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Transcriptiona! acuvily of the glutathione S-transferase (GST) a (subunits | and 2), 4 (>ubunits 3 and 4) and 7 (subumt 7) gene Families has been
analyzed using the nuclear ‘run-on’ technique on adull rat hepatoeyles maintained for 4 days 1n conventional euliure and (or 4 and 12 days in
co-cultare with rut liver epithelial cells. Several medium conditions are included in this study, miumely with or without fetal ealf serum and with
meotinamide or dimethylsulphoxide. Flepatoeytes co-cultured for 4 days mazintain approximaiely 30-70% of the a gene family transeniptional
activity, whatever the medium conditions, when compared to freshly isolated hepataeyies. A marked deerease 15 observed after 12 days of co=culture
or when hepatocyies are mamntaned in conventional eulture. The transcriptional gctivity of the & gene family is inaintained at 40-160% when
hepuntocytes are cultured with or without fetal calf serum, and 15 inducible by nicotinamide (approximately 4-fold) and dunethylsulphoxide
(approximately 2-fold) 1n conventional culiure and/or in co-culture. In contrast Lo Mreshly isolated hepatocyles, GST 7 geae ranseniptional acuvity
is abserved in conventonal and co-cullured hepatocytes, irrespeclive of the medium conditions, Dimethylsulphoxide treatment however, represses
the expression of GST 7 in vitro. These resulls demonstirate that the expression of GST a, 4 and 7 genes 1n conventional and co-cultured rat
hepatoeytes is controlled primarity at the level of transeription. 1t cannot be exciuded, however, that dimethylsulphoxide stabilizes the GST mRNA
levels 1 vitro.

Glulathione S-iransferase; Transcriplional activily; Ral; Mepalocyte; Culture

1. INTRODUCTION

The glutathione S-transterases (GSTs, EC 2.5.1.18)
are a family of functional dimeric enzymes which not
only catalyze the conjugetion of reduced glutathione
with a wide variety of electrophiles, including carcino-
gens, but also have important transport functions [1,2].
More recently, some isoenzymes have been deseribed in
terms of their capacity for reducing organic hydroper-
oxides 3], leukotriene C4 synthesis [4] and isomeriza-
tion of, for example, 4°-3-ketosteroid [5].

The rat cytosolic GSTs are homo- and heterodimeis
of at least 11 different subunits (6], whick, on the basis
of present evidence involving DNA and amino acid
sequences, cnzymalic properties and immunological
cross-reactivity, have been classified into four families:
o, i, & and & [7,8]. In liver tissue, the major subunits are
1 and Z, and 2 and 4 which belong to the o and g family,
respectively [9]. Subunit 7, absent in adult iiver par-
enchymal ceils, has been found in fetal liver [19], ap-

Correspondence address. . Yandenberghe, Departinent of Tozicol-
ofy, Searle, European Development Center, Rue¢ Granbompré 11,
1348 Mont-Saint-Guibert, Belgium. Fax: (32) (10) 450 290,

Published by Etsevier Science Publishers B V

pears at an early stage during hepatocarcinogenesis [11]
and has recently been detected in cultured adult rat
hepatocytes [12].

Adult rat hepatoeytes, which are known to undergo
differential changes when seeded in culture [13], have
previously been used in vitro to siudy the expression of
GBT isoenzymes. 1t has been demonstrated that GST
enzymatic aclivity [14], subunit composition [15], de
novo synthesis of GST subunits in vitro [15] and steady-
state mRNA levels, using complementary DNA se-
quences for GST subunits 1/2, 3/4 and 7 [16,17], vary
depending on the culture and media conditions used.

It was observed that, as in vivo, GST subunits in vitro
are regulaled independently. Differential changes in the
GST isoenzymes, during the culture period, can be sum-
marized as a general loss of the a class of subunits, a
maintenance or increase of the i ¢lass of subunits and
the de novo expression of subunit 7 in conventional
culture, as well as in hepatocytes co-cultured with rat
liver epithelial cells.

In the present study, adult rat hepatocytes were main-
tained under different culture and medium conditions
in order to determine the level of regulation of the dif-
ferent gene families. Comparison with earlier studies
[16,17] should identify whether any correiation exists
between the changing mRMA levels roding for the GST
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subunits 1/2, 3/4 and 7 and the transcriptional activity
of tlie respective genes in cultured hepatocytes, or if the
steady-state mRNA levels are the consequence of RNA
stabilizawon, A nuclear ‘run-on’ experiment has been
performed on nuclei isolated from conventionally and
co-cultured adult rat hepatoeytes, maintained in stand-
ard medium or medium containing 10% fetal calf serum
(FCS), 25 mM nicotinamide (Nic) or 2% dimeth-
ylsulphoxide (DMSOQ).

2. MATERIALS AND METHODS

21 Cell wolation and culture

Hepatocytes Nom adult male Sprague—Daswley rats weighing 130-
200 g were 1solated by the two-step gollagenuse perfusion method as
previously deseribed [18], The hver was first washed for 10 min with
HEPES (N-2-hydroxy-ethylpiperazine-M2-cthane sulfonie uacid)
buffer, pH 7 6, and then for 20 min with a 0 025% collagenase solution
buffered with HEPES. Cells were collecled in Leibovitz-15 mediiim
and seeded atl a densily of 10 x 10° cells per 175 cm flashs m 35 nil of
mediim centaining 10% FCS, The siandard medium (8t} consisted of
75% mimmal essential medium and 25% Medium 199, containing 200
ug/m! bovine albumin, 10 gg/ml bovine insulin and 10% FCS. The
medium was first changed 4 h after cell seeding and every day thereaf-
ter Co-cultures were set up by adding approximately 1.4 % 107 rat Liver
epithelial ¢ells per flask in order 10 reach conflueney withun 24 h
Cultures whieh were not muxed with epithelinl eells are termed “con-
ventional' cultures 4 h afler seeding, 7 % 107 M and 3.5 »x 107 M
hydrocortisone hemisuccinate was added to conventional cultures :nd
co-cullures, respectively. These congentrahions were mantaned dur-
g the culture peried. Four different media condiions were Lested: St
medium plus fetal call serum (St+FCS); St medium minus feta) call’
agrum (51 FCS), St medium munus letal call’serum containing 25 mM
nicotlinamide (St-FC3+Nic); 50% St medium and 50% Willlams' E
medium minus fetal call serum with 2% dimethylsulphoxide (SW/
W-FCS+DMSQ).

2.2, Riar-an transcripiiont in isolaied nucler and hydridizution

Nuclei were 1solated from freshly isolated (30 x 10° hepatocytes) and
cultured hepatocytes (5 flasks of 10 % 10° hepatoeytes each/cultured
period and culture medium) by Lhe method of Becker [19], suspended
1 50% glycerol, 5mM MnCl,, 1 mM MgCly, 5mM DTT, 20 mM Tris.
pH 7.4, frozen in Liqud nitrogen and stored at ~80°C  Transeription
in isolated nueler, 1solation of **P-lubelled RNA, and hybridization to
nitrocellulose filiers were perfoimed as deseribed previously [20] with
somne modifications. Biiely, isolated nuclei (8 » [0 were incubated
in a reaction mixture consisuing of 50 mM HEPES (pld 8.0), 150 mM
NH,Cl, 1 m@/ml nuclease-lree BSA, | mM MacCl,, 12.5% glyeeiol, 0.1
mg/iml hepann, 3.5 mM MgCl;, | g4l (G0 Uy RNasin, 0.25 mM DTT,
0.5 mM ATP, OQTP, CTP and UTP, 100 4Ci of [2="P]UTP for 20 min
at 25°C The mixture was adjusted to final coneentrations of 5 mM
Tris (pH 7.5), 5 mM MgCl,, 5 mM CaClyand 1 gl (1 U) RQI DNAse
was added and the mixture incubated lor 5 min at 37°C. After treal-
ment with proteinase K (150 yg/ml) at 37°C for 30 mun, RNA was
isolated by phenol/chlorofurm extraction followed by ethanol preeip-
ilution in the presence of 0.05 mg/ml transfor RNA. After ueutnent
aguin with RQI DNAse as above, RNA was nolaled by phenol/
chloroform precipitation followed by ethanol precipitation das above,
and hybridized at 42°C far 72 1 in 55% formannde, 4 > $SC, 0.1 M
sodium phosphate {pH 6.8), 5 » Denhardt’s solution, 0.1% SDS, 100
ue'ml salmon spenn DNA, and 10% dextian sulphate to 0.23 pmol
of euch of the following nitroccliulose-bound DNA: (4) albumin
genomie subelones I8, Cand 12 [21], (b} GST cDNA pGS17T 155 [22];
(¢) G5T ¢DNA JTIL; (d) GST cDNA pGSTr 7 (23] (¢) GAIDH
<DNA pRGAPDE-13 [24); (D pUC 18; {g) pBR 322, Filters were
wshed at 65°C three times m | x 88C, 0.1% SDS and then wwiee in
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0.1 % S8C, 0.19% SDS and associated radiolabel was visualized by
Muorography and assessed by optical densitometry. Densitometry sig-
nals were converted 1o relative transeription rates by subtracting the
background signal {pUC 18 or pBR 322} and correcling for the frac-
lion of primary transeripis hybndizable 1o the recombinant genonie
DMA., Corrected signals for the glutnthuone S-transferases and albu-
nun were normalized 1elative to the corrected pRGAPDH-13 signal
for the respective filter. To enable an indirect compalison of Lranserip-
tion rates of GST and albumin, the correcled and normalized values
were divided by the respecuive gene length giving the relative propor-
lion of transeripts produced per unit from that gene, 1o the number
ol GAPDH transeripts produced per unit tme

3. RESULTS

3.1. Transcription measurements in fsolated niscled

To determing whether changing steady-state levels of
GST 1/2, 3/4 and 7 mRNA in conventional and co-
cultured adult rat hepatocytes [16,17] were due Lo al-
tered stability of the RNAs or a change in the rate of
gene transcription, GST transcription was analyzed by
a run-on transeription assay. Hepatocytes were main-
tained for 4 days in conventional culture, and 4 and 12
days in co-culture treated with Nic, DMSQ or with or
without FCS. Nuclei were isolated and nascent RNA
elongated in vitro in the presence of [**PJUTP. Labelled
RNMNA was hybridized to excess DNA from various
genes that had been immobilized on nitrocellulose fil-
ters. Representative slot blots from these experiments
are jllustrated in Fig. 1. Resulls, quantified by den-
sitometry, are presented in Table I. The relative rates of
transcription of the GST 1/2, 3/4 and 7 2nd albumin
genes have been caleulated relative to transcription of
the constitutive gene glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH), after subtracting the background
signal.

3.1.1. Conventicnal culture

Compared to the value for freshly isolated hepato-
cyles, transcription of the GST /2 genes decreases
whatever the culture media conditions. In agreemeni
with previously reported increased GST 1/2 and 3/4
steady-state mRINA levels obtained after 4 and 6 days
in conventional cultures supnlemented with Nic [16,17],
hepatocytes cultured under these conditiens also main-
tain the highest transcriptional activity for subnnits 1/2,
and an approximately 4-fold induction of the GST 3/4
mRNA clongation is detected when compared to freshly
isolated hepatocytes. Increased 1/2 and 3/4 transeripts
[16,17] in DMSO-treated hepatocyte cultures are not a
consequence of increased transeriptional activity.

GST 7 transcription was not detected and was very
low in freshly isolated hepatocytes and DMSQ-treated
cultures, respectively. This contrasts with a markedly
enhanced transcription of this gene when cells in vilro
were maintained in standard medium or treated with
FCS or with Nie. Albumin transcription was not mark-
edly affected by seeding the hepatoeytes in conventional
culture.
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3.1.2. Co-culture

Co-cultured hepaiocytes maintained fo1 4 days re-
tained 60-70% of the initial G8T 1/2 transcriptional
rate, except when the cultures were deprived of FCE
(30%). The GST 1/2 RNA elongation is decreased to a
very low or undetectable level after 12 days of co-cul-
Luse.

Transeription of the GST 3/4 genes is well maintained
under all culture conditions up to 12 days, Compared
(o the value obtained for freshly isolated hepatocytes,
a maximal 4-fold induction is observed, occurring when
Nic is added to the medium (day 4). Values were only
lower than the initial level when cells were treated with
and without FCS afier 4 and 12 days, respectively.

GST 7 transcription was detected in 4- and 12-day-
old co-cultured hepaiocytes whatever their treatment,
but it was significantly reduced in the presence of
DMB0,

Rat liver epithelial cells demonstrate transeriptional
activity of the GST 3/4 and 7 genes (Table I). However,
the contribution of these cells to the GST u and #
transeriptional activity of the co-cultures is negligible as
demonstrated when hepatocytes were separated from
the epithelial cells after the respective co-culture period
(results not shown).

Albumin gene transcription is enhanced in both 4-
and [2-day co-cultured hepatocytes. Rat liver epithelial
cells had no detectable albumin gene transcriptional
activity {Table 1).

4. DISCUSSION

Adult rat hepatacytes, often used to study drug me-
tabolism and detoxification mechanisms in vitro [25],
are known to undergo differential changes when seeded
in culture [13]. In particular, changes in cytochrome
P-450-dependent enzymalic activities and correlaied
gene expression have been [requently studied during
recent years [26-28]. Soime previous invesligations deim-
onstrate that the glutathione S-transferase isoenzyme
profile and RNA transeripts of the different subunits
also change when hepatocytes aie removed from their
natural envirorument and that variations occur depend-
ing on the type of culture and media conditions used
[15-17,19].

The aim of the present work was to study GST 1/2,
3/4 and 7 gene iranscription in conventionally and co-
cultured adult rat hepatocytes using medium conditions
investigated in previous studies where GST acltivity,
protein levels and steady-state levels of mRNA were
reported [15-17]. Transcription of the albumin gene was
also assessed in isolated nuclei ar different stages to
serve as a reference. Albumin transcription was not
detected in rat liver epithetial cells. The relative rate of
transcription of this gene was, in agreement with the
literature [30], not changed or enhanced once the hepa-
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Fig. |. Transeriptionz] aclivity of conventionally- and co-cnilured
adult rat hepatocyies. Transc iptional auulysis in nuclel isolated [rem
freshly isolated hepatocytes (FIIL), 4-days conveniionally culiured
hepatoeytes, 4- and 12-clays co-cultured hepatosyles and rat liver
epithelial cells (LEC). Hepatoeyles were maintained in culture with
(+FCS) und without fetal call serum (-FCS) or with micotinamide
(Mi¢) or dimethylsulphoxide (PMSO) as described insection 2. Nuclel
were 1solated, and nascent RNA ehains were ¢longated in vitro and
hybridized to immobiliced DNA from the following genes albumin
(ALB), alutatinone S-transferase subunits 1 and 2 (GST 1/2), glulathi-
one S-lransferase subuniis 3 and 4 (GS8T 3/4), glutathione S-trans-
ferase subunit 7 (GST 7), plyceraldehyde-3-phosphale dehydrogenase
{GAFDH), pUC and pBR.

tocytes were seeded in culture and co-gulture, respec-
tively.

Subunit 7, barely detectable in normal adult rat liver
and not found in freshly isolated hepatocytes, is ex-
pressed when hepatocyies are seeded in eulture [13,31].
Resulis from this study demonstrate that the reguigtion
of expression in vitro of this particular subunit occurs
at the transcriptional level. Indeed, in the presence of

157




Volume 313, number 2

DMSQ, an extremely low transcriptional activity is ob-
served resulting in a barely detectable level of protein
when staining the DMSQ-treated hepatocytes for this
subunit (resuils not shown), This agrees with previous
studies reporting that the de novo synthesis of subunit
7 [15) and its corresponding steady-state mRNA level
were markedly decreased when the parenchymal cells in
culture were treated with 2% of this organic compound.

The expression of subunit 7 is also detected in [ctal
liver parenchymal cells [10] and at early stages of hepa-
tocarcinogenesis [11]. The mechanism of down-regula-
tion of GST 7 which occurs afier birth and its re-expres-
sion during liver transformation is unknown at present.
It is also unclear whether the re-expression of this sub-
unit in cultured hepalocytes and in prencoplasia is reg-
ulated by the same mechanism. The finding that in cul-
ture [32], as well as in preneoplastic nodules [33] the
appearance of GST 7 is correlated with expression of
oncogenes, suggests this may be an underlying factor.
Secandly, the question aiises as to whether some rela-
tion exists between the de novo expression of subunit 7
and its high peroxidase activity {34), especially since it
has been found that DMSQ, being a free radical scaven-
ger, inhibits its expression. Sato |35] suggested that the
expression of GS1 « may be related to the prevention
of lipid peroxidation since this latter process has been
considered to play an important role during tumor pro-

Table [

FEBS LETTERS

Movember 1992

motion, Also, an increased production of lipid hydro-
peroxides has been found in cultured hepatocytes [36).
Decreasing G3T 1/2 (16] and increasing GST 3/4 [17)
transcripts are the result of varying transeriptional ac-
tivities of the respective genes in conventionally- and
co-Cultured rat hepatocytes, These observations indi-
cate that the expression of these GST families in cul-
tured hepatocytes is controlled primarily at the level of
transcription. However, this is not the case when
DMSO is added to the cells. In its presence, observed
especially in conventional culture, thz transcriptional
activity of the GST 1/2 and 3/4 genes decreases com-
pared to the value obtained for freshly isolated hepato-
cytes, while the respective steady-state mRNA. levels
were substantially increased [16,17]. This probably indi-
cates that DMSO treatment, in contrast to the other
agents studied, stabilizes the GST mRNAs in vitro.
Compared to ¢onventional cultures, 4-day co-cul-
tured hepatocytes maintain o ¢lass gene transcription at
a higher level, whatever the medium conditions. Never-
theless, a drastic decrease in this particular transcrip-
tional activity is observed after 12 days of co-culture. At
the same tiine, stage g« class transcription still ogeurs at
an elevated level compared to the initial level. Mecha-
nisms by which o and u c¢luss gene transcription are
dramatically lowered or increased, respectively, in cul-
tured hepatocytes are not clear. As suggested by Listow-

GST and albumin transeriplion in 1soluled nucler prepared from conventionally and co-cultured adult rat hepatocytes

Yeclor signal

Hybridization signal* (corrected 1owards veclor)

Relative rate of transcrniption®*

puc pBR GST1/2  GST34 GST7 Alb  GAPDH OSTI2 GST34  GST7 Alb
FIH .23 0.25 Q.20 0.08 D 0.20 1.16 044 021 wD 003
LEC 0.24 0.31 ND 0.12 0.30 0.02 2,02 ND 0.14 0.16 0.00
4-Days conventional culture
+FCS 0.42 0.43 005 0.07 105 0.48 1.78 0.07 Q.12 0.83 0.05
-FC5 038 0.43 0.04 0l2 1.22 0.58 314 0.03 Q.12 055 0.04
+NIC 0.12 0.15 012 0.78 077 0.81 2.07 012 0.93 0.41 0.06
+DMSO 027 024 0.04 Q.06 0.02 0.21 1.32 0.07 0.14 0.02 0.03
4-ays co-cullure
+FCS 010 004 015 Q.07 018 0.31 1.49 0.35 0.15 0.17 0.04
~-FCS Q029 .36 0.06 008 0.16 063 1.04 0.14 0.24 036 0.11
+NIC Q.16 0.14 0.20 0.49 0.39 1.17 1.80 0.28 0385 0.30 011
+DMSO .15 0.15 0.11 012 0.05 0.39 0.92 0.30 0.41 0.03 0.08
12-Days ¢co~culture
+FC8 0.67 a90 0.14 035 117 0.72 3.29 0.11 0.34 0.50 0.04
-FCS 1.14 142 ND 0.10 1.1l 0 44 3.83 ND 0.08 0.41 0.02
~NIC 0.62 L.19 ND 0.20 1.74 Q.50 2.30 ND 0.28 1.07 0.05
+DMSC 0.60 .02 0035 0.37 0.55 .21 3.14 0.04 1L.3% 0.25 0.07

All numerical values refer to opticu] densicy units, FIH and LEC refer to values oblained fram freshly isolated hepatocytes a2nd rat hiver epithehal
celly, respectively, Aib, aibuiuny GAFPDH, glyceruldehiyde-3-phosphate dehydivgenase, NIC, nicotaamide, PSS, fetal calf serum, DMSOQ, dimeths
¥lsulplioxide: NI, signal not deteciable.

*Data has been corrected for non-specific hybridization by subtraciion of vecior signal.
*2Glutathione S-transferase and aibumin densitometrie signals were corrected for the fraction of primary gene transciipis hybridizable 1o the
genomic DNA, normalized relative to GAPDH, and converted to relauve rales of (renseriplion as deseribed in seetion 2,
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sky et al. {37). the decrease in GST 1 transcripts and
transcriptional activity may reflect lack of humeoral fac-
tors, as well as components in the medium that ordinar-
ily induce subuuiv { in hepatoeyies. Indeed, they re-
cently demonstrated that levels of liver GST 1 tran-
scripls in adrenalectomized rats were resiored by ad-
ministration of glucocorticoids [37]. It was also ob-
served by our group that the GST 1/2 transcriptional
activity [38] and corresponding steady-state mRNA lev-
els [29] were indnced in vitro by treating the hepatocytes
with various xenobiotics, e.g. phenobarbital.

In conclusion, this is the first study to demonstrate
that the regulation of expression of GST proteins in
cultured hepatocytes occurs at different levels, depend-
ing on the media and culture conditions. Indeed, evalu-
ating the discrepancy between transcriptional activity of
GST a and u class genes and the corresponding steady-
state mRNA levels of the DMS8O-treated hepatocytes,
demonstrates that this organic compound elfects ex-
pression of the main GST subunits (subunits 1-4) ut the
post-transcriptional level. This observation contrasts
with the expression of GST subunits in hepatoeytes cul-
tured with or without FCS and nicotinamide, where

regulation of expression occurs at the transc.iptional
level.

Acknoveledgernents: We would Like to thank Prof, B, Kellerer and Ih
3. Taylor for the generous gifl of the GST cDNA probes, pGSTr 185,
pGSTr7 and JTIL. V.Y.’s stay at the University of Western Australia
wds supported by the Inlernational Union Against Cancer (Yam.
dgiwa-Yoshida Memonal Intemational Cancer Study Grant) and
NFWO (Fund for Medical Smentific Researcl). We thank Seneca
Veerle for Lechnical assistanee.

REFERENCES

[1] Chasseaud, L.F. (1979) Adv. Cuncer Res 29, 175274,
[2] Kamisaka, K , Listowsky, I., Gatmaintan, Z. and Arias, 1M.
(1975) Biochemisiry 14, 2175-2180
(3] Ketterer, B, (1986) Xenobiotica 16, 957-973
(4] Tsuchidd, 5, 1zumi, T., Shumizu, T, Ishikawa, T, Hatayama, 1,
Sutch, K. and Sato, K. (1987) Eur. J. Biochem. 170, 159-1G4,
[5] Benson, A M., Talalay, ', Keen, JH and Jakaby, W.B. (1977)
Proc, Natl, Acad, Sci. USA 74, 155-162
[6] Mannervik, B. and Danelsen, U.H, (1985) CRC Crit. Rev Bio-
chem. 23, 283-337.
[7]1 Mannervik, B., Alin, P., Guthenberg, C, Jensson, ., Talur,
M.K., Warheln, M. and Joernvallh, H (1985} Proc. Natl. Acad
Sci. USA 82, 7202-7206.
[8] Meyer, D.J., Cales, B., Pemble, S., Gilmore, K S, Fraser, G M.
and Ketterer, B. (1991) Biochem, J. 274, 409-414,
(9 Ketterer, B, {1988) Mut, Res. 202, 343-261
[10] Abramovitz, M and Listowsky, 1. (1988) Xenobiotica 18, 1249
1354,
[11] Satoh, K., Kitahara, A., Soma, Y., Inaba, ¥, Hatayama, 1. atid
Sato, K. (1985) Proe. Nail. Acad. S¢i. USA 82, 3964-1968
[173] Vandenberghe, Y., Glaise, D., Meyer. [0.J.. Guillouzo, A, and
Ketterer, B (19288) Bicchem, Phatinacol 37, 2482-2485

FEBS LETTERS

November 1992

[13] Guguen-Guillouzo, C and Guillouzo, A. (1983) Maol. Cell Bio-
chiem. 53754, 35-56.

[14] Vandenberghe, Y., Ratgnasavanh, D., Glaise, D and Guillouzo,
A (1988) In Viro Cell. Dev, Biol, 24, 28]1-288.

{i5] Vandenbeighe, Y., Foriers, A., Regiers, V. and Yercruysse, A
(1990} Biocliern. Pharmacol. 39, 685-690,

[16] Vandenberghe, Y., Morel, F., Pemble, 5, Taylor, J.B., Rogiers,
V.. Ratapasavanh, D., Vercruysse, A., Kelterer, B. and Guit-
louzo, A (1990) Mol. Pharmacol. 37, 372-376.

{171 Morel, F., Yandenberghe, Y , Pemble, 8., Taylor, J.B., Ratana-
saviinh, D., Keuaerer, B. and Guillouzo, A (1989) FEBS Leil.
258, 99-102

[18] Guguen, C., Guillouzo, A., Boisnard, M.. Le Cam, A. and
Bourel, M. (1975) Biol. Gastroenterol. 8, 223-231.

[19] Becker, P.. Renkawiiz, R. and Schiiz, G (1984) EMBO 1. 3,
2015-2020.

[20] Shelly,L L, Tynan, W, Schomd, W, Schuets, G. and Yeoh, G.C,
(1989} J. Cell Biol. 109, 3403-3410,

[21] Sargent, T.[2., Jugodzinski, L.L., Yung, M. and Bonner, J. (1981)
Mol. Cell Biol. 1, 871-833

{22] Tuylor, J B,, Craig, R K, Beale, I and Ketterer, B. (1984) Bio-
chem. J, 219, 223231,

{23] Pemble, 8., Taylor, J.B. and Ketlerer, B, (1280) Biochem. ] 240,
885-8480,

{24] Fort, P., Marty, L, Piechaczyk, 8., el Sabrouty. S, Dam, .,
Jeanteur, P, and Blanchard, J.M, (1935) Nucleic Acids Res, 13,
1431-1442,

[25] Guillouzo, A. (1986) i Isolated and Culiured Meputocyies
(Guillouzo, A and Gupuen-Guillouso, C. eds.) pp 311-331.
John Libbey Eurotext Lid., London.

[26] Silver, G, Reid, L.M. and Kraytes, ¥ S. (1990} ], Biol Chem
265, 31343138,

[27] Duckens, M. and Peterson, R.E. (1980) Bicchem. Pharmucol. 29,
12311238,

28] Newman, § and Guzehan, P.5. (1982} Proc. Nall. Acud. Sci.
USA 79, 2022-2926

[29] Vandenberghe, Y., Morel, F., Foners, A, Keticrer, B., Ver-
cruysse, A, Guillouzo, A. und Rogiers, V. (198%) FEBS Lent 351,
5964

{30] Fraslin, J.M , Kneip, B, Yaulont, 5., Glaise, I3, Munnich, A.
and Guguen-Gulouzo, C. (1983) EMBO J 4, 2487-2491.

[31] Abramovitz, M., Ishugiki, 5. and Listowsky, L (1989) Hepatols
opy 4, 135-239

132) Guguen-Guillowzo, C, Baifet, G., Euenne, P.L., Glase, D.,
Defer, N., Corral, M., Coreos, D. and Kruh,J (1988)in Exper-
imentul Hepalocarcinogenesis (Roberfroif, M.B, and Préat, V
eds ) pp 245-253, Plenum Press, New York.

[33] Sauo, K., Sawoh, K., Tsuchida, S., Hatayama, [, Tama;, K. and
Shen, H. (1990} 1n: Glutaihione S-Transferaxes and Drug Resis-
tance {Hayes, 1.D | Pickeit, C.B. and Mantle, T.J. eds.) pp 389-
398, Taylor and Francis, London.

134] Meyer, D.J., Beale, D., Hong Tan, K.H., Coles, B and Ketterer,
B. (1985) FEBS Lel1, 184, 139-143.

[35) Sato. K. (1989) Adv Cancer Res. 52, 205-255.

[36] Kulopissis, A D. and Griglio. 8. (1986) . Isolaied and Cultured
Heputoeytes (Guillouzo, A and Guguen-Gulloure. C eds ) pp.
113-153, John Libbey Eurotexi Lid., l.ondeon

[37) Listowsky, 1., Campbell, E., Takahashi, Y., Ishigaki, 8., Abram-
ovilz, M, and Homma, H (1990) in Glulatluone S-Transferases
und Drag Resistance (Hayes, 1.D,, Pickett, C.B. and Mantle, 1.4,
eds.} pp. 272-279, Tayler and Franeis. London

[38] Vandenberphe. Y.. Tee, L., Movel, F., Rogers, Y., Gullouzo, A.
and Yech, G (1991) FEBS Leti, 234, 103-108,

159



