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Novel hybrid liposomes (DMPC/DHA) composed of L-¡-
dimyristoylphosphatidylcholine and docosahexaenoic acid were
produced. DMPC/DHAwere smaller and more stable than pure
DMPC liposomes. It is attractive that DMPC/DHA could
remarkably inhibit the growth of human colon cancer HCT116
cells along with apoptosis and differentiation in vitro.

Docosahexaenoic acid (DHA) is an ½-3 polyunsaturated
long-chain fatty acid (½-3 PUFAs), whose antitumoral actions
have been widely demonstrated in epidemiological and exper-
imental studies.1 For example, diets containing fish oil rich in
DHA and eicosapentaenoic acid (EPA) show inhibitory effects
against colon tumorigenesis.2 Furthermore, it has been reported
that DHA inhibits the growth of various cancer cells by
cytotoxicity of lipid peroxidation3 and by apoptotic cell death
in vitro.4 In addition, recent studies have indicated that the
induction of apoptosis might be caused by oxidative DNA
damage5 and endoplasmic reticulum (ER) stress6 in cancer cells.
This research suggests that DHA could be an effective drug for
cancer chemotherapy.

Hybrid liposomes (HL)7 can be prepared by sonication of a
mixture of L-¡-dimyristoylphosphatidylcholine (DMPC) and
polyoxyethylene(n) alkyl ethers in a buffer solution. HL have
remarkably inhibitory effects on the growth of various cancer
cells in vitro8 and in vivo.9 Furthermore, successful clinical
chemotherapy with drug-free HL to patients with lymphoma has
been reported since being approved by the committee of
bioethics.10 On the other hand, significantly prolonged survival
for brain tumor model rats was obtained by the administration
of antitumor nitrosoureas (BCNU) encapsulated in HL com-
posed of DMPC and polyoxyethylene(20) sorbitan monolaurate
(Tween 20).11 Moreover, it was found that DHA and other
PUFAs incorporated in HL composed of DMPC and polyoxy-
ethylene(20) sorbitan monooleate (Tween 80) inhibited the
growth of cancer cells through the induction of apoptosis or
necrosis in vitro.12 These studies showed that HL should be
effective for improving the solubilization and stabilization of
hydrophobic agents in the drug delivery system (DDS).13

To extend our study of DHA as an anticancer drug in DDS,
we produced hybrid liposomes (DMPC/DHA) composed of
DMPC and DHA and investigated the inhibitory effects of
DMPC/DHA on the growth of human colon cancer (HCT116)
cells in vitro. First, the physical properties of hybrid liposomes
(DMPC/DHA) (Figure 1a) were examined on the basis of
dynamic light scattering8c and fluorescence polarization.9b

DMPC/DHA were prepared by sonication of a mixture
containing DMPC (NOF) and DHA (Sigma Chemical) with a
bath type sonicator (VS-N300, VELVO-CLEAR) at 45 °C in 5%

glucose solution.12 The liposomes composed of DMPC alone
(DMPC liposomes) were prepared in the same manner as
described above. Figure 1b shows the time course of the
hydrodynamic diameter (dhy) change for DMPC/DHA using an
electrophoretic light scattering spectrophotometer (ELS-8000,
Otsuka Electronics). The mean dhy of DMPC/DHA composed of
1060mol% DHA were 60160 nm in diameter with a single
and narrow distribution and stable for 21 days, though DMPC
liposomes gradually increased with time. On the other hand, the
membrane fluidity of DMPC/DHA was evaluated by the
fluorescence polarization (P) of 1,6-diphenyl-1,3,5-hexatriene
(DPH) placed in the hydrophobic membrane domain. The P
value of DPH in DMPC/DHA increased with increasing the
composition of DHA (Figure 1c). This indicates that membrane
fluidity of DMPC/DHA decreased gradually with increasing
composition of DHA. Probably, hydrophobic DHA incorporated
into the hydrophobic membranes of DMPC liposomes could
improve the membrane stability.12b,13
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Figure 1. Hybrid liposomes (DMPC/DHA) composed of
DMPC and DHA. (a) Molecular structures of DMPC and
DHA. (b) Time course of hydrodynamic diameter (dhy) change
for DMPC/DHA at 25 °C. (c) Fluorescence polarization (P) of
DPH in DMPC/DHA at 37 °C. [DMPC] = 1000¯M; [DHA] =
111 (10mol%), 429 (30mol%), 667 (40mol%), 1000 (50
mol%), and 1500¯M (60mol%); [DPH] = 0.10¯M. *Signifi-
cant difference (p < 0.05) compared with DMPC liposomes.
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With respect to the inhibitory effects of DMPC/DHA on the
growth of human colon cancer (HCT116) cells, we examined the
fifty percent inhibitory concentration (IC50) of DMPC/DHA on
the basis of WST-8 assay9b in vitro. The IC50 value of DHA in
DMPC/DHA ([DMPC] = 100¯M) was 53 « 2¯M, whereas
that of DMPC liposomes was 405 « 3¯M. It was obvious that
DMPC/DHA markedly inhibited the growth of HCT116 cells,
as similarly observed in the case of DHA included in HL for
other cancer cells in vitro.12 In our previous studies, it was also
shown that the inhibitory effects of HL including DHA on the
growth of lung carcinoma RERF-LC-OK cells, stomach tumor
MKN45 cells, and colon tumor WiDr cells could be attained
through the induction of apoptosis in vitro.12 Therefore, we
examined the induction of apoptosis in HCT116 cells exposed
to DMPC/DHA composed of 50mol% DHA (100¯M) by
TUNEL using a confocal laser microscope.9b The fluorescence
micrograph images of HCT116 cells are shown in Figure 2a.
The nuclei of all cells were stained with TOPRO-3, which
emitted red fluorescence. As regards the TUNEL staining,
HCT116 cells were dyed in green (or yellow) by the addition of
DMPC/DHA, though no green fluorescence was observed in the
case of DMPC liposomes. The observations indicated that
exposure of HCT116 cells to DMPC/DHA induced the DNA
fragmentation of apoptosis. In addition, the DNA fragmentation
in apoptotic HCT116 cells was surveyed by flow cytometry8c

and the results are shown in Figure 2b. High apoptotic DNA
rates of HCT116 cells were obtained for DMPC/DHA com-
posed of 50 and 60mol% DHA (100 and 150¯M) as compared

with those for the control and DMPC liposomes. This
demonstrated that the markedly inhibitory effects of DMPC/
DHA on the growth of HCT116 cells are caused by the induction
of apoptosis in vitro. However, the DNA fragmentation in
HCT116 cells was not detected in the presence of DMPC/DHA
composed of 1040mol% DHA (11.166.7¯M), which sug-
gested another mechanism for the inhibitory effects of DMPC/
DHA on the growth of HCT116 cells.

Recently, some studies reported that DHA could induce cell
differentiation toward certain cancer cell lines. For example,
DHA inhibited the growth of human breast MCF-7 cancer cells14

and colon CaCo-2, SW480, SW620 cancer cells15,16 accompa-
nied with the differentiation in vitro. The differentiation of
cancer cells could be evaluated by measuring the accumulation
of cytoplasmic lipid droplets, activation of alkaline phosphatase,
upregulation of E-cadherin, and so on.1719 Here, we observed
the induction of differentiation in HCT116 cells treated with
DMPC/DHA composed of 35mol% DHA (53.8¯M) by lipid
droplet staining with Nile Red20 and alkaline phosphatase (AP)
activity assay with p-nitrophenyl phosphate substrate.22 Sodium
butyrate (SB) was used as a differentiation-inducing agent in
positive control experiments.23,24 The fluorescence micrographs
of HCT116 cells stained with Nile Red are shown in Figure 3.
The accumulation of lipid droplets stained with Nile Red (red
fluorescence) was observed in the cytoplasm of HCT116 cells
treated with SB and DMPC/DHA, though the lipid droplets

(b)

Control DMPC DMPC/DHA
(a)

A
po

pt
ot

ic
 D

N
A

 r
at

e 
/%

/mol%

0

10

20

30

40

50

60

10 35 40 50 60

[DMPC]+[DHA]

[DHA]

*

*

Figure 2. Induction of apoptosis for HCT116 cells treated
with DMPC/DHA. (a) Fluorescence micrograph images of
HCT116 cells stained by TUNEL after the treatment with
DMPC/DHA for 48 h. [DMPC] = 100¯M, [DHA] = 100¯M.
Scale bar: 10¯m. (b) Apoptotic DNA rate for HCT116 cells
after the treatment with DMPC/DHA for 48 h. [DMPC] =
100¯M; [DHA] = 11.1 (10mol%), 53.8 (35mol%), 66.7
(40mol%), 100 (50mol%), and 150¯M (60mol%). Data
represent the mean « SE (n = 3). *Significant difference (p <
0.05) compared with the control.
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Figure 3. Fluorescence micrographs of HCT116 cells stained
with Nile Red after the treatment with SB, DMPC liposomes, or
DMPC/DHA for 48 h. [SB] = 1.0mM, [DMPC] = 100¯M,
[DHA] = 53.8¯M, [Nile Red] = 0.31¯M. Scale bar: 20¯m.
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were less in those treated with DMPC liposomes. Figure 4
shows the AP activity of HCT116 cells, which is expressed as
the concentration of p-nitrophenol produced by the hydrolysis of
p-nitrophenyl phosphate for 30min. The AP activity was
significantly increased in the HCT116 cells treated with SB
and DMPC/DHA compared to that for the control and DMPC
liposomes. These observations indicate that DMPC/DHA could
induce the differentiation toward HCT116 cells and inhibit the
growth of HCT116 cells through the induction of not only
apoptosis but also differentiation.

In conclusion, this study demonstrated for the first time that
markedly inhibitory effects of hybrid liposomes composed of
DMPC and DHA on the growth of human colon cancer HCT116
cells were attained through the induction of apoptosis and
differentiation.

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, and 21560813).
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Figure 4. Alkaline phosphatase (AP) activity of HCT116 after
treatment with SB, DMPC liposomes, or DMPC/DHA for 48 h.
[SB] = 1.0mM, [DMPC] = 100¯M, [DHA] = 53.8¯M. AP
activity of HCT116 cells is expressed as the concentration
of p-nitrophenol produced by the hydrolysis of p-nitrophenyl
phosphate for 30min. Data represent the mean « SE (n = 3).
*, **Significantly difference (p < 0.05, p < 0.01) compared
with the control.
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