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Reduced expression of Bax in ceramide-resistant HL-60 subline
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Abstract

Ceramide, the backbone of sphingolipids, has been reported to be involved in various cellular responses including apoptosis. We
recently established and characterized a C2-ceramide-resistant HL-60 subline designated HL-CR. HL-CR cells were resistant to not
only ceramide but also anti-cancer drugs including daunorubicin, etoposide, and cytosine arabinoside. To elucidate the mechanisms
by which HL-CR cells became resistant to various apoptosis-inducing stimuli, the levels of Bcl-2 family proteins, which play crucial
roles in drug-induced apoptosis, were compared between HL-CR and parental HL-60 cells. Among Bcl-2 family members, Bax, a
pro-apoptotic Bcl-2 family protein, was highly expressed in HL-60 but was hardly detected in HL-CR cells. Transient transfection of
bax-expressing plasmid, but not the vector alone, induced apoptosis in HL-CR cells. These results suggest that reduced expression of
Bax might play a role in resistance to various apoptosis-inducing stimuli in HL-CR cells.
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Ceramide, the backbone of sphingolipids, has been
reported to function as an intracellular signal mediator
involved in various cellular responses including growth
inhibition, apoptosis, and differentiation [1-3]. Since
increase of ceramide has been observed in apoptosis
induced by various stimuli such as TNF, cross-linking of
Fas, anti-cancer drugs, withdrawal of growth factors,
heat, and irradiation, it has been proposed that cera-
mide might be the key mediator of apoptosis [4].

The mechanism of apoptosis has been extensively
investigated in the last decade, and various components
of apoptosis have been elucidated [5,6]. Among them,
caspases (especially caspase-3) seem to be the main ex-
ecutioners of apoptosis [7-9]. Mitochondria are involved
in intrinsic apoptotic pathway induced by various
stresses including anti-cancer drugs, heat, and irradia-
tion, and Bcl-2 family members play key roles in this
pathway [10,11]. Anti-apoptotic Bcl-2 family members
such as Bcl-2 and Bcl-xL inhibit apoptosis, whereas pro-
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apoptotic Bcl-2 family members such as Bax and Bak
induce apoptosis.

To investigate the role for ceramide in apoptosis, we
recently established ceramide-resistant HL-60 subline
designated HL-CR [12]. In this report we examined the
expression levels of Bcl-2 family proteins in HL-CR
cells, and found that the expression of pro-apoptotic
Bax was greatly reduced in HL-CR compared with
parental HL-60 cells. Furthermore, overexpression of
Bax in HL-CR cells induced apoptosis. These results
suggest that the reduced expression of Bax might play a
role in resistance to various apoptotic stimuli in HL-CR
cells.

Materials and methods

Cell lines. Human promyelocytic leukemia cell line HL-60 cells
were maintained in RPMI 1640 medium containing 10% heat-inacti-
vated fetal bovine serum, 100 U/ml penicillin, and 100 pg/ml strepto-
mycin at 37 °C in a humidified 5% CO, incubator. Ceramide-resistant
HL-60 subline HL-CR was established as described [12]. HL-CR cells
had been maintained in medium described above with 40 pM C2-cer-
amide for more than 1 year. In this study, HL-CR cells were cultured
in medium without C2-ceramide.
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Western blot analysis. Cells were washed once in phosphate-buf-
fered saline (PBS) and lysed in buffer containing 25 mM Tris/HCI (pH
7.4), 1% Triton X-100, SmM EDTA, and 1 mM phenylmethylsulfonyl
fluoride. Cell lysate was centrifuged at 10,000g for 10 min at 4 °C and
the supernatant was used for Western blot analysis. The samples
(50 ug) were denatured by boiling in Laemmli’s sample buffer for
2 min, subjected to 12% SDS-polyacrylamide gel electrophoresis, and
electroblotted to Immobilon-P membranes (Millipore, MA, USA).
Nonspecific protein binding was blocked by incubation of the mem-
branes for 1 h in PBS containing 0.1% Tween 20 (PBS-T) plus 5% skim
milk (Nacalai Tesque, Kyoto, Japan). The membranes were incubated
for 1 h with either rabbit anti-Bcl-x, anti-Bcl-2, anti-Mcl-1, anti-Bax,
anti-Bid, anti-Bik, goat anti-Bak or mouse anti-Bad antibody (Santa
Cruz Biotechnology, CA, USA). After washing in PBS-T for 10 and
Smin, the membranes were incubated for 45 min with either goat anti-
rabbit, bovine anti-goat or goat anti-mouse IgG horseradish peroxi-
dase conjugated (Santa Cruz Biotechnology, CA, USA). After washing
three times for Smin in PBS-T, the membranes were incubated with
Supersignal West Pico chemiluminescent substrate (Pierce, IL, USA)
according to the manufacturer’s protocol. The membranes were re-
hybridized with goat anti-Actin IgG horseradish peroxidase conju-
gated (Santa Cruz Biotechnology, CA, USA) to confirm equal protein
loading.

Construction of bax-expressing plasmid. Total RNA was purified
from HL-60 cells by using Trizol reagent (Invitrogen, CA, USA) ac-
cording to the manufacturer’s protocol. First-strand cDNA was syn-
thesized by using SuperScript first-strand synthesis system (Invitrogen,
CA, USA). bax ¢cDNA was amplified by polymerase chain reaction
(PCR) using PfuTurbo DNA polymerase (Stratagene, CA, USA), 5'-
CCGGAAATTCAGCGGCGGTGATGGAC-3 as the 5'-primer and
5'-CCGGAATTCCTCAGCCCATCTTCTTCCAGAT-3 as the 3'-
primer. The PCR product was digested by EcoRI and then ligated into
pIRESneo2 vector (Clontech, CA, USA). The construct containing
bax cDNA was designated pIRESbax.

Plasmid transfection. pIRESneo2 or pIRESbax together with
pEGFP-N1 (Clontech, CA, USA) was transfected into HL-CR cells by
using Lipofectamine 2000 (Invitrogen, CA, USA) according to the
manufacturer’s protocol. Briefly, 0.5ml of cells at 5 x 103/ml was see-
ded in 24-well plate. Two pg of either pIRESneo2 or pIRESbax plus
1 ng pEGFP-N1 was incubated with 4 ul of Lipofectamine 2000 in
100 ul OPTI-MEM 1 reduced-serum medium (Invitrogen, CA, USA)
for 20min. The plasmid mixture was then added to the cells and
incubated for 24 h.

Analysis of apoptosis. Only cells expressing green fluorescence
under fluorescent microscope were examined for apoptosis. Apop-
tosis was assessed under microscope by typical morphological
changes such as membrane blebbing and formation of apoptotic
bodies.

Results

Differential expression of anti-apoptotic Bcl-2 family
proteins between ceramide-resistant HL-CR and parental
HL-60 cells

Since Bcl-2 family members play crucial roles in in-
trinsic apoptosis induced by various stresses including
anti-cancer drugs [10,11], we investigated the expression
of Bcl-2 family proteins in HL-CR cells, which were
resistant not only to ceramide but also various anti-
cancer drugs such as etoposide, daunorubicin, and cy-
tosine arabinoside [12]. Among anti-apoptotic Bcl-2
family members, the level of Bcl-xL was increased in
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Fig. 1. Differential expression of anti-apoptotic Bcl-2 family proteins
between parental HL-60 (60) and ceramide-resistant HL-CR (CR)
cells. (A) Bel-xL; (B) Bcl-2; and (C) Mcl-1. The membranes were re-
hybridized with anti-Actin antibody to confirm equal protein loading.
The results are representative of at least three different experiments.

HL-CR cells compared with parental HL-60 cells
(Fig. 1A), consistent with the fact that overexpression of
Bcl-xL conferred resistance to apoptotic stimuli in var-
ious types of cells [13,14]. However, the level of Bcl-2,
another anti-apoptotic Bcl-2 family member, was greatly
reduced in HL-CR cells compared with parental HL-60
cells (Fig. 1B). The level of Mcl-1, another anti-apop-
totic Bcl-2 family protein, was increased in HL-CR
compared with HL-60 cells (Fig. 1C). These conflicting
results among anti-apoptotic Bcl-2 family members
prompted us to investigate pro-apoptotic Bcl-2 family
members in HL-CR cells.

Differential expression of pro-apoptotic Bcl-2 family
proteins between ceramide-resistant HL-CR and parental
HL-60 cells

Among pro-apoptotic Bcl-2 family members, Bax
could hardly be detected in HL-CR cells, whereas it was
highly expressed in parental HL-60 cells (Fig. 2A). Since
Bax plays a crucial role in intrinsic apoptosis and
overexpression of Bax-induced apoptosis [10,11,15],
greatly reduced expression of Bax seemed consistent
with resistance to various apoptotic stimuli in HL-CR
cells. The level of Bak, another pro-apoptotic Bcl-2
family member, was slightly decreased in HL-CR cells
compared with parental HL-60 cells (Fig. 2B). The level
of Bid, a pro-apoptotic BH3-only protein, was slightly
increased in HL-CR cells compared with HL-60 cells
(Fig. 2C). Since Bid plays a crucial role in extrinsic but
not in intrinsic apoptosis [5], increase of Bid seemed
compatible with drug-resistance in HL-CR cells. Other
pro-apoptotic Bcl-2 family members such as Bad and
Bik were not detected in either HL-CR or parental HL-
60 cells (data not shown). These results suggest that
greatly reduced expression of Bax might play a role in
resistance to various apoptosis-inducing stimuli in HL-
CR cells.
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Fig. 2. Differential expression of pro-apoptotic Bcl-2 family proteins
between parental HL-60 (60) and ceramide-resistant HL-CR (CR)
cells. (A) Bax; (B) Bak; and (C) Bid. The membranes were rehybridized
with anti-Actin antibody to confirm equal protein loading. The results
are representative of at least three different experiments.

Induction of apoptosis by overexpression of Bax in HL-
CR cells

To investigate whether reduced expression of Bax
might be involved in resistance to apoptotic stimuli in
HL-CR cells, HL-CR cells were transiently transfected
with bax-expressing plasmid (designated pIRESbax).
Since the efficiency of transient transfection assessed by
transfection of green fluorescent protein (GFP)-ex-
pressing plasmid was up to 20%, either bax-expressing
plasmid or control vector was transiently transfected
together with GFP-expressing plasmid, and only GFP-
expressing cells were analyzed for apoptosis. Transfec-
tion of control vector did not induce more apoptosis in
HL-CR cells, whereas transfection of bax-expressing
plasmid induced apoptosis in approximately 15% of
GFP-expressing cells (Fig. 3). These results showed that
overexpression of Bax induced apoptosis in at least a
part of HL-CR cells, suggesting that reduced expression
of Bax might play a role in resistance to apoptotic
stimuli in HL-CR cells.

Discussion

Although ceramide has been proposed as an impor-
tant intracellular signal mediator involved in various
cellular responses especially in apoptosis, the mecha-
nisms by which ceramide induce apoptosis remain to be
elucidated. Several recent reports suggested that
ceramide might target mitochondria, key component of
intrinsic apoptotic pathway [16-18].

We recently established ceramide-resistant HL-60
subline (HL-CR), which was resistant not only to C2-
ceramide but also to various anti-cancer drugs including
daunorubicin, etoposide, and cytosine arabinoside [12].
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Fig. 3. Induction of apoptosis by overexpression of Bax in HL-CR
cells. HL-CR cells were transfected with either pIRESneo2 (A) or
pIRESbax (B) together with pEGFP-NI1. After 24h cells were ob-
served under fluorescent microscope and only GFP-expressing cells
were analyzed for apoptosis. (C) Apoptosis was assessed by charac-
teristic morphological changes such as membrane blebbing and for-
mation of apoptotic bodies. The data show means of three different
experiments and the bars indicate one SD.

To elucidate the mechanisms for drug-resistance in HL-
CR cells, we focused on Bcl-2 family proteins, which
play crucial roles in intrinsic apoptotic pathway induced
by various stresses including anti-cancer drugs. As
shown in Figs. 1 and 2, the levels of some of the Bcl-2
family members varied between HL-CR and parental
HL-60 cells. Among anti-apoptotic Bcl-2 family mem-
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bers, Bcl-xL was increased whereas Bcl-2 and Mcl-1
were decreased in HL-CR compared with in HL-60 cells.
These conflicting results among anti-apoptotic Bcl-2
family members prompted us to investigate pro-apop-
totic Bcl-2 family proteins. Among pro-apoptotic
members, the expression of Bax could hardly be detected
in HL-CR whereas Bax was highly expressed in parental
HL-60 cells. Furthermore, overexpression of Bax in-
duced apoptosis in at least a part of HL-CR cells. These
results suggest that reduced expression of Bax might
play a role in resistance to apoptotic stimuli in HL-CR
cells.

In the previous paper, we reported that reduced
expression of PKC & might be involved in drug-resis-
tance in HL-CR cells [12]. Since resistance to C2-cer-
amide was only slightly recovered by overexpression of
PKC & in HL-CR cells, it secemed that mechanisms
other than reduced expression of PKC & might exist for
drug-resistance in HL-CR cells. In the case of PKC 9,
overexpression of PKC 6 itself did not induce apop-
tosis in HL-CR cells, therefore, the cells stably over-
expressing PKC & were generated and used for further
experiments [12]. On the other hand, the cells stably
overexpressing Bax could not be obtained in this study,
probably because Bax-overexpressing cells died by ap-
optosis. Since transfection efficiency in HL-CR cells
was at most 20% by the method we used in this paper,
GFP-expressing vector was co-transfected with bax-
expressing vector and only GFP-expressing cells were
analyzed for apoptosis. Under these experimental
conditions, transfection of bax-expressing plasmid in-
duced apoptosis in approximately 15% of GFP-ex-
pressing cells (Fig. 3).

In conclusion, reduced expression of Bax might be
involved in the mechanisms for drug-resistance in HL-
CR cells. Further studies will be needed to elucidate the
relationship between ceramide and Bax in apoptosis.

Acknowledgments

This work was supported in part by a Grant-in-Aid for encour-
agement of young scientists from the Japan Society of the Promotion
of Science and a grant from the Uehara Memorial Foundation (to
H.S.).

References

[1] Y.A. Hannun, The sphingomyelin cycle and the second messenger
function of ceramide, J. Biol. Chem. 269 (1994) 3125-3128.

[2] R. Kolesnick, D.W. Golde, The sphingomyelin pathway in tumor
necrosis factor and interleukin-1 signaling, Cell 77 (1994) 325-328.

[3] Y.A. Hannun, L.M. Obeid, The ceramide-centric universe of lipid-
mediated cell regulation: stress encounters of the lipid kind, J.
Biol. Chem. 277 (2002) 25847-25850.

[4] Y.A. Hannun, Functions of ceramide in coordinating cellular
responses to stress, Science 274 (1996) 1855-1859.

[5] M.O. Hengartner, The biochemistry of apoptosis, Nature 407
(2000) 770-776.

[6] S. Nagata, H. Nagase, K. Kawane, N. Mukae, H. Fukuyama,
Degradation of chromosomal DNA during apoptosis, Cell Death
Differ. 10 (2003) 108-116.

[7]1 D.R. Green, Apoptotic pathways: the roads to ruin, Cell 94 (1998)
695-698.

[8] B.B. Wolf, D.R. Green, Suicidal tendencies: apoptotic cell death by
caspase family proteinases, J. Biol. Chem. 274 (1999) 20049-20052.

[9] H.R. Stennicke, G.S. Salvesen, Caspases—controlling intracellular
signals by protease zymogen activation, Biochim. Biophys. Acta
1477 (2000) 299-306.

[10] Y. Tsujimoto, S. Shimizu, Bcl-2 family: life-or-death switch, FEBS
Lett. 466 (2000) 6-10.

[11] L. Scorrano, S.J. Korsmeyer, Mechanisms of cytochrome c release
by proapoptotic BCL-2 family members, Biochem. Biophys. Res.
Commun. 304 (2003) 437-444.

[12] K. Yakushiji, H. Sawai, S. Kawai, M. Kambara, N. Domae,
Characterization of C2-ceramide-resistant HL-60 subline (HL-
CR): involvement of PKC delta in C2-ceramide resistance, Exp.
Cell Res. 286 (2003) 396-402.

[13] L.H. Boise, M. Gonzalez-Garcia, C.E. Postema, L. Ding, T.
Lindsten, L.A. Turka, X. Mao, G. Nunez, C.B. Thompson, bcl-x,
a bel-2-related gene that functions as a dominant regulator of
apoptotic cell death, Cell 74 (1993) 597-608.

[14] G. Nunez, R. Merino, D. Grillot, M. Gonzalez-Garcia, Bcl-2 and
Bel-x: regulatory switches for lymphoid death and survival,
Immunol. Today 15 (1994) 582-588.

[15] Z.N. Oltvai, C.L. Milliman, S.J. Korsmeyer, Bcl-2 heterodimer-
izes in vivo with a conserved homolog, Bax, that accelerates
programmed cell death, Cell 74 (1993) 609-619.

[16] S.A. Susin, N. Zamzami, M. Castedo, E. Daugas, H.G. Wang,

S. Geley, F. Fassy, J.C. Reed, G. Kroemer, The central execu-

tioner of apoptosis: multiple connections between protease acti-

vation and mitochondria in Fas/APO-1/CD95- and ceramide-

induced apoptosis, J. Exp. Med. 186 (1997) 25-37.

H. Birbes, S. El Bawab, Y.A. Hannun, L.M. Obeid, Selective

hydrolysis of a mitochondrial pool of sphingomyelin induces

apoptosis, FASEB J. 15 (2001) 2669-2679.

[18] L.J. Siskind, R.N. Kolesnick, M. Colombini, Ceramide channels
increase the permeability of the mitochondrial outer membrane to
small proteins, J. Biol. Chem. 277 (2002) 26796-26803.

(17



	Reduced expression of Bax in ceramide-resistant HL-60 subline
	Materials and methods
	Results
	Differential expression of anti-apoptotic Bcl-2 family proteins between ceramide-resistant HL-CR and parental HL-60 cells
	Differential expression of pro-apoptotic Bcl-2 family proteins between ceramide-resistant HL-CR and parental HL-60 cells
	Induction of apoptosis by overexpression of Bax in HL-CR cells

	Discussion
	Acknowledgements
	References


