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Colorectal cancer (CRC) is the third most common cancer worldwide, making it is a serious threat to human
health. It is imperative to develop new therapeutics to improve the CRC treatment efficiency. The aim of this
study was to investigate the role of NPRL2 in improving sensitivity to CPT-11 in colon cancer cells.

NPRL2 overexpression was established by transfecting the recombinant lentivirus-encoding NPRL2 gene into
HCT116 colon cancer cells. Cell proliferation was identified using Cell Counting Kit-8 (CCK8) assay. Cell cycle
and apoptosis were examined by flow cytometry. An immunofluorescence staining assay was conducted to
examine the expression of y-H2AX. Wound-healing and Transwell assays were utilized to show cell migration
and invasion capability. The expression of apoptosis-related proteins (cleaved caspase-3, caspase-9, cleaved
PARP, BAX, and Bcl-2), invasion-related proteins (MMP2, MMP9, p-PI3K, and p-AKT), and DNA damage check-
point pathway proteins (p-ATM, p-Chk2, Cdc25C, Cdc2, and Cyclin B1) were quantified by Western blotting.

A CCK8 assay revealed that the overexpression of NPRL2 improved the sensitivity of CPT-11 in HCT116 cells
(P<0.05). Functionally, NPRL2 overexpression elevated the sensitivity of CPT-11 by preventing colon cancer cell pro-
liferation, cell movement, and invasion, and promoting cell apoptosis and G2/M cell cycle arrest. Mechanistically,
NPRL2 overexpression enhanced CPT-11 sensitivity by activating the DNA damage checkpoint pathway.
NPRL2 overexpression enhances sensitivity to CPT-11 treatment in colon cancer cells, and it may serve as a mo-
lecular therapeutic agent to treat patients with CRC.
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Background

Colorectal cancer (CRC), the third most frequently diagnosed
cancer across the globe, is a grave danger to human health [1].
Despite clinical improvements with chemotherapy for CRC, re-
sistance exists in most patients and the survival rate of CRC
patients is significantly reduced once drug resistance is deter-
mined. Therefore, it is critical to determine and create new and
safe therapies to improve treatment efficiency, lower toxici-
ties, and halt the advancement of CRC. An emerging treatment
method combines DNA-damaging drugs with the overexpres-
sion of tumor-suppressor genes to improve therapeutic efficacy.

Nitrogen permease regulator like-2 (NPRL2) is a proposed tu-
mor-suppressor gene that is found at chromosome 3p21.3 [2].
Lowering or halting expression of the NPRL2 gene has been
identified in numerous types of cancer, such as lung cancer and
renal cell carcinoma [2,3]. NPRL2 down-regulation has been not-
ed in CRC tissues and NPRL2 overexpression has been shown
to prevent proliferation and prompt apoptosis in different tu-
mor cell lines [4,5]. Evaluations have indicated that NPRL2 is
involved in DNA mismatch repair, cell cycle checkpoint signal-
ing, and control of the apoptotic pathway [2,3].

Irinotecan (CPT-11) is a topoisomerase | inhibitor that induces
lethal replication-mediated double-strand breaks (DSBs) [6].
Drug-induced DSBs produce a DNA damage response that fea-
tures the stimulation of serine-threonine kinases in the ATM-
Chk2-Cdc25C-mediated checkpoint pathways and cell cycle
arrest at the G2/M cell cycle phase transitions. Based on the
level of DNA lesions, the stimulation of DNA damage signal-
ing leads to DNA repair or apoptosis [7]. Evaluations have re-
vealed that NPRL2 elevates vulnerability to anticancer drugs
and apoptosis and we previously showed that NPRL2 improves
sensitivity to oxaliplatin in colon cancer cells [5,8]. CPT-11 and
oxaliplatin are the most often utilized chemotherapy treat-
ments for CRC [9].

These results prompted us to posit that NPRL2 can improve
the sensitivity of colon cancer cells to CPT-11 by stimulating
the DNA damage checkpoint pathway. In the present study, we
investigated the effects of NPRL2 combined with CPT-11 in vi-
tro on CRC cell proliferation, cell cycle progression, cell apopto-
sis, and cell migration and invasion. We found that NPRL2 en-
hances the anticancer effects of CPT-11 in colon cancer cells.

Material and Methods

Cell culture

The HCT116 colon cancer cell line was acquired from Boster
Biological (Wuhan, China) and cultured in McCoy’s 5A medium
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along with 10% fetal bovine serum (Boster Biological) and 1%
penicillin/streptomycin.

Lentiviral transfection for stable expression clone

LV5-V9797-1 —~GFP + Puro plasmids with the NPRL2 gene and
negative control (LV-NPRL2 and LV-NC) were purchased from
Sangon Biotech (Shanghai, China). HCT116 cells stably express-
ing NPRL2 were established by transfecting the lentivirus. The
empty vector (EV) clones were established with the same meth-
od. The transfection effect was detected by Western blotting.

Cell viability assay

HCT116 cells transduced (with or without) the NPRL2 gene
were seeded in 96-well plates with 5000 cells per well. A
CCK8 assay (Dojindo, Japan) was used to identify the cell via-
bility following after various concentrations of CPT-11 (Selleck
Chemicals, Boston, MA) (3.75, 7.5, 15, 30, and 60 ug/ml CPT-
11) or throughout in the culture (24, 48, and 72 h). The 0D,
was measured by a microplate reader (Multiskan MK3; Thermo
Fisher Scientific Inc., Rockford, IL, USA).

Cell apoptosis detection

At 48 h following the inoculation, the cells were digested
and rinsed with phosphate-buffered saline (PBS) 2 times and
then resuspended in binding buffer at a final density of 2x10°
cells/ml. After that, the cells were stained with PE-labeled
Annexin-V and 7-AAD (4A Biotech Co., Ltd., Beijing, China) for
5 min at 4°C in the dark. Apoptosis was evaluated using a flow
cytometer (Becton Dickinson, Franklin Lakes, NJ).

Cell cycle analysis

Cells transduced with NPRL2 were treated with CPT-11 for 48 h
and 7x10° cells were collected. After trypsinization, the cells
were rinsed with PBS and then set in 95% ethanol. After that,
the cells were rinsed with 1x PBS, resuspended in PBS/1%
FCS containing with Pl and RNase A (5 mg/ml) (4A Biotech),
and then incubated for 30 min at 37°C. The cell cycle distri-
bution was examined by flow cytometry (Becton Dickinson,
Franklin Lakes, NJ).

Western blot analysis

Cellular protein extracts were isolated by electrophoresis
on a 12% or 8% SDS-polyacrylamide gel and electropho-
retically moved onto a PVDF membrane (Millipore, Bedford,
MA), which was then obstructed with 5% nonfat powdered
milk (Sangon Biotech, Shanghai, China) for 1 h and then in-
cubated overnight at 4°C with primary antibodies against
NPRL2 (ab88691, 1pg/ml, Abcam, USA), p-ATM (ab81292,
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Figure 1. Lentiviral transduction of NPRL2. Monitoring of the transduction efficiency of HCT116 cells by light and fluorescence
microscopy (A). Western blot analysis was used to assess transfection efficiency (B, C). Results in bar graph are represented
as mean + SD from three different triplicate experiments. **P<0.01. (Control, cells without transfection; Empty vector (EV),
cells transfected with empty vector; NPRL2-eGFP, cells transfected with NPRL2-overexpression vector).

1: 50000, Abcam, USA), y-H2AX (ab81299, 1: 1000, Abcam, USA),
CyclinB1 (ab32053, 1: 3000, Abcam, USA), p-PI3K (ab191606,
1: 1000, Abcam, USA), p-AKT (ab81283, 1: 5000, Abcam,
USA), Chk2 (#2197, 1: 1000, Cell Signaling Technology, USA),
Cdc2 (#77055, 1: 1000, Cell Signaling Technology, USA), Bcl-2
(12789-1-AP, 1: 1000, Proteintech Group, USA), BAX (50599-
2-AP, 1: 1000, Proteintech Group, USA), Cleaved caspase-3
(25546-1-AP, 1: 1000, Proteintech Group, USA), Caspase-9
(103801-1-AP, 1: 1000, Proteintech Group, USA), MMP2 (10373-
2-AP, 1: 200, Proteintech Group, USA), MMP9 (10375-2-AP,
1: 200, Proteintech Group, USA), Cdc25C (16485-1-AP, 1: 500,
Proteintech Group, USA) and GADPH (10494-1-AP, 1: 2000,
Proteintech Group, USA). After rinsing with PBS and Tween-20,
the membrane was incubated with IRDye 800CW goat anti-rab-
bit IgG (H + L) secondary antibody (1/5000; LI-COR Biosciences,
Lincoln, NE) for 1 h. Then, the antigen-antibody complexes
were established by an infrared imaging system (Odyssey; LI-
COR Biosciences, Lincoln, NE).

Immunofluorescence staining

Cultured HCT116 cells were set with 4% paraformaldehyde
for 20 min. After that, the cell membrane was infiltrated with
0.4% Triton X-100 for 1 h and obstructed by goat serum for 1h,
and then primary antibody against y-H2AX (phosphor S139)

(ab195189, 1: 200, Abcam, USA) staining at 4°C overnight.
After rinsing with PBS, the HCT116 cells were incubated with
the correlating Alexa Fluor 647-conjugated secondary anti-
body (ab150079, 1: 200, Abcam, USA) for 1 h. The cells were
stained with 4’,6-diamidino-2-phenylindole (DAPI) (Beyotime,
Haimen, China) for 5 min and examined with a confocal mi-
croscope. The area of each y-H2AX focus was quantified by
using the Image J software.

Cell migration assay

A wound-healing assay was utilized to establish cell migra-
tion capability. After confluence approached about 90%, a pi-
pette tip was used to produce a scratch on a consistent layer
of cells. The scratch was rinsed with PBS 2 times to eliminate
unattached cells. Images of the scratch were obtained at 0 h
and 24 h for the HCT116 cells with a microscope at 4x10 mag-
nification to quantify the width of the wound, which was mea-
sured using Image J software.

Cell invasion assay
Matrigel (BD Biosciences) was placed in the Transwell inserts

and polymerized at 37°C. Then, the HCT116 cells in serum-free
medium were seeded within the upper wells (1x10° cells/well),
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Figure 2. NPRL2 overexpression enhances CPT-11 sensitivity of CRC cells. The IC50 of CPT-11 was lower in cells transduced with NPRL2
than in cells transduced with empty vector (EV) (A). HCT116 cells treated with empty vector (EV) (with or without 25 pg/ml CPT-
11) or with NPRL2 (with or without 25 pg/ml CPT-11) for an additional 24, 48 and 72 h, and cell viability was detected by a CCK8
assay (B). Results in bar graphs are represented as mean +SD from three different triplicate experiments. * P<0.05; ** P<0.01.

and 10% serum-containing medium was placed in the outer
wells. After treatment with the CPT-11 for 24 h, the medium
was removed from the upper wells. The non-invading cells
were removed with a cotton swab; while the invading cells
were set with 4% paraformaldehyde, stained with 0.1% crys-
tal violet, and photographed and quantified in 3 indiscrimi-
nately chosen fields with a microscope. The number of inva-
sive cells was counted using Image ) software.

Statistical analysis

Differences among the cell lines following treatment with empty
vector (with or without CPT-11) or with NPRL2 (with or without
CPT-11) were analyzed using the repeated measures analysis
of variance. The data are the mean + standard deviation (SD)
of 3 individual experiments. Variations between the 2 groups
were examined with the two-tailed t test. P<0.05 was regard-
ed as being statistically significant. Results were analyzed us-
ing GraphPad Prism 5 (La Jolla, CA, USA) and SPSS software
(version 17.0) (Chicago, IL, USA).

Results

Lentiviral transduction of NPRL2

The HCT116 cells were divided into 3 groups: the negative
control, empty vector-stably transfected, and NPRL2-stably
transfected cell groups. Cells expressed enhanced green flu-
orescence protein (GFP) after transfection with the lentiviral
vectors. After 72 h, the transfection effect was examined us-
ing fluorescence microscopy (Figure 1A). Protein expression
was further confirmed by Western blotting (Figure 1B, 1C).

NPRL2 overexpression enhances CPT-11 sensitivity of CRC
cells

To further study the potential function of NPRL2 in CPT-11-in-
duced cytotoxicity, a CCK8 assay was performed on the trans-
fected cell lines. The IC_ of CPT-11 was reduced in cells trans-
duced with NPRL2 compared to the cells transduced with the
empty vector (P<0.05), which suggests that NPRL2 overex-
pression improves the sensitivity of CPT-11 in HCT116 cells
(Figure 2A). Cell survival was examined after empty vector or
NPRL2 transduction and following the treatment of 25 pg/ml
of CPT-11 in HCT116 cells for 24 h, 48 h, and 72 h. Results re-
vealed that the impacts of NPRL2 on CPT-11 sensitivity were
time-dependent (Figure 2B).

NPRL2 overexpression enhances CPT-11 sensitivity by
prompting apoptosis in CRC cells

To establish if NPRL2 affected apoptosis, the HCT116 cells
transduced with NPRL2 or the empty vector were treated with
CPT-11 for 48 h. According to the flow cytometry results, the
cells that had been treated with NPRL2 had a higher apopto-
sis rate than the cells treated with the empty vector. In addi-
tion, combined NPRL2 and CPT-11 treatment resulted in sig-
nificantly greater apoptosis than with either treatment alone
(Figure 3A, 3B). To establish the effect of NPRL2 on cell apop-
tosis, we used Western blotting to evaluate the stimulation
of apoptotic proteins in HCT116 cells treated with the emp-
ty vector, NPRL2, the empty vector plus CPT-11, or NPRL2 plus
CPT-11. The cells with NPRL2 and CPT-11 had higher levels of
cleaved caspase-3, caspase-9, cleaved PARP, and BAX, and a
decreased level of Bcl-2 compared to the cells with the empty
vector, NPRL2, and the empty vector plus CPT-11 (Figure 3C, 3D).
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Figure 3. NPRL2 overexpression enhances CPT-11 sensitivity by prompting apoptosis in CRC cells. HCT116 cells were treated with
empty vector (EV), NPRL2, combined empty vector with CPT-11 or combined NPRL2 with CPT-11 for 48 h, and cell apoptosis
was determined by Annexin V-PE/7AAD (A). Apoptotic rate of HCT116 cells were calculated (B). The protein levels of cleaved
caspase-3, caspase-9, cleaved PARP, BAX and Bcl-2 in HCT116 cells treated with empty vector (EV), NPRL2, empty vector plus
CPT-11 or NPRL2 plus CPT-11 for 48 h were revealed by Western blotting. GADPH served as loading Control (C, D). Results in

bar graphs are represented as mean +SD from three different triplicate experiments. * P<0.05; ** P<0.01.

NPRL2 overexpression enhances sensitivity to CPT-11 by
increasing y-H2AX expression in CRC cells

CPT-11 for 24 h, y-H2AX protein levels were most significantly
elevated in the cells treated with NPRL2 plus CPT-11 (Figure 4B).

We initially utilized Western blotting to evaluate y-H2AX ex-
pression (Figure 4A). In the HCT116 cells treated with the emp-
ty vector, NPRL2, the empty vector plus CPT-11, or NPRL2 plus

Next, we analyzed y-H2AX foci formation using immunofluores-
cence staining after treatment with the empty vector, NPRL2,
the empty vector plus CPT-11, or NPRL2 plus CPT-11 for 24 h in
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Figure 4. Overexpression enhances sensitivity to CPT-11 by increasing y-H2AX expression in CRC cells. The protein levels of y-H2AX
in HCT116 cells treated with empty vector (EV), NPRL2, empty vector (EV) plus CPT-11 or NPRL2 plus CPT-11 for 24 h were
evaluated by Western blotting. GADPH served as loading Control (A, B). y-H2AX expression were examined in cells treated
with empty vector (EV), NPRL2, empty vector (EV) + CPT-11 or NPRL2 + CPT-11 for 24 h by immunofluorescence staining (C).
The bar graph summarizing nuclear foci distribution in the above four groups (D). Results in bar graphs are represented as
mean +SD from three different triplicate experiments. * P<0.05; ** P<0.01.

HCT116 cells (Figure 4C). The cells exposed to NPRL2 plus CPT-11
showed more y-H2AX foci than the cells treated with the emp-
ty vector, NPRL2, or the empty vector plus CPT-11 (Figure 4D).

NPRL2 overexpression enhances sensitivity to CPT-11 by
inducing G2/M cell cycle arrest in CRC cells

To study whether NPRL2 regulates cell cycle progression in CRC
cells, HCT116 cells were treated with the empty vector, NPRL2,
the empty vector plus CPT-11, or NPRL2 plus CPT-11 for 48 h
and analyzed by flow cytometry (Figure 5A). The results sug-
gested that NPRL2 plus CPT-11 led to a more pronounced ac-
cumulation of cells in G2/M and a greater shift toward G2/M
arrest than in the cells treated with the empty vector, NPRL2,
or the empty vector plus CPT-11 (Figure 5B).

NPRL2 overexpression increases sensitivity to CPT-11 by
activating the DNA damage checkpoint pathway

We then examined the impact of NPRL2 on cell cycle regulatory
proteins. The cells were exposed to the empty vector, NPRL2,
the empty vector plus CPT-11, or NPRL2 plus CPT-11, and then
the p-ATM (51981), p-Chk2 (Thr68), Cdc25C, Cdc2, and Cyclin
B1 levels were ascertained by Western blotting. The cells treat-
ed with NPRL2 plus CPT-11 had higher levels of p-ATM (S1981)
and p-Chk2 (Thr68) than the cells treated with the empty vec-
tor, NPRL2, or the empty vector plus CPT-11. Conversely, the
lower levels of Cdc25C, Cdc2, and Cyclin B1 in the cells treat-
ed with NPRL2 plus CTP-11 may explain the greater shift to-
ward G2/M arrest (Figure 5C).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




LAB/IN VITRO RESEARCH

LiuS. et al.:

Overexpression of NPRL2 enhances sensitivity to CPT-11 treatment in colon cancer cells

© Med Sci Monit, 2018; 24: 1424-1433

A
61/60:32.08%
1000 S$:43.23%
62/M:24.69%
800
€ 600
=
400
200
0
0 10 20 30 40 5 6 70
Channels (FL2-H)
EV
] 61/G0:9.56%
] 5:45.7%
800 G2/M:44.75%
600
2 ]
g i
= 400
200
0
0 10 20 30 4 5 6 70
Channels (FL2-H)
EV-+CPT-T1
B
80_ | *%
*¥%
60 -
S %
K 1
2 40
[=9
=
&
20
0
BV NPRL2 ]
+CPT-11

Number

Number

] G1/G0:34.73%
1000 $:31.22%
G2/M:34.05%

0 10 20 30 40 50 60 70
Channels (FL2-H)

NPRL2

G1/60:10.96%
E $:26.93%
1000 G2/M:62.11%

0 10 20 30 40 50 60 70
Channels (FL2-H)

NPRL2+CPT-11

V. NPRL2 EV  NPRL2
+CPT-11 +CPT-1M

i 1)
G ————]
p-ci2hess)
e
U s s . e

GAPDH |  ——

o TS = -
GAPDH s e e s
VCIINBT - o————
GAPDH | e ™ S e

Figure 5. NPRL2 overexpression enhances sensitivity to CPT-11 by inducing G2/M cell cycle arrest and activating the DNA damage
checkpoint pathway in CRC cells. Cell cycle distribution in HCT116 cells treated with empty vector (EV) (with or without
CPT-11) or with NPRL2 (with or without CPT-11) for 48 h (A). Bar graphs of HCT116 cells cycle distribution (B). HCT116 cells
treated with an empty vector (EV), NPRL2, empty vector (EV) plus CPT-11 or NPRL2 plus CPT-11 were harvested at 48 h and
then the expression of p-ATM (51981), p-Chk2 (Thr68), Cdc25C, Cyclin B1 and Cdc2 were analyzed by Western blotting.
GADPH served as loading Control (C). Results in bar graph are represented as mean +SD from three different triplicate

experiments. * P<0.05; ** P<0.01.
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NPRL2 overexpression improves CPT-11-induced inhibition
of invasion and migration through the down-regulation of
PI3K/AKT pathway-dependent MMP reduction

To evaluate the role of NPRL2 in prevention of invasion and
movement of HCT116 cells, the impacts of NPRL2 on the ability
of HCT116 cells to move around were examined with a wound-
healing assay. After 24 h, the wound-healing assay showed
that the migration rate of the cells treated with the combina-
tion of CPT-11 and NPRL2 was more strongly inhibited than
those with the empty vector, NPRL2, or the empty vector plus
CPT-11 (Figure 6A). The impact of NPRL2 on HCT116 cell in-
vasion through Matrigel was also assayed. After 24 h, we dis-
covered that the CPT-11 and NPRL2 amalgam revealed much
greater inhibition of the invasive ability of HCT116 colon can-
cer cells compared to the empty vector, NPRL2, or the emp-
ty vector plus CPT-11 (Figure 6B). Further, the expression lev-
els of the MMP-2 and MMP-9 proteins, evaluated by Western
blotting, were significantly down-regulated in the CPT-11 and
NPRL2 amalgam in contrast to the empty vector, NPRL2, and
the empty vector plus CPT-11 (Figure 6C). To additionally ex-
amine the latent mechanism of the CPT-11 and NPRL2 amal-
gam on cell movement and invasion, the PI3K/AKT signaling
pathway in HCT116 cells was investigated. Western blot anal-
ysis showed that the cells treated with NPRL2 plus CPT-11
showed significantly greater down-regulation of p-PI3K and
p-AKT than the cells treated with the empty vector, NPRL2, or
the empty vector plus CPT-11 (Figure 6D).

Discussion

The NPRL2 gene has strong antitumor activity in vitro and in
vivo by limiting proliferation and prompting apoptosis [10].
Yogurtcu et al. reported that down-regulation of the NPRL2
gene may contribute to the progression of colon cancer [11].
NPRL2 expression level was negatively correlated with the sur-
vival rate of patients with osteosarcoma and hepatocellular
carcinoma (HCC), indicating its value as an independent prog-
nostic marker [12,13]. Furthermore, intratumoral injection of a
recombinant adenoviral or lentiviral vector containing NPRL2
gene significantly suppressed tumor growth and tumor pro-
gression and metastasis in various human lung cancer and gli-
oma mouse models [10,14]. A prior evaluation revealed that
NPRL2, as a molecular therapeutic target for enhancing and
resensitizing the reaction to cisplatin, has been documented
in lung cancer [15,16]. In addition, NPRL2 expression increased
cancer cell sensitivity to several anticancer drugs, including
doxorubicin, Taxol, etoposide (VP-16), and 17-(allylamino)-
17-demethoxygeldanamycin (17-AAG) [5,17]. However, wheth-
er NPRL2 enhances the sensitivity to CPT-11 in colon cancer
cells remains unknown.
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In the present study we examined the therapeutic impacts of
NPRL2 plus CPT-11 in HCT116 cells and investigated the mech-
anism of action. The results of this study suggest that NPRL2
substantially improved CPT-11 activity in HCT116 cells by in-
ducing cell apoptosis, G2/M arrest, and impeding cell prolifer-
ation and cell movement and invasion. An examination of the
molecular mechanism of NPRL2 improvement of CPT-11 sen-
sitivity demonstrated that y-H2AX plays an essential role has
a pivotal part because y-H2AX protein levels were significant-
ly elevated in the cells treated with NPRL2 plus CPT-11 com-
pared to the cells treated with the empty vector, NPRL2, or
the empty vector plus CPT-11. y-H2AX is thought to be a sen-
sitive biomarker for DNA double-strand breaks (DSBs) and is
reported to be stimulated by ATM [18]. These discoveries in-
dicate that the sensitizing impact of NPRL2 for CPT-11 might
be connected to the induction of DNA DSBs. The majority of
antitumor therapies function by causing DSBs. y-H2AX for-
mation is induced by apoptotic DNA fragmentation, which is
crucial for apoptosis [19]. Our outcomes suggest that combi-
nation treatment therapy with NPRL2 and CPT-11 improves
v-H2AX expression and prompts potent apoptosis. Cells from
mice that do not have the H2AX gene have a G2/M checkpoint
flaw close to that in ATM-lacking cells exposed to diminished
doses of ionizing radiation [20]. Tu et al. discovered that H2AX
phosphorylation happens throughout cell cycle progression
and that y-H2AX levels are elevated upon the initiation of the
G2/M phase in Hela cells [21]. Jayachandran et al. have docu-
mented that the amalgam of NPRL2 and cisplatin can elevate
v-H2AX expression and prompt cell arrest in the G2/M phase
in lung cancer cells [22]. Our data revealed that the combina-
tion of NPRL2 plus CPT-11 significantly prompts G2/M phase
cell cycle arrest in HCT116 cells, which is tightly connected to
the expression of the y-H2AX protein.

ATM, is a phospholipid acyl enzyme-3-kinase that functions in
reaction to the DNA damage, especially DNA DSBs. ATM mo-
tivates the proteins pertinent to the cell cycle and DNA dam-
age signaling. Motivated ATM then stimulates Chk1 and Chk2
activity by phosphorylation [21]. Cdc25C can be inactivat-
ed by phosphorylation at Ser216 by Chk1, and, following se-
questration of Cdc25C in the cytoplasm by binding Chk2 with
members of the 14-3-3 protein family, halts early mitosis [23].
Cdc25C phosphatase motivates cellular initiation into mito-
sis by stimulating the cyclin-dependent kinase Cdc2/cyclin
B1 complex [24,25]. In our study, a combination treatment of
NPRL2 and CPT-11 increased the activation of the phosphory-
lation ATM and Chk2 kinases and subsequently resulted in the
down-regulation of Cdc25C, Cdc2, and Cyclin B1 expression.

MMPs, in particular MMP2 and MMP9, are critical to tumor
cell movement and invasion [26]. Huang et al. documented
that the down-regulation of NPRL2 stimulates PDK1-Akt1 and
adds to the malignant development of glioma cells [14]. The
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Figure 6. NPRL2 overexpression improves CPT-11-induced inhibition of invasion and migration through the down-regulation of PI3K/
AKT pathway-dependent MMP reduction. Changes of migratory potential were detected by wound-healing assay. The cells
were pre-treated empty vector (EV) (with or without CPT-11) or with NPRL2 (with or without CPT-11) for 24 h (A). Transwell
assay were done in HCT116 cells treated with empty vector (EV), NPRL2, empty vector (EV) plus CPT-11 or NPRL2 plus CPT-
11 for 24 h (B). The protein levels of MMP2, MMP9, p-PI3K and p-AKT in HCT116 cells treated empty vector (EV) (with or
without CPT-11) or with NPRL2 (with or without CPT-11) for 24 h were quantified by Western blotting (C, D). Results in bar
graphs are represented as mean + SD from three different triplicate experiments. * P<0.05; ** P<0.01.
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PI3K/AKT pathway is a crucial signaling pathway that is re-
sponsible for cancer migration and invasion [27]. Inhibition of
PI3K and AKT results in decreased MMP2 and MMP9 expres-
sion in cancer cells [28]. A prior evaluation by our team re-
vealed that NPRL2 can prevent the invasion of CRC cells [29].
Nevertheless, the impact of NPRL2 in tandem with chemo-
therapeutic agents on invasion and movement has yet to be
elucidated. Thus, in this study, we further revealed that com-
bined treatment with NPRL2 and CPT-11 efficiently prevent-
ed the invasion and movement of the HCT116 cells in vitro.
We also showed that NPRL2 plus CPT-11 significantly limited
the activity of MMP2 and MMP9, and inhibited the PI3K/AKT
signaling pathway, which plays a role in impeding movement
and invasion of NPRL2 in HCT116 cells.
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