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Abstract

Mannosylerythritol lipid (MEL), which induced granulocytic differentiation of human promyelocytic leukemia cell
line HL60, also induced differentiation of human myelogenous leukemia cell line K562. MEL inhibited insulin-
dependent cell proliferation and induced leukocyte esterase activity of K562 cells. MEL markedly increased the
differentiation-associated characteristics in granulocytes, such as nitroblue tetrazolium (NBT) reducing ability,
expression of Fc receptors, and phagocytic activity of K562 cells. The tyrosine phosphorylation in K562 cells
inhibited by MEL. These results suggest that MEL directly down-regulates the tyrosine kinase activities in K562
cells to inhibit the cell proliferation and to induce the differentiation.

Abbreviations:GLSs, glycosphingolipids; MEL, mannosylerythritol lipid; NAE,�-naphtyl acetate esterase;
NCAE, naphthol AS-D-chloroacetate esterase; NBT, nitroblue tetrazolium; EGF, epidermal growth factor; FBS,
fetal bovine serum; FGF, fibroblast growth factor; PBS, phosphate buffered saline; PDGF, platelet-derived growth
factor; SDS, sodium dodecyl sulfate; TGF, transforming growth factor.

Figure 1. Structure of mannosylerythritol lipid (MEL) produced by
Candida antarcticaT-34 from soybean oil. R1�4 = 2x acetyl + 2x
fatty acid.

Introduction

In the previous study, we have found that micro-
bial extracellular glycolipids, Succinoyl trehalose lipid

(STL) induced monocytoic differentiation while Man-
nosylerythritol lipid (MEL) induced granulocytic dif-
ferentiation of human promyelocytic leukemia cell
line HL60, and both STL and MEL at the concen-
tration which induced differentiation of HL60 cells
exhibited a significant decrease of protein kinase C
activity (Isoda et al., 1997). In this paper, we
examined the effect of such glycolipids on human
myelogenous leukemia cell line K562 and found that
MEL also induced the differentiation into granulo-
cyte. MEL was produced byCandida antarcticaT-34
from soybean oil at concentrations of about 40g per
liter of culture broth (Kitamotoet al., 1990). MEL
were identified as 4-O-(di-O-acetyl-di-O-alkanoyl-�-
D-mannopyranosyl)-erythritol (Figure 1). K562 was
established by Lozzio and Lozzio (1975) from a patient
with chronic myeloid leukemia in blast cell transfor-
mation, and this line has been used to study erythroid
differentiation. Erythroid differentiation of the cells
is induced by various compounds, including hemin,
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sodium butyrate, d-amino-levulinic acid, ara-C, adri-
amycin, and actinomycin D (Rowleyet al., 1981;
Hozumi, 1983; Andersonet al., 1979). We found that
MEL increased the differention associated character-
istics of the K562 cells such as NBT reducing ability,
Fc receptor expression and phagocytic activities. Fur-
thermore, we examined the tyrosine phosphorylation
regulation in the cells by the method of the western
blot analysis, because specific types of ganglioside are
reported to inhibit receptor-associated tyrosine kinase
activity, and therefore gangliosides in the lipid bilay-
er surrounding the receptors are considered to have
an important role in modulation of cell proliferation
through direct or indirect interaction with receptor-
associated tyrosine kinase (Bremeret al., 1984; 1986,
Hanaiet al., 1988; Igarashiet al; Zenget al., 1995).
Ubiquitous membrane components such as ganglio-
sides and glycosphingolipids are known to modulate
cell growth, cell adhesion, and transmembrane sig-
naling. Dramatic changes in GSLs composition and
metabolism have been observed during oncogenesis,
differentiation, and oncognenic transformation. How-
ever many obvious differences exist between mam-
malian glycolipids and MEL. In this study, we show
the granulocytic differentiation of K562 cell line by
MEL.

Materials and methods

Preparation of MEL

MEL was prepared by the method of Kitamotoet al.
(1993). The long fatty acid composition of MEL were
octanoate (17.5%), decanoate (10.1%) and tetrade-
canoate (1.1%). Found: C, 59.95; H, 8.60%. Calcd.
for C34H60O13 (2 acetyl, 2 decanoyl): C, 60.33; H,
8.94%.

Cells and cell growth

The human myelogenous leukemia cell line K562 was
obtained from Riken Cell Bank (Tsukuba, Ibaraki,
Japan). The cells were maintained in RPMI medi-
um containing 10% FBS at 37�C in humidified 5%
CO2/95% air. For MEL treatment, the cells were
cultured in a serum-free ERDF, (Kyokuto Pharma-
ceutical Kogyo Co. Tokyo, Japan) -ITES medium, in
which ITES contains 5�g/ml insulin, 10�g/ml iron-
free human transferrin, 25�M ethanolamine and 25
mM selenite, (RD-1; Kyokuto Pharmaceutical Kogyo

Co. Tokyo, Japan). The cells were counted using a
hemacytometer, and the viability was estimated by the
trypan blue dye exclusion method. MEL dissolved in
PBS were sonicated and sterilized by passage through
a MILLEX-GV 0.22 �m filter unit (Millipore Prod-
ucts Division, Bedford, USA). They were added to the
culture medium at the desired concentration.

Determination of cell differentiation

For cytochemical assessment of cell differentiation,
specific and nonspecific leukocyte esterase activities
(Li et al., 1973) were determined cytochemically by the
esterase double-staining method for NAE and NCAE
using reagents for determination of esterase (SIGMA
CHEMICAL Co. Ltd. St. Louis, USA). Specific and
nonspecific esterase activities were examined on days
3.

To assess the granulocytic differentiation of K562,
differentiation-associated characteristics in granulo-
cytes such as NBT reducing ability, expression of Fc
receptors and phagocytic activities were investigates.
The NBT-reducing ability was determined by the mod-
ified method of Takedaet al. (1988) (Isodaet al., 1996).
The expression of Fc receptors on the cell surface
of K562 was assayed by erythrocyte rosette forma-
tion (Takedaet al., 1982). The phagocytic activity of
K562 cells was measured by counting the percentage of
the cells that phagocytosed yeast particles. The yeast-
phagocytic activity was investigated with opsonized
yeast (Takedaet al., 1988).

Western blot analysis of the cells treated with MEL

K562 (2� 106 cells) were incubated with 5.0�M of
MEL. The incubation was stopped by adding 100�l of
cell suspension to the same volume of 2X Laemmli’s
sample buffer (1X is 62.5 mM Tris-HCl, pH 6.8, 4%
SDS, 5% b-mercaptoethanol, 8.5% glycerol, 2.5 mM
orthovanadate, 10 mM paranitrophenylphosphate, 12
�g/ml leupeptin, 12�g/ml aprotinin, 1.25 mM phenil-
methanesulfonyl fluoride, 0.025% bromophenol blue)
preheated at 95�C. The samples were boiled for 5 min
to completely denature the proteins and were then load-
ed onto 12.5% SDS-polyacrylamide gel electrophore-
sis (Laemmliet al., 1970).

Proteins on the gels were transferred to Immo-
bilon PDVF membranes (milipore Corporation). Non-
specific sites were blocked using 1X Block Ace
(Dainihon Pharmaceutical Industry, Japan). The anti-
phosphotyrosine (mono, X200, BioMakor, Israel)
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Figure 2. Effect of MEL on growth of K562. K562 cells were
seeded at a initial concentration of 5.0� 104 cells per ml and
grown in the ERDE-ITES medium with or without MEL. Cells
were counted with a hemacytometer, and viability was estimated
by trypan blue dye exclusion. Each data point represents the mean
of three measurements. Standard deviation were <10%.

were then incubated with the membranes for 2h at room
temperature in fresh blocking solution. The mem-
branes were washed three times at room temperature
in TBS-Tween and then incubated with horseradish
peroxidase-labeledsheep anti-mouse IgG (Cosmo Bio,
Japan) for 1h at room temperature at a final dilution
of 1/1500 in 10X Block Ace. The membranes were
washed three times with TBS-Tween and the phospho-
tyrosine bands were revealed using Konica Immunos-
tein HRP-1000 (Konica, Japan).

Results

Effect of MEL on insulin-dependent growth of K562
cells

The effect of MEL on the insulin-dependent growth of
K562 cells, studied by adding MEL to the cells cul-
tures. In the presence of MEL, the cell growth was
inhibited in a dose-dependent manner (Figure 2). At
5.0 �M of MEL, K562 cell growth was completely
inhibited. On the second day of cultivation, morpho-
logical changes of K562 were observed. The cells
exhibited drastic morphological changes were found
adhered to the bottom of the flak (Figure 3-B).

Figure 3. Giemsa staining of K562 cells cultured in the ERDF-ITES
medium with 5.0�M of MEL for 2 days. (A) Untreated K562 cells,
(B) 5.0�M of MEL treated K562 cells.

Figure 4. �-Naphthyl acetate esterase (NAE) activity and Naphthol
AS-D-chloroacetate esterase (NCAE) activity of 5.0�M of MEL
treated cells. K562 cells were cultured in the ERDF-ITES medium
with 5.0�M of MEL for 3 days. Vales are mean of three determina-
tions. Standard deviation were <10%.

Differention of K562 cells associated with
insulin-dependent growth inhibition by MEL

K562 cells treated with 5.0�M of MEL expressed
NCAE-positive cells (from 10 to 63%) and NAE-
positive cells (from 8 to 21%) which correspond to
indicate specificity for the granulocytic lineage and the
monocyticlineage, respectively (Figure 4). As shown
in Figure 5, MEL induced the occurrence of NBT
reducing ability (from 6 to 43%), expression of Fc
receptors (from 12 to 38%), and phagocytic activities
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Figure 5. Differentiation-associated characteristic properties of 5.0
�M of MEL treated cells. NBT-reducing activity was determined by
colorimetric assay. Assay of the appearance of Fc receptors was per-
formed by standard techniques for erythrocyte-antibody (EA) rosette
formation. Phagocytic activity is expressed as the eprcentage of cells
ingesting yeast particvles. Values are mean of three determinations.
Standard deviation were <10%.

(from 8 to 34%) in K562 cells. These results showed
that MEL treatment induce the differentiation of K562
cells.

Time course of tyrosine phosphorylation in K562 cells
treated with MEL

Time course of tyrosine phosphoylation in K562 cells
treated with 5�M of MEL was monitored. As shown in
Figure 6, tyrosine phosphorylationof 55-, 65-, 95-, and
135-kDa proteins were detected in non treated cells,
whereas a decrease in the level of phosphoproteins of
such protein was observed in response to 5�M of MEL
at 3 hr. It was returned after 12 to 24 hr in K562 cells
treated with 5�M of MEL, and especially, tyrosine
phosporylation of a 55-kDa protein was enhanced.

Discussion

The differentiation-inductionability of MEL on human
myelogenous leukemia cell line K562 was examined.
MEL inhibited the insulin-depent proliferation of K562
cells and enhanced differentiation associated character-
istics in monocyte and granulocyte. The induction of
specific and non specific leukocyte esterase showed

Figure 6. Time course of tyrosine phosphorylation pattern in MEL
treated K562 cells. Immunoblotting and revelation of phosphotyro-
sine was conducted, as described inMaterials and Methods.

that MEL induced granuulocytic differentiation. To
confirm whether MEL regulated protein kineases in
K562 cells, the tyrosine phosphorylation patterns were
examined by the western blot analysis. The tyrosine
phosphorylated proteins observed in non-treated cells
were clearly inhibited by 5�M of MEL at 3 hr.

Insulin is a common factor required for metabolism
of essentially all types of animal cells (Sinclairet
al., 1988) and its receptor is well-characterized. The
insulin receptor consists of two insulin-binding sub-
units (135-kDa) and two 95-kDa subunits showing
tyrosine kinase activity. When insulin binds to the
receptor, tyrosine phosphorylation at the 95-kDa sub-
units occurs (Nojiriet al., 1991). In this study, tyrosine
phosphorylation of 95- and 135-kDa proteins which
shows insulin-dependent receptor phosphorylation was
observed in non-treated K562 cells grown in a serum-
free ERDF-ITES medium, and the inhibitory effect of
MEL on it was demonstrated. These results suggest
that MEL may have interacted on the cell membrane
and inhibited insulin receptor tyrosine kinase activi-
ty in cell membrane, inhibited cell proliferation, then
induced differentiation of K562 cells.
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In our previous study MEL induced granulocyt-
ic differentiation of HL60 that has been induced to
differentiate into mature granulocytes (Collinset al.,
1977; Brietmanet al., 1980) and macrophage-like
cells (Roveraet al., 1979, McCarthyet al., 1983) and
consists of stem-like cells that are multipotent with
respect to myeloid or macrophage differentiation. In
this study, MEL also induced granulocytic differen-
tiation of K562 that has been consists of stem-like
cells that are multipotent with respect to granulocytes,
monocyte, megakaryocyte or erythrocyte differentia-
tion. Further studies on the mechanism of granulo-
cytic differentiation induction by MEL compared to a
wide variety of compounds including dimethyl sulfox-
ide (DMSO) and retinoic acid (RA) (Breitmanet al.,
1983) are needed.

References

Anderson LC, Nilsson K and Cahmberg CG (1979) K562-A human
erythroleukemic cell line Int. J. Cancer. 23: 143–147.

Bremer EG, hakomori S, Bowen-Pope DE, Raunes E and Ross
R (1984) Ganglioside-Mediated Modulation of Cell Growth,
Growth Factor Binding and Receptor Phosphorylation. J. Biol.
Chem. 259, 6818–6825.

Bremer EG, Schlessinger J and Hakomori S (1986) Ganglioside-
mediated Modulation of Cell growht. J. Biol. Chem. 261, 2434–
2440.

Brietman TR, Selonick SE and Collins SJ (1989) Induction of differ-
entiation of the human promyelicytic cell line (HL60) by retinoic
acid. Proc. Natl. Acad. Sci. USA 77, 2936–2940.

Brietman TR, Keene BR and Henmi H (1983) Cancer Survay, 2,
263–268.

Collins SJ, Gallo RC and Gallagher RE (1977) Continuous growth
and differentiation of human myeloid leukemia cells in suspen-
sion culture, Nature 270, 347–349.

Hakomori S and Igarashi Y (1992) Gangliosides and Glycosphin-
golipids as Modulators of Cell Growth, Adhesion, and Trans-
membrane Signaling, in Advances Lipid Research, Vol. 25, pp.
147–162, Accademic Press, Inc.

Hanai N, Nores GA, MacLeod C, Rorrea-Mendez CR and Hakomori
S (1988) Ganglioside-mediated Modulation of Cell Growth. J.
Biol. Chem. 263, 10915–10921.

Hanai N, Dohi T, Nores GA and Hakomori S (1988) A NOvel
Ganglioside, De-N-acetyl HM3 (II3NeuHH2LacCer), Acting as
a Strong Promoter for Epidermal Growth factor receptor Kinase
and as a Stimulator for Cell Growth. J. Biol. Chem. 263, 6296–
6301.1.

Hozumi M 61983) Fundamentals of chemotherapy of myeloid
leukemia by induction of leukemia cell differentiation. Adv. Can-
cer Res. 38: 121–169.

Igarashi Y, Nojiri H, Hanai N and Hakomori S (1989) Gangliosides
that modulate membrane protein function in Methods in Enzy-

mology (V. Ginsburg, ed.), Vol. 179, pp. 521–541. Academic
Press, Orlando, FL.

Isoda H, Shinmoto H, Kitamoto D, Matsumura M and Makahara
T (1995) Differentiation of Human Prommyelocytic Leukemia
Cell Line HL60 by Microbial Ectracellular Glycolipids, Lipids
32, 263–271.

Kitamoto D, Haneishi K, Nakahara T and Tabuchi T (1990) Produc-
tion of mannosylerythritol lipids by (Candida antarcticafrom
vegitable oils, Agric. Biol. Chem. 54, 37–40.

Kitamoto D, Yanagishita H, Shinbo T, Nakane T, Kamisawa C and
Nakahara T (1993) Surface active properties and antimicrobial
activities of mannosylerythritol lipids as biosurfactants produced
by Candida antarctica. J. Biotech. 29, 91–96.

Laemmli, UK (1970) Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227, 680–684.

Li CY, Lam KW and Yam LT (1973) Esterase in human leukocytes.
J. Histochem. Cytochem. 21, 1–12.

Lozzio CB and Lozzio BB (1975) Human chronic myulogenous
leukemia cell line with positive Philadelphia chromosome. Blood
45, 321–334.

McCarthy DM, San Miguel F, Freake HC, Green PM, Zola H,
Catovsky D and Goldman JM (1983) 1,25-Dihydroxyvitamin D3
inhibits proleferation of human promyelocytic leukemia (HL60)
cells and induces monocyte-macrophage differentiation in HL60
and norma human bone marrow cells. Leuk. Res. 7, 51–55.

Nojiri H, Stroud M and Hakomori S (1991) A specific Type of
GAnglioside as a Modulator of Insulin-dependent Cell Growth
and Insulin Receptor Tyrosine Kinase Activity. J. Biol. Chem.
266, 4531–4537.

Rovera G, Santoli D and Damsky C (1979) Human promyelocytic
leukemia cells in culture differentiate into macrophage-like cells
when treated with a phorbol diester. Proc. Natl. Acad. Sci. USA
76, 2779–2783.

Rowley PT, Ohlsson-Wilhelm BM, Farley BA and LaBella S (1981)
Inducers ofythroid differentiation ion K562 human leukemia
cells. Exp. Jematol. 9: 32–37.

Sinclair J, MacClain D and Taetle R (1988) Effect of Insulin-Like
Growth Factor I on Growth of Human Leukemia Cells in Serum-
free and Protein-Free Medium. Blood 72: 66–72.

Takeda K, Hosoi T, Noda M, Arimura H and Konno K (1988) Effect
of fibroblast-derived differentiation inducing factor on the differ-
entiation of human monocytoid and myeloid leukemia cell lines.
Biochem. Biophisic. Res. Com. 155: 24–31.

Takeda K, Minowada J and Bloch A (1982) Kinetics of appearance
of differentiation-associated characteristics in ML-1, a line of
human myeloblastic leukemia cells, after treatment with 12-O-
tetradecanoylphorbol-13-acetate, dimenthyl sulfoxide, or 1-b–D-
arabinofuranosylcytosine. Cancer Research 42: 5152–5158.

Zeng G, Ariga T, Gu XB and Yu RK (1995) Regulation of glycolipid
synthesis in HL-60 cells by antisense oligodeoxynucleotides to
glucosyltransferase sequences: Effect on cellulat differentiation.
Proc. Natl. Acad. Sci. USA 92: 8670–8674.

Address for correspondence:Tadaatsu Nakahara, Institute of
Applied Biochemistry, University of Tsukuba, 1-1-1 Tennodai,
Tsukuba, Ibaraki, 305, Japan

cytoss8.tex; 8/12/1997; 10:52; v.7; p.5


