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LncRNA NKILA suppresses colon cancer cell proliferation and
migration by inactivating PISBK/Akt pathway

Jian Huang", Lingfeng Zhao®*, Wei Chen*, Jian Duan®, Dibesh Shrestha', Ruize Zhou', Xiaoyu Tuo’,
Zhu Zhu'

'Department of Surgical Oncology, ‘Department of Vascular Surgery, *Department of imaging, ‘Department of Hepatology, 'Department of
Pathology, The First Affiliated Hospital of Kunming Medical University, Kunming 650032, China

Contributions: (I) Conception and design: ] Huang, L Zhao, W Chen, Z Zhu; (IT) Administrative support: None; (IIT) Provision of study materials
or patients: None; (IV) Collection and assembly of data: ] Huang, L Zhao, W Chen, ] Duan, D Shrestha; (V) Data analysis and interpretation: All
authors; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

"These authors contributed equally to this work.

Correspondence to: Zhu Zhu. Department of Surgical Oncology, The First Affiliated Hospital of Kunming Medical University, No. 295 Xichang Road,
Kunming 650032, China. Email: zhuzhul73855@gmail.com.

Background: LncRNA NKILA has been reported to play a role as tumor suppressor in the development
of various human cancers. However, functionality of NKILA in the development of colon cancer still hasn’t
been reported.

Methods: In this study, expression of NKILA in tumor tissues of patients with different stages of colon
cancer was detected by QqRT-PCR. Effects of NKILA knockdown and overexpression on migration and
invasion of different colorectal adenocarcinoma cell lines were investigated by Transwell invasion and
migration assay, respectively. Interaction between NKILA and PI3K/Akt pathway was explored by western
blot.

Results: We found that expression level of NKILA was reduced with the development of colon cancer.
NKILA knockdown promoted the migration and invasion of different colorectal adenocarcinoma cell
lines, induced the activation of PI3K/Akt pathway and promoted tumor growth in mice, while NKILA
overexpression played an opposite role.

Conclusions: We conclude that NKILA can suppress proliferation and migration of colon cancer cell by
inhibiting the activation of PI3K/Akt pathway.
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Introduction distant metastasis occurs, the 5-year survival rate will be as

. . . low as 10% (4). Therefore, early diagnosis and treatment is
As the most common type of gastrointestinal malignancy, : i

. . . the key for survival of colon cancer patients.
colon cancer is considered to be the fourth major cause

of cancer-related deaths worldwide (1). At present, colon Long non-coding RNA, also known as IncRNA, is a group

cancer affects 12 million new cases and causes more than half
million deaths every year (2). Incidence rate of colon cancer
increases with age, and is higher in men than in women (3).
With progresses in treatment of colon cancer, 5-year survival
rate of colon cancer patients without distant metastasis now
has reached 90% in some developed countries, however, once
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of non-coding RNA containing more than 200 nucleotides (5).
Numerous studies have shown that IncRNAs play pivotal
roles in nearly all aspects of normal biological processes in
the human body (6). Besides that, many IncRNAs are also
involved in pathogenesis of a variety of human diseases
including heart diseases, liver diseases and different types

Transl Cancer Res 2018;7(6):1431-1438


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2018.11.05

1432

of human cancers (7-9). As a IncRNA that can be induced
by NF-xB pathway-related cytokines (10), NKILA
plays a role as tumor suppressor gene in various types of
human cancers including non-small cell lung cancer (11)
and tongue squamous cell carcinoma (12). However,
functionality of this IncRNA in colon cancer still hasn’t been
reported.

In this study, expression of NKILA in tumor tissues of
patients with different stages of colon cancer was detected.
Effects of NKILA knockdown and overexpression on migration
and invasion of cells of different colorectal adenocarcinoma cell
lines were studied, and the interaction between NKILA and
PI3K/Akt pathway was also explored. The report is as follow:

Methods
Patients

A total of 100 patients with colon cancer were selected
in The First Affiliated Hospital of Kunming Medical
University from January 2013 to January 2016. All
patients were diagnosed by pathological tests and imaging
examinations. Those patients were divided into different
stages according to the standard established by American
Joint Committee on Cancer: stage 0, primary tumor without
lymph node metastasis and distant metastasis; stage 1,
submucosal layer or muscle layer was invaded, but no lymph
node metastasis or distant metastasis was observed; stage
2, large intestine without peritoneal coverage was invaded,
but no lymph node metastasis and distant metastasis were
observed; stage 3, other organs were invaded, lymph node
metastasis was observed, but no distant metastasis was
found; stage 4, other organs were invaded, lymph node
metastasis and distant metastasis were found. Each stage
contained 20 patients. Patients in stage 0 included 12 males
and 8 females, and age ranged from 25 to 61 years, with a
mean age of 44.8+12.1 years; patients in stage 1 included
11 males and 9 females, and the age ranged from 31 to 72
years, with a mean age of 49.1+9.1 years; patients in stage
2 included 9 males and 11 females, and age ranged from 19
to 65 years, with a mean age of 42.2+17.1 years; patients
in stage 3 included 8 males and 12 females, and age ranged
from 20 to 71 years, with a mean age of 45.6=11.3 years;
patients in stage 3 included 10 males and 10 females,
and age ranged from 33 to 72 years, with a mean age of
40.5+16.1 years. There were no significant differences in
age, gender and other basic information among patients at
different stages. Surgical resection was performed for all
patients, and tumor tissues were collected during operation.
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All participants signed informed consent. This study was
approved by ethics committee of The First Affiliated
Hospital of Kunming Medical University.

Cell lines, cell culture and transfection

Colorectal adenocarcinoma cell lines HT-29, HCT-8 and
C2BBel, and normal cell line CCD-18 Co were purchased
from ATCC. All cell lines were cultured according to the
manufacture’s instructions. Cells were collected during
logarithmic growth phase for all subsequent experiments.
Transfection through lentivirus was performed according to

the method described by Huang ez a/. (12).

Real-time quantitative PCR

Total RNA was extracted from tumor tissues and cells of
different cell lines using Trizol reagent (Invitrogen, USA).
NanoDrop™ 2000 Spectrophotometers (Thermo Fisher
Scientific, USA) was used to check the quality of all RNA
samples, and only the ones with a ratio of A260/A280
between 1.8 and 2.0 were used in reverse transcription.
SYBR® Green Real-Time PCR Master Mixes (Thermo
Fisher Scientific, USA) was used to prepare PCR reaction
systems. Following primers were used in PCR reactions:
S'-TGGATTGTTGGGTATATTTTGGA-3" (forward)
and 5'-TGTATGAAGAGGATGCTGAAGGC-3' (reverse)
for NKILA; 5'-GACCTCTATGCCAACACAGT-3'
(forward) and 5'-AGTACTTGCGCTCAGGAGGA-3'
(reverse) for B-actin. PCR reaction conditions were: 95 °C
for 1 min, followed by 40 cycles of 95 °C for 20 s and 60 °C

for 50 s. Ct values were processed using 2**“" method.

Transwell cell migration and invasion assay

Transwell cell migration and invasion assay (BD Biosciences,
USA) was performed to investigate the migration and
invasion ability cells of each cell line. For migration assay,
about 4x10* cells were inoculated into the upper chamber,
the lower chamber was filled with RPMI-1640 medium
(Thermo Fisher Scientific, USA) supplemented with 20%
FCS (Sigma-Aldrich, USA). After incubation for 24 h,
membranes were stained with 0.5% crystal violet for
20 minutes. Results were observed under a light microscope
(Olympus, Japan). Upper chamber was pre-coated with
Matrigel (356234, Millipore, USA) before invasion assay,
and all other steps were essentially the same with migration
assay.

Transl Cancer Res 2018;7(6):1431-1438



Translational Cancer Research, Vol 7, No 6 December 2018

1433

*
*
1.6 1 %
< )
c 1.4 4 *
z - *
5 1.24 *
[ i s
o 1.0 e
5 T s *
% 0.8 ; *
g % - -
g 081 St
()
o l
2 0.4
kS l
[0)
4 *
0'0 T T T T
To T T2 T3 T4

Figure 1 Relative expression levels of NKILA in patients with different stages of colon cancer. *, P<0.05.

Western-blot

After protein extraction using conventional method, 12%
SDS-PAGE gel electrophoresis was performed to separate
different proteins. After transmembrane to PVDE, membranes
were blocked with 5% skimmed milk, followed by incubation
with primary antibodies including rabbit anti-pAkt (Thr308)
(1:2000, ab38449, Abcam), anti-pAkt (Ser473) (1:2000,
ab81283, Abcam), anti-Akt (1:2000, ab126811, Abcam), anti-
PI 3 Kinase p85 alpha (pPI3K) (phospho Y607) (1:1000,
ab182651, Abcam), anti-PI 3 Kinase p85 alpha (PI3K) and
anti-GAPDH (1:1000, ab9845, Abcam) overnight at 4 °C.
After washing, membranes were further incubated with anti-
rabbit IgG-HRP secondary antibody (1:1000, MBS435036,
MyBioSource) at room temperature for 2h. ECL method
(Sigma-Aldrich, USA) was used to develop signals.

Mouse xenograft model

A total of 30 BALB/c nude mice (20+2 g) were provided
by Guangdong Medical Laboratory Animal Center
(Guangdong, China). Mice were randomly divided into 3
groups with 10 mice in each group. Normal HT-29 cells,
HT-29 cells with NKILA overexpression and HT-29 cells
with NKILA siRNA interference were resuspended in
100 pL of matrigel/PBS mixture and were subcutaneously
injected into mice in different groups. Mice were sacrificed
6 weeks later. Tumors were collected and photographed.
Animal experiments were performed following Guide for
the Care and Use of Laboratory Animals-Chinese Version
[1996]. Animal ethics committee of First Affiliated Hospital
of Kunming Medical University approved this study.
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Statistical analysis

PSS19.0 statistical software (SPSS Inc., USA) was used.
All experiments were performed in triplicate manner.
Measurement data were recorded by (X+s) and comparisons
among multiple groups were analyzed by one-way analysis
of variance, followed by Tukey test. Count data were
compared by Chi square test. P<0.05 was considered to be
statistically significant.

Results

Expression of IncRNA NKILA in patients with different
stages of colon cancer

Expression of NKILA in tumor tissues of patients with
different stages of colon cancer was detected by qRT-
PCR. As shown in Figure 1, expression level of NKILA was
significantly reduced with the progression of colon cancer
(P<0.05). These data suggest that NKILA is involved in the

development of colon cancer.

Expression of IncRNA NKILA in different cell lines with
different treatment

Colorectal adenocarcinoma accounts for about 95% of colon
cancer. Therefore, three colorectal adenocarcinoma cell lines
including HT-29, HCT-8 and C2BBel were used in this study.
As shown in Figure 24, compared with normal cell line CCD-
18Co, expression of NKILA was significantly reduced in cells
of all three colorectal adenocarcinoma cell lines (P<0.05).
NKILA knockdown and overexpression cell lines were
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Figure 2 Relative expression levels of NKILA in cells of different cell lines with different treatments. *, P<0.05.

established through lentivirus infection. As shown in Figure 2B,
expression level of NKILA was significantly reduced in cells
of NKILA knockdown cell lines (P<0.05), and significantly
increased in cells of NKILA overexpression cell lines (P<0.05),
indicating the successfully established NKILA knockdown and

overexpression cell lines.

Effects of NKILA knockdown and overexpression
on migration and invasion of different colorectal
adenocarcinoma cell lines

Transwell migration and invasion assay was performed
to investigate the effects of NKILA knockdown and
overexpression on migration and invasion abilities of cells of
different colorectal adenocarcinoma cell lines. As shown in
Figure 34, NKILA knockdown through siRNA interference
significantly increased the migration ability of cells of all
three colorectal adenocarcinoma cell lines, while NKILA
overexpression significantly decreased the migration
ability of cells of all three colorectal adenocarcinoma cell
lines (P<0.05). Similarly, as shown in Figure 3B, NKILA
knockdown significantly increased the invasion ability of
cells of all three colorectal adenocarcinoma cell lines, while
NKILA overexpression significantly decreased the invasion
ability (P<0.05). Those data suggest that expression level
of NKILA is reversely correlated with the migration and
invasion abilities of colorectal adenocarcinoma cells.

Effects of NKILA knockdown and overexpression on PI3K/
Akt pathway

PI3K/Akt pathway plays essential roles in development
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of various cancers including colon cancer. Therefore,
interaction between NKILA and PI3K/Akt pathway was
explored in this study. As shown in Figure 4, NKILA
knockdown and overexpression showed no significant effects
on levels of total Akt and PI3K, while NKILA knockdown
increased the levels of pAkt (Thr308), pAkt (Ser473) and
pPI3K in cells of HT-29 (Figure 44), HCT-8 (Figure 4B)
and C2BBel (Figure 4C) three colorectal adenocarcinoma
cell lines (P<0.05). In contrast, NKILA overexpression
decreased the levels of pAkt (Thr308), pAkt (Ser473) and
pPI3K in cells of these 3 colorectal adenocarcinoma cell
lines (P<0.05). Those data suggest that NKILA expression
can inhibit the activation of PI3K/Akt pathway.

Effects of IncRNA NKILA overexpression and knockdown
on the growth of tumors derived firom colorectal
adenocarcinoma cell line HT-29

As shown in Figure 5, compared with the tumors derived
from control HT-29 cells, volume and weight of tumors
derived from NKILA overexpressing HT-29 cells were
significantly reduced (P<0.05). In contrast, the volume and
weight of tumors derived from NKILA knockdown HT-
29 cells were significantly increased (P<0.05). Those data
suggest that NKILA can inhibit the growth of colon cancer.

Discussion

Colon cancer is usually considered as a group of
heterogeneous diseases, and more than 30% cases of this
disease are caused by genetic factors (13). Deletion or
mutation of tumor suppressor genes and oncogenes in

Transl Cancer Res 2018;7(6):1431-1438
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Figure 3 Effects of NKILA knockdown and overexpression on migration and invasion of different colorectal adenocarcinoma cell lines.

(A) Effects of NKILA knockdown and overexpression on migration of cells of different colorectal adenocarcinoma cell lines; (B) effects of

NKILA knockdown and overexpression on invasion of cells of different colorectal adenocarcinoma cell lines. (5%, crystal violet staining,

x40). *, P<0.05; NC, negative control; Over, overexpression.

epithelial cells of gastrointestinal tract are major causes of
colorectal adenocarcinoma, which is the dominant type
of colon cancer (14). Recent advances in the pathogenesis
of colon cancer also revealed the involvement of different
IncRNAs. Liang et a/. have shown that IncRNA H19
plays a role as oncogene to promote the epithelial to
mesenchymal transition during the development of colon
cancer by sequestering miRNAs (15). In another study,
IncRNA HOTAIR was found to be upregulated during the
progression of colorectal cancer, and the increased expression
level of this IncRNA was found to be closely correlated with
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the poor prognosis (16). As a tumor suppressor gene, IncRNA
NKILA was usually downregulated during the progression of
different human malignant tumors such as breast cancer (17).
Based on our knowledge, no studies on the expression pattern
of NKILA in the development of colon cancer have been
reported. In this study, expression level of NKILA was found
to be significantly reduced with the progression of colon
cancer, indicating that NKILA may also play a role as tumor
suppressor gene in colon cancer.

Functionality of NKILA has been well studied in several
human cancers. In the study of non-small cell lung cancer,

Transl Cancer Res 2018;7(6):1431-1438
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Figure 4 Effects of NKILA knockdown and overexpression on PI3K/Akt pathway-related proteins. NKILA knockdown increased the
levels of pAkt (Thr308), pAkt (Ser473) and pPI3K in cells of HT-29 (A), HCT-8 (B) and C2BBel (C) colorectal adenocarcinoma cell
lines. In contrast, NKILA overexpression decreased the levels of pAkt (Thr308), pAkt (Ser473) and pPI3K in cells of all three colorectal

adenocarcinoma cell lines.

*, P<0.05; C, control cells without transfection; S, NKILA siRNA transfection; SN, siRNA negative control, cells

transfected with control siRNA; O, overexpression, NKILA expression vector transfection; ON, overexpression control, cells transfected

with empty vector.

NKILA was proved to inhibit the invasion and migration
of tumor cells through interactions with NF-«xB/Snail
pathway (11). In another study, NKILA was reported to
play as role as tumor suppressor in the development of
tongue squamous cell carcinoma by inhibiting epithelial-
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mesenchymal transition (12). In the study of malignant
melanoma, Bian et a/. reported that NKILA could inhibit
the development of tumor by regulating NF-xB signaling
transduction pathway, indicating that NKILA may serve
as a potential therapeutic target for the treatment of
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Figure 5 Effects of IncRNA NKILA overexpression and knockdown on the growth of tumors derived from cells of colorectal

adenocarcinoma cell line HT-29. (A) Tumors collected from each group of mice at 6 weeks after transplantation; (B) relative weight of

tumors collected from each group; (C) relative volume of tumors collected from each group; (D) number of lymph node metastasis. *,

P<0.05; NC, negative control; Over, overexpression.

melanoma (18). In our study, increased invasion and
migration abilities of different colorectal adenocarcinoma
cell lines, including HT-29, HCT-8 and C2BBel, were
observed after NKILA knockdown. In addition, NKILA
knockdown was also promoted the growth of tumor in mice
derived from HT-29 cells. But NKILA overexpression
played an opposite role. Those data suggest that NKILA
can inhibit the growth of colon cancer by inhibiting the
migration and invasion of tumor cells.

PI3K/Akt pathway was found to play pivotal roles in
oncogenic transformation of various human cancers (19,20).
Besides that, the activation of PI3K/Akt pathway was also
found to be responsible for failures in treatment of cancers
(21). Activation of PI3K/Akt was also observed in colon cancer
(22). LncRNA NKILA may interact with NF-kB pathway to
perform its functions (23). However, the interaction between
NKILA and PI3K/AKT pathway still hasn’t been reported.
In this study, increased levels of both pAkt (Thr308), pAkt
(Ser473) and pPI3K in all three colorectal adenocarcinoma
cell lines were observed after NKILA knockdown, while levels
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of both pAkt (Thr308), pAkt (Ser473) and Ppi3k decreased
significantly after NKILA overexpression. Those data suggest
that NKILA expression can inhibit the activation of PI3K/Akt
pathway, which in turn inhibits the progression of tumor.

In conclusion, expression level of NKILA in patients was
reduced with the development of colon cancer. NKILA can
inhibit the migration and invasion of different colorectal
adenocarcinoma cells by inhibiting the activation of PI3K/
Akt pathway.
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