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Two methylene groups in phospholipids distinguish
between apoptosis and necrosis for tumor cells
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Abstract—High inhibitory effects of hybrid liposomes (HL) themselves composed of DMPC/10 mol % C12(EO)23 on the growth of
HL-60 cells were obtained without any drug. Induction of apoptosis was obtained by the HL of DMPC/10 mol % C12(EO)23. On the
other hand, necrosis was observed for the HL of DLPC/10 mol % C12(EO)23. In the case of DPPC/10 mol % C12(EO)23, neither
apoptosis nor necrosis was observed.
� 2005 Elsevier Ltd. All rights reserved.
Liposomes are closed vesicles that are formed when
phospholipids (constituents of biological membranes)
are dispersed in water at relatively low concentrations.
Since Bangham et al. discovered liposomes in 1965,1

these liposomes have been studied for chemical and
medical applications. Especially, liposomes have con-
tributed significantly to drug delivery, as well as analysis
of cellular function, due to their mimicry of biological
membranes and closed properties.2,3 Hybrid liposomes,
which have been developed by Ueoka et al., can be pre-
pared by the treatment of phospholipids and micellar
molecules with sonication, and contain no organic sol-
vent as compared with conventional liposomes.4 The
physical properties of these liposomes such as shape,
size, membrane fluidity, and the temperature of their
phase transition can be controlled by changing the con-
stituents and compositional ratios. Significantly pro-
longed survival in rats was obtained using hybrid
liposomes as drug carriers in the treatment of brain tu-
mors.5 It was also demonstrated that hybrid liposomes
without drugs should inhibit the proliferation of various
tumor cells in vitro and in vivo.6–13
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In this study, the inhibitory effects of hybrid liposomes
composed of phospholipids having the same hydrophilic
head group (phosphatidylcholine group) and different
hydrophobic alkyl chains (LL-a-dilauroylphosphatidylch-
oline (C12: DLPC), LL-a-dimyristoylphosphatidylcholine
(C14: DMPC), LL-a-dipalmitoylphosphatidylcholine
(C16: DPPC)), and polyoxyethylenedodecyl ether
(C12(EO)23) on the growth of human leukemia (HL60)
cells in vitro were examined.
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Hybrid liposomes were prepared by sonication of a mix-
ture of vesicular (DLPC, DMPC or DPPC) and micellar
(C12(EO)23) molecules in 5% glucose solution at 45 �C in
a nitrogen atmosphere and, subsequently, filter-steril-
ized through a 0.20 lm pore filter.

The inhibitory effects of hybrid liposomes on the growth
of HL60 cells were examined on the basis of WST-1
method.14 The inhibitory effects of liposomes composed
of lipid molecules only (DLPC, DMPC, and DPPC), mi-
celles (C12(EO)23), and hybrid liposomes composed of
lipid molecules and micelles on the growth of HL60 cells
were examined.15 The results are shown in Figure 1. It is
attractive that the remarkably high inhibitory effects of
DLPC liposomes and hybrid liposomes of DLPC/
10 mol % C12(EO)23 and DMPC/10 mol % C12(EO)23
on the growth of HL60 cells were obtained. Moderate
inhibitory effects were observed in the case of hybrid lip-
osomes of DPPC/10 mol % C12(EO)23. In previous
experiments, the markedly prolonged survival of mice
Figure 1. Inhibitory effects of hybrid liposomes on the growth of

HL-60 cells. [Phospholipid] = 300 lM, [C12(EO)23] = 33 lM.

Figure 2. Morphological changes in HL60 cells treated with hybrid lipos

microscope. [Phospholipid] = 300 lM, [C12(EO)23] = 33 lM.
was obtained in the treatment with DMPC liposomes.10

On the other hand, the DPPC liposomes had no life-pro-
longing effects. In the case of DLPC liposomes, survival
was negative.

So, we examined morphological change in HL60 cells
after the treatment with hybrid liposomes composed
of DLPC/C12(EO)23, DMPC/C12(EO)23, and DPPC/
C12(EO)23 using time laps video. As shown in Figure
2, the formation of bleb and corpuscle indicating a char-
acteristic feature of apoptosis, was observed for hybrid
liposomes of DMPC/10 mol % C12(EO)23. On the other
hand, swelling of cells and dissolving of cell membrane,
that is necrosis, were observed for hybrid liposomes of
DLPC/10 mol % C12(EO)23. It is worthy to note that
two methylene groups of acyl chain in phosphatidylcho-
line could distinguish between apoptosis and necrosis.
Neither apoptosis nor necrosis was observed for hybrid
liposomes of DPPC/10 mol % C12(EO)23.

Furthermore, apoptotic or necrotic rate of HL60 cells
after the treatment of hybrid liposomes were examined
omes. Photographs taken 80· magnification under a confocal laser

Figure 3. Apoptotic and necrotic rate for HL60 cells treated with

hybrid liposomes. [Phospholipid] = 300lM, [C12(EO)23] = 33 lM.



Figure 4. Fluorescence micrographs of HL60 cells treated with hybrid liposomes. [Phospholipid] = 300 lM, [C12(EO)23] = 33 lM.
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using flow cytometry.16 The results are shown in Figure
3. Interestingly, almost the same large rates of apoptotic
and viable cells were obtained using DMPC/C12(EO)23
hybrid liposomes. On the other hand, a large ratio of
necrotic and almost no viable cells was obtained for
HL60 cells after the treatment with DLPC/C12(EO)23
hybrid liposomes. In the case of DPPC/C12(EO)23 hy-
brid liposomes, a small ratio of apoptotic and necrotic
cells was obtained along with the large ratio of viable
cells.

Fluorescence micrograph is shown in Figure 4.18 Apop-
totic and necrotic cells were dyed in green (YO-PRO-1)
and red or orange color (propidium iodide), respective-
ly. Interestingly, cells were dyed in green after adding
DMPC/C12(EO)23 hybrid liposomes, indicating that
those liposomes could induce apoptosis. DNA fragmen-
tation characteristic of apoptosis by DMPC/C12(EO)23
hybrid liposomes toward HL-60 cells was also observed
using DNA agarose gel electrophoresis (data not
shown). In the case of DLPC/C12(EO)23 hybrid lipo-
somes, cells were dyed in orange, indicating necrosis.
On the other hand, cells were not dyed using DPPC/
C12(EO)23 hybrid liposomes, indicating that neither
apoptosis nor necrosis could be induced by those
liposomes.

In conclusion, marked inhibitory effects of DMPC/
C12(EO)23 hybrid liposomes on the growth of HL60
and induction of apoptosis were obtained without any
antitumor agents. It is noteworthy that two methylene
groups in phospholipids could distinguish between
apoptosis and necrosis for the first time in human leuke-
mia cells. The selection of hydrophobic alkyl chain in
lipids should be most important for the clinical applica-
tion to patients with carcinoma in the future.
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