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ABSTRACT. The expression of individual xenobiotic-metabolizing cytochrome P450 (CUP) genes in human 
placenta was studied at the mRNA level by reverse transcriptase-polymerase chain reaction (RT-PCR). mRNAs 

of CYPlAl, CYPZEl, CYPZFl, CYP3A3/4, CYP3A5, and CYP4Bl were detected by RT-PCR, and CYPlA2, 
CYP2A6/7, CYP2B6/7, CYP2C8-19, CYPZD6, and CYP3A7 were not detected. Several enzyme activity assays 
and immunoblots were used to further characterize expression of forms producing detectable mRNA transcripts. 

The catalytic activities of 7-ethoxycoumarin 0-deethylase (ECOD), 7-ethoxyresorufin 0-deethylase (EROD) 

and aryl hydrocarbon hydroxylase (AHH) were substantially increased in response to maternal cigarette smok- 
ing, and paralleled the amount of CYPlAl mRNA and protein. Aromatase activities were slightly lower in 
placentas exposed to cigarette smoke compared with nonexposed placentas. These data show that several 

xenobiotic-metabolizing CYP genes are expressed in human placenta at a low level. The significance of such 
low-level expression is unknown, but it may have local physiological or toxic consequences. BlOcHEM PHAR- 

MACOL 51;4:403-411, 1996. 
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The placenta plays a vital role in maintenance of pregnancy by 
delivering oxygen and nutrients from the maternal circulation 
to the fetus and by returning fetal metabolites to the mother. 
The placenta also has many crucial endocrine and metabolic 
functions [l, 21. Numerous foreign compounds reach the pla- 
centa through the maternal circulation and human placental 
tissue is capable of oxidizing several of them, although the 
substrate profile compared with liver appears to be more re- 
stricted [3]. 

CYP$$ enzymes constitute an important part of the com- 
plex system that metabolizes a number of endogenous and 
exogenous substrates [4]. The CYP superfamily consists of fam- 
ilies and subfamilies defined on the basis of their amino acid 
sequence similarities. The CYP forms can be functionally di- 
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vided into 2 groups: families CYP5-27 are involved with syn- 
thesis of important endogenous molecules, and the xenobiotics 
are metabolized mainly by families CYPl-4 [4, 51. 

In humans, 19 xenobiotic-metabolizing P45Os are currently 
known [5]. The majority of these genes are expressed most 
abundantly in liver, but the CYPlAl, CYPZFl, and CYP4Bl 
forms have been detected mainly in extrahepatic tissues [5]. 
The P450 enzymes usually catalyze oxidative metabolism of 
xenobiotics as a part of the process of inactivation and elim- 
ination from the body [6]. The activity of CYP enzymes may 
sometimes lead to the formation of reactive metabolites with 
toxic or carcinogenic consequences [6, 71. It has become evi- 
dent that xenobiotic-metabolizing CYP enzymes may also be 
involved in vital cell functions, affecting growth, differentia- 
tion, and homeostasis [8, 91. 

Relatively little is known about the individual CYP forms 
present in human placenta. CYPIAI is expressed in placentas 
of those women who were exposed to polychlorinated biphe- 
nyls or smoked cigarettes [3, 10-131, but the significance of 
this induction to fetal toxicity is unknown [8, 141. In addition, 
mRNA and protein of CYP3A7, the prominent form in fetal 
liver, have been detected in early-term human placenta [15]. 
CYP4BI cDNA has been cloned from a human placenta 
cDNA library [16]. To understand more thoroughly the func- 
tion of CYP system in placenta and its significance in the 
metabolism of xenobiotics and endogenous compounds, infor- 
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mation on the expression of individual members of the CYP 
superfamily in placental tissue is required. 

The study of CYP gene expression in placenta has been 
hindered by the low levels of the CYP forms present. The 
RT-PCR method enables the sensitive and specific detection 
of low quantities of mRNA [17]. In this study we used the 
RT-PCR method to examine the expression of all known xe- 
nobiotic-metabolizing CYP genes in full-term placenta. For 
CYPlA, CYPZEl, and CYP3A, the content and activity of the 
expressed proteins were also investigated. 

MATERIALS AND METHODS 
Human Placental Tissue 

The primers were designed to hybridize only to the desired 
regions of the cDNA. To exclude the chance of crosshybrid- 
ization with other sequences, each primer was compared with 
the EMBL human gene bank using the Genetics Computer 
Group FASTA program [18]. Because the individual members 
in the CYP3A subfamily are highly similar to each other, we 
verified the specificity of each pair of CYP3A primers using 
full-length cDNAs as amplification templates. The CYP prim- 
ers, their locations, and the sizes of the PCR products are listed 
in Table 2. The following primers can detect more than one 
form: CYP2A6/2A7, CYP2B6/2B7, and CYP3A3/3A4. The 
CYP2C (8-19) primers were designed to detect all known 
human CYP2C cDNAs (i.e., 2C8, 2C9, 2C10, 2C18, 2C19). 

Human full-term placentas were obtained from the Depart- 
ment of Obstetrics and Gynaecology, University of Oulu. 
Clinical data for the donors are summarized in Table 1. Use of 
the human tissue in this study was approved by the Ethics 
Committee of the University of Oulu. 

Extraction of RNA and cDNA Synthesis 

Small pieces of the placenta were cut and frozen in liquid 
nitrogen immediately after delivery and stored at -70°C for 
later extraction of RNA. Total RNA was extracted with 
guanidium thiocyanate followed by centrifugation in cesium 
chloride. Complementary DNA was synthesized with a First- 
Strand cDNA Synthesis Kit (Pharmacia P-L Biochemicals, 
Uppsala, Sweden); 5 pg total RNA was used in each synthesis. 
The cDNA was stored at -20°C until PCR amplification was 
performed. 

In every series of PCR reactions there were 2 negative con- 
trols, one containing cDNA synthesis reagents excluding tem- 
plate and the one containing RNA that was not reverse tran- 
scribed. Otherwise, these controls were identical to the sample 
reactions. To control the efficiency of the PCR reaction, a 
positive control (human liver or lung sample) was used in all 
PCR series. After the PCR reaction, 8 FL of the reaction 
mixture was electrophoresed in an agarose gel and stained with 
ethidium bromide. All PCR reactions were repeated at least 
twice. 

PCR 

The PCR reaction contained 1 FL of cDNA (out of 15 PL 
total), 2.5 U DynaZyme DNA polymerase (Finnzymes, Hel- 
sinki, Finland), 5 PL 10x DynaZyme reaction buffer, dNTP 
reaction mix (Finnzymes) at a final concentration of 200 PM, 
20-50 pmol of each primer, and water to a final volume of 50 
pL. 35 PCR cycles were performed: 1 min at 94”C, 1 min at 
55”C, 2 min at 72°C. 

To ensure the identity of the PCR products the DNA was 
transferred to Qiabrane nylon filter (Qiagen, Chatsworth, 
CA) and hybridized with specific, 32P-labelled cDNA probes. 
The CYPZEJ , CYPZFl , CYP3A4, and CYP3A5 full-length 
cDNAs were generous gifts from Dr. F. J. Gonzalez (Laboratory 
of Molecular Carcinogenesis, National Cancer Institute, NIH, 
Bethesda, MD). The CYPIAI (800 bp) and CYP4BI (600 bp) 
cDNA probes were prepared by first amplifying the respective 
sequences and then cloning the amplification products into 
pCRTMII (TA-cloning Kit, Invitrogen, San Diego, CA). Iden- 
tity of the cloned probes was verified by direct sequencing 
(Cycle Sequencing Kit, Pharmacia, Uppsala, Sweden). 

Semiquantitative PCR Analysis 

Quantification of selected CYP cDNAs was achieved by si- 
multaneous amplification with p-actin. The exponentially of 

TABLE 1. Clinical data for placenta donors 

Placenta 

1 
2 

: 
5 
6 

7 
8 

10 

11 

Maternal smoking 

- 
_ 
_ 
_ 
- 
20 cigarettes/day, quit a month 

before delivery 
- 

10 cigarettes/day 
S-10 cigarettes/day, quit at fifth 

week of gestation 
5 cigarettes/day 

Maternal 
alcohol 

consumption 

- 
- 
- 
- 
- 

- 
? 

- 

- 

Drug treatment Description 
during pregnancy of placenta 

_ normal 
_ normal 
_ normal 
ferrosulfate 200 mg/day calcified 
paracetamol occasionally normal 
- calcified 

pivmecillinam 200 mg/day normal 
I 7 

_ thick 

_ calcified 



Cytochrome P45Os in Human Placenta 405 

TABLE 2. Primers used for PCR analysis 

CYP 

Sense primer Antisense primer PCR product 

location location (bp) Reference 

1Al 

lA2 

2A6/2A7 

2B6/2B7 

2C8-19 
2D6 

2El 

2Fl 

3A3/3A4 

3A5 

3A7 

4Bl 

TCACAGACAGCCTGATTGAG GATGGGTTGACCCATAGCTT 
928-947 1341-1360 

TGGCTTCTACATCCCCAAGAAAT TTCATGGTCAGCCCGTAGAT 
1199-1221 1488-1507 

GTGTGGACATGATGCCGT AGGACTTGAGGCGGAAGT 
252-269 1385-1402 

CCATACACAGAGGCAGTCAT GGTGTCAGATCGATGTCTTC 
1045-1064 1402-1421 

GCTAAAGTCCAGGAAGAGATGA TCCTGCTGAGAAAGGCATGAAGT 
TGATGAGAACCTGCGCATAG ACCGATGACAGGTTGGTGAT 

873-892 1186-1205 
AGCACAACTCTGAGATATGG ATAGTCACTGTACTTGAACT 

925-944 1271-1290 
ATGAACTTGCCGCACCGCGT AGCGAAAAGCTCTGCAGGAT 

1148-1167 1412-1431 
CCAAGCTATGCTCTTCACCG TCAGGCTCCACTTACGGTGC 

1279-1298 1583-1602 
TGTCCAGCAGAAACTGCAAA TTGAAGAAGTCCTTGCGTGTC 

1065-1084 1516-1535 
CTATGATACTGTGCTACAGT TCAGGCTCCACTTACGGTCT 

1041-1060 1496-1515 
TGACCATGTGCATCAAAGGAG AAAGCCATTCTTGGAGCGCA 

1109-1128 1487-1506 

432 

308 

1151 

357 

332 
332 

365 

283 

323 

470 

474 

397 

19 

20 

21 

22 

23, 24 
25 

26 

27 

28, 29 

30 

31 

32 

amplification was studied as shown in Fig. 1; 25 PCR cycles 
were used in the actual experiments. Fifty pmol of CYP and 15 
pmol of B-actin primers were used. PCR products were elec- 
trophoresed in an agarose gel, transferred to a nylon filter and 
hybridized with cDNA probes. An autoradiography film was 
exposed to the hybridized filters, and the intensities of the 
resulting bands were measured by densitometry. 

I I 

25 30 

Number of cycles 

1 

35 

FIG. 1. Exponentiality of CYJ?l Al and p-a&in co.amphficae 
tion. W CYPlAl, 0 p-a&in. 5-pL aliquots were removed from 
the reaction mixture after every 5 cycles (20-35 cycles). These 
samples were electrophoresed, transferred to nylon filter and 
hybridized with cDNA probes. Densitometric values were ob- 
tained from autoradiographs. 

Microsmnes and Enzymes Assays 

Microsomes were prepared by the standard ultracentrifugation 
technique as described earlier [33]. Enzyme assays were per- 
formed as described: AHH [34], ECOD [35], EROD [36], ar- 
omatase [37], androstenedione formation from testosterone 
[38], cholesterol side-chain cleavage [39], testosterone 6B-hy- 
droxylase [38], benzphetamine N-demethylase [40], erythro- 
mycin N-demethylase [41], and chlorozoxazone hydroxylase 
[42]. All enzyme assays were carried out in duplicate. 

lmmunoblot Analysis 

ANTIBODIES. Antibodies against the human P450 enzymes 
CYPlAl, CYP3A4/7, and CYP2El were produced by target- 
ing antipeptide antibodies against the C-termini of these P450 
enzymes. The production of the anti-CYP2El has been de- 
scribed previously [43]. Antibodies against CYPlAl and 
CYP3A4/7 were produced in a similar manner. The pep- 
tides Cys-Met-Gln-Leu-Arg-Ser and Cys-Thr-Val-Ser-Gly- 
Ala, representing the C-termini of CYPlAl and CYP3A4/7, 
respectively (the C-termini of CYP3A4 and CYP3A7 are 
identical), were synthesized, coupled to keyhole limpet 
haemocyanin, and used to immunize rabbits as described pre- 
viously [44]. The production and characterization of the anti- 
body against human CYPlA2 is described elsewhere [45]. 

SDS-polyacrylamide gel electrophoresis was performed ac- 
cording to Laemmli [46] and protein was transferred to nitro- 
cellulose sheets [47]. Immunoblotting was performed as de- 
scribed previously [48]. Blots of placenta samples developed for 
CYPlAl apoprotein were compared with yeast microsomal 
fraction containing recombinant human CYPlAl and control 
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yeast microsomal fraction; these samples were generous gifts 
from Dr. Michael Ching [49]. 

lmmunoinhibition Studies 

Polyclonal antirat CYPZEl antibody was generously provided 
by Dr. M. Ingelman-Sundberg (Department of Physiological 
Chemistry, Karolinska Institute, Stockholm, Sweden). This 
antibody crossreacts with human CYP2El and was used to 

inhibit ECOD activity in placental samples from one smoking 
and one nonsmoking mother. Antibody/microsomal protein 
ratio was l/l. For the immunoinhibition studies, the ECOD 
activity was performed according to Greenlee and Poland [50]. 

RESULTS 

PCR 

Ten human full-term placentas (6 from nonsmoking and 4 
from smoking mothers) were used for detection of CYP 
mRNAs by RT-PCR. The presence of a band of the correct 
size in agarose gels was regarded as evidence of gene expres- 
sion. To ensure the quality of cDNA and success of PCR, 
B-actin and 2 abundantly expressed CYP forms, CYPllAl 
(cholesterol side-chain cleavage) and CYP19 (aromatase), 
were amplified. These forms were readily detected in all of the 
placenta samples by RT-PCR. Ethidium bromide-stained gels 
of B-actin, CYPl lA1, and CYP19 amplification products are 
shown in Fig. 2. 

Expression of forms in families CYPJ-CYP4 was then stud- 

1 2 3 4 5 6 7 8 9 10 11 12 

P-ACTIN 

CYP19 

CYPllAl 

FIG. 2. Amplification of p-a&in, CYP19, and CYPllAl in pla- 
centas. Lane 1, placenta 1; lane 2, placenta 2; lane 3, placenta 
3; lane 4, placenta 4; lane 5, placenta 5; lane 6, placenta 6; 
lane 7, placenta 7; lane 8, placenta 8; lane 9, placenta 10; lane 
10, placenta 11; lanes 11 and 12, negative controls. Primers: 

p-a&in: sense TGACGGGGTCACCCACACTGTGCCCAT- 
CTA, antisense CTAGAAGCATTGCGGTGGACGATGGAG- 
GG; CYP 19: sense ATGCTGATCGCAGCTCCTGA, anti- 
sense GCAAGGACAAGTCGTGTATC; CYPl 1Al: sense 
TGAGTCCATCACTAACGTCA, antisense GTGCCATCT- 
CATACAAGTGC. CYPl9 is present, but poorly visible in pla. 
centa 11 (lane 10). 

ied. The PCR products were transferred to nylon filters and 
hybridized with specific cDNA probes. The autoradiographs 
from these filters are shown in Fig. 3. The results indicate that 
CYPI Al, CYPZEl , CYPZFl , CYP3A3/4, CYP3A5, and 
CYP4B1 were expressed in at least some of the samples, and 
all other known xenobiotic-metabolizing forms (CYPlA2, 
CYP2A6/7, CYP2B6/7, CYP2C8-19, CYP2D6, CYP3A7) 
were absent. 

Several studies have suggested that maternal smoking in- 
duces CYPl Al in placenta. Therefore, a semiquantitative RT- 
PCR assay based on co-amplification of p-actin and CYPlAl 
messages was performed. The results showed an association 
between the level of CYPlAl expression and maternal smok- 
ing (Fig. 4). CYPlAl mRNA could also be detected in pla- 
centas of nonsmoking mothers (Fig. 4), particularly upon 
longer exposure of the autoradiography film (data not shown). 
Although the qualitative amplification of CYP4Bl suggested 
that its mRNA might be modulated by maternal cigarette 
smoking (Fig. 3), experiments in which CYP4Bl and p-actin 
were co-amplified failed to corroborate this (data not shown). 

CYPlAl 

CYP2El 

CYP2Fl 

CYP3A314 

CYP3A5 

CYP4Bl 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

FIG. 3. Autoradiographs of the hybridized PCR products of 
CYP genes. Lane 1, placenta 1; lane 2, placenta 2; lane 3, 
placenta 3; lane 4, placenta 4; lane 5, placenta 5; lane 6, pla+ 
centa 6; lane 7, placenta 7; lane 8, placenta 8; lane 9, placenta 
10; lane 10, placenta 11; lanes 11 and 12, negative controls; 

lanes 13 and 14, adult liver, except CYP2Fl and CYJ?4Bl 
where lane 13, adult lung and lane 14, empty. 
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b 4.0 

a 1 2 3 4 5 6 7 8 9 10 11 12 

3.2 

2.4 

1.6 

0.8 

1 2 3 4 5 6 7 8 10 11 

placenta 
FIG. 4. (a) Co+amplification of CYPlAl and p-a&in. PCR products were electrophoresed in agarose gel, transferred to nylon tilter 
and hybridized with CYPl Al and p-a&in cDNAs. The autoradiography exposure time was 1 hr. Lane 1, placenta 1; lane 2, placenta 

2; lane 3, placenta 3; lane 4, placenta 4; lane 5, placenta 5; lane 6, placenta 6; lane 7, placenta 7; lane 8, placenta 8; lane 9, placenta 
10; lane 10, placenta 11; lanes 11 and 12, negative controls. (b) Relative CYPl Al mRNA contents in placentas. Densitometric values 

of CYPlAl and p-actin bands were obtained from the autoradiograph in Fig. 4a, and the CYPlAl values were corrected against 

those of p-a&n. 

lmmunoblot Analysis and Enzyme Assays 

Enzyme assays and immunoblot analysis were performed, in an 
attempt to detect expressed proteins corresponding to positive 
PCR results. The catalytic activities of aromatase (CYP19), 
cholesterol side-chain cleavage (CYPl lAl), androstendione 
formation, AHH, ECOD, and EROD were readily detected. 
(Table 3). In placenta number 8, AHH, ECOD, and EROD 
activities were increased 19-fold, 9.5-fold, and 634-fold, re- 
spectively, in comparison with the mean activities in the pla- 

TABLE 3. Enzyme activities of placental microsomes 

centas from nonsmoking mothers. There was a tendency to a 
lower aromatase activity in placentas from smoking mothers 
(Table 3), which is in agreement with Kitawaki et al. [51]. 
ECOD is among the only monooxygenase activities consis- 
tently found in all placentas regardless of exposure to cigarette 
smoke [3]. Human CYPZEl has been shown to possess high 
ECOD activity in the vaccinia virus expression system [52]. 
Anti-CYP2El antibody, however, did not affect ECOD activ- 
ity (data not shown), suggesting that this form does not 
mediate the constitutive activity of ECOD in placenta. The 

Placenta AHH ECOD EROD AROM ANDR see 

Placentas from nonsmokers 
1 110 
2 100 
3 106 

4 5 ;: 
7 104 

mean 101 
SD 6.7 

Placentas from smokers or ex-smokers 
6 416 
8 1914 

10 94 
11 100 

mean 631 
SD 868 

17.1 
21.0 
22.0 

3.6 
15.5 
11.0 

15.0 
6.9 

35.5 35.2 28 250 1115 
142.0 89.2 28 340 504 

5.2 0.47 21 170 930 
10.6 1.05 20 250 1130 

48.3 31.5 24 253 919 
63.8 41.8 4 69 292 

0.07 
0.04 
0.12 
0.18 
0.07 
0.34 

0.14 
0.11 

42 270 nd 
52 340 609 
48 290 781 
11 270 nd 
46 370 843 
27 230 423 

38 295 664 
15.6 51.2 188.7 

AHH (fmol/mg proteinlmin), ECOD (pmol/mg proteinlmin), EROD (pmol/mg proteinlmin), aromatase CAROM) (pmol/mg proteinlmin), androstendione formation from testosterone 

(ANDR) (pmol/mg protein/mm), cholesterol side-chain cleavage (SCC) (fmol/mg protem/min), nd (not determined). 
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activities of testosterone 6P-hydroxylase (CYP3A), benzphet- 
amine N-demethylase (CYP3A?), erythromycin N-demethy- 
lase (CYP3A), and chlorozoxazone hydroxylase (CYPZEl) 
were below the level of detection in all placentas. 

Antibodies against human CYPlAl, CYPlA2, CYP2E1, 
and CYP3A4/7 were used in immunoblotting experiments. 
Among the 10 placenta samples, immunoreactive CYPlAl 
was detected only in sample number 8 (Fig. 5). Immunoreac- 
tive CYPlA2, CYP2E1, and CYP3A4/7 were not detected in 
any of the placenta samples (results not shown). 

DISCUSSION 

The main finding of this study was that mRNA of several 
individual xenobiotic-metabolizing CYP forms can be detected 
in full-term placentas by the RT-PCR method. Members in 
each of the families CYP1-4 were found. All of these forms, 
however, appear to be expressed at a very low level compared 
with liver. Apart from the cigarette smoke-induced CYPlAl, 
these forms could not be detected at protein level. A clear 
merit of the RT-PCR method is that it gives an overall picture 
of the possible CYP forms present in a given tissue. In other 
words, a form not detectable by RT-PCR is highly unlikely to 
be present, and a detectable form may be present at meaning- 
ful levels. Detection of mRNAs, thus, guides the direction of 
further studies. 

CYPlAI+ L . . 
. . 

1 2 3 4 5 6 7 8 9 10 11 12 
FIG. 5. lmmunoblot of human placenta microsomal fractions 
developed with an antihuman CYPlAl antibody. Either 10 pg 
yeast microsomal fraction containing recombinant P450 or 50 
pg of placenta microsomal fraction was applied to each lane. 
The immunoblot was developed with an antipeptide antibody 
directed against human CYPlAl as described in the text. Lane 
1, recombinant control; lane 2, recombinant human CYPlAl; 
lane 3, placenta 1; lane 4, placenta 2; lane 5, placenta 3; lane 6, 
placenta 4; lane 7, placenta 5; lane 8, placenta 6; lane 9, plae 
centa 7; lane 10, placenta 8; lane 11, placenta 10; lane 12, 
placenta 11. 

There is considerable evidence that a member of the 
CYPlA subfamily is present in placentas from cigarette-smok- 
ing women [3]. Enzymatic data suggest that the form is 
CYPlAl rather than CYPlA2 [53]. This study unequivocally 
confirms that CYPlAl, but not CYPlA2, is inducible in full- 
term placenta at the mRNA and protein level. In placenta 
samples 6 and 8, induction of CYPlAl was demonstrated by 
semiquantitative PCR, the increase in AHH, EROD, and 
ECOD activities, and the detection of immunoreactive 
CYPlAl apoprotein (only sample 8). The donor of placenta 
number 10 quit smoking at the fifth week of gestation and, 
thus, no induction of CYPlAl could be expected. Induction of 
CYPlAl also could not be seen in placenta number 11. The 
donor of placenta 11 smoked slightly less than the other smok- 
ers. This, however, is unlikely to be the reason for the total 
lack of induction. The cause for this phenomenon is unknown, 
but genetic differences in the factors affecting CYPlAl induc- 
tion may be the explanation. Both the PCR method and im- 
munoblotting showed that CYPlA2 was absent. It is of inter- 
est that expression of CYPlAl mRNA could also be detected 
in placentas from nonsmoking mothers. Whether this is true 
constitutive expression, or due to slight induction by environ- 
mental compounds, is unclear. 

The Ah receptor, mediating CYPlAl induction, has been 
shown to be abundantly expressed in human placenta [54,55]. 
Presumably, mechanisms similar to the well-characterized mu- 
rine CYPlAl regulation system are behind the strong induc- 
tion of this form in placenta. Interestingly, the murine Ah 
receptor gene promotor region has been shown to contain 2 
DNA elements which, in other genes (human glycoprotein 
hormone a-subunit and placental lactogen II), confer pla- 
centa-specific expression [56]. Together, these findings suggest 
that CYPlAl could be constitutively expressed in human pla- 
centa and that the induction of this form may be regulated in 
a tissue-specific fashion. It would be of considerable interest to 
elucidate the significance of CYPlAl induction in cigarette 
smoke-caused fetal toxicity, such as lower birth weight and 
fetal anomalies [8]. 

CYP2El has been detected in several human extrahepatic 
tissues including lung [57], leukocytes from diabetics [58], and 
umbilical vein endothelial cells [59]. We were able to detect 
CYP2El mRNA from placenta by RT-PCR and have, thus, 
demonstrated yet another example of extrahepatic expression 
of this gene. However, CYPZEl protein could not be detected 
immunochemically and there was no measurable chlorozox- 
azone 6-hydroxylase activity in placenta microsomes. This 
may be due to the lower sensitivity of the enzyme assay and 
immunoblotting methods used in this study relative to RT- 
PCR. Although it is well established that extremely low levels 
of mRNA can be detected by PCR, the correspondingly 
minute amounts of protein cannot be detected by current 
methods. On the other hand, there is evidence that posttran- 
scriptional and posttranslational mechanisms play a major role 
in the regulation of CYP2El [60] and the absence of active 
protein could be due to lack of stabilizers of substrates. Indeed, 
CYP2El mRNA may not even be translated into protein in 
human placenta [61]. 
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The first indication of the presence of the CYP3A subfamily 
in human placenta was demonstrated by Schuetz et al. [ 151, 
who were able to detect CYP3A7 with RNA- and immuno- 
blotting techniques from first and second trimester placental 
samples. In this study we detected CYP3A3/4 and CYP3A5 
but not CYP3A7 from full-term placentas with RT-PCR. The 
antipeptide antibody targeted against the C-terminus of 
CYP3A4/7 bound strongly to recombinant CYP3A4 (result 
not shown). Because the C-termini of CYP3A4 and CYP3A7 
are identical, it is highly likely that the antibody will bind to 
both forms. However, no immunoreactive protein was found 
in any of placenta samples. The PCR method also failed to 
detect CYP3A7 and, although CYP3A4 was detected, the 
level of expression appeared to be extremely low. Consistent 
with this, no activity of testosterone 6P-hydroxylase activity, a 
functional marker of CYP3A, could be detected in any of the 
placentas studied. Interestingly, although the level of CYP3A7 
increases from the first to second trimester of pregnancy [15], 
this enzyme is not detectable by either PCR or immunoblot- 
ting toward the end of pregnancy. CYP3A7 is also the most 
abundant P450 enzyme in fetal liver [62], and only small 
amounts can be detected in adult liver [63, 641. It is tempting 
to speculate from these results that CYP3A7 has a specialized 
function during early pregnancy. 

CYPZFf [27] and CYP4BI [32] were originally cloned from 
human lung cDNA libraries. CYP2Fl has not been detected in 
any other tissue. However, in this study, we show that CYP2Fl 
mRNA is expressed at a low level in human placenta. In 
addition to lung, CYP4BI has been cloned from a placental 
cDNA library [16] and, in the present study, we found that 
placental expression of this gene is readily detectable by RT- 
PCR. Neither CYP2Fl nor CYP4Bl could be detected in hu- 

man liver by RT-PCR [64]. Thus, these forms appear to be 
expressed only in extrahepatic tissues. CYP4Bl may partici- 
pate in fatty acid hydroxylations as does rat CYP4Al [65]. The 
function of CYP2Fl is unclear. 

The observed lack of expression of CYP2A6, CYP2B6, 
CYPZC, and CYP2D6 mRNAs in placentas agrees well with 
the known lack of oxidative activity towards some marker 
substrates (e.g, S-mephenytoin and debrisoquine [3]. 

This study demonstrates the presence of mRNA of several 
CYP forms in families CYPl-4 in human placenta. Only lim- 
ited detection of the respective proteins was achieved, which 
could be due to the relative insensitivity of the current protein 
detection methods. The significance of this low level expres- 
sion is unclear. However, even very low activities may have 
local toxic consequences, especially in the activation of pro- 
carcinogens. There have also been suggestions that the main 
function of drug-metabolizing enzymes in extrahepatic tissues 
could be physiological, perhaps the metabolism of endogenous 
effector ligands [9]. This hypothesis could explain the low 
level of expression of several CYP forms in placenta. 
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