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ABSTRACT

The transcription factor hepatocyte nuclear factor 4 a
(HNF40) is a tissue specific transcription factor mainly
expressed in the liver, kidney, intestine and the
endocrine pancreas, but is also an essential regulator

for early embryonic events. Based on its protein
structure HNF4 a is classified as an orphan member of
the nuclear receptor superfamily. Comparing HNF4  a
transcription factors in the differentiated and dediffer-
entiated murine hepatocyte cell line MHSV-12 we
identified in dedifferentiated cells the novel splice
variant HNF4 a7. This variant is characterized by an
alternative first exon and has a lower transactivation
potential in transient transfection assays using HNF4
dependent reporter genes. HNF4 o7 mRNA and the
corresponding protein are expressed in the
undifferentiated pluripotent embryonal carcinoma cell

line F9, whereas HNF4 al only appears after
differentiation of F9 cells to visceral endoderm.
HNF4a7 mRNA is also found in totipotent embryonic
stem cells. However, the function of HNF4 a7 seems not
to be restricted to embryonic cells as the HNF4 a7
mRNA is also present in adult tissues, most notably the
stomach. All these features suggest that the presence of
distinct splice variants of HNF4 o modulates the activity
of HNF4a in a cell type specific way.

INTRODUCTION

DDBJ/EMBL/GenBank accession no. AF015275

diabetes of the young (MODYB). In addition to the role of
HNF4a as a tissue specific transcription factor it functions also
in early embryogenesis: in théenopusegg we identified the
HNF4a protein as a maternal transcription factor that contributes
to the zygotic activation of the gene encoding H&K®). In
mouse embryos HNIdtranscripts have been identified in the
primary endoderm as early as day 4.5 and later in the liver
diverticulum, the gut and nephrogenic tissues starting from day
8.5 (6,10). The early embryonic requirement of HNFi& well
established in the mouse, as the knock-out of the ldNfehe
leads to a disturbance of gastrulation and thus to early embryonic
lethality (11). The embryonic role of HNF4 seems to be
evolutionary conserved, as maternal HNF4 mRNA has been
identified in the Drosophila egg. Furthermore, a large
chromosomal deletion spanning the HNF4 locus results in defects
in the gut and malpighian tubules of the develofngsophila

and these malformations are interpreted that HNF4 plays similar
functions in invertebrates and vertebratgs (

In addition to HNF& we have recently identified two other
members of the HNF4 family, i.e. HNB4n Xenopug(2) and
HNF4y in humans X). Both these new members of the HNF4
family seem to have distinct but overlapping functions compared
to HNF4, since both gene products show a differential
expression pattern and a distinct transactivation potential of
HNF4 dependent reporter genes.

Further complexity of gene control by HNdr4ranscription
factors is apparently given by the differential splicing of the 10
initially identified exons of the HNFtgene 6,8). Thus far, six
distinct splice variants of HNEdhave been identified in human
and murine cDNA samples. We use the nomenclature most

Hepatocyte nuclear factor 4 (HNF4) constitutes a transcriptioecently used for the human splice variarit8):( HNF4al

factor family (,2) whose first member HNI4 has been

represents the initially identified transcrif) @nd HNF42

identified as a factor interacting with promoter elementshrough HNF46 are the splice variants identified subsequently.
mediating liver specific transcriptiol) Based on the zinc finger HNF4a2 is a splice variant that contains a larger exon 9 resulting
motif of the DNA binding domain and on a potential ligandin an insertion of 10 additional amino acids in the Pro-rich
binding domain HNF4 is classified as a member of the nucle@-terminal part and has been identified in theXa}, the mouse
orphan receptor superfamil§)( HNF4a turned out to be present (14) and humani(15). HNF4a3 initially refered to as HNF-4C
also in non-hepatic cells such as kidney, intestine, stomach afi) has been identified in human liver cDNA and is
pancreas¥-7). The importance of HNFd in gene control in  characterized by a shorter and distinct C-terminus, whereas
tissues distinct from the liver has been documented by the fact t#itIF4a4 found in human kidney and liver RNA contains in the

a human inherited disease is based on the expression of a mutde@rminal region the two additional exons 1B and1,C4). The
HNF4a gene in the endocrine pancreas leading to maturity-onskth splice variant HNFd5 carries the exon 1B and 1C found in
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HNF404 together with the larger exon 9 found in HMR4  Extract preparation and gel retardation assays
whereas HNF46 combines exon 1B and exon 1C with the
C-terminal truncation found in HNE& (12). We speculate that

all these splice variants have unique properties allowing

modulation of the HNFel activity. Indeed, we have shown in

transient transfection assays using HNF4 dependent repo
genes, that HNFe has a lower transactivation potential
compared to HNFe2 (1). However, it should be stressed that all
these HNF4 variants have only been identified as mRNAs and®
the existence of the corresponding proteins has not been prov

The broad spectrum of tissues expressing HN&#ues for a

function of HNF4x in the establishment of the differentiation of
various cell types, but most data concerning the role of IINF4_,
have been investigated in hepatic cells. Most notably, the preserﬁ:éQACE and RT-PCR

of HNF4a expression has been correlated with the differentiatedor the 5SRACE, RNA was purified with the RNA-CledrSystem
phenotype of hepatocytes (reviewedLir) . In fact, it has been (AGS, Heidelberg) from MHSV-12 cells grown in serum containing
shown that the introduction of HNE4in dedifferentiated DMEM and 5ug aliquots reverse transcribed with the HN7 primer
hepatocytes can lead to a redifferentiation as shown by tfigo cDNA using the Superscriptil plus kit (GIBCO/BRL). The
activation of several liver specific functioris3¢20), whereas the  5-end of the cDNA was amplified with thé-AmpliFINDER ™
forced expression of a dominant negative mutant down-regulatRpCE kit (CLONTECH) by ligating the oligonucleotide
several liver specific genes in differentiated hepatoma cellg,N-TGGGCCTCTAGACTTAAG-5 to the 3end of the cDNA.
(21,22). This tag was used for priming with the oligonucleotide P11
In the present report we analyzed in the murine cell lings'-ACCCGGAGATCTGAATTC-3) and the PCR product was

MHSV-12 the highly differentiated hepatic phenotype that igloned. For RT-PCR cDNA was synthesized with random primer
reversibly decreased in serum-containing culture medi#n (  using S5ug RNA. To detect HNFd transcripts the reverse primer
We reasoned that this change in hepatic differentiation migp{N7 (5-CCTTAAGGCTTCCTTCTTCATGCCAGCCCGG'B
correlate with an altered expression of HNFWsing these cells  and the forward primers HN6'{& GAATTCCGGCATGGATAT-
we succeeded to define a novel HNF4splice variant that is  GGCCGACTACAGCGC) or HN18 (3GGGTACCCTTGGTC-
expressed in a tissue specific manner and most notably foundgE5GTCAGTG-3) were used (see FigA). The oligonucleotide
the major component in embryonic stem cells. HN7 and HN6 contain linker sequences (underlined) at'taadb

not present in the cDNA. To quantitate GAPDH mRNA, the

oligonucleotides SACCACAGTCCATGCCATCAC-3 and
MATERIALS AND METHODS 5-TCCACCACCCTGTTGCTGTA-3 were used as forward and
reverse primers, respectively. To quantitate the HNfFa@nscripts
as illustrated in Figure§ and7 the PCR reactions contained in
addition of the 20QuM dNTP a labeled triphosphate, i.6.Ti/50
ul reaction @-32P)dCTP. This allows quantification of the PCR
fragments with a phosphor imager. In addition this sensitive
detection permits a lower cycle number and thus avoids reaching the
Cell cultures and transfections saturation _of the PCR3(). AII reactions_ were done at 62 and @2

for annealing and extension, respectively.

All culture media contained penicillin (100 U/ml) and streptomycin
(100 U/ml). The MHSV-12 cell clone was maintained in theRESULTS
chemically defined MX83 medium supplemented wittugiml
transferrin, 1Qug/ml insulin, ug/ml hydrocortisone and 100 ng/m
EGF as describe@8). For splitting, the cells were trypsinized and |t is well established that the composition of the culture medium
cultured in Dulbecco’s modified Eagle’'s medium (DMEM) with has a profound effect on the differentiation state of hepatocytes
10% heat-inactivated calf serum for one day before adding tiig3). In general the presence of serum leads to substantial
MX83 medium. F9 cells were propagated on gelatine coated cdidifferentiation of the hepatic phenotype. To explore whether
culture dishes in DMEM with 10% heat-inactivated calf serum. Tthe cultivation conditions of hepatocytes has any effect on the
induce visceral endoderm differentiation the F9 cells were seedegipression of tissue specific transcription factors known to be
into bacterial dishes in the presence of 20 M retinoic acid responsible for the hepatic phenotype, we determined the
(24,25). Embryonic stem cells (ES cells) (E14-1) were cultured opresence of liver transcription factors in the immortalized murine
mitomycin-treated feeder cells in DMEM containing 15% heahepatic cell line MHSV-12. This cell line has been found to
inactivated fetal calf serum and supplemented with MEM norexpress most abundantly transcripts of liver specific proteins such
essential amino acids (Sigma), 2 mM glutamine and MO as albumin, aldolase A and B as well as tyrosine amino
-mercaptoethanol. transferase, but this liver specific expression pattern is reversibly
For transient transfection of C2 cells the DNA-calciumdecreased in serum containing mediu®3).( Analyzing the
phosphate coprecipitation method was us#i), (whereas for expression of HNFA in the MHSV-12 cell line cultured under
Hela and MHSV-12 cells the lipofectin transfection protocol wasarious conditions we did not detect any change in this
applied (). transcription factor (data not shown). However, probing HNF4

High salt extracts of crude nuclear pellets of cultured cells were
%repared as described7] and the gel retardation assags)(
were performed using the HNF4 binding site of the human

olipoprotein B promotel) or theXenopuHNFI1a promoter

6). The monoclonal antibody recognizing the A/B-domain of
HNF4al has been described9. The polyclonal antibodies
nti-A/B/C and anti-F were raised against the N-terminus of the

HNF4x1 protein 29) and a peptide of the F-domain of the
enopusHNF4a protein @), respectively. These polyclonal
antisera were produced in rabbits by Eurogentec.

Nucleotide sequence accession number

The sequence of the splice variant HNFAvas deposited in
GenBank (accession number AF015275).

A novel HNF4a protein in dedifferentiated hepatocytes
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Figure 1. The HNF4x protein of MHSV-12 cells reacts with the A/B-domain specific antibody depending on the conditions used to culture theleatiexitacts of
MHSV-12 cells were used for gel retardation assays with the HNF4 binding site of the apolipoprotein promoter. The apelifin arftdbhodies is given and the arrow
head points to the complex supershifted by the A/B-domain specific antibpdxttacts were prepared from cells grown either in the chemically defined MX83 medium
lacking serum (lanes 1-3) or in DMEM containing calf serum (lanes B)dkxfracts were derived from cells maintained in complete MX83 medium (lanes 7 and 8) or
in MX83 medium lacking either epidermal growth factor (lanes 1 and 2), hydrocortisone (lanes 3 and 4) or insulin (laneé) Bindléar proteins were extracted from
cells grown in DMEM with 10% serum. Dexamethasone (dex) and its antagonist RU486 were added to the@Misaatl Bx 10-4M, respectively, as indicated.

in gel retardation assays using various antibodies we detectgabwn with serum. As shown in the gel retardation assay of
some significant differences: as illustrated in Figlwee in  FigurelC, a 24 h incubation with dexamethasone leads to a
extracts of MHSV-12 cells grown in serum-free MX83 mediumsubstantial amount of HNE4protein that is recognized by the
that maintains a highly differentiated hepatic phenoty#®, ( A/B-domain specific antibody (lane 5). Since this dexamethasone
HNF4a could readily be detected in gel retardation experimentsediated change can be inhibited by RU486, a well known
(lane 1) and this DNA—protein complex could be supershifted bgntagonist binding to the glucocorticoid receptor as a competitor
an antibody raised against the A/B-domain or the F-domain of the glucocorticoid (lane 8), we assume that the effect is
HNF4a (lanes 2 and 3, respectively). In contrast, in extractmediated by the nuclear hormone receptor.
derived from MHSV-12 cells cultivated in the presence of serum, The findings with the cells grown without serum as well as the
that leads to a dramatic dedifferentiati@3)( we observed that data with the cultures maintained in serum, both imply that a
the HNF4x protein detected in gel retardation assays (lane 4) diglucocorticoid mediated event alters the properties of the BINF4
not react with the antibody specific for the A/B-domain ofprotein in such a way that it is recognized by the A/B specific
HNF4a (lane 5). However, in the same extracts the presence afitibody.
HNF4a protein could be verified with the antibody specific for
the F-domain (lane 6). These results imply that the properties ghe novel HNF47 protein is encoded by a differential splice
HNI;flq change in MHSV-12 cells depending on the culturg,griant of the HNF4a gene
conditions.
The differential recognition of HNF4 by the A/B-domain
The type of HNF4x protein present in MHSV-12 cells is specific :;mtibody cpuld ei'ther reflect a protein modifiqation ora
dependent on glucocorticoids change in th_e amlr_lo_aud_ sequence in the N-terminus of the
HNF4a protein. To distinguish between these two alternatives we
To identify the components in the culture medium that change tli@ansfected an expression vector encoding the originally
properties of the HNFt protein, we cultivated the MHSV-12 described rat HNFt protein @) into MHSV-12 cells grown in
cells in MX83 medium lacking defined components and analyzeitie presence of serum, i.e. in the absence of hydrocortisone, that
the extracts of these cells in the gel retardation assay using tidgolishes the supershift by the A/B-domain specific antibody.
A/B-domain specific antibody. As FigurgB illustrates, the Analyzing increasing amounts of extracts derived from these
omission of hydrocortisone in the culture medium results in cetfansfected cell lines by gel retardation assays we observed a
extracts with HNFd protein that mostly cannot be supershiftedconcentration dependent appearance of a ldiirdtein that can
by the A/B-domain specific antibody (lanes 3 and 4). In contraste supershifted by the A/B-domain specific antibody (marked by
extracts derived from cultures grown in the absence of EGF (lanas arrow head in lanes 2 and 5 in Rg.whereas in extracts of
1 and 2) or insulin (lanes 5 and 6) contain HdR#at is mock transfected cells no HNé&4rotein could be supershifted
predominantly supershifted by the A/B-domain specific antiby the A/B specific antibody (lanes 8 and 11). Using the F-domain
body. Consequently, the presence of hydrocortisone in thepecific antibody no qualitative difference could be seen between
serum-free medium leads to the expression of the I@N&#n  the HNF4x transfected cells and the control, but the supershifted
that is recognized by the A/B-domain specific antibody. band was stronger in the extract of the transfected cells (compare
In a complementary approach we investigated the effect of tit@nes 3 and 6 with lanes 9 and 12). These results rule out the
glucocorticoid hormone on HNEdexpression in MHSV-12 cells  possibility that protein modification plays a major role but rather
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Figure 2. The transfected HNFed protein is recognized by the A/B specific * 220 240 260
antibody in MHSV-12 cells grown in serum containing DMEM. An expression ACATGTACT o GG TACCCCACARTG G Gﬁ‘%mmm%ég; P
vector encoding the rat HNE4 protein (HNF4/CMV) or alternatively the FCCCCU NP U O T T
Rc/CMV vector alone were transfected into MHSV-12 cells grown in DMEM with A O GGG T AGC CCACAAT GTGTCGTAGACARRGETARGAGEARCCAGTTCAT
10% calf serum. Aliquots (2 or @l) of nuclear extracts prepared from the acreend reancanaracTrcee
transfected cells were analyzed in gel retardation assays with the HNF4 binding site T
of the apolipoprotein promoter. The arrow marks the DNA-HNEdmMplex A IGCAGGUTTRAGRRGTGCTRECGE
supershifted by the antibody specific for the F-domain. The arrow head points to
the transfected HNFedprotein detected by the monoclonal anti A/B-antibody.
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distinct in its amino acid sequence from the protein eXpreSSed N i, Lottty eskokbrthbbmkubatbeksshog kbR kL
undifferentiated MHSV-12 cells. - 70 T B so T 100 10T 120

To prove the assumption that in MHSV-12 cells the endogenous
HNF4a protein differs in its amino acid sequence from the cloned
sequence, we analyzed the HMFHRNA derived from cells  Figure 3. Comparison of the HNRAL and HNF4&7 splice variants.
cultivated in the presence of serum. As the difference in thé?) Schematic drawings of tiet anda7 splice variants of the mouse HNF4
HNF4a protein is only detected with the monoclonal antibodygene: The boxes designate the domains of the protein as defined (3). The
raised against the N-terminal AJB-domain, we Suspected e o e Biers s i ate, T ang s o sl
distinct 3-end of the HNF& mRNA. Therefore, we generated by i frame stop codon TGA preceeding the open reading frame and the initiation
reverse transcription a cDNA starting in the D-domain (primercodon ATG of HNF47 are underlined. The nucleotide sequence of HNF4
HN7 in Fig. 3A) and ligated this DNA at the'®nd with an is as published (14). The initiation codon of HNE4s based on our sequence

; ; ; scomparisons of the HNfedproteins of various species (1). The position of the
oligonucleotide that could be used as a second primer start S'n%)'stintron (6) is marked by an arroWZ) The N-terminal part of the amino acid

_USing this 5 RACE strategy we succeeded in cloning tWO sequence of thal anda? splice variants are aligned. The cystein residues
independent cDNA fragments, that were analyzed by sequencingrming the zinc finger domain are underlined.

The sequence of the longer cDNA clone, shown in FigBre

revealed that the'fend from —107 to +47 is completely different

from the published nucleotide sequence of mouse HNF4

whereas the'&nd (nucleotide +48 to +274) is highly identical to 11,4 halance of the HNE41 and HNEF4a7 splice variants

the known sequence. The loss of identity is exactly at the SaP¥fanges with the MHSV-12 differentiation status
position in the shorter cDNA clone (data not shown), thus

excluding a cloning artefact. As the loss of identity correspondSomparing extracts derived from MHSV-12 cells grown without
in both cases to the position of the exon 1-exon 2 boun@gry ( serum or in the presence of serum, we observed in western blots that
we anticipate that the new cDNA encodes a novel splice variaHiNF4a is slightly shorter in the presence of serum and thus has the
of the HNF4 gene we refer to as HNE4. size of the predicted HNIBZ splice variant (data not shown). The
The 3-end of the HNFd7 cDNA encodes an in frame open presence of this splice variant was confirmed by RT-PCR using
reading frame preceeded by an in frame stop codon3Bj)g. primers specific for thex7 splice variant. Figurd reveals the
Comparing the amino acid sequence between the BHNBAd  expression of the HNE& splice variant in MHSV-12 cells cultured
HNF4a7 proteins, reveals that their N-termini are completelyn the presence of serum (lane 1). Apparently significant amounts of
different and that the HNE& splice variant is, by 23 amino the HNF47 variant are also found in cells grown in serum-free
acids, shorter than the previously described HNFgrotein  medium (lane 2). However, these RT-PCR reactions were performed
(Fig. 3C). The novel N-terminal sequence of HNF4shows no  close to saturation and, therefore, heavily overestimate the amount
significant identity to any sequence in the data bank. of HNF4a7 transcripts. In contrast the previously described
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Figure 4. The presence of the HN&2 and HNF&7 splice variants in
MHSV-12 cells. By RT-PCR using the primer pair HN18/HN7 (lanes 1 and 2)

or HN6/HN7 (lanes 4 and 5) the presence obthendal splice variant was
determined, respectively. The RNA used was either prepared from cells grown
in serumfree MX83 medium (lanes 2 and 4) or from cells maintained in DMEM
with 10% serum (lanes 1 and 5). The PCR products were separated on a 1.8%
agarose gel and stained with ethidium bromide. pBR322 plasmid DNA
restricted withAlw441 andMval was loaded in lane 3 as size marker.The
marker fragment migrating between the HiE4nd HNF47 PCR product

is 383bp in size. The position of the primers is given in Figure 3A.

HNF4a1 splice variant is exclusively detected in MHSV-12 cells
grown in serum-free medium (compare lanes 4 and 5). These data
confirm that the serum induced change in the differentiation state 9
of the hepatic cells is accompanied by an alteration in the INF4 e
splice variants. In differentiated cells grown under serum-free
conditions HNF41, and to a small extent HN&% transcripts,

are present, whereas dedifferentiated cells grown with serum
contain almost exclusively the HNé&4# splice variant.

HNF4al and HNF4a7 have distinct transactivation potential

relative luciferase activity
AN

- : - 4 mHNF4a7
To address the question whether the novel splice variant has a 3t / .
differential transactivation potential we compared its transactivation / T {“\\
potential in transfection experiments with the splice variant A X
HNF4al. Using a luciferase reporter construct containing four 1g—
HNF4 binding sites in front of the tk promotéi) we observed in \ ! !
the dedifferentiated hepatoma cell line C2 that lacks HINE2L) 50 100 150
a 2-fold lower transactivation potential of HNF24 compared to expression vector (ng)
HNF4al (Fig.5A). In Hela cells an even greater difference in the
transactlvatl_on potential betwgen the two _spllce variants WaEigure 5. The HNF47 transcription factor is a functional transactivator with
observed (FighB). In fact using high concentrations of the HRF4 5 reqyced activation potential compared to HME4A) The dedifferentiated
expression vector no transactivation of the luciferase reporter wagpatoma cell line C2 lacking HN&4wvas transiently transfected with 50 ng
seen. Taken together these results establish that MHSV-12 cedlgoression vector encoding HNFgrotein and 2ug H4-tk-luc as a reporter,
grown in serum, that leads to dramatic dedifferentiation of thdhat contains four copies of the HNF4 binding site from the human

. - . al-anti-trypsin gene in front of the thymidine kinase promoter as previously
hepatic phenotype, contain the HN¥A variant that has a described (31). Rc/CMV (InVitrogen) is the expression vector without insert,

significantly lower transactivation potential. whereas rHNFd1 contains the rat transcription factor (3) used to construct the
mHNF4a1 and mHNF47 constructs. mHNFeAL is a mouse rat chimeric

_ . - protein with amino acids 1-102 derived from the maukserotein and amino
HNF4al and HNF4o7 show a distinct tissue SpeCIfIC acids 103 to the C-terminus of the rat protein. mHiINFi$ the corresponding

expression pattern chimeric protein containing the N-terminus of ¢iiésplice variant fused to the

L . . C-terminus of the rat protein. For both these constructadtesite at codon
To explore the significance of the novel HNF4splice variant 102 of the HNF41 protein was used (see Fig. 38) (ncreasing amounts of

we investigated by RT-PCR the presence of HiNFZ4nd the expression vector encoding mHNHE4r mHNF47 were transfected into

HNF4a7 transcripts in different mouse tiSSL\:%ea% Toallowa reIiabIég:r'gt;iltlst;’;’litgg&?ng4;|é;lclll\cﬂ \f;%p%t:r-emi E?)rzgurgi \?;r?I?meeird tlg'\:ﬁdvggznkde;t]t
uantification we made the PCR reaction -labeled dCTP . . '

?hat permits low cycling numbers and thus ensures quantitativttreameecnon experiments.

measurements. As shown in Figaieoth these transcripts can be

identified in the liver and the stomach (lanes 1 and 3), whereasamounts of HNF47 transcripts are present. But the significance

the kidney and to a smaller extent in the intestine only thef this finding is questionable as the GAPDH mRNA cannot be

HNF4a 1l transcript can be detected. In the pancreas only smalten probably because the pancreatic RNase was not sufficiently
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Figure 6. Tissue specific expression pattern of HNE4nd HNF47. RNA

isolated from mouse tissues were analyzed by RT-PCR for the presence of tt
HNF4a7 and HNF4i1 splice variants using the HN18/HN7 and HN6/HN7 12 3 4
primer pairs, respectively (see Fig 3A). To control the quality of the RNA the
presence of GAPDH mRNA was analyzed in aliquots of the same RT reactions

The print-outs of the phosphor imager represent PCR reactions generated | C E ?': £

using 35 (HNF&1 and HNF47) or 30 (GAPDH) cycles. To estimate the 'ﬁ = E 1 2 3 456 7 8
abundance of the HNB4 and HNF4(7 transcripts the signals were counted L2

in the phosphor imager and corrected for the amount of GAPDH mRNA. To 3

ascertain that the PCR reactions were still in the linear range the values give HNFdo “ e

for the high expressing tissues (liver, kidney, stomach and intestine) wer¢ ol

calculated from experiments using only 30 cycles of amplification. e

inhibited during RNA preparation. However, traces of HXF4 1 2 3

RNA were also detected in the ovary, heart, bladder and brain, where

no HNF4x1 transcripts and normal levels of GAPDH RNA were

observed. Clearly, the HNE4 and HNF47 spice variants are | 0.1¢, o e Rt b el e o or Fo cels
eXpres_Sed_ dlﬁeremla"y in  the V anous tlssuf:"S anaIyZEd', B\éri]fferentiated during 7 days to viscerarly endoderm were treated with dexamethasone
quantification of the PCR products in a phosphor imager we estimaig indicated. The HNfe&¥ and HNF41 transcripts were detected by RT-PCR as
that in the stomach about a third of the HMF#anscripts in Figure 6 using 35 cycles of amplification. The GAPDH RNA was amplified by
correspond to the HNIE¥ splice variant (lane 3). Furthermore, the 25 cycles. B) The HNF4 binding site of the HNEIpromoter was used for gel

abundance of the HNBZ transcripts differs by a factor of retardation assays with nuclear extracts of the F9 cells. The addition of the various
antibodies is given. The arrow designates the complexes containingritiéF4

[1000-fold between h|gh and low expressing tissues. HNF4a7, whereas the arrow head points to the supershift containingdldNF4
(C) RNA prepared from the embryonic stem cell line E14-1 grown on feeder cells

P - : (lane 2) or from the feeder cells alone (lane 3) was analyzed by RT-PCR for the
HNF4a7 is eXpressed in embryomc stem cells of the mouse presence of HNFe#7 (35 cycles) and GAPDH (25 cycles) mRNA as in (A). In lane

Our initial experiments leading to the identification of the H&[F4 1 "° RNA was added in the RT reaction.

splice variant implied some correlation of the novel splice variant

with the undifferentiated phenotype of the hepatocytes. Therefore,

we investigated the presence of HMF4n the murine embryonal

carcinoma cell line F9 that resembles the pluripotent stem cells gificocorticoid dexamethasone (Fij, we wondered whether a
the inner cell mass of the early mouse embryo. This cell line can csimilar effect is seen in F9 cells. As Figui® demonstrates the

be differentiated into distinct endodermal cell types upon retinoiexpression pattern of HNB4 and HNF4(7 is not changed upon
acid treatment. Most interestingly these stem cells can lmexamethasone treatment in either undifferentiated or differentiated
differentiated by retinoic acid treatment into visceral endoderri9 cells.

when they are cultured in suspension as aggregates and these cé&bh determine whether the presence of the HNF#anscript
types share properties of hepatocy?dsi?) . Based on RT-PCR we in the embryonal cell line F9 also reflects the expression of the
succeeded to show that undifferentiated F9 cells contain exclusivelgrresponding protein, we prepared nuclear extracts from F9
the HNF4x7 splice variant ( FigrA, lanes 1 and 2), whereas the cells. In gel retardation assays with extracts from undifferentiated
differentiated cell population contains the HN#4as well as the F9 cells (Fig7B) we could detect a supershift with the F-domain
HNF4a7 splice variants (lanes 3 and 4). From three independespecific antibody (lane 3) and the A/B/C-domain specific
experiments we estimated by quantification in a phosphor imagegaatibody (lane 4) but no reaction with the A/B-domain specific
15-fold increase in HNF7 mRNA upon differentiation into antibody (lane 2). In contrast in F9 cells differentiated into
visceral endoderm, whereas the level of HiF4transcripts visceral endoderm a supershift was seen with each of the three
increased from undetectable levels to a vak@6 of the amount antibodies (lanes 6, 7 and 8). This result is consistent with the
of the HNF47 transcript. Since in the immortalized hepaticRT-PCR analysis and implies that undifferentiated F9 cells
MHSV-12 cells grown in the presence of serum, the balanaontain HNF4(7 protein, whereas HNEA as well as HNFe7
between HNFd1 and HNF4(7 is altered by the addition of the proteins are present in differentiated F9 cells.
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To further investigate the early embryonic expression of HiMF4 absent in the egg and accumulate by zygotic transcription in early
we searched for the corresponding transcript in the totipotemouse embryogenesis. This is consistent with the appearance of
embryonic stem cell line E14-1. The RT-PCR analysis given iRINF4a transcripts inn situ hybridization experiments with a
Figure 7C demonstrates the presence of HWF4nRNA in this  probe detecting HNFedL and HNF4i7 only at day 4.5 p.c1().
embryonal stem cell (lane 2), whereas the RNA sample derived frofinerefore, it seems unlikely that HNEF4NRNA is a maternal
the feeder cells used for the ES cell culture lack any [dMF4 component in mammals. This is in contradbtosophilaHNF4
transcripts (lane 3). Probing the same ES cell RNA for the EHNF4 (7) andXenopusHNF4B mRNA (2) that are known to be present
mRNA we did not detect any transcript (data not shown). as maternal transcripts. However, the HXBotein itself might be

From the analysis of both the F9 cells and the ES cells wematernal component of the mammalian egg, a situation we have
conclude that the presence of HMFFAMRNA is a characteristic found for the HNFd protein inXenopuswhose corresponding
of undifferentiated embryonic cells. MRNA has disappeared at the egg stage1).

An early function of HNFd gene expression in mammals has
DISCUSSION been established by the disruption of the gene that results in an

impaired gastrulation and early embryonic lethality) (As the
The novel splice variant HNE& is expressed as the exclusivetargeting vector used in these knock-out experiments_ lacked exon
HNF4a transcript in the undifferentiated embryonal carcinome® @nd 3, the HNFell as well as the HNe& transcripts are
cell line F9 and the ES cell line E14-1. The transcript is also fourvoid of the DNA binding domain. Therefore, it is not clear at
in the hepatocyte cell line MHSV-12 that has been established B} momentwhich HNFetranscripts plays the essential function
immortalization of embryonic hepatocytes. In this immortalizedi this early embryonic stage. It should also be considered that the
hepatic cell culture HNFe predominates provided these cells argP@rtial rescue of HNFe4 knock-out embryos observed by
cultured under conditions that lead to dedifferentiation. In thi§upplementing the developing embryo with normal visceral
context it is important to stress that the MHSV-12 cell line2ndoderm5) might be an effect relieving only one of the two
dedifferentiated by serum addition has far more hepatic characté&tSF4a splice variants. _ _ _
than the dedifferentiated hepatoma cell lines C2 and H5 that both/Ve assume that the presence of HilF# the undifferentiated
lack any HNF4 and HNF transcription factorsi@,32). embryonal carcinoma cell line F9 and in the embryonic stem cell

Recently, the expression of HNf4as been investigated in the E14-1 reflects already some first step of embryonic gene
ES cell line D3 83). Under differentiating conditions allowing the regulation. Consistent with this interpretation the presence of
formation of embryoid bodies the appearance of HNRBIA has  transcripts encoding the tissue _specm_c transcription factor
been observed, but no signal was detected in the undifferentiatdblF1a has been reported in undifferentiated F9 celts36).
embryonic stem cells. The lack of HNF4transcripts in Since itis well established that HNfis a potential target gene
undifferentiated ES cells probably reflects the insensitivity of the€f HNF4a (18-20,26,37), we consider the possibility that
Northern blots compared to our RT-PCR assay as these authors U3idF4a7 triggers HNFir expression at this early stage. However,

a full length cDNA probe that would hybridize also to the HXF4 the significance of such a potential effect is questionable as the
splice variant. HNF1a transcripts are of aberrant size and no HiNpfotein can

The presence of HNE¥ in various embryonic cell types be detected in F9 cellg¥).
suggests that this novel HNi4plice variant has some function Our analysis demonstrates that HN4is not restricted to
during early embryogenesis. Early embryonic expression of tiembryonic tissues as it is also found abundantly in the stomach of
HNF4a gene starting in the primary endoderm at embryonic day Atbe adult mouse (Fig). In contrast, in the liver and intestine,
of the mouse has been documenteithsitu hybridization (0). As ~ HNF4a7 transcripts constitute only a minor fraction as compared
the probe used in these experiments did not differentiate betweentté!NF4x1 and in the ovary, heart, bladder and brain only traces
al anda? splice variant, the identity of this signal in respect to thean be found. It will be most interesting to investigate whether in
splice variants is not clear. However, anothesitu hybridization ~ these tissues HNI# is restricted to a subpopulation of cells,
used a genomic fragment of the exon 1 of the original laNF4e.g. the stem cell compartment.
transcript 6) and thus, in retrospect, was a HNE4pecific probe. Our finding that the transactivation potential of the HXBglice
With this probe HNFé transcripts were first localised only on day variants differs in transient transfection assays and that the extent of
7 p.c. in visceral extraembryonic endoderm. This detection at a lathis effect depends on the cell type used @jigindicates that the
time point in embryogenesis could well reflect the fact that this probeo HNF4x splice variants cooperate differentially with other
could not hybridize to the HNEZ splice variant. Similarly, the transcription factors. As the HN&4 and HNF47 splice variants
relatively late appearance of HN#4binding activity in gel have distinct N-termini, we expect that this domain determines the
retardation assays starting at 8.5 days R8) ight also be differential cooperation. Therefore, we exclude the reported
interpreted as a lack of reactivity of the antibody with the HNF4  interaction with COUP-TFI and COUP-TFIB) as well as the
splice variant. Therefore, by indirect evidence the earlier appearariisding to HNFIx (39) as the mechanisms mediating the distinct
of HNF4a7 compared to HNFl, we have seen in the properties of of HNFdl and HNF47, since these interactions
differentiating F9 cells (Fig. 7A and B) matches the available daiavolve the C-terminus common to HNiFY and HNF4(7.
in the developing embryo. However, the specific binding observed with the basal transcription

Analyzing 200 unfertilized mouse eggs we could not identififfactor TFIIB (40) might trigger the distinct properties of the two
HNF4a7 mRNA whereas GAPDH mRNA was readily detectablesplice variants, as the formation of this complex requires the
(data not shown). As unfertilized mouse eggs are about 20 timNsterminus of HNFéd (38,40). Alternatively, HNF41 and
larger than the ES cells, the input RNA in the RT-PCR correspondtiNF4a7 may exert distinct activities due to differential hetero-
to (4000 ES cells. Since in such an ES cell aliquot we could identifyimerization with other members of the HNF4 family?j. But
the HNF4&17 mRNA, we assume that HN&4 transcripts are we would not expect differential heterodimerization with other
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members of the nuclear receptor superfamily, since ldNF4 6
seems usually not to heterodimerize with these component;
(41,42).

Analyzing the expression of the HNf4plice variants we
revealed that HNFe#7 is under a complex regulatory network. In
the hepatic cell line MHSV-12 the glucocorticoid plays a major®
role as the lack of this hormone seems to be a critical componegnt
for the appearance of HN&4%. Clearly, the glucocorticoid
hormone alters the balance between the HNFand HNF47
splice variants. As glucocorticoids are known to trigger the finall
stage of hepatic differentiation at birth8}, we have investigated
the expression of these two HNF4plice variants. Using liver
extracts from 2 days before birth up to 2 days after birth we could
not see any change (data not shown). In fact, as all the HNF4
binding activity observed in gel retardation assays could b&
supershifted by the A/B specific antibody at all stages analyzeg4
we have no data to support a major change in HiN§lice
variants at birth, although glucocorticoid action is an essentiab
step at this developmental stage. A lack of glucocorticoid control
was also seen in F9 cells. Neither in undifferentiated nor it
differentiated F9 cells the addition of dexamethasone altered th
level of the HNF4i1 and HNF47 mRNA (Fig.7A). On the other  1g
hand in these F9 cells the retinoic acid mediated differentiation to
visceral endoderm leads to an increase in HNFAhRNA but 19
more significantly also to the appearance of the HMNFplice
variant. This change in HNEdexpression can also be seen on the;
protein level, as HNF4 binding activity reacting with the anti A/B
antibody is only detected in the differentiated cells (AR). 22

Our data show that the splice variant HMF4contains a
distinct first exon. As the original exon 1 of the murine HXF4
gene has been shown to contain the initiation site of the promotey
(6,44), we assume that the novel exon 1 found in HWNF4 25
indicates a second promoter of the HNFgkene. Therefore, we
propose that the differential expression of the two splice varia
is mainly due to the differential use of two distinct promoters 0§,
the HNF4 gene 28

23
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