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Cyclophosphamide-Induced Apoptosis in A431 Cells Is
Inhibited by Fucosyltransferase IV
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ABSTRACT

Fucosyltransferase IV (FUT4) is an essential enzyme that catalyzes the synthesis of difucosylated oligosaccharide LeY which is overexpressed
in the cancers derived from the epithelial tissues. Our previous studies have shown that FUT4 overexpression promotes A431 cell proliferation
through the MAPK and PI3K/Akt signaling pathways, but the relationship between FUT4 and apoptosis remained unclear. Here, we
investigated the effect of FUT4 overexpression on cyclophosphamide (CPA)-induced apoptosis in A431 cells. Western blot analysis showed
that FUT4 overexpression decreased expression of Bax, Caspase 3, and PARP proteins, and increased anti-apoptotic Bcl-2 protein in A431
cells. The anti-apoptosis effect of FUT4 was confirmed both by Annexin-V/PI and JC-1 assays. The results showed that FUT4 overexpression
up-regulated phosphorylation of ERK1/2 and Akt which was inhibited by CPA in dose-dependent manner. By blocking the ERK/MAPK and
PI3K/Akt pathways with specific inhibitors, we demonstrated that these two pathways were required in mediating the anti-apoptosis effect of
FUT4. We concluded that FUT4 inhibited cell apoptosis induced by CPA through decreasing the expression of apoptotic proteins Bax, Caspase
3, and PARP and increasing the expression of anti-apoptotic protein Bcl-2 via the ERK/MAPK and PI3K/Akt signaling pathways in A431 cells.
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T he members of fucosyltransferase (FUT) gene family
participate in the transferring of L-fucose from GDP-fucose
to their acceptors in a1,2-, «1,3/4-, and a1,6-linkages. Six human
a1,3-fucosyltransferases genes have been identified, including
FUT3, 4, 5, 6, 7, and 9 genes [Ma et al., 2006]. LeY is a difucosylated
oligosaccharide with the chemical structure [Fucal — 2GalB1 —
4(Fucal — 3)GlcNAcB1 —R] [Cao et al., 2001; Escrevente et al.,
2006]. The a1,3-fucosylation of LeY is catalyzed by fucosyltrans-
ferase IV (FUT4). FUT4 is a critical enzyme that controls LeY
oligosaccharide synthesis [Taniguchi et al., 2000; Wang et al., 2001].
FUT4 is mainly expressed in the leukocytes and some epithelial cells
[Allahverdian et al., 2006]. Increases in the expression of FUT4 level
are seen in different cancers, for example, gastric carcinoma [Petretti
et al., 1999], colorectal cancer [Ito et al., 1997; Kudo et al., 1998],
pancreatic cancer [Ito et al., 1997], and lung adenocarcinoma
[Martin-Satue et al., 1998].

The glycosylation of cell surface proteins is important for cancer
biology processes such as cellular proliferation and metastasis

[Helenius and Aebi, 2001]. Several reports indicated that fucosyl-
transferases had a role in cell proliferation and metastasis. The
increased fucosylation of EGFR significantly promoted EGF-
mediated cellular growth [Matsumoto et al., 2008]. Higher
expression of fucosyltransferases (FUT1, FUT4) might be an
important step in the formation of surface structures that facilitate
metastasis of melanoma [Ciolczyk-Wierzbicka et al., 2007].
Apoptosis is now recognized as an important process for normal
development of multicellular organisms and plays a major role in
homeostasis [Rokhlin et al., 1997; Li et al., 2005]. The pathways of
cellular proliferation and apoptosis appear to be linked to minimize
the occurrence of neoplasia [Harrington et al., 1994]. In multi-
cellular organisms, the total number of cells is a balance between the
cell-generating effects of mitosis and cell death that is induced
through apoptosis. A disruption of this delicate balance can lead to
the development of cancer [Cotter, 2009]. Deregulation of apoptotic
signaling pathways may suggest a mechanism to promote
tumorigenesis by preventing the elimination of these cells through
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normal checkpoint control [Skaug et al., 2009; Wagner and Nebreda,
2009].

Cyclophosphamide (CPA) is a chemotherapy drug that is given as
a treatment for many types of cancer such as breast cancer [Low
et al., 2009; Margolin et al., 2010], ovarian cancer [Kolasa et al.,
2009], and multiple myeloma [Auner et al., 2010; Schey et al., 2010],
etc. One of the important anti-tumor effects of CPA is to induce
tumor cell apoptosis, for example, CPA could induce the apoptosis of
human breast cancer cell (MCF-7) mediated by caspase [Singh et al.,
2009]; CPA inhibited growth of hepatocarcinoma 22 cells [Pang
et al., 2008]. But there is no report about the apoptotic role of CPA in
human epidermoid carcinoma A431 cells.

In our previous studies, we reported that overexpression of FUT4
promoted A431 cell growth [Yang et al., 2007, 2010]. However, few
studies have been focused on the role of anti-apoptosis of FUT4 and
the mechanism. In the present study, we aimed to provide more data
on the effect of FUT4 in the course of the apoptosis induced by CPA
in A431 cells. These studies showed that the anti-apoptosis effect of
FUT4 against CPA-induced A431 cell apoptosis was mediated by
the activation of the ERK/MAPK and PI3K/Akt pathways. This
conclusion gave us a suggestion that epidermoid carcinoma patients
develop resistance to cyclophosphamide and if this resistance is due
to FUT4 increase then FUT4 can be a viable target for therapy in
these patients.

MATERIALS

A431 cell line was obtained from American Type Culture Collection
(Manassas, VA). DMEM/F12 (1:1), fetal bovine serum (FBS),
Lipofectamine™ Reagent and Plus™ Reagent were purchased from
Invitrogen. Enhanced chemiluminescence (ECL) assay kit was
purchased from Amersham. G418, LY294002, and PD98059 were
obtained from Sigma Chemical Company. The antibodies against
ERK1/2, phosphorylated ERK1/2 (pERK1/2), Akt, phosphorylated
Akts (pAkt308 and pAkt473), and PARP were purchased from Santa
Cruz. The antibodies against Bcl-2, Bax, and PARP were purchased
from BiYunTian Company. Caspase 3 (sc-56053) was purchased
from Santa Cruz. Horseradish peroxidase (HRP)-conjugated anti-
mouse secondary antibody and anti-rabbit secondary antibody were
purchased from Santa Cruz. All the other reagents were of the
highest purity commercially available. FUT4 interfered plasmid
(FUT4-RNAi) was constructed in our own lab [Zhang et al., 2008].
Briefly, the RNAi sequences of FUT4 were: 5'-GATCCGCCTGGC-
AAGTAACCTCTTCTCAAGAGAAAGAGGTTACTTGCCAGGCTTA-3/,
5'-AGCTTAAAGCCTGGCAAGTAACCTCTTTCTCTTGAGAAGAGGT-
TACTTGCCAGGCG-3'. These oligonucleotides were annealed before
cloning into the linearized pSilencer 4.1-CMV neo-vector using T4
DNA ligase per manufacturer’s instructions. The plasmid containing
RNAIi sequences for FUT4 was referred as FUT4 RNAI.

CELL CULTURE

A431 cells were cultured in DMEM/F12 (1:1) supplemented with
10% FBS, 100 U/ml penicillin and 50 p.g/pl streptomycin at 37°C
under 5% CO, in humidified air. A431 cells were transfected with

pEGFP-N1-FUT4 and screened by G418 for FUT4 stably transfected
cells, which has been described elsewhere [Yang et al., 2007].

DETECTION OF APOPTOSIS BY HOECHST 33342 STAINING
Morphological evaluation of cell apoptosis was performed using
Hoechst 33342 staining which detected the nuclei of both apoptotic
and living cells. Cells grown on the glass coverslips were fixed with
40 paraformaldehyde/PBS for 30 min, washed for 15 min in 0.1%
Triton X-100/PBS, and incubated in dark with Hoechst 33342
(10 pg/ml) for 15min. The stained cells were studied using a
fluorescence microscope. The rate of apoptotic cells was recorded in
10 random nonoverlapping fields by two blinded observers.

FLOW CYTOMETRY BY ANNEXIN V-PI STAINING

Adherent and floating cells were harvested, washed twice with ice-
cold PBS, and then double-labeled with 5 pl Annexin V-fluorescein
and 5 pl Plin 100 pl of binding buffer (10 mM HEPES/NaOH, pH 7.4,
140 mM NaCl, and 2.5 mM CaCl,). After 15 min incubation at room
temperature, 400 pl of binding buffer was added in each sample and
cells were then analyzed by a FACScan flow cytometer of 20,000
cells in each group. Data analysis was performed with the standard
Cell Quest Software. All experiments were performed in duplicate
and reproducibility was checked in three independent experiments.

JC-1 ASSAY FOR MITOCHONDRIAL MEMBRANE POTENTIAL

The mitochondrial membrane potential was determined using the
dual-emission mitochondrial dye JC-1, (5,5,6,6'-tetrachloro-1,1/,
3,3/-tetraethylbenzimidazolocarbocyanine iodide). 1 x 10° cells/ml
were incubated with JC-1 dye for 20 min at 37°C, then washed
for 15min in JC-1 dye buffer. After incubation, samples were
immediately assessed for red and green fluorescence using a flow
cytometer. Photomultiplier settings were adjusted to detect green
fluorescence (A = 525 nm) of JC-1 monomer on the filter 1 (FL-1
detector) and the red fluorescence (\.,, = 590 nm) of JC-1 aggregates
on the filter 2 (FL2 detector). In each experiment, at least 10,000
events were analyzed. The relative aggregate:monomer (red:green)
fluorescence intensity values were used for data presentation.

WESTERN BLOT

To prepare whole cell extracts, cells at 90% confluence were washed
in phosphate-buffered saline (PBS) before incubation with lysis
buffer (1% Triton X-100, 150 mM NaCl, 10 mM Tris, pH 7.4, 1 mM
EDTA, 1mM EGTA, pH 8.0, 0.2 mM Na;V0,, 0.2mM PMSF, and
0.5% Nonidet P-40) on ice for 10 min. The cell lysates were clarified
by centrifugation at 9,000¢g for 10 min, and the supernatants were
collected. Protein concentration was determined with the Coomassie
Protein Assay Reagent using bovine serum albumin (BSA) as a
standard. Cell lysate (50 j.g) was separated by 10% SDS-PAGE mini-
gel. Samples were transferred electrophoretically to nitrocellulose
membranes, blocked with TTBS (50 mM Tris-HCl, pH 7.5, 0.15M
NaCl, and 0.1% Tween-20) containing 5% fat-free dry milk for 2h
and incubated for 3 h with the appropriate primary antibodies at the
dilutions recommended by the supplier. The dilutions for primary
antibodies of Bcl-2, Bax, Caspases 3, and (3-actin are 1:100. The
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dilutions for primary antibodies of ERK, pERK, Akt, pAkt, and PARP
are 1:1,000. After incubation with a HRP-conjugated anti-goat
secondary antibody, immunoreactive proteins were visualized with
ECL detection system.

STATISTICS

Results are expressed as the mean = the standard error of the mean
(SEM) of at least three independent experiments. Statistical
significance of difference between test groups was assessed by
one-way ANOVA followed by Scheffe’s test (posthoc). Statistical
significance was defined at P < 0.05.

CPA-INDUCED APOPTOSIS IN A431 CELLS

To investigate morphological changes, A431 cells were treated with
0-200 pg/ml CPA for 24h, then observed under fluorescence
microscope after staining with Hoechst 33342. Observations under
the microscope showed apoptotic cells in CPA-treated groups
exhibited nuclear condensation, nuclear fragmentation, and
chromatin margination in dose-dependent manner (Fig. 1A).
Quantitation analysis revealed that the percentage of apoptosis
induced by CPA (100 pg/ml) was increased almost 50-fold higher
than controls (Fig. 1A). At the same time, we evaluated the effect of
CPA on the expression levels of the proteins that played roles in the
events of the apoptotic response. A431 cells were treated with CPA
at different concentration (0, 50, 100, and 200 pg/ml) for 24h.
Cell lysates were prepared, then analyzed by Western blot with
antibodies against Bcl-2, Bax, caspase 3, and PARP. The results
showed that the expression of Bcl-2 was decreased and Bax, Caspase
3, and PARP were increased in dose-dependent manner (Fig. 1B).
Taken together, though the percentage of apoptosis was the highest
at the CPA concentration of 200 pwg/ml, the cells were necrotic at
that concentration. So we choose the CPA concentration of 100 g/
ml as the apoptosis-induced concentration in this study.

FUT4 HAD ANTI-APOPTOSIS EFFECT ON A431 CELLS

In this study, we investigated the effect of anti-apoptosis of FUT4.
Firstly, we analyzed the levels of FUT4 in FUT4-overexpressed and
FUT4-silenced A431 cells by Western blot. The result showed that
the expression of FUT4 was increased in FUT4-overexpressed cells
and decreased in the FUT4-silenced cells (Fig. 2A). Next, we
analyzed the effect of FUT4 on cell morphological changes induced
by CPA. As showed in Figure 2B, FUT4 overexpression can decrease
the degree of nuclear condensation and nuclear fragmentation. But
FUT4-silenced can increase the intendancy.

In addition, we evaluated the effect of FUT4 on the expression
levels of the proteins which played roles in the immediate events of
the apoptotic response. The control A431 cells, FUT4-overexpressed
cells, and FUT4-silenced cells were treated with 100 wg/ml CPA.
The proteins were collected and subjected to Western blot analysis.
The results showed that the expression of apoptotic proteins Bax,
Caspase 3, and PARP was decreased in FUT4-overexpressed cells
and increased in FUT4-silenced cells, whereas the expression of
anti-apoptotic protein Bcl-2 was increased in FUT4-overexpressed
cells and decreased in FUT4-silenced cells (Fig. 2C).

Further, cell apoptosis was evaluated after 6 h incubation by flow
cytometry analysis using Annexin-V and PI staining. In the early
stages of apoptosis, changes occur at the cell surface. One of these
plasma membrane alterations is the translocation of phosphati-
dylserine (PS) from the inner part of the plasma membrane to the
outer layer, by which PS becomes exposed at the external surface of
the cell. The analysis of PS on the outer leaflet of apoptotic cell-
membranes is performed by using Annexin-V-Fluorescein and
propidium iodide (PI) for the differentiation from necrotic cells or
labeling with a cell surface marker for cell characterization. The
results showed that the percentage of apoptosis was 19.85 &+ 3.72%
in A431 cells at a CPA concentration of 100 ug/ml, while the
percentages of apoptosis were decreased to 10.92 £ 2.51% in FUT4-
overexpressed cells (A431-FUT4) and increased to 46.32 + 4.87% in
FUT4-silenced cells (FUT4-RNAI), respectively (P < 0.05) (Fig. 2D).
A431-FUT4-mock and FUT4-silenced-mock were the vector con-
trols for respective A431-FUT4-overexpressed or FUT4-silenced
transfectant.

Finally, to assess whether FUT4 affected the function of
mitochondria, potential changes in mitochondrial membrane were
analyzed by employing a mitochondria fluorescent dye, JC-1. An
early indication of apoptosis involves a collapse in the electro-
chemical gradient across the mitochondrial membrane. Loss of
mitochondrial membrane potential can be detected by a unique
fluorescent cationic dye known as JC-1. JC-1 is selectively taken up
into mitochondria and so is a reliable indicator of change in Aym. At
hyperpolarized Aysm, JC-1 forms J aggregates in a rapidly reversible
manner, emitting red fluorescence. During depolarization of
mitochondria, JC-1 leaks and consequently reduces dye concentra-
tion in the mitochondrial matrix, and emits a green fluorescence.
Radiometric measurements of the red to green JC-1 fluorescence
indicate Ayym. As shown in Figure 2E, the ratio between red and
green fluorescence was increased in the FUT4-overexpressed cells
by approximately 97.07 +4.23% and decreased in the FUT4-
silenced cells by 55.49 + 5.54% compared with the A431 cell control
(84.74 + 5.85%, P < 0.05). This suggested that FUT4 overexpression
resulted in significant increase of Ayym and FUT4-silencing induced
Aym dissipation. Taken together, we concluded that FUT4 showed
anti-apoptosis effect in A431 cells.

ERK/MAPK AND PI3K/AKT ACTIVITIES WERE INHIBITED BY CPA AND
RECOVERED BY FUT4

It is well known that phosphorylation of MAPK and Akt is associated
with protection of cells from apoptosis [Chen et al., 2009; Watson
et al., 2009; Zhang et al., 2009]. We postulated that CPA could
inhibit MAPK and Akt activities and consequently lead to apoptosis
in A431 cells. To confirm this, A431 cells were treated with CPA at
different concentrations (0, 50, 100, and 200 ng/ml) followed by
Western blot analysis for phosphorylated and nonphosphorylated
ERK1/2 and Akt proteins. In A431 cells, phosphorylation of ERK1/2
and Akt was inhibited with increased CPA (Fig. 3A). In addition, the
level of phosphorylation of ERK1/2 and Akt was increased in the
FUT4-overexpressed cells and decreased under the treatment with
CPA (Fig. 3B), indicating that phosphorylation of ERK1/2 and Akt
was dose-dependently inhibited by CPA and this phosphorylation
was recovered in the FUT4-overexpressed cells.

1378

CPA-INDUCED APOPTOSIS INHIBITED BY FUT4

JOURNAL OF CELLULAR BIOCHEMISTRY



B
CPA 0 50 100 200
Bel-2 — —
Bax — — — C—
Caspase 3 . — — S—
Cleaved g
caspase 3 - e
B-actin | o s —— o

Fig. 1.

100

80

60

a0 |

Apoptotic cells (%)

20 |

0 50 100 200
Cyclophophamide (pg/ml)

25 p
BECPA {0 pg/ml)

BCPA (S0pg/ml) *
OCPA (100 pg/ml)
OCPA {200 pg/ml) *

Arbitrary Units

Bel-2

Bax Caspase3 PARP

CPA-induced apoptosis in A431 cells. A431 cells were treated with CPA at different concentration (0, 50, 100, and 200 p.g/ml) for 24 h. A: After staining with Hoechst

33342, the cells were observed under a fluorescent microscope. a-d: Cells were treated with CPA at 0, 50, 100, or 200 p.g/ml. The arrow indicates the apoptotic bodies of the
apoptotic cells. Apoptotic nuclei were counted and data are presented as a percentage of total nuclei. Values are expressed as mean + SEM of three independent experiments
in which more than 1,000 cells were examined ("P < 0.01). B: A431 cells were treated with CPA at different concentration for 24 h. Cell lysates were prepared as described in
the "Materials and Methods" Section, and then detected with antibodies against Bcl-2, Bax, Caspase 3, and PARP by Western blot (left panel) and density analysis (right panel).
B-actin served as an internal control. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

FUT4 HAD EFFECT ON APOPTOSIS-RELATED PROTEINS THROUGH
THE ERK/MAPK AND AKT SIGNALING PATHWAYS

To test whether the ERK/MAPK and Akt signaling pathway
mediates the effect of FUT4 on the apoptosis in A431 cells induced
by CPA, FUT4-overexpressed cells were induced by 100 pg/ml
CPA with or without the inhibitors of ERK1/2 (PD98059) and/or
PI3K (LY294002). The level of apoptosis-related proteins was
analyzed by Western blot. The apoptotic proteins Bax, Caspase 3,
and PARP were increased and the anti-apoptotic protein Bcl-2
was decreased in FUT4-overexpressed cells induced by CPA. This
change was prevented by pretreatment with the ERK1/2 inhibitor
PD98059 (107> wmol/L) and/or the PI3K inhibitor LY294002
(107® wmol/L) (Fig. 4). The results suggested that the expression
of Bax, Caspase 3, and PARP, as well as Bcl-2, was regulated by ERK/
MAPK and PI3K signaling pathways with FUT4-expression
regulation. It thus concluded that FUT4 may play an anti-apoptosis
effect on cell apoptosis via ERK/MAPK and PI3K signaling
pathways.

In this study, the effects of FUT4 on apoptosis induced by CPA in
human epidermoid carcinoma A431 cells were investigated. Our
data demonstrated that CPA resulted in the apoptosis in a dose-
dependent manner in A431 cells. We found that CPA-induced
apoptosis was inhibited by FUT4 through affecting apoptosis-related
proteins via the ERK/MAPK and PI3K/Akt signaling pathways.
Cell surface molecules undergo specific changes during cell
maturation, proliferation, and apoptosis, including the expression
level of some proteins and alterations in sugar chains [Dreyfuss
et al., 2009]. Among these, the fucosylation of the glycoproteins
plays an important role in the cell apoptosis. For example, Gregory
T.C. Moore reported that hFUT1 increased TCR signaling and
apoptosis in hFUT1 transgenic mice [Moore et al., 2008]. Hao Wang
reported that a 1,3 fucosyltransferase-VII modified the susceptibility
of apoptosis induced by ultraviolet and retinoic acid in human
hepatocarcinoma cells [Wang et al., 2007]. Fucosyltransferase VII
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FUT4 interfered plasmid as well as relative vector control. B: Hoechst 33342 staining treated as indicated above. (a) A431: untreated cell control; (b) A431-FUT4 mock: cells
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were induced with CPA (100 wg/ml). After 24 h cells were stained with Annexin V-fluorescein and PI. Percentage of Annexin-V/PI stained cells was determined by flow
cytometry. E: Analysis of mitochondrial membrane potential (Aysm). Cells were treated with CPA (100 p.g/ml). Change in mitochondrial membrane potential was determined by
flow cytometric analysis with JC-1 dye. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Fig. 3. Effect of FUT4 on the activities of ERK/MAPK and Akt in CPA treated
A431 cells. A: CPA inhibited ERK1/2 and Akt phosphorylation. Cells were
treated with different concentrations of CPA (0, 50, 100, and 200 p.g/ml) for
24 h. Cell lysates were prepared as described in the “Materials and Methods"
Section, and then analyzed by Western blot with antibodies against pERK1/2,
pAkt308, and pAkt473. B: The effect of FUT4 on the expression of pERK,
pAkt308, and pAkt473 induced by CPA. FUT4 overexpression cells were treated
with CPA of 100 pg/ml. Western blot analysis was used to show the pERK,
pAkt308, and pAkt473 expression levels. “P< 0.05; **P< 0.01.

alone participated in the E-selectin-mediated growth inhibition and
apoptosis observed in hematopoietic progenitor cells [Winkler et al.,
2004]. But the role of FUT4 in the apoptosis of A431 cells was not
reported.

Apoptosis is a controlled physiological process which is inhibited
in cancer cells [Lowe and Lin, 2000; Schulze-Bergkamen and
Krammer, 2004]. Many molecules and factors have been reported to
be linked with the regulation of apoptosis, in which Bcl-2 and Bax
genes are suggested to play a major role in determining cell survival
or death after apoptotic stimuli [Hector and Prehn, 2009; Kang
and Reynolds, 2009]. Many anti-apoptosis molecules, such as Bcl-2
family, have been shown to inhibit the apoptosis [Chang et al., 2009;
Zhao et al., 2009]. Apoptosis in A431 cells induced by different
stimuli showed the expression change of Bcl-2 and Bax [Ishimaru
et al., 2009; Prasad et al., 2009]. In this study, we found that FUT4
overexpression increased anti-apoptotic protein (Bcl-2) expression
and reduced apoptotic protein (Bax) expression in A431 cells.
Caspase, a family of cysteine-dependent proteases, is the execu-
tioner of apoptosis, which is activated by a cascade mechanism.
Among the members of the caspase family, Caspase 3 is most
popular and acts the final protease in the caspase cascade [Cho and
Choi, 2002]. Functionally, active Caspase 3 forms a proteolytic
cascade capable of cleaving and activating specific substrates,
including PARP [Cho and Choi, 2002; Jin and El-Deiry, 2005;
Vermeulen et al., 2005]. In our study, we investigated the change of
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Fig. 4. Anti-apoptosis effect of FUT4 through ERK/MAPK and PI3K/Akt
signaling pathways in CPA treated cells. Cell apoptosis were induced by
CPA (100 pg/ml) followed by with or without the specific inhibitor of
ERK1/2 (PD98059) and inhibitor of PI3K (LY294002) for 24 h. Cell lysates
were immunobloted and detected with the antibodies for apoptosis analysis.
A: Representative blots showing Bcl-2, Bax, Caspase 3, and PARP expression.
B-E: The values were enumerated by densitometry of the bands of Bcl-2 (B),
Bax (C), Caspase 3 (D), and PARP (E). The data showed the mean + SEM of three
independent experiments. “P< 0.05; ““P< 0.01.

Caspase 3 and PARP expression induced by CPA in A431 cells,
indicating that the change of caspase cascade was involved in
apoptosis of A431 cells. The apoptosis inducing effect of CPA in
FUT4 expression cells was weakened, indicating the expression level
of FUT4 may influence the sensitivity of CPA. Taken together, we
concluded that FUT4 showed the anti-apoptosis effect on A431 cells.

Cell apoptosis is tightly controlled by the complex regulatory
networks [Jin and El-Deiry, 2005]. However, the signaling pathways
via which FUT4 exerts anti-apoptosis effect are not fully understood.
Two signaling pathways ERK/MAPK and PI3K/Akt are involved in
apoptosis. ERK/MAPK is found to regulate cellular activities, such as
cell growth, differentiation, and apoptosis in mammalian cells [Abe
et al., 2000; Baines and Molkentin, 2005]. PI3K/Akt pathway plays
a critical role in cell survival by regulating caspase-mediated
apoptosis, and the inhibition of this signaling leads to apoptosis in
various cell types [Lusis, 2000]. Several studies demonstrated that
activation of PI3K and its downstream effector Akt had been shown
to suppress the apoptosis and promote cell survival [Brunet et al.,
1999; Mullonkal and Toledo-Pereyra, 2007]. In this study, we
demonstrated that FUT4 overexpression up-regulated phosphoryla-
tion of ERK and Akt which was inhibited by CPA in dose-dependent
manner. When blocking the ERK/MAPK and PI3K/Akt pathways
with the specific inhibitors (PD98059 and L'Y294002), we found that
the expression of Bcl-2 increased and BAX, Caspase 3, and PARP
decreased (Fig. 4). During the apoptosis in this study, there are many
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factors to affect the apoptosis such as FUT4, CPA, ERK, and Akt. In
Figure 2B, we could learn that CPA decreased the phosphorylation of
ERK and Akt significantly. While in the FUT4-overexpressed cells,
the degree of decreasing the phosphorylation of ERK and Akt by
CPA was less than that of the A431 cells. So we concluded that the
effect of these factors had the quantitative relationship. Our
observations revealed that FUT4 overexpression did not completely
abolish CPA-induced apoptosis, suggesting that the other regulators
might contribute to CPA-induced apoptotic cell death. But the real
result demonstrated that FUT4 played an important role during the
course. We thought FUT4 had an antagonistic function to CPA. So
FUT4 overexpression decreased the function of PD98059 and
LY294002 when treated with CPA. Then the changes of apoptosis
relative proteins were shown in Figure 4. That further confirmed that
the ERK/MAPK and PI3K/Akt pathways were required in mediating
the anti-apoptosis effect of FUT4 on the apoptosis of A431 cells
induced by CPA. The results supported the notion that both the ERK/
MAPK and PI3K/Akt pathways contributed independently to CPA-
induced apoptosis in A431 cells were affected by FUT4 expression.
The hypothetical schematic demonstrated the relationship of all
these apoptosis-related molecules and the effect of CPA and FUT4 on
cell apoptosis (Fig. 5).

According to the results above, we concluded that FUT4-induced
resistance to the chemotherapeutic agent CPA. Chemoresistance
is a major obstacle of chemotherapy of cancer. It is known that
chemotherapy induces drug resistance in cancer cells, resulting in
treatment failure [Gatti and Zunino, 2005].

FUT4 is an essential enzyme that catalyzes the synthesis of
LeY oligosaccharide which is a difucosylated oligosaccharide. Our
previous reports indicated that up-regulation and down-regulation
of FUT4 could change the level of LeY, and LeY of EGFR changes the
activation of EGFR/MAPK signaling pathway [Zhang et al., 2008].
We also demonstrated that LeY synthesis was increased in FUT4-
overexpressed cells and decreased in FUT4-RNAI cells (data were not
shown). In this study, we mainly discussed the effect of FUT4 on cell
apoptosis. We concluded that FUT4 exerted anti-apoptosis effect.

cyclophosphamide (CPA) FUT4 overexpression

N

ERK/MAPK, PI3K/Akt signaling pathways

v
Bax, Caspase 3, PARP | Bcl-2 |

) 4
Cell apoptosis inhibited

Fig. 5. The schematic illustration summarized the effect of CPA and FUT4 on
cell apoptosis of A431 cells through ERK/MAPK and PI3K/Akt signaling
pathways.

We deduced that the anti-apoptosis effect of FUT4 probably is
through regulating the synthesis of LeY. LeY oligosaccharide may
produce alteration in CPA-tumor cell interaction, or change in
cellular response in apoptotic pathways, or increased expression of
defense factors involved in reducing intracellular drug concentra-
tion. Finally, FUT4 showed the chemoresistance effect. Further study
is needed to demonstrate this mechanism.

In summary, the data presented here suggest that FUT4 inhibits
cell apoptosis induced by CPA through decreasing the expression of
apoptotic proteins Bax, Caspase 3, and PARP and increasing the
expression of anti-apoptotic protein Bcl-2 via the ERK/MAPK and
PI3K/AKkt signaling pathways in A431 cells. Study of the effect of
FUT4 on apoptosis will be helpful to understand the molecular
mechanism of cancer and supply the research basis and ways for the
specific treatment of cancer with abnormally elevated FUT4 level.

REFERENCES

Abe Y, Matsumoto S, Kito K, Ueda N. 2000. Cloning and expression of a novel
MAPKK-like protein kinase, lymphokine-activated killer T-cell-originated
protein kinase, specifically expressed in the testis and activated lymphoid
cells. J Biol Chem 275:21525-21531.

Allahverdian S, Wojcik KR, Dorscheid DR. 2006. Airway epithelial wound
repair: Role of carbohydrate sialyl Lewisx. Am J Physiol Lung Cell Mol
Physiol 291:1.828-836.

Auner HW, Mazzarella L, Cook L, Szydlo R, Saltarelli F, Pavlu J, Bua M, Giles
C, Apperley JF, Rahemtulla A. 2010. High rate of stem cell mobilization
failure after thalidomide and oral cyclophosphamide induction therapy for
multiple myeloma. Bone Marrow Transplant.

Baines CP, Molkentin JD. 2005. STRESS signaling pathways that modulate
cardiac myocyte apoptosis. J Mol Cell Cardiol 38:47-62.

Brunet A, Bonni A, Zigmond MJ, Lin MZ, Juo P, Hu LS, Anderson MJ, Arden
KC, Blenis J, Greenberg ME. 1999. Akt promotes cell survival by phosphor-
ylating and inhibiting a Forkhead transcription factor. Cell 96:857-868.

Cao Y, Merling A, Karsten U, Schwartz-Albiez R. 2001. The fucosylated histo-
blood group antigens H type 2 (blood group O, CD173) and Lewis Y (CD174)
are expressed on CD34+ hematopoietic progenitors but absent on mature
lymphocytes. Glycobiology 11:677-683.

Chang HL, Sugimoto Y, Liu S, Wang LS, Huang YW, Ye W, Lin YC. 2009.
Keratinocyte growth factor (KGF) regulates estrogen receptor-alpha (ER-
alpha) expression and cell apoptosis via phosphatidylinositol 3-kinase
(PI3K)/Akt pathway in human breast cancer cells. Anticancer Res 29:
3195-3205.

Chen C, Liang W, Jia J, van Goor H, Singhal PC, Ding G. 2009. Aldosterone
induces apoptosis in rat podocytes: Role of PI3-K/Akt and p38MAPK
signaling pathways. Nephron Exp Nephrol 113:e26-e34.

Cho SG, Choi EJ. 2002. Apoptotic signaling pathways: Caspases and stress-
activated protein kinases. J Biochem Mol Biol 35:24-27.

Ciolczyk-Wierzbicka D, Bodzioch M, Gil D, Zmudzinska D, Dembinska-Kiec
A, Laidler P. 2007. Expression of fucosyltransferases contributes to mela-
noma invasive phenotype. Med Chem 3:418-424.

Cotter TG. 2009. Apoptosis and cancer: The genesis of a research field. Nat
Rev Cancer 9:501-507.

Dreyfuss JL, Regatieri CV, Jarrouge TR, Cavalheiro RP, Sampaio LO, Nader
HB. 2009. Heparan sulfate proteoglycans: Structure, protein interactions and
cell signaling. An Acad Bras Cienc 81:409-429.

Escrevente C, Machado E, Brito C, Reis CA, Stoeck A, Runz S, Marme A,
Altevogt P, Costa J. 2006. Different expression levels of alpha3/4 fucosyl-
transferases and Lewis determinants in ovarian carcinoma tissues and cell
lines. Int J Oncol 29:557-566.

1382

CPA-INDUCED APOPTOSIS INHIBITED BY FUT4

JOURNAL OF CELLULAR BIOCHEMISTRY



Gatti L, Zunino F. 2005. Overview of tumor cell chemoresistance mechan-
isms. Methods Mol Med 111:127-148.

Harrington EA, Fanidi A, Evan GI. 1994. Oncogenes and cell death. Curr Opin
Genet Dev 4:120-129.

Hector S, Prehn JH. 2009. Apoptosis signaling proteins as prognostic bio-
markers in colorectal cancer: A review. Biochim Biophys Acta 1795:117-129.

Helenius A, Aebi M. 2001. Intracellular functions of N-linked glycans.
Science 291:2364-2369.

Ishimaru D, Ramalingam S, Sengupta TK, Bandyopadhyay S, Dellis S,
Tholanikunnel BG, Fernandes DJ, Spicer EK. 2009. Regulation of Bcl-2
expression by HuR in HL60 leukemia cells and A431 carcinoma cells. Mol
Cancer Res 7:1354-1366.

Ito H, Hiraiwa N, Sawada-Kasugai M, Akamatsu S, Tachikawa T, Kasai Y,
Akiyama S, Ito K, Takagi H, Kannagi R. 1997. Altered mRNA expression of
specific molecular species of fucosyl- and sialyl-transferases in human
colorectal cancer tissues. Int J Cancer 71:556-564.

Jin Z, El-Deiry WS. 2005. Overview of cell death signaling pathways. Cancer
Biol Ther 4:139-163.

Kang MH, Reynolds CP. 2009. Bcl-2 inhibitors: Targeting mitochondrial
apoptotic pathways in cancer therapy. Clin Cancer Res 15:1126-1132.

Kolasa IK, Rembiszewska A, Felisiak A, Ziolkowska-Seta I, Murawska M,
Moes J, Timorek A, Dansonka-Mieszkowska A, Kupryjanczyk J. 2009.
PIK3CA amplification associates with resistance to chemotherapy in ovarian
cancer patients. Cancer Biol Ther 8:21-26.

Kudo T, Ikehara Y, Togayachi A, Morozumi K, Watanabe M, Nakamura M,
Nishihara S, Narimatsu H. 1998. Up-regulation of a set of glycosyltransferase
genes in human colorectal cancer. Lab Invest 78:797-811.

LiZ,Wang H, Zong H, Sun Q, Kong X, Jiang J, Gu J. 2005. Downregulation of
betal,4-galactosyltransferase 1 inhibits CDK11(p58)-mediated apoptosis
induced by cycloheximide. Biochem Biophys Res Commun 327:628-636.

Low SK, Kiyotani K, Mushiroda T, Daigo Y, Nakamura Y, Zembutsu H. 2009.
Association study of genetic polymorphism in ABCC4 with cyclophospha-
mide-induced adverse drug reactions in breast cancer patients. J Hum Genet
54:564-571.

Lowe SW, Lin AW. 2000. Apoptosis in cancer. Carcinogenesis 21:485-495.
Lusis AJ. 2000. Atherosclerosis. Nature 407:233-241.

Ma B, Simala-Grant JL, Taylor DE. 2006. Fucosylation in prokaryotes and
eukaryotes. Glycobiology 16:158R-184R.

Margolin S, Bengtsson NO, Carlsson L, Edlund P, Hellstrom M, Karlsson P,
Lidbrink E, Linderholm B, Lindman H, Malmstrom P, Pettersson Skold D,
Soderberg M, Villman K, Bergh J. 2010. A randomised feasibility/phase 11
study (SBG 2004-1) with dose-dense/tailored epirubicin, cyclophoshamide
(EC) followed by docetaxel (T) or fixed dosed dose-dense EC/T versus T,
doxorubicin and C (TAC) in node-positive breast cancer. Acta Oncol 50:35-41.

Martin-Satue M, Marrugat R, Cancelas JA, Blanco J. 1998. Enhanced
expression of alpha(1,3)-fucosyltransferase genes correlates with E-selec-
tin-mediated adhesion and metastatic potential of human lung adenocarci-
noma cells. Cancer Res 58:1544-1550.

Matsumoto K, Yokote H, Arao T, Maegawa M, Tanaka K, Fujita Y, Shimizu C,
Hanafusa T, Fujiwara Y, Nishio K. 2008. N-Glycan fucosylation of epidermal
growth factor receptor modulates receptor activity and sensitivity to epidermal
growth factor receptor tyrosine kinase inhibitor. Cancer Sci 99:1611-1617.
Moore GT, Brown SJ, Winterhalter AC, Lust M, Salvaris EJ, Selan C,
Nandurkar HH, Desmond PV, Cowan PJ, d’Apice AJ. 2008. Glycosylation
changes in hFUT1 transgenic mice increase TCR signaling and apoptosis
resulting in thymocyte maturation arrest. Mol Immunol 45:2401-2410.
Mullonkal CJ, Toledo-Pereyra LH. 2007. Akt in ischemia and reperfusion.
J Invest Surg 20:195-203.

Pang LP, Huang W, Sun Q, Guo W, Li RT, Cui JR. 2008. SLXM-2, a derivative
of cyclophosphamide: Mechanism of growth inhibition on hepatocarcinoma
22 cells. Anticancer Drugs 19:167-174.

Petretti T, Schulze B, Schlag PM, Kemmner W. 1999. Altered mRNA expres-
sion of glycosyltransferases in human gastric carcinomas. Biochim Biophys
Acta 1428:209-218.

Prasad S, Madan E, Nigam N, Roy P, George J, Shukla Y. 2009. Induction of
apoptosis by lupeol in human epidermoid carcinoma A431 cells through
regulation of mitochondrial, Akt/PKB and NFkappaB signaling pathways.
Cancer Biol Ther 8:1632-1639.

Rokhlin OW, Bishop GA, Hostager BS, Waldschmidt TJ, Sidorenko SP,
Pavloff N, Kiefer MC, Umansky SR, Glover RA, Cohen MB. 1997. Fas-
mediated apoptosis in human prostatic carcinoma cell lines. Cancer Res
57:1758-1768.

Schey SA, Morgan GJ, Ramasamy K, Hazel B, Ladon D, Corderoy S, Jenner M,
Phekoo K, Boyd K, Davies FE. 2010. The addition of cyclophosphamide to
lenalidomide and dexamethasone in multiply relapsed/refractory myeloma
patients; a phase I/II study. Br J Haematol 150:326-333.

Schulze-Bergkamen H, Krammer PH. 2004. Apoptosis in cancer—Implica-
tions for therapy. Semin Oncol 31:90-119.

Singh N, Nigam M, Ranjan V, Sharma R, Balapure AK, Rath SK. 2009. Caspase
mediated enhanced apoptotic action of cyclophosphamide- and resveratrol-
treated MCF-7 cells. J Pharmacol Sci 109:473-485.

Skaug B, Jiang X, Chen ZJ. 2009. The role of ubiquitin in NF-kappaB
regulatory pathways. Annu Rev Biochem 78:769-796.

Taniguchi A, Suga R, Matsumoto K. 2000. Expression and transcriptional
regulation of the human alphal,3-fucosyltransferase 4 (FUT4) gene in
myeloid and colon adenocarcinoma cell lines. Biochem Biophys Res Com-
mun 273:370-376.

Vermeulen K, Van Bockstaele DR, Berneman ZN. 2005. Apoptosis: Mechan-
isms and relevance in cancer. Ann Hematol 84:627-639.

Wagner EF, Nebreda AR. 2009. Signal integration by JNK and p38 MAPK
pathways in cancer development. Nat Rev Cancer 9:537-549.

Wang H, Ge CH, Kong Y, Xin Y, Zhu ZM. 2001. Ovary hormonal control of
Le(y) oligosaccharide expression during peri-implantation of mouse endo-
metrium. Sheng Wu Hua Xue Yu Sheng Wu Wu Li Xue Bao (Shanghai) 33:
542-546.

Wang H, Wang QY, Zhang Y, Shen ZH, Chen HL. 2007. Alphal,3 fucosyl-
transferase-VII modifies the susceptibility of apoptosis induced by ultraviolet
and retinoic acid in human hepatocarcinoma cells. Glycoconj J 24:207-220.

Watson JL, Greenshields A, Hill R, Hilchie A, Lee PW, Giacomantonio CA,
Hoskin DW. 2009. Curcumin-induced apoptosis in ovarian carcinoma cells is
p53-independent and involves p38 mitogen-activated protein kinase activa-
tion and downregulation of Bcl-2 and survivin expression and Akt signaling.
Mol Carcinog

Winkler IG, Snapp KR, Simmons PJ, Levesque JP. 2004. Adhesion to E-
selectin promotes growth inhibition and apoptosis of human and murine
hematopoietic progenitor cells independent of PSGL-1. Blood 103:1685-
1692.

Yang X, Zhang Z, Jia S, Liu Y, Wang X, Yan Q. 2007. Overexpression of
fucosyltransferase IV in A431 cell line increases cell proliferation. Int J
Biochem Cell Biol 39:1722-1730.

Yang XS, Liu S, Liu YJ, Liu JW, Liu TJ, Wang XQ, Yan Q. 2010. Over-
expression of fucosyltransferase IV promotes A431 cell proliferation through
activating MAPK and PI3K/Akt signaling pathways. J Cell Physiol 225:612-
619.

Zhang T, Yang D, Fan Y, Xie P, Li H. 2009. Epigallocatechin-3-gallate
enhances ischemia/reperfusion-induced apoptosis in human umbilical vein
endothelial cells via AKT and MAPK pathways. Apoptosis 14:1245-1254.
Zhang Z, Sun P, Liu J, Fu L, Yan J, Liu Y, Yu L, Wang X, Yan Q. 2008.
Suppression of FUT1/FUT4 expression by siRNA inhibits tumor growth.
Biochim Biophys Acta 1783:287-296.

Zhao LJ, Xu YH, Li Y. 2009. Effect of parthenolide on proliferation and
apoptosis in gastric cancer cell line SGC7901. J Dig Dis 10:172-180.

JOURNAL OF CELLULAR BIOCHEMISTRY

1383

CPA-INDUCED APOPTOSIS INHIBITED BY FUT4



