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Background: Proliferation-associated nucleolar protein p120 (NOP2) has been proven to be a promising
tumor cell maker, but it has not been specifically studied in colon cancer. This study aims to investigate the
role and action mechanism of NOP2 in colon cancer.

Methods: Fluorescence quantitative PCR and western blot assays were used to evaluate the expression of
NOP2. NOP2 siRNA was transfected into HCT116, LOVO, and CCK-8 cells, and transwell assays were
performed to evaluate the cell proliferation, migration, and invasion. Transcriptome sequencing of both the
NOP2 knockdown and negative control (NC) groups was performed.

Results: NOP2 expression is significantly upregulated in colon cancer tissues and cells compared with that
in the healthy controls. The proliferation, migration, and invasion of the colon cancer cells were significantly
suppressed in the NOP2 knockdown group compared with those in the NC group (P<0.05). Transcriptome
sequencing showed that ASMTL and C6orf52 were significantly downregulated, while MUCI19, TXK,
APOBEC2, and RBM44 were upregulated in both of the two NOP2 silenced colon cancer cells relative
to those in the control. Gene Ontology (GO) analysis showed that NOP2 knockdown mainly induced
differential expression of the genes involved in positive regulation of T cell-mediated cytotoxicity and
thiamine metabolism. Kyoto Encyclopedia of Genes and Genomes analysis showed that the gene pathways
most significantly affected by NOP2 knockdown were Cytokine-cytokine receptor interaction, Type I
diabetes mellitus, Taste transduction, and Systemic lupus erythematosus.

Conclusions: NOP2 promotes proliferation, migration, and invasion of colon cancer cells, and the

underlying mechanisms may be related to TXK tyrosine kinase.
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Introduction in China, constituting a major health problem (4). Advanced

As the third most prevalent cancer type, colon cancer is also age, alcohol consumption, obesity, smoking, lack of physical

the fourth leading cause of cancer-related deaths worldwide. activity, high consumption of red or processed meat, low

More than 1.2 million people are diagnosed with colon calcium intake, and very low consumption of fruits and
cancer, and >600,000 die from the disease every year (1-3). vegetables may contribute to colon cancer (5). In terms
Additionally, colon cancer is the fifth leading cause of death of genes, activation of proto-oncogenes and inactivation
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Table 1 The sequences of the siRINAs

RNA oligo Sequences (5' to 3')
NOP2-homo-2215 GCAACGAUCACCUAAAUUATT
UAAUUUAGGUGAUCGUUGCTT
NOP2-homo-1836 CCCACAAUAUGGAUGGGUUTT
AACCCAUCCAUAUUGUGGGTT
NOP2-homo-338 GCCAAACCAUUGCCUGGAATT
UUCCAGGCAAUGGUUUGGCTT
NC UUCUCCGAACGUGUCACGUTT
ACGUGACACGUUCGGAGAATT

NOP2, nucleolar protein p120; NC, negative control.

of tumor suppressor genes may lead to colon cancer (6).
Several oncogenes and tumor suppressor genes, such as
Adenomatous polyposis coli, Tumor protein 53, and KRAS proto-
oncogene GTPase have been identified as the key factors in
tumor formation years ago (7-10). However, although we
have an improved understanding of the development and
progression of colon cancer, a cure is yet to be found.

Nucleolar protein p120 (NOP2) expression has been
shown to be significantly upregulated in most types of
human malignant tumor cells, such as breast cancer cells,
but not in healthy, resting cells (11-13). NOP2 has been
identified as a “telomerase RNA component” (TERC)-
binding protein, and it can also bind to the “T-cell factor”
(TCF)-binding element of the Cyc/in DI promoter,
activating the transcription of Cyclin D1 (14). Although
NOP2 could be implicated as a tumor cell maker, it has not
been specifically studied in colon cancer.

In the study presented herein, we knocked down NOP2
in the human colon cancer cell lines, LOVO and HCT'116,
via siRNA transfection to determine the role of NOP2 in
colon cancer. The effects of NOP2 silencing on the colon
cancer cells were evaluated by CCK-8 and transwell assays
as well as transcriptome sequencing.

Methods
Cell culture

Colon cancer cells (HCT116 and LOVO) were obtained
from Sangon Biotech (Shanghai, China). HCT116 cell
lines were cultured in F12K medium (GIBCO, CA,
USA) supplemented with 10% FBS and 1% Penicillin/
Streptomycin (Sangon Biotech, Shanghai, China).
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LOVO cell lines were cultured in RPMI-1640 medium
(CORNING, NY, USA) supplemented with 10% FBS and
1% Penicillin/Streptomycin (Sangon Biotech, Shanghai,
China). Cells were grown at 37 °C in a humidified
atmosphere with 5% CO,.

Fluorescence quantitative PCR

Total RNA was extracted from cultured cells using the
TRIZOL reagent (Invitrogen, CA, USA) according to
the manufacturer’s protocol. The RNA concentration and
quality were determined by OD260/0D280 and agarose
gel electrophoresis. Total RNA (1 pg) was then reverse-
transcribed with a commercial reverse transcription kit
(Thermo Bio.), and then PCR was performed with the 2x
Master Mix kit (Roche) according to the manufacturer’s
instructions. FastStart Universal SYBR Green Master mix
was used to amplify cDNA on a QuantStudio 6 Flex Real-
Time PCR System (ThermoFisher, Shanghai, China). The
primers used for RT-PCR were as follows:

NOP2-1 forward, 5'-TGTCTGAGCTGGTGGAGT
TCTTAG-3' and reverse, 5'-ACCCCACGATTGATTA
GAGCC-3'; GAPDH forward, 5'-AGAAGGCTGGG
GCTCATT-3" and reverse, 5'- TGCTAAGCAGTTGG
TGGTG-3'".

The relative expression levels were evaluated by the
27" method using GAPDH as the internal control for
normalization of the values.

siRNA transfection

LOVO and HCT116 cells were seeded at a density of
3x10° per well on 6-well plates and grown for 24 h in the
complete medium until 80-90% of confluency. Then,
the cells were rinsed with fresh medium, incubated with
siRNA-NOP2 (GenePharma, Shanghai, China) and
Lipofectamine TM2000 (Invitrogen, CA, USA), which had
been diluted beforehand by OPTI-MEM (CORNING,
NY, USA). The sequences of the siRNAs are listed in 7able 1.

Western blot analysis

After analyzing the cells in RIPA buffer (Thermo Fisher
Scientific, Waltham, MA), total protein concentration was
measured using the BCA assay kit (Pierce Biotechnology,
Inc., Rockford, IL, USA). The same quantity of total proteins
from each sample was resolved by 10% SDS-PAGE and then
electrophoretically transferred onto polyvinylidene fluoride
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(Sangon Biotech, Shanghai, China) membranes at 80 V
for 2 h. The membranes were blocked with TBST solution
(0.1% Tween20) containing 5% skim milk and incubated
with the primary antibodies anti-NOP2 (1:500; 10448-1-
AP, Proteintech, Wuhan, China) and anti-GAPDH (1:1,000;
60004-1-Lg, Proteintech, Wuhan, China) at 4 °C overnight.
The membranes were washed with TBST and incubated with
the HRP-conjugated goat anti-mouse IgG (1:1,000, A0216,
Beyotime, Shanghai, China) or goat anti-rabbit IgG (1:5,000,
Ab721, Abcam) for 2 h. The membranes were then washed
with 1% TBST for 3 times, and the protein bands were
visualized using ECL (Thermo Fisher Scientific, Waltham,
MA, USA) and a ChemiDoc MP system.

CCK-8 assay

Cells were seeded in a 96-well plate (3599, CORNING,
NY, USA) at a density of 2x10° per well. Each plate
contained 6 replicates, and the marginal wells were added
sterile water for the contrast. After culturing for 0, 24, 48,
72, or 96 h, CCK-8 (Beyotime, Shanghai, China) was added

and ODy;s, of the culture was measured.

Transwell assay

Cells were washed with an appropriate amount of 1x PBS,
and then an appropriate amount of 0.25% Trypsin-EDTA
(25200072, GIBCO, CA, USA) was added. The culture
vessel was gently shaken to submerge all the cells and
returned to the incubator for 3 min. After the cells retracted
and rounded up, complete medium at the same amount used
for the culture was added to terminate the tryptic digestion.
The plates were then centrifuged and the supernatant was
removed. The cells were resuspended in serum-free RPMI-
1640 medium (CORNING, NY, USA) and counted. Their
concentration was adjusted to 2x10°/mL. Then, 500 pL
of the cell suspension was loaded into the upper chambers
(CORNING, NY, USA) of the transwell device, and 700 pLL
complete medium with 10% FBS was added into the lower
chamber . After 24 h of culture, the cells underneath the
transwell membrane were stained and counted under a
microscope by evaluating three random high-power fields.
For the transwell and invasion experiments, 24-well plates
with 8.0-pm transparent PET membrane (353097, BD
Falcon, NY, USA), and Corning BioCoat™ Matrigel®
invasion chambers with 8.0-pm PET membrane in 24-well
plates were used, respectively.
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Transcriptome sequencing

Total RNA was extracted from cultured cells using the
TRIZOL reagent (Invitrogen, CA, USA) according to
the manufacturer's protocol. Oligo-dT magnetic beads
were used for mRNA isolation. The isolated mRNA was
subjected to mRNA fragmentation in a fragmentation buffer
by divalent cations and under high-temperature conditions.
Single-strand ¢cDNAs from the fragmented mRNAs were
synthesized using reverse transcriptase and random hexamer
primers. The mRNA strands of the heteroduplexes were
digested by RNase H to synthesize the complementary
strands of the cDNAs, thereby realizing cDNA second
strand synthesis. The sticky ends of the double-stranded
cDNAs are blunted by the addition of End Repair Mix.
An Adenosine monophosphate was added to the 3" ends of
the double-stranded cDNAs for ligation of the cDNAs to
the Y-shaped linker. The adaptor-ligated library was size-
selected using Ampure Beads (Beckman, Brea, California,
USA). The library was PCR-amplified for 15 cycles, and
then purified using Ampure Beads (Beckman, Brea, CA,
USA) and quantified with the Quant-iT™ PicoGreen®
dsDNA Assay Kit (Life, Carlsbad, CA, USA) following the
manufacturer's protocol. The sizes of the DNA fragments
were determined using Agilent 2200 (Agilent, Santa Rosa,
CA, USA). Sequencing was performed on the Illumina
sequencing platform (Illumina, San Diego, CA, USA).
All the raw data was converted to the Fastq format. The
differentially expressed genes were analyzed by DEGSeq
algorithm, and Gene Ontology (GO) and pathway analysis
of significant differential genes were performed by Fisher.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 6.
Significance of differences between two groups was
determined using the Student’s t-test. Correlation between
the NOP2 expression and characteristics of the colon cancer
patients was evaluated by using the Chi-square test. P<0.05
was defined as the significance level.

Results

NOP2 expression was significantly upregulated in colon
cancer cells

Fluorescence quantitative PCR was used to investigate
the expression of NOP2 in colon cancer tissues and cell
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Figure 1 NOP2 expression was significantly upregulated in colon cancer cells and tissues compared with those in non-transformed cells and

tissues. (A) Fluorescence quantitative PCR results of 26 pairs of tissues showed NOP2 expression was upregulated in colon cancer tissues

compared with those in non-transformed tissues; (B) NOP2 protein expression was measured by western blot analysis in 26 pairs of colon

cancer tissues and non-transformed tissues; (C) fluorescence quantitative PCR analyses showed that NOP2 expression was upregulated in the
colon cancer cells, LOVO and HCT116 cell lines, compared with those in non-transformed cells. RQ (27*“) value was based on NCM460

(N=3); (D) NOP2 protein expression was measured by western blot analysis in the colon cancer cells and non-transformed cells. *, P<0.05

(calculated by #-test). NOP2, nucleolar protein p120.

lines. As shown in Figure 14,B, mRNA and protein levels
of NOP2 were significantly upregulated in colon tumor
samples compared with those in the healthy controls.
Similarly, NOP2 was upregulated in the colon cancer cell
lines examined relative to the non-transformed cells (Figure
1C,D). Moreover, expression of NOP2 significantly showed
a positive correlation with lymphatic metastasis and high
TNM stage (Table 2).

NOP2 was efficiently silenced in colon cancer cell lines

After siRNA infection, we used fluorescence quantitative
PCR and western blot analysis to examine the expression of
NOP2 in both HCT'116 and LOVO cell lines. Fluorescence
quantitative PCR results in Figure 24,B showed that all
the three siRNAs efficiently knocked down NOP2 in both
HCT116 and LOVO cell lines. Western blot analysis
demonstrated that NOP2 protein levels were also reduced
(Figure 2C). The results indicated that the most effective
siRNA among the three tested siRNAs was si2215, and
thus the subsequent experiments were performed with this
siRNA.

© Translational Cancer Research. All rights reserved.

Silencing NOP2 inbibited colon cancer cell proliferation,
invasion, and migration

The effect of NOP2 silencing on colon cancer cells was
explored by CCK-8 and Transwell assays. As indicated in
Figure 34,B,C,D,E,F,G,H, 1,7, the proliferation (P<0.05,
P<0.05), invasion (P<0.0005, P<0.05), and migration
(P<0.005, P<0.05) of the colon cancer cells (HCT116 and
LOVO, respectively) were significantly suppressed in the
NOP2 knockdown groups compared with those in the
negative control (NC) groups.

Differentially expressed genes between the NOP2
knockdown and NC groups

As shown in Figure 44,B, 88 and 94 genes were significantly
down- and upregulated, respectively, in LOVO cells
upon NOP2 knockdown, relative to those in the control
group (llog2 Fold Changel >1, FDR <0.05). In the
NOP2-knockdown HCT116 cells, 95 and 175 genes
were down- and upregulated, respectively, relative to

those in the control group (llog2 Fold Changel >1, FDR
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Table 2 The correlation between the NOP2 expression and
characteristics of the colon cancer patients

NOP2 expression

Features Number P value
High Low

Gender 0.691
Male 13 8 5
Female 13 7 6

Age 0.778
<60 5 3 2
>60 21 14 7

Tumor size 0.169
<5 20 13 7
=5 6 2 4

Differentiation 0.42
Moderate 8 4 4
Poor 18 12 6

Lymphatic metastasis 0.006
Y 16 12 4
N 10 2 8

TNM stage 0.012
land Il 11 3 8
IIland IV 15 11 4

NOP2, nucleolar protein p120.

<0.05). Among all these genes, ASMTL and C6orf52 were
significantly downregulated in both the cell lines with
NOP2 knockdown, while MUC19, TXK, APOBEC2, and
RBM44 were significantly upregulated.

GO and pathway analysis of the NOP2-knockdown colon

cancer cell lines

To study the function of NOP2 in colon cancer and
the molecular mechanisms involved, GO and pathway
analysis were performed for differentially expressed genes
induced by NOP2 knockdown. The roles of NOP1 were
investigated by GO analysis within three different domains
(BP, CC, and MF). All the terms that showed significant
differences, ranked by -log10 (P value), are displayed in
Figure 54 (HCT116) and 5B (LOVO). Top terms for
HCT116 cell line included positive regulation of T cell-

© Translational Cancer Research. All rights reserved.
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Figure 2 NOP2 was efficiently silenced in the colon cancer
cell lines by siRNA transfection. N=3; *, P<0.05 (calculated by
t-test). (A,B) Fluorescence quantitative PCR analysis showed that
NOP2 was efficiently silenced in LOVO and HCT116 cell lines
transfected with the NOP2 siRNAs, especially by si2215. RQ (2%
value is based on HCT116 NOP2 NC-1 and LOVO NOP2 NC
in HCT116 and LOVO cell lines, respectively; (C) western blot
analysis showed that the LOVO and HCT116 cell lines transfected
with the NOP2 siRNA had reduced levels of NOP2, and the most
effective interfering fragment was si2215. GAPDH was used as an

internal reference. NOP2, nucleolar protein p120.

mediated cytotoxicity, negative regulation of interleukin-6
biosynthetic process, and multicellular organismal
development. For the LOVO cell line, top terms included
collagen catabolic process, thiamine metabolism, and
negative regulation of cytolysis. The top 20 significantly
enriched KEGG pathways, ranked by -log10 (P value), are
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Figure 4 Differentially expressed genes between the NOP2 knockdown and NC groups. (A) Downregulated genes in the NOP2-siRNA

groups in comparison with the NC groups. A total of 93 and 86 genes were downregulated in HCT116 and LOVO cell lines, and 2 genes

were downregulated in both the cell lines; (B) upregulated genes in siRINA groups in comparison with the NC groups. A total of 171 and 90

genes were upregulated in HCT116 and LOVO cell lines, and 4 genes were up-regulated in both the cell lines. NOP2, nucleolar protein

p120; NC, negative control.

displayed in Figure SC (LOVO) and 5D (HCT116). The
identified pathways in both the cell lines were Cytokine-
cytokine receptor interaction, type I diabetes mellitus, taste
transduction, and systemic lupus erythematosus.

Discussion

Colon cancer is one of the leading causes of cancer-related
death, and the incidence of colon cancer has recently been
increasing (15,16). There are more than one million new
colon cancer cases and approximately 700,000 people die
from colon cancer each year (17). The etiology of colon
cancer is multifactorial and has remained poorly defined (18).
NOP2, as an important regulator of the cell cycle, has been
shown to be associated with a non-canonical mechanism
by which telomerase promotes cell proliferation in breast
cancer cells (14). However, the role of NOP2 in colon
cancer remains unclear. We were stimulated to investigate
this role by the current lack of clarity. Our results
demonstrated that silencing NOP2 suppressed colon cancer
cell proliferation, invasion, and migration. Furthermore, we
also found that the levels of several genes were significantly
different between the experimental and control groups.
NOP2 is a nucleolar antigen expressed in proliferating
cells and many human tumors (19). Translational repression
of NOP2 has been shown to suppress breast cancer
proliferation (20). NOP2 also plays an important role in
the proliferation of gliomas, and the ribozyme against

© Translational Cancer Research. All rights reserved.

NOP2 mRNA can suppress glioma cell growth (21). Similar
conclusions have also been drawn in the prostate (22) and
lung cancer (23). Our results here showed that NOP2 was
significantly overexpressed in neoplastic cells, in line with
the results of a previous study (24). To further understand
the role of NOP2 in colon cancer, we transfected colon
cancer cells with NOP2-siRNAs and found that, in addition
to cell proliferation, NOP2 also had a role in cell migration
and invasion. We demonstrated that silencing NOP2
significantly suppressed colon cancer cell proliferation,
migration, and invasion.

Furthermore, we performed transcriptome sequencing to
explore the action mechanism of NOP2. We thereby found
that TXK tyrosine kinase was significantly upregulated
in the NOP2 knockdown groups. As a member of the Tec
family of tyrosine kinases, TXK is the most commonly
found growth factor receptor in many tumors and has a key
signal-transducing role (25,26). It has been shown to have
anti-cancer/immunomodulatory effects (27). Accordingly,
our results show a plausible action mechanism of NOP2 in
colon cancer, requiring further research.

Conclusions

In conclusion, our study demonstrates that lack of NOP2
significantly downregulates ASMTL and Cé6orf52, while

upregulating MUC19, TXK, APOBEC2, and RBM44.
Reducing NOP?2 levels significantly suppresses colon cancer

Transl Cancer Res 2019;8(6):2274-2283 | http://dx.doi.org/10.21037/tcr.2019.09.46



2281

Translational Cancer Research, Vol 8, No 6 October 2019

‘[onuods aanedau ‘DN ‘0z1d ureroad rejoaponu ‘ZgON ‘A8ojoruo auad ‘O *aull [[22 911 I DH 2 Ul sdnoid HN pue sdnois yN1S-ZdON
o uam1aq sauag passardxs Ajfenusrapip Apueoyrudis 10y sisAjeue Juauuyoniud Aemyped HH)3[ 9 Jo synsar oz doa () our] [[29 OAQT W sdnoid HNJ pue sdnoid yNYIS

-ZdON 21 u2am1aq sauag passardxo Afenuaioyip Apueoyrudis 10y sisAfeue JuswydLIud Aemyped HHY 9 Jo synsar oz doa (D) aurf [[99 QAT Ut sdnoid HN] pue sdnoid
VNUS-ZAON 242 u29m39q s9ua8 passardxo AJjenuatoyip Apuedyrusdis 10§ SISA[eUL JUDWUILIUD ()D) 91 Jo s3nsax ()7 doa () urf [[29 911 1. DH 2yp ul sdnoid HNJ pue sdnoisd
VNYIS-ZdON 2} 19am1aq souasd passardxo A[enuatejip Apuesoyrudis 10j sisA[eue JuaunyoLIus (o) ) jo s3nsax (g doy, (y) 'symsar sisdfeue Aemped pue O § 23y

10308} YoIY
G20 020 SL'0 O0L0 SO0

J0308} YOIy

020 SH0 0LO0

ze
Jaquinu susn)

S0'0
- Jeoueo ul skemyred
& | uononpoid yBj Joj 3I0MIBU BUNLILLI [eURSa}U|
° (e plojewnayy
™ + snyjlew sejeqelp | adAL
| snsojewsyyie sndn| olwelshs
| kemuped Bueubis e100-49 1
o | esdeufs oiBierewEIND
| wsijogelew pioe oulweoues
| wsiogelew euieyed
+ uonoalai yesbojy

®°%o

oL
st

0z
d

s
(enfea-d) °'6oj—

; weysfs uisusiolbue-uuaY
SIseUIUASOIq PIoE B1Ig Arewiid

® | wsyogelew jounsy
L siseUIUASOIq 21E(04

@ | Auoixojo1ko pareipeul (180 ey feinjeN
snsojewaykie sndn| ojwelshs
wsijogelew UIeROaH
® | wsiogelaw eyeydsoyd joysou|
uoRoeIBIUl 10}da08I-pUEBI| BARIBOINGN
uopelBiw [elaylopuasuel) ajhooxne]
& uononpsuen ejsel

°

o | odsues} JenoISe Uy SUONOBIBIU! FHYNS ] Aemuped Buieubls 4N L
z | !
Z siseluewysie] AKemuyed BuifeuBis J0jdacal (180 |
+ (agi) esessip jomoq Aiojewwelu) ‘o
I sisauaBouelely
k  sisayjuAsoIq YNi-IAoBOUILY ze

(enjea-d) O..m_u_l

®  uonoippe suydiopy
® - uoponpsuesn sysel
+ wsijoyoopy
+ spioe Ajey pejesnjesun Jo sisayjuAsolg

L

L.
Jaquinu susn

snyjew sajeqeIp | adAL

Kemuyed Buieubis Jum

wsijoqerew sulwely]

j0BI91UI J0}da08) SUIOIAD-BUNOILD

@ - uonoesBlUI I0}dEOBI BUPOIKO-BUNOIKD [ ] WISI|OgEeI8W PIo. JILUOPIYOEIY
. | wsyjoqelew suunejodAy pue supne| ° UoNONPSUE010Ud
juswyonue Aemyied jo oz dog. D Juswyouus Aemyied jo oz doy. U

10308} YoIy

00'L G20 050 S2'0

sse001d 01j0qe}ED UIXOIp-d-0zUBqIQ

uoissiwsue} ondeuAs Jeinosnwoinau Jo uoie|nBal sAsod
smnys sreydsoydoisohin

SIXEJOWBYD (199 | JO UoieInBoy

1008} UoI

00'L G2°0 050620 000

Loy wniofes 0 esuodsas ul sejowoid | ssesswiAlod YN oI UondUoSUE} JO Lo
L ABeudoine u; panjonu sjonoen o} Bunabie) Uieloid

L 1aj0woud || ssesawAlod YN L UONALIOSUE] JO UoNeINBal aAReBaU AQ UOISBUPE [[80-[j80 JO Uoye|nBal saneBaN
L Uoe108s PIoe OLISED PEONPU-ULISED J0 UoNEINBaI SAFEBaN

InBas aAISOd

X4 | sisauaBoydiow Leay Ul PSAJOAUI YimoIB anssi} 3[osNW SeIpIeD oz «  rjuewdojensp snieN
MM uonekioydsoyd Joydeoes pajdnoo uiejoid-5 Aloyqiyu) sz «  Lesuodses sunwuwi adAy} | Jedjey-1
o o +Aemysed BujieuBls pajdnoo uisloid-5 Buneanoe-0 ased ul panjoaul Uo| WNIo[ED 91j0SOIAD O UoNENBal BANSOY o +  luondiosal auoq o uone|nBal aAReBaN
o N " 100 Weoy paniap 10 UonE|NBa) BASOd . | uonelfioydsoyd suoisiH
(enfen-d) ©6oj- 4 +sse00id oljogelaW pIoE Olejour] (onfen-q) 60 « rsiens| JusLINU 0} 8suodsa |
o |ssecoid oljoqeiew JND [BA-d, I L sse00id opeujuAsolq pidioBuiydsookin

ze

,.
Jaquinu susn

» | BujeuBss pereipaw-diY Jo uoeInBes &

1s0d

+ uoisny ajoIsap

puEby| o soussqe ul Aemyred BuieuBls onoidode dIsuLIXe Jo uone|nBas aAneBaN ”M. | uoneloes soInf onyesiouey
AKemujed Bueubis pajeipsw uisdopouy oe +Aemured Buileubs 10108} UIMOIB [BII8LIOPUS JEINOSEA
o - kemuyred BuiieuBis peyeipaw uisdopoys jo uojeinBey oe Lsninwis ojusBiue o} ssuodsal AIOJeLILLEIU! JO UOREINBaI SARRBaN

$52001dl 0I0GEIOW JAYO JO UOREINBaI BARISOd

s
Jaquinu ausn

1 558001 O}8LJUASOIQ BUIOIAO JO UOKEINBaY

. Ayonseyd jeanjonnys esdeufs Jo uoneinBay L Buquiesos pidijoydsoyg
@ Aquessesip xujew feinjjsoena + Kemuted Buijeubs eseu| auisoi) Uiejoid Jojdeses suBIqUIBWSUEIL
. S1sA0VAO J0 UoREINGaI SAREBEN
. $s8001d D1/0qEIEW SUIEIYL . L ss8001d 0jjeUIUASOIQ 9-UBNa}BIUI JO UONEINBaI SAREBaN
@ sse00:d o1j0qeIed UsBEI0D o AOIXOI0}0 PaIEIPaW 80 | JO UOEINBAI SARISOd
swyoLUs OB Jo 0g doL m WeWwyoLUs 0D 0 0Z doL. <

//dx.doi.org/10.21037/tcr.2019.09.46

:2274-2283 | htep:

8(6)

)

Transi Cancer Res 2019

© Translational Cancer Research. All rights reserved.



2282

cell proliferation, migration, and invasion. This effect may
be related to differential expression of other genes, such as
TXK, and this correlation needs to be elaborated in future
research.
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