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CES1A2 -254 AATCTGA GAG TAGASTCCAGA TI2GGTTTGA TGAMRCGAGOGTAAACTGTG A ToGC] TIGAGGCCCCACT O GAAGCCCAGSGAGATCTG 8 GGAAAG
CES1AL -158 GGAGGGETTT POTGATCTCT ZCCAATTAGA GSATTASGCA ATTGGCAG ‘COCAGGGCGRTAACT:
CB31A2 -154 GGAGGGCTTT TETGATCICT. CCCARTTAGA SGATTAGGCA ATTGOCAG T GCAGGGEGETANET
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Fig. 2. Alignment of nucleotide sequences of the two CES1A gene promoter regions
The predicted binding sites for Sp1 or C/EBP are shown in boxes. Bold letters indicate nucieotide differences. Arrows indicate transcription

start sites. Underlines indicate translation start sites.
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Fig. 3. Characterization of the promoter regions of the two CEST1A genes

Either one of the deletion constructs or pGL3-Basic (200 ng) and a2 phRL-TK plasmid (4 ng) were transiently transfected into FLC7 cells. The
names of the deletion constructs are shown on the left side of each bar. An oval indicates a C/EBP-binding site, and boxes indicate Sp1-bind-
ing sites. Each value is the mean + SD of relative activities (Firefly/ranilla) for three separate experiments, each performedin triplicate. *, **
and *** indicate statistically significant differences compared with CES1A1 - 432/+65 (p<0.05, p<0.01 and p <0.001, respectively). t

and ttt indicates statistically difference compared with CES1A2 —243/+ 65 (p<0.05 and p<0.001 respectively).

quences of CESI1Al and CES1A2 genes revealed about 98% in the open reading flame, and all of the difference exist in

“homology in 30216 nucleotides from the translation start site exonl.
(ATG) to before the site of poly-A addition. There are only six On the other hand, the 5’- flanking regions of CES14l and
nucleotide differences resulting in four amino acid differences CES1A2 were also cloned from human liver genome DNA us-
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Fig. 4. Mutation analysis of the two CES7A gene promoters
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Either a deletion construct (CES1A1 —432/+65 or CES1A2 — 432/ +65) or pGL3-Basic (200 ng) and a phRL-TK plasmid (4 ng) were tran-
siently transfected into FLC7 cells. Symbols are explained in the legend of Fig. 3. Crosses indicate mutations introduced into each binding
site. Each value is the mean £ SD of relative activities (Firefly/renilla) for three separate experiments, each performed in triplicate. ** and
*** indicate statistically significant differences compared with CES1A1 -432/+65 (p<0.01 and p<0.001, respectively). t11 indicates
statistically difference compared with CES1A2 —432/+65 (p<0.001).

ing PCR amplification and sequenced. The difference in the
nucleotide sequences of the two genes was 91% in the 1-Kbp
5’ flanking region.
Determination of the transcription start sites of CESIAJ
and CES142 genes

The RLM 5’-RACE method was used to determine the tran-
scription start sites of CESIAl and CESIA2 genes. DNA se-
quencing analysis of a PCR product showed that it contained a
partial nucleotide sequence of the CESIAl or CESIA2 geme
ligating to the adopter sequence. The transcription initiation
sites of the CES]A1 promoter were localized 61, 41 and 39 up-
stream and these of the CESIA2 promoter were localized 59
and 37 upstream from the translation initation site (Fig. 2).
Identification of the major cis elements responsible for
transcriptional activity of the 5’'{lanking regions of the
CESIAT and CESIA2 genes

Regions homologous to known cis elements were identified
using searching programs for transcription factor-binding sites
{(htep:/fwww.gene-regulation.com/ and hup/www.drkazu.com/
KENKYUW.htm/). In the 5'flanking regions of CESIAl and
CES 142 sequence, several possible binding sites for transcrip-
tion factors have been identified, but no TATA-box was

present in either promoters. A putative SP 1 transcription fac-
tor-binding site of the CESTAI promoter were located at posi-
tion — 196(Sp1-A) and ~— 84(Spi-B). A putative SP1 transcrip-
tion factor-binding site of the CESIA2 promoter was only locat-
ed at position — 195(Spl-A)from the translation initiation site.
A putative C/EBP binding site of the CESIA! promoter was lo-
cated at position — 290 from the translation initiation site, but
the CES1A2 promoter has no C/EBP binding site in this region.

Deletion analysis and mutation analysis were performed to
examine the transcriptional activity of the 5/ flanking regions
of CES141 and CESIA2 genes and to identify the elements that
contribute to the transcriptional activity. Six deletion con-
structs were transiently transfected into FLC cells, human
hepatoma cell lines. Deletion analysis showed that the highest
level of transcriptional activity was in —432/+65 of the
CES1A] promoter (Fig. 3). Deletion of the region from —432
to =243, which contained the C/EBP-binding site of the
CESIAl promoter, caused a 2.0fold decrease in activity
(p<0.01) and further deletion to —218 resulted in no sig-

. nificant effect on activity. Finally, deletion of the region from
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—218 to — 112, which contained the GC box (Sp1-A), caused
a 9.0-fold decrease in activity of the highest level observed in
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Fig. 5. Effects of C/EBP proteins on promoter activity of the CES1A 1 gene

The construct CES1A1 ~ 432/+ 65 (200 ng) and a phRL-TK plasmid {4 ng) were transiently transtected into FLC7 cells together with 50 ng of

C/EBPa expression plasmid and/or C/EBP S expression plasmid. Total DNA amount was adjusted to 304 ng by using an empty pTARGET vec-
- tor. Crosses indicate mutation introduced into C/EBP binding site. Symbols are explained in the legend of Figs. 3 and 4. Each vaiue is the

mean £ SD of relative activities (Fireflyirenilla) for three separate experiments, each performed in triplicate. *, **and

(2 X3

indicate statisti-

cally significant differences between control and mutation introduced into C/EBP binding site (p< 0.05, p<0.01 and p< 0.001, respectively).

—432/+65 (p<0.001). In contrast, deletion analysis showed
that the level of transcriptional activity of the CESIA2
promoter was lower than that of the CESIAI promoter. Dele-
tion of the region from — 217 to — 111, which contained the
GC box (Sp1-A). resulted in the level of activity to 5% of the
highest level observed in —243/+65 (p<0.001).

The results of mutation analysis were similar to those ob-
tained from deletion analysis of the 5’flanking regions of the
human CES]AI and CESIA2 genes (Fig. 4). All of the mutation-
al constructs showed significant reduction of transcriptional
activity when compared with that of the intact — 432/+65.
The introduction of mutation into C/EBP, SP1-A and the Sp1-B
reduced activity to 66%6 (P <0.01), 42% (P<0.001) and 77%
(P < 0.01) of the wild type of CES/ Al promoter activity, respec-
tively. In the case of the CES/A2 promoter, the introduction of
mutation into SP1-A caused 73% (P <0.001) reduction of the
activity relative to that of —432/+65. The effects of double
mutations on the transcriptional activity were different among
the constructs. Additional mutation in the C/EBP element to
Spl-A was effective for 80% reduction of the transcriptional
activity of wild type CES1Al promoter (P <0.001). The double
C/EBP and Sp1-B element mutant and double Sp1-A and Sp1-B
mutant also caused 79% (P < 0.001) and 81% (P <0.01) reduc-
tion of the activity relative to that of the wild type of CES1A/
promoter, respectively. Interestingly, in the case of double
C/EBP and Sp1-B mutation of the CESIAI promoter, transcrip-
tional activity was the same as that of the wild type of the
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CES1A2 promoter. Triple mutation of C/EBP, SP1-A and SP1-B
elements also caused 95% (P < 0.001) reduction of transcrip-
tional activity relative to that of the wild type of the CESIA}
promoter, and this reduction of activity was the same as that in
the case of mutation in the SP1-A element of the CES]A2
promoter. .

To clarify whether C/EBPa or C/EBPS was effects of the
transcriptional activity of C/EBP-binding site of the CESIA!
promoter, cotransfection analyses were performed by using
the human hepatoma cell line FLC7. The CESIAl —432/+65
promoter was cotransfected with pC/EBPa and/or pC/EBPS.
Figure 5 shows that the transcriptional activity level of the
CES1AI promoter cotransfected with pC/EBPa was 3-times
higher than that of the promoter cotransfected with pC/EBPS.
Introduction of mutation into the C/EBP-binding site of the
CES1Al promoter caused 73% reduction of the activity relative
to that of the wild type CESIA] promoter cotransfected with
pC/EBPa. When the CESIA] ~432/+ 65 promoter was
cotransfected with pC/EBPa and pC/EBPS, the transcriptional
activity was reduced compare to that in the case of cotransfec-
tion of pC/EBPa alone (Fig. 5).

Identification of nuclear proteins interacting with
C/EBP and Spl of the CESIA] and CES1A2 gene
promoters

The results of deletion and mutation analysis showed that
the 5’ flanking region of —432 to +65 consists of a minimal
promoter of the CESIA] and CESIA2 genes and that three cis
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Fig. 6. Binding of Sp1 to the promoter region of the two CES1A genes

A: GMSA was performed using probes, CES1A2-Sp1 and CES1A1-Sp1, that contain an Sp1-binding site (Sp1-A). NE, FLC? cells nuclear ex-
tracts. SELF, cold probes (S50-fold excess amounts of the probe, lanes 2 and 7). Sp1 and Sp 1mt, ofigonucleotides containing a consensus or
mutated Sp1-binding site (50-fold excess amounts of the probe, lanes 3 and 8 and lanes 4 and 9, respectively). A shifted band is indicated by

an arrow.

B: Supershift asssay was performed using the same probes, Anti-Sp 119G (4 ug) was added to the reaction mixture (lanes 2 and 4). SS, a su-

pershifted band.

clements, a C/EBP-binding site and two Sp1-binding site, (Spi-
A and Spl-B) located within the region were important for
transactivation of the promoter. To determine the nuclear pro-
teins that could interact with these elements, electrophoretic
mobility shift assays (EMSAs) were carried out. Probes used in
EMSAs are listed in Table 1.

Figure 6 shows the results of EMSAs and supershift assays
for identification of proteins interacting with the Spl-A site
(GC box). The probes, CESIA1-Spl-A and CES1A2-Spl-A,
were incubated with FLC7 nuclear extracts, resulting in three
'DNA-protein complexes (Fig. 6A, lanes 1 and 6). All of the
complexes disappeared when an 50fold excess amount of
CES1A1-Sp1-A, CES1A2-5p1-A (Fig. 6A, lanes 2 and 7) or Spl
consensus oligonucleotide (Fig. 6A, lane 3 and 8) was added
as a competitor but not in the case of addition of Splmt, a mu-
tated Sp1 consensus oligonucleotide (lane 4 and 9). To identify
the proteins composing these complexes, supershift assays
were performed using anti-Sp] antibodies. The addition of an-
ti-Sp1 antibodies generated a supershifted band together with a
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slight decrease in the amount of the upper complex formed
(Fig. 6B, lanes 2 and 4). These findings indicate that Spl pro-
tein is bound to Spl-A (GC box) of both the CES/AI and
CES1A2 gene promoters,

Figure 7A shows the results of EMSAs and supershift assays
for identification of proteins interacting with the other GC box
(Sp1-B) as described above. The probe, CES1A1-Spl-B, was in-
cubated with FLC7 nuclear extracts, resulting in DNA-protein
complexes (Fig. 7A, lanes 6 and 9). All of the complexes dis-
appeared when a 50-fold excess amount of Spl, an Sp! consen-
sus olignucleotide, was added as a competitor (Fig. 7A, lane 7)
but not in the case of addition of Splmt, a mutated Spl con-
sensus oligonucleotide (Fig. 7A, lane 8). To identify the pro-
teins composing the three complexes, supershift assays were
performed using anti-Spl antibodies. The addition of anti-Sp1
antibodies generated a supershifted band together with a slight
decrease in the amount of the upper complex formed (Fig.
7A, lane 10). On the other hand, CES1A2-5p1-B could not
bind to the nuclear protein forming a complex with FLC7
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Fig. 7. Binding of Sp1 and C/EBP to the promoter region of the two CES1A genes

A: GMSA was performed using the probes CES1A2-Sp 1-B and CES1A1-Sp1-B. CES1A1-Sp1-B contains an Sp1-binding site (Sp1-B). NE, FLC7
cells nuclear extracts. Sp1 and Sp 1mt, oligonucleotides containing a consensus or mutated Sp1-binding site (50-fold excess amounts of the
probe, lanes 2 and 7 and lanes 3 and 8, respectively). Anti-Sp119G (4 1g) was added to the reaction mixture (lanes 5 and 10). SS, a super-
shifted band.

B: GMSA was performed using the probes CES1A2-C/EBP and CES1A1-C/EBP. CES1A1-C/EBP contains a C/EBP-binding site. SELF, cold
probes (50-fold excess amounts of the probe, lanes 2 and 6). C/EBP and C/EBPm, oligonucleotides containing a consensus or mutated
C/EBP-binding site (50-fold excess amounts of the probe, lanes 3 and 7 and lanes 4 and 8, respectively). An arrowhead indicates a shifted
band.

nuclear extracts (Fig. 7A, lanes 1-4). These findings indicate cotransfected with Spl and/or Sp3 in Drosophila SL2 cells,
that Sp1 protein is bound to SP1-B (GC box) of only the CESIA! which possess a null background for these transcription fac-
gene promoter. tors,”™ and luciferase activities were compared (lfig. 8). Spl
Next, we examined nuclear proteins that interacted with was shown to be a strong transactivation of the CES/Al
the C/EBP-binding site of the CESIAI promoter (Fig. 7B). In- promoter (2.8fold), Sp3 also strong transactivation of the
cubation of the labeled probe CES1A1-C/EBP with the nuclear CESI1Al promoter (3.6fold). However, in the case of a combi-
extracts resulted in the formation of a complex together with nation of Sp1 with Sp3, the promoter activity level was greatly
an unknown band indicated by asterisks (Fig. 7B, lane 1). The increased by 4.3 fold (P <0.001). Spl or Sp3 was not shown a
complex disappeared when a 50fold excess amount of transactivation of CES/A2 promoter (Fig. 8), but In the case of
CES1A1-C/EBP or C/EBP, a C/EBP consensus oligonucleotide, a combination of Spl with Sp3. the promoter activity was
was added as a competitor (Fig. 7B, lanes 2 and 3) but not in slightly but significantly increased (1.3£fold, p<0.01).
the case of addition of C/EBPmt, a mutated C/EBP consensus Comparison of CESIA] and CES142 mRNA expression
oligonuclectide (lane 4). On the other hand, CESIA2-C/EBP levels in human liver samples and human tissues
could not specifically bind to the nuclear protein forming a Table 2 shows the mRNA expression levels of CES 1A1 and
complex with FLC7 nuclear extracts (Fig. 7B, lanes 5-8). CES}A2. In most samples, CESIA] mRNA expression level
These finding indicate that C/EBP protein is bound to the ele- was much higher than that of CES1A2, CES1A2 mRNA was

ment of only the CESIAl gene promoter. not expressed in some human liver samples.
Transactivation of the CESIA promoter by Spl and Sp3 Table 3 shows a comparison of CES1Al and CESiA2
in Drosophila SL2 cells mRNA expression levels in human tissues. When the amounts
We analyzed functional capabilities of Spl and Sp3 for of CESIAl and CES1A2 mRNA in human adult liver, lungs,
transactivation of the CESIAl and CESI/A2 gene promoters. testis, small intestine, brain (cerebeflum) and heart were meas-

CES1A1-432/+65/pGEL3 or CES1A2-432/+65/pGEL3 was ured by real-time PCR, CESTA1 mRNA was detected in all or-
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Fig. 8. Effects of Sp family protelns on promoter activity of the
two CES 1A genes

Either 200 ng of CES1A1 or CES1A2 was transiently transfected
into Drosophila SL.2 celis together with 50 ng of pAcSp1 and/or
pPacUSp3. Total DNA amount was adjusted to 300 ng by using an
emply pAcS. 1V5/His vector. Luciferase activity was determined as
relative activity (fireflyitotal cellular protein). Each value is the
mean+SD of fold induction towards the activity obtained from
each CES1A promoter construct alone for three separate experi-
ments, each performed in duplicate. *** indicate statistically sig-
nificant differences compared with control (p<0.001). t, 1 and 1t
1 statistically significant difference between two transfectants in-
dicated in the figure (P <0.05, P <0.01, p<0.005, respectively).

Table 3. Quantitation of the CES1A1 and CES1A2 mRNA ex-
pression levels in human tissues

Sample CES1AL CESIA2
{ X 107 coples/ug total RNA) (X 103 coples/ug toral RNA)
liver 254 86.}
kidney 271 118
testis 6.41 1.04
lung 80.4 0.0135
small intestine 9.09 ND
brain 0.514 0.0342
heart 276 0.00579

ND, Not detected.

gans. The expression levels of mRNA in the liver was the
highest, and high appearance was comparatively shown next in
lungs and heart. The mRNA expression levels of CES1Al in
small intestine and testis were low, and the level was very low
in the brain. On the other hand, the expression levels of
CES1A2 mRNA in the liver was lower than CESIA] mRNA.
The expression levels of CESIA2 mRNA in other organs were
very low, and CES1A2 mRNA was not detected in small intes-
tines.

Discussion

We isolated and characterized two genes encoding the hu-
man CES]Ala (AB119997) and CESIA2? (AB119998), and we
also cloned and sequenced the 5’ flanking region of each gene
in order to elucidate the structure of the promoter.
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Fig. 8. Comparison of exon 1 nucleotide and N-terminal amino
acid sequences between two CES1A genes

Bold letters indicate nucleotide or amino acid differences. A
shadowed box indicates the change that eliminates positive charge
from the signal peptides.

Tt was clarified that both the CESIA] and CES1A2 genes ex-
isted in all human genome DNA of 20 specimens. We also
found that complete CES1AI and CES1A2 cDNA were able to
be obtained from the same liver (data not shown) of 20 speci-
mens. These results suggested that the CES/ A4 gene is caused as
a result of the gene duplication. They share a common inter-
genic region spanning about 9 Kbp. There are only six nucleo-
tide differences resulting in four amino acid differences in the
open reading frame, and all of the differences existed in exon }
(Fig. 9), and the difference in the nucleotide sequences of the
two genes was 91% in the 1-Kbp 5’-flanking region. Qur result
suggested that the two genes evolved independently after gene
duplication and that the nucleotides changed within exon 1
and the 5'-flanking region. Gene duplication has generaily
been viewed as a necessary source of material for the origin of
evolutionary novelties, and duplicate genes evolve new func-
tions.'*!” The majority of gene duplicates are silenced within a
few million years, with the small number of survivors are sub-
sequently subjected to strong purifying selection. Although
duplicate genes may only rarely evolve new functions, the
stochastic silencing of such genes may play a significant role in
the passive origin of new species.’®'” Therefore, it is thought
that CES1A1 and CESIA2 genes have different roles in human.

We examined the difference in the mechanisms of transcrip-
tional regulation of the two gene promoters. We cloned an ap-
proximately 1.0-kbp fragment of the 5’ flanking region of each
of the CESIAI and CESIA2 genes (Fig. 2). This region shows
characteristics of a TATA-less promoter, such as the lack of a
TATA box but the presence of a GC box in precedence to the
transcription start site. A TATA-less promoter seems to be
shared by other members of the CES family, since two previ-
ously reported CES promoters also do not have a functional
TATA-box.'*'” The next issue was how this 5'-flanking region
can regulate transcription of the two genes.

The CESIAl promoter activity gradually increased with
progressive 5'flanking deletions from —953 1o — 432 (Fig.
3). This pattern of activity suggests that the promoter sequence
between —953 and — 432 may harbor several negative ele-
ment. The results of deletion and mutation analyses showed
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that CES14l transcription resulted from the independent ac-
tion of three cis acting elements, two GC box (Sp1-A and Spl-
B) and a C/EBP responsive element (Figs. 3 and 4), but the
degrees of contribution of these elements to the promoter ac-
tivity were not equivalent. Interestingly, one of the GC box
{Sp1-B) and the C/EBP responsive element do not exist in the
CES1A2 promoter (Fig. 2).

Spl can bind to the GC box and is known to be important
for transactivation of TATA-less promoters.”® The Sp family
consists of four proteins designated Spl, Sp2, Sp3, and Sp4.”?
Sp2 is structurally different from other Sp members, and ac-
cordingly it does not bind to the GC box, which Sp1, Sp3, and
Sp4 recognize with identical affinity.”*-*¥ Sp4 Is predominandy
expressed in the brain,”*¥ and Sp3 is expressed in all mam-
malian cells that express Spl.”'*” Thus, Spl was our first
choice as a candidate for nuclear proteins that interact with
the GC box (Spi-A) of the CES/A promoter, and accordingly
we were able to determine the involvement of Spl in complex
formation (Fig. 3). We also determined that Spl could bind to
the other GC box (Sp1-B). Since the CES142 promoter does not
have a GC box consensus sequence, the Spl-B site of the
CES1A2 promoter can not bind to nuclear proteins (Fig. 7A,
lanes 1-4), These findings suggested that Sp1 protein can bind
to Sp1-B (GC box) of the CESIA] promoter but can not bind to
that of the CESIA2 promoter.

Since Sp1 and Sp3 endogenously expressed in FLC cells (da-
ta not shown), the functional role of the Sp family in transacti-
vation of the CES] promoter was demonstrated by cotransfec-
tion assays in Drosophila SL2 cells, which possess a null back-
ground for Sp1 family.” Spi and Sp3 were shown to be trans-
activate the CESIAl promoter (Fig. 8). Recently we have
shown that Spl could interact with Sp3 to synergistically in-
crease mouse mCES2 promoter activity rather than compete
with Sp1.'” The interaction between Sp! and Sp3 was already
reported that the transcriptional regulation of the mouse
hepatocyte growth factor gene™ or the human extracellular
matrix metalloproteinase inducer gene.”® Together with these
data, our result may suggest that Spl could interact with Sp3
to synergistically increase CES1A] and CES1A2 gene.

The C/EBP transcription factors form a family within the
basic region-leucine zipper (bZIP) class of transcription fac-
tors.?* C/EBPs are expressed in several organs and are in-
volved in controlling differentiation-dependent gene expres-
sion. C/EBP factors belong to the bZIP class of basic domain
transcription factors. Six members constite the mammalian
C/EBP family. Of these, C/EBPc was first identified and is the
founding member. The basic region of C/EBP factors is a highly
positively charged domain that directly interacts with the
DNA. All members of the C/EBP family have similar basic
region DNA-binding motifs. As a consequence of the high
similarity in the basic region, C/EBPa, C/EBPS and C/EBPS
have been shown to interact with virtually identical DNA se-
quences. The leucine zipper region is also conserved between
the different family members, whereas the amino-terminal
transactivation domain is more diverse. Although C/EBPa and
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C/EBPS are expressed at highest levels in the liver and fat,
C/EBPO is expressed at highest levels in the lung.**® There-
fore, we chose C/EBPa and C/EBPS as candidates for nuclear
proteins that bind to the CES14] promoter. The results of dele-
tion and mutation analyses showed that CES1A] transcription
resulted from the independent action of the C/EBP responsive
element (Figs. 3 and 5). The transactivation of C/EBPa for the
CES1Al promoter is much stronger than that of C/EBPS. In ad-
dition, when C/EBPS was cotransfected with C/EBPq, there
was decreased activity, suggesting a negative cooperation be-
tween these transcription factors (Fig. 5). Recenty,
cytochrome P450 2D6 (CYP2D6) promoter activity has also
been shown to be negatively influenced by cotransfection with
C/EBPS.” These findings suggested that C/EBPa/j8 protein can
bind to C/EBP binding site of the CES1A] promoter, and in-
crease CESIAl promoter activity.

We also observed inter-individual difference of the CES1Al
and CES1A2 mRNA expression levels in human liver samples
by real-time RCR analysis with a specific TagMan probe (Table
2). When mRNA expression levels of CESIA] and 1A2 were
measured in 20 human adult liver specimens, the appearance
of CES1A] mRNA was detected in all of the samples (Table
2). These findings suggested that CES1A1 is constitutively ex-
pressed in the adult human liver. On the other hand, CES1A2
mRNA was not expressed in some samples, and mRNA expres-
sion level was much lower than that of CES1Al. These results
are in good agreement with the structure and function of the
5flanking region of the CES1A2 gene promoter. Transactiva- -
tion of the CES/A] promoter was much stronger than that of
the CESIA2 promoter, which lacks SP1-B and C/EBP binding
element. Table 3 shows a comparison of CESIAl and
CES1A2 mRNA expression levels in human tissues. When
amounts of CES1A) and CESIA2 mRNA in human adult liver,
lungs, testis, small intestine, brain (cerebellum) and the heart
were measured by the real-time PCR, CESIA] mRNA was de-
tected on all organs. Then the expression levels of CESIAI
mRNA were compared, and the expression level of mRNA was
found to be highest. As for the tissue expression profiles of
CES1Al mRNA expression, our results showed constitutive
expression of CES1Al in many tissues in this experiment. In
contrast, the highest CES1IA2 mRNA expression level was seen
in the liver, but the CES1A2 mRNA expression levels in other
tissues were very low, and CES1A2 mRNA was not detected in
the small intestines. These findings suggest that CES1A2 is
mainly expressed in the adult Hver and the CES 1Al is mainly
expressed in liver and lung.

In conclusion, we isolated two CES genes encoding human
carboxylesterase CES1A, which were designated as the CES1A]
and CES1A2 genes. These genes were completely identical ex-
cept for exon 1 and the 5 regulatory element. We investigated
the transcriptional regulation of these two CES genes. Reporter
gene assays and electrophoretic mobility shift assays demon-
strated that Sp1 and C/EBPa could bind to each responsive ele-
ment of the CESJAI promoter but that Spl and C/EBP could
not bind responsive element of the CESIA2 promoter. Thus,
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CES1A1 mRNA expression level is much higher than that of
CES1A2 mRNA in the liver and lung. It is thought that these
results provide information on individual variation of human
carboxylesterase isozymes.
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Involvement of Hepatocyte Nuclear Factor 4alpha in Transcriptional
Regulation of the Human Pregnane X Receptor Gene in the Human Liver
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Sachiyo KawasHMA, Tomomi FURHATA and Kan CHiBA

Laboratory of Pharmacology and Toxiéology, Graduate School of Pharmaceutical Sciences,
Chiba University, Chiba, Japan

Full text of this paper is available at http:/ www.jstage.jst.gc.).jp/browse/dmpk

Summary: Pregnane X receptor (PXR; NR112), a key transcriptional factor that regulates genes encoding
drug-metabolizing enzymes and drug transporters, is abundantly expressed in the human liver. However, stu-
dies on the molecular mechanism of human PXR gene regulation are limited. In this study, we examined the
involvement of hepatocyte nuclear factor 4alpha (HNF4a; NR2A1) in the transcriptional regulation of the hu-
man PXR gene in the human liver. The activities of the human PXR promoter containing the direct repeat 1
(DR1) element located at —88/ — 76 of the promoter were significantly increased by co-expression of HNF4a
in the human hepatocellular carcinoma cell line. In addition, introduction of mutation into the DR1 element
abolished the transcriptional activation of the human PXR promoter by exogenous HNF4ea. The results of gel
mobility shift assays and chromatin immunoprecipitation assays showed that HNF4a was bound to the
promoter region containing the DR1 element. A knock-down of HNF4« by siRNA significantly decreased ex-
pression levels of endogenous PXR mRNA in HepG2 cells. Furthermore, expression levels of PXR mRNA
positively correlated with those of HNF4a mRNA in 18 human liver samples. These results suggested that
HNF4« transactivated the human PXR gene by binding to the DR1 element located at —88/ —76 of the
ptomoter and- was involved in thé expression of PXR in the human liver.

Keywords: pregnane X receptor (PXR); hepatocyte nuclear factor 4alpha (HNF4a); nuclear receptor;
transcriptional regulation; human liver

Pregnane X receptor (PXR; NR112) is a member of the or- et al.'? identified several putative protein/DNA interaction
phan nuclear receptor family of ligand-activated transcription- sites by an in silico analysis of the human PXR proximal
al factors and is expressed abundantly in the liver."> Human promoter and showed that peroxisome proliferators-activated
PXR is a key transcriptional regulator of a number of drug- receptor o was involved in transcriptional activation of the hu-
metabolizing enzyme genes, including CYP344, CYP2B6,,  man PXR gene. However, functional contributions of other fac-
CYP2C9 and UGT 141, and of several important drug transport- tors to transcriptional regulation of the human PXR gene
er genes, including MDR] and MRP2.'*? remain unclear.

‘While human PXR is known to activate many genes at the Hepatocyte nuclear factor 4alpha (HNF4o; NR2Al), a
transcriptional level, studies on the molecular mechanism of member of the nuclear receptor family, has been reported to
human PXR gene regulation are limited. Pascussi et al.'” report- play a significant role in the regulation of many genes ex-
ed that dexamethasone increased the PXR mRNA but did not pressed in the liver.'™'? It has been reported that mouse Pxr
influence the stability of PXR mRNA in human primary promoter has an HNF4a binding site and that HNF4a is re-
hepatocytes, suggesting that PXR is regulated at the transcrip-  quired for expression of PXR in fetal hepatocytes.'*'?
tional level by the glucocorticold receptor. Recently, Aouabdi However, the role of HNF4« in transcriptional regulation of
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the human PXR gene has not been clarified.

Therefore, we examined the involvement of HNF4« in tran-
scriptional regulation for the human PXR gene. Human PXR
has several transcripts.”>'*'" In this study, we focused on the
upstream sequences from the transcriptional start site of PXR
mRNA ijdentified as the major transcript in the human liver.'®

Materials and Methods

Cloning and plasmids construction: A search for
direct repeat 1 (DR1) elements within the sequences (3.6 kb) of
the human PXR proximal promoter (GenBank accession no.
AF364606) as putative HNF4« binding sites was carried out
by using NUBIScan'? (http:/fwww.nubiscan.unibas.ch/) with a
threshold raw score setting of 0.7. Based on the results of the
search, cloning of promoter sequences of the human PXR gene
(3.6 kb) and construction of different deletion reporter vectors
were performed. The PXR promoter region (— 3568/ + 54) was
amplified by PCR with specific primers, 5/-ACCTTTTCCCC-
TCAATCCCTTTAT-3’ (forward) and 5/-AAGGCAGTGCTT-
CCTCTTCCCGTCCT-3’ (reverse), and human genomic DNA
extracted from human whole blood (Promega, Madison, W1,
USA) as a template. The DNA fragment was subcloned into the
pCR-Blunt II-TOPO vector (Invitrogen, Carlsbad, CA, USA).
Subsequently, the region (—3568/+ 54) was re-amplified by
PCR using the pCR-Blunt I.TOPO vector containing the
—3568/+ 54 region as a template. The forward primer de-
scribed above and a reverse primer including HindlIll recogni-
tion sites as indicated by small letters, 5’-TCaagcttAAGG

CAGTGCTTCCTCTTCC-3’, were used. After Nhel and Hin-

dim digeétion, the fragment was ligated into the pGL3-Basic
vector (Promega), resulting in PXR-3297/+54. Six deletion
constructs were generated by nested PCR of the primary clone
using the following forward primers: 5’-CCgctagcGGCAACA-
TAATGAGACCTCGTCT-3’ (PXR-2428/+ 54), 5’-CAgctagc-

CCTGGGTGACACAGCAAAAC-3’ (PXR-2258/+54), 5'-CC- -

gctagcGGCAGTAAGTCCCCAGCAGT-3  (PXR-1194/+54),
5/-ACgctagc TAACACTATCCAGGGAGGTGGTT-3' (PXR-346/
+54), 5/-CTgctagc TTGCTAGTTCAAGTGCTGGAC-3' (PXR-
104/+54) and 5’-GAgctagcATGGAGCCGCTTAGTGCCTA-
3’ (PXR-64/+ 54). These forward primers contain Nhel recog-
nition sites as indicated by small letters. The reverse primer
used was the same as that used in re-amplification of the
— 3568/ + 54 region. After Nhel and HindIll digestion, the ob-
tained 5’-deletion fragments were transferred into the pGL3-
Basic vectors as described above. All deletion constructs are
named as shown in parentheses.

The coding region of human HNF4a2 (Genbank accession
no. NM_000457) was amplified from cDNA prepared from
human liver (Human and Animal Bridging Research Organiza-
tion, Chiba, Japan) by using specific primers, 5'-CGTGGA-
GGCAGGGAGAATGCGACT-3’ (forward) and 5’-CAAGGGT-
GGCAGTGGGATGTGGC-3’ (reverse). The PCR fragment was
cloned into the pCR-Blunt Il TOPO vector. After digestion
with- BamHI and Notl, the fragment was inserted into the
pTARGET mammalian expression vector (Promega), resulting

in hHNF4a/pT.

The DNA sequences of all constructs were determined by
using a Dye Terminator Cycle Sequencing-Quick Start Kit
(Beckman Coulter, Fullerton, CA, USA) and a CEQ 2000 DNA
Analysis System (Beckman Coulter).

PCR mutagenesis of DRI element at —88/—76 in
PXR promoter: The wild-type DR1 element (TGGACTT-
GGGACT) at —88/— 76 in the PXR promoter was mutated to
TGGACAGGACT by site-directed mutagenesis as described el-
sewhere.™ Primers, 5-AGTTCAAGTGCTGGACAGGACTTA-
GGAGGGGC-3’ (forward) and 5'-GCCCCTCCTAAGTCCT-
GTCCAGCACTTGAACT-3’ (reverse), were designed for in-
troduction of mutation into the reporter plasmids, PXR-3297/
+ 54 and PXR-104/+ 54, resulting in PXR-3297/+ 54 mt and
PXR-104/+ 54 mt, respectively.

Cell cultures: The human hepatocellular carcinoma cell
line HuH-7 was obtained from Institute of Development, Ag-
ing and Cancer, Tohoku University (Sendai, Japan). HuH-7
cells were cultured in RPMI 1640 medium (Invitrogen) with
5% CO; at 37°C. The medium was supplemented with 10%
(v/v) heat-inactivated fetal bovine serum (Sanko Junyaku,
Tokyo, Japan) and 100 units/mL penicillin G and 100 ug/mL
streptomycin (Invitrogen).

Transient transfection and dual luciferase assays:
HuH-7 cells were plated on a 24-well dish one day before
wransfection. The- reporter plasmids (200 ng/well), phRL-TK
vector (4 ng/well, Promega) and human HNF4« expression
vector (hHNF4c/pT, 100 ng/well) were transfected into cells
by using a Trans IT (Mirus, Madison, WI) according to the
manufacturer’s protocol. At 24 h after transfection, luciferase
reporter activities were measured by using a Dual-Luciferase
reporter assay system (Promega) according to the manufac-
turer’s protocol. The Renilla luciferase activities of the control
plasmid phRL-TK were used to normalize the results of the
firefly luciferase activities of the reporter plasmids.

Gel mobility shift assays: Gel mobility shift assays were
performed by using double-stranded DNA Iabeled with [y-
32PJATP (GE Healthcare, Piscataway, NJ, USA) and 10 ug of
the nuclear extracts prepared from HepG2 cells or 40 ug of in
vitro transcribed/translated human HNF4e protein synthe-
sized using TNT T7 Quick Coupled Transcribed/Translation
Systems (Promega) following the manufacturer’s protocol as
previously described.”® Oligonucleotide sequences containing

" wild-type DR1 element of the human PXR promoter used as a

probe were designed as follows: 5’-AAGTGCTGGACTT-
GGGACTTAGGAG-3’ (hPXRDRIWT). For competition ex-
periments, the mutated sequences of hPXRDRIWT and the
HNF4a-binding sequences located in apolipoprotein CHI
promoter and the mutated sequences were designed as follows:
5’-AAGTGCTGGACAGGACTTAGGAG-3’ (lPXRDR1IMT),5'-
TCGAGCGCTGGGCAAAGGTCACCTGC-3 (APFIWT) and
5.TCGAGCGCTAGGCACCGGTCACCTGC-3' (APFIMT).?
Only the sequences of the sense strands are displayed above,
and mutated nucleotides are underlined. Unlabeled competi-
tive double-stranded DNA was added to the binding reaction
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mixture at 10-, 25- and 50-fold excess of the probe amount be-
fore addition of the probe. For supershift assays, either 2 ug of
IgG against HNF4or (2ZK9218H, Perseus Proteomics, Tokyo,
Japan) or control mouse IgG (sc-2025, Santa Cruz Biotech,
Santa Cruz, CA, USA) was added to the binding reaction mix-
ture at room temperature for 30 min before addition of the
probe.

Chromatin immunoprecipitation (ChIP) assays: ChIP
assays were performed by using a ChIP-IT kit (Active Motif,
Carlsbad, CA, USA) according to the manufacturer’s protocol
as previously described.” Human liver (from a 34-year-old
black female) was supplied by the National Disease Research
Interchange” (Philadelphia, PA, USA) through HAB Research
Organization (Tokyo, Japan), and this study was approved by
the Ethi¢s Committee of Chiba University (Chiba, Japan). The
human liver tissue (ca. 3.2 g) was isolated and chopped on ice
and then crosslinked by 1% formaldehyde for 12 min. Cross-
linking was stopped by the addition of glycine solution. The
chromatin was sheared by using an Ultrasonic disruptor
UD-201 (TOMY, Tokyo, Japan) at 25% power with 9 pulses.
The sheared chromatin (ca. 40 fg) was immunoprecipitated
with either control mouse IgG or anti-HNF4a IgG. After in-
cubating for 4 h at 4°C with gentle rotation, salmon sperm
DNA/protein G agarose was added to the mixture and it was
further incubated for 1.5 h under the same conditions. The
DNA fragment was purified and used as a template for PCR.
The DNA sequences around the DR1 (— 195/+46) and a non-
DRI (+ 25495/+ 25729, located in intron 1) elements of the
PXR genes were amplified by using primers, 5'-TCTTCCCC-
TTTTCCTGTGITITIG-3' (forward) and 5/.GCTTCCTCTT-
CCCGTCCTAGTCATAG-3’ (reverse) for DR1 and 5'-CTCA-
TTTCTITCCATITTTCTCTTC-3’ (forward) and 5’ -ATACCT-
GCTGCTCTTTGCTAGTGAC-3' (reverse) for non-DRI, re-
spectively PCR conditions were as follows: 94°C for 2 min,
followed by 94°C for 30 s, 55°C for 305, and 72°C for 30s,
40 cycles. The amplicons were visualized by ethdjumbromide
staining, and the sequence of each amplicon was confirmed by
direct DNA sequencing.

Knock-down of HNF4a by siRNA: Two pre-designed
siRNAs for human HNF4a& (Genome Wide siRNA, Hs_HNF4A
_1 and Hs_HNF4A_9) and a negative control siRNA (AllStar
Negative Control siRNA) were purchased from Qiagen (Hil-
den, Germany). The siRNAs were transfected into HepG2 cells
by a reverse transfection method using siPORT NeoFX (Ap-
plied Biosystems, Foster City, CA, USA) according to the
manufacture’s protocol except that siPORT NeoFX (2.5
tilwell) and Opti-MEM (50 uliwell) were used. HepG2 cells
0.9X% 10° cellsiwell). were transferred to the.12-well culture
plate containing the siRNA/transfection agent complexes. At

" 48 h after transfection, the cells were harvested by trypsiniza-
tion. Subsequently, cell homogenates and total RNA were pre-
pared for Western blotting and analyses of mRNA expressions,
respectively.

Cell homogenates were prepared by sonicating siRNA-tran-
sfected HepG2 cells in SET buffer (pH 7.4) containing a pro-

tease inhibitor cocktail (EMD Biosciences, San Diego, CA,
USA). Proteins (6 ug/lane) was separated on an 8% SDS-
polyacrylamidegel and transferred to nitrocellulose mem-
branes. The membranes were incubated for overnight at 4°C
with primary mouse anti-human HNF4a IgG (1:1000 dilution,
Perseus Proteomics) or mouse anti-human f-actin IgG (1:4000
dilution, Sigma-Aldrich, St. Louis, MO, USA) in 1% bovine se-
rum albumin in phosphate buffered saline and were incubated
with hourseradish peroxidase-conjugated anti-mouse IgG
(1:6000 dilution, Sigma-Aldrich). Protein bands were visual-
ized by using an ECL Western Blotting Analyses System (GE
Healthcare) and LAS-1000 plus (Fujifilm, Tokyo, Japan).

To measure the mRNA levels of HNF4a and PXR, cDNAs
prepared from total RNA of siRNA-transfected cells were sub-
jected to quantitative real-time PCR with ABI Prism 7000 Se-
quence Detection System (Applied Biosystems)." The mRNA
levels of HNF4a and PXR were determined by using Gene Ex-
pression Assays (Applied Biosystems), gene expression
products for human HNF4a (Hs00230853_ml) and human
PXR (Hs00243666_mil), respectively. The expression levels
were normalized against that of 18 rRNA determined by Eu-
karyotic 18S rRNA endogenous control (Applied Biosystems).

Analyses of mRNA expressions in human liver tissues:
Human liver tissues (n=18) were obtained from Japanese
patients undergoing partial hepatectomy for treatment of
metastatic liver tumors at the Division of Oncology, Depart-
ment of Medicine, National Cancer Center Hospital East (Chi-
ba, Japan). This study was approved by the ethics committee of
Chiba University. Liver tissues were rapidly frozen in liquid
nitrogen immediately after excision and were stored in liquid
nitrogen until use. The mRNA levels of HNF4ox and PXR were
measured as described above except that four housekeeping
genes, - f-glucronidase, cyclophilin, acidic ribosomal protein
and glyceraldehydes-phosphate dehydrogenase, were selected
as internal standards based on the previously reported methods
in which the levels of expression of target genes were normal-
ized by the averaged value of multiple internal standard
genes.”* The expression levels were expressed as arbitrary
unit, with the lowest expression levels normalized to 1.

Statistical analyses: Data are presented as means £ S.D.
Comparison of two groups was made with Student’s ¢ test.
Comparison of multiple groups was made with ANOVA fol-
lowed by Post-hoc test of Scheffe’s F. P <0.05 was considered
statistically significant.

. Results

Identification of DR1-type binding sites in the 5'fla
nking region of human PXR gene: As shown in Table 1,
nine potential DR1-type binding sites were found in the se-
quences of the human PXR gene proximal promoter (3.6 kb).
Among them, only the —88/— 76 position was detected as a
DR 1-type binding site in both positive and negative strands.

Effect of HNF4a on transcriptional activity of the hu-
man PXR promoter in HuH-7 cells: Co-transfection ana-
fyses were performed by using HuH-7 cells to examine the ef-
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Table 1. putative DR1 elements Identified in the 5’ flanking
region of the PXR gene

Position Sequence (strand) Raw score Z score
—88/—76 TGGACTIGGGACT (+) 0.723293 5.840614
AGTCCCaAGTCCA (—) 0.800265  6.559396

—263/—251 AGGACAgAGACCC (+) 0.776475  6.337245
—~467/—455 GGGGCTgAGCACA () 0.733091 5.932116
—811/—799 GGGGCAGGGCCC (—) 0.804334  6.597399
~1214/~1202 GGGTCCCAGTCCC (+) 0.739553 5.992457
—1235/—1223 AGGACAgAGCTCT (+) 0.778838  6.359314
—1449/—1437 AGCACACTGTTCA {+) 0.739478  5.991762
~2287/—2275 TGGTCAtGGCTCA (=) 0.748861 6.079374
—2737/—2725 GGCACTtAGGGCA () 0.712435 5.739223

Pxn-ﬁsm-saﬂ“—-' R
Px_R-_nm»sciH'-x.—ucl_' o=
ermovess 1108] |

o 1 2 3 4 5
Folil- acivation by HNF4a

Fig. 1. Effect of exogenous HNF4ax on transcriptional activity
of the PXR promoter in HuH-7 cells

An expression vector for HNF4a or an empty vector was co-tran-
stected with seven different constructs of PXRipGL3-Basic Vector
or empty pGL3- -Basic Vector into HuH-7 cells. Firefly luciferase ac-
tivity was normalized with the Renilla luciferase activity and was
represented by the ratio of normalized luciferase activity in the
presence of HNF4a to this activity in the absence of HNF4a.
**n<0.01 and ***p<0.001 compared with the value In cells co-
transfected with-an empty vector. Data are expressed as means+
S.D. of three separate experiments, each performed In triplicate.

fect of HNF4a on promoter activity of the human PXR gene.
HuH-7 cells weré used since this cell line expresses en-
dogenous HNF4 at'the greatly lower level than HepG2 cells at
protein levels (data not shown). Seven constructs containing
various numbers of DR1-type binding sites of the human PXR
promoter region and HNF4a expression vector were co-tran-
sfected into HuH7-cells. As shown in Figure 1, deletion of the
most proximal binding site completely abolished the transcrip-

tional activation of the human PXR promoter by HNF4a

- whereas deletion of any other sites could not affect the activa-
tion.

Effects of introduction of mutation to the DR1 ele-
ment on the transcriptional activation of the human PXR
promoter by HNF4a in HuH-7 cells: As shown in
Figure 1, transcriptional activation of the human PXR
promoter by HNF4a in HuH-7 cells was abolished by deletion
of the region —104/—65, which contains a DR] element
(Table 1). In addition, the sequence of the DR1 element is

A
Human -88 TGGACTTGGGALT -16
i HHI HHI
Mouse -44 TGCTGRAGTTGGRACTTGG 28
B
PXR-3297/+54't

PXR-32871458mt -4~ NN“X[:’]L”
PXR-TOA54 wt 0—-‘ o sk

sasaase (L]}
6 t 2 3 4 B & 7

Fig. 2. Mutational analyses for the DR1 element of the PXR

promoter in HuH-7 cells

A: The HNF4aresponse element is conserved between the mouse
and the human PXR promoters.

B: HuH-7 cells were transiently transfected with four different con-
structs of PXR/pGL 3-Basic Vector (PXR-3297/ + 54 wt, PXR-3297/+
54 mt, PXR-104/+54 wt or PXR-104/+54 mt) or an empty pGL3-
Basic Vector. An expression plasmid for HNF 4« (closed columns)
or an empty vector (open columns) was co-transfected into the
cells. Relative luciferase activity was expressed as the tirefly lu-
clferase activity normalized with the Renllla luciferase activity.
Data are expressed as means+S.D. of three separate experi-
ments, each performed in triplicate. ***p<0.001 compared with
the value In cells co-fransfected with an empty vector. tp<0.05
and t11p <0.001 compared with the value In cells co-transfected
with wild-type constructs.

completely consistent with that of HNF4o-response element in
the mouse Pxr gene (Fig. 2A). Therefore, mutation analyses
were performed to examine whether HNF4a required the:
DR1 element for its transactivation ability. As shown in Figure
2B, HNF4a enhanced the promoter activities of wild-type con-
structs (PXR-3297/+ 54 wt and PXR-104/ + 54 wt) by about 3
fold, but introduction of the mutation to this element located
at the — 88/-76 region completely disrupted the transcription-
al activation of the mutated human PXR promoter (PXR-3297/
+54 mt and PXR-104/+ 54 mt) by HNF4a.

Binding of HNF4« to the DR1 element of the human
PXR promoter: Gel mobility shift assays were performed to

- examine whether HNF4a could bind to the region — 88/—76

of the PXR promoter in vitro. Because it has been reported that
HepG2 cells endogeriously express HNF40,™* nuclear ex-
tracts of HepG2 cells were used for the assays. As shown in
Figure 3A, when nuclear extracts were incubated with the la-
beled probe, two retarded bands were observed (lane 2). The
lower band was efficiently competed out by an unlabeled
probe (lane 3), but not by an unlabeled mutated probe (lane 4).
An unlabeled APFIWT probe derived froin the HNF4a-bin-
ding sequence located in apolipoprotein CIIl promoter also
competed with the binding (ane 5), whereas the mutated
probe APFIMT did not (lane 6). Moreover, a supérshlfted band
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Fig. 3. Specific binding of HNF4a to the DR1.element of the
human PXR promoter in vitro

A: Nuclear extracts (N.E.) prepared from HepG2 cells were sub-
jected to gel mobility shift assays. A probe (PXR-94/-70) was la-
beled with 32P and incubated with the nuclear extracts. For compe-
. tition assay, nuclear extracts were incubated with a 50-fold excess
of unlabeled DNA before addition of the probe. The lower arrow in-
dicates the position of the HNF4a-dependent shifted band, the mid-
dle arrow Indicates non-specific band and the upper arrow indi-
cates the supershifted HNF4a complexes.

B: In vitro transcribed/translated HNF 4« proteins were subjected
to gel mobility shift assays. For competition assay, HNF 4a proteins
were incubated with 10-, 25- and 50-fold excess of unlabeled DNA
before addition of the probe. Arrow indicates the position of the
HNF4a-dependent shifted band.

was observed by addition of anti-HNF4« antibodies (lane 7).
Since non-specific binding derived from nuclear extracts of
HepG2 cells was observed in Figure 3A, the assays using in
vitro transcribed/translated HNF4ax were also performed (Fig.
3B). When HNF4x was incubated with the labeled probe, a
specific band was observed (lane 2), which was competed out
by unlabeled probes (lanes 3-5 and lanes 7-9) but not by unla-
beled mutated probes (lanes 6 and 10).

ChIP assays were performed using human liver to examine
whether HNF4ar could bind to the PXR gene promoter in vivo
(Fig. 4). Following DNA extraction of the immunoprecipitat-

DR1 {-185/+48}

Fig. 4. Binding of HNF4a to the DR1 element of the human
PXR promoter in vivo

Chromatin immunoprecipitation (ChiP) assays were performed us-
ing the sheared genomic DNA extracted from human liver with
control mouse IgG and anti-HNF4«a 1gG, respectively. A region (—
195/ + 46, upper panel) that contains the DR1 element and a region
(+25495/+ 25729, lower panef) that does not contain DR1 element
were amplified by PCR, respectively. M, DNA size marker; input,
control sheared genomic DNA; HNF 4«, sheared genomic DNA im-
munoprecipitated with anti-HNF4a IgG; Control, sheared genomic
DNA Immunoprecipitated with control mouse IgG; NC, non-tem-
plate control.

ed chromatin, PCR was performed to detect the occupancy of
DR1 element of the PXR gene by HNF4a. The DR1 element
was much more abundant in DNA extracted from chromatin
immunoprecipitated with anti-HNF4a IgG than in that with
control mouse IgG. On the other hand, no DNA fragment
around the non-DR1 elements of the PXR gene was detected in
both extracted DNA samples.

Involvement of HNF4a on the expression of en-

dogéhous PXR in HepG2 cells: "Since HepG2 cells en-’

dogenously express HNF4at and PXR,™**9 we studied an invol-
vement of HNF4« in the expression of endogenous PXR in
HepG2 cells using two different siRNAs to knock down en-
dogenous HNF4a. Western blot analyses showed 5- and 2-fold
reductions of HNF4« protein in HepG2 cells by transfection of
siHNF4a#9 and siHNF4ail, respectively (Fig. 5A). In
HepG2 cells transfected with a negative control siRNA, ex-
pression level of HNF4a protein was not reduced (Fig. 5A,
siControl). In addition, B-actin protein levels, which were
measured as a control, were not modified after siRNA transfec-
tion. As shown in Figure 5B, expression levels of HNF4a
mRNA in HepG2 cells were reduced to less than 23% and 42%
of control, when two different siRNAs for HNF4a (siHNF4orf
9 and siHNF4a#1) were transfected respectively at the con-
centration-range of 3 to 30 nM. Expression levels of PXR
mRNA in the HepG2 cells transfected with siHNF4a#9 and
siHNF4a#1 were reduced to less than 45% and 50% of con-
trol, respectively.

Correlation between expression levels of PXR and
HNF4a in human liver tissues: To examine whether
HNF4x contributes to the expression of PXR mRNA in the hu-
man liver, the expression levels of PXR and HNF4or mRNAs
were measured in each of the 18 Japanese liver samples by us-
ing quantitative real-time PCR. As shown in Figure 6, large in-
terindividual differences were observed in both PXR and
HNF4c mRNA expression levels (7.5- and 16.4-folds, respec-
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Flg. 5.Effects of HNF4a knock-down on PXR mRNA expres-
ston in HepG2 cells :

A: Western blot analyses of HNF4«a and g-actin expression in cell
homogenates from HepG2 cells at 48 h after sIRNA transfection.

B:HepG2 cells wére transfected with 3, 10, and 30 nM of sIRNA for
HNF4a.(each of siHNF4« #9 and siHNF 4« #1) or 10 nM of negative
control siRNA (siControl). At 48 h after transfection, total RNA was
extracted for analysis by quantitative real-time PCR as described in
Materlals and Methods. Expression levels of mMRNA normalized by
18S FRNA are expressed as percentages relative to control set for
each gene. Each value is the mean=S.D. of thee independent ex-
periments. **, p<0.01 and *** p<0.001 compared with the value
in cells transfected with siControl.

tively). The highly positive and statistically significant correla-
tion (r=0.745, p<0.001) was obtained between PXR and
HNF4a mRNA expression levels.

Discussion

The present study showed that the transcriptional activities
of human PXR promoter were increased by exogenous HNF4a
in HuH-7 cells (Fig. 1). Deletion of the —104/—65 region
from the PXR promoter and introduction of mutation to the
DR1 element located in the — 88/ — 76 region completely dis-
rupted transactivation of the PXR promoter by HNF4« (Figs.
1 and 2). In addition, HNF4a was bound to the region con-
taining the DR] element located in the —88/—76 region in
the PXR promoter in vitro and in vivo (Figs. 3 and 4). These
results suggest that HNF4a: increases the transcriptional activi-
ty of the human PXR promoter through binding to the DR1 ele-
ment located in the —88/—76 region of the human PXR
promoter.

Although nine putative HNF4a binding sites were identified
in computer analyses of the human PXR promoter sequences

8 - -
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b 4 N=18,
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PXR mRNA levels
(arbitrary unit)

Fig. 6. Correlation of the expression levels of PXR and HNF4a
mRNAs in 18 human liver tissues

Expression levels of PXR and HNF4a mRNAs in Japanese liver tis-
sues were determined by quantitative real-time PCR as described
in Materials and Methods. Expression levels of mMRNA normalized
by 4 different endogenous controls are expressed as arbltrary unit,
with the lowest mRNA expresslon level normalized to 1. The cofre-
lation coefficlent (r) was calculated by the least-squares regression
method.

by using NUBIScan (Table 1), no large difference was ob-
served among the levels of transactivation of the deletion con-
structs except for PXR-64/+ 54 by HNF4a in HuH.7 cells
(Fig. 1). In addition, the introduction of mutation to the DR1
element located at — 88/ — 76 in construct PXR-3297/+ 54 wt
completely disrupted the transactivation of the PXR promoter
by HNF4«x (Fig. 2), despite the fact that the other putative
DR1 elements located in the —3297/+ 54 region of the PXR
promoter were not mutated. Moreover, binding of HNF4a to
two other putative DR1 elements (—263/—251 and — 1214/
— 1202) was not observed in gel mobility shift assays (data not
shown). These results suggest that the DR1 element located in
the — 88/ — 76 region of the human PXR promoter is function-

“al to increase the transcriptional activity of the human PXR

promoter but the other putative DR1 elements are not. It has
been reported that HNF4ar could interact with transcription
factor TFIIB and recruit it to the promoter complex, leading to
the formation of a preinitiation complex acting downstream of
TFIIB.™) Furthermore, functional HNF4a binding sites have
been identified in proximal regions of CYP246, CYP2C9 and
CYP2D6 prometers.”'?*-*) Therefore, these findings suggest
that a proximal region of the PXR promoter (— 88/ — 76) is im-
portant for transactivation of the human PXR gene by HNF4a,
although it remains unclear whether regions other than
—3297/+ 54 of human PXR gene relate to activate the human
PXR gene by HNF4c.

It has been reported that human PXR shows a tissue-specific
expression and that PXR mRNA is abundantly expressed in the
human liver.'”” In general, tissue-specific gene expression is
often mediated by the presence of binding sites for tissue-en-
riched transcription factors in the promoters of the genes.
HNF4a is abundant in the liver and plays a significant role in
the regulation of many genes expressed in the liver.’** The
results shown in the present study suggests that HNF4a is in-
volved in transcriptional activation of the human PXR gene by
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cell-based reporter gene assays (Figs. 1 and 2), gel mobility
shift assays (Fig. 3) and ChIP assays using human liver tissue
(Fig. 4). In addition, expression levels of endogenous PXR
mRNA in HepG2 cells were reduced by knock-down of
HNF4a by siRNA (Fig. 5). Furthermore, a highly positive and
statistically significant correlation was observed between ex-
pression levels of PXR and HNF4a mRNA in 18 hurnan liver
samples (Fig. 6). Therefore, HNF4a: is thought to be one of
important transcriptional factors responsible for liver-enriched
expression of human PXR. A

Pxr expression was absent from fetal livers of HNF40-null
mice, suggesting expression of Pxr in fetal mouse liver is highly
dependent on HNF4a.'™ However, no differences in Pxr ex-

4

5)

6)

7)

pression were ‘shown between mature HNF4a-null mice and -

control mice. This suggests that the mechanism of Pxr gene
regulation by HNF4a differs between the adult and fetal livers
in mice. On the other hand, the expression levels of PXR in hu-
man adult liver samples were positively correlated with those
of HNF4a (Fig. 6). The present results of ChIP assay using hu-
man adult liver tissues showed that HNF4« was bound to the
DRI element in PXR promoter (Fig. 4) Furthermore, the ex-
pression levels of PXR in human primary hepatocytes were
repressed by siRNA for HNF4a.>® Therefore, it is likely that
the expression of PXR is highly dependent on HNF4a in adult
liver at least in humans.

In conclusion, the present study suggested that HNF4« in-
creased transcriptional activity of the human PXR promoter
through binding to the DR1 element located in the —88/—76
region of the human PXR promoter. Since the mRNA expres-
sion levels of PXR in hiiman liver samples were positively cor-
related with those of HNF4c, which plays a significant role in
the regulation of many genes expressed in the liver, HNF4a is
thought to be one of important transcriptional factors respon-
‘sible for liver-enriched expression of human PXR.

Acknowledgments: We appreciate great help from Dr. Hiro-
humi Fujii at Tochigi Cancer Center, Dr. Hironobu Minami at
Kobe University and Dr. Yasutsuna Sasaki at Saitama Medical
University for supply of human liver tissues. We thank Syoko
Shimizu for technical assistance.”

References

1) Bertilsson, G., Heidrich, J., Svensson, K., Asman, M., Jendeberg,
L., Sydow-Backman, M., Ohlsson, R., Postlind, H., Blomquist, P.
and Berkenstam. A.: Identification of a human nuclear receptor
defines a new signaling pathway for CYP3A induction. Proc.
Natl. Acad. Sci. USA, 95: 12208-12213 (1998).

Blumberg, B, Sabbagh, W. Ir., Juguilon, H., Bolado, ]. Jr., van
Meter, C. M, Ong, E. S. and Evans, R. M.: SXR, a novel steroid
and xenobiotic-sensing nuclear receptor. Genes Dev., 12: 3195-
3205 (1998).

Lehmann, J. M., McKee, D. D., Watson, M A, Willson, T. M.,
Moore, J. T. and Kliewer, S. A: The human orphan nuclear
receptor PXR is activated by compounds that regulate CYP344
gene expression and cause drug- interactions. J. Clin. Imves.,
102: 1016-1023 (1998).

2)

3)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

282

65

Goodwin, B., Hoedgson, E. and Liddle, C.: The orphan human
pregnane X receptor mediates the transcriptional activation of
CYP3A4 by rifampicin through a distal enhancer module. #ol.
Pharmacol., 56: 1329-1339 (1999).

Goodwin, B., Moore, L. B, Stoltz, C. M., McKee, D D. and
Kliewer, S. A.: Regulation of the human CYP2B6 gene by the
nuclear pregnane X receptor. Mol. Pharmacol., 60: 427-431:
(2001).

Chen, Y., Ferguson, S. S., Negishi, M. and Goldstein, J. A.: In-
duction of human CYP2C9 by rifampicin, hyperforin, and
phenobarbital is mediated by the pregnane X receptor. J. Phar-
macol. Exp. Ther., 308: 495-501 (2004).

Sugatani, J., Yamakawa, K., Tonda, E., Nishitani, S., Yoshinari,
K., Degawa, M., Abe, 1., Noguchi, H. and Miwa, M.: The tnduc-
tion of human UDP-glucuroncsyltransferase 1Al mediated
througha distal enhancer module by flavonotds and xenobiotics.
Biochem. Pharmacol., 67: 989-1000 (2004).

Geick, A., Eichelbaum, M. and Burk, O.: Nuclear receptor
response elements mediate induction of intestinal MDRI1 by
rifampin. J. Biol. Chem., 276: 14581-14587 (2001).

Kast, H. R., Goodwin, B., Tarr, P. T., Jones, S. A, Anideld, A,
M,, Stoltz, C. M., Tontonoz, P., Kliewer, S., Willson, T. M. and
Edwards, P. A.; Regulation of multidrug resistance-associated
protein 2 (ABCC2) by the nuclear receptors pregnane X recep-
tor, farnesoid X-activated receptor, and constitutive androstane
receptor. J. Biol. Chem., 277: 2908-2915 (2002).

Pascussi, J. M., Drocourt, L., Fabre, J. M., Maurel, P. and Vilar-
em, M. J.: Dexamethasone induces pregnane X receptor and
retinoild X receptor-alpha expression in human hepatocytes:
synergistic increase of CYP3A4 induction by pregnane X recep-
tor activators. Mol. Pharmacol., 58: 361-372 (2000).

Aouabdi, S., Gibson, G. and Plant, N.: Transcriptional regula-
tion of the PXR gene: identification and characterization of a
functional ‘peroxisome proliferator-activated receptor alpha
binding site within the proximal promoter of PXR. Drug Metab.
Dispos., 34: 138-144 (2006).

Sladek, F. M., Zhong, W. M,, Lai, E. and Darnel}, J. E. Jr.: Liver-
enriched transcription factor HNF-4 is a novel member of the

. steroid hormone receptor superfamily. Genes Dev., 4: 2353—

2365 (1990).

Sladek, F. M.: Orphan receptor HNF-4 and liver-specific gene
expression. Receptor, 3:223-232 (1993).

Kamlya, A., Inoue, Y. and Gonzalez, F. J.: Role of the hepatocyte
nuclear factor 4alpha in control of the pregnane X receptor
during fetal liver development. Hepatology, 37: 1375-1384
(2003).

Tirona, R. G., Lee, W., Leake, B. F,, Lan, L. B, Cline, C. B., Lam-
ba, V., Parviz, F,, Duncan, S. A., Inoue, Y., Gonzalez, F. ],
Schuetz, E. G. and Kim, R. B.: The orphan nuclear receptor
HNF4alpha determines PXR- and CAR-mediated xenobiotic in-
duction of CYP3A4, Nat. Med., 9: 220-224 (2003).

Dotzlaw, H., Leygue, E., Watson, P. and Murphy, L. C.: The hu-
man orphan receptor PXR messenger RNA is expressed in both
normal and neoplastic breast tissue. Clin. Cancer Res., 5: 2103-
2107 (1999). ’

Fukuen, S., Fukuda, T., Matsuda, H., Sumida, A., Yamamoto, 1.,
Inaba, T. and Azuma, J.; Identification of the novel splicing vari-
ants for the hPXR in human livers. Biochem. Biophys. Res. Com-
mun., 298: 433-438 (2002).



66

18)

19)

20)

21)

22)

23)

24)

25)

Norihiko Iwazax, et dl.

Kurose, K., Koyano, S., Ikeda, S., Tohkin, M., Hasegawz, R. and
Sawada, J.: 5° Diversity of human hepatic PXR (NR112) tran-
scripts and identification of the major transcription initiation
site. Mol. Cell Biochem., 273: 79-85 (2005).

Podvinec, M., Kaufmann, M. R., Handschin, C. and Meyer, U.
A.: NUBIScan, an in silico approach for prediction of nuclear

receptor response elements. Mol. Endocrinol., 16: 1269-1279

(2002).

Furihata, T., Hosokawa, M., Satoh, T. and Chiba, K.: Synergistic
role of specificity proteins and upstream stimulatory factor 1 in
transactivation of the mouse carboxylesterase 2/microsomal
acylcarnitine hydrolase gene promoter. Biochem. J., 384: 101~
110 (2004).

Kawashima, S., Kobayashi, K., Takama, K., Higuchi, T., Furiha-
ta, T., Hosokawa, M. and Chiba, K.: Involvement of hepatocyte
nuclear factor 4alpha in the different expression level between
CYP2C9 and CYP2C19 in the human liver. Drug Metab. Dispos.,
34: 1012-1018 (2006).

Vax"fdésbnipele, J., De Preter, K., Pattyn, F., Poppe, B., Van Roy,
N., De Paepe, A. and Speleman, F.: Accurate normalization of
reak-time quantitative RT-PCR data by geometric averaging of
multiple internal control genes. Genome Biol;, 3: 1-12 (2002).
Antonov, ., Goldstein, D. R., Oberli, A., Baltzer, A., Pirotta, M.,
Fleischmann, A., Altermatt, H. J. and Jagfl_. R.: Reliable gene ex-
pression measurements from degraded RNA by quantitative
real-time PCR depend on short amplicons and a proper normali-
zation. Lab. Invest., 85: 1040-1050 (2005).

Thara, A., Yamagata, K., Nammo, T., Miura, A., Yuan, M., Tana-
ka, T. Sladek, F. M., Matsuzawa, Y., Miyagawa, ], and
Shimomiira, L: Functional characterization of the HNF4a
isoform (HNF4a8) expressed in pancreatic f-cells. Biochem.
Biophys. Res. Commun., 329: 984-990 (2005).

Furthata, T., Hosokawa, M., Masuda, M., Satoh, T. and Chiba,
K.: Hepatocyte nuclear factor-4alpha plays pivotal roles in the
regulation of motise carboxylesterase 2 gene transcription in

26)

27)

28)

29)

30)

31)

32)

33)

283

mouse liver. Arch. Biochem. Biophys., 447: 107-117 (2006).
Gardner-Stephen, D., Heydel, ].-M., Goyal, A., Lu, Y.; Xie, W.,
Lindblom, T., Mackenzie, P. and Radominska-Pandya, A.: Hu-
man PXR variants and their differential effects on the regulation
of human UDP-glucuronosyl transferase gene expression. Drug
Metab. Dispos., 32: 340-347 (2004).

Malik, S. and Karathanasis, S. K. TFIIB-directed transcriptional
activation by the orphan nuclear receptor hepatocyte nuclear
factor 4. Mol. Cell Biol., 16: 1824-1831 (1996).

Ibeanu, G. C. and Goldstein, ]. A.: Transcriptional regulation of
human CYP2C genes: functional comparison of CYP2C9 and
CYP2C18 promoter regions. Biochemistry, 34: 8028-8036
(1995).

Cairns, W., Smith, C. A. D., McLaren, A.W. and Wolf, C. R.:
Characterization of the human cytochrome P4502D6
promoter. J. Biol. Chem., 271: 25269-25276 (1996).

Chen, Y., Kissling, G., Negishi, M. and Goldstein, J. A.: The
nuclear receptors constitutive androstane receptor and preg-
nane X receptor cross-talk with hepatic nuclear factor 4alpha to
synergistically activate the human CYP2C9 promoter. J. Phar-
macol. Exp. Ther., 314: 1125-1133 (2005).

Pitarque, M., Rodriguez-Antona, C., Oscarson, M. and Ingel
man-Sundberg, M.: Transcriptional regulation of the human
CYP246 gene. J. Pharmacol. Exp. Ther., 313: 814-822 (2005).
Drewes, T., Senkel, S., Holewa, B. and Ryffel, G. U.: Human
hepatocyte nuclear factor 4 isoforms are encoded by distinct
and differentially expressed genes. Mol. Cell Biol., 16: 925-931
(1996).

Kamiyama, Y., Matsubara, T., Yoshinari, K., Nagata, K,
Kamimura, H. and Yamazoe, Y.: Role of human hepatocyte
nuclear factor 4alpha in the expression of drug-metabolizing en-
zymes and transporters in human hepatocytes assessed by use of
small interfering RNA. Drug Metab. Pharmacokinet., 22: 287-
298 (2007). ' '



€T [#15V75V% (R, Bods, Hil) SEUERBITREOTA —

1. (KEiSE, JUFSVR, HEEROFE
) REERSELU PSYAK—I—OFEHBE T
- (EBEBEEFICKLDHIE)

MDA - FE B

 EMABREBESLUEY LS AR 4 —OBBOS GEEFOEEEHLICLBHNT
B3, BEEMRILI, EICEMNEETOS ERBEKICEAL T4 - %#&ECEHEERTF (AhR,
PXR, CAR &£ &) AT 32 LICEERT 3, T/, HNF4IZ LW EEES(LERAIHEENIC
WRTAZELBEINTVS, IThHOEEEHEICKE, EFERTFICKEL, BEFOI0
T FABEETILEA B AT I FAR—2—HUETH B, FRE TR, ENPKBEBERS LUEY

R’ RAR— A —OFEEE L FEOFRAERRICOVTHRT 2o

LIS

C EMRRBEBLUEW LS AR— 5 —0F
W EELOENBES L UEEHREZERS
& EYMEMEEAREIESREITERE 2D, &
£, %ﬁﬁ%%ﬁ?f%%@ﬁ%éﬁ%@+@%
S WEBALE TS - TR BEo B R ERIC
b,+b7nAPﬁ0@ﬁ0&5wucw%%m
Lok L7-iEx DEMABBEBIUCEY LT~
AR— ¥ —OFEBRESBHEINODOH B, TV
Ry ORBIC BT L FESER, BEEEL™
~ mRNA QEE(L, & ¥ /37 ORELD 325
CETELH, BEITIHEHLPIIENTVLREY
REBEOHERBOS (13, EEERCLS
YDTHb, KFETIR, EEHEIC XL Z2EYR
BEEELEY LT v AKR— ¥ — OFERE L Tl
EBRAIIOWTERFOMREZ SO THHET 5.

1. (KEEROFEEHE

1. CYP1A1 8KXUCYP1A2
CYPIAL1 B & CYPIA2 I3 I X W F &

SNB, ZOEEELT, FNTILEINDEE

BEERRILKEY, EERFO12THA
arylhydrocarbon receptor (AhR) % W& LT 5 Z
Lok heypial BT FETH AR T
L HEsEsr L CashTnsd, B@IRL
&30, VF Y FEFETICEBVT, AR
A2 E ¥ 12 hsp90, XAP2, p23 L HEE M EFA L
THIELTWAD, AWRIZY TV F (F4 4+ F
Sy, B-FTRTIERY, 3-AFNIAT R
Lo E) BEETHE AR EEANBITT 5,
K17 L7- ARR I M ICFET 5 AhR nuclear
translocator (Amt) & N7 T ¥ 4 v — %L,
CYPIAI B{RZF L @ xenobiotic responsive element

AhR, CAR, PXR, HNF4, GR, #ZAL 75—, #&#B1T, LR—Z—T—27 /t"f

a7 9 F~—%—, TR-FRET

17

284

WUORFIRBWACHO (H8 $ROF W) NUuNCuSH DL



goE gYIUTIX (RE RYRH, Bit) SLCHEBITHEOFE 1. KB/, 7V750X, HEFROTA

EI@ AhR %L 7 CYPIA1 OFERIE

. HBaER A
Do
o N >

UAHF

@@ — Hv &S L7 AR 24
TXRE S| 1CYPIAY g B4 L. Amt

FA+%L % ED AR Y

tAnFu A< —%2ERT
%5, 0%, XREIZEEL,
CYPIAL 72 ¥ DEHBRIZEF D
BEEZEHILYT 5.

(XRE) 2467 5. ARR % 2]

Y7 7B ICE B CYP3A4 OFEEE

i+ L7: CYPIAL BIZTFDFHE
12id, AR EEBLL 2 &
% % O AR repressor (AhRR)
WZEBAHTA4TT74—F
Ny JBEOFEL TV b,

HRaEE

*

o Guvsy QU7

CYPIAl B1ZF O LI X
5-TNGCGTG-3' &£ 5 I »
Y XEFID 5 % B XRE
PHEBEFEL, ARRIZE
LEEICES LTV 5.—5,
CYPIA2 BIZFOFEIZEL
Tix, AR DEEIIRE S
NTWwsLDD, CYPIAL &
ZFIZALN5E L9 % XRE
BHEELET, FEICHET
HEEBIEHS P TIE v,
CYPIAI BIEF & CYPIAZ &

Uik 4 4%

PXR 12 CYP3A4 BIZF D LT 5 XREM B & U prPXRE {2 RXR &
DANFOFA<T—L LTHEET S, VTV FEFETT, PXRIZTY) 7L
YR LA TVBA, YH Y FTHEY 77 ELVOFAICED T
VS Ly Y — % BT 5, 0%, HNF4RIT 7 FRX—F—Th5b SRC-
21 7 )— b L, CYP3A4 DEE ¥ {EMHILT %5, PXR iE CAR & [,
v FIEEETTCCRP 3 & Uhsp0 ¢ HABETHL, MRECBETSLE
WHBEDL H 2.

U

ZFix, $EEDNA LICB
WTHPWH > TEELTBY, CYPIAI B5F
D5 EHBICHFTET 5 XRE % CYPIA2 BIEFD
EEIBOWTHFBALTWAZ EPREIATY
3V, ¥72, CYPIAZ BIEFD 5 LFEBICEET
% XRE L3872 BEHCHEES LA 2OREF
IZ ABR & Amt ST 5 2 LI X W EEFMHEAL
ENBLEOBELDHB 7,
2. CYP3A4

CYP3A4 3% { DEEZAHICE DS CYP 7
FETHY, VREEETHBY 77 EY Y, BT
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TAPAETHL T2 b v h VT EE
v, BERRTHEEY Fa—vXy— i
Lk o THEEND, 2

CYP3AMMDFH I, HO@IRLAL I,
CYP3A4 BIZF D 5 LU $HIR D -160 bp fF LI~ .
ER6 € F — 7 % & A 7 proximal PXR response -
element (prPXRE) ¥ & UF L 3t -7700 bp 1 & I
direct repeat 3 (DR3) £ F — 7 % & A 72 distal |
xenobiotic-responsive enhancer module (XREM) 7
FEL, Tho0TF—7IBHL LTS — T




® CAR %z L 7- CYP2B6 DEEE#EE

8) REBWEBLU DIV AR~ —0FBEE LT (BERFIC L 5 HH)

)ik R

?

pd
S

kadaic acid
71;%»1:*5—» > t\\/@; C/v 7—> @@ .

CAR i3 CCRP 8 & U hspo0 &
BetraL, HiREHE
Tk, 7/ 3VE9— )
FBIZ & D CAR IR Y ~B3b
sh, BRIIBITT 5. BA
TCARIZRXR AT TS A
<~ —%FH L, CYP2B6 EIZT
@] D LWIZHFEIET 5 PBREM 2
D70 FN—F—LELIHE

/ 5 LEEEHELT 5. AMPK
: DIEEAILH CYP2B6 2 F5E T

AMPK 1 5

LEWVIREDND B, CAR
DEE IS A Tld vy,

% pregnane X receptor (PXR) & retinoid X receptor
(RXR) DAF O 5 A 3= fE&" 352 bz
IHRRE SN TVAE, PXREMLAY 77 2K
3 2 & B CYP3A4 DFFEIZFIOMA L £ 75 —
T & 5 hepatocyte nuclear factor 4 (HNF4) (2 X D
HEHICEART A EAHESATVE Y, 20
i L LC, XREM WD DR3 £F— 7D LRI
HNFADHEE T H720TH B EEZHN TV,
B, V77 ¥ Il L ) PXR O HNF4
rav s F~—5—"% %2 seroid receptor
coactivator -1 (SRC-1) D#EENMEET LD TH
B ERTMTAMABLHES ALY,

3. CYP2B6

CYP2B6 1%, P450 2 FE T HREMLEY T
HBT /) NNWVEF—NMIZX o THEIFEIN
%o CYP2B6 BIZT D 5" LiBLSIAIZIE, pheno-
barbital-responsive enhancer module (PBREM) &
iEhB 7/ NIVEY — VEEESRT VN —
HRAEE &N TV 5, PBREM BFIIZ~ 7 X,
Sv b, & bOCYPBEBEFTHRESNTHEY,
2DODDREEF—T7WEENT VB,

@R L7z & 2 PBREM B2l A DR4 €
F— 71213, constitutive androstane receptor (CAR)
ERXROANF O ¥ 47 —2HEE L, CYP2B6 &
EFouE2ERILEE 5, CARIZIFFET T
SFOMBEIZHFEEL, 7 /N0 E S — VI
KXW BEA~ABITT S, CARDHEE~NDFBIEI
‘. hsp90 B & U cytoplasmic CAR retention protein

(CCRP) M5 T2 2 LATRBERTWSE Y, ¥
YRZ ) VERLEERHEFE TH B okadaic acid
A, T/ NVE Y — VEIEIZ L B CAR OB
TEHET A LIEFDREIPLHONE o T
A, |, STV ACARD202HFEBD Y YO
Y Y BRALAS CAR OREBITOHIEICES L T3
TEEFBTAHAENHRE SN, K610, T2
JNIWE S — )iz & B CYP2B D5 E 12 AMP-
activated protein kinase (AMPK) B8 53 % Z &
PRETAHRLHMESATRS 7,
4. CYP2C8 KU CYP2CS

CYP2C8 13/32 ) # F L VR T ¥ VD
B, CYP2CO X7 V7 7)) yRIEAFTOL FIE
B AEEORBICEET 2, chbig, V)
T7YEY VR T I NIVEY = VIZEDFHEE
na,

CYP2C9 BIZF D 5" L AIHIC X, DR4 EF—
7 (-1800 bp f3K) B L DRSS £F— 7 (2700
bp f13) NEFEL, PXRHSHWIZCAR #N LT
FHEARHEN TN DY F72 -1670 bp 15512
£ 7£ ¥ 5 glucocorticoid-responsive element (GRE)
213, glucocorticoid receptor (GR) #3#& & L, GR
YH Y FTHBEFFHRAF V2L B CYP2CI D
FHEAHE LT 5 Y, vitamine D receptor (VDR)
W EDR3EF — 7 2 BT 54 CYP2C9 BIEF
DDR4IZHFEA L, VDRV H » Fid CYP2C9
mRNA ¥ #ms¢5 9,

CYP2C8 BIZ+® 5 LitsEIHIZ13, -8800 bp 1
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F2E EMIUPICA RE RYAA ) SLUHEEBITREOFE 1. REHYE, JVF5X, HEERAOTH

K@ TRFRETICLDUNKERZvEIDOERE

YHLKFHEL

B e
KF—2TF0
\\\\ Y (REHHK)

N

TRFF— V7 FVORFGERAVBFTE 5,

\
7

/

DHLEHY)
f 77712751—:/7'%
(REHHRN)
Bt - FF— 40
(REHEDL)
\\\ P
o FRET
L & ==

N

AT FR=F—|CER LI FF—T7N A0 7+ TICEHELERBFTILHEAEETEL S, VY FEAILLIER
LESI—aT7 7 FR=F —PEATEERF—TINVAT T+ T7HhETrETF— 70+ 07+ TAOEKLE
IANME &R (FRET) V), REGELTE LS, HEWHICZANVF-HBEL, —EREBICHEBIE
27O BESBAEETE, SHFOMOIEDR 7NV A T 7 + 7T OBEERREICHET 2GRN EHG I
RLEBOBEMEFEGELEDAFRUETE S, FFr—70F307+70RDYIZT ¥ = FisEsERATHZE

o e

QX ags

YHL K

J

LD DR4 EF — 712 CAR $ 5 I PXR B FE A
L, PXRB X U CAR %/~ L 72 CYP2C8 D F &
CEETHLILERBEATVE Y, F7
-1900 bp fH:EIZHFHET 5 DR4 EF— 712iE, GR
BESLTIFH XSV IZE 5 CYP2C8 DFE
YHEIEL TV 5,

0. hSYRAR—5—DFEEHEIE

1. MDR1 (multidrug resistant protein 1)
ABC (ATP binding cassette) b 5 ¥ AR — % —
W EE NS MDRI BIZFIE, /MBIIBITHE
YWRNOFEICEEZZREZRI-L T 5 P-H
SR EI-FLTEBY, V77 €T ick
DHFBEINDZEBHONT VS, V77 E
DU ERLAE ST, PXR 2L T CYP3A4
*FE$ 5. MDRI BIZF D 5 BRI,
-8000 bp {132 DR4 EF — 7 25HFFEL, PXR &
RXR DT O AT —DPREET LI LICLDE
EEBRAIFI R Sha P,
2. MRP (multidrug resistance-related
protein)

MDR1 ¢RI ABC F T Y RAKR—% — I HE S
h5MRPIZEICHBICEHALTCBY, £EREE
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(I sk v arERes
TRBEIEA) REE L L, Fho iR Bl
THEERBREFE-TWB, w7 XIZEL TR,
13& A LD MRP (Mrp2, 3,5-7) 4% AhR, CAR B
SO BEER DAL UV N-—HEERFTH A
nuclear factor- erythroid 2 (NF-E2) -related factor 2
(NIf2) DV H Y FHbrnET7T 7 FR—¥—i2&
hFEBEShD ™, MRP2 B X U MRP3 i3 PXR V)
Ay RIZEoTHFEING,

. FEDFAFR

1. &EEEML

BELANVTOFEL FHT 57200 FEBKRL
LTERD B2 FEIEEMARERAVLE-
F—T =Tk THD, BERTFHELAHERE
VY725 —EREFOLFICHARALZLDE
LR=—Ryy—-t |, BEERFEHANI I
L& biZ HepG2 il % CV-1 #BRa % & DI ILE
YRR X, HRILSWOBRER, WMo
HBEEBVWTVY 725 —EERTRIET 5.
DHECE D, BBRILEMIEERF+ AL TE
EiEHIL 25| ZRBITHEIPEANB I LHT
&%, BERTOMEMEMP, IbFal -5~



