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Abstract

The cytochrome P4507B1 (P4507B1) in the human hippocampus is responsible for the productidrydfakylated derivatives of dehy-
droepiandrosterone (DHEA) and oth@-Bydroxylated neurosteroids. Minor quantities of tifielydroxylated derivatives are also produced.
Neuroprotective action of these 7-hydroxysteroids was reported. Recombinant human P4507B1 was prepared from yeast coexpressing the hu.
man hippocampal P450 cDNA and the human P450 reductase genes. Microsomal P4507B1 activity was tested in the presence of NADPH and
14C-labeled steroid substrates to deduce kinetic parameters and to study inhibitor resporisgs:dlbes obtained for DHEA, pregnenolone,
epiandrosterone gbandrostane{3,173-diol and estrone were 1.990.06, 1.45+0.03, 1.05+-0.12, 0.8+ 0.04 and 1.2& 0.26u.M, respec-
tively. Production of limited amounts ofg#zhydroxylated derivatives was also observed, but only with DHEAaBdrostane{3,173-diol
and epiandrosteronky values determined forfzhydroxylation were identical to those foshydroxylation. The DHEA &-hydroxylation
was inhibited by estrone and estradiol (mixed type inhibition) and by the [253-Bhyloid peptide (non-competitive inhibition). These
results indicate that in human, the 7-hydroxylation catalysed by P4507B1 preferentially takes place on QHBdrdstane{3,173-diol
and epiandrosterone with major and minor formation®f @nd B-hydroxylated derivatives, respectively. Both estrogens amyloid
component inhibit the P4507B1-mediated production of the 7-hydroxysteroid metabolites.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction pus that was cloned into pcDNA3.1/His A plasmid. This
construction was used for expression and enzyme activity
The cytochrome P4507B1 (CYP7B1) present in assays after transfection of human kidney 293/T dells
various human tissues was found responsible for the we transferred the engineered CYP7B1 open reading frame
7a-hydroxylation of several @-hydroxysteroids, includ-  to the pYeDP60 multicopy yeast expression vector and
ing oxysterols, dehydroepiandrosterone (DHEA), and transformed the W(hR) yeast strain that over-expresses the
epiandrosterone (EPIAJL-4]. Importance of this steroid-  human NADPH-cytochrome P450 reductase. Transformed
hydroxylating process relies on animal studies showing yeast microsomes were then used as a source of CYP7B1
alternate pathways for bile acid production and prostate for steroid hydroxylation studigd1,12] It was then shown
growth regulation[5,6], promotion of immunity[7] and  that the yeast-expressed human CYP7BL1 carried out both
neuroprotectiori8,9]. Works in humans include evidences a major &-hydroxylation and a minor F-hydroxylation
for vital involvement of P4507B1 in oxysterol processing of DHEA [12], as already described in murifig3]. Other
and gene localisation to chromosome 8q41( and cDNA  studies with DHEA and mouse brain microsomes showed
isolation from axgt 10 cDNA library of human hippocam-  that 7%- and 7PB-hydroxylation levels were almost the
same[14] and this led to suspect that either another P450
* Corresponding author. Tel.: +33 1402 72572; fax: +33 1402 72380. Was responsible for f~hydroxylation, or that the o- to
E-mail addressmorfin@cnam.fr (R. Morfin). 7B-interconversion was mediated through an oxidoreductive
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mechanism, or that the native microsomal environment carried out in liquid nitrogen with a Freezer/Mill 6700 appa-
favoured the B-hydroxylation process. On the other hand, ratus (Bioblock, France). The microsomal P4507B1 contents
recent evidences obtained with various human brain regionwere measured according to Omura and $58p.
homogenates showed DHEA to be-fydroxylated with

no detectable trace off#hydroxylation, and that such a 2.3. P4507B1-mediatedx?hydroxylation of

7a-hydroxylation was inhibited by estradiol {[4]. [4-14C]-steroid substrates
The aims of this work were to use yeast-produced human
P4507B1 for investigation of bothw? and B-hydroxylation Incubations were carried out as previously descr[iéi

processes with DHEA, EPIA, pregnenolone (PREG); 5  Briefly, the [414C]-steroid substrate (0.5 nmol) was added
androstane{3, 173-diol and estrone (P substrates and to  with the non-radioactive steroid in ethanol and dried under
study the interference ofiE; andB-amyloid peptides that ~ vacuum at the bottom of one 10 mL glass tube prior to addi-
may modify these processes. tion of 0.7 mL 0.067 M phosphate buffer (pH 7.4), contain-
ing 1 mM EDTA, followed by a 0.1 mL suspension of yeast
microsomes (32 pmol of P4507B1) and the NADPH regener-

2. Materials and methods ating system in 0.2 mL buffer. The tube was left open during
the course of incubation with shaking at 37 for 10 min.
2.1. Steroids, peptides and reagents Control incubations consisted in use of either no cofactor

or no microsomes in the digests. Incubations were stopped
[4-1%C]-PREG (55mCi/mmol) was produced (custom after addition of 0.5 mL acetone followed by 2 mL ethyl ac-
synthesis CFQ 6416) by Amersham (Amersham, Cardiff, etate. The extraction process was continued with 2 mL ethyl

Wales). [41C]-DHEA (47.8 mCi/mmol), [41C]-E; acetate and was repeated three times. The extracts recov-
(52.5mCi/mmol) and [4“C]-testosterone (48 mCi/mmol) ered were analyzed by thin layer chromatography (TLC) on
were purchased from NEN (Paris, France), and'i2}-EPIA ready to use silica 60 coated glass plates (Merck, Darm-
(53.5mCi/mmol) and [4“C]-5a-androstane{3,173-diol stadt, Germany) developed once in ethyl acetate. In this

(53.5mCi/mmol) were produced as previously described system, theRs of compounds DHEA, -hydroxy-DHEA
[12]. DHEA, EPIA, PREG, E, Ep, testosterone, & and ‘&-hydroxy-DHEA were 0.72, 0.30 and 0.20, respec-
androstane{3,173-diol B-NADP*, glucose-6-phosphate tively; the R of compounds PREG,Fzhydroxy-PREG and
and glucose-6-phosphate dehydrogenase were from7a-hydroxy-PREG were 0.70, 0.35 and 0.25, respectively;
Sigma—Aldrich (Lisle d’Abeau Chesnes, France). Custom the Ry of compounds EPIA, @-hydroxy-EPIA and &-
chemical synthesis by Roowin S.A (Paris, France) provided hydroxy-EPIA were 0.70, 0.20 and 0.20, respectively;Rhe
mg quantities of chemically pure azhydroxy-DHEA, of compounds &-androstane{3,173-diol, 5a-androstane-
Ta-hydroxy-EPIA, B-hydroxy-DHEA, B-hydroxy-EPIA, 3B,78,17B-triol and Sx-androstane{3,7«,17B-triol were
7a-hydroxy-E. Both Sx-androstane{3,7B3,173-triol and 0.64, 0.18 and 0.18, respectively; tReof E;, 7a-hydroxy-
Sa-androstane3,7a,17p-triol were obtained after NaBH E; and B-hydroxy-E were 0.84, 0.63 and 0.60, respec-
reduction of PB-hydroxy-EPIA and @&-hydroxy-EPIA, tively. Quantitative scanning of the plates was carried out with
respectively. All solvents (Merck, Darmstadt, Germany) use of a Berthold automatic TLC-linear analyzer (Perkin-
were of the reagent grade. TReamyloid peptides[(—40], Elmer, France). Counting of samples and dpm computation
[1-28], [25-35) were obtained from Biosource (Nivelles, were carried out with a LKB-Wallac 1209 rack beta lig-
Belgium) and were dissolved in 0.1% trifluoroacetic acid uid scintillation counter fitted with external standard equip-
and diluted for the tests in 0.067 M phosphate buffer (pH ment and automatic background subtraction (Perkin-Elmer,
7.4), containing 1 mM EDTA. France).
Due to the poor TLC separation of thex-7and PB-
2.2. P4507B1 production in microsomes of transformed epimers in extracts of EPIA andsandrostane{3,173-diol
yeast digests, the mixtures of 7-hydroxylated compounds were
eluted from the TLC plate and separated by high perfor-
The human cDNA of P4507B1 was provided by Chiang mance liquid chromatography (HPLC). A Shimadzu LC-
and co-worker$2]. The engineered open reading frame was 6A HPLC apparatus (Shimadzu, Kyoto, Japan) fitted with
transferred of the to the pYeDP60 multicopy yeast expressiona 26 cm C18-coated silica columny®) (Ultrabase, SFCC,
vector. Transformation was performed in the W(hR) yeast Neuilly Plaisance, France). The elution was carried out at
strain which over-expresses the human NADPH-cytochrome 0.7 mL/min with methanol/water 7:3 (v/v) for the separation
P450 reductase when grown in galactose-containing mediumof 7p-hydroxy-EPIA from &-hydroxy-EPIA with collec-
[11,15-17] Reductase and P4507B1 were induced in the tion of the fractions between 6.5 and 7 min, and between
transformed yeast strain as previously descrifiet], ex- 7.5 and 8.5min, respectively. The elution was carried out
cept that the durations of derepression and of induction wereat 0.7 mL/min with methanol/water 6:4 (v/v) for the separa-
24 and 4 h, respectively. Yeast microsomes were prepared asion of S5a-androstane{3,7p3,173-triol from 5a-androstane-
previously reportedl17] except that yeast disruptions were 3B,7«,173-triol with collection of the fractions between 7
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and 8 min, and between 9.5 and 11 min, respectively. The EPIA and mx-androstane{3,173-diol, the eluted pool of

fractions collected were counted for quantification of the
steroids.

2.4. Gas chromatography/mass spectrometry

7a- and P-hydroxy steroids was separated after HPLC,
and the TMS derivatives were prepared and analyzed by
GC/MS. Comparison of retention times and of the mass
spectra obtained, with those of authentie-7and PB-
hydroxysteroid-TMS, showed identical retention times and

Identification of the steroid metabolite produced was car- fragmentation patterns and matching mass spectra between

ried out by GC/MS analysis with an Agilent Technologies

(Massy, France) system, including a 6980N network GC ap-

references and metaboliteBaple J). The data ascertained
that the radiometabolites obtained after DHEA, EPIA, and

paratus coupled with a 5973 network mass selective detec-5a-androstane{3,173-diol incubations were their respec-

tor. The GC was fitted with a 30 m fused silica capillary
column HP-5MS (i.d; 25Q.m) coated with a 5% phenyl
methyl siloxane phase (0.28n thickness). The system was
used under the following conditions: injection of the sample
(3 L) was made at 80C and the temperature was increased
one min later at 30C per min up to 240C; after 8 min at
240°C another temperature increase was applied aC30
per min up to 300C, and the 300C was maintained for
30 min. Trimethylsilyl (TMS) ether derivatives of reference

tive 7a- and PB-hydroxylated metabolites indeed, and that
their production rates could be used for the measurement
and kinetics of the P4507Bl-mediatedx-7and PB-
hydroxylation of DHEA, EPIA, and &-androstane{3,173-

diol.

In the case of [44C]-PREG and [4“’C]-E1, no
7B8-hydroxylated derivative could be detected. The TMS
derivatives of the elutedx#hydroxy-PREG andd-hydroxy-

E; were prepared and analyzed by GC/MS. Comparison of

and of the steroid metabolites recovered from incubations retention times and of the mass spectra obtained, with those

were prepared by reacting the dried steroids inB®yri-
dine with 20u.L bis-(trimethylsilyl)-trifluoroacetamide + 1%
chlorotrimethylsilane (Sigma) at 6€ for 60 min. The TMS
derivatives were dried and taken up in toluene prior to in-

of authentic ‘&-hydroxy-PREG-TMS and o~hydroxy-E-
TMS showed identical retention times and fragmentation
patterns {able 1. The data ascertained that onlyx-7
hydroxy-PREG andd-hydroxy-E were produced, and that

jection on the GC column. The comparison of reference and their production rates could be used for the measurement
metabolite mass spectra was carried out with the aid of theand kinetics of the P4507B1-mediated-fAydroxylation of

G1034C MS Chemstation software (Agilent Technologies,

PREG and E&.

Massy, France) that provided the percent match between mass

spectra.

2.5. Human P450-3A4 and testosterone
6B-hydroxylation measurements

3.2. Kinetic parameters measurements

The Ky values obtained for the P4507B1-mediated
7a- and PB-hydroxylations of the DHEA, EPIA and
S5a-androstane{3,173-diol substrates were almost identi-

The transformation of yeasts and their expression of the cal and are reported ifable 2 In contrast, velocities

human P450-3A4 have been previously repofg&]. P450-

(shown asKca) were much lower for B-hydroxylation

3A4-containing microsomes of the transformed yeast were than for &-hydroxylation and reflect the low production

produced for incubation with the [¥'C]-testosterone sub-

of the PB-hydroxylated metabolites. With EPIA, we ob-

strate in the presence of the NADPH regenerating system asserved a two-step substrate concentration-related kinetic.
described above. After extraction, the testosterone substratédt low EPIA concentrations (1.0-4 M), the Ky mea-

was separated from th@éydroxy-testosterone produced by
TLC in CHCIls/ethyl acetate/ethanol (56:14:10, v/viv). The

sured was 0.040.01uM, while higher EPIA concen-
trations (4.0-12.Q.M) resulted in a much higheKy, of

6B-hydroxylation yields were computed after scanning ofthe 1.05+ 0.12uM.

plates in a Berthold automatic TLC-linear analyzer (Perkin-
Elmer, France).
3. Results

3.1. Identification of the 7-hydroxylated metabolites
produced

After incubation of the [4**C]-labeled steroid substrates
with the human P4507B1, thex? and B-hydroxylated

radiometabolites obtained were separated after TLC,

TheKwm andKqatobtained for the P4507B1-mediated-7
hydroxylation of PREG and fare reported iffable 2 The
low Kcqt reflects the low production rates of the-hydroxy-
PREG and &-hydroxy-E metabolites.

3.3. Inhibitions by estrogens arfidamyloid peptide
components

The steroid estrogens {lBnd E) and the3-amyloid pep-
tides (1-40], [1-28] and[25—35)) were selected for inhibi-
tion studies of the P4507B1-mediated-fAydroxylation of
DHEA. Each inhibitor was used at two concentrations, and

localized on the plate by autoradiography and eluted double reciprocal plots were constructées. 1 and 2 Both
with ethyl acetate/methanol. When necessary, such as forE; and B at 5 and 1QuM exerted a mixed type inhibition
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Table 1
GC/MS identification under TMS derivative form of the steroid metabolites produced after incubations of DHEA, PREG, &=Bidrastane{3,173-diol

and g with the human P4507B1

Steroid identified Referend& (min) SampleR; (min) M* ion (m/z) 100% ionifv2) Match of spectra (%)
7a-Hydroxy-DHEA-TMS 13.58 13.59 448 358 99
78-Hydroxy-DHEA-TMS 14.95 15.05 448 358 96
7a-Hydroxy-PREG-TMS 15.76 15.72 476 386 96
7a-Hydroxy-EPIA-TMS 14.06 13.97 450 360 99
7B-Hydroxy-EPIA-TMS 15.65 15.57 450 435 99
5a-A-33,7a,17-triol-TMS 13.72 13.93 524 393 99
5a-A-33,78,17B-triol-TMS 15.90 15.87 524 434 99
7a-Hydroxy-E;-TMS 14.84 14.78 430 340 99

R, Retention time.

of the Zx-hydroxylation process with concentration-related 4. Discussion

increase oKy and decrease ofinax (Fig. 1A and B). The

Ki calculated were of 2.34 0.03uM and 0.464+ 0.006pu.M The W(hR) yeast strain used for expression of the human
for E; and B, respectively. The inhibitions exerted by the P4507B1 contained the human NADPH-P450-reductase
B-amyloid peptides differed according to the amino acid se- expressed in its microsomef5]. Native microsomes
guences used. For eaphamyloid peptide tested, control in-  from the untransformed W(hR) strain contained no P450
cubations were carried out with identical buffer and peptide detectable by the Omura and Sato procedure, and did not

medium constituents. Fragme25—-35]was the most effi-  transform DHEA and the other steroids used in this study.
cient with a non-competitive inhibition exerted at Q.5 After expression of the human P4507B1 in the transformed
and 5uM, resulting in unchanged®y and loweredVmax yeast, P450 contents could be measured in microsomes and

(Fig. 2B). TheK; calculated was 10.96 0.30.M. In con- the DHEA-7x-hydroxylating activity was obtained. This
trast [1-28] fragment yielded no inhibition when used at approach allowed the study of hydroxylations carried out
the 0.5uM (not shown) and M concentrationsKig. 2A). by the human P4507B1 without interference of any other
B-amyloid peptidg/1-40] used at the same concentrations steroid-metabolizing human proteins.
as [25-35] fragment, yielded a much less extensive non-  Our data show that the yeast-expressed human P4507B1
competitive inhibition Fig. 2A) that did not permit the cal-  carries outthe NADPH-dependent-fand B3-hydroxylation
culation of theK;. of DHEA and of other B-hydroxysteroid substrates. The

In order to ascertain whether the non-competitive production of both 7-hydroxylated metabolites has already
inhibition of [25-35] B-amyloid fragment was specific been reported in mouse with use of the yeast-expressed
to P4507B1, the testosteroneB-Bydroxylation carried mouse P4507bJ121] and of the HelLa-expressed mouse
out by the yeast-expressed P450-3A4 was used for con-P4507b1[13]. Other species, such dusarium monili-
trol experiments. Due to the higky of P450-3A4 for forme contain a DHEA-inducible P450 that carries out the
testosterone [B-hydroxylation (14QuM) and absence of  7B-hydroxylating activity as a side transformation to the
cytochromebs in the medium, the yields in@hydroxy- DHEA-7a-hydroxylation procesg22]. Furthermore, we
testosterone produced were low. Kinetic measurements inreport identicaKy values for the @- and B-hydroxylation
the presence of 5 and 1M [25-35] B-amyloid fragment of DHEA, EPIA and x-androstane{3,17B-diol, respec-
yielded no difference with control experiments carried tively, and the B-hydroxylation did not occur for the PREG
out in the absence of thg-amyloid fragment (data not and g substrates. These results taken together ascertain that

shown). the 73-hydroxylation of DHEA by the P4507B1 was not an
Table 2
Kinetic parameters obtained with steroid substrates for the human P4507B1
Steroid Substrates afHydroxylation ‘B-Hydroxylation
Km? Keat’ Km? Keaf’

DHEA 1.90+0.05 3.14:£0.10 2.38£0.27 0.088t 0.009
EPIA 1.05+0.12 0.1670.006 1.05£0.12 0.073t0.002
5a-Androstane-8, 173-diol 0.80+0.04 0.54+0.03 0.80£0.04 0.073:0.004
PREG 1.45:0.03 0.22£0.01 nd nd
E1 1.35+0.30 0.007: 0.001 nd nd
nd, Not detected.

a uM+S.E.M.

b pmol. mint. pmol P4507B1! + S.E.M.
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Fig. 1. Inhibitions by estradiol and estrone of the NADPH-dependent DHEA  Fig. 2. Inhibitions bys-amyloid peptides of the NADPH-dependent DHEA

7a-hydroxylation carried out by the yeast-expressed human P4507B1. Estra-74-hydroxylation carried out by the yeast-expressed human P45QFB1.

diol (E2) at two concentrations exerted a mixed-type inhibition (A), estrone amyloid peptides[{—40], [1-28] and[25-35) were tested at BM with

(E1) at two concentrations exerted a mixed-type inhibition (B). Error bars 3 non-competitive inhibition exerted 85-35] mainly and[1-40] barely

indicate the SEM calculated from three different experiments. (A); [25-35]B-amyloid peptide used at two concentrations clearly exerted a
non-competitive inhibition (B). Error bars indicate the SEM calculated from
three different experiments.

artifact, and suggest a wobble positioning of the substrate 73-hydroxy-DHEA [24]. Thus, an oxidoreduction process
in the active site. It is well known that substitution borne starting with &-hydroxy-DHEA and the NADPH-dependent
in steroids at equatorial positions (such @sahd B), are 11B-hydroxysteroid dehydrogenase type 1 was shown to be
more thermodynamically stable than those borne at axial necessary for the production o-hydroxy-DHEA[25].
positions (such asedand &). In the P4507B1-catalysed TheKy measured for thea-hydroxylation of DHEA was
7a-hydroxylation process, the wobble positioning of the the same as the one previously reporfédl]. In addition,
steroid substrate in the active site may result with a tendencylower values were found fat), all the other steroid substrates
to yield in part to the thermodynamic stability. (with DHEA > PREG > g > EPIA > 5x-androstane{3,173-
Because of the low efficiency of DHEAS#hydroxylation diol), indicating that highest and lowest affinity for P4507B1
by P4507B1 in comparison with the measured almost were for mx-androstane{3,173-diol and DHEA, respec-
equal concentrations ofaf and PB-hydroxy-DHEA in tively. The biphasic saturation curve for EPIA cannot be ex-
human plasma[23], the P4507B1-mediated production plained, butindicate a putative very high affinity of P4507B1
of 7B-hydroxy-DHEA cannot be the sole source for this for EPIA when present at the low concentrations usually
metabolite. Nevertheless, the activity of the P4507B1 is nec- present in human tissues. In contrast, Wgax (given as
essary for B-hydroxy-DHEA production because knockout Kcatin pmol product formed .mint. pmol P4507B11) were
mice for this gene produce neithes-hydroxy-DHEA nor found highest for DHEA and lowest fonEwith DHEA > 5a-



388 S.-B. Kim et al. / Journal of Steroid Biochemistry & Molecular Biology 92 (2004) 383-389

androstane{3,173-diol > PREG > EPIA> k). TheseVmax decreased in Alzheimer’s diseased b8t indicate that the
values indicate that the high affinity of PREG,, EPIA and P4507B1 synthesis in neurons is decreased in turn.
Sa-androstane{3,173-diol for the P4507B1 did not result

into a large production of theirezhydroxylated derivatives,

and that they may be native competitors for the DHEA 7 acknowledgements

hydroxylating process.

The present findings on thexthydroxylation process on This work was supported by a Grant from Hunter-Fleming
DHEA and other steroids may be of importance for the reg- | tq_ (Bristol, UK), and by the Korean Ministry of Science and
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androstane{3,173-diol in the prostate was described as @ p4507B1 and Patrice Rool (ROOWIN S.A., Paris, France)
mechanism responsible for the regulation of prostatie 5  for the hydroxylated steroids provided.

dihydrotestosterone levels and androgenic activity in mice
[6]. Our evidences for a mixed type inhibition of End

E, for the 7u-hydroxylation process imply that the native
circulating estrogens may interfere with such regulations.
It is known that in h_umla}ns the CIrCUl?‘tlng levels Qi'7_ [1] J. Zhang, Y. Akwa, E.E. Baulieu, J. &jall, 7a-Hydroxylation of
hydroxy-DHEA are significantly lower in females than in 27-hydroxy-cholesterol in rat brain microsomes, C.R. Acad. Sci. IIl
males[23], and this may be due to the higher estrogen lev- 318 (1995) 345-349.

els available in females. The possible occurrence of other [2] ZL. Wu, K.O. Martin, N.B. Javitt, J.Y.L. Chiang, Structure and
polymorphisms within the P4507B1 open reading frame that functions of hyman oxysterol 7 alpha-hydroxylase cDNAs and gene
could lead to modifigd affinities for the steroid substrates 3] SYES;(;,J\'/_L'(E’L%ET;;V:'&(,i??\lg;tg‘liéc__ziﬂojz'ie’ R. Morfin, The 7
has not been investigated yet. The recent observation that  apha-hydroxysteroids produced in human tonsils enhance the im-
prostate cancer was less frequently occurring in orientals  mune response to tetanus toroid aBdrdetella pertussisntigens,
than in caucasians led to the finding of a C—G polymor- Bba. Gen. Subjects 1472 (1999) 222-231.

phism in the P4507B1 promoter region that was associ- [4] S. Weill-Engerer, J.P. David, V. Sazdovitch, P. Liere, M. Schumacher,

. . .. A. Delacourte, E.E. Baulieu, Y. Akwa, In vitro metabolism of dehy-
ated both with a higher transcription rate of P4507B1 and droepiandrosterone (DHEA) to 7alpha-hydroxy-DHEA and deltas-

a lesser occurrence of prostate can@. Occurrence of androstene-3beta,17beta-diol in specific regions of the aging brain
such a polymorphism suggests that there may be other natu-  from Alzheimer's and non-demented patients, Brain Res. 969 (2003)

ral polymorphisms to be found in the open reading frame of 117-125.
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