SCIENTIFIC CORRESPONDENCE

Oxysterol receptor LXR0t regulates SREBP gene expression in
HL-60 cells exposed to differentiating agents

Unambiguous evidence now exists that
cellular  cholesterol  homeostasis  is
maintained by the feedback mechanism
involving the cholesterol molecule itself
as an end-product repressor of genes
coding for HMGCoA reductase and Apo
B/E-specitic LDL receptor through a
125kDa transcription factor (SREBP)
having affinity for the conserved sterol
regulatory element (SRE) present in the
promoter rtegion of these genes'™. The
importance of this cholesterol feedback
control to human health was established
by the findings which revealed a direct
correlation  between loss of  this
end-product control of cellular choles-
terol metabolism and the genesis of
various human diseases, especially leu-
kaemia®S. Cells from higher animals
face the complex problem of not only

sensing  extracellular cholesterol  but
also intracellular oxysterol pool, that
arises as a result of either uptake

through passive diffusion or apo B/E-
specific LDL receptor or oxidation of
cholesterol within cells>'®. Recent stud-
ies have identified these cholesterol
sensors designated as receptor-Cy for
extracellular cholesterol® and LXRor for
intracellular  oxysterols''. LXRo has
been shown to regulate the transcription
of SREBP gene!> and receptor-C, has
been shown to regulate various genes
involved in cholesterol homeostasis;
cell growth (cyclin ‘D’, c-fos, c-myc, p-
27, etc.), cell death (Bcl-2) through
125kDa transcription factor (SREBP)
having affinity for SRE sequence in its
promoter region’. Further, it was found
that inhibitors of mevalonate pathway
repressed LXRo activity and this re-
pression was relieved by the addition of
mevalonate or oxysterol or retinoic
acid, but not by other products of the
mevalonate  pathway''. In  contrast,
geranylgeraniol (GG-OH), another iso-
prenoid  of  mevalonate  pathway,
was itself an inhibitor of LXRa''. An-
other dimension was added to the leu-
kaemia research by the finding that
blasts, derived from both ALL and
AML patients, were unable to express
SREBP gene product, although they had
the capacity to express receptor-Cy gene
product'?.
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Based wupon these above-mentioned
findings and using human HL-60 pro-
myelocytic leukaemic cell line (recog-
nized as archetype cellular model to
study myelopoiesis), the present work
was addressed to study the effect of
inhibitors of mevalonate pathway and
agents shown to induce myelopoiesis
upon the activity of LXRo as well as
SREBP gene expression in HL-60 cells.
The HL-60 human promyelocytic leu-
kaemic cell line (obtained from Na-
tional Centre for Cell Science, Pune)
was maintained in RPMI-1640 medium
supplemented with antibiotics and 20
per cent FCS. Cells were counted in a
haemocytometer chamber and viability
was determined by triphan blue dye
exclusion. Escort transfection reagent,
Iuciferase assay kit; vitamin ‘D3’, reti-
noic acid; mevastatin (specific inhibitor
of HMGCoA reductase); lemonene (in-
hibitor of farnesyl transferase involved
in Ras pathway) and FCS were pur-
chased from Sigma. Luciferase reporter
plasmid, TK-LXREx3-LUC (which
contains the LXRE binding site) was a
generous gift from David J. Mangels-
dorf, Howard Hughes Medical Institute
Dallas, Texas, USA. Specific antibody
against SREBP gene product was pur-
chased from Santa Cruz Biotech, USA.

HL60 cells were prepared for trans-
fection, with luciferase reporter plasmid
(containing the LXRa binding site) and
B-glactosidase (B-gal) expression plas-
mid (as an internal control), by replac-
ing the growth medium with Escort-
plasmid medium mixture (about 0.7 ml/
3.5cm well). The cells were incubated
for 5-6h at 37°C. At the end of this
incubation period, the medium in each
well was aspirated and replaced with
growth medium (supplemented with
20% of FCS + antibiotics) containing
either mno stimulus or mevastatin
(30 uM) or lemonene (2.5 uM) or vita-
min ‘D3 (1 puM) or retinoic acid
(1 uM), and subsequently the cells were
incubated for 24 h at 37°C in 5% CO,-
incubator. At the end of this incubation
period, the cells from each well were
lysed and analysed for luciferase and -
gal activity. Data are presented as
luciferase values normalized for [-gal

activities and each value represents the
mean of three separate observations. In
another set of experiments, HL-60 cells
were exposed either to no stimulus or
mevastatin -~ (30 pM)  or  lemonene
(2.5um) or vitamin ‘D3> (1 puM) or
retinoic acid (1 uM) and incubated for
24h at 37°C in 5% CO,-incubator. At
the end of this incubation period, the
protein extract of cells from each well
was subjected to SDS-PAGE followed
by Western blotting. The immunodetec-
tion of the Western blots was carried
out using specific antibody against
SREBP gene product and employing the
procedure reported earlier'*.

Compared to the basal activity of
LXRa in HL-60 cells, exposure of these

cells, to  mevastatin  (blocker  of
HMGCoA  reductase —a  rate-limiting
enzyme in mevalonate pathway) re-

sulted in significant reduction in LXRo
activity (Figure 1a). Exposure of these
cells to lemonene (blocker of farnesyl
transferase — having a crucial role in
Ras pathway), vitamin ‘D3’ and retinoic
acid resulted in increased activity of
LXRo compared to the basal values
(Figure 1a). Compared to the basal
expression SREBP gene product in HL-

60 cells, exposure of these cells to
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Figure 1. Regulation of oxysterol receptor

LXRaoactivity (@) and SREBP gene expres-
sion (b) in HL-60 cells exposed to indicated
agents.

CURRENT SCIENCE, VOL. 82, NO. 2, 25 JANUARY 2002



SCIENTIFIC CORRESPONDENCE

lemonene, vitamin ‘D3’ and retinoic
acid resulted in increased expression,
whereas exposure of these cells to

mevastatin resulted in decreased expres-
sion of this gene product in HL-60 cells
(Figure 1b). These results ambiguously
reveal that LXRol regulates SREBP gene
expression in HL-60 cells and this
LXRa activity is also influenced by
agents known to induce myelopoiesis in
this cell line.

The size of any haematopoietic cell
compartment is maintained by a finely
orchestrated  balance between input
(proliferation) and output (differentia-
tion + apoptosis) processes. Abnormali-
ties in any of these processes give rise
to blood diseases, especially leukaemia.
Since extracellular cholesterol sensor
‘receptor-C,’ has been shown to regu-
late genes involved in the cell cycle,
cell death as well as cholesterol homeo-
stasis, through SREBP gene product
having affinity for sterol regulatory
element (SRE) present in the promoter
region of these genes’, studies were
addressed to understand its role in leu-
kaemogenesis. On the basis of these
studies, it was recently proposed that
receptor-Cy-dependent signalling is
impaired in chronic state of leukaemia
by the inability of these cells to express
receptor-Cy, gene’, whereas receptor-Cy-
dependent signalling is impaired in the
acute state of leukaemia by the inability
of these cells to express SREBP gene
product'. Further, oxysterol receptor
LXRa has been shown to upregulate the
transcripton of 125kDa SREBP gene'”.
It is interesting to note that (a) Constitu-
tive activity of LXRo-RXR requires

mevlonate biosynthesis'!, whereas
oxysterols  directly activate LXRo
within ~ cells''; (b) Receptor-C, gene

expression could be induced in HL-60
cells (that are unable to express Recepo-
tor-C; gene in their native state) by
either phorbol esters or vitamin
D3 +retinoic  acid, whereas vitamin
‘D3’ or retinoic acid alone were ineffec-
tive'’; (c) Using HL-60 cell line as an in
vitro model, it was shown that retinoic
acid and vitamin ‘D3’ interact addi-
tively with respect to the inhibition of
cell growth, DNA synthesis, induction
of cell differentiation and loss of cell
clonegenicity'®. The results reported

here reveal that both retinoic acid and
vitamin ‘D3’ are able to upregulate
LXRa activity as well as SREBP gene
expression in HL-60 cells (Figure 1).
This finding raises the question regard-
ing the inducibility of SREBP gene ex-
pression in blasts derived from both
ALL and AML patients by either vita-
min ‘D3’ or retinoic acid or to what
extent inducibility of SREBP gene ex-
pression, in cells derived from AML
and ALL patients, can contribute to the
treatment of acute leukaemic patients?
In this context, it is interesting to note
that increased sensitivity in AML to
lovastatin-induced apoptosis has been
observed'’.  Further, leukaemic cells
from AML patients exhibit decreased
feedback regulation of LDL-receptor
activity by sterols's. However, the re-
sults reported here provide evidence
that differentiating agents (such as vi-
tamin ‘D3’ and retinoic acid) have in-
herent capacity to regulate intracellular
oxysterol receptor LXRot, which in turn,
regulates SREBP gene expression in
HL-60 cell. It is also pertinent to note
that (a) activation of LXRal results in
the down-regulation of genes coding for
c-myc and Bcl-2 (ref. 19); (b) differen-
tiating agents (vitamin ‘D3’; retinoic
acid; phorbol esters, etc.) induce differ-
entiation of HL-60 cells through their
ability to down-regulate c-myc gene
expression in these cells™™; (¢) a num-
ber of observations suggest that the c-
myc expression is critical to maintain-
ing HL-60 cells in an undifferentiated
state and that inhibition of this c-myc
expression alone results in the terminal
differentiation of HL-60 cells®. Fur-
ther, the HL-60 cells do not possess the
receptors specific for retinoic acid”.
Hence retinoic acid-dependent differen-
tiation of HL-60 cells®® may be medi-
ated through its ability to activate
LXRa, resulting in the down-regulation
of c-myc gene expression in these cells.
Keeping in view these observations, we
propose that LXRot may have an impor-
tant role in leukaemic haematopoiesis.
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