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In liver samples from 19 Caucasian subjects, the CYP3A5 protein was detected in 74% of individuals (14/19),
while the messenger was shown to be expressed in 100% of individuals, assessed by the RT-PCR method. I
order to characterise the putative mutation(s) in the messenger, accounting for the absence of protein accumu
lation, the full coding region of the CYP3A5 cDNA was sequenced for two unrelated individuals, one expressing
the protein at a high level and one being defective. A point mutation in exon 11 at position 128%) {@as
found to cosegregate with the absence of protein accumulation in 2 of the 5 defective individuals. This mutation
produces a change in the aminoacid at position 398 {T&sn). Whether this mutation affects the stability of
the protein or whether it is in linkage desequilibrium with other mutation(s) in the non-coding region of the
messenger is not known. The-QA\ change at 1280 generates a Tsp509 | site which can be used for routine
evaluation of the frequency of this mutation in population studie®.1996 Academic Press, Inc.

The human CYP3A family contains at least three functional genes including CYP3A3/3/
CYP3A5 and CYP3A7 (1-3). CYP3A4 is the major CYP protein expressed in the adult hun
liver where it may represent up to 60% of the total amount of CYP proteins (4). It is also expres
at a high level in the duodenum, jejunum and ileon (5-7). CYP3AY is the major CYP prot
detected in the human fetal liver (8, 9) and kidney (10), and may be expressed as well, alth
at a very low level, in the adult liver (11). This gene was recently found to be expressed in the ¢
endometrium and in the placenta (12).

CYP3AS5 appears to be expressed polymorphically in both the adult and fetal liver and in
kidney and intestine. Several studies have been devoted to this polymorphism with, howe
conflicting results. For example, in adult Caucasians, the mRNA and the protein were detect
the liver of 10 to 30% of subjects (13—-16), while the protein was detected in the kidney «
intestine of approximately 70% of subjects (7, 10). Interestingly, Wrighton et al. (15) observed:
in the liver of young Caucasians under 19, the protein was expressed in a greater percente
individuals (47%). The molecular basis for this polymorphism has not yet been clearly establis
The aim of this work was to re-examine the expression of CYP3A5 in a bank of liver tissue fr
19 adult Caucasians, at the levels of MRNA and protein, using highly sensitive methods inclu
RT-PCR and enhanced chemiluminescence immunoblotting, respectively.

MATERIALS AND METHODS

Liver tissue sampled.iver samples used in this work were obtained either from organ donors (the liver being not u:
for transplantation for elevated transaminase or steatosis) or from lobectomy resections for medical purposes (prim
secondary tumors, adenoma, angioma). Ten to fifty grams of tissue were frozen in liquid nitrogen immediately .
collection.

Protein analysisMicrosomes were prepared by differential centrifugation. CYP3A5 protein was quantitated by imn
nobloting using form-specific anti-CYP3A5 antibodies (14, 15) kindly provided by Dr. SA Wrighton (Lilly Researt
Laboratories, Indianapolis IN). The blots were revealed with the enhanced chemiluminescence method (ECL, Amer:
Amersham England).
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RNA analysisRNA was prepared according to the method of Chirguin (17). CYP3A5 and CYP3A4 mRNA we
analysed by Northern blot using a full length CYP3A5 cDNA probe. Expression of CYP3A5 mRNA was also assesse
RT-PCR. For this purpose the following oligonucleotides were used: 3A5(S) from nucleotide 45 to’-74:
AAAAGGAAGACTCACAGAACACAGTTGAAG-3' (13) 3A5(R) from nucleotide 1620 to 1592)-EAAA-
GTAGAAGTCCTTAGAAATTGAGTAA-3' Oligonucleotide 3A5(S) has 8 and 10 mismatches with the correspondir
sequences on CYP3A4 and CYP3A7, respectively. Oligonucleotide 3A5(R) has 9 mismatches with both correspol
sequences on CYP3A4 and CYP3A7.

CYP3A5 cDNA sequencinghe full coding cDNA of CYP3A5 was prepared by RT-PCR amplification using the RN/
extracted from each liver sample, as indicated above. The CYP3A5 cDNA prepared from subjects FH45, FT32 and F
was used as a matrix to generate by PCR 9 fragments of approximately 300 bp. Each fragment was designed in suct
as to overlap with the immediate upstream and downstream fragments alorig3hsefjuence. These fragments were then
subcloned in pBKS plasmid (Stratagene, La Jolla, CA). Nucleotide sequencing was carried out with a BioRad seque
(Hercules, CA), using the sequenase 7 (version 2) kit (US Biochemicals, Cleveland OH). Every sequence was conf
at least twice. The sequence alignments were made with the Clustal V program (EMBL, Heidelberg, Germany).

RT-PCR analysis of the’®%°-, A mutation.The fragment from nucleotide 1192 to 1375 was amplified by PCR from th
full coding cDNA of CYP3A5 prepared from each subject as indicated above, using the following oligonucleotic
MUT1280(S): from nucleotide 1192 to 1215!-6TTGCTATTAGACTTGAGAGGACT-3 (13) MUT1280(R): from
nucleotide 1375 to 1356 5TGTAAGGATCTATGCTGTCCTTC-3'The amplified product was digested for 2 hours with
10 units of Tsp509 | (which digests DNA at the site-BATT--3'), and the products of digestion were analysed on agaros
gel. In some experiments, the fragments separated by electrophoresis were further analysed by Southern blot using
length CYP3A5 cDNA as a probe.

RESULTS AND DISCUSSION

Microsomes and total RNA were extracted from liver samples of 19 Caucasian individuals.
each individual, the levels of CYP3A5 protein and mRNA were determined by immunoblot &
Northern blot or RT-PCR, respectively. The results of an immunoblot developed with form-spec
anti-CYP3A5 antibodies (14, 15) and revealed using the enhanced chemiluminescence (|
method are presented irigure 1 for 8 of the 19 individuals examined. To our surprise, the
CYP3AS protein was detected in 14 of the 19 subjects, that is with a frequency of 74%. 1
frequency is greater than that observed for the liver by previous investigators (11, 13-16).
believe that this is due to the greater sensitivity of the method of detection (ECL) used in this w
As it may be seen from the immunoblot presented in Figure 1, the interindividual variability in |
accumulation of CYP3AS5 is very large (1 to 100 for extreme cases in individuals for whom
protein was detectable). In contrast, CYP3A4 was detected in all individuals, although here a
with a wide interindividual variability; its level did not correlate with that of CYP3A5 (not shown
It is interesting that recently, Schuetz et al. (10) using the streptavidin-biotin detection method
Lown et al. (7) using the ECL method, detected the CYP3A5 protein in the kidney and intes
of approximately 70% of subjects (5/7 and 14/20), respectively. This percentage is close to the
obtained here. The CYP3AS5 protein is therefore not more commonly expressed in the kidne
intestine than in the liver, as previously suspected (7, 10).

When CYP3A5 mRNA was quantitated by Northern blot with a CYP3A5 full length cDN/
probe, both CYP3A4 (2.3 and 3.0 kb) and CYP3A5 (1.9 kb) messengers were revealed althi
CYP3A4 mRNA was always expressed in greater amount. Using this method, the CYP3A5 mF
was detected only in the samples from those subjects for whom the protein was expressed at

FIG. 1. Immunoblot analysis of CYP3AS5 protein accumulation in the liver of adult Caucasians. Microsomgs) (160
lane) were submitted to polyacrylamide gel electrophoresis and the resolved proteins were transfered to a nitrocellulos
for immunoquantitation with form-specific anti-CYP3A5 antibodies. The blot was developed by the enhanced chemilt
nescence method.
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level (approximately 30% of individuals, not shown). This is in agreement with recent results fr
Schuetz et al. (11). We therefore decided to assess the expression of this mRNA by the

sensitive RT-PCR method, using two CYP3A5-specific oligonucleotides 3A5(S) and 3A5(R) (
Materials and Methods). These oligonucleotides were designed in such a way as to exhibit |
than 8 mismatches with the corresponding sequences of CYP3A4 (18) and CYP3A7 (9). Inc
with this assay, CYP3A5 mRNA was detected in all individuals examined (19/19). Obviously
verified, on all samples, that the amplified cDNA was indeed CYP3A5 by restriction analy:
according to the published sequence (13). This suggests therefore that the absence of CY
protein in the 5 defective subjects (FT32, FH37, FT79, FH176 and FH61) is likely to result fri
one or several mutations in the coding sequence of the mRNA, but is not the consequence
defect in the expression of the messenger.

In order to characterise and identify these putative mutations, we carried out a compar:
analysis of the sequence of the coding region of CYP3A5 cDNA isolated from individual FH:
expressing the protein at a high level, and from individual FT32 in the liver of whom the prot
was not detectable (Figure 1). The cDNA from another individual (FH37) was also partic
sequenced. In both FT32 and FH37 individuals, one point mutation was detected in exon 11 w
nucleotide G¢?®°is replaced by an A as shown Figure 2. In terms of the primary sequence of
the protein, this mutation only produces a change in one aminoacid residue, P& tdhisn. It
has been reported that Asn residues are sites at which proteins are particularly susceptil
nonenzymatic degradation through succinimide-forming reactions (19). Whether this amino
change results indeed in a decreased stability of the CYP3A5 protein, accounting for the abs
of detectable accumulation, or whether the mutation at position 1280 is in strong linkage d
quilibrium with another defective mutation in the non coding region of the mRNA, is not knov
at present.

Interestingly, the &8°_, A mutation generates a Tsp509 | site in the cDNA, which therefor
provides a means for routine detection of this allele in population studies. To verify this appro:
two oligonucleotides, MUT1280(S) and MUT1280(R), were used to amplify by PCR the reg

FIG. 2. Partial nucleotide sequence of CYP3A5 exon 11. A cDNA fragment from nucleotide 1192 to 1375 was ampli
by PCR from the full length cDNA template of three individuals: FH45 (high protein level) and FT32 and FH37 (
detectable protein, see Figure 1). The nucleotide sequence gel is displayed from nucleotides 1272 to 1288 and the
head indicates the mutation at position 1280.
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between nucleotides 1192 to 1375 from the CYP3A5 cDNA prepared for each subject of our b
The amplified fragment of 184bp was then digested with Tsp509 | and the products (two subf
ments of 84 and 95 bp when mutation is present) were analysed by electrophoresis on agaros
The results are reported kigure 3 for the 19 individuals tested in this work. Clearly, the amplified
fragment from all subjects, excepted FT32 and FH37, has not been cleaved, while in contras
as expected, a band of approximately 100 bp (revealing the 84 and 95 bp subfragments) is obs
with the digests from subjects FT32 and FH37. That these fragments are indeed harbori
CYP3A5 sequence was definitely proven by a Southern blot analysis with a CYP3A5 cDNA pr
(not shown).

Three points have to be emphasized here. First, the percentage of individuals having this mt
allele is approximately 10% in our bank (2/19, only found in subjects FT32 and FH37). Secc
the presence of a band migrating at 190 bp in the lanes analysing the digests from subjects
and FH37 suggests that these individuals are heterozygous: they are likely to possess this m
allele and another defective allele in which this mutation is not present. We obviously verified 1
this was not due to incomplete digestion by Tsp509 I; neither increasing the duration of diges
nor augmenting the amount of the endonuclease affected the pattern of digestion of the
amplified fragment. Third, the findings that FT32 and FH37 are heterozygous for the allele hay
the mutation 1280, while the three other deficient individuals (FT79, FH176 and FH61) do
possess this allele suggest that there are other(s) mutated defective allele(s) of CYP3A5 respo
for the absence of protein accumulation.
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FIG. 3. Detection by PCR of the 1280 mutation in the cDNA of 19 Caucasian individuals. A cDNA fragment fro
nucleotide 1192 to 1375 was amplified by PCR from the full length CYP3A5 cDNA template prepared from 19 individu
The fragment was then digested with Tsp509 | and the mixture was loaded on an agarose minigel. After migration, the
fragments were revealed by BET staining.

469



Vol. 221, No. 2, 1996 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

11.
12.
13.

14.
15.

16.
17.
18.

19.

REFERENCES

. Gonzalez, F. J. (199®harmac. Ther45, 1-38.
. Nelson, D. R., Kamataki, T., Waxman, D., Guengerich, F. P., Estabrook, R. W., Feyereisen, R., Gonzalez, F. P.,

M. J., Gunsalus, I. C., Gotoh, O., Okuda, K., and Nebert, D. W. (129&) Cell Biol. 12, 1-51.

. Maurel, P. (1996)n Cytochromes P450: Metabolic and Toxicological Aspects (loannides, C., Ed.), CRC Press |

Boca Raton, FL.

. Shimada, T., Yamazaki, H., Mimura, M., Inui, Y., and Guengerich, F. P. (1998harmacol. Exp. Ther270,

414-423.

. De Waziers, I., Cugnenc, P. H., Yang, C. S., Leroux, J. P., and Beaune, P. H. f1%trmacol. Exp. Thei253,

387-394.

. Kolars, J. C., Schmiedlin-Ren, P., Schuetz, J. D., Fang, C., and Watkins, P. B. {1989R). Invest90, 1871-1878.
. Lown, K. S., Kolars, J. C., Thummel, K. E., Barnett, J. L., Kunze, K. L., Wrighton, S. A., and Watkins, P. B. (19¢

Drug Metab. Dispos22, 947-955.

. Kitada, M., Kamataki, T., ltahashi, K., Rikihisa, T., Kato, R., and Kanakubo, Y. (188&). Biochem. Biophy241,

275-280.

. Komori, M., Nishio, K., Ohi, H., Kitada, M., and Kamataki, T. (198R)Biochem105,161-163.
10.

Schuetz, E. G., Schuetz, J. D., McLean Grogan, W., Naray-Fejes-Toth, A., Fejes-Toth, G., Raucy, J., Guzeli
Gionela, K., and Watlington, C. O. (1992ych. Biochem. Biophy®94,206-214.

Schuetz, J. D., Beach, P., and Guzelian, P. S. (19B4ymacogeneticd, 11-20.

Schuetz, J. D., Kauma, S., and Guzelian, P. S. (1998)in. Invest.92, 1018-1024.

Aoyama, T., Yamano, S., Waxman, D. J., Lapenson, D. P., Meyer, U. A,, Fischer, V., Tyndale, R., Inaba, T., We
K., Gelboin, H. V., and Gonzalez, F. J. (198B)Biol. Chem264,10388-10395.

Wrighton, S. A., and Vandenbranden, M. (1929¢h. Biochem. Biophy®68, 144-151.

Wrighton, S. A., Brian, W. R., Sari, M. A., lwasaki, M., Guengerich, P. F., Raucy, J., Molowa, D. T., and Vand
branden, M. (1990Mol. Pharmacol.38, 207-213.

Schuetz, J. D., Molowa, D. T., and Guzelian, P. S. (1988&). Biochem. Biophy274, 355-365.

Chirgwin, J. M., Przybyla, A. E., MacDonald, R. J., and Rutter, W. J. (181@&hemistryl8, 5294-5299.

Gonzalez, F. J., Schmid, B. J., Umeno, M., McBride, O. W., Hardwick, J. P., Meyer, U. A., Gelboin, H. V., and I
J. R. (1988)DNA 7, 79-86.

Stephenson, R. C., and Clarke, S. (1989iol. Chem264,6164—6170.

470



