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Cytochrome P450 CYP3A5 in the human anterior pituitary gland 
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Abstract The cytochromes P450 are a key group of enzymes 
involved in the metabolism of xenobiotics and several biologically 
active endogenous compounds. The expression of CYP3A5 has 
been identified by reverse transcriptase-polymerase chain reac- 
tion in human pituitary gland and shown by immunohistochemis- 
try to be localized to growth hormone containing cells of the 
anterior pituitary gland. This is the first direct identification of 
an individual P450 subfamily in the pituitary gland and the pres- 
ence of CYP3A in the pituitary gland may play a role in regulat- 
ing growth hormone secretion. 
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!. Introduction 

The P450s are a mult i -gene family of  const i tut ive and  induc- 
ible enzymes which play a central  role in the oxidative metabo-  
lism of  a diverse range of  xenobiot ics  and  a variety of  biologi- 
cally active endogenous  c o m p o u n d s  [14] .  In general terms 
there are two b road  classes o f  m a m m a l i a n  P450s: a large class 
of  P450s which are pr imari ly  involved in xenobiot ic  metabol i sm 
and  a second smaller g roup  specifically involved in steroid 
h o r m o n e  synthesis. The  xenobiot ic  metabol iz ing  P450 families 
(CYPI ,  CYP2 and  CYP3) are expressed mainly in tissues ex- 
posed to env i ronmenta l  and  dietary chemicals  [5-7]. They may, 
however,  also have a role in cell regulat ion in view of  their  
involvement  in the metabol i sm of  physiological  chemicals  ac- 
tive in inter- and  intra-cel lular  signaling, including steroid 
hormones ,  e icosanoids and  fat ty acids [8]. 

The pi tui tary gland has a central  role in homeostas is  and  
there is evidence in the ra t  tha t  the pi tui tary conta ins  P450 
[9 11], the activity of  which cont r ibutes  to the regulat ion of  
pi tui tary polypept ide h o r m o n e  secretion [11 14]. 

In this s tudy we have identified the cell-specific expression 
of  CYP3A5 in growth  h o r m o n e  conta in ing  cells of  the h u m a n  
an te r ior  pi tui tary gland. 

2. Materials and methods 

2.1. Tissue 
Twelve pituitary glands (5 males, 7 females, age range 62 84 years) 

were obtained, with permission, from autopsies performed in the De- 
partment of Pathology, University of Aberdeen, within 24 h of death. 
None of the patients had any evidence of pituitary disease, other endo- 
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Abbreviations: EPC, diethyl pyrocarbonate; P450, cytochrome P450; 
CYP 3A5, the 5th member of the cytochrome P450 family 3A; FITC, 
fluorescein isothiocyanate; RT-PCR, reverse transcriptase polymerase 
chain reaction; TBS, 0.05 M Tris-HCl-buffered saline pH 7.6. 

crine disease or degenerative neurological disease. Each pituitary gland 
was divided into two portions: one part was frozen in liquid nitrogen 
and used for RT-PCR and the other part was fixed in 10% neutral- 
buffered formalin for 24 h, then embedded in wax and used for immu- 
nohistochemistry. 

2.2. RT-PCR 
Total RNA was extracted using essentially the method of 

Chomczynski and Sacchi [15]. The recovered RNA pellet was resus- 
pended in 100 /~1 distilled water pretreated with 0.1% (v/v) DEPC 
(Sigma, Poole, UK). Single stranded cDNA was synthesised from the 
RNA using oligo (dTh5 (Promega, Southampton, UK) with the follow- 
ing reaction conditions: RNA (20/~1), 50 mM KCI, 10 mM MgC12, 0.5 
mM spermidine, 10 mM dithiothreitol (Sigma), 40 units human placen- 
tal ribonuclease inhibitor (Promega), 0.125 mM each of dATER dCTER 
dGTP and dTTP (Promega), 18 units avian myeloblastosis virus reverse 
transcriptase (Promega) and 0.5 mg oligo (dTh5 primer (Promega) in 
50 mM Tris-HCl, pH 8.3. cDNA was then synthesised at 42°C for 60 
rain and the synthesis was stopped by heating the reaction mixture to 
80°C for 5 min. 

CYP3A primers were designed to recognise sequences common to 
CYP3A4, CYP3A5 and CYP3A7 and to give a product of 714 bp in 
each case [16-18]. The specific sequences are located on exon 7 and exon 
11 of CYP3A4 [19]. The primers were synthesised and purified with 
HPLC by Oswel DNA Service (Edinburgh, UK) with the following 
sequences: 

Forward primer 5'-GGC CTA CAG CAT GGA TGT GAT CAC-3' 
(CYP3A4, nt 621 644; CYP3A5, nt 618 641; CYP3A7, nt 534-557) 
Reverse primer 5'-GAG GAA CTT CTC AGG CTC TGT CCA G-3' 
(CYP3A4, nt 1311-1335; CYP3A5, nt 1308-1332; CYP3A7, nt 1224- 
1248) 

PCR using the hot start technique was carried out in a 100/A reaction 
volume consisting of 10 mM Tris-HCl, pH 9.0, 50 mM KCI, 0.1% 
Triton X-100, 2.5 mM MgCI,, 0.4 mM each of dATER dCTP, dGTP and 
dTTER 0.5 U Taq DNA polymerase (Promega), 2/11 cDNA and 50 pmol 
of each primer. 30 cycles of amplification were performed using the 
following conditions: 94°C for 1 min (denaturation); 53°C for 0.5 min 
(annealing); 72°C for 1 min (extension); and a final further 2 min 
extension at 72°C. Both positive and negative controls were included 
in the PCR. The positive control was a 2.3 kb CYP3A4 cDNA (isolated 
from a human liver cDNA library in our laboratories) which had been 
cloned into 2gtl 1. The negative control was DEPC treated water in 
place of template cDNA. After PCR 5/11 of the PCR product was 
electrophoresed on a 1.2% agarose gel and stained with ethidium bro- 
mide. The PCR product was purified with a Wizard miniprep DNA 
purification system (Promega) used according to the manufacturers 
instructions and analysed by Southern hybridization and direct se- 
quencing. Southern hybridization was carried out according to Sam- 
brook et al. [20] using a probe generated by PCR from the CYP3A4 
plasmid as described above. The probe was labeled with 32p by nick 
translation using a kit supplied by Amersbam International (Amer- 
sham, UK). PCR products were sequenced using a modification of the 
direct dideoxy sequencing technique of Sanger et al. [21] with a T7 
sequencing kit (Pharmacia, Milton Keynes. UK) used according to the 
manufacturers protocol with dimethyl sulfoxide used as denaturant. 

2.3. Antibodies 
CYP3A was identified with monoclonal antibody HP3 which recog- 

nises all known forms of human hepatic CYP3A [22]. Rabbit polyclonal 
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antibodies to the different anterior pituitary hormones (adrenocorti- 
cotrophic hormone, follicle stimulating hormone, growth hormone, 
luteinising hormone, prolactin and thyroid stimulating hormone) were 
obtained from the National Institutes of Health, Bethesda USA. Horse- 
radish peroxidase conjugated rabbit anti-mouse immunoglobulin, 
horseradish peroxidase conjugated swine anti-rabbit and FITC conju- 
gated swine anti-rabbit immunoglobulins were purchased from Dako 
Ltd, High Wycombe, UK. 

2.4. Immunohistochemistry 
Immunohistochemistry was performed on sections of formalin fixed 

wax embedded pituitary gland using an immunoperoxidase technique 
as previously described [23]. Formalin fixed wax embedded sections of 
normal liver were used as a positive control [24]. Briefly, endogenous 
peroxidase was blocked and the sections were then sequentially incu- 
bated with the different primary antibodies followed by the relevant 
peroxidase conjugated second layer antibody. After each antibody in- 
cubation excess unbound antibody was removed by washing with TBS, 
and sites of antibody binding were identified using 3,Y-diaminobenzid- 
ine (Sigma) as the peroxidase substrate. 

CYP3A and pituitary hormones were co-localized by double staining 
on the same section using immunofluorescence for antibodies to ante- 
rior pituitary hormones and immunoperoxidase with monoclonal anti- 
body HP3 for CYP3A. A second layer FITC conjugated swine 
anti-rabbit immunoglobulin (1/10 in TBS, Dako) was used for the 
immunofluorescence detection of anterior pituitary hormone im- 
munoreactivity. Double labeled sections were examined with transmit- 
ted light and epi-fluorescence microscopy (Nikon, London, UK) with 
a filter block (B2, Nikon) for FITC (excitation 450~,90 nm, dichroic 
mirror 510 nm and emission filter 520 nm). 

3. Results  

3.1. R T - P C R  
The RNA isolated from each pituitary gland displayed min- 

imal evidence of degradation as judged by agarose gel electro- 
phoresis following denaturation by formaldehyde (data not 
shown). Analysis of the PCR product by visual inspection of 
an ethidium bromide stained agarose gel showed a clear single 
band of the predicted size (714bp) in 6 of the 12 pituitary 
samples (Fig. 1). Southern transfer and hybridization, however, 
showed the presence of an amplification product of the correct 
size in all 12 samples (Fig. 2). Sequencing of the individual PCR 
products showed identity with CYP3A5. 

3.2. Immunohistochemistry 
All 12 pituitary glands demonstrated positive immunoreac- 

tivity for CYP3A using monoclonal antibody HP3, with strong 
cytoplasmic (i.e. non-nuclear) immunostaining of a discrete and 
major population of cells within the anterior pituitary gland. 
The posterior pituitary gland did not immunostain for CYP3A. 
In the pituitary gland the distribution of CYP3A immunostain- 
ing with HP3 was similar to the pattern of immunoreactivity 
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Fig. 1. Ethidium bromide stained agarose gel of pituitary PCR prod- 
ucts. Lanes 1, 8 and 15 molecular weight markers, lanes 2 7 pituitary 
samples, lanes 9-14 pituitary samples, lane 16 negative control (DEPC- 
treated water), lane 17 positive control (CYP3A4 plasmid). 
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observed for growth hormone. Double immuno-labelling of the 
pituitary sections for both CYP3A and growth hormone con- 
firmed that CYP3A and growth hormone were co-localized to 
the same cells (Fig. 3). 

4. Discuss ion  

In this study we have identified the expression of P450 
CYP3A5 within the human pituitary gland and localized its 
immunoreactivity to growth hormone containing cells of the 
anterior pituitary. Although there is circumstantial evidence for 
P450 in rat pituitary, namely a carbon monoxide-binding spec- 
trum and characteristic monooxygenase activities [9-11], this is 
the first direct identification of an individual P450 subfamily in 
pituitary, and the first evidence for P450 expression in human 
pituitary. The human CYP3A gene subfamily of xenobiotic 
metabolising P450s contains three known forms, CYP3A4, 
CYP3A5 and CYP3A7; are capable of metabolising a wide 
range of xenobiotics and endogenous compounds and are ex- 
pressed in both hepatic and extra-hepatic tissues [6,25]. 
CYP3A5 although only expressed in about 25% of livers has 
been shown to be much more frequently expressed in extra- 
hepatic tissues and indeed has been shown to be the major form 
of CYP3A expressed in kidney [26,27]. 

The strategy we have adopted to identify the CYP3A ex- 
pressed in human pituitary has been to perform RT-PCR using 
primers which recognise sequences common to all known 
human CYP3A forms and then to sequence the PCR product. 
A sequence identical to CYP3A5 was obtained from each PCR 
product. Due to the small size of the pituitary gland, it was not 
possible to confirm the molecular weight of the CYP3A-im- 
munoreactive pituitary protein by immunoblotting. 

11 12 13 14 15 

714bp 

Fig. 2. Autoradiogram of CYP3A PCR products following Southern transfer and hybridization. Lanes 1 6 pituitary samples, lanes 7 and 14 negative 
controls (DEPC-treated water), lanes 8 13 pituitary samples, lane 15 positive control (CYP3A4 plasmid). The individual pituitary samples are in 
the same consecutive order as in Fig. 1. 
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Fig. 3. Double immunolabelling of anterior pituitary gland for CYP3A 
and growth hormone. (a) CYP3A immunoreactivity with monoclonal 
antibody HP3 using immunoperoxidase staining. (b) Growth hormone 
immunoreactivity with a polyclonal antibody using immunofluores- 
cence staining. The same section is viewed by (a) bright field microscopy 
and (b) epi-fluorescence microscopy to show that both CYP3A and 
growth hormone are co-localized in anterior pituitary cells. (To facili- 
tate the comparison arrows indicate two cells which are the same in 
both photographs). Magnification for (a) and (b) x 1000. 

CYP3A was localized specifically to growth hormone con- 
taining cells of  the anterior pituitary gland. Here it may play 
a role in regulating growth hormone secretion, since the release 

of growth hormone from rat pituitary somatotrophs in vitro is 
inhibited by broad spectrum cytochrome P450 inhibitors [14] 
and stimulated by epoxyeicosatrienoic acid metabolites of ara- 
chidonic acid produced by P450 [12,13]. Moreover, these meta- 
bolites can also be metabolically inactivated by P450 [4]. The 
presence of a steroid-hydroxylating form of P450 in the pitui- 
tary gland also provides a potential mechanism for limiting the 
steroid hormone feedback regulation of growth hormone secre- 
tion [28]. 

In conclusion, the concerted use of RT-PCR and immunohis- 
tochemistry has identified and localized cytochrome P450 
CYP3A5 specifically to the growth hormone containing cells of  
the human anterior pituitary gland. 

Acknowledgements: Related work in the authors' laboratories is sup- 
ported by grants from The Scottish Office Home and Health Depart- 
ment and the Research Committee of The University of Aberdeen. We 
acknowledge the generous gift of anterior pituitary polypeptide anti- 
bodies from the National Institutes of Health, Betheseda, USA. 

References  

[1] Nelson, D.R., Kamataki, T., Waxman, D.J., Guengerich, F.P., 
Estabrook, R.W., Feyereisen, R., Gonzalez, F.J., Coon, M.J., 
Gunsalus, I.C., Gotoh, O., Okuda, K. and Nebert, D.W. (1993) 
DNA Cell Biol. 12, 1 51. 

[2] Gonzalez, F.J. and Gelboin, H.V. (1994) Drug Metab. Rev. 26, 
165 183. 

[3] Miller, W.L. (1988) Endocrine Rev. 9, 295-318. 
[4] Capdevila, J.H., Falck, J.R. and Estabrook, R.W. (1992) FASEB 

J. 6, 731 736. 
[5] Wrighton, S.A. and Stevens, J.C. (1992) Crit. Rev. Toxicol. 22, 

1 21. 
[6] Kaminsky, L.S. and Fasco, M.J. (1992) Crit. Rev. Toxicol. 21, 

407~,22. 
[7] Kikkawa, Y. (1992) Lab. Invest. 67, 535-539. 
[8] Nebert, D.W. (1994) Biochem. Pharmacol. 47, 25-37. 
[9] Warner, M., Tollet, P., Stromstedt, M., Carlstrom, K. and 

Gustafsson, J.-/k. (1989) J Endocrinol. 122, 341--349. 
[10] Ghersi-Egea, J.F., Leininger-Muller, B., Minn, A. and Siest, G. 

(1992) Prog. Brain Res. 91,373-378. 
[11] Cashman, J.R. and Snowdowne, J.R. (1992) Eicosanoids 5, 153- 

161. 
[12] Cashman, J.R. (1989) Life Sci. 44, 1387 1393. 
[13] Snyder, G.D., Yadagiri, P. and Falck, J.R. (1989) Am. J. Physiol. 

256, E221 E226. 
[14] Villalobos, C., Fonteriz, R., Lopez, M.G., Garcia, A.G. and 

Garcia-Sancho, J. (1992) FASEB J. 6, 2742 2747. 
[15] Chomczynski, P. and Sacchi, N. (1987) Anal. Biochem. 162, 156- 

159. 
[16] Gonzalez, F.J., Schmid, B.J., Umeno, M., McBride, O.W., Har- 

wich, J.R, Meyer, U.A., Gelboin, H.V. and Idle, J.R. (1988) DNA 
7, 79 86. 

[17] Aoyama, T., Yamano, S., Waxman, D.J., Lapenson, D.P., Meyer, 
U.A., Fischer, V., Tyndale, R., Inaba, T., Kalow, W., Gelboin, 
H.V. and Gonzalez, F.J. (1989) J. Biol. Chem. 264, 10388- 
10395. 



82 G.L Murray et al./FEBS Letters 364 (19953 79~82 

[18] Komori, M., Nishio, K., Ohi, H., Kitada, M. and Kamataki T. 
(1989) J. Biochem. 105, 161-163. 

[19] Hahimoto, H., Toide, K., Kitamura, R., Fujita, M., Tagawa, S., 
Itoh, S. and Kamataki T. (1993) Eur. J. Biochem. 218, 585-595. 

[20] Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989) Molecular 
cloning: a Laboratory Manual, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, New York. 

[21] Sanger, F., Nicklen, S. and Coulson, A.R. (1977) Proc. Natl. Acad. 
Sci. USA 74, 5463 5467. 

[22] Barnes, T.S., Burke, M.D. and Melvin, W.T. (1989) Biochem. J. 
260, 63540. 

[23] Murray, G.I., Barnes, T.S., Sewell, H.F., Ewen, S.W.B., Melvin, 
W.T. and Burke, M.D. (19883 Br. J. Clin. Pharmacol. 25, 465475. 

[24] Murray, G.I., Barnes, T.S., Ewen, S.W.B., Sewell, H.F., Melvin, 
W.T. and Burke, M.D. (1987) Biochem. Soc. Trans. 15, 677-678. 

[25] Scheutz, J,D., Beach, D.L. and Guzelian, P.S. (1994) Pharmaco- 
genetics 4, 11~0. 

[26] Lown, S., Kolars, J.C., Thummel, K.E., Barnett, J.L., Kunze, 
K.L., Wrighton, S.A. and Watkins, P.B. (1994) Drug Metab. Dis- 
pos. 22, 947-955. 

[27] Scheutz, E.G., Scheutz, J.D., Grogan, W.M., Naray-Fejes-Toth, 
A., Fejes-Toth, G., Raucy, J., Guzelian, P., Gionela, K. and 
Watlington C.O. (1992) Arch. Biochem. Biophys. 294, 206-214. 

[28] Frohman, L.A., Downs, T.R. and Chomczynski, P. (1992) Front. 
Neuroendocrinol. 13, 344405. 


