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Abstract

Placenta and endometrium carry out steroidogenic biotransfor-
mation reactions such as 6-ft-hydroxylation of cortisol, a reac-
tion characteristic of the dominant family of cytochromes P450
in human liver, CYP3A. To investigate the possible role in
these extrahepatic tissues of the CYP3Amicrosomal hemopro-
teins, we analyzed placental and endometrial microsomes on
Western blots developed with an anti-human CYP3Aantibody.
Wefound an immunoreactive 51,500 D protein that migrated
between CYP3A3(HLp) and CYP3A5(HLp2) identical with
CYP3A7(HFLa). CYP3A7, a form found prominently in hu-
man fetal liver microsomes, was first isolated as a liver 16-a-
dehydroepiandrosterone-sulfate hydroxylase. Northern blot
analysis of total RNAisolated from placenta or from endome-
trium demonstrated a single band that cross-hybridized with a
CYP3A7cDNA. Amplification of the same RNAsamples with
the use of primers specific for CYP3A7, produced a 552-bp
segment that had the predicted size and the same DNAse-
quence as does liver CYP3A7 cDNA. Hybridizable endome-
trial CYP3A7 mRNAwas detected more frequently (six of
seven samples) and in higher amounts (- 12-fold higher) in
pregnant compared with nonpregnant women (4 of 12 sam-
ples). In addition, during the secretory phase of the menstrual
cycle CYP3A7 expression was sixfold higher than in the one
sample from the proliferative phase that had detectable
CYP3A7mRNA.Moreover, the amounts of placental and en-
dometrial CYP3A7mRNAand protein increased substantially
from the first to the second trimester of pregnancy. Wecon-
clude that placenta and endometrium express the same P450 as
is found in fetal liver. These tissues represent a previously un-
recognized and quantitatively important site for 6-ft-hydroxyla-
tion and 16-a-hydroxylation of specific steroid precursors, pos-
sibly for protection of the fetus from the toxic effects of endoge-
nous steroids and foreign substrates. (J. Clin. Invest. 1993.
92:1018-1024.) Key words: dehydroepiandrosterone-sulfate*
placenta * endometrium * estriol * xenobiotic

Introduction

The cytochromes P450 are a multigene family of microsomal
hemoproteins, most abundant in the liver, that play a critical
role in the biooxidation of such xenobiotics as drugs, pesticides,
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and carcinogens ( 1-4) as well as endogenous agents including
fatty acids, inflammatory mediators, and steroid hormones (5,
6). Although it has been amply documented that several forms
of P450 in liver microsomes catalyze the stereospecific hydrox-
ylation of cortisol, testosterone, androstendione, and proges-
terone (7-1 1), the physiological importance, if any, of these
reactions in the liver in vivo other than as possible accessory
disposal pathways is unclear ( 12). However, the development
of sensitive techniques for measuring P450 proteins and
mRNAshas led to the recognition that virtually all tissues con-
tain one or more forms of P450 (6) and that these extrahepatic
P450s are likely to participate in tissue specific-biotransforma-
tions.

For example, the placenta is not merely a protective barrier
for the fetus but also facilitates maternal-to-fetal transfer of
nutritional, metabolic, and hormonal agents and actively syn-
thesizes steroid hormones, particularly estrogens ( 13). It is be-
lieved that estrogen biosynthesis in the placenta uses dehydro-
epiandrosterone-sulfate (DHEA-s),' a precursor produced in
large amounts by the fetal adrenals. In high concentrations,
DHEA-s inhibits cell proliferation ( 14), interferes with cellular
respiration ( 15), promotes cervical ripening ( 16), and inhibits
placental progesterone biosynthesis ( 17). These events may
adversely affect fetal survival. In contrast, the 16-a-hydroxyl-
ated form of DHEA-s does not inhibit progesterone biosynthe-
sis ( 17) and may be less toxic to the fetus. Recently, a form of
cytochrome P450 termed HFLa (CYP3A7) that has been
thought to be expressed in fetal liver exclusively ( 18-25) was
found to catalyze 16-a-hydroxylation of DHEA-s (23). One
interpretation of this finding might be that 16-a-hydroxylation
of DHEA-s serves a self protective fetal function confined to
the developing liver.

There are some clues, however, that placental tissues could
contain cytochromes P450 of the 3A family. Placental tissues
readily oxidize cortisol to 6-,B-hydroxycortisol, an activity asso-
ciated with cytochromes of the 3A family (7, 9). Such a func-
tion might explain the high levels of 6-f3-hydroxycortisol in the
amniotic fluid (26, 27). Even though placental tissues gave no
evidence for 16-a-hydroxylation of DHEA-s in early studies
( 12), a recent study found that placental cultures can, in the
absence of exogenous steroid precursors, synthesize both the 16
a-hydroxylated form of DHEA-s and estriol (28). Because the
amounts of putative CYP3A that catalyze these reactions
might be low or might vary with placental development and

1. Abbreviations used in this paper: Under the recommended P450
gene nomenclature system (6) CYP3A3refers to the human glucocor-
ticoid inducible P450 previously designated, HLp (33); CYP3A4refers
to the P450 previously designated Nf (40); CYP3A5 refers to the sec-

ond member of the human glucocorticoid inducible P450 gene family,
previously designated HLp2 (35); CYP3A7 refers to the fetal liver
member of the human glucocorticoid inducible P450 family, previ-
ously designated, HFLa (24); CYP3A, the cytochrome P450 3A gene
family; CYP3A, gene products (mRNAor proteins) of the cytochrome
P450 3A gene family; DHEA-s, dehydroepiandrosterone-sulfate.
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because there are four CYP3Agene family members each capa-
ble of steroid 6-f3-hydroxylation (HLp [ CYP3A3]; Nf
[CYP3A4]; HLp2 [CYP3A5J; HFLa [CYP3A7]) (6),2 we
used sensitive and specific immunochemical techniques, PCR,
and cDNA probes to investigate whether a CYP3AmRNAis
expressed in the placenta and, if so, which CYP3Aform. We
now report that among CYP3A family members, CYP3A7
alone is expressed in human placenta and endometrium and
that the levels of CYP3A7 immunoreactive protein and
CYP3A7 mRNAincrease during pregnancy and vary during
the menstrual cycle.

Methods
Materials
Nytran and nitrocellulose were obtained from Schleicher & Schuell,
Inc. (Keene, NH); restriction endonucleases were purchased from Be-
thesda Research Laboratories (Gaithersburg, MD). A cDNA for hu-
man interleukin- I B ( 1.4-kb EcoRI fragment) was kindly provided by
Dr. S. Haskill, University of North Carolina (Chapel Hill, NC). The
cDNA for human placental lactogen was kindly provided by Dr. I.
Boime, Washington University (St. Louis, MO). All other reagents
were of the highest quality commercially available.

Liver specimens. The human liver specimens were obtained from
transplant donor material or from trauma patients at the time of sur-
gery in accordance with protocols approved by the committee for con-
duct of human research at the Medical College of Virginia (Richmond,
VA). The patients had normal bilirubin and aminotransferase levels.
Fetal livers were obtained from fetuses of patients undergoing therapeu-
tic abortions performed between 10 and 16 wk gestation ( 18).

Placenta and endometrium. Placentas were obtained from women
undergoing either therapeutic abortion or term delivery by cesarean
section. A total of 23 placental samples were available ( 16 RNAfor
Northern Blot, see Fig. 3 B; three RNAfor PCR, see Fig. 2; four micro-
somal for immunoblot, Table I). Endometrium was obtained from
women undergoing therapeutic abortion or hysterectomy for benign
conditions. A total of 30 endometrial samples were available from 28
patients. (We prepared RNAfrom 28 samples [26 for Northern blot
and 2 for PCR] and microsomes from five samples.) Approval by the
committee for conduct of human research was obtained before tissue
samples were collected for this study. Placenta and decidualized endo-
metrium from pregnancy terminations or cesarean section were frozen
in liquid nitrogen within 10 min of surgical removal and then stored at
-80°C. Endometrium from hysterectomy specimens was scraped from
the uterine wall with a scalpel and frozen at -80°C. A small portion of
each endometrial sample was Formalin fixed and paraffin embedded;
thin sections were stained with hematoxylin and eosin and were dated
by histological criteria as previously described (29). Pregnancy dating
was based on a reliable date of the last menstrual period, on the size of
the uterus as judged by ultrasonographic examination, or both
methods.

Procedures
Microsomes and immunoblot analysis. Microsomes were prepared and
stored as previously described ( 18, 30, 31 ). Protein concentration was
determined colorimetrically as previously described ( 18, 30, 31 ). Sam-
ples of microsomes containing up to 40 Mgof protein were subjected to
electrophoresis on polyacrylamide gels ( 12.5% acrylamide, 0.2% bis-
acrylamide) containing 0.1% SDS( 18, 31, 32). Varying amounts of a
standardized sample of microsomes containing a known concentration
of CYP3A immunoreactive protein were added in adjacent lanes to
permit quantification of immunoreactive CYP3A by densitometric
analysis of immunoblots developed with a polyclonal anti-CYP3A an-
tibody (32).

2. Comparisons ofthe nucleotide and deduced amino acid sequences
of CYP3A3(HLp) (33) and CYP3A4 (Nf) (40) indicate that these
proteins are highly related.

Screening of fetal liver cDNA library cloned in bacteriophage
lambda gtJJ for CYP3A7 cDNA. Approximately 150,000 recombi-
nants were initially screened under low stringency conditions (2X SSC
and 0.2% SDS [wt/vol], 420C; SSC = 0.15 MNaCl and 0.015 M
sodium citrate) with the use of a cloned fragment representing the
internal portion (bases 171-890) of the CYP3A3cDNA(33). Positive
phage were rescreened by use of this probe. Strongly positive clones
were purified by multiple screening of isolated plaques at high strin-
gency (0.1 X SSCand 0.2% SDS, 520C). A single positive clone, which
contained a single internal EcoRI restriction site and a 1,566-bp insert
(bp 404-1,970 of CYP3A7[24]), was subcloned into either pGEM3Z
or M13 mpl 8 or 19 and sequenced as described below.

Northern blot. Total RNAwas isolated from specimens by guani-
dinium thiocyanate-phenol-chloroform extraction (34). The RNA(30
Mug) was fractionated by electrophoresis in a formaldehyde denaturing
agarose gel (34) and transferred to nitrocellulose by capillary diffusion
and then baked at 80'C under vacuum for 2 h. Prehybridization and
hybridization with the 32P-radiolabeled CYP3A7 cDNA were as de-
scribed previously (35). The size of the CYP3A7hybridizing mRNA
band was estimated by linear interpolation of 28S (4.9-kb) and 18S
( 1.95-kb) RNAstandards. The samples of placenta and endometrium
used in these studies were not cross-contaminated as judged by the
absence of specific markers, placental lactogen mRNAand endome-
trial interleukin-1 B hybridizable mRNA, respectively (34). Northern
blots were quantified as described (33). A one-way analysis of variance
was used for statistical analysis.

cDNA synthesis and PCR reactions. The first-strand cDNA was
synthesized by incubating M-MLV reverse transcriptase with 3 Mg of
total cellular RNAin a buffer containing the following (mM): 10 Tris-
HCI, pH 8.3, 50 KCI, 1.5 MgCI2, and 1.0 of each deoxyribonucleotide
triphosphate. PCRreactions were performed in 100 M1 final volumes
consisting of 10 mMTris-HCl, pH 8.3, 50 mMKCl, 1.5 mMMgCl2,
0.1% (wt/vol) gelatin, 0.2 mMof each deoxyribonucleotide triphos-
phate, 100 pmol each of sense and antisense primer, 600 ng of first-
strand cDNA, and 2.5 U Taq polymerase. Oligonucleotides were syn-
thesized on a Cyclone instrument (Biosearch, San Rafael, CA) using
f3-phosphoramidite methodology and were purified by HPLC with
paired-ion chromatography on an HPLC(model 1400A; Applied Bio-
systems, Inc., Foster City, CA) with ultraviolet (UV) wavelength set at
260 nmand monitored by a UVdetector (model 1783A, Applied Bio-

Table I. Quantification of Protein Reacting with Antibody
to CYP3A in HumanEndometrium and Placenta

Anti-CYP3A reactive
Sample Gestational age protein

wk nmol/g protein

Endometrium*
KK 16 1.4
5D 15.4 1.7
DD 14 <0.205
TR 11.5 <0.20§
8D 10.5 <0.205

Placentat
5P 15.4 1.5
8P 11.5 1.6
CS 12 <0.20§
MH 8 0.26

Fetal liver <24 31

* 30 or $ 40 Mg, respectively, of microsomal protein was resolved on a
12.5% PAGEgel. Results are a mean of two separate determinations
from samples run in duplicate. § Band was detectable but could not
be reliably quantified.
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Table II. Mismatches/Estimated Melting Temperature *for CYP3A7Oligonucleotides Compared
with Other CYP3AGene Family Members

CYP3A7 CYP3A5 CYP3A4 CYP3A3

Oligonucleotides mismatches T. Mismatches T. Mismatches T., Mismatches T.

cC cC °C °C

Primers
CYP3A7 1189-1212 (sense) 0 64 4 52 3 58 3 58
5'-ATT-CCA-AGC-TAT-GTT-CTT-CAT-CAT-3'
CYP3A7 1723-1743 (antisense) 0 64 * * 3 54 3 54
5'-AAT-CTA-CTT-CCC-CAG-CAC-TGA-3'

Internal oligonucleotide
CYP3A7 1587-1613 0 74 7 48 10 44 5 58
5'-CGT-CTT-CAT-TTC-AGG-GTT-CTA-TTT-GTA-3'

* Tm, calculated using the formula of Suggs et al. (36) Td = 40(G + C) + 20(A + T). Not determined. CYP3A7 1,720-1,741 extends beyond the
end of the CYP3A5cDNA (35).

systems, Inc.) as described (35) . After the addition of 100 A1 of mineral
oil, the reactions were heated to 950C for 5 min and immediately cy-
cled 30 times in a programmable heating block (Coy Laboratory Prod-
ucts Inc., Ann Arbor, MI) through 30 cycles consisting of 1 min of
denaturation at 940C, 5 min of annealing and extension at 65°C, and
20 min of extension at 65°C. In most cases, 10-15 ul of the PCR
reaction product were directly separated through a 0.5% Nusieve aga-
rose/0.5% agarose mixture (wt/vol) and visualized by staining with
ethidium bromide. Sizes of the PCRproducts were estimated from the
migration of DNAsize markers ( 123-bp ladder) run concurrently. The
PCRproducts were transferred from gels to Nytran membranes by
capillary blotting (35). Southern-blotted membranes were probed with
a 32P-labeled hybridization oligonucleotide targeted to a region internal
to the PCR reaction product (Table I). Control PCR reactions in-
cluded water blanks as well as samples in which reverse transcriptase
was omitted.

The CYP3A7primers were chosen to provide maximum discrimi-
nation between CYP3A7 and the other human CYP3Agene family
members. The primers were: antisense CYP3A7primer, bases 1,723-
1,743 of the CYP3A7sequence (24); sense primer, bases 1,189-1,212;
internal oligonucleotide primer, bases 1,586-1,611. It should be noted
that the last exon of CYP3A7begins at bp 1,480, which would, because
of the intervening intron, allow easy discrimination between the ampli-
fied cDNA and genomic DNA (unpublished observation, Schuetz,
J. D.). The mismatches of these primers with the other human
CYP3Afamily members are shown in Table II.

PCRsubcloning and DNAsequence determination. The ends of the
PCRproducts were repaired by adding the Klenow fragment (5 Kunitz
U) of PolI to the PCRreaction after a 10-min incubation at 95°C. The
enzymatically repaired PCRproducts were then phenol extracted, pre-
cipitated with ethanol, and subcloned in both orientations into SmaI
site of M13 (37). Single-stranded M13 was prepared from plaque-puri-
fied recombinants to determine the nucleotide sequence of the cloned
insert using the method of Sanger et al. (38). Results were confirmed
by sequencing each region of the cDNAat least four times. The cloned
PCRproduct that we sequenced matched exactly the nucleotide posi-
tions 1,189-1,741 of the published CYP3A7 cDNA sequence as
aligned by the Genetics Computer Group GAPProgram (39). In con-
trast, this region of CYP3A7 had 37 mismatches compared with the
relevant sequence of CYP3A3/4 (33, 40).

Results

Immunoblot analysis of CYP3Ain endometrium and placenta.
Immunoblot analysis of human endometrial and placental mi-
crosomes demonstrated a single CYP3Aimmunoreactive band

of - 51,500 D in both endometrium and placenta (not
shown). Weextended the immunoblot analysis with samples
of human liver microsomes known to contain neither CYP3A5
nor CYP3A7 but only CYP3A3/4 (HL 19) (32, 41, 42),
CYP3A7 (FL) or CYP3A3/4 and CYP3A5 (HL 34). These
samples were run in lanes adjacent to endometrial or placental
microsomes, which, in some cases, were mixed with an aliquot
of HL 19, the sample that only contained CYP3A3/4 (Fig. 1).
By comparing the migration patterns for endometrial or pla-
cental microsomes with that for a sample of human liver mi-
crosomes known to contain CYP3A3/4 plus CYP3A5 (HL
34) but not CYP3A7, we found that the CYP3Aimmunoreac-
tive band associated with endometrium or placenta migrated
between the CYP3A3/4 and CYP3A5 immunoreactive bands
(Fig. 1). Finally, the rate of migration of the CYP3Aimmuno-
reactive band in endometrial and placental microsomes was
identical with that in a sample of human fetal liver microsomes
known to contain only CYP3A7 (Fig. 1).

Quantification of CYP3A immunoreactivity in gestational
human endometrium and placenta. Immunoreactive protein
was detectable in each of the five endometrial and four placen-
tal microsomal samples available for analysis (Table I). We
carried out a quantitative analysis of our immunoblots, taking
the assumption that our polyclonal human anti-CYP3A anti-
body has equal affinity for the proteins it identifies in placenta,
endometrium, and liver. Calculated in this way (Table I) the

Figure 1. Immunoblot
analysis of microsomes

from human endome-trium and placenta. Mi-
crosomes isolated from
the indicated specimens

III of human adult liver

FL Endo HL pa EndFL plac HL
(HL 34 or HL 19), fetal

34 HL HL 19 liver (FL), placenta
19 19 (plac), or endometrium

(Endo) were analyzed
mixture separately or as mix-

tures on immunoblots
developed with an antibody that recognizes CYP3Aproteins as de-
scribed in Methods.
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552bp -0-

552bp -
D1 P. P2 D2 P3

Figure 2. Southern blot analysis of PCR-amplified CYP3A7 mRNA
from human endometrium and placenta. Total RNAisolated from
samples of either endometrium or placenta was converted to cDNA
and amplified by PCRwith the use of a primer pair specific for
CYP3A7 as described in Methods. Gel electrophoresis was performed
on the PCR-amplified samples (top). The gel fractionated PCR
product was transferred to Nytran and hybridized with an oligonu-
cleotide specific for the CYP3A7 cDNA (bp 1,587-1,6 13) (bottom).
This oligonucleotide has 10 mismatches with CYP3A3 (33) and 8
mismatches with CYP3A5 (35). Arrows indicate the size of the 552-
bp PCRproduct. DI, D2, endometrial samples; PJ-P3, placenta.

specific concentration of immunoreactive CYP3A, in either
endometrium or placenta, was at least sevenfold higher (1.4 vs.
lower limit of quantification, 0.2) in older gestational samples.
This increase was specific for CYP3A7 because analysis of
these microsomes on immunoblots developed with an anti-
body directed at another cytochromne P450 family,CYP6 Al,
revealed positive reactivity, as expected, but no obvious tem-
poral pattern of accumulation of immunoreactive GYPIAt1
with increasing gestational age (not shown). The amount of

immunoreactive placental and endometrial CYP3A7 protein
was 18- to > 155-fold less than that found in human fetal liver
(Table I). However, because fetal liver is < 20% of the placen-
tal weight during the second trimester, the endometrium and
placenta are a quantitatively important site of CYP3A7expres-
sion.

PCRanalysis of CYP3A mRNAin human endometrium
and placenta. Next, we analyzed RNAfrom endometrium and
placenta for the presence of CYP3AmRNAand, on the basis
of the results of the immunoblot analysis, we focused on
CYP3A7 mRNA, specifically. Recognizing that CYP3A7
mRNAspecies would not likely be abundant in these tissues,
we prepared cDNAcopies of the mRNAsin endometrial and
placenta RNAspecimens and then combined these cDNAs
with CYP3A7-specific oligonucleotides (see Fig. 2 legend and
Table II) to amplify any CYP3A7cDNAthat might be present
by the sensitive PCRtechnique (see Methods). Wefound for
both endometrium and placenta that PCRproduced a consis-
tent product that was the exact size of the predicted target se-
quence (Fig. 2). Moreover, the amplified product hybridized
with a unique oligonucleotide constructed to bind to a region
within the expected amplified CYP3A7 sequence (see Meth-
ods). Finally, the DNAsequence of the PCR-synthesized prod-
uct (Fig. 2) proved to be identical to the published CYP3A7
sequence (24).

Expression of CYP3A7 mRNAin human endometrium. To
determine the pattern of maternal expression of CYP3A7
mRNA,we analyzed RNAisolated from gestational and non-
gestational endometrium (Fig. 3 A) on Northern blots hybrid-
ized with a cloned CYP3A7 cDNA (404-1,970 bp) isolated
from a human fetal liver cDNAlibrary (see Methods). Among
endometrial RNA samples obtained from nonpregnant

A ENDOMETRIUM

A B C D E F 17 19 22 23 24 26 8 9 10 11 12 13 16

I I
Proliferative

I L
Secretory (day) Gestational (wks)

B PLACENTA

I w a..*vtFr

8 9 9 9.5 10 11 12 12 12.5 13 13.5 14 15 16 16 16.5

Gestational (wks)

Figure 3. Northern blot analysis of
the time course of expression of
CYP3A7 mRNAin human endo-
metrium and placenta. (A) Total
cellular RNAwas isolated from six
samples of proliferative (A-F), six
of secretory, and seven of decidual-
ized endometrium. The RNA(30
ytg) was fractionated by gel electro-
phoresis and transferred to nitrocel-
lulose. The filter bound RNAwas
hybridized with a cDNA for
CYP3A7 (bp 404-1,970), (24). (B)
Total cellular RNA(30 tg) was iso-
lated from 16 samples of human
placenta as described in Methods.
The samples are arrayed according
to their gestational age. The filters
were hybridized with a cDNA to
CYP3A7(bp 404-1,971 [ 24 ]).
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women during the proliferative phase of the menstrual cycle
(Fig. 3 A, sample B), we found that only one of six contained
hybridizable CYP3A7mRNAand even this signal was, at best,
weakly positive. In contrast, among RNAsamples taken dur-
ing the secretory phase of the menstrual cycle, the frequency of
detectable CYP3A7 mRNAwas higher (three out of six were
positive). The average amount of hybridizing CYP3A7mRNA
in these three was sixfold higher than the value for the single
positive sample from the proliferative phase (see Fig. 3 A).

Wealso found that CYP3A7mRNAwas more frequently
detected in endometrial RNAsamples from pregnant (Fig. 3 A,
gestational, 6 of 7) compared with nonpregnant women(Fig. 3
A, proliferative and secretory, 4 of 12) and that the amount of
hybridizable endometrial CYP3A7RNAwas higher in the sam-
ples from pregnant compared with the positive samples from
nonpregnant women (average increase was 12-fold, [P
< 0.05 ]). A similar RNAanalysis carried out on a second set of
seven endometrial samples obtained from pregnant patients
revealed that five of these were positive for CYP3A7 mRNA
(not shown).

Compared with human fetal liver, the amount of endome-
trial CYP3A7 hybridizable mRNAin pregnancy during the
second trimester was - 10%, although in one of our samples
(Fig. 3 A, 1 6-wk gestational endometrium) the amount of hy-
bridizable CYP3A7 mRNAwas similar. The increased
amounts of CYP3A7mRNAassociated with gestation appears
to be specific because rehybridization of this blot with a fl-actin
cDNAprobe gave signals of equal intensity among these endo-
metrial samples (data not shown). Moreover, the endome-
trium did not appear to be contaminated by placenta because
endometrial RNAshowed no hybridization with a placental
lactogen cDNAprobe (data not shown) (34). Unfortunately,
there were no microsomal samples available from this set of
patients analyzed for endometrial CYP3A7mRNA.

Expression of CYP3A7 mRNAin human placenta. The
time course of expression of CYP3A7mRNAin the placenta
was examined by extracting total RNAfrom 16 placental sam-
ples isolated at various times of gestation and analyzing these
on Northern blots hybridized with the CYP3A7cDNA. There
was little expression of CYP3A7mRNAin the first 12 wk (one
of eight samples gave a minimal hybridization signal, the
others were negative, see Fig. 3 B). However, immunoreactive
CYP3Aprotein was present in both of the patients (both were
CYP3A7 mRNAnegative) for whom microsomal samples
were available (C.S., the 8-wk sample, and M.H., the first 12-
wk sample from left to right, Table I). Second trimester sam-
ples were more frequently positive for CYP3A7mRNA(four
of eight samples, Fig. 3 B) and the amounts of CYP3A7
mRNAwere greatly increased (the average of these four was
about sevenfold higher than the single positive of the first tri-
mester samples). Wenoted that the apparent size of the hybrid-
izing mRNAspecies in placenta was the same as that in endo-
metrium and in fetal liver (2.1 kb), although, in one placental
specimen a second hybridizing mRNA('- 2.7-kb) species was
detected (see 12.5 wk, Fig. 3 B). This larger form of hybridiz-
able CYP3A7mRNAmay represent use of an alternate poly-
adenylation signal as has been described for CYP3A4 (43).

Discussion

These experiments demonstrate that human endometrium and
placenta contain CYP3A7, an enzyme that previously was
thought to be expressed only in human fetal liver (24, 25, 44).

Immunochemical techniques demonstrated the appropriate
size and immunoreactivity of the CYP3A7 protein accompa-
nied by the appearance of CYP3A7 mRNAdocumented by
PCR, DNAsequence analysis, and Northern blot analysis. Fi-
nally, because we have detected a single immunoreactive band
with the anti-CYP3A antibody, our immunoblots suggest that
CYP3A7 is the predominant, if not only, CYP3Aexpressed in
the endometrium and placenta. This conclusion is supported
by our failure to detect by PCRmRNAsspecific for the other
CYP3Amembers (CYP3A4 [40], and CYP3A5[35], unpub-
lished observations). The greater frequency of detection of
CYP3A immunoreactive protein compared with CYP3A7
mRNAcould be due to differences in stability of these gene
products, although more opportunities to examine both micro-
somes and RNAfrom the same patient are needed to investi-
gate this question.

Finding CYP3A7 protein and CYP3A7mRNAin human
endometrium and placenta strengthens the concept that these
tissues are important sites for intermediary steroid metabolism.
Although we did not measure the metabolic capability of the
placental microsomes, the functional activity of placental
CYP3A7 can be reasonably inferred from previous studies of
placental microsomes or placental explants that document bio-
transformation reactions (45, 46) associated with CYP3A, in-
cluding formation of 6-f3 hydroxycortisol from cortisol (7, 9)
and production of estriol (a product of 16-a-hydroxylation of
DHEA-s) ( 12). These activities suggest that despite the low
concentration of CYP3A7 in the endometrium and placenta
relative to that in fetal liver, the large amounts of these extrahe-
patic tissues makes this enzymatic activity important to inter-
mediary steroid metabolism during pregnancy.

We (47) and others (33) have shown that P450s of the
CYP3A family in the liver are inducible. For example, the
amount of hepatic CYP3A immunoreactive protein and
CYP3AmRNAincreases in response to administration of syn-
thetic and natural glucocorticoids (33, 47), macrolide antibi-
otics (48), some antiseizure and antifungal drugs (49), and
such environmental agents as polychlorinated biphenyls
(PCBs) and organochlorine pesticides (50). Weobserved an
increase in the amounts of CYP3A7 protein and CYP3A7
mRNAin endometrium/placenta associated with increasing
gestational age (Table I and Fig. 3, A and B). Wecannot rule
out the possibility that the increase could be related in some
manner to the source of these tissues (surgical patients) or
could be due to enzyme induction by fetal exposure to PCBs,
dichlorodiphenyltrichloroethane, and other persistent lipo-
philic environmental agents that are virtually ubiquitous in the
general United States population ( 51 ). However, the increase
in CYP3A7 immunoreactive protein and mRNAoccurred
consistently in the second trimester in both placenta and endo-
metrium from different individuals (Table I and Fig. 3, A and
B). Furthermore, human CYPlA1 (52), and epoxide hydro-
lase (53), enzymes that are induced by xenobiotics in the liver,
are expressed constitutively in the placenta. Webelieve a better
explanation is that changes in the amounts of endogenous sub-
strates and hormones that can affect CYP3Aexpression in the
liver (54) also underlie the developmental regulation of
CYP3A7 in the placenta.

Transcription of CYP3A1 is controlled by a nonclassical
glucocorticoid receptor-mediated process (47, 55). Moreover,
the synthetic glucocorticoid agonist, dexamethasone, induces
CYP3A7 mRNAin the human hepatoblastoma HEPG2(56,
57) through transcriptional activation of CYP3A7 (unpub-
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lished observations). These observations suggest that steroid
hormones and their receptors play a role in the regulation of
CYP3A7. The time course of increase in endometrial and pla-
centa CYP3A7 protein and mRNAduring pregnancy coin-
cides with an increase in systemic levels of DHEA-s (12), a
known substrate for CYP3A7 (21, 23). Substrate mediated
induction of CYP3A7 through DHEA-s bound to its receptor
(58) could account for the increased placental and endometrial
CYP3A7 mRNAand protein we have found during preg-
nancy. Another possibility is that circulating glucocorticoids
regulate placental/endometrial CYP3A7just as they do in the
liver. Even though systemic glucocorticoid levels do not appre-
ciably change during the intervals of pregnancy we examined
( 12), the amount of placental glucocorticoid receptor increases
from 7- to 12-fold from first to second trimester, a value that,
coincidentally, corresponds with the large increase in CYP3A7
mRNAand protein expressed in the placenta (Fig. 3 B and
Table I). Because the amount of glucocorticoid receptor can be
rate limiting for transcriptional activation of a gene by a gluco-
corticoid (59), it is possible that despite adequate systemic ste-
roids CYP3A7 is not transcribed until the amount of glucocor-
ticoid receptor increases. It is intriguing that administration of
dexamethasone to pregnant womennear term can increase the
metabolism of DHEA-s to estriol (60), a conversion that could
be controlled by CYP3A7.

Wehave considered why CYP3A7is expressed and develop-
mentally regulated in the placenta and endometrium. CYP3A7
was previously thought to be expressed only in fetal liver during
early pregnancy (24, 25), perhaps to protect the fetus from
DHEA-s toxicity (23). When fetal adrenals are stimulated by
ACTHin the second trimester, synthesis of DHEA-s increases.
Accumulation of excess DHEA-s is associated with intrauter-
ine growth retardation (61 ), possibly because of inhibition of
cell proliferation and differentiation by DHEA-s (62). If the
rise in DHEA-s stimulates extrahepatic expression of CYP3A7
in the second trimester, this enzyme could provide additional
protection for the fetus by forming the nontoxic 1 6-a-hydroxyl-
ated DHEA-s metabolite. Another possible adverse effect of
DHEA-s is suppression of the synthesis of progesterone, a hor-
mone critical for maintaining pregnancy ( 12). An increase in
placental CYP3A7 could divert the substrate flow to 16-a-
hydroxylated DHEA-s, a steroid that has no affect on proges-
terone synthesis ( 17). Finally, an important but as yet unex-
plored possibility is that, because some CYP3Aforms can both
activate and inactivate carcinogens (63-67), the change in the
amount of CYP3A7 expressed in the reproductive system
throughout pregnancy (if this enzyme carries out similar reac-
tions) may play an important role in fetal toxicology during the
critical periods in fetal development.
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