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Clustering of Lipid Rafts in Plasma Membranes by Hybrid Liposomes
for Leukemia Cells along with Apoptosis
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Clustering of lipid rafts in plasma membranes by hybrid
liposomes (HL-23) composed of L-a-dimyristoylphosphatidyl-
choline (DMPC) and polyoxyethylene(23) dodecyl -ether
(C12(EO),3) for human leukemia HL-60 cells was observed for
the first time. It was suggested that the induction of apoptosis by
HL-23 could be related to an increase of membrane fluidity and
the formation of lipid rafts in the plasma membranes of HL-60
cells.

Apoptosis, or programmed cell death, is a fundamental
process in the development of multicellular organisms and it is
distinguished from exogenous cell death necrosis. Although it
is initiated by many physiologic and pathologic stimuli, all
apoptotic cells undergo a similar sequence of morphological and
biochemical events.! On the other hand, it is well known that
many cancer cells are resistant to apoptosis due to the gene
mutation of tumor suppressor protein p53,% the expression of
antiapoptotic proteins such as Bcl-2,% and so on. Recently, some
studies have reported that apoptosis were induced by antitumor
drugs in cancer cells through the death receptor and/or
mitochondrial pathways in which the cell membranes (plasma
membranes) play an important role as a mediator of apoptotic
processes in the initial stage.* These studies suggest that
membrane targeted chemotherapy for the regulation of apoptosis
pathways would be a novel approach to cancer therapy.’

Hybrid liposomes, first developed by Ueoka et al.,° can be
prepared by simply sonicating a mixture of vesicular and
micellar molecules in buffer solutions. We have reported the
inhibitory effects of hybrid liposomes composed of L-o-
dimyristoylphosphatidylcholine (DMPC) and polyoxyethyl-
ene(20) sorbitan monolaurate (Tween 20) including bioactive
substances such as antitumor drugs,’® sugar surfactants,”® and
fatty acids’® on the growth of tumor cells in drug delivery
systems. On the other hand, hybrid liposomes (HL-#n) composed
of DMPC and polyoxyethylene(n) alkyl ethers demonstrated
remarkable inhibitory effects on the growth of various tumor
cells in vitro® and in vivo.8*%%® Furthermore, the successful
clinical chemotherapy with drug-free HL-n for patients with
lymphoma has been reported.>!?

In the course of our study on the inhibitory effects of HL-n
on the growth of human promyelocytic leukemia HL-60 cells,
we have elucidated that HL-n can fuse and accumulate into
the plasma membranes of HL-60 cells, activate the caspase
cascades, and induce apoptosis in the cells.!! It has been also
demonstrated that the apoptotic signal first passes through
mitochondria, caspase-9, and caspase-3, second through Fas,
caspase-8, and caspase-3, and then reaches the nucleus.''®
However, there have been few studies on the early processes
for the plasma membranes of HL-60 cells leading to apoptosis
induced by HL-n.
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Scheme 1. Schematic representation of hybrid liposomes (HL-
23) composed of DMPC and C;,(EO),3.

In this study, we examined the inhibitory effects of hybrid
liposomes (HL-23) composed of 90 mol % DMPC and 10 mol %
polyoxyethylene(23) dodecyl ether (C1,(EO),3) (Scheme 1) and
the induction of apoptosis in HL-60 cells by HL-23 in relation to
the increase of membrane fluidity and the formation of lipid rafts
in the plasma membranes in vitro.

The hybrid liposomes (HL-23) were prepared by sonication
(VS-N300, VELVO-CLEAR, Japan) of a mixture containing
90 mol % DMPC (NOF, Japan) and 10 mol % C1,(EO),3 (Sigma
Chemical, U.S.A.) in 5% glucose solution as described
previously.''® The sample solutions were sterilized using a
membrane filter with 0.20 um pore size. Dynamic light-scatter-
ing measurements with an Otsuka Electronics ELS-8000
apparatus (Japan) showed that the size of HL-23 was less than
100nm in diameter and remained stable for more than one
month (data not shown).

We have reported previously that HL-n markedly inhibited
the growth of human promyelocytic leukemia HL-60 cells in
vitro. 1&1lelld 1 addition, it was also indicated that the
inhibitory effects of HL-n were attained through the induction
of apoptosis in HL-60 cells on the basis of confocal laser
microscopic observations, agarose gel electrophoresis, and flow
cytometry analysis.!! In this study, we confirmed the effects of
HL-23 on the induction of apoptosis in HL-60 cells using flow
cytometry. HL-60 cells (RIKEN Cell Bank, Japan) (1.0 x 10°
cells/mL) were incubated with HL-23 ([DMPC] = 5.0 x 107*
M) in a humidified atmosphere of 5% CO, at 37 °C, washed with
phosphate buffered-saline (PBS(—)), resuspended in PBS(—)
containing 500 ugmL~" propidium iodide (PI), 0.25pgmL~!
RNase, and 0.1% Triton X-100. Then, the content of apoptotic
DNA fragments in HL-60 cells was analyzed using a flow
cytometer (Epics XL system II, Beckman Coulter, U.S.A.)
(excitation/detection = 488 nm/605-635nm).!'>!1> The results
are shown in Figure 1. The rate increased rapidly at 2—4h and
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Figure 1. Apoptotic DNA rate of HL-60 cells after the treat-
ment with HL-23. [DMPC]=5.0 x 107*M, [C»(EO)xn] =
5.6 x 107> M. Error bars indicate SE for 2 individual experi-
ments. *: Significant difference (p < 0.05) compared with the
control (Student’s t-test).

reached maximum at 6 h after the treatment with HL-23. This
result indicates that HL-23 could effectively induce apoptosis in
HL-60 cells.

It was also elucidated that the first step of inducing
apoptosis could be related to the fusion and accumulation of
HL-n into the plasma membranes of HL-60 cells as shown in
microphysiometry analysis.''"®!!* In this study, we examined the
initial events of HL-23-indued apoptosis with a fluorescent lipid
1-palmitoyl-2-{12-[(7-nitro-2,1,3-benzoxadiazol-4-yl)amino]-
dodecanoyl }-sn-glycero-3-phosphocholine (NBDPC) (Avanti
Polar Lipids, U.S.A.). HL-60 cells (2.5 x 103 cells/mL) were
treated with HL-23 ([DMPC] = 1.0 x 107*M) containing
NBDPC (4.7 x 107M) and the fluorescence intensity was
measured with a flow cytometer (excitation/detection =
488 nm/500-530nm). The fluorescence intensity per cell in-
creased rapidly at 1 min after treatment with HL-23 including
NBDPC, followed by a gradual increase for 30 min as shown in
Figure 2. This indicates that HL-23 could fuse with HL-60 cells
within a few minutes and accumulate gradually for more than
30 min.

On the other hand, an increase in cell membrane fluidity has
been observed along with the induction of apoptosis in cancer
cells.!? Therefore, we evaluated the membrane fluidity of HL-60
cells by the fluorescence polarization (P) of 1,6-diphenyl-1,3,5-
hexatriene (DPH) (Nacalai Tesque, Japan) in the plasma
membranes, which reflects the microviscosity of the hydro-
phobic membranes around the fluorescent probe.'> HL-60 cells
(2.5 x 10°cells/mL) were labeled with DPH (1.0 x 107°M)
and washed twice with PBS(—). After the incubation of HL-60
cells for 10 min, the P value was measured in the presence of
HL-23 ([DMPC] = 0-1.0 x 10~*M) using a Hitachi F-4500
fluorescence spectrophotometer (Japan).'* The results are shown
in Figure 3. The P value immediately decreased after the
addition of HL-23, indicating the increase in membrane fluidity
of HL-60 cells, in dose- and time-dependent manners. The rapid
response of P value to HL-23 was in agreement with that of
the fluorescence intensity of HL-60 cells to HL-23 including
NBDPC shown in Figure 2. The increase in membrane fluidity
could be related to the early fusion of HL-23 with HL-60
cells.!
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Figure 2. Fluorescence intensity of HL-60 cells after the treat-
ment with HL-23 including NBDPC. [DMPC] = 1.0 x 107*M,
[C12(EO)] = 1.1 x 10°M, [NBDPC] =4.7 x 107®M. Error
bars indicate SE for 3 individual experiments.
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== Control (DMPC] = 0 M),=: [DMPC] = 1.0x10-" M,
=: [DMPC] = 1.0x106 M, - : [DMPC] = 1.0x10-5 M,
=: [DMPC] = 1.0x104M

Figure 3. Fluorescence polarization (P) of DPH-labeled HL-
60 cells after the treatment with HL-23. [DPH] = 1.0 x 107°M,
[DMPC] = 0-1.0 x 107~#M, [C12(EO)y3] = 0-1.1 x 107> M.
Error bars indicate SE for 3 individual experiments.

It was reported that the anticancer drug cisplatin could
induce the clustering of lipid microdomains “lipid rafts”
enriched with cholesterol, sphingolipids, and ganglioside GM;
in plasma membranes and could mediate apoptosis toward
human colon carcinoma cells along with the increase in
membrane fluidity.*>!?* Thus, we investigated the clustering of
lipid rafts in plasma membranes of HL-60 cells with a marker
Cholera toxin subunit B conjugates Alexa Fluor 647 (CTB)
(Molecular Probes, U.S.A.), which binds to the pentasaccharide
chains of ganglioside GM; on the cellular surfaces.'® HL-60
cells (1.0 x 10° cells/mL) were treated with HL-23 ([DMPC] =
5.0 x 107*M) for 10min, washed with cold PBS(—), stained
with CTB (10 ugmL™") for 30 min on ice, and observed using
a confocal laser microscope (excitation/detection = 633 nm/
650-670nm). The results are shown in Figure 4. The red
fluorescence was concentrated to the distinct patches on the
plasma membrane of HL-60 cells treated with HL-23, indicating
that HL-23 could induce the clustering of lipid rafts in plasma
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Figure 4. Fluorescence micrographs of CTB-labeled HL-60
cells treated with HL-23 for 10 min. [DMPC] = 5.0 x 1074 M,
[C12(EO)y3] = 5.6 x 10°M. The micrographs were obtained
from 2 individual experiments. Scale bar, 10 um.

membranes. On the other hand, the even red fluorescence from
CTB was exhibited at the plasma membrane of HL-60 cells
(control) untreated with HL-23, indicating the homogeneous
distribution of lipid rafts in the plasma membranes. It is of
interest that the clustering of lipid rafts could occur within
10 min after the treatment with HL-23. It is well known that the
localized lipid rafts serve as platforms into which the apoptotic
signaling molecules are recruited and are involved in the
production of apoptosis inducer ceramides.*'?>!7 Although the
mechanistic details are not yet clear, the clustering of lipid rafts
must be an important event of HL-23-induced apoptosis in the
early stage. The findings in this study suggest that first HL-23
could fuse and accumulate into HL-60 cells, and next the
apoptotic signals might be transferred through the localized lipid
rafts in plasma membranes with high fluidity, and finally
apoptosis should be induced.

In conclusion, we demonstrated for the first time that the
hybrid liposomes (HL-23) composed of 90 mol % DMPC and
10 mol % polyoxyethylene(23) dodecyl ether (C1,(EO),3) could
induce the clustering of lipid rafts in the plasma membranes for
HL-60 cells leading to apoptosis.

This work was supported in part by a Grant-in-Aid for
Science Research from the Ministry of Education, Culture,
Sports, Science and Technology of Japan (Nos. 20107007,
20360377, 20560732, and 21560813).

References and Notes

1 S. J. Martin, D. R. Green, T. G. Cotter, Trends Biochem. Sci.
1994, 19, 26; G. Majno, 1. Joris, Am. J. Pathol. 1995, 146, 3;
M. K. Squier, A. J. Sehnert, J. J. Cohen, J. Leukocyte Biol. 1995,
57, 2.

2 J. C.Reed, J. Cell Biol. 1994, 124, 1.

3 T. G. Graeber, C. Osmanian, T. Jacks, D. E. Housman, C. J.
Koch, S. W. Lowe, A. J. Giaccia, Nature 1996, 379, 88.

4 a)A.J. Stel, B. ten Cate, S. Jacobs, J. W. Kok, D. C. J. Spierings,

Chem. Lett. 2010, 39, 1291-1293

w

10

11

12

13

15

16

17

© 2010 The Chemical Society of Japan

1293

M. Dondorff, W. Helfrich, H. C. Kluin-Nelemans, L. F. de Leij,
S. Withoff, B. J. Kroesen, J. Immunol. 2007, 178, 2287. b) C.
Gajate, E. del Canto-Jafiez, A. U. Acuiia, F. Amat-Guerri, E.
Geijo, A. M. Santos-Beneit, R. J. Veldman, F. Mollinedo, J. Exp.
Med. 2004, 200, 353. ¢) A. Rebillard, X. Tekpli, O. Meurette,
O. Sergent, G. LeMoigne-Muller, L. Vernhet, M. Gorria, M.
Chevanne, M. Christmann, B. Kaina, L. Counillon, E. Gulbins,
D. Lagadic-Gossmann, M.-T. Dimanche-Boitrel, Cancer Res.
2007, 67, 7865.
S.-Y. Sun, N. Hail, Jr., R. Lotan, J. Natl. Cancer Inst. 2004, 96,
662; 1. M. Ghobrial, T. E. Witzig, A. A. Adjei, CA Cancer J.
Clin. 2005, 55, 178.
R. Ueoka, Y. Matsumoto, R. A. Moss, S. Swarup, A. Sugii, K.
Harada, J. Kikuchi, Y. Murakami, J. Am. Chem. Soc. 1988, 110,
1588.
a) L. Kitamura, M. Kochi, Y. Matsumoto, R. Ueoka, J. Kuratsu,
Y. Ushio, Cancer Res. 1996, 56, 3986. b) Y. Matsumoto, Y.
Tanaka, K. Goto, R. Ueoka, Chem. Lett. 2008, 37, 118. ¢) Y.
Kadota, T. Ibuki, K. Goto, Y. Matsumoto, R. Ueoka, Chem. Lett.
2005, 34, 370.
a) Y. Matsumoto, T. Kato, S. Iseki, H. Suzuki, K. Nakano, M.
Iwahara, R. Ueoka, Bioorg. Med. Chem. Lett. 1999, 9, 1937. b)
Y. Iwamoto, Y. Matsumoto, R. Ueoka, Int. J. Pharm. 2005, 292,
231. ¢) Y. Komizu, Y. Matsumoto, R. Ueoka, Bioorg. Med.
Chem. Lett. 2006, 16, 6131. d) H. Nagami, Y. Matsumoto, R.
Ueoka, Biol. Pharm. Bull. 2006, 29, 380. e¢) H. Nagami, Y.
Matsumoto, R. Ueoka, Int. J. Pharm. 2006, 315, 167. f) S.
Shimoda, H. Ichihara, Y. Matsumoto, R. Ueoka, Chem. Lett.
2009, 38, 134.
R. Ueoka, Y. Matsumoto, H. Ichihara, T. Kiyokawa, in ACS
Symposium Series 830, Biological Systems Engineering, 3rd ed.,
ed. by M. R. Marten, T. H. Park, T. Nagamune, American
Chemical Society, Washington, 2002, Vol. 830, Chap. 14,
pp. 177-189.
H. Ichihara, H. Nagami, T. Kiyokawa, Y. Matsumoto, R. Ueoka,
Anticancer Res. 2008, 28, 1187.
a) C. Imamura, Y. Kemura, Y. Matsumoto, R. Ueoka, Biol.
Pharm. Bull. 1997, 20, 1119. b) Y. Matsumoto, T. Kato, Y.
Kemura, M. Tsuchiya, M. Yamamoto, R. Ueoka, Chem. Lett.
1999, 53. ¢) Y. Matsumoto, Y. Iwamoto, T. Matsushita, R.
Ueoka, Int. J. Cancer 2005, 115, 377. d) H. Nagami, K. Nakano,
H. Ichihara, Y. Matsumoto, R. Ueoka, Bioorg. Med. Chem. Lett.
2006, /6, 782.
a) K. Fujimoto, C. Iwasaki, H. Kawaguchi, E. Yasugi, M.
Oshima, FEBS Lett. 1999, 446, 113. b) S. Lacour, A. Hammann,
S. Grazide, D. Lagadic-Gossmann, A. Athias, O. Sergent, G.
Laurent, P. Gambert, E. Solary, M.-T. Dimanche-Boitrel, Cancer
Res. 2004, 64, 3593.
T. Azumi, S. P. McGlynn, J. Chem. Phys. 1962, 37, 2413.
The emission at 430 nm originating from DPH was monitored
upon excitation at 360 nm using a fluorescence spectrophotom-
eter. The fluorescence polarization (P) of DPH-labeled HL-60
was calculated by eq 1

pP= (Ivv - Cflvh)/(lvv + Cflvh) (1)
where [ is the fluorescence intensity and the subscripts v and h
refer to the orientations, vertical and horizontal, respectively, for
the excitation and analyzer polarizers in this sequence: e.g., Iy
indicates the fluorescence intensity measured with a vertical
excitation polarizer and a horizontal analyzer polarizer. C; is the
grating correction factor, given by liy//Ihp.
T. Towata, Y. Komizu, S. Suzu, R. Ueoka, S. Okada, Biochem.
Biophys. Res. Commun. 2010, 393, 445.
T. Harder, P. Scheiffele, P. Verkade, K. Simons, J. Cell Biol.
1998, /41, 929.
V. Michel, M. Bakovic, Biol. Cell 2007, 99, 129; C. Gajate, F.
Gonzalez-Camacho, F. Mollinedo, PLoS One 2009, 4, e5044; A.
Cremesti, F. Paris, H. Grassmé, N. Holler, J. Tschopp, Z. Fuks, E.
Gulbins, R. Kolesnick, J. Biol. Chem. 2001, 276, 23954.

www.csj.jp/journals/chem-lett/


http://dx.doi.org/10.1016/0968-0004(94)90170-8
http://dx.doi.org/10.1016/0968-0004(94)90170-8
http://dx.doi.org/10.1083/jcb.124.1.1
http://dx.doi.org/10.1038/379088a0
http://dx.doi.org/10.1084/jem.20040213
http://dx.doi.org/10.1084/jem.20040213
http://dx.doi.org/10.1158/0008-5472.CAN-07-0353
http://dx.doi.org/10.1158/0008-5472.CAN-07-0353
http://dx.doi.org/10.1093/jnci/djh123
http://dx.doi.org/10.1093/jnci/djh123
http://dx.doi.org/10.3322/canjclin.55.3.178
http://dx.doi.org/10.3322/canjclin.55.3.178
http://dx.doi.org/10.1021/ja00213a035
http://dx.doi.org/10.1021/ja00213a035
http://dx.doi.org/10.1246/cl.2008.118
http://dx.doi.org/10.1246/cl.2005.370
http://dx.doi.org/10.1246/cl.2005.370
http://dx.doi.org/10.1016/S0960-894X(99)00303-0
http://dx.doi.org/10.1016/j.ijpharm.2004.11.034
http://dx.doi.org/10.1016/j.ijpharm.2004.11.034
http://dx.doi.org/10.1016/j.bmcl.2006.08.099
http://dx.doi.org/10.1016/j.bmcl.2006.08.099
http://dx.doi.org/10.1248/bpb.29.380
http://dx.doi.org/10.1016/j.ijpharm.2006.02.012
http://dx.doi.org/10.1246/cl.2009.134
http://dx.doi.org/10.1246/cl.2009.134
http://dx.doi.org/10.1246/cl.1999.53
http://dx.doi.org/10.1246/cl.1999.53
http://dx.doi.org/10.1002/ijc.20882
http://dx.doi.org/10.1016/j.bmcl.2005.11.034
http://dx.doi.org/10.1016/j.bmcl.2005.11.034
http://dx.doi.org/10.1016/S0014-5793(99)00204-5
http://dx.doi.org/10.1158/0008-5472.CAN-03-2787
http://dx.doi.org/10.1158/0008-5472.CAN-03-2787
http://dx.doi.org/10.1063/1.1733019
http://dx.doi.org/10.1016/j.bbrc.2010.02.016
http://dx.doi.org/10.1016/j.bbrc.2010.02.016
http://dx.doi.org/10.1083/jcb.141.4.929
http://dx.doi.org/10.1083/jcb.141.4.929
http://dx.doi.org/10.1042/BC20060051
http://dx.doi.org/10.1371/journal.pone.0005044
http://dx.doi.org/10.1074/jbc.M101866200
http://www.csj.jp/journals/chem-lett/

