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ABSTRACT

The level of expression of a number of sexually
differentiated liver proteins is primarily determined by
plasma growth hormone (GH). Adult males have a
pulsatile profile of GH release, while females have a
relatively steady-state pattern of GH release. An
important subset of these sexually differentiated
hepatic proteins is certain cytochrome P450s (P450s).
CYP3A10/63-hydroxylase is a male-specific P450 that
catalyzes 6 [3-hydroxylation of lithocholic acid, and the
pattern of GH secretion is directly responsible for
male-specific expression of this gene. The DNA element
involved in GH-mediated regulation of CYP3A10/6 (-
hydroxylase promoter activity binds a member of the
STAT (signal transducers and activators of transcription)
family of proteins. In this study we functionally
demonstrate that two members of the STAT family,
STAT 5a and STAT 5b, mediate GH-dependent
regulation of CYP3A10/6 [-hydroxylase promoter activity.
Furthermore, a neighboring DNA element binds NF-Y,
a transcription factor involved in maintaining high
levels of transcription of many genes and known to
functionally interact with other factors. In the
CYP3A10/6 B-hydroxylase gene, NF-Y also modulates
binding of STAT 5, thereby modulating GH-mediated
activation of its transcription.

INTRODUCTION

A good insight has recently been gained into the molecular
mechanisms by which GH activates gene transcrip@nGH
binds to two receptor molecules causing receptor dimerization and
activation of the associated JAK2 tyrosine kinase, which in turn
phosphorylates both the receptor as well as JAK? itself. JAK2 and
other serine/threonine kinases then phosphorylate different STAT
(signal transducers and activators of transcription) factors which are
translocated into the nucleus and activate transcription by binding to
specific regulatory element8)( There are several lines of evidence
to strongly suggest that different members of the STAT family of
transcriptional factors are involved. First, the promoters of several
GH-regulated genes, such as the serine protease inhibitor (Spi) 2.1
gene {,5), the cfos gene 6), the rat insulin 1 gene’Y and the
hamster cytochrome P450 3A10/lithocholic acfgth§droxylase
(CYP3A10/g3-hydroxylase) gene (see below),ontain a
y-interferon-activated sequence (GAS) that consists of a
TT(N)sAA motif (8), which mediates transcriptional activation of
these genes by GH. Second, binding of nuclear proteins to these
elements is eliminated in hypophysectomized animals and
restored upon GH injectio®,Q). Third, GH stimulates tyrosine
and serine/threonine phosphorylation of STAT 1, STAT 3 and
STAT 5 (6,10-12), which is associated with translocation of STATs
from the cytoplasm to the nucleus and binding to their regulatory
elements. Fourth, characteristic male body growth rates and
male-specific liver gene expression are decreased to wild-type
female levels ilSTAT 5b~male mice, whereas female-specific liver
gene products are increased to a level intermediate between
wild-type male and female level$3). However, a direct effect of
any of these STATs on the activity of any promoter has yet to be

Among the various physiological actions exerted by growtitlemonstrated, except for a modest 2-fold induction of a hetero-
hormone (GH), some are sex-specific, such as expression ofogous promoter made of the thymidine kinase promoter and the
number of sexually dimorphic hepatic proteins. The level ofefine protease inhibitor GAS-like element 1 brought about by
expression of these proteins is primarily determined by plasma GWerexpressing STAT 5 in CHO cells4].

profiles and only secondarily regulated by gonadal hormonesThe CCAAT box is a widely distributed regulatory sequence
through their effects on the hypothalamo-pituitary axis and itpresent in several promoters and enhancers, and several proteins
control of GH secretion (reviewed ih2). Adult males have a have been reported to bind this or related sequences. Among these
pulsatile profile of GH release with serum levels that vary fronNF-Y, a multicomponent factor, has been shown to be involved in
undetectable levels to peaks of 200-300 ng/ml, whereas fematagression of a number of different tissue-specific gerigsNF-Y

have a relatively steady-state pattern of GH release with uniforiis, not a tissue-specific factor, but it functions along with an
albeit lower, levels of serum GH (10—20 ng/ml). An important subsetppropriate tissue-specific regulatory protein to establish the correct
of the sexually dimorphic hepatic proteins is certain cytochromgattern of expression. In the case of the albumin promoter, NF-Y
P450s (P450s), which are a superfamily of heme-thiolate proteiimteracts with the liver-enriched factor hepatocyte factdrél énd

that metabolize a variety of endogenous and exogenous substratethe case of the major histocompatibility complex Il genes, NF-Y

including bile acids.

functions synergistically with the X-box DNA binding protein and
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CIITA, a novel non-DNA binding proteiri {). Recently it has been co-transfected by the calcium phosphate co-precipitation method,
demonstrated that NF-Y plays a role in cholesterol-mediatealso as described earlie®),( using 5ug test plasmid, Jug
regulation of two genes involved in maintaining cholesteropCMV-RGHR and Jug pCMV-Gal and, where indicated, up to
homeostasis, HMG-CoA synthase and farnesyl diphosphaBeug corresponding expression plasmid. Human GH (National
synthase 18), although the factor directly involved in cholesterol-Hormone and Pituitary Program) treatment, harvesting of cells
mediated regulation of transcription of these genes is the newdynd luciferase ang-galactosidase assays were as described
characterized sterol regulatory element binding protein (SREBRprlier ©). Except where otherwise noted, average values for
(19,20). three experiments are shown and bars indicate the SEM.

We have previously reported the isolation of a hamster liver P450,
CYP3A10/@3-hydroxylase, which catalyzes th@-Bydroxylation
of lithocholic acid (LCA) as well as some steroid hormone
(21,22) and is expressed at 50-fold higher levels in males vers
females 21). Hydroxylation of LCA at positionfBrepresents the
major pathway for LCA catabolism and is important for
maintenance of the bile acid pool and for prevention of cholesta:
(23). We have also shown that GH is the primary hormo

Preparation of nuclear extracts

Wiclear extracts were prepared from hamster primary hepatocytes
isolated by the above procedure except that the cells were seedec
onto 100 mm diameter plastic tissue culture dishes at a density of 2.3
rﬁlslcﬁ cells/dish (6 dishes/experimental group). The total amount of
BNA transfected per dish was @§. On day 3, one dish from each

involved in sex-specific expression of CYP3AIBIg/droxylase : : :
i e . experimental group was harvested for luciferas@ayalactosidase
(9). Using chimeric CYP3A10fBhydroxylase promoter-luciferase activities to check transfection efficiency and fold regulation and the

(Luc) reporter constructs transfected into hamster p”magﬁst were used for preparation of nuclear extracts, essentially by the

hepatocytes, we have shown GH-mediated induction : : : N
CYP3AL10/@-hydroxylase promoter activity and have Iocalizedwifrt]higggg%ag%\gs?c;?grﬂén EZZEMBE}%;%?:E \g?rrﬁvlﬂﬁggnsﬁg

a DNA element that mediates this transcriptional activation of t : -
CYP3A10/g3-hydroxylase gene by GH. This element has thhé%?ﬂMW ltl\fllg&/gthf |(r:nt;)\>|1ff§;£)22%;nl\f :%APEE%T%H I '?T’“sloEng\.f_ANaF’

characteristics of a GAS element, and the factor that binds to it L .
absent in hypophysectomized hamster nuclear extracts, when:ﬁ%m M dithiothreitol (DTT), 05 mM phenyimethyisulphony|

o = . > Bride (PMSF), Jug/ml each leupeptin, aprotinin and pepstatin].
it is restored upon injection of GH in a manner that mimics thg. .4 (hypoto)nic]:“ guffer containi%ng.Z%pNonidet P-A?O ?0.5 m]l)
mghit%ittegp 8:(Ssilsoe/gﬁt'3?(’))((:?;35(;5'{2? r;vsltshioﬁ]heto()brﬁgg as then added directly to the dishes to lyse cells. Lysates were
) yaroxy pré . .Iscraped into microfuge tubes, mixed and the nuclei pelletted
levels. The DNA—protein complex is supershifted by anti-STAT 1 ¢ 504 '4°¢, 20 ). The nuclear pellets from each dish were
5 ant|b0d|e_s, supporting the.ldea that the factor(s) involved i suspended in 28 high salt buffer (hypotonic buffer containing
sexually dimorphic_expression of CYP3AIB/ydroxylase 3541\ Nacl, 100 mM KCl and 20% glycerol), pooled and gently
belongs to the STAT family of transcriptional factas ( ._rocked (4C, 30 min). Extracted nuclear proteins were then
In the present study we have used this system to further dlssg %arated from residual nuclei by spinning in an airfuge (30 p.s.i.,

the molecular mechanisms involved in sexually dimorphiczfC 5 min) and collecting the superatants

expression of liver-specific genes. We show that STAT 5 (both 5a
and 5b) indeed mediates GH-dependent activation of the
CYP3A10/@-hydroxylase promoter, as suggested by the bindingxperimental animals

studies. We also demonstrate that NF-Y is involved both in basal

activity of the CYP3A10/B-hydroxylase promoter and in its Golden Syrian hamsters (Charles River Laboratories) were
GH-mediated activation. maintained on a 12 h light/12 h dark cycle, fed regular laboratory
chow and killed in the middle of the dark cycle. Liver nuclear
extracts were prepared by the Schibler metl@l @ll animal
experiments were conducted in accordance with the principles
and procedures of the National Institutes of He@liide for the
Care and Use of Laboratory Animals.

MATERIALS AND METHODS
Plasmids

pLuc3-821 was made as described earl@rahd contains 821

nucleotides (nt) of the CYP3Al@éwydroxylase 5flanking  Gel mobility shift analysis

region in pGL2 (Promega). pLug@21 Mut -58/-57 was

created by oligonucleotide-directed mutagenesis as describ@el mobility shift analysis was performed as described previously
previously @4). pCMV-STAT 5a and pCMV-STAT 5b were (29) using the following probes: CYPGHRE (CYP3A1B/6
created by cloning the respective STAT 5 cDNA (a gift fromhydroxylase GH regulatory element), containing nt —101 to —78
A.Mui) fragments into theEcoRI-Xbd site of pCMV5 @5).  from the CYP3A10/B-hydroxylase promoter (GTTACCCAAGT-
Orientation of the inserted fragments was confirmed by DNACCTGGAAGCGTG); CYPNFY (CYP3A10fBhydroxylase
sequencing. pNF-YA29 was a gift from R.Mantovani and\F-Y element), containing nt —77 to —-53 from the CYP3A10/
contains the cDNA for a dominant negative mut&® (n a  6B-hydroxylase promoter (CAAGAGGCCCTTCTACTGGCTG-

mammalian expression vector. CAG). For the supershift experiments affinity-purified anti-STAT
5 antibody was purchased from Santa Cruz Biotechnology Inc.
Isolation and transfection of primary hepatocytes (Santa Cruz, CA) raised against a peptide corresponding to amino

acids 765-781 of mouse STAT 5b. Anti-NF-YA (monoclonal
Hepatocytes were prepared for primary culture by perfusion efYAMab7) and anti-NF-YB (polyclonal) antibodie3d) were a
isolated female hamster livers as described ea®lieCélls were  gift from R.Mantovani.
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Figure 1. Schematic representation of the CYP3ABdigdroxylase promoter. ﬂ
The two DNA elements within the CYP3A1@4iydroxylase promoter, the = - Growth Hormone
GAS element and the inverted CCAAT box, that bind the characterized E —
trans-acting factors are indicated, with the nucleotide sequence (upper strand) £ 0 & ; : ?
underneath and the binding sites in bold. The initiator element (INR) and the 0 1 2 3
transcription initiation site (TIS) are also indicated. The DNA probes used for
the gel shift experiments are indicated under the sequence. pCMV-STAT 5b (ug)
B D pCMV-STATSb
RESULTS e
STAT 5 provides GH-mediated transactivation of the 20

pCMV-STATSa

CYP3A10/63-hydroxylase promoter

Figure 1 is a schematic representation of the CYP3AR0/6
hydroxylase promoter showing the GAS element, the inverted
CCAAT box and the nucleotide sequence of the DNA probes used
in the present study. In previous studies we have localized a DNA
element involved in GH-mediated regulation of CYP3ARO/6
hydroxylase promoter activity9). This element (CYPGHRE)
resembles a STAT binding site (GAS site). By footprint and gel
mobility shift analyses we have confirmed that expression of the
protein binding to this site is regulated by GH and that the
DNA—protein complex can be partially supershifted by anti-STAT _

. : P ; igure 2. Overexpression of STAT 5a or STAT 5b enhances GH-mediated
5 antibodies, mdlcatmg that the protein belongs to the S-I—A-Ilazlctivation of the CYP3A10fBhydroxylase promoterA) Female hamster

family of transcription factors and that it is antigenically relatedprimary hepatocytes were co-transfected with pP«881, the indicated

to STAT 5 Q). Anti-STAT 1 and anti-STAT 3 antibodies on the amounts of pPCMV-STAT 5b, pPCMV-RGHR and pCMV-Gal, as described in

other hand show no specific effect on the retarded @nd ( l\ggtoerialls almd l\(/ljgthods.(‘jl’rﬁnsfecieg c?tlls v‘\{gre incubellte(rj] withtor Wi_thout GH
H i ili ng/ml medium) an arvested arter .Kemale hamster primal

Based on the above results and with the availability of twq(jepam% s oare cz)-transfecte sted ¢ plﬂiﬁﬁ? ECMV-STAT iy ;fcmv-ry
mu”ne STAT 5 cDNAs, STAT 5a and STAT 5311*_ We, were STAT 5b or pCMV (as control), pPCMV-RGHR and pCMV-Gal, as described
interested to see whether GH-dependent activation of thg Materials and Methods. Transfected cells were then treated with the indicated
CYP3A10/8-hydroxylase promoter could indeed be mediatedconcentrations of GH for 48 h and harvested for luciferas@-gathctosidase
by STAT 5. We co-ransfected hamster primary hepalocytes wiffSs, Fe e 220l e Sernines by Tomeuend Lelecse e,
expression plasmids for STAT 5a (PCMV-STAT 5a) or STAT 5bvalugs for cells grown iﬁ the at?sence of GH are sh%wn. Bars indicate the
(pPCMV-STAT 5b) and the growth hormone receptor (DCMV- gtandard errors of the means.

RGHR), together with a luciferase reporter construct containing

the CYP3A10/@-hydroxylase promoter, pLufe321 and

pCMVGal (to normalize for transfection efficiency). pCMV5 pLuc3-821, pCMV-STAT 5b, pPCMV-RGHR and pCMV-Gal,
served as the negative control. Cells were co-transfected witteated with or without GH (500 ng/ml medium) and then
different amounts of STAT 5b and treated with or without GHharvested for preparation of nuclear extracts. Gel mobility
(500 ng/ml medium) (Fig2A) or co-transfected with @g STAT  supershift assays (Fig), using as a probe a 24 bp (-101 to —78)
5a or STAT 5b with increasing amounts of GH (2BB). As seen  fragment from the CYP3A10 promoter that contains the already
in Figure 2A, STAT 5b brought about induction of promoter localized CYPGHRE and using antibodies to STAT 5, revealed
activity only in the presence of GH. Both STAT 5a and STAT 5lthat anti-STAT 5 supershifted the DNA—protein complex only in
worked similarly well as GH-dependent transactivators and thegells that had been transfected with both STAT 5b and the GH
brought about a 3- to 5-fold induction on GH-mediated promoteeceptor cDNA and then treated with GH (lanes 8, 10 and 12).
activity as compared with the control pCMV5 (F&B). This

induct_ion reflected increasing concentrations of GH addeqyr.v s a positive transcription factor for the

reaching a plateau &ll00 ng GH/ml. Since STAT 5b brought cyp3a10/63-hydroxylase promoter and modulates

about a slightly better mducnpn than STAT 5a we decided t0 U$8_mediated regulation by STAT 5

STAT 5b for all further experiments.

Having shown that STAT 5 does mediate GH-depender@ur previous experiments with-8eletion constructsdf and
activation of the CYP3A10f&hydroxylase promoter, we wanted specific mutants indicated that a DNA element important for
to see if this was reflected in binding of STAT 5 to the CYPGHRECYP3A10/@3-hydroxylase promoter activity was located between
Hamster primary hepatocytes were co-transfected witht —186 and —62 of the promoter. DNase | footprint analysis and

10

Relative Luciferase Activity (fold)

T T T T T 1

100 300 500
Growth Hormone (ng/ml)
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T e regulation of the CYP3Al0fBhydroxylase gene. A mutant

s T3 1 1= 13 construct (pLucp-821 Mut-58/-57) was made where nt—-58 and
Tl F LRI —57 (GG), which are in the core of the putative NF-Y binding site,
IS a7 (8] iz were mutated (Figé and4A). Both the wild-type and mutant
cossesed constructs were independently tested for their ability to provide
o fomd . GH-mediated induction of promoter activity at 500 ng GH/mlI
£ > 3 medium. As can be seen in Figutd, transfection with the

- mutant brought about a 10-fold drop in basal activity of the

promoter while enhancing GH-mediated induction of promoter
activity by [b-fold over the wild-type. FigurdB shows a GH
concentration curve for the wild-type and mutant constructs. Both
constructs showed induction of GH-mediated promoter activity,
reaching a plateau B100 ng GH/ml medium. As expected, GH
(500 ng/ml medium) brought about a 25-fold regulation of the
mutant, as compared with 6-fold regulation of the wild-type
promoter.

To prove that the NF-Y protein in fact binds to nt —-63 to —58,
we performed gel mobility supershift assays using the CYPNFY
probe and two different antibodies raised against two of the
subunits of NF-Y, NF-YA and NF-YB (Fi&). A shifted band (S)
Figure 3. Antibodies to STAT 5 supershift the GAS-nuclear protein complex was seen (lane 1) that was partially supershifted (SS) by
in extracts made from GH-treated primary hepatocytes co-transfected witlanti-NF-YA (lanes 2—4) and fully supershifted by anti-NF-YB

pCMV-STAT 5. Female hamster primary hepatocytes were co-transfected wit _ i —NE-Y—
DLUCER.821, pCMV-STAT b, pCMV-RGHR and BCMV-Gal, as described in Nlanes 5-7). Note that most of the antibody—NF-Y—DNA complex

Materials and Methods. Transfected cells were incubated with (lanes 7-12) 0§tays at,the very top of the gel' as eXpeCted if NF-Y were to bind
without (lanes 1-6) GH (500 ng/ml medium) for 48 h and harvested for preparatioO that site. As a control we used another probe where nt -58/-57

of nuclear extracts. Increasing amounts (1, 2 gugl grotein) of nuclear extract  at the core of the NF-Y binding site were mutated. No binding was
were used in a gel shift experiment, performed as described in Materials andaen to this probe (data not shown).

Methods, in the presence (lanes 2, 4, 6, 8, 10 and 12) or absence (lanes 1, 3, 5, 75 AV ; _
9 and 11) of 0.21g anti-STAT 5 antibodies, The ~101 to —78 fragment from the 10, further explore the role of NF-Y in expression and GH

CYP3A10/g5-hydroxylase promoter was used as probe. Arrows indicate theMediated regulation of CYP3A10 promoter activity, we over-
shifted (S) and supershifted (SS) complexes and the free probe (F). expressed a dominant negative mutant of NF-YA, named NF-YA29,

in our tissue culture systerdf). Figure6 shows that increasing

amounts of the expression plasmid produced a strong decrease
homology searches with DNA elements known to tienasacting  (9-fold) in CYP3A10 promoter activity with no significant change
factors indicated the presence of a putative site between nt —83regulation by GH at each amount of pNF-YA29 tested. To
and -58 of the promoter (ACTGGC) which resembled axdemonstrate the specificity of this effect we transfected a plasmid
inverted CCAAT box with the potential to bind the transcriptioncontaining the mouse albumin enhancer/promoter in front of the
factor NF-Y 32). Given the proximity of the already localized luciferase gene (pLUCAEPY) No effect was observed at any
CYPGHRE to this potential NF-Y binding site we wanted to seamount of pNF-YA29 co-transfected, as expected, since the albumin
if NF-Y plays any role in expression and/or GH-mediategoromoter and enhancer have no NF-Y sites.

Nuclear Ext. (ug)

1
a-STAT-5 |- l
|

A B
800 700 600 -500 400 300 -200 -100 O basepais Z 307 / pLSL;;C/G%S;L
[ T T T S I T £
k-
2
Hind NI DIN[Lucifemse: 3 20 1
|E' FEF s Promoter Activity Regulation %
(Luc/B-gal) =
1 91 TTCCTGGAA 83 pgg -GH +GH Fold 5
g 10 pLuc6B-821
plucsp-821 100 20463 | 7.2 =9 = e
821 %
-58 57 =
ﬁmwwn 8.3£L3 MmtB| 36 @m=4 £ 0+ . - . . .
Mut -58/-57 100 300 500
ca Growth Hormone (ng/ml)

Figure 4. Mutation of the NF-Y binding site in the CYP3A1p/8ydroxylase promoter inhibits transcription while enhancing GH-mediated induction of promoter
activity. (A) The wild-type sequence with the GAS and NF-Y sites and the mutated NF-Y site are indicated. The wild-type8@i)uasd mutant (pLu@s821

Mut -58/-57) plasmids were independently transfected into female hamster primary hepatocytes and incubated with or VBifi@o/@GtHrbedium), as described

in Materials and Methods. The data were then normalized to the activity produced by the wild-type in cells grown in thef &kidesoe represent the average

of n experiments SEM. B) Hamster primary hepatocytes transfected with the wild-type CYP3BI%@oxylase promoter construct (pLe821) or NF-Y
mutant (pLuc@-821 Mut —58/-57) were incubated with the indicated concentrations of GH for 48 h and promoter activities quantifiedeas describ
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Figure 5. Anti-NF-Y antibodies supershift the CYPNFY-nuclear protein Figure 6.Overexpression of NF-YA29, a dominant negative mutant of NF-YA,
complex. Gel shift experiments were performed as described in Materials andsuppresses activity of the CYP3A1B/Bydroxylase promoter. Female
Methods, using Big male hamster liver nuclear protein in the absence of any hamster primary hepatocytes were co-transfected with 826, pCMV-
antibody (lane 1) or in the presence of increasing amounts (0.04,0.2 pgyl 0.4 NF-YA29, pCMV-RGHR and pCMV-Gal, as described in Materials and
of anti-NF-YA or increasing amounts (0.02, 0.1 and@)of anti-NF-YB. The Methods. Transfected cells were then treated with 500 ng GH/mI medium for
—77 to -53 fragment from the CYP3A10/Bydroxylase promoter was usedas 48 h and harvested. Relative transcription was determined by normalizing
a probe. Arrows indicate the shifted (S) and the supershifted (SS) complexeduciferase activity top-galactosidase activity. Average values for three
and the free probe (F). experiments relative to the values for cells with no pNF-YA29 transfected and
in the absence of GH are shown.

DISCUSSION . . .
expression of all these genes is loSSTAT 5B/~ mice (13). On

We have previously reported that the CYP3ABaA§droxylase the other hand, in L cells GH induces tyrosyl phosphorylation of
gene is expressed at 50-fold higher levels in male than in fem&dAT 5a and its association with the GH receptor but has no effect
hamsters 1) This sex-specific expression was shown to ben STAT 5b 84). Yet, in 3T3 F442A, CHO and COS cells, GH
mediated by the differential pattern of GH secretion and, based stimulates tyrosyl phosphorylation and DNA binding activity of
DNA-—protein binding experiments, we suggested that the facttwoth STAT 5a and STAT 5I8%), as measured by binding to the
involved in GH-mediated induction of CYP3A1B/ydroxylase GAS-like element in th@-casein promoter. Interestingly, GH-
transcription was related to STAT B)( In this report we mediated regulation of female-specific CYPC12 is not mediated
demonstrate for the first time a direct effect of a STAT factor oby any STAT factor but by hepatocyte nuclear factor 6, which is
the promoter of a GH-regulated gene and show that both STAIso induced by the female pattern of GH release. The factor(s)
5a and STAT 5b are indeed involved in this regulation. We als@sponsible for sex-specific expression of other genes, such as
show that NF-Y, a factor that has been shown to interact with oth€YPC11, is still unidentified.
regulatory factors, such as SREBB)(and the T3 receptoB9), The presence of an inverted CCAAT box justfdthe STAT
and is thus involved in maintaining high levels of transcription obinding site (Figl) suggested to us that NF-Y could be involved
many genes, is involved in transcription of the CYP3AR0/6 in transcription and/or regulation of the CYP3AIDI§/droxylase
hydroxylase gene and also modulates GH-mediated regulationgdgne. Supershift experiments using antibodies against two of the
its transcription. subunits of the NF-Y protein (Fi@) demonstrated that NF-Y

The direct effect of STAT 5a and STAT 5b was shown byndeed binds to the CYP3A1@@éydroxylase promoter. Further
co-transfection of expression vectors containing the cDNAs faronfirmation was obtained by showing lack of a DNA shift when
murine STAT 5a and STAT 5b. Both factors greatly enhanced DNA probe was used where guanidines —59 and —60 of the
GH-mediated induction of CYP3A1@3ehydroxylase promoter inverted CCAAT box were mutated (data not shown). The NF-Y
activity as compared with control experiments where the vectdninding element in the CYP3Al@éydroxylase promoter
alone was co-transfected (F&). This induction correlated with (ACTGGC) is slightly different from the consensus binding
a major increase in STAT 5 protein in the nucleus @igrhese element (ATTGGC) {2), and to our knowledge this is the first
results illustrate the diversity of factors that mediate GH-mediatetime that this site has been shown to bind NF-Y. Activity of the
regulation of gene transcription depending on the gene and/or celutated CYP3A10f8-hydroxylase promoter was decreased by
type involved. For example, STAT 5b seems to be exclusively tHél0-fold in the absence of GH (FigA). Interestingly, the
factor involved in sex-specific expression of several mouse livenutated promoter was much more sensitive to GH, since its
genes, such as the major urinary protein CY#2A4, prolactin  activity in the presence of GH was only half that of the wild-type
receptor and testosteronB-Bydroxylase, since sex-specific promoter activity (FigdA and B). These data suggest that NF-Y
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is not only involved in positive transcription of the CYP3A10REFERENCES

promoter but also in its GH-mediated activation. There are othe
cases described where NF-Y has been shown to interact wit
other regulatory factors and thus play a crucial role not only ire
expression of many genes but also in their regulation. FoP
example, NF-Y plays a role in cholesterol-mediated regulation of
HMG-CoA synthase and farnesyl diphosphate synthasg (
Also, NF-Y is required for thyroid hormone regulation of rat liver 5
Sl4gene transcriptior8@). Our data indicate that in the case of
the CYP3A10 promoter NF-Y plays an important role in
GH-mediated regulation by modulating access of STAT 5 to its;
binding site located just bf the inverted CCAAT box. Supershift
experiments using a DNA probe expanding both STAT 5 and®
NF-Y sites showed that more STAT 5 protein was capable of
binding to its site when NF-Y site was mutated (data not showny)g
This greater binding of STAT 5 results in higher GH-mediated
activation of the CYP3A10fBhydroxylase promoter with the 11
NF-Y site mutated (FigdA and B).

The role of NF-Y in the activity and regulation of the
CYP3A10/@-hydroxylase promoter was further demonstrated3
by co-transfection experiments with pNF-YA29 (Fig)., a
dominant negative mutant of NF-YA defective in its DNA
binding capability 26). Low amounts of this mutant produced a
strong decrease in the level of CYP3A1(AJg/droxylase
promoter activity, supporting the idea that NF-Y plays a positivé>
role in its transcription. Unexpectedly, overexpression of pNF- YA2
failed to reproduce the higher sensitivity to GH that we observeg
when the inverted CCAAT box was mutated (B)jg\We believe 17
that this reflects the fact that nuclear extracts prepared from cel&
transfected with this NF-Y mutant still maintain binding act|V|ty
to the inverted CCAAT box1@), probably because under
transient transfection conditions only a relatively small number afo
cells are transfected. The fact that the level of expression of
pNF-YA29 was enough to dramatically reduce expression of t
CYP3A10/@-hydroxylase promoter without significantly affecting
GH-mediated regulation indicates that NF-Y and STAT 5 do nat3
physically interact with each other to mediate regulation and that
a total absence of NF-Y binding is necessary in order to see E?
effect on GH regulation.

In conclusion, GH-mediated sex-specific expression of thes
CYP3A10/@-hydroxylase promoter is mediated by both STAT
5a and STAT 5b. NF-Y is a crucial factor involved both in positiv%
transcription and in GH-mediated regulation and seems tg
function by controlling the level of potential occupancy of the
STAT 5 binding site. Further experimentation should clarify thé®
role played by NF-Y in this regulation. 31
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