).
PCR products were subcloned into pBluescript SK(—)(Stratagene)
and at least 4 independently isolated clones were sequenced on both
strands using a Sequenase Version 2.0 sequencing kit (United States
Biochemical, Cleveland, OH). To obtain 5’ and 3’ sequences, PCR
were performed using a Agtl0 reverse (pRev: GAGGTGGCTTAT-
GAGTATTTCTTC) and forward primers (pFor: CTTTTGAGCAAG-
TTCAGCCTGGT), antisense primer, prrl: TACTCACACAGCCGT-
TAGATAC, nt 215-194 of AF053100), and sense primer, prr2: CAG-
TTACCAGATTCAGTTGTC, nt 626-646 of AF053100, and \gtl0
RINmM5F cDNA library as a template. PCR products were subcloned
and sequenced as mentioned above.

RNA extraction and Northern blotting. Various tissues were ob-
tained from the adult rat weighing 400g. Rat islets were isolated by
collagenase method (13). Total RNA was extracted from these tissues
and RINmMS5F cells using Trizol reagent (Gibco BRL, Tokyo, Japan).
Aliquots of 10-20 pg total RNA were denatured in formamide and
formaldehyde, separated by electrophoresis, transferred to nylon
membrane and hybridized in 50% formamide at 42°C to [a-*?P]dCTP
labeled DNA probe (mapping sequence from nucleotide position from
63 to 687 of AF053100). The membrane was washed in 0.1XSSC and
0.1% sodium dodecy! sulfate at 55°C for 30 min.

Reverse transcription—-polymerase chain reaction (RT-PCR).
cDNAs were reverse transcribed from RNAs using random hex-
amer described previously (14). Since the sequence analysis sug-
gested that there are four transcript variants of rat Pax4 cDNA,
5 PCR primers (prr3: CTCACGGAGCCTTAAGGTAGC, sense, nt
178-198 of AF053100; prr4: TGAATCTGGATACTGCCCACG, anti-
sense, nt 640-620 of AF053100; prr5: GTCTCAGCAGTGTGAATC-
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FIG. 1. Schematic expression of rat Pax4a, b, ¢, and d. Shaded
box at N-terminus represents paired domain (PD). Shaded box near
the C-terminus represents homeodomain (HD). Upper bar shows the
deleted region in Pax4b and Pax4d.
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AGC, sense, nt 63-83 of AF053100; prr6: CTCTTATGGCCAGTG-
TAAGTA, antisense, nt 1102-1082 of AF053100; prr7: TTCCAC-
CCTCTTGTTGCCATC, antisense, nt 798-778 of AF053102) were
synthesized and subjected to PCR with taq polymerase (Takara,
Shiga, Japan) to detect 4 variants (Fig. 4A). RT-PCR was carried
out using islets, liver, kidney and RIN cell RNAs. PCR products
of Pax4 were obtained from 100 ng of cDNA (i.e. the cDNA from
100 ng of RNA). The PCR condition was initial denaturation at
94°C for 5 min followed by 35 cycles of denaturation at 94°C for
30 sec, annealing at 55°C for 45 sec and extension at 72°C for 1
min, with a final extension step at 72°C for 10 min. PCR products
were separated by electrophoresis, transferred to nylon mem-
brane, hybridized with **P-labeled probe (nt 63-687 of AF053100)
and washed as described above. As an internal control, 8 actin
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was amplified using a primer set (CGTAAAGACCTCTATGCCAA)
and (AGCCATGCCAAATGTGTCAT), and 10 ng of cDNA as a tem-
plate, as described previously (14).

RESULTS

Cloning and sequence of rat Pax4 cDNA. Nucleotide
sequences of PCR product using primer prm1 and prm2
revealed two different Pax4 cDNA fragments. The first
one corresponds to the mouse Pax4 cDNA and second
one lacks 126 bp in the middle of the first one. The 5’
sequence of rat Pax4 cDNA was obtained by the PCR
using the primer set, pRev and prrl. The 3’ sequence
of rat Pax4 cDNA obtained by PCR using the primer
set, pFor and prr2, revealed a novel C-terminal se-
quence of Pax4 cDNA, which was substituted for the
C-terminus of the mouse cDNA, resulting in 126 amino
acids shorter than the corresponding mouse Pax4. In
summary, PCR based cloning strategy revealed four
variant forms of rat Pax4 protein (Pax4a, 4b, 4c and
4d), which are shown in Fig. 1. Pax4a protein is com-
posed of two conserved motif, PD and HD, linker region
of PD and HD, and C-terminal region. Pax4b protein
is shorter than Pax4a protein, because of the deletion
of 42 amino acids spanning the first « helix part in HD.
Pax4c protein is 126 amino acids shorter than Pax4a
protein, because of the replacement of the novel nucleo-
tides sequence, resulting in the loss of the third « helix
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FIG. 2. Alignment of rat, mouse, and human Pax4 amino acid sequences. The amino acid residues in mouse and human that differ
from the rat sequence are shown. Dashes represent the amino acid residues identical to rat Pax4a. Paired domain (PD) and homeodomain
(HD) are shown. Asterisks represent the deleted amino acid residues in Pax4b and Pax4d. The filled arrowhead points to the site which is
followed by the novel amino acid sequence (SELWNTYV.) in Pax4c and Pax4d.
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of HD and C-terminal region of Pax4a. Pax4d is a short-
ened form of Pax4c by deletion of 42 amino acids in the
linker region. These sequences have been deposited
in the GenBank database with accession number
AF053100, AF053101, AF053102 and AF053103. Fig.
2 shows the comparison among rat Pax4a, mouse and
human Pax4 amino acid sequences. There were 93%
nucleotide sequence identity between the sequences of
rat Pax4a and mouse Pax4 cDNA and 91.7% identity
between rat Pax4a and mouse Pax4 protein.

Northern blot analysis. To investigate the tissue
distribution of Pax4 mRNA, Northern blot analysis was
performed. As seen in Fig. 3, only RIN cell mRNA
showed a single band corresponding to mRNA of ~2kb
in size. Since RIN cells express 4 isoforms, Pax4a-d, it
seems likely that one isoform is dominant among them.

RT-PCR analysis. As shown in Fig. 4B, two strong
bands were detected in RIN cell and weak single band
was detected in islets by RT-PCR using the primer set,
prr3 and prr4, which can amplify all the four isoforms
of rat Pax4 cDNA. RT-PCR using the primer sets, prr5
and prr6 (Fig. 4C), and prr5 and prr7 (Fig. 4D) revealed
that 4 variants of Pax4 are expressed in RIN cells.
Sequence analysis of these positive bands confirmed
that their sequences are identical with those of rat
Pax4 isoforms.

DISCUSSION

In the case of transcription factor genes, alternative
splicing frequently gives rise to protein isoforms with
distinct or even opposing transcriptional activities (15).
The 14 amino acid insertion in PD of Pax6 and extra
amino acid residue insertion in PD of Pax3, 7 and 8
by alternative splicing were shown to alter the DNA
binding activity and specificity (7, 10, 11). A potent
transactivation domain has been identified within the
C-terminal serine-threonine-proline rich region of Pax6
(16). Four splicing variants of Pax8 with defferent C-
terminal regions exhibited distinct transactivation
properties (12). Although we cannot tell whether four
isoforms of rat Pax4 are generated by alternative splic-
ing, the deletion in the part of HD may alter the DNA
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FIG. 3. Northern blot analysis of rat Pax4 mRNA. Total RNA
(10 pg) from various rat tissues and total RNA (10 and 20 ug) from
RIN cells (RIN1 and RIN2, respectively) were subjected to electro-
phoresis, blotted on nylon membrane, and hybridized with ¥P-la-
beled probe (nt 63-687 of AF053100).
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FIG. 4. (A) Schematic representation of rat Pax4a and Pax4c,

and primers for RT-PCR. Left and right shaded boxes represent
paired domain (PD) and homeodomain (HD). Upper bar represents
deleted region in Pax4b and Pax4d. Short arrows a to e show the
locations of the PCR primers used for RT-PCR. a (prr3) and c (prr5)
are sense primers. b (prrd), d (prr6), and e (prr7) are antisense
primers. e corresponds to the sequence in 3’-untranslated region of
Pax4c. (B) RT-PCR analysis using the primer set, a and b. Lower
picture shows the PCR product of g actin (349 bp in size) which was
electrophoresed on the agarose gel as an internal control. (C) RT-
PCR analysis using the primer set, c and d. (D) RT-PCR analysis
using the primer set, c and e. PCR products were electrophoresed,
transferred to nylon membrane, and hybridized with the 3?P-labeled
probe (nt 63-687 of AF053100).

binding affinity and the loss of most of the C-terminal
region of the protein may block the transactivation
function of the other isoforms by binding the same sites
of target DNA (15). The expression pattern of Pax genes
observed during mouse embryogenesis and the pheno-
typic alterations in various Pax mutants reveal that
major function of Pax gene is the control of organogene-
sis (1, 2, 3). Pax4 and Pax6 deficient mice lack mainly
pancreatic islet g cells and « cells, respectively, sug-
gesting that these transcription factors are essential
for the differentiation of pancreatic islets in mice (4,5).
Northern blotting and RT-PCR in this study revealed
specific expression of Pax4 mRNA in pancreatic islets
and RIN cells. As in the case of the six Pax8 mRNA
isoforms which are spatially and temporally regulated
during embryogenesis (12), expression of each isoform
of Pax4 may be regulated during the development of
pancreatic islets. A mutation in PDX1 (IPF1), another
transcription factor involved in the development of
pancreas and g cell (17), was detected in the patients
with early onset of type 2 diabetes (18). Cloning of rat
Pax4 cDNA and detection of its isoforms are expected
to facilitate the study of the development and differen-
tiation of pancreatic islets and related diseases includ-
ing type 2 diabetes.
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