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Abstract

We have developed hematopoietic cells resistant to the cytotoxic effects of oxysterols. Oxysterol-resistant HL60 cells were gener-
ated by continuous exposure to three different oxysterols—25-hydroxycholesterol (25-OHC), 7-beta-hydroxycholpstdial ) and
7-keto-cholesterol (¢-C). We investigated the effects of 25-OH@;OHC, 7-C and the apoptotic agent staurosporine on these cells. The
effect of the calcium channel blocker nifedipine on oxysterol cytotoxicity was also investigated. Differential display and real-time PCR
were used to quantitate gene expression of oxysterol-sensitive and -resistant cells. Our results demonstrate that resistance to the cytotoxic
effects of oxysterols is relatively specific to the type of oxysterol, and that the cytotoxicity of 25-OHC but not tga®éf@ and &-C,
appears to occur by a calcium dependent mechanism. Oxysterol-resistant cells demonstrated no significant difference in the expression of
several genes previously implicated in oxysterol resistance, but expressed the bcl-2 gene at significantly lower levels than those observed
in control cells. We identified three novel genes differentially expressed in resistant cells when compared to HL60 control cells. Taken
together, the results of this study reveal potentially novel mechanisms of oxysterol cytotoxicity and resistance, and indicate that cytotoxicity

of 25-OHC, B-OHC and k-C occur by independent, yet overlapping mechanisms.

© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Oxysterols form a large family of hydroxylated derivatives

study also demonstrate that the oxysterol 25-OHC is cyto-
toxic at doses 10-fold lower tharB7OHC and %-C [14].
Interestingly, we have also reported that HPCs from ABM

of cholesterol detected in the blood, cells and tissues of are more sensitive to the actions of 25-OH@;@HC and

animals and humari8]. They have been demonstrated to be
cytotoxic toward many normal and tumour cell tydé$],

and many studies suggest that this cytotoxicity results from
the induction of apoptosig,3,5,9,17,22,23,27,28,33]

7x-C when compared to equivalent cells from UCBY].
Previous studies by others comparing the cytotoxic actions
of different oxysterols also support the hypothesis that
oxysterol cytotoxicity is specific to the type of oxysterol

Normal hematopoiesis is characterised by a dynamic and the cell type investigatdd,9,10,12,19,23,28]

balance between the proliferation, differentiation and apop-
tosis of a small population of hematopoietic progenitor
cells (HPCs)[26]. We have previously observed that that
the oxysterols—25-hydroxycholesterol (25-OHC), 7-beta-
hydroxycholesterol (#-OHC) and 7-keto-cholesterol
(7x-C)—are potent inducers of apoptosis and differentia-
tion of primary HPCs from adult bone marrow (ABM) and
umbilical cord blood (UCB), and of the human promye-
locytic cell line HL60 [14]. The results of this previous
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Given the important regulatory role of apoptosis in
hematopoiesis, we have utilised the human promyelocytic
cell line HL60 as a model of hematopoiesis to further in-
vestigate the mechanism of oxysterol-induced cytotoxicity
in this system. HL60 cells resistant to the cytotoxic effects
of the oxysterols 25-OHC,OHC and %-C were gener-
ated by continuous exposure to these oxysterols. We have
utilised real-time and differential display-PCR to investigate
the expression of known and novel genes in these cells.
The results of our investigations reveal potentially novel
mechanisms through which oxysterols exert their effects on
cells.
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2. Materials and methods
2.1. Oxysterol treatments

For all experiments, stock solutions of the oxysterols —
25-OHC, B-OHC and %-C (Sigma-Aldrich, St. Louis,
MO) — were freshly prepared in ethanol as previously
described[21]. All treatments and controls contained an
equal amount of carrier (ethanol) and were performed in
duplicate.

2.2. Cell lines

HL60 control cells (HL60-c) were maintained in a €0
incubator at 37C in RPMI 1640 (JRH Biosciences, Mel-
bourne, Australia) supplemented with 10% FBS (JRH
Biosciences), 200U/ml penicillin/streptomycin, p.g/ml
puromycin (Sigma-Aldrich) and 2 mNl-glutamine (Trace
Scientific, Noble Park, Australia). HL60 cells resistant
to the cytotoxic effects of 25-OHC (HL60-25)370HC
(HL60-78) and &-C (HL60-7«) were generated by cul-
turing as described in the presence of either p@Anl
25-OHC, 1.qug/ml 7«-C, or 1.0p.g/ml 78-OHC. When cell
number and viability of the oxysterol treated cells was equal
to that observed in control cultures, the concentration of
oxysterol in the culture media was increased by @iml
for 25-OHC, and 1.@.g/ml for 7x-C and B-OHC.

2.3. Oxysterol treatment of HL60 control and
resistant cells

Three days before each experiment, exponentially grow-

ing HL60-c, HL60-25, HL60-B and HL60-% cells were
split to a concentration of .0 x 1P cells/ml in media
(without oxysterols). At time 0, 1Dcells were removed
from the culture, homogenised in TRIZ&Lreagent (In-
vitrogen, San Diego, CA) according to the manufacturers
instructions and stored at80°C for RNA extraction. The

C.C. Gregorio-King et al./Journal of Steroid Biochemistry & Molecular Biology 88 (2004) 311-320

duplicate. Cell number and viability were assessed at 0 and
48 h using trypan blue exclusion.

2.5. The effect of nifedipine on oxysterol-induced apoptosis
of HL60 control cells

Exponentially growing HL60-c cells were split to a con-
centration of @5 x 10° cells/ml in media and treated with
various concentrations of 25-OHCB-OHC and %-C in
the presence of 0 or 48M nifedipine (Sigma-Aldrich), for
48 h. All treatments and controls contained an equal amount
of carrier (ethanol) and were performed in duplicate. Cell
number and viability were assessed at 0 and 48 h using try-
pan blue exclusion.

2.6. Total RNA isolation and DNase treatment

Total RNA was extracted by TRIZGY reagent (Invitro-
gen) and contaminating DNA removed by digestion with
DNasel Amplification Grade (Invitrogen) according to the
manufacturers instructions. Quantity and purity of the RNA
was determined by UV spectrophotometry before reverse
transcription and use in PCR reactions.

2.7. Differential display-PCR (dd-PCR)

Reverse transcription, dd-PCR, and cDNA re-amplifi-
cation was carried out using primers, cycling parameters and
PCR conditions as described in the RNAimage Differential
Display System (GenHunter, Nashville, USA). Re-amplified
cDNAs were visualised by standard agarose gel elec-
trophoresis and purified using Qiaquick Gel Extraction
Kit (Qiagen, Clifton Hill, Australia). Sequencing reactions
were carried out using ABI Prism BigDy¥ Termina-
tor Cycle Sequencing Ready Reaction Kit (P.E. Applied
Biosystems, Foster City, USA) and sequences determined
by an ABI PRISMM 373 DNA Sequencer (P.E. Applied

remaining cells from each culture were split to a concentra- Biosystems).

tion 0.25x 10° cells/ml in media, and treated with 25-OHC
(0.5 and 2.Qug/ml), 73-OHC (4.0 and 8.@.g/ml) and %-C
(5.0 and 10.Qug/ml) for 48h. Cell number and viability

2.8. Reverse transcription and Tagm&hreal-time
PCR semi-quantitation

were assessed at 0 and 48h using trypan blue exclusion

(Sigma-Aldrich).

2.4. The effect of staurosporine on HL60 control and
resistant cells

Reverse transcription was carried out using Reverse
Transcription System (Promega Corp., Madison, USA)
following the manufacturers guidelines. All primers and
probes for use in real-time PCRgble ) were designed
using Tagmah" Primer Express Software (P.E. Applied

Three days before each experiment, exponentially grow- Biosystems) and optimised for use as recommended by

ing HL60-c, HL60-25, HL60-B and HL60-% cells were
split to a concentration of .0 x 10° cells/ml in media
(without oxysterols). At time 0, each cell line was split to
a concentration @5 x 10° cells/ml in media, and treated
with 0, 0.05 and 0.1uM staurosporine (Sigma-Aldrich) for

the manufacturer. Real-time PCR amplification was carried
out using either Tagmal Universal PCR Mastermix or
SYBR™ Green PCR Master Mix on an ABI PRISM
7700 Sequence Detection System following the manufactur-
ers guidelines (P.E. Applied Biosystems). Gene Expression

48 h. All treatments and controls contained an equal amountwas quantitated relative to expression @fctin or glyc-

of carrier (DMSO; Sigma-Aldrich) and were performed in

eraldehyde 6-phosphate dehydrogenase (GAPDH) using



C.C. Gregorio-King et al./Journal of Steroid Biochemistry & Molecular Biology 88 (2004) 311-320 313

Table 1

Real-time PCR primer and probe sequences

Gene Forward primer Reverse primer Chemistry

B-Actin 5'-gacaggatgcagaaggagattact-3 5'-tgatccacatctgctggaaggt-3 fam-atcattgctcctcctgagcgcaagtactc-tamra
GAPDH 5-ccacatcgctcagacaccat-3 5'-ccaggcgcccaatagd-3 fam-aaggtgaaggtcggagtcaacggatttg-tamra
OSBPL3 B-acagcgagctcctggacaa-3 5'-ctgccacatataccatcctttcé-3 fam-ccgcgcagattcccagecc-tamra

bcl-2 5-catgtgtgtggagagcgtcad-3 5'-gcccgttcaggtactcagtcd-3 SYBR™ Green

c-myc B-ctgctctcctcgacggagtc-3 5'-ccacagaaacaacatcgatttcitt-3 SYBR™ Green

ACAT 5'-gctgacgctgcetgtagaacctat-3 5'-actaaaggcttcatttacttcccacat-3 SYBR™ Green

HMG-CoA 5-tccagagcaagcacattagca-3 5'-aacgtaggacctaaaattgccatt-3 SYBR™ Green

CNBP §-ggccegtggtegtggaat-3 5'-ggaaacaaactggaaacctctattc-3 SYBR™ Green

B62/RTKN2 B-gcaatttatgttaaatgccatttgaat-3 5'-gtcaatgcagtactctgtccatgtadt-3 SYBR™ Green

B63 5-tggatggatgaagctaaggaada-3 5'-gctagaaccttgtcctectattgaga-3 SYBR™ Green

B68 5-cagctgctgtgcgttagactaag-3 5'-gctccactgacaagtctagctcaa-3 SYBR™ Green

Table 2

Primer sequences used for Band 62 (RTKN2) RACE

5-RACE

3-RACE

Reverse primer 1
Reverse primer 2
Reverse primer 3
Reverse primer 4
Reverse primer 5

'Ectgtaaaggaagggaggaag-3
'Btcttggcatccttatccattgcccgga-3
'Bgcccggattctggtttccacaaggaca-3
'Ecaatagagtttacctcctcd-3
'Eccacattcaccacatcagtdt-3

Forward primer 1
Forward primer 2
Forward primer 3
Forward primer 4
Forward primer 5

5gcagttccttattggtcagc-3
5catcaatcctgttcctggac-3
5ggcaatggataaggatgcca-3
5cgaggaggtaaactctattg-3
5gatactgatgtggtgaatgtd-3

Sequence Detector Software and the comparative Ct methodand sequenced as previously described in this manuscript
(P.E. Applied Biosystems User Bulletin No. 2). (Section 2.7.

2.9. mRNA extraction and rapid amplification of cDNA 2:11. Statistics

ends (RACE) of Band 62 . : . .
All gene expression results are expressed in arbitrary units

(mean+ S.E.M.) and calculated from duplicate determina-

tions. Cell culture results were calculated from duplicate de-

was carried out using Smartrdé® cDNA Amplification terminations and expressed as percent of control (rdean
S.E.M.) to normalise for the variation in cell growth be-

Kit (Clontech, L I A) and primer list le 2. . o
(Clontech, a_Jo a, CA) and primers as listethb e 2 tween HL60 control and resistant cells. We utilised one-way
Products were visualised and sequenced as previously de- . .
. A ; . Analysis of Variance (Tukeys or Tamhanes post hoc tests)
scribed in this manuscripSgction 2.7.

for all statistical analyses.

mMRNA was extracted from HL60-25 cells using
Oligotex™ Direct mRNA Kit (Qiagen). 5 and 3-RACE

2.10. PCR amplification of Bands 62, 63 and 68 2.12. Bioinformatics

To confirm sequencing, primers were designed to span the Nucleic acid and protein sequences were analysed using
entire coding region of Band 62, and the known sequence of software available from the National Center for Biotechnol-
the partial genes Bands 63 and G&lfle 3. PCR was per-  ogy Information and the EXPASy Molecular Biology Server
formed using standard PCR conditions, with Q solution (Qi- of the Swiss Institute of Bioinformatics. All primers and
agen) and Platinum Tag Polymerase (Invitrogen). Cycling probes were designed using TagrirPrimer Express Soft-
conditions are listed iMable 3 Products were visualised ware (P.E. Applied Biosystems).

Table 3

PCR primers and cycling conditions for amplification of Bands 62 (RTKN2), 63 and 68

Gene Forward primer Reverse primer Cycling

Band 62 5tcaaatcttcectttgaagd-3 5'-tacttgtgcctgcagccatgatct-3 94°C, 3min; 8 (94°C, 30s; 60C, 30s; 72C, 3min), 48<

(94°C, 30s; 60C, 30s; 72C, 3min); 72°C, 10 min
94°C, 2min; 40« (94°C, 30s; 53C, 30s; 72C, 45s); 72C, 2min
As per Band 63

Band 63
Band 68

5-ccagctcagtttagaggad-3
5-aagccgagaccattgaagt-3

5'-tgtcagttcatttgggtag*3
5/-tttttttttccecttctcee-3
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3. Results (A) 120 . EHL60-c
EHL60-25
3.1. HL60 cells resistant to the apoptotic effects of ~ 1007 _I— DIHL60-7k
25-OHC, %-C and 78-OHC can be generated by 2 %0 4 OJHL60-7b
continuous exposure to oxysterols %
S 60
The establishment of HL60 cells that were resistant to ¢ 40
the cytotoxic actions of high doses of 25-OHG:-C and 5
7B-OHC took approximately 6 months. Typically, 70-90% “ a0
of the cells died within 7 days after exposure to increased
concentrations of each of the oxysterols. When the surviv- 0 ' ' '
ing cells resumed proliferation and achieved cell numbers 0-Sug/ml 20ug/ml
comparable to HL60 control cells, the dose of each oxys- [25-0HC]
terol was increased by Oulg/ml for 25-OHC, and 1.Q.g/ml (B) 120 - O HL60-v
for 7x-C and PB-OHC. This selection process was contin- o EHL60-25
ued and eventually generated HL60 cells which survived and ~ %] —I— DIHL60-7k
grew in the presence of 1@/ml 25-OHC, 6.Qug/ml 7x-C £ %0 4 O HL60-7b
and 4.0ug/ml 78-OHC. Over this time period, we were un- 2
able to obtain HL60 cells that could be maintained at higher £ 60 1 N
doses of each of these oxysterols. g 40 *
3.2. Investigation of oxysterol resistance in HL60 ¥ 20
control and resistant cells .
We investigated the resistance of HL60-resistant and >-Qug/ml 10-0ug/ml
-sensitive cells to the oxysterols 25-OHCk-Z and (7€
7B-OHC. Seventy-two hours before the experiments were (C) 120 - OHL60-v
conducted, all HL60 cells were removed from exposure @H
to oxysterols. After this “oxysterol-free” culture period, 1001 _} * DIHL60-7k

HL60-resistant cells generated by continuous exposure to
a specific oxysterol, still displayed resistance to this oxys-
terol. In most cases this resistance was only significant
when the highest dose of oxysterol tested—a dose which
exceeded that at which they were maintained.

Compared to control HL60 cells, only HL60-25 cells gen- 20 -
erated by continuous exposure to 25-OHC, displayed signif-
icantly higher viability (results not shown) and cell number
after 48-h exposure to 20g/ml 25-OHC Fig. 1A). These
cells were not resistant to the cytotoxic actions ©f@, and
although they appeared to display some resistance to the CyT:ig. 1. Investigation of oxysterol resistance in HL60 control and resistant
totoxic actions of B-OHC, this was not significanf{g. 1B cells. All results are expressed as percent of contrpigfnl oxysterol)
and Q. to normalise for the variation in cell growth between HL60 control and

HL60-7x cells generated by continuous exposurekeC? resistant cells;_( = 6,‘ T = 48h). (A) HL60-25 cells were less sensitive
displayed significantly higher viability (results not shown) 8’ tze Ofgg’lt)?x'(cB)aT_ti'fgo_O{ Zeggmvllezri'loe';'g ;2‘;’1‘2“&??'tEeLGC?/tgf;'XSiC
and cell number compared to controls, after 48-h exposure to,.ion of 5.0 and 1pg/ml 7«-C (P < 0.023 and 0.001, respectively)
10pg/ml 7«-C (Fig. 1B). Although these cells appeared to  than control cells. (C) HL604F cells were less sensitive to the cytotoxic
display some resistance to the cytotoxic actions of 25-OHC action of 8.0g/ml 73-OHC (P < 0.001) than control cells.
and PB-OHC, it was not significantHig. 1A and G.

Compared to HL60 control cells, only HL6@ Zells gen- 3.3. Oxysterol-resistant cells are not resistant to
erated by continuous exposure ®-OHC, displayed signif-  staurosporine-induced apoptosis
icantly higher viability (results not shown) and cell number

%0 _I_ CIHL60-7b

60

40 A

Cell No. (% of control)

4.0ug/ml 8.0ug/ml
[7B-OHC]

after 48-h exposure to8g/ml 78-OHC. These cells also ap- We observed that cells resistant to the cytotoxic effects of
peared to display some resistance fog2ml 25-OHC, and oxysterols were equally sensitive to the cytotoxic action of
interestingly, were significantly resistance to 5 anghyiml staurosporine as control HL60 cellBig. 2). Staurosporine

7k-C (Fig. 1B). Indeed resistance of HL6Q3cells to 5u.g/ is a reagent that induces apoptosis through the inhibition of
ml 7x-C exceeded that demonstrated by the HL&0z&lls. protein kinase 32]. Thus, these results confirm that the
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100 -
HL60-v
90 a
T @ HL60-25
80 -
O HL60- 7k
= 70 4
£ O HL60-7b
g 60
Q
3
s 50
s 40
zZ
= 30
@]
20 4
10 4
0 . ,
0.05uM 0.1uM

[Staurosporine]

Fig. 2. Oxysterol-resistant cells are not resistant to staurosporine-induced
apoptosis. All results are expressed as percent of contipg/f@l stau-
rosporine) to normalise for the variation in cell growth between HL60
control and resistant cells: = 6, 7 = 48h).

oxysterol-resistant cells we have generated have a function-
ing apoptosis pathway, at least in the execution phase of the

death program.

3.4. Nifedipine inhibits 25-OHC cytotoxicity, but not-T
and 78-OHC in HL60 control cells

High intracellular calcium levels have been reported to in-
duce apoptosis in several experimental mod2]s,18,20]
More specifically, 25-OHC has been shown to increase the
cellular uptake of calcium in a variety of cell typgs6]. In
accordance with this, a study by Rusinol et[8D] demon-
strated that the calcium channel blocker nifedipine blocked
the 25-OHC-induced cellular uptake of calcium and pre-
vented apoptosis in CHO-K1 cells. The results from our
study confirm the finding of Rusinol et §80]. HL60-c cells
incubated in the presence ofug/ml 25-OHC and 7pM
nifedipine display higher viability (results not shown) and
cell number than the same cells incubated with 25-OHC
alone Fig. 3A). Although this difference was not signifi-
cant at theP < 0.05 level, it is in contrast to the effect of
nifedipine on B-OHC and %-C apoptosis. HL60-c cells
incubated in the presence of L@/ml 7x-C and 8ug/ml
7B-OHC with 75uM nifedipine, displayed significantly
lower viability (results not shown) and cell number than the
same cells incubated with these oxysterols aldfig.(3B
and Q. Although we cannot explain why?C and B-OHC
cytotoxicty is increased in the presence of nifedipine, these
results indicate that the calcium channel blocker nifedipine
partially abrogates 25-OHC cytotoxicity only.

3.5. Investigation of the expression of known genes
implicated in oxysterol-induced apoptosis

315

0 OuM nifedipine
m 75uM nifedipine

100 _

90 |
80
g 70
(=1
g 60 |
s
s 50 |
S 40
=3
Z 30 |
& 20
10 |
0
0.5ug/ml 2ug/ml
(A) [25-0HC]
100 g OuM nifedipine
5% @ 75uM nifedipine
80|
g 70|
=
S 604
o
S 50 ]
B
=~ 40 ]
Q
Z 30|
S 20
10 | *
0|
Sug/ml 10ug/ml
(B) [7x-C]
50 0 OuM nifedipine
56 @ 75uM nifedipine
80
T 70
S 60|
Ly
S 50
X
< 40 |
o
Z 30 ]
8 20
10 |
0 *
4ug/ml 8ug/ml
(C) [7B-OHC]

Fig. 3. Nifedipine inhibits 25-OHC cytotoxicity, but nok7C and B-OHC

in HL60 control cells. All results are expressed as percent of control
(Opg/ml oxysterol) to normalise for the variation in cell growth due to
nifedipine treatmentn = 6, T = 48h). (A) HL60-c cells incubated in
the presence of @g/ml 25-OHC and 7aM nifedipine display higher
viability (results not shown) and cell number than the same cells incubated
with 25-OHC alone (64 + 10.2 versus 3& + 4.1, P < 0.098). (B)
HL60-c cells incubated in the presence of f@ml 7x-C and 75.M
nifedipine displayed significantly lower viability (results not shown) and
cell number than the same cells incubated with these oxysterols alone
(8.0+ 1.0 versus 15+ 1.5, P < 0.001). (C) HL60-c cells incubated

in the presence of g8g/ml 78-OHC and 75.M nifedipine displayed
significantly lower viability (results not shown) and cell number than
the same cells incubated with these oxysterols alon@ 0.6 versus
8.2+ 15, P < 0.006).

We investigated the expression of several genes previously

implicated in oxysterol resistance: 3-hydroxy-3-methylglu-
taryl coenzyme A reductase (HMG-CoA), acyl-coenzyme
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ol

30

20 4

bel-2 Gene Expression
*
3*=

HL60-¢ HL60-25 HL60-7k HL60-7b

) ] ] ) N Fig. 5. PCR amplification of Bands 62 (RTKNZ2), 63 and 68 for sequencing.
Fig. 4. Expression of bcl-2 in oxysterol-resistant and -sensitive HL60 | gnes: (1) molecular size ladder, (2) B62 amplified from HL60-25 cDNA,
cells. Gene expression is calculated relative to GAPDH and expressed(3) B62 no template control (NTC), (4) B63 amplified from HL60-c

in arbitrary units (meatt S.E.M.). bcl-2 gene expression in HL60-25  ¢pNA, (5) B63 NTC, (6) B68 amplified from HL60-c cDNA, (7) B68
(19.243.0,*P < 0.01), HL60-% (17.942.8, P < 0.006) and HL60-B NTC, (8) molecular size ladder.

cells (1444 1.7, T P < 0.002) is significantly lower than expression in
HL60 control cells (36 £ 5.6, n = 5).
has been confirmed by PCR amplification and sequencing

A: cholesterol acyl transferase (ACAT), cellular nucleic acid (Fig. 5). Translation of the open reading frame (ORF) of
binding protein (CNBP), oxysterol binding like-protein 3  this partial nucleotide sequence results in an amino acid se-
(ORP3 or OSBPL3), bcl-2 and c-myc. To conduct these guence with 60% homology to human Rhotekin (accession
studies, RNA was isolated from_HL60-c, HL60-25, HL6R-7  no. AF049227Fig. 6). As with Rhotekin, the predicted pro-
and HL60-B cells after 72h in “oxysterol free” culture  tein encoded by our gene contains Rho binding and Pleck-
conditions. In this way, the basal level of gene expression strin Homology domain§13,29] We have thus designated
could be investigated rather than the expression of genesthis novel gene sequence Rhotekin-2 (RTKN2; accession no.
due to exposure to oxysterols, and associated effects. Thisay150309).
is critical when examining gene expression in HL60-c cells  To confirm differential expression of RTKN2 in our
which, upon exposure to oxysterols, undergo apoptosis.  oxysterol-resistant HL60 cells, Taqniah real-time PCR

The re_sults from our_study demonstrate no significant dif- technology was employed to quantitate gene expression
ference in the expression of HMG-CoA, ACAT, CNBP, OS- relative toB-actin (Fig. 7A). Results confirmed higher ex-
BPL3 and c-myc between HL60 control and resistant cells pression of RTKN2 in HL60-25 cells compared to HL60
(data not shown). A significant decrease was, however, ob-control cells, HL60-% cells and HL60-B cells (Fig. 5A).
served in the expression of bcl-2 in HL60-25 2% 3.0,
P <0.01), HL60-% (17.9+2.8, P < 0.006) and HL60-P 3.6.2. Expression of Band 63 in oxysterol-resistant and
cells (144+1.7, P < 0.002) when compared to HL60 con-  -sensitive HL60 cells

trol cells (376 + 5.6, n = 5; Fig. 4). Band 63 (B63) is a 445nt sequence (accession no.
BU582398) identified by dd-PCR as being down-regulated

3.6. dd-PCR of oxysterol-resistant and sensitive in HL60 cells resistant to the cytotoxic effects of 25-OHC,

HL60 cells 7x-C and PB-OHC. This partial cDNA sequence has been

confirmed by PCR amplification and sequencifgg( 5),

To investigate possible novel mechanisms of cellu- but we have, to date, been unable to identify obtain addi-
lar resistance to oxysterol-induced apoptosis, we utilised tional coding sequence by bioinformatics. This sequence
dd-PCR to investigate and compare the gene expression ofmaps to chromosome 8 (accession no. AC011626.8) and
oxysterol-sensitive and -resistant HL60 cells. Three differ- has no ORF. We are currently utilising RACE technology
entially expressed transcripts were identified and sequencedto obtain additional coding sequence.

These have been designated Bands 62, 63 and 68. To confirm differential expression of B63, Taqmah
real-time PCR technology was employed to quantitate gene

3.6.1. Expression of Band 62 in oxysterol-resistant and expression relative to GAPDH. Results confirm lower ex-

-sensitive HL60 cells pression of B63 in HL60 cells resistant to the cytotoxic ef-

Band 62 was identified by dd-PCR as being up-regulated fects of 25-OHC, ¥-C and B-OHC compared to HL60
in HL60 cells resistant to 25-OHC. BLAST analysis of control cells Fig. 7B).
the 100 nucleotide (nt) sequence revealed 100% homol-
ogy to a 456nt EST in the GenBank database (accession3.6.3. Expression of Band 68 in oxysterol-resistant and
no. AW009815). We have since obtained the complete cod- -sensitive HL60 cells
ing region of this gene by a combination of EST walking Band 68 (B68) is a 142nt sequence (accession no.
and RACE technology. The sequence of the coding region BU582399) identified by dd-PCR as being differentially
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11 lnmlyirgmalsl...... pdtelgrkldheirmregackllaacsqgreq| RTKN

1 megpslrgpalrlaglptgfgdcnigekidleirmregiwkllslstgkdg| RTKN2

55 aleatksllvcnsrllsymgelqrrkeaqvlgctsrrpsdsgppaerspc RTKN
ol e S s ] o]

51 [vlhavknlmvcnarlmaytselg.kleegiangitgrcdvkfesk.ertac RTKN2

105 rgrvcisdlriplmwkdteyfknkgdlhrwavflllglgehigdtemilv RTKN
AR RN R R RN N e S 8 B S PR RN KR

99 kgkiaisdiriplmwkdsdhfsnkersrryaifclfkmganvidtdvvnv RTKN2

155 drtltdisfgsnvlfaeagpdfelrlelygacveeegaltggpkrlatkl RTKN

149 dktitdicfenvtifneagpdfgikvevyscc.teessitntpkklakkl RTKN2

205 ssslgrssgrrvrasldsaggsgssplllptpvvggpryhllahttltla RTKN

198 kt51skatgkklssv1qeeddemc lllssavfgvkynllahttltle RTKN2

255 aqugfrthdltlasheenpawlplygsvccrlaaqplcmtqptasgtlr RTKN

245 saedsfkthnls1ngneessfwlplygnmccrlvaqpacmaeﬂafagfln RTKN2

305 [vggage. mqnwaqvhgvlkgtnlfcyrqpedadtgeepllt1avnketrv RTKN

295 qqqmvegl1swrrlycvlrggklycfyspeeleakvepalvvp1nketr1 [RTKN2

354 rageldqalgrpftls1anygddevthtlqtesrealqswmealwaff RTKN

345 [ramdkd. akkrlhnfsv1npvpgqa1tqlfavdnredlqkwmeaquhff RTKN2

394 [dlgwkhcceelmkieimsprkpplfltkeatsvyhdmsidspmkleslt RTKN2

404 (dm| qwchcdeimkietpaprkppqalakqg.slyhemaieplddiaavt RTKN
|

453 dlltqregarle .......... tpppwlamftdqpalp ....... npcsp RTKN

444 dl1qkk1eetngqfl1gqheeslpppwatlfdgnhqmv1qkkvlypasep RTKN2

486 asvapapdwthplpwgrprtfslda ......................... RTKN

494 lhdekgkquaplppsdklpfslksqsntdqlvkdnwgktsvsqtssldt RTKN2

511 ..... vppdhsprarsvaplppqr ..................... sprtr RTKN

544 klstlmhhlqkpmaaprkllparrnrlsdgehtdtktnfeakpvpapqu RTKN2

535 glcskgqprtwlqspv RTKN

594 51kd11dprswlqaqv RTKN2

Fig. 6. Alignment of human Rhotekin-2 (RTKN2; accession no. AAN71738) and Rhotekin (RTKN; accession id9NB5). Amino acid identity for
identical ([), conservative (:) and moderately conserved substitutions (.) are as indicated. Rho-binding and Pleckstrin homology domalighte® high
by open and shaded boxes respectively.

expressed between HL60 cells resistant to the cytotoxic 4. Discussion

effects of 25-OHC, ¥-C and B-OHC, and HL60 control

cells. This partial cDNA sequence has been confirmed by We have previously observed that that the oxysterols 25-
PCR amplification and sequencingid. 5), but, as with hydroxycholesterol (25-OHC), 7-beta-hydroxycholesterol
B63, we have, to date, been unable to identify obtain ad- (738-OHC) and 7-keto-cholesterol €7C) are potent in-
ditional coding sequence by bioinformatics. This sequence ducers of apoptosis and differentiation of primary HPCs
maps to chromosome 15 (accession no. AC090257.5) andand of the human promyelocytic cell line HLGQ4]. In

has no ORF. We are currently utilising RACE technology this report, we have used continuous exposure to select
to obtain additional coding sequence. HL60 cells which, in the presence of Ju@/ml 25-OHC,

To confirm differential expression of B68, Tagmah 6.0ng/ml 7x-C and 4.Qug/ml 78-OHC, demonstrate
real-time PCR technology was employed to quantitate genecomparable growth and viability as HL60 control cells.
expression relative t@-actin. Results confirm lower ex- These resistant HL60 cells, were still sensitive to apop-
pression of B68 in HL60 cells resistant to the cytotoxic ef- totic agent staurosporine, yet displayed significantly higher
fects of 25-OHC and«-C, compared to HL60 control cells  viability than HL60 control cells after 48-h culture with
(Fig. 70. oxysterols.
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Fig. 7. Expression of RTKN2, B63 and B68 in oxysterol-resistant and
-sensitive HL60 cells. Gene expression is calculated relative to the house-
keeping genesB-actin or GAPDH, and expressed in arbitrary units
(mean+ SEM., n = 5). (A) RTKN2 expression in HL60-25 cells
(1188 + 385) is significantly higher than that observed in HL60 control
cells (5841.3, *P < 0.004), HL60-% cells (191+7.4,#P < 0.012) and
HL60-7B cells (61+ 1.8, * P < 0.005). (B) Expression of B63 in HL60
cells resistant to the cytotoxic effects of 25-OHCAZ 1.7, * P < 0.004),
7x-C (134 0.21,#P < 0.001) and B-OHC (834 4.0, * P < 0.006) is
significantly lower than that observed in HL60 control cells.G28 3.2).

(C) Expression of B68 in HL60-25 (2+0.4, *P < 0.005) and HL60-%
(0.70+£ 0.2, #P < 0.001) cells is significantly lower than that observed
in HL60 control cells (2 + 0.2).

Other studies investigating oxysterol resistance have
utilised continuous exposuf@4] or mutagenesi§,25,30]
to select cells resistant to the cytotoxic actions of oxys-
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actions of oxysterols is relatively specific to the type of
oxysterol. Cells resistant to the cytotoxic effects of 25-OHC
displayed little or no resistance to the cytotoxic actions of
7x-C or 7B-OHC. Similarly, cells resistant to the cytotoxic
effects of &-C displayed little or no resistance to the cy-
totoxic actions of 25-OHC or F-OHC. In contrast, cells
resistant to the cytotoxic effects oBfOHC also displayed
significant resistance to the cytotoxic actions &fQC, but
displayed little or no resistance to the cytotoxic actions of
25-OHC. These results suggest the possibility of a simi-
lar mechanism of apoptosis induced by bofr@GHC and
7x-C, with 25-OHC utilising a separate, yet overlapping
path. This hypothesis is supported by our observation that
the calcium channel blocker nifedipine inhibited the cy-
totoxicity induced by 25-OHC, but not that induced by
7x-C and B-OHC. This finding also supports and extends
the hypothesis of Rusinol et aJ30], and suggests that
the cellular uptake of calcium is an important step in the
25-OHC apoptotic signalling process, but is not critical for
the cytotoxicity of B-OHC and %-C.

We investigated the expression of several genes previ-
ously implicated in oxysterol resistance. Our results demon-
strate no significant difference in the expression of the genes
for ACAT and CNBP in HL60-sensitive and -resistant cells.
This is in contrast to the findings of Metherall etj@5] and
Ayala-Torres et al[4] who reported differential expression
of these genes in oxysterol-sensitive and -resistant CHO and
CEM cells, respectively. Similarly, we observed no signif-
icant difference in the expression of the gene for OSBPL3
which was found to be differentially expressed amongst re-
sistant and sensitive primary HPCs from UCB and ABM
(respectively)14,15]

Past investigations demonstrate that oxysterol-induced
apoptosis is associated with down-regulation of the genes
for HMG-CoA [5] and c-myc|[5,33] in human leukemic
CEM cells. We observed no significant difference in the ex-
pression of these genes in oxysterol-sensitive and -resistant
HL60 cells. Interestingly however, we observed that expres-
sion of the anti-apoptotic gene bcl-2 in oxysterol-resistant
cells was significantly lower than in control cells. Given pre-
vious reports which demonstrate clear down-regulation of
the bcl-2 gene with oxysterol-induced apoptosis in vascular
smooth muscle cellR7], and partial abrogation of cytotox-
icity with over expression of bcl-2 in human promonocytic
leukemia cells U937122], murine macrophage-like P388-D1
cells[17] and HL60 celld14], this finding was unexpected.

It is possible that the mechanism by which these cells have
become resistant to oxysterols has down-regulated the ex-
pression of bcl-2. It will be interesting, therefore, to inves-
tigate the gene expression of other anti-apoptotic members
of the bcl-2 family in our oxysterol-resistant cells.

These contrasting gene expression findings suggest that
the effects of different oxysterols observed in various cell

terols. In these previous studies, resistance to only one typetypes may be due to the induction of differing mechanisms

of oxysterol was investigated. The results of our experi-
ments reveal that in HL60 cells, resistance to the cytotoxic

of oxysterol cytotoxicity. It must be noted however, that as
the RNA used for all of our expression data was taken from
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