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Gamma-secretase inhibitor, a potential target therapy for MUC2-positive 
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X. BU, N. LI, X. TIAN, P. HUANG

Department of Pathology, School of Medicine, Southeast University, Dingjiaqiao Road, Nanjing 210009, Jiangsu Province, China, e-mail: 
hplwpp@yahoo.cn

Received January 2, 2011

Notch signaling may be mechanistically involved the colorectal carcinogenesis. Blocking of Notch signaling by 
gamma-secretase inhibitor may constitute a novel molecular therapy for cancer. In the present study, we blocked the 
Notch signaling by DAPT (N-[N-(3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester, a gamma-secretase 
inhibitor) and investigated the effects on the proliferative and invasive potential of human colorectal cancer LS174T 
cells, a goblet cell-like colorectal cancer cell line which produces high-levels of MUC2 continuously. DAPT inhibited 
the proliferation and invasion of LS174T cells. Blocking of Notch signaling by DAPT could down-regulate its down-
stream target gene Hes1, while enhancing the expression of Math1and MUC2 in LS174T cells. In conclusion, we dem-
onstrated that blocking of Notch signaling by DAPT could inhibit the proliferation and invasion of human colorectal 
cancer LS174T cells and suggested that gamma-secretase inhibitors may provide a targeted therapy for MUC2-positive 
colorectal tumors.
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The vast majority of published references indicate that
Notch signaling controls stem or progenitor cell prolifera-
tion, as well as cell fate specification and differentiation in the
colorectum [1,2]. Notch signaling genes are not only highly 
expressed in colorectal cancer tissues but are also functionally 
active. Inhibition of Notch signaling may be of therapeutic 
benefit against colorectal cancer. Consequently, multiple
groups have studied the effects of inhibiting Notch signaling
by targeting the gamma-secretase protein complex, which 
cleaves the Notch receptor to activate the pathway. Gamma-
secretase inhibitors are able to sensitize colon cancer cells to 
chemotherapeutic agent induced cell killing [3].

The Notch pathway is important for the development of
the secretory cell lineages of the intestine.Loss of function 
of Notch in the intestinal epithelium results in a massive 
conversion of epithelial cells into goblet cells [4]. Absorptive 
cells arise from cells in which a high level of Notch activation 
is maintained. These cells express high levels of the Notch
target gene Hes1. Conversely, secretory-type cells, includ-
ing goblet cells, arise from cells expressing Notch ligands 
in which Notch signaling is inactivated. These cells instead
express high levels of Atoh1, and inhibit neighboring cells 
from achieving the same cell fate [5]. Hes1 is a basic helix-

loop-helix (bHLH) transcriptional repressor induced by 
the Notch signal, while mouse atonal homolog 1 (Math1) 
is another bHLH transcription factor that is suppressed by 
Hes1 [6]. It suggested that Notch-Hes1 signaling is involved 
in regulating the differentiation of intestinal cells into ab-
sorptive and goblet cells through a mechanism called lateral 
inhibition. Leow et al. demonstrated the expression of Hath1, 
a bHLH transcription factor homologous to the Drosophila 
atonal and mouse Math1 and significantly down-regulated
in all of the colorectal cancer samples except for mucinous 
carcinoma. Only minimal Hath1 expression was detected in 
various colorectal cancer cell lines except for elevated levels 
in the LS174T cell line [7]. Interestingly, it has been found 
that mucinous carcinomas of colorectal cancer are positive 
for MUC2,a goblet cell marker, in contrast to MUC2 down-
regulation in non-mucinous adenocarcinomas [8,9]. Rarely 
literature reported whether the gamma-secretase inhibitor 
will affect the biological behavior of colorectal mucinous
carcinoma. In the present study, we blocked the Notch signal-
ing by DAPT and investigated the effects on the proliferative
and invasive potential of human colorectal cancer cell line, 
LS174T, a goblet cell-like colorectal cancer cell line and 
produces high-levels of MUC2 continuously.
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Materials and methods

Cell line and treatment with gamma-secretase inhibi-
tor. LS174T cells, a human colorectal adenocarcinoma cell 
line, were obtained from Shanghai Institute of Cell Biology, 
Chinese Academy of Sciences. The cells were cultured in
RPMI-1640 medium supplemented with 10% fetal bovine 
serum (Invitrogen,USA). N-[N-(3,5-difluorophenacetyl)-L-
alanyl]-S-phenylglycine t-butyl ester (DAPT, Sigma,USA), 
a potent gamma-secretase inhibitor, was used to block Notch 
signal. LS174T cells were treated with 20µM DAPT reconsti-
tuted in dimethylsulfoxide (DMSO) as final concentration or
DMSO alone as control for various times points.

Cell proliferation assay. Cells were seeded in 96-well plates 
at 1×105 cells/well. The 3-(4,-dimethy -lthiazol-2-yl)-2,-diphe-
nyl-tetrazoliumbromide (MTT) assay was used to detect viable 
proliferating cells at various time points (12,24,36,48h), using 
five wells per time point. Cell viability was expressed as optical
density (OD), which was detected using an enzyme-linked im-
munoabsorbent assay reader (Thermo, MK3, USA) at 492nm
wavelength.

In vitro invasion assay. The invasive activity of these cancer
cells was measured in vitro by a transwell assay using a transwell 
chamber (Corning, Corning, NY) fitted with a polyethylene
terephthalate filter membrane with 8μm pores, in 24-well
plates. The filter membranes were coated with Matrigel. Cancer
cells were added to the upper chamber at a density of 5×104 
cells/200μl, and the lower chambers were filled with 500μl of
RPMI-1640 medium containing 10% FBS as a chemoattractant. 
After incubation for 24 h, the cells on the upper side of the filter
were removed using cotton swabs. The filters were fixed and
stained with Giemsa. The invaded cells were then visualized and
counted from five randomly selected fields (× 200 magnification)
under an inverted microscope. Three invasion chambers were
used for each experimental condition.

Quantitative real-time polymerase chain reaction. After
treated with 20µM DAPT for 48h, total RNA was isolated 
from LS174T cells using Trizol reagent (Invitrogen). cDNA 
synthesis was performed using a reverse transcription system 
kit (Invitrogen), according to the manufacturer’s instruc-
tions. PCR detection of gene expression was performed using 
a fluorescence quantitative PCR instrument (BioRad,USA).

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
was used as an internal standard. The primer sequences for
Hes1,Math1,MUC2 and GAPDH are described in Table 1. 
The cycling conditions were as follows: initial denaturation
at 95°C for 2 min, followed by 40 amplification cycles of 95°C
for 10 s, 60°C for 30 s, and 70°C for 45 s. Each real-time PCR 
assay contained 1.2 μl cDNA template, SYBR green 0.5 μl, and 
0.5 μl of each forward and reverse primer in a 25 μl reaction 
mixture. Relative gene expression was analyzed using the 
2-ΔΔCT method [10]. 

Western blot analyses. To determine the protein expres-
sion of Hes1 and Math1, equal aliquots of total protein (30 μg 
per lane) were electrophoresed using sodium dodecyl sulfate 
polyacrylamide (12%) gels(SDS–PAGE). In the analyses of 
MUC2,we used NUPAGE NOVEX MIDI 3-8% Tris-acetate 
gradient gel (Invitrogen) for electrophoresis because the mo-
lecular weight of the MUC2 was more than 200 kD. The gels
were transferred onto nitrocellulose membranes (Invitrogen), 
and blotted using primary antibody directed against human 
Hes1,Math1, MUC2 (1:1,000 Santa Cruz, CA). After incubation
with the appropriate horseradish peroxidase-conjugated second-
ary antibody (1:10,000 Santa Cruz, CA), immunoreactive bands 
were visualized by chemiluminescence solution and exposure 
to X-ray film. The expression of GAPDH (Santa Cruz, CA) was
used as a normalization control for protein loading. Quantifica-
tion of the western blots was performed densitometrically using 
SensiAnsys software (Shanghai PeiQing Science & Technology,
China). The signal for the protein of interest was standardized
to its respective GAPDH loading control.

Statistical analysis. Statistical comparisons were performed 
using SAS, version 9.1, software (SAS Institute, Cary, NC).
Values are presented as means ± standard error of the mean. 
The statistical significance of differences was determined by 
analysis of variance and Student-Newman-Keuls test. Values 
of P < 0.05 were considered to be statistically significant.

Results 

Effect of DAPT on the growth of LS174T cells. The capac-
ity of the LS174T cells for proliferation after DAPT treatment
was assessed using a MTT assay. As shown in Figure 1, The
OD values measured at 2 days showed that the proliferative 
capacity of DAPT treatment group cells was significantly lower
than that of control group cells (P < 0.05).

Effect of DAPT on invasion capabilities of LS174T cells.
The abilities of LS174T cells to invade a reconstituted extra-
cellular matrix were assessed using transwell assays. DAPT 
treatment group cells grown on Matrigel for 24h produced 
significantly less invasive cells than control group cells, in-
dicating that LS174T cells after DAPT treatment had a lower
invasive ability than the control cells (P<0.05) (Figure 2). The
average number of DAPT treatment group cells that invaded 
through the Matrigel was 33.00±1.40 cells/site, compared with 
76.27±1.92 cells/site for control-blank cells or 83.07±2.61 
cells/site for control-DMSO cells.

Table 1 Primers used for real-time RT-PCR

Gene Orientation Sequence (5‘–3’)

Hes1 Forward TGGAGAGGCGGCTAAGGTGTT
Reverse TGGAAGGTGACACTGCGTTGG

Math1 Forward GCTGGACGCTCTGCACTTCT
Reverse CTTGCCTCATCCGAGTCACTGTAA

MUC2 Forward CTTCCACCAACCACCACTTCCA
Reverse GAATCCAGCCAGCCAGTCCAAT

GAPDH Forward GAAGGTCGGAGTCAACGGATT
Reverse CGCTCCTGGAAGATGGTGAT
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DAPT treatment inhibited the expression of Hes1,while 
enhancing that of Math1 and MUC2 in LS174T cells. 
We used real-time RT-PCR and western blot to detect the 
Hes1,Math1 and MUC2 levels in LS174T cells treated with 

DAPT. Our study revealed that 20µM DAPT resulted in 
significant down-regulation of Hes1 mRNA and western
blot analysis also showed that the protein level of Hes1 was 
down-regulated in LS174T cells,confirming that the intracel-
lular Notch-Hes1 pathway had been further inactivated while, 
expression of Math1 and MUC2 was significantly upregulated
in treated cells (Figure 3).

Figure 1. DAPT inhibited the proliferative capacities of LS174T cells. * 
P < 0.05 compared with control-DMSO group. 

Figure 2. DAPT inhibited the invasive capacities of LS174T cells. * P < 0.05 
compared with control-DMSO group.

Figure 3. DAPT inhibited the expression of Hes1,while enhancing that of Math1 and MUC2 in LS174T cells. (A) Quantification of mRNA expression
levels after treated with 20µM DAPT for 48h. (B) Western blotting results of Hes1,Math1 and MUC2 proteins after treated with 20µM DAPT for 48h.
The upper panel in B showed quantification of the western blot. * P < 0.05 compared with control-DMSO group.

A B



346 X. BU, N. LI, X. TIAN, P. HUANG

Discussion

The Notch family consists of four receptors (Notch1−4)
and five ligands (Jagged-1, Jagged-2, Delta-like-1, Deltalike-
3, and Delta-like-4). Receptor-ligand interaction between 
two neighboring cells leads to gamma-secretase-mediated 
proteolytic release of the Notch intracellular domain (NICD), 
the active form of Notch. Translocation of NICD into nucleus 
and subsequent binding to transcriptional factors such as 
Hes1 leads to the activation of Notch signaling,which in turn 
affect numerous pathways involving cell fate determination
[11]. Canonical Notch signaling in colon is implicated in the 
maintenance of stem cells and progenitor cells, and also in the 
inhibition of goblet cell differentiation [12]. Notch signaling
activation leads to Hes1 upregulation, and Atoh1/Hath1/Math1 
down-regulation. Atoh1 bHLH transcription factor induces 
differentiation to the goblet cells [13]. Hath1 expression also
influences the biological properties of colon cancer cells. This
factor was found to be down-regulated in most colon cancers. 
Moreover, the forced expression of Hath1 in colon cancer cells 
diminished the proliferative potential of the cells and led to 
increased MUC2 expression. Hath1 is involved in regulating 
MUC2 gene expression in colorectal cancers and possibly in 
regulating other biological properties of mucinous cancers and 
signet ring carcinomas [14]. Hath1 rodent homologue Math1 
is also required for development of secretory cells, including 
goblet cells, in the embryonic mouse intestine.

The majority of colon cancers are nonmucinous
cancers,however, mucinous cancers and signet ring carci-
nomas make up 10% to 20% of all colorectal cancers, with 
a characteristic set of clinical/pathologic features and distinct 
molecular genetic attributes. Mucinous adenocarcinoma of 
the colon may have a goblet-cell phenotype (MUC2-posi-
tive), and may display a different mechanism of development
from non-mucinous carcinoma [15]. In the present study, we 
investigated the effect of DAPT on proliferation and inva-
sion of colorectal cancer cells LS174T, which contain mucus 
granules, produce significant amounts of secretory mucin,
and have a resemblance to goblet cells[16]. We found that 
down-regulation of Notch signal using a gamma-secretase 
inhibitor inhibited the proliferation and invasion of LS174T 
cells. Thus, our results further provide in vitro evidence in
support of using gamma-secretase inhibitors as a new target 
therapy in colorectal cancer cells, including MUC2-positive 
cancer cells. Therefore, gamma-secretase inhibitors will be
applied as anti-cancer drugs for human cancer, such as mu-
cinous cancer. Treatment of colon cancer cell lines SW480 
and DLD-1 by DAPT significantly enhanced taxane-induced
mitotic arrest and apoptosis both in vitro and in vivo, although 
the inhibitors themselves did not have proapoptotic effect [17].
Similarly, treatment of colon cancer HCT116 cells with another 
gamma-secretase inhibitor GSI34 significantly sensitized the
cells to Oxaliplatin- and 5-fluorouracil-induced apoptosis
and growth inhibition[3].However, if the same results can be 
obtained in cancer patients, more researches are necessary. In 

our study, blocking of Notch signaling by DAPT could down-
regulate its downstream target gene Hes1, while enhancing 
the expression of Math1 and MUC2 in LS174T cells. It maybe 
related to the crosstalk between Wnt and Notch signaling in 
intestinal epithelial cell fate decision. In the intestine, the 
Wnt signaling pathway has been implicated in the regulation 
of the proliferation or differentiation balance. Indeed, it was
shown that Hath1 expression is repressed at the protein level 
in some human colon cancer tissues in which the Wnt signal 
is activated, strongly suggesting that this mechanism might be 
involved in growth promotion as well as in the maintenance of 
the undifferentiated state of the cancer cells [18].Meanwhile,
given that the inactivation of Notch signaling even under 
Wnt-active conditions results in Math1 protein expression and 
the differentiation of some progenitors into secretory lineages
[19].Furthermore, as significant similarities are likely to exist
between the behavior of intestinal epithelial progenitor cells 
and that of cancer progenitor cells, advances in this field will
also provide significant insight into how the Wnt and Notch
pathways coordinately drive oncogenic potential and what 
might be novel targets for improved treatments for intestinal 
cancers [20].In conclusion, we demonstrated that blocking of 
Notch signaling by DAPT could inhibit the proliferation and 
invasion of human colorectal cancer LS174T cells and sug-
gested that gamma-secretase inhibitors may provide a targeted 
therapy for MUC2-positive colorectal tumors.
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