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Weel inhibition can suppress tumor proliferation and sensitize p53
mutant colonic cancer cells to the anticancer effect of irinotecan
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Abstract. Weel is an oncogenic nuclear kinase, which
can regulate the cell cycle as a crucial G2M checkpoint.
Overexpression of Weel can be observed in various cancer
types, which may lead to a poor prognosis, but the potential
therapeutic value of Weel in colorectal cancer has not been
fully studied. In the present study, the role of Weel in colonic
cancer was investigated. Weel inhibition by small interfering
RNA was demonstrated to significantly restrain cancer cell
proliferation and sensitize the pS3 mutant colonic cancer cell
lines HT29 and SW480 to the effect of treatment with ionizing
radiation. The anticancer effect of the Weel inhibitor MK1775
was investigated in these two colonic cancer cell lines. MK 1775
was demonstrated to induce significant DNA damage, suppress
cell viability and induce apoptosis. In addition, MK1775
sensitized HT29 and SW480 cells to the effect of irinotecan.
Annexin V/propidium iodide staining demonstrated that
combination therapy can induce increased apoptosis compared
with MK1775 or irinotecan monotherapy. The results of
western blot analysis also indicated increased expression of the
DNA damage marker histone H2AX, and apoptosis-associated
protein cleaved caspase 3, in HT29 and SW480 cells. In conclu-
sion, the present study indicated that Weel may be a valuable
target for treatment of p53 mutant colonic cancer.

Introduction

Colorectal cancer is one of the most prevalent malignant
diseases, and is the fourth highest cancer-associated mortality
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worldwide (1).Early diagnosishasimprovedtheclinical outcome
of patients with colorectal cancer, and conventional therapeutic
strategies serve a crucial role for advanced colorectal cancer,
including surgery, and chemoradiotherapy (2). Due to the
poor therapeutic efficiency of traditional cytotoxic drugs, the
prognosis of patients with advanced cancer remains poor (3).
Therefore, novel targeted drugs and more efficient therapeutic
strategies are urgently needed to improve the clinical outcome
for patients with advanced colorectal cancer (4).

Important mechanisms in response to DNA damage are
the cell cycle checkpoints that can prevent cells entering into
mitosis by arresting the cell in the G1 or G2 phase, which
allows enough time for DNA repair to maintain genomic
integrity (5). The lack of a functional G1 arrest is common
in cancer cells due to dysfunction of p53, so cancer cells are
largely dependent on the G2 checkpoint to repair endogenous
and exogenous DNA damage; therefore, targeting the G2
checkpoint is a promising strategy for cancer therapy (6,7),
especially in p53 mutant cancer cells. Weel is a nuclear kinase,
which can regulate the G2 checkpoint by activating phos-
phorylation of cyclin dependent kinase 1 (CDK1) at the Tyrl15
residue and therefore delaying the entry into mitosis (8,9). Weel
overexpression occurs in a number of cancer types, including
ovarian cancer (10), melanoma (11) and lung cancer (12), and
indicates a poor outcome. In light of this promising hypoth-
esis, inhibitors targeting Weel have been designed, and a
number of clinical trials are underway. Of these inhibitors,
MK1775 is one of the most promising candidates, which can
potently and selectively inhibit Weel kinase in an adenosine
triphosphate-competitive manner, and a number of studies
have demonstrated that MK1775 can sensitize cells to the
effect of various chemotherapy drugs in solid tumor, including
cisplatin, 5-fluorouracil (13-15).

In the field of colorectal cancer, the value of targeting Weel is
disputed. On one hand, certain studies have reported that Weel
has limited therapeutic value due to its poor correlation with
clinical biological characteristics and prognosis (16); however,
the Weel inhibitor MK1775 could sensitize p53-deficient
colonic cancer cell lines to the anticancer effect of a number of
DNA damaging drugs (17). However, other studies have argued
that this chemosensitization effect was not dependent on p53
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status (18). Due to this controversy, further evaluation of the
potential therapeutic value of Weel in colonic cancer is needed.
In the present study, the effect of Weel on cell proliferation
and the response to ionizing radiation (IR) treatment in HT29
and SW480 cells was investigated. The anticancer effect of the
Weel inhibitor MK 11775 was analyzed, and whether MK 1775
can enhance the efficiency of DNA damage associated drug
irinotecan, which is one of the most important chemotherapy
reagents used in the clinical treatment of patients with colorectal
cancer with metastasis, was further examined.

Materials and methods

Cell culture. Two human colon cancer cells lines, HT29
and SW480 were purchased from the American Type
Culture Collection (Manassas, VA, USA) and cultured with
RMPI-1640 (Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) with 10% fetal bovine serum (Gibco; Thermo
Fisher Scientific, Inc.) supplemented with 1% penicillin and
streptomycin (Gibco; Thermo Fisher Scientific, Inc.). Cells
were conventionally maintained in an incubator at 37°C with
5% carbon dioxide and the culture medium was routinely
changed every three days.

Small interfering (si)RNA construction and transfection.
Weel and non-target control siRNA were purchased from
Sigma-Aldrich (Merck KGaA, Darmstadt, Germany), the
Weel siRNA sequence: 5-AAUGAUUCCUGUGGUGAA
GAC-3'. Non-target control siRNA sequence: 5'-UAAGGC
UAUGA AGAGAUAC-3', the final concentration of the siRNA
for the experiments was 20 nM. Weel and non-target siRNA
were transient transfected into cells using Oligofectamine
(Invitrogen; Thermo Fisher Scientific, Inc.) for 24 or 48 h
according to the protocol from the manufacturer.

MTT assays. Cells were seeded into 96-wells cell culture plates
(3,000 cells/well) overnight, then analyzed under different
experimental conditions. A total of 20 ul MTT (Invitrogen;
Thermo Fisher Scientific, Inc.; 2 mg/ml) was added to each
well, and cells were and incubated for 4 h. Dimethyl sulfoxide
(DMSO) was added to dissolve the crystals, cells were agitated
gently for another 5 min, and then the absorbance of each well
was detected at 570 nM. The MTT assay was used to analyze
the effect of Weel on cell proliferation, the response to treat-
ment with IR and to examine the anticancer effect of MK 1775,
irinotecan and combination therapy in HT29 and SW480 cells.

Radiosensitivity assays. Cell radiosensitivity was detected
using an MTT assay. HT29 and SW480 cells were transfected
with Weel siRNA for 48 h and the control groups were trans-
fected with siRNA. Cells were then seeded into a 96-well
plate (500 cells/well). Cells were cultured for another 24 h,
then IR was administered (dosage, 4 Gy) using an X-ray irra-
diator (RAD Source, LLC., Brentwood, TN, USA). Cells were
cultured for 4 days, then the cell viability in the control and
Weel knockdown groups with or without IR treatment were
detected by MTT assay.

Apoptosis assays. HT29 and SW480 cells were seeded into
6-well plates (3x10° cells/well), to analyze the anticancer
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effect of MK1775. Cells were treated with 1 uM MK1775 for
24 h, to investigate whether MK1775 can sensitize cells to
the effect of irinotecan. Cells were divided into four groups:
Control (DMSO), MK 1775 monotherapy, irinotecan mono-
therapy, and combination. Following treatment for 24 h, cell
were harvested, washed with cold PBS twice, and Annexin-V
(Invitrogen; Thermo Fisher Scientific, Inc.) and propidium
iodide (Sigma-Aldrich; Merck KGaA) were added. Cells were
then incubated for 10 min at room temperature in the dark,
and the apoptosis rate in each group was detected using flow
cytometry (Beckman Coulter, Inc., Brea, CA, USA and anal-
ysed by Kaluza® software version 1.2 (Beckman Coulter, Inc.).

Western blot analysis. Cells were harvested and lysed in a
radioimmunoprecipitation assay lysis buffer with protease and
phosphorylation inhibitor cocktails (GenDepot, Inc., Barker,
TX, USA). The protein concentration for each group was
determined by Bradford protein assay. A total of 30 pg protein
for each sample was loaded onto a gradient SDS-PAGE gel.
Following gel electrophoresis, the proteins were transferred
to polyvinyl difluoride membranes, then blocked with 5%
skimmed milk (Sigma-Aldrich; Merck KGaA) at room temper-
ature for 1 h. Subsequently, the membranes were washed with
PBS with 0.1% Tween-20 (PBST) three times, then incubated
overnight at 4°C with primary antibodies: Anti-Weel (1:1,000;
cat no. 4936), anti-phospho-CDK1 (Thr 14/Tyrl5 (1:1,000;
cat no. 4539), anti-cleaved-caspase 3 (1:1,000; cat no. 9661)
and anti-r-histone H2AX (H2AX; 1:1,000; cat no. 7631) were
purchased from Cell Signaling Technology, Inc., (Danvers,
MA, USA); anti-total CDK1 (1:500; cat no. sc-53219) was
purchased from Santa Cruz Biotechnology, Inc., (Dallas,
TX, USA) and anti-fB-actin (1:100,000; cat no. A1978) was
purchased from Sigma-Aldrich (Merck KGaA). f-actin was
used as a loading control. Anti mouse or rabbit-horse radish
peroxidase conjugated secondary antibodies (cat nos. 32260
and 32230; Invitrogen; Thermo Fisher Scientific, Inc.; 1:2,500
in PBST) were incubated with the membranes at room
temperature for 1 h, following washing with PBST three times.
The expression of target proteins was detected using enhanced
chemiluminescence solution (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA).

Statistical analysis. All data were presented as the
mean + standard deviation and each experiment was performed
three times. The paired Student's t-test was used to calculate
the statistical value for the difference between two groups,
and multigroup comparisons were performed using one way
analysis of variance followed by the Student-Newman-Keuls
post hoc test using GraphPad Prism version 6.0 software
(GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Weel ablation could impair the proliferative ability of the
cell and sensitize p53 mutant colonic cancer cell lines, HT29
and SW480 to the effect of IR treatment. To examine the
role of Weel in colonic cancer cells, HT29 and SW480 cells
were transfected with Weel siRNA for 48 h (Fig. 1). Weel
knockdown efficiency was examined by western blotting,
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Figure 1. Weel knockdown by siRNA reduces cell proliferation and sensitizes colonic cancer cells to treatment with IR. HT29 and SW480 cells were trans-
fected with siNC and Weel siRNA. Cell proliferation on days 1, 2 and 3 following transfection were measured by MTT assay in (A) HT29 and (B) SW480
cells. (C) HT29 and SW480 cells were exposed to IR treatment with a dosage of 4 Gy, then cultured for another 4 days, and cell viability were detected by
MTT assays. (D) In HT29 and SW480 cells, the expression of Weel, total CDK1, p-CDK1 (Tyl15) in the control and Weel knockdown groups were detected
by western blotting. Data are presented as the mean = SD. "P<0.05 vs. siNC. IR, ionizing radiation; si, small interfering; CDK1, cyclin dependent kinase; NC,

non-target control; p, phosphorylated.

as exhibited in Fig. 1D. Weel expression was decreased in
HT29 and SW480 cells, and it was also demonstrated that
phosphorylation at the Tyrl5 residue of CDK1 was inhibited.
An MTT assay was used to examine cell proliferation and the
sensitivity of cells to treatment with IR; Weel knockdown
was demonstrated to significantly suppress the proliferation
of HT29 (P<0.05; Fig. 1A) and SW480 (P<005; Fig. 1B) cells.
The effect of Weel silencing by siRNA on cell viability during
treatment with IR was investigated, and the sensitivity of cells
to IR treatment was increased compared with the untreated
cells (Fig. 10).

Weel inhibitor MK1775 can significantly induce DNA
damage, leading to apoptosis and decreased cell viability in
HT29 and SW480 cells. Nearly 40 clinical trials of the Weel
inhibitor MK 1775 are now underway (19), but its anticancer
effect and the potential molecular alterations are not well
studied in colorectal cancer cells. From the results of the MTT
assay exhibited in Fig. 2A, MK1775 can decrease cell viability
in HT29 and SW480 cells. The IC;, following treatment for
4 days was 0.376+0.134 uM in HT29 and 0.739+0.214 uM
in SW480 cells. The apoptosis assays also demonstrated that
MK1775 could induce cell apoptosis in these two colonic
cancer cell lines (Fig. 2B). Western blotting was used to detect
the molecular alterations induced by MK1775 in HT29 and
SW480 cells (Fig. 2C and D, respectively). MK1775 decreased
the level of Weel and the phosphorylation of CDK1, and it also
was observed that the DNA damage marker y-H2AX and apop-
tosis marker cleaved-caspase 3 increased in a dose-dependent
manner (Fig. 2C and D).

Weel inhibitor MK1775 could sensitize p53 mutant colonic
cancer cells to the effect of irinotecan. Although MK1775

demonstrated a potent anticancer effect in colonic cancer
cells, it remains a better choice to use it in combination with
other DNA damaging drugs for cancer treatment, because
combination strategy can decrease the effective dosage for
each drug, and it also can delay the development of drug
resistance. Irinotecan is one of most important chemotherapy
drugs, which is widely used for advanced colorectal cancer
treatment (20), especially for fluorouracil resistant patients. In
the present study, whether MK1775 could enhance the thera-
peutic efficiency of irinotecan in HT29 and SW480 cells was
investigated. The results revealed that irinotecan combined
with MK1775 decreased cell viability compared with irino-
tecan treatment alone (Fig. 3A and B). Additionally, combined
treatment induced increased levels of apoptosis, compared
with treatment with one drug alone (Fig. 3C and D).

Weel inhibitor MK1775 combined with irinotecan could
induce an increased level of DNA damage associated protein
y-H2AX and apoptosis marker cleaved-caspase 3 in HT29
and SW480 cells. Along with investigating the potency of
MK1775 and irinotecan combination in HT29 and SW480
cells, the molecular mechanisms were also analyzed using
western blotting. As presented in Fig. 4A and B, irinotecan
can induce phosphorylation of CDK1, which may serve a role
in aiding cancer cells in escaping from the anticancer effect of
irinotecan, and MK1775 was also demonstrated to decreased
the phosphorylation of CDKI1. And in the combination
treatment groups, higher levels of DNA damage associated
protein y-H2AX and apoptosis marker cleaved-caspase 3
were observed in both HT29 and SW480 cells. The results of
the present study support the hypothesis that MK 1775 could
enhance the anticancer effect of irinotecan on p53 mutant
colonic cancer cells.
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Figure 2. Weel inhibitor MK 1775 monotherapy demonstrates an anticancer effect in colonic cancer cell lines. HT29 and SW480 cells were treated with
Weel inhibitor MK1775. (A) HT29 and SW480 cells were treated with 0.5, 1 and 2 M MK1775 for 4 days, MTT assay was used to detect the cell viability.
(B) Cells were treated with 1 uM MK1775 for 24 h, Annexin-V/propidium iodide staining were performed to detected cell apoptosis in HT29 and SW480 cells.
Representative western blot images of (C) HT29 and (D) SW480 cells incubated with 0.5, 1 and 2 M MK1775 for 24 h. Data are presented as the mean + SD.
CDKI1, cyclin dependent kinase; H2AX, histone H2AX; p, phosphorylated; t-, total; DMSO, dimethyl sulfoxide.
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Figure 3. MK1775 can sensitize colonic cancer cells to the anticancer effect of irinotecan. Cell viability in (A) HT29 and (B) SW480 cells, as assessed by MTT
assay. Apoptosis rates in (C) HT29 and (D) SW480 cells treated with MK 1775, irinotecan, a combination of the two or a DMSO control. Data are presented as
the mean + SD. "P<0.05. DMSO, dimethyl sulfoxide
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Figure 4. Weel inhibitor MK1775 combined with irinotecan can induce an increase in DNA damage associated protein y-H2AX and apoptosis marker
c-caspase 3 in HT29 and SW480 cells. Representative western blot images of protein expression levels of Weel, CDK1, p-CDK1, c-caspase 3, H2AX and the
actin control to treatment with irinotecan, MK1775, a combination of the two or DMSO control in (A) HT29 and (B) SW480 cells. CDK1, cyclin dependent
kinase 1; p-, phosphorylated; H2AX, histone H2AX; c-, cleaved; t-total; DMSO, dimethyl sulfoxide.



Discussion

In normal cells, DNA damage usually is repaired by arresting
the cell at the G1 phase, but in tumor cells (20), due to the
frequency of G1 checkpoint deficiencies, especially in p53
deregulated cells, the G2 checkpoint serves a crucial role in
DNA damage repair (21,22). As a result of this, targeting the
effectors, which are involved in G2 checkpoints, is considered
a potent strategy for cancer therapy. Unlike other strategies,
which aim to block cell cycle processes, Weel inhibition can
speed up cell cycle progression, promoting increased entry into
mitosis with unrepaired DNA damage, ultimately leading to
apoptosis and cell death. Therefore, it is reasonable that Weel
inhibition can potentiate the anticancer effect of a number of
conventional DNA damaging drugs. However, there remains
some controversy about the chemosensitization effect of Weel
inhibition, with certain studies reporting that Weel inhibition
can only enhance the effect of DNA damage-associated agents
and radiotherapy in p53 deficient cancer cells (17,18), but others
argued that Weel inhibition demonstrated a chemosensitiza-
tion effect in both p53 wild and mutant cancer cells (18,23).

The results of the present study demonstrated that Weel
knockdown can inhibit tumor cell proliferation in p53 mutant
colonic cancer cell lines HT29 and SW480. This may be due to
the attenuated capacity of the cell to repair endogenous DNA
damage from the loss of the G2 checkpoint by Weel inhibition,
and Weel ablation may also increase the effect of treatment with
IR. To further investigate the potential clinical value of the results
of the present study, the anticancer effect of the Weel inhibitor
MK1775 in HT29 and SW480 cells was analyzed. Logically,
Weel inhibition ought to have an improved anticancer effect in
p53 mutant cells due to the lack of Gl arrest, and the data from
the present study demonstrated that MK1775 could significantly
inhibit cell proliferation and induce apoptosis in these two p53
mutant colon cancer cell lines. The results of the present study
were in accordance with data published in previous studies in
other cancer types (13,24), and western blotting also demon-
strated that MK1775 could increase the DNA damage marker
v-H2AX and apoptosis associated protein cleaved caspase 3
in dose-dependent manner. Although it seems that MK1775
monotherapy could achieve an anticancer effect in p53 mutant
colonic cancer cells, the dosage for treatment is still a challenge,
as the toxicity of agents targeting the cell cycle checkpoint is
big problem. Combination with other chemotherapy drugs is a
better choice as a first-line chemotherapy regime in metastatic
colonic cancer (25), and a number of studies are seeking the
proper strategy to increase the sensitivity of cancer cells to the
cytotoxicity effect (26-28). In the present study MK1775 was
demonstrated to increase the sensitivity of cells to the effect of
irinotecan both in HT29 and SW480, and resulting in increased
v-H2AX and cleaved-caspase 3.

In conclusion, although negative results have been reported
regarding the association between Weel expression and clin-
ical outcome, Weel is still a valuable target in patients with
p53 mutant colorectal cancer. Weel inhibition can decrease
cell viability in colorectal cancer cell lines, furthermore, it
was demonstrated that the Weel inhibitor MK1775 is a potent
anticancer drugs and can induce DNA damage in colorectal
cancer cells. In addition, MK 1775 has a chemosensitization
effect on treatment with irinotecan in colorectal cancer cells,
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which may help to increase the efficiency of treatment with
irinotecan, enabling improved clinical outcomes in patients
with advanced colorectal cancer.
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