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Abstract. This study investigated the roles of Notch-1
in colorectal carcinoma, to assess the mechanisms. The
expression of Notch-1 and its ligand-Jaggedl was detected
in human colorectal carcinoma, colorectal adenoma,
paracancerous tissue and normal colorectal tissue by immu-
nohistochemistry. Colorectal carcinoma cell lines were
utilized to confirm the expression of Notch-1 in colorectal
carcinoma cells. Lentiviral- encoding Notch-1-siRNA, as
well as Notch-1 inhibitor was employed to silence Notch-1
expression and to inhibit Notch-1 activity in HT29 cells,
respectively. As evidenced, Notch-1 and Jaggedl were highly
expressed in colorectal carcinoma and colorectal adenoma
tissues, compared with those in paracancerous tissue and
normal colorectal tissue. However, the expression of Notch-1
and Jaggedl was comparable in colorectal carcinoma and
colorectal adenoma tissues, and in paracancerous and normal
colorectal tissues. After screening colorectal carcinoma cell
lines, Notch-1 was extensively expressed in COLO 205,
HT?29, SW480 and SW1116 cells, but slightly expressed in
LoVo cells. Subsequently, HT29 cell line was selected to
investigate the roles of Notch-1 in tumor cell growth and
apoptosis. Lenti-viral encoding Notch-1 siRNA significantly
decreased Notch-1 expression, inhibited cell growth, arrested
the cell cycle at G1 phase and promoted apoptosis. These
effects were further confirmed by the Notch-1 inhibitor
DAPT. Additionally, we evidenced that Notch-1 silence
promoted P21 and PUMA expression in HT29 cells. Taken
together, Notch-1 is an oncogene in colorectal carcinoma and
the inhibition of Notch-1 could delay the cell growth and
promote apoptosis in colorectal cancer.
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Introduction

Colorectal carcinoma is a common malignant tumor of the
digestive system. In North America and Western Europe,
colorectal carcinoma is the third leading cause of cancer death
(D). Recently, the incidence and mortality of colorectal cancer
in China are showing a rising trend (2). However, the effective
therapeutic method for colorectal carcinoma is still lacking.

Notch signaling pathway is a highly-conserved intercel-
lular signal transduction pathway, which is composed of
Notch receptor, Notch ligand (DSL protein) and transcription
factor CSL (DNA binding protein). Notch signaling pathway
regulates cell differentiation, proliferation and apoptosis, and
plays important roles in embryonic development and cell fate
determination (3). Notch signaling pathway not only plays an
important role in normal cell differentiation, but also partici-
pates in the occurrence and development of tumors (4). The
expression of Notch receptors and ligands, and the aberrant
activation of Notch signaling pathway have been found in a
variety of malignant tumors (5,6). However, Notch signaling
pathway and its role in tumorigenesis are extremely complex.
Notch signaling pathway plays a role in promoting tumori-
genesis in most cases (7,8), but functions as tumor suppressor
in a few cases. The discrepancy is likely caused by that
Notch-1 which was detected in different tumor stages (9,10).
Additionally, Notch expression may be associated with the cell
microenvironment, tissue type and determines cell prolifera-
tion, differentiation, self-renewal or apoptosis (11,12). Notch
signaling pathway has been extensively investigated in tumor
therapy (13). DAPT, a y-secretase inhibitor can block Notch
receptor/ligand binding enzyme cleavage, thereby blocking the
Notch signaling. Therefore, DAPT has been used in clinical
trials to treat cancers (14).

There are a variety of Notch receptors and ligands
expressed in the gut tissue (15,16). Ngn3, HES1 and Mathl,
three regulators of Notch signaling pathway have intestinal
phenotype. Transgenic methods further confirmed that Notch
directly regulated the fate of intestinal epithelial cells (17).
van Es et al (18) inhibited the Notch signal by using the
y-secretase inhibitor, and the differentiation of colon adenoma
cells in mice recovered. Nevertheless, the relationship between
Notch and colorectal cancer is not clear. In this study, we
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screened the expression of Notch-1 in colorectal cancer tissue
and cancer cell lines, and investigated the functions of Notch-1
in colorectal biological activities.

Materials and methods

Colorectal cancer tissues and cell lines. Colorectal carcinoma,
colorectal adenoma and paracancerous tissues and normal
colorectal tissues were obtained from the First Affiliated
Hospital of Nanchang University. This study was approved
by the Ethics Committee of Nanchang University. Colorectal
cancer cell lines (COLO 205, HT29, SW480 and SW1116) were
gifted by Digestion Institute of Nanfang Hospital. LoVo cells
were obtained from Institute of Biochemistry and Cell Biology,
Chinese Academy of Sciences (China).

Cell culture and transfection. Colorectal cancer cell lines
(COLO 205, HT29, SW480, SW1116 and LoVo) were cultured
in Dulbecco's minimum essential medium (DMEM) (Gibco,
Grand Island, NY, USA) supplemented with 10% fetal bovine
serum (FBS) and 100 U/ml penicillin-streptomycin (Sigma,
Ronkonkoma, NY, USA) in 5% CO, at 37°C. Cell confluence at
50-70% was applied in the following experiments. The cells
were divided into three groups: non-RNAi group (NR), negative
control group (NC) and RNAi group (R). pSiRNA-Notch-1 and
empty vector pSilencer 5.1-H1 Retro (Shanghai GenePharma,
Shanghai, China) were transfected by Lipofectamine 2000 and
packaged into viruses.

DAPT treatment. HT29 cells were treated by DAPT (6.25-50 uM)
(Sigma) for 1, 2, 3 and 4 days, respectively. After treatments,
the cell proliferation and apoptosis were detected. DAPT was
dissolved in 0.2% (v/v) DMSO and a similar concentration
of DMSO was applied as negative control. Proliferation was
detected by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tet-
razolium bromide (MTT) assay. The cell cycle and apoptosis
were detected by flow cytometry and terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) assay.

MTT assay. Cells were seeded in 96-well plates. When cell
confluence reached 50-70%, 100 ul virus supernatant was
added to knock down Notch-1 expression. After transfection
for 1,2, 3 and 4 days, MTT assay was applied to detect the
cell proliferation as previously described (15). The optical
density (OD) was determined by Microplate Reader (BioTek,
Winooski, VT, USA) at 570 nm.

Flow cytometry. When cell confluence reached 50-70%,
100 gl virus supernatant was added to knock down Notch-1
expression. After transfection for 48 h, the cells were collected
for Annexin V-FITC/PI staining (Beyotime, Ningbo, China)
and apoptosis was detected within 1 h by FACSCalibur
(BD Biosciences, Franklin Lakes, NJ, USA).

After transfection for 48 h, the cells were collected
for PI staining and cell cycle distribution was assessed by
FACSCalibur (BD Biosciences) within 1 h after staining.

TUNEL assay. TUNEL assay was conducted according to
the instruction of DeadEnd™ Colorimetric TUNEL system
(Promega, Madison, W1, USA).
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Immunohistochemical and immunocytochemical staining.
Cancer tissues were fixed in 10% formaldehyde and embedded
in paraffin. Sections (3-5 ym) were continuously sliced. After
dewaxing by xylene, the tissues were dehydrated in 70, 75, 80,
85 and 95% gradient alcohol. Hydrogen peroxide (3%) was
applied to repair the antigen. The mounted cells were fixed in
acetone. The non-specific staining was blocked by goat serum
at 4°C overnight. Immunostaining of histological sections
was performed using monoclonal antibodies against Notch-1
(1:200, ab52627; Abcam, Cambridge, MA, USA) and Jagged1
(1:200, ab7771; Abcam) overnight at 4°C followed by a 30-min
incubation with secondary antibody (Dako, Carpinteria, CA,
USA) and visualization with 3,3'-diaminobenzidine (DAB)
for 3 min. PBS was employed as the negative control for the
primary antibody. The positive staining was analyzed by
Imagel software.

Reverse-transcript PCR. Total RNA was extracted from
tissues or cell lines using TRIzol reagent (Thermo Fisher
Scientific, Waltham, MA, USA). RNA concentrations were
determined spectrophotometrically, and 1 ug total RNA was
reverse transcribed using an avian myeloblastosis virus
reverse-transcriptase kit (Promega). The expression of Notch-1,
p53 upregulated modulator of apoptosis (PUMA), p21 and
B-actin in mRNA was detected. PCR primers used were as
follows: Notch-1-F, CTCCCCGTTCCAGCAGTCTC and
Notch-1-R, CAGCCACTCGCATTGACCAT; PUMA-F,
GATGGCGGACGACCTCAAC and PUMA-R, ACGGGCA
CCAGCACAACA; p21-F, TTGATTAGCAGCGGAACA and
p21-R, TACAGTCTAGGTGGAGAAACG:; p-actin-F, AAGG
AAGGCTGGAAGAGTGC and f-actin-R, CTACAATGAG
CTGCGTGTGG.

The amplification reactions were carried out within a PCR
system (Applied Biosystems), with initial hold step (95°C for
4 min) and 40 cycles of a PCR (95°C for 40 sec, 54°C for
30 sec and 72°C for 30 sec). The expression of target genes
was normalized to 3-actin.

Western blotting. Protein was extracted from cell lines for
western blotting as previously described (19). The anti-Notch-1
antibody (1:200, ab52627; Abcam) was incubated overnight
at 4°C. After washing with 0.1% PBST (0.1% Tween-20),
membranes were probed with anti-mouse or anti-rabbit
horseradish peroxidase secondary antibodies (1:100; cat.
nos. ab131368 and ab191866; Abcam) at room temperature for
2 h. Enhanced Chemiluminescent reagent kit (GE Healthcare
Life Sciences, Chalfont, UK) was applied to assist the staining.
The blots were scanned by ChemiDoc™ XRS (Bio-Rad
Laboratories, Hercules, CA, USA) and grey density was
analyzed by Quantity One v4.62.

Statistical analysis. Data are presented as means + standard
deviations. One-way analysis of variance with post hoc
Bonferroni test for multiple comparisons was performed.
Differences were considered significant at P<0.05.

Results

Expression of Notch-1 and Jagged|l. Initially, we detected the
expression of Notch-1 and its ligand-Jaggedl in colorectal



ONCOLOGY REPORTS 39: 1063-1071, 2018 1065

Colorectal carcinoma (Grade I) Colorectal carcinoma {Grade I1) Colorectal carcinoma (Grade Ill)

Colorectal adenoma Paracancerous tissue Normal colorectal tissue

Colorectal carcinoma Grade Il
Colorectal adenoma
Paracancerous tissue

MNormal colorectal tissues

i3
3 3

Figure 1. Notch-1 expression in colorectal carcinoma (grade I, II and III), colorectal adenoma, paracancerous tissue and normal colorectal tissue. Upper panel:
representative images. Lower panel: quantification data. "P<0.05 compared with normal colorectal tissue. Scale bar, 100 ym.
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Figure 2. Jaggedl expression in colorectal carcinoma (grade I, II and I1I), colorectal adenoma, paracancerous tissue and normal colorectal tissue. Upper panel:
representative images. Lower panel: quantification data. "P<0.05 compared with normal colorectal tissue. Scale bar, 100 ym.

carcinoma, colorectal adenoma and carcinoma-adjacent and 2, the expression of Notch-1 (Fig. 1) and Jagged1 (Fig. 2)
tissues and normal colorectal tissues. As shown in Figs. 1  in colorectal carcinoma and colorectal adenoma was obviously
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Figure 3. Notch-1 expression in colorectal carcinoma cells. (A) RT-PCR of Notch-1 expression. (B) Immunocytochemical staining of Notch-1, Scale
bar, 100 ym. (C) Western blotting of Notch-1 expression. NC, negative control.
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Figure 4. Notch-1 silence inhibits cell proliferation in HT29 cells. (A) RT-PCR detecting Notch-1 expression. (B) Cell proliferation. (C) Cell morphology
observed by microscopy. Scale bar, 50 pm. "P<0.05 compared with NR. NR, non-RNAi group; NC, negative control group, R, RNAi group.

higher than those in carcinoma-adjacent tissues and normal
colorectal tissues. However, there was no significant difference
between carcinoma-adjacent tissues and normal colorectal
tissues regarding Notch-1 and Jagged] expression.

We also detected Notch-1 mRNA expression in COLO205,
HT29, LoVo, SW480 and SW1116 cells by RT-PCR. As
shown in Fig. 3A, Notch-1 expression was relatively higher in
COLO 205, HT29, SW480 and SW1116 cells, compared with
LoVo. Immunohistochemical staining showed that Notch-1
was expressed in all five colorectal carcinoma cells (Fig. 3B).
Two sub-types of Notch-1-4 exist: Notch transmembrane frag-
ment (NTM) and intracellular domain of Notch (ICN). We
found two bands of Notch-1 in all the five cell lines. Especially,

Notch-1 was highly expressed in COLO 205, HT29, SW480
and SW1116 cells (Fig. 3C).

PSiRNA-Notch-1 inhibits Notch-1 expression and cell prolif-
eration in HT29 cells. In the next part of experiments, we
designed pSiRNA-Notch-1 and transferred the vector into
viruses. The viral supernatant was collected to transfect HT29
cells. Our data showed that viral pSiRNA-Notch-1 significantly
reduced Notch-1 expression in HT29 cells compared with NC
group (Fig. 4A). The cell proliferation after viral transfection
was detected. As shown in Fig. 4B, viral pSiRNA-Notch-1
significantly inhibited the cell proliferation compared with
NC group. The morphology of the cells was also observed. As
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Figure 5. Notch-1 silence arrests cell cycle at GO/G1 phase in HT29 cells. (A) PI staining detected by flow cytometry. (B) Quantification data. "‘P<0.05
compared with NR. NR, non-RNAi group; NC, negative control group, R, RNAi group.
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Figure 6. Notch-1 silence promotes apoptosis in HT29 cells. (A) Annexin V/PI staining detected by flow cytometry. (B) Quantification data. "P<0.05 compared
with NR. NR, non-RNAi group; NC, negative control group, R, RNAi group.

shown in Fig. 4C, the cells in NR and NC groups showed clear
boundary, while the cells in viral pSiRNA-Notch-1 group
showed diffused cell boundary. Abundant dead cells were
observed after Notch-1 knockdown.

PSiRNA-Notch-1 arrests the cells at GI phase and promotes
apoptosis. Cell cycle was detected by flow cytometry after

PI staining. As shown in Fig. 5A and B, Notch-1 knockdown
significantly arrested the cell cycle at G1 phase (vs NC,
P<0.05) (NR: 70.75%; NC: 72.18%; R: 82.43%). Apoptosis was
detected by TUNEL assay and flow cytometry. As shown in
Fig. 6, Notch-1 knockdown not only promoted apoptosis in
early phase, but also total apoptosis. These data were further
confirmed by TUNEL assay (Fig. 7).
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Figure 7. Notch-1 silence promotes apoptosis in HT29 cells. (A) TUNEL staining. (B) Quantification data. "P<0.05 compared with NR. Scale bar, 50 ym.

NR, non-RNAi group; NC, negative control group, R, RNAi group.
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Figure 8. Notch-1 silence promotes expression of p21 and PUMA in HT29
cells. "P<0.05 compared with NR. NR, non-RNAi group; NC, negative control
group, R, RNAi group.

PSiRNA-Notch-1 promotes p21 and PUMA expression. We
also detected apoptosis-related gene expression. As shown in
Fig. 8, Notch-1 knockdown significantly increased p21 and
PUMA expression in mRNA level.

DAPT inhibits cell proliferation, arrests cell cycle at GI phase
and promotes apoptosis. We also applied different concentra-
tions of DAPT in HT29 cells. As shown in Fig. 9A, DAPT at
the concentration range of 6.25-50 xM inhibited the cell prolif-
eration in a concentration-dependent manner. After incubation
for 4 days, DAPT at 12.5-50 uM significantly inhibited cell
proliferation compared with control. DAPT treatment (50 M)
for 48 h impaired cell morphology and structure (Fig. 9B).
TUNEL assay showed that DAPT promoted apoptosis at the

Table I. DAPT triggers apoptosis in HT29 cells after adminis-
tration for 48 h.

Groups Control 25 uM DAPT 50 uM DAPT

Apoptosis (%) 4.22+2.51  17.61+2.82* 25.34+5.28*

“P<0.05 compared with control.

concentrations of 25 and 50 #M (Fig. 9C and Table I). Compared
with control, there was significant difference regarding apoptotic
rate in 25 and 50 uM DAPT groups. DAPT-induced apoptosis
in HT29 cells were also confirmed by flow cytometry after
Annexin V-FITC/PI double staining (Fig. 9D). DAPT treatment
(25 and 50 uM) for 48 h not only promoted apoptotic rate in
early phase, but also total apoptotic rate compared with control
(Fig. 9D and Table II). Additionally, we found DAPT arrested
the cell cycle at G1 phase after 48-h treatment (Fig. 9E and
Table III).

Discussion

Notch signaling pathway plays key roles in determining cell
fate in multicellular organisms (20,21). Transgenic animal
model showed that the fate of intestinal epithelial cells was
directly regulated by Notch (22). However, the relationship
between the abnormal expression of Notch-1 and colorectal
cancer is not clear. Our study showed that Notch-1 expression
in colorectal cancer was significantly higher than those of
paracancerous tissues and normal colorectal tissues, which
was consistent with a previous study (23). In this study, we
also found for the first time that the expression of Jaggedl in
colorectal cancer was increased compared with paracancerous
tissues and normal colorectal tissues. These results suggest
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Figure 9. DAPT suppresses cell proliferation in HT29 cells. (A) MTT assay. (B) Cell morphology. (C) TUNEL assay. (D) Annexin V/PI staining detected by
flow cytometry. (E) PI staining detected by flow cytometry. “P<0.05 compared with control. Scale bar, 50 ym.

Table II. DAPT triggers apoptosis in HT29 cells after admin-
istration for 48 h.

Table III. DAPT causes cell cycle arrest in HT29 cells after
administration for 48 h.

Groups Control 25 uM DAPT 50 uM DAPT  Groups Control 25 uM DAPT 50 uM DAPT
Apoptosis in 12444099 2530+0.74* 32.05+0.80° Gl phase (%) 64.813+2.525 71.517+1.562* 75.797+1.251*
early phase (%) S phase (%) 18.456+1.364 12.369+1.014 10.089+0.897
Total apoptosis (%) 20.48+1.57 36.43+£1.42" 43.24+1.67"° G2 phase (%) 16.731x1.145 16.114x1.125 14.114+0.974

*P<0.05 compared with control.

that Notch-1 signaling pathway is involved in the pathogen-
esis of colorectal cancer. However, the expression was not
related to the cancer grades, suggesting that Notch signaling
is involved in carcinogenesis of colorectal cancer even at the
early phase. A large number of studies have shown that Notch
signaling pathway, especially Notch-1, is closely related
to tumorigenesis (24-29). Immunocytochemical staining
showed that Notch-1 was expressed in all five colorectal
cancer cells. These results were confirmed by RT-PCR and
western blotting methods. Interestingly, Notch-1 is highly
expressed in HT29, SW480, COLO205 and SW1116, while

“P<0.05 compared with control.

LoVo cells showed relatively low expression. The in vitro
data further confirmed that Notch signaling is related to the
development of colorectal cancer.

Gene therapy is a hot topic in the research of tumor therapy.
RNA interference (RNAI) is a promising method in the study
of gene function (30). RNAI technology is simple, fast and
effective and could specifically inhibit the expression of target
genes. Therefore, this technique is now a powerful tool to
study gene function, but also provides new technology for the
treatment of cancers (31). In our study, PSilencer 5.1-H1 Retro
source was derived from murine stem cell virus (MSCV),



1070

a retroviral vector carrying siRNA fragment. The total
length was 6253 bp, and the promoter is started by H1, with
BamHI and HindlIII restriction sites. Therefore, the viruses
can effectively transfect mammalian cells. Due to the
resistance to puromycin, it is convenient to use the cells to
express the recombinant DNA. In order to clarify the role
of Notch signaling pathway performed in the proliferation
of colorectal cancer, we selected HT29 cells and knocked
down Notch-1 expression. Additionally, Notch signaling
pathway inhibitor DAPT was also utilized to confirm the
effects of Notch signaling pathway on proliferation of
colorectal cancer cells. MTT assay showed that the growth
and proliferation of HT29 cells were suppressed after
Notch-1 knockdown, accompanied with cell morphological
changes of cell death. These results suggest that Notch-1
signaling can promote the growth and proliferation of
colorectal cancer cells. DAPT is a chemical molecule that
specifically inhibits the activity of y-secretase. Therefore,
DAPT can block the cleavage of Notch receptor/ligand
binding and inhibit all Notch signals. We treated HT29
cells with DAPT and results showed that DAPT treatment
could slow down HT?29 cell proliferation in a concentra-
tion- and time-dependent manner. Interestingly, a small
dose of DAPT could promote chemotherapy in colon
cancer cells (32). Mechanically, Notch-1 knockdown or
inhibition of Notch signaling pathway is able to inhibit cell
cycle and arrest the cell cycle at GO/G1 phase, and induce
apoptosis in other tumors such as malignant melanoma and
pancreatic cancer. In our study, we also revealed that Notch
signaling pathway inhibition might suppress the growth
and proliferation of colorectal cancer cells by affecting cell
cycle and inhibiting cell apoptosis.

p21 protein has function in arresting cell cycle by inhib-
iting Cyclin-dependent kinase (CDK) complexes, such as
cyclin A-CDK2, cyclin D-CDK4/CDKG6 and cyclin E/CDK2.
p21 expression can block cell cycle at G1 phase, G2 phase or
S phase (33). We used RT-PCR method to detect the effects
of Notch-1 interference on the expression of p21 mRNA in
HT?29 cells. The results showed that Notch-1 silence increased
expression of p21. Therefore, we hypothesized that Notch-1
knockdown may lead to cell cycle arrest by inhibiting the
expression of p21, thereby inhibiting the growth of colorectal
cancer cells. Sjolund et al (34) also found that Notch-1
knockout can inhibit the growth of renal cell carcinoma in
vitro and in vivo, and arrest the cell cycle at GO/G1 phase. p21
not only inhibits the cell cycle, but also promotes apoptosis in
some conditions. For example, trichostatin A can upregulate
p21 to induce apoptosis of osteoclasts (35). Zoli et al found
that the expression of p21 was upregulated and was positively
correlated with apoptosis of breast cancer treated with adria-
mycin paclitaxel combined with 5-fluorouracil (36). Therefore,
we assumed that Notch-1 signaling pathway activation in
colorectal cancer cells may suppress apoptosis of HT29 cells
by downregulating the expression of p21.

PUMA is a pro-apoptotic gene and one member of
apoptosis-related proteins in the Bcl-2 family, through its
interaction with Bcl-2/ Bcl-XL (37). Previous results showed
that transfection of PUMA into human melanoma cell line can
lead to cell apoptosis and death in p53-dependent or -inde-
pendent pathways (38). Our study found that the expression of
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PUMA was upregulated after Notch-1 interference in HT29
cells. These results implicated that the interference of Notch-1
could promote apoptosis by upregulating the expression of
PUMA. Stylianou et al found that chemotherapy by mitoxan-
trone was related to Notch-regulated PUMA and apoptosis in
breast cancer cell lines (39). These results suggest that Notch
signaling can regulate the cell cycle and cell apoptosis by
regulating the p21 and PUMA genes, and thus plays a role in
promoting cancer in colorectal cancer.

In our study, we verified Notch-1 expression in cancer
tissue and cell lines. In the next part of experiments, HT29
cells were selected because of its high expression of Notch-1.
Several siRNAs were designed to knock down Notch-1 and
one optimal siRNA was packaged in the virus. Moreover, the
role of Notch-1 was further confirmed by DAPT. In future
studies, more colorectal cancer cell lines will be selected to
clarify the mechanisms.

In conclusion, Notch-1 is an oncogene in colorectal cancer
cells. Its overexpression is related to the cancer development.
Moreover, genetic method to knock down Notch-1 or Notch
signaling pathway inhibitor can effectively suppress the growth
and proliferation of colorectal cancer cells, and promote cell
apoptosis. These results indicate that Notch-1 could serve as a
therapy target for colorectal cancer.
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