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19R-Hydroxyprostaglandins are major components
of human seminal fluid. They are apparently formed
in the seminal vesicles by NADPH-dependent w2-
hydroxylation. The hydroxylase is likely a cytochrome
P450 (CYP), which has not been identified. To address
this issue we studied gene expression of CYPs in
human seminal vesicles (n = 4) with reverse-
transcription polymerase chain reaction (RT-PCR).
CYP1B1, CYP2E1, CYP2J2, CYP3A5, CYP4B1l, and
CYP4B1 with insertion of three nucleotides (Ser207)
were detected in all subjects. RT-PCR with degenerate
primers for the CYP4 family yielded a novel cDNA
sequence, which was derived from a previously re-
ported genomic sequence on chromosome 19p13.1 and
present in all subjects. cDNA cloning showed that the
deduced amino acid sequence consisted of 520 amino
acids. Northern blot analysis demonstrated mRNA
transcripts of ~2.1 and ~2.3 kb. The deduced protein
showed 81.2 and 76.7% amino acid identity with the
human enzymes CYP4F2 and CYP4F3. The novel CYP
was designated CYP4F8. © 1999 Academic Press

Key Words: CYP4B1; CYP4F8; molecular cloning;
prostaglandin 19-hydroxylase.

Cytochrome P450 (CYP) enzymes are present in
many tissues and can oxidize lipids of physiological
importance, e.g., bile acids, vitamin D, polyunsatu-
rated fatty acids, prostaglandins and leukotrienes.
These physiologically important enzymes often show a
strict substrate specificity and tissue distribution in
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contrast to the versatile drug metabolizing enzymes of
the liver.

A specific and physiologically important hydroxylation
of prostaglandins occur in the male genital tract in man
and primates. Human and primate seminal fluid contain
huge amounts of 19R-hydroxyprostaglandins (1, 2).
These metabolites are likely formed from prostaglandins
by an unidentified CYP in the seminal vesicle (3). It
seems likely that prostaglandin 19-hydroxylase may
be position specific as 20-hydroxyprostaglandins are
undetectable and only small amounts of 18-hydroxy-
prostaglandins are present in human semen (4). Inter-
estingly, the ratio of prostaglandins and 19-hydroxy-
prostaglandins varies in human semen, and this might
be due to polymorphism (4). Microsomes of human and
primate seminal vesicles and NADPH metabolize PGE to
19-hydroxy-PGE only slowly, which is in sharp contrast
to the biosynthesis in vivo (3). In addition, primate mi-
crosomes have been showed to efficiently metabolize ar-
achidonic acid to 18R-hydroxyarachidonate (5). Whether
this reaction is catalyzed by the prostaglandin 19-
hydroxylase is unknown.

Hydroxylation of arachidonic acid and prostaglan-
dins have been reported with many enzymes of the
CYP1-4 families (6—8). Of special interest is the CYP4
family, which contains prominent wl- and w2-
hydroxylases of fatty acids, prostaglandins and leuko-
trienes (9). Some of these enzymes are extrahepatic.
For example, CYP4A4 is abundantly expressed in the
lung of pregnant rabbits and metabolizes PGE to 20-
hydroxy-PGE (7), whereas CYP4F3 is expressed in hu-
man polymorphonuclear leukocytes and oxidizes LTB,
to 20-hydroxy LTB, (10).

No systematic study of expression of CYPs in human
seminal vesicles has been reported. The first objective
of the present study was therefore to screen human
seminal vesicles with RT-PCR for a series of known
human CYPs belonging to the CYP1-4 families. The
prostaglandin 19-hydroxylase might, however, be a
novel enzyme with very restricted localization to the
seminal vesicles. Our second objective was therefore to
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use the method of degenerate primers, targeted to two
conserved regions of the CYP4 family, in order to iden-
tify possible expression of new CYP4 enzymes. We
report as our main finding gene expression of a novel
CYP designated CYP4F8 in human seminal vesicles.

EXPERIMENTAL PROCEDURES

Materials. [®*S]dATP (1000 Ci/mmol), [*P]ddNTPs (1500 Ci/
mmol), [«-**P]dCTP (3000 Ci/mmol), dNTP, DNA labeling beads,
Nick columns, Hybond N nylon membranes, T7 Sequencing kit and
Thermosequenase kit were from Amersham Pharmacia Biotech
(Solna, Sweden). TA cloning kits were from Invitrogen (Groningen,
The Netherlands). AmpliTag DNA polymerase, RNase inhibitor and
oligo d(T).6_15 were from Perkin—Elmer (Norwalk, CT). Moloney mu-
rine leukemia virus reverse transcriptase and 3'-RACE kit were
from Life Technologies (Gaithersburg, MD). Primers were from Life
Technologies or from Amersham Pharmacia Biotech. Microsomes of
human CYP, expressed in lymphoblast cells (CYP2E1) and insect
cells (CYP1B1), were from Gentest Corp (Woburn, MA). PGE, and
19R-hydroxy-PGE, were from Cayman Chemical (Ann Arbor, Ml).

Human tissues. Seminal vesicles (n = 4) were obtained at total
prostatectomia for cancer surgery at the Karolinska Hospital (Stock-
holm) and at the University Hospital (Uppsala), and store at —80°C.
Human blood was obtained from healthy volunteers. Pieces of hu-
man adult and fetal livers, prostate glands and placentas were
obtained from the University Hospital (Uppsala), and stored in
—80°C.

PCR primers. The PCR primers for CYP1Al, CYP1A2, CYP1B1,
CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A4, CYP3A5, CYP3A7,
CYP4A11, CYP4B1 and B-actin have been described and evaluated
by Finnstrom et al.® Primers used for amplification of CYP2J2,
CYP4F2 and CYP4F3 were as follows: CYP2J2, upstream primer
5'-GAGATTGACAGAGTGATTGGC-3', downstream primer 5’-GTC-
CTGGCCAACTGTTCTCC-3' (expected sizes of amplicon was 352
bp); CYP4F2, upstream primer “S4F” (5'-GGTGTTGATGACTTC-
CTCCAA-3’), downstream primer 5-CACAATGTCCTGGGTGA-
CAT-3' (380 bp); CYP4F3, upstream primer 5-TGGGCTGATTC-
ACAGCTCG-3’, downstream primer 5-GTCAAAGCTGAAGACA-
CATTTCTGT-3' (445 bp). We confirmed with sequencing that these
primers could amplify cDNA generated from human liver RNA
(CYP2J2 and CYP4F2) and RNA of human white blood cells
(CYP4F3). All primer pairs were design from their genomic se-
quences to span at least one intron. Degenerate upstream primer
5-CTIMGIGCIGARGYIGAYAC-3' and downstream primer 5-TKI-
CCIATGCARTTCCKIGVYCC-3' were designed based on conserved
regions of 18 human, rat and rabbit cDNA sequences of the CYP4A,
CYP4B and CYP4F subfamilies. These primers were expected to
amplify a 451-bp fragment of a CYP4A subfamily, a 457-bp fragment
of a CYP4B subfamily, and a 463-bp fragment of a CYP4F subfamily.
Primers used for amplification of full coding cDNA of CYP4B1 were
upstream primer 5'-TGAAGGCTAGGTGGCTGGAAC-3' and down-
stream primer 5-ATGGTAATGCCTACTTCCCTTC-3' (1702 bp),
whereas primers for amplification of full coding cDNA of CYP4F8
were upstream primer 5-GTTGTGCGGGACAACCTTCTCCTGA-
3’ and downstream primer 5-AGGTAGGTGATGCAAAGGTAGG-
TGG-3' (1639 bp). Specific primers used for RT-PCR analysis of
CYP4F8 were upstream primer “S4F” and downstream primer 5'-
GTGATGGATTGCGAAGATGT-3' (445 bp).

RT-PCR. Total RNA was extracted from human seminal vesicles
and white blood cells using Tri-Reagent (Sigma, St. Louis, MO) and

2 N. Finnstréom, C. Bjelfman, T. Séderstrém, G. Smith, C. R. Wolf,
and A. Rane. Expression of cytochrome P450 genes in prostate and
liver as assessed by multiplex RT-PCR (submitted for publication).
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RNeasy blood mini kit (Qiagen GmbH, Hilden, Germany), respec-
tively, according to the manufacturers’ instructions. Total RNA from
human liver, prostate glands and placentas were isolated using the
method of Chomczynski and Sacchi (11). The quality of the total RNA
was verified by electrophoreses in agarose/formaldehyde gels. First
strand cDNA was usually synthesized for 1 h at 37°C in a reaction
mixture (100 ul) containing 40 ug total RNA, 1000 U reverse tran-
scriptase, 2.5 uM oligo-dT,4_15, 1 mM dithiothreitol, 1 mM dNTP, 40
U RNase inhibitor in reverse transcriptase buffer. PCR were per-
formed with 1 ul of the reverse transcription reaction, 10 pmol of
each primer, 1.3 units of AmpliTag DNA polymerase in a total
volume of 50 ul (reaction buffer: 10 mM Tris/HCI (pH 8.3), 50 mM
KCI, 2 mM MgCl,, 0.2 mM dNTP). The quality of the cDNA prepa-
rations was verified with amplification of p-actin as a positive con-
trol. Negative controls were performed with total RNA as templates.
Most PCRs were run as follows: 94°C for 2 min followed by 15-35
cycles (94°C, 45 s; 53°C, 45 s; 72°C, 60 s), and a final extension step
(72°C, 10 min). PCR with degenerate primers was run as follows:
94°C for 3 min followed by 5 cycles (94°C, 2 min; 45°C, 2 min; 72°C,
2 min) and 30 cycles (94°C, 2 min; 48°C, 2 min; 72°C, 2 min) and a
final extension step (72°C, 10 min). PCR for amplification of the full
coding-regions of CYP4B1 and CYP4F8 were run as follows: 94°C for
3 min followed by 30 cycles (94°C, 1 min; 53°C, 1 min; 72°C, 2:30 min)
and a final extension step (72°C, 10 min). PCR products were ana-
lyzed on 1.5% agarose gels, stained with ethidium bromide, and
pictures were recorded with a gel camera (ImageStore 7500, Ultra
violet products LTD, Cambridge, UK).

Cloning and sequencing. The PCR products were ligated with T4
DNA ligase or topoisomerase | into the TA cloning vectors pCR2.1 or
pCR2.1 TOPO. Plasmid DNA was isolated from mini preparations by
the alkaline lysis method (12). Sequencing of isolated plasmids and
PCR products were performed with T7 DNA polymerase and
[*S]dATP or with cycle sequencing using *P-labeled ddNTPs.

Northern blot analysis. Ten micrograms of total RNA from two
seminal vesicles was electrophoresed in a 1.0% agarose/
formaldehyde gel and transferred to a nylon membrane. A 375-bp
probe [nucleotides 168-542 of the CYP4F8 sequence (Fig. 3)] was
labeled with the random primer method [DNA labeling beads
(=dCTP)]. The labeled probe was purified with Nick columns and
hybridized in QuikHyb solution (Stratagene, La Jolla, CA) at 68°C
overnight. The membrane was washed, finally in 0.1X SSC/0.1%
SDS at 68°C for 60 min and exposed to X-ray film.

3’-RACE. Five micrograms of total RNA isolated from seminal
vesicles was transcribed according to the manufacturers’ instruc-
tions. PCR was first performed with the upstream primer 5'-
ATCCCCCAATCCCTACATT-3' and a downstream specific adapter
primer. The amplified products were separated on a agarose gel and
purified using gel extraction kit (Qiagen). The PCR products were
then reamplified with upstream primer 5'-CCAGAAGAGG-
TCACCTATGGCT-3' and the same downstream primer.

Enzyme assay. 50 pmol CYP2E1l and 50 pmol CYP1B1 were
incubated with 30 uM PGE, and 1 mM NADPH in 50 mM Tris—HCI
(pH 7.4)/150 mM KCI/20 mM MgCl, at 37°C for 120 and 30 min,
respectively. The samples were extracted and analyzed by LC-MS
with MS/MS essentially as described (8). 19R-hydroxy PGE, was
used as a reference.

Homology search. The BLAST algorithm was used for GenBank
analysis (13), whereas multiple alignments were performed with the
GCG program (SeqWeb version 1.0, Wisconsin Package).

RESULTS

RT-PCR screening of CYPs. Isozyme-specific prim-
ers for CYP1Al, CYP1A2, CYP1B1, CYP2C9, CYP2C19,
CYP2D6, CYP2E1L, CYP2J2, CYP3A4, CYP3A5, CYP3AY,
CYP4A11, CYP4B1, CYP4F2 and CYP4F3 were used for
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RT-PCR screening of four human seminal vesicle. PCR
products of the expected size were generated with prim-
ers for CYP1B1, CYP2E1l, CYP2J2, CYP3A5 and
CYP4BL1 in all four seminal vesicles after 30 cycles as
shown in Fig. 1. The PCR products were confirmed by
sequencing. The other CYPs were not detected except
CYP1ALl in one of the seminal vesicles. When the ampli-
fication was increased to 35 cycles, all the investigated
CYPs except CYP2C9, CYP2C19 and CYP4F2 were de-
tected in at least one sample.

All of the four amplicons of CYP4B1 consisted of a
mixture of CYP4B1 and a CYP4B1 isoform with an
insert of three nucleotides (AGC), which coded for
Ser in position 207. This form was designated
CYP4B1Ser207. To detect other possible changes, we
amplified and sequenced the full coding-region of
CYP4B1Ser207 and compared its sequence with
CYP4B1 (14, 15). Only minor differences were noted.
The coding region in CYP4B1Ser207 contained a puta-
tive GIn (CAG) in position 37, whereas one of the
published sequences (14) contained Arg (CGA) in the
same position. In the 3'-UTR (96—-104 bp downstream
from the stop codon), the sequence of CYP4B1Ser207
was in agreement with only one of the published se-
quences (14).

The CYPs detected in the seminal vesicles might
conceivably originate from white blood cells. RT-PCR of
two samples of human white blood cells revealed
CYP1B1l, CYP2E1 and CYP3A5 mRNA species,
whereas CYP4B1 could not be detected, as previously
been reported (16—18). In addition, we detected mRNA
species of CYP2J2 in white blood cells. We conclude
that all four human seminal vesicles contain mMRNAs of
CYP1B1, CYP2E1, CYP2J2, CYP3A5, CYP4B1, and
CYP4B1Ser207, but some of them might originate from
white blood cells in the tissue.

Recombinant human CYP2E1 and CYP1B1 were as-
sayed for PGE, 19-hydroxylase activity, but biosynthe-
sis of 19-hydroxy-PGE, by these enzymes could not be
detected by LC-MS.

RT-PCR with degenerate primers for the CYP4 fam-
ily. RT-PCR with degenerate primers yielded a major
band (~450 bp) which was of the expected length of a
CYP4 family fragment (Fig. 2). The PCR band was
cloned and sequenced. Sequence analysis revealed that
it was identical to five consecutive regions of a human
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FIG. 1. RT-PCR analysis of a human seminal vesicle with
isozyme-specific primers. Left lane, DNA size markers. Lane 1,
CYP4B1. Lane 2, CYP3AS5. Lane 3, CYP2J2. Lane 4, CYP2EL. Lane
5, CYP1B1.

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

FIG. 2. RT-PCR analysis of a seminal vesicle with degenerate
primers targeted to two conserved regions of the CYP4 family. The
expected sizes of PCR fragments of members of the CYP4 family
were 451-463 bp. Left lane, DNA size markers. Right lane, RT-PCR
with degenerate primers.

genomic clone, submitted to GenBank by Lamerdin et
al.’ It therefore seemed likely that this gene was ex-
pressed in human seminal vesicles. A comparison
showed that this region of the genomic clone was re-
lated to the genomic sequences of CYP4F2* and
CYP4F3 (19) as discussed below.

To amplify the full coding-region of the cDNA, we
designed primers based on the genomic sequence and
on the exon-intron borders of the CYP4F2 (20) and
CYP4F3 (19) genes. With these primers we obtained a
cDNA of 1639 bp, which contained an open reading
frame of 1560 bp. The nucleotide and the deduced
amino acid sequences are shown in Fig. 3. The deduced
protein was clearly related to the CYP4F subfamily
and designated CYP4F8. Alignments showed that
CYP4F8 had 81.2% amino acid identity with CYP4F2
and 76.7% with CYP4F3 (20, 10) (Fig. 3). The proximal
heme ligand Cys*® was found in a typical context (21).
Only two differences between the cDNA and the corre-
sponding reported sequence were found. Most impor-
tant, the cDNA contained an additional C at position
451. In addition, the cDNA contained a C instead of an
A in position 1341 (Fig. 3). Those changes were con-
firmed with sequence analysis of amplicons generated
from two different seminal vesicles.

Northern blot analysis and 3'-RACE. Northern blot
analysis of the expression of CYP4F8 mRNA was per-
formed in two different seminal vesicles. mMRNA tran-
scripts of approximately 2.1 and 2.3 kb were detected
(Fig. 4). 3'-RACE was used to identify the polyadenyl-
ation sites of the CYP4F8 gene. Sequencing of ampli-
fied products generated in 3’-RACE revealed two poly-
adenylation sites. The poly A tails were added to
nucleotides 1657 and 1840, respectively (Fig. 3). They
were proceeded by polyadenylation signals, AATAAA
and AGTAAA, respectively.

®J. E. Lamerdin, S. A. Stilwagen, M. H. Ramirez, P. McCready,
H. S. Hoffman, H. Mohrenweiser, and A. V. Carrano. (1997) ldenti-
fication of a CYP4F gene family at the D19S11 locus on 19p13.1,
GenBank Accession No. AD000685.

4 Genomic clone containing the CYP4F2 gene, GenBank Accession
No. AC005336.
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-7 cagaagg -1
1 ATGTCGCTGCTGAGCCTGTCTTGGCTGGGCCTCAGGCCGGTGGCAGCATCCCCGTGRCTGCTCCTGCTGGTGGTCGGGGCCTCCTGGCTC 90
1 M 8 L L S L S WL G L RPV AASPWIL UL L L V V G A S WL 30

4F2 Q w L

4F3 P Q S w M L

91 CTGGCCCGCATCCTGGCCTGGACCTATGCCTTCTATCACAACGGCCGCCGCCTCCGGTGTTTCCCGCAGCCCCGGARAACAGAACTGGTTC 180
31 L A R I L A WTT Y A F Y HNGU R BRULURTUCT FUPQPURIEKOQNMWTF 60

4F2 H V D c P R R

4F3 D c C P R

T
181 TTGGGTCACCTGGGCCTGGTCACTCCCACAGAGGAGGGCTTGAGGGTCCTGACCCAGCTGGTGGCCACCTACCCCCAGGGCTTTGTGAGE 270
61 *# 6 H L 66 L vTPTETZEGILU RUYVILTOGQULVATZY?P Q G F V R S0
4F2 w Q M N M K V
4F3 I H S s L Y T Q S A C F G DM C C W
271 TGETTGGGCCCCATCACTCCCATCATCAACTTGTGCCACCCTGACATCGTCCGATCTGTCATCAATACCTCAGATGCCATTACAGACAAG 360
91 W L ¢ P I TP I I NL CHUPDI V RSV I NTSDATITDK 120

4F2 M s L L S I A A A P
4F3 v W H A VvV R I F T Y I K P L F A P A v P
361 GACATAGTCTTCTACAAGACCCTGAAGCCCTGGCTGGGGGATGGGCTCTTGTTAAGTGTTGGTGACAAGTGGAGACACCACCGTCGCTTG 450
121 D I V F Y K T L K P WL GGD G UL L L 8 V GDI XKWU RUHHERT RL 150
4F2 K F s F E A S R M
4F3 K S F A E S R M
451 CTGACGCCTGCCTTCCATTTCAACATCCTGAAGCCCTATATAARAGATTTTCAGCAAGAGTGCAAACATCATGCATGCCAAGTGGCAACGC 540
151 L T P A P H F N I L K P Y I K I F S K S A NI MHAIZ KW QR 180
4F2 M N E v L
4F3 M N E v L
541 CTGGCCATGGAGGGCAGCACCTGTCTGGATGTGTTTGAGCACATCAGCCTTATGACCCTGGACAGTCTGCAGAAATGCATCTTCAGCTTT 640
181 L A M E G 8 T CL DV F EH I SL MTULD S L Q K CIF S F 210
4F2 s A M v
4F3 S A R M v
641 GACAGCAATTGTCAGGAGAAGCCCAGTGAATATATTACTGCGATCATGGAGCTCAGTGCCCTTGTAGTGAARCGGAATAACCAGTTCTTC 720
211 D S N C Q E K P S E Y I T A IMETLS ALYV YV KRNNGQTF F 240
4F2 H A L S H H E I L
4F3 H A L T H Q I L
721 CGGTACAAGGACTTCCTGTACTTCCTCACTCCCTGTGGACGGCGCTTCCACAGGGCCTGCAGACTGGTGCACGACTTCACAGATGCCGTC 810
241 R ¥ X D F L ¥ FL TP CGU RI RT FHZBRACR RIULUVYVHDTFTUDAUV 270
4F2 L H I Y D Q R
4F3 L I Y D Q R D
811 ATCCAGGAGCGGCGCCGCACCCTCACTAGCCAGGGTGTTGATGACTTCCTCCAAGCCAAGGCCAAGTCCAAGACTTTGGACTTTATTGAT 900
271 I Q ERRRTITILT S Q GV DDV F L QA KA AZI K S KTTLDF I D 300
4F2 P
4F3 P
901 GTGCTCCTGCTGAGCGAGGATAAAAATGGTAAAGAGTTGTCAGATGAGGACATAAGAGCAGAAGCTGACACTTTCATGTTTGGAGGCCAT 990
301 vV L . L S E D KNG XK E L S DEDTIU®RAEATDTFMTF G G H 330
4F2 K E D K E
4F3 K E D X E
991 GACACCACGGCCAGTGGCCTCTCCTGGGTCTTGTACAACCTCGCGAGGCACCCAGAATACCAAGAACGCTGCCGGCAGGAGGTGCAAGAG 1080
331 D T T A 8§ G L S WV L YNTULAUZRIKU®PETYQEUZRTCURUGQEV QE 360
4F2 H K
AF3 H K

1081 CTTCTGAAGGACCGTGAGCCTAAAGAGATTGAATGGGACGACCTGGCCCAGTTGCCCTTCCTGACCATGTGCCTGAAGGAGAGCCTGCGG 1170
361 L L X D REU©PXKETIEWUDDULAOG QTLU®PV FULTMUGCLI KE S L R 390
4F2 H M
4F3 I

1171 TTGCATCCCCCAATCCCTACATTCGCCCGECGGCTGCACCCAGGACGTGGTGCTCCCAGACAGCCGAGTCATCCCCARAGGGARTGTCTGT 1260
391 L H P P I P TV F A RGOCTT QD UV VL PD SRV I PIKGNTUVC 420
4F2 v v I S8 H V I G I I
4F3 v A V s o] I G I I

1261 AACATCAACATCTTCGCAATCCATCACAACCCCTCAGTCTGGCCAGACCCTGAGGTCTATGACCCCTTCCGCTTCGACCCCGARRACGCC 1350
421 N I N I F A I H H NP S8 V WPDUPEV Y DUPVFIRUF FUDU®PENRA 450
4F2 L s Vv G T A I
4F3 L s Vv G T A K I

1351 CAGAAGAGGTCACCTATGGCTTTTATTCCTTTCTCGGCGGGGCCCAGGAACTGCATCGGGCAGAAGTTCGCGATGGCAGAGATGAAGGTG 1440
451 Q K R S PM A F I P _F_ S A G P R NC I G Q K F A M AE M K V 480
4F2 K E L T
4F3 K E L A

1441 GTCCTGGCGCTCACGCTGCTGCGCTTCCGCATCCTGCCCGACCACAGGGAGCCACGCAGGACGCCGGAGATTGTTTTGCGTGCGGAGGAC 1530
481 vV L AL T L L R PF R I L P D HREUPU R BRTU®PETIUVILRWAETD 510

4F2 v T K L G

4F3 G A v T K L G

1531 GGACTTTGGCTGCGAGTAGAACCCCTGGGCTGAggectgcagtgacccacccacctacctttgocatcacetacctttgeaccaactacet 1620
511 G L WL R V E P L G * 520
4F2 s

4F3 s

1621 tttcagatttccggtaataaatctgtgttggeccctgtgocteagteccgeggatggecagtagggggegectggaggactgeggggatet 1710
1711 agggcctggctgggaagaggcggggagatgtctotgtgeccaagatactecactgcectctectgggtgagecacaggageccegtgetgaggyg 1800
1801 tgggatctcccagagtctaagtaaagacttttteccccce 1840
—
FIG. 3. Nucleotide sequence of CYP4F8 cDNA and alignment of the deduced amino acid sequences of CYP4F8, CYP4F2 and CYP4F3. The
whole amino acid sequence of CYP4F8 is shown and only the amino acids of CYP4F2 and CYP4F3 which differ from those of CYP4F8 are

sho_wn. All three human enzymes have cDNA coding for 520 amino acids. The stop codon is indicated by an asterisk and the hem-binding
region (amino acids 461-474) of CYP4F8 is underlined. The two polyadenylation signals are underlined in boldface.

RT-PCR of CYP4F8. CYP4F8 was detected by RT- B-actin in two seminal vesicles with RT-PCR after 15,
PCR analysis in all four human seminal vesicles. We 20, 25, 30, and 35 cycles. CYP4F8 and p-actin ampli-
compared the expression of CYP4B1, CYP4F8 and cons were detectable after 20 cycles, whereas the
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CYP4B1 amplicon needed 30 cycles to be detectable
(data not shown). These RT-PCR data should be inter-
preted with caution but they suggest that CYP4F8
MRNA might be more abundant than CYP4B1 mRNA
in seminal vesicles.

RT-PCR of CYP4F8 was also performed with sam-
ples from adult liver (n = 6), fetal liver (n = 3), pla-
centa (n = 2), white blood cells (n = 2) and prostate
glands (n = 3). Amplification for 30 cycles did not
generate any detectable products, whereas 35 cycles
yielded amplicons of CYP4F8 in all samples of the
prostate glands and in adult and fetal livers (data not
shown). The identity of the amplified fragments were
confirmed by sequencing. We concluded that these two
tissues should be further analyzed for expression of
CYPA4F8.

DISCUSSION

The present investigation is the first systematic
study of CYPs in human seminal vesicles. Our main
finding is gene expression of a novel CYP, which was
designated CYP4F8. The deduced amino acid sequence
of CYP4F8 was similar to the sequences of CYP4F2
and CYP4F3 with 81.2 and 76.7% amino acid identi-
ties, respectively. mRNA of CYP4F8 was demonstrated
by RT-PCR and by Northern blot analysis. CYP4F8
could not be detected with RT-PCR in human white
blood cells, which suggests that CYP4F8 originates
from the seminal vesicles. RT-PCR analysis also indi-
cated that mRNA of CYP4F8 is expressed in human
prostate glands and human liver. However, the higher
number of cycles needed to generate positive detection
of CYP4F8 in these tissues suggests lower mRNA lev-
els compared to the seminal vesicles.

The CYP4F subfamily was discovered by Chen and
Hardwick in rat hepatic tumors (22). Additional
CYP4F enzymes were soon found in rats and humans
(9). The two human enzymes were designated CYP4F2
and CYP4F3 (10, 20). CYP4F2 is present in liver and
kidney, whereas CYP4F3 occurs in human polymor-

7.5—
44—

24—
1.35—

kb

FIG. 4. Northern blot analysis of CYP4F8 in two seminal vesi-
cles. A 375-bp cDNA sequence of CYP4F8 was labeled and used as a
probe for hybridization. The numbers on the left indicate sizes of
RNA markers. Two transcripts of about 2.1 and 2.3 kb were detected.
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Exone/size (bp) Introne/size (kb) Intron borders

1 (ND) CAGAAGgtgcca...I1(0.34)....ctgcagGATGTC -2/-1

2 (199) GGCCTGgtgagt. . .II(2.2)....ttgcagGTCACT 198/199
3 (145) CCTCAGgtacte...III(1.3)...tgtcagATGCCA 343/344
4 (54) GGCTGGgtaagt...IV(0.09)...tactagGGGATG 397/398
5 (128) ATGCATgtgagt...V{(2.5)..... ggccagGCCAAG 525/526
6 (122) TCAGGAgtgagt...VI(0.77)...ctgcagGARGCC 647/648
7 (271) AGCGAGgtggge...VII(0.32)..ctccagGATARA 918/919
8 ({67) TTGGAGgtgagt. . .VIII(0.22) .cctcagGCCATG 985/986
9 (130) TGAATGgtgagt...IX(4.2)....ccttagGGACGA 1115/1116
10 (134) CCAAAGgtgcece. . .X{(0.09) ....cgacagGGAATG 1249/1250
11 (65) CCTGAGgtgctg. . .XI(0.17)...ccccagGTCTAT 1314/1315
12 (83) GCCCAGgtgagg. ..XII(0.34)..ccccagGAACTG 1397/1398

.. .CGGTAATAAATCTGTGTTGGCCCCTG
.. .GTCTAAGTAAAGACTTTTTCCCCCCC

[,
w

(260)
(443)

[
w

FIG. 5. Exon-intron boundaries of the CYP4F8 gene. Alignment
of the CYP4F8 cDNA and the genomic sequence of CYP4F8 revealed
13 exons (capital letters) and 12 introns (lowercase letters). The right
column shows the intron-exon borders with nucleotide numbering
from Fig. 3. Two polyadenylation signals in exon 13 are showed in
boldface. ND, not determined.

phonuclear leukocytes. CYP4F2 and CYP4F3 catalyze
w-hydroxylation of LTB, with an apparent K, of 45 uM
and 0.71 uM, respectively (10, 20).

We found by search of the GenBank (13) that the
entire gene of CYP4F8 was present in a genomic clone,®
which was derived from chromosome 19 (19p13.1). The
CYP4F2, CYP4F3 genes and some other related genes
have also been identified to this region.® Alignment of
CYP4F8 cDNA with the CYP4F8 gene indicated 13
exons and 12 introns (Fig. 5). The CYP4F8 gene
seemed to lack a TATA box in its 5’-UTR. The intron-
exon borders were identical with the genes of CYP4F2
and CYP4F3. 3’-RACE revealed two polyadenylation
signals located 73 and 257 nucleotides downstream
from the stop codon (Figs. 3 and 5).

A physiologically relevant prostaglandin 19-hydrox-
ylase must fulfill at least three criteria. First, the en-
zyme must form 19R-hydroxyprostaglandins as the
main product (4). Second, the enzyme must be abun-
dantly expressed in seminal vesicles. Third, its cata-
lytic activity must be high in order to be efficiently
linked to the prominent prostaglandin biosynthesis in
vivo (1-4).

Seven CYPs may fulfill the second criterion to some
extent. In addition to CYP4F8, we found gene expres-
sion of CYP1B1, CYP2EL, CYP2J2, CYP3A5, CYP4B1,
and CYP4B1Ser207 in all investigated samples. As
regards the first criterion we found that CYP1B1 and
CYP2EL lacked PGE, 19-hydroxylase activity. Whether
any of the other human enzymes can form 19R-hy-
droxyprostaglandins is unknown. CYP2J2 and CYP3A5
have been shown to oxidize arachidonic acid (23, 24).
The catalytic activity of CYP4B1 is unclear (25) and

®* Nelson lab home page (http://drnelson.utmem.edu/nelsonhome
page.html).
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the catalytic activity of CYP4B1Ser207 remains to be
determined.

Seminal vesicles have a remarkably high capacity to
form prostaglandins (1-4). The fact that seminal pros-
taglandins are metabolized to 19-hydroxyprosta-
glandins in vivo suggests that prostaglandin 19-
hydroxylase and its mRNA might be abundant. RT-
PCR analysis of CYP4F8 was positive after only 20
PCR cycles, which suggests that CYP4F8 could be
highly expressed in human seminal vesicles. It will be
of interest to determine whether CYP4F8 can hydroxy-
late prostaglandins or arachidonic acid. Studies on the
expression of CYP4F8 and its catalytic properties are
now in progress.
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