Int J Clin Exp Pathol 2020;13(12):3033-3043
www.ijcep.com /ISSN:1936-2625/1JCEPO093479

Original Article

High expression of neutrophil cytosolic factor 2

(NCF2) is associated with aggressive features and

poor prognosis of esophageal squamous cell carcinoma

Kai Qin'#*, Zhousan Zheng?", Ying He?*, Ying Gao?*, Han Shi?, Shaoyan Mo?, Jiaxing Zhang?#, Jian Rong*?

Departments of *Extracorporeal Circulation, 2Oncology, The First Affiliated Hospital, Sun Yat-sen University, Guang-
zhou 510080, China; 3Key Laboratory on Assisted Circulation, Ministry of Health, Guangzhou 510080, China;
4Sun Yat-sen University Cancer Center, State Key Laboratory of Oncology in South China, Collaborative Innovation
Center for Cancer Medicine, Guangzhou 510060, China. "Equal contributors.

Received March 6, 2019; Accepted April 28, 2019; Epub December 1, 2020; Published December 15, 2020

Abstract: Background: In the development of several human cancers, it has been established that neutrophil cyto-
solic factor 2 (NCF2) plays a major part. Therefore, possible functions of NCF2 in ESCC are investigated in this paper.
Methods: The mRNA/protein expression of NCF-2 in ESCC cell lines and tissues were found based on quantitative
real-time reverse transcription PCR (gRT-PCR), western blotting, and immunohistochemistry (IHC). A large cohort
consisting of 194 postoperative ESCC samples was used for IHC. These data were analyzed based on Chi-square
test, Kaplan-Meier analysis, and Cox regression modelling. For the purpose of confirming its role in ESCC cells, we
used short hairpin RNA (ShRNA) interfering method to suppress endogenous NCF2 expression. Results: NCF2was
significantly up-regulated for in ESCC tissues and cell lines in at mRNA and protein levels; and NCF-2 expression was
absent for all normal esophageal epithelium detected by IHC. Furthermore, the knockdown of NCF-2 compromised
the proliferation and invasion of ESCC cells in vitro. Conclusion: Positive NCF2 expression in ESCC may facilitate an
aggressive phenotype. This may be an independent biomarker in ESCC.
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Introduction

As one of the most common malignancies, es-
ophageal squamous cell carcinoma (ESCC) is
ranked number six among cancer-associated
deaths [1, 2]. Though there has been progress
in the diagnosis and ESCC treatment, the prog-
nosis of patients is poor, mainly on account of
the advanced level at diagnosis and the lack of
effective therapy. The changed expression of
oncogenes and tumor suppressors has an
association with the development and progres-
sion of ESCC based on accumulating evidence
[3]. So far, however, ESCC remains unavailable
for diagnosis and personal treatment because
its biomarkers are highly sensitive and sp-
ecific.

Neutrophil cytosolic factor 2 (NCF2), as the
p67phox gene, is positioned on chromosome
1925 consisting of 16 exons with 40 kb [4-7].

Till now, among the patients with Chronic gran-
ulomatous disease in HGMD Professional, it
has been published that there are in total 56
various mutations in the NCF2 gene (Human
Gene Mutation Database 2011.3; http://www.
hgmd.cf.ac.uk/ac/all.php). It has been demon-
strated in previous studies that NCF2 regulates
cell growth, malignant transformation and dif-
ferentiation [8]. In recent studies, it also been
demonstrated that NCF2 high expression has a
close relation with human disease, including
cervical cancer and inflammatory bowel dis-
ease [9-12]. NCF2 has been found to be highly
expressed in gastric cancer and promoted
tumor metastasis and invasion by triggering
NF-kB signaling [13]. However, there is no
report on the mode of expression and clinical
meaning of NCF2 in human ESCC.

This paper examines NCF2 expression in ESCC
tissues and adjacent normal nasopharyngeal
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Table 1. Correlation of NCF2 expression in tissue with patients’ clinicopathological variables in 194
cases of esophageal cancer

) All cases NCF2 expression (%)
Variables - - ;
(N=194) Normal expression (N=82)  High expression (N=112)  P-value
Age (years) 0.134
<60 95 (48.9) 35 (36.8) 60 (63.2)
>60 99 (51.1) 47 (47.5) 52 (52.5)
Gender 0.144
male 178 (91.7) 78 (43.8) 100 (56.2)
female 16 (8.3) 4 (25.0) 12 (75.0)
Smoking history 0.52
yes 175 (90.2) 70 (40.0) 105 (60.0)
no 19 (9.8) 12 (63.2) 7 (36.8)
Tumor multiplicity 0.760
Unifocal 116 (59.7) 48 (41.4) 68 (58.6)
Multifocal 78 (40.3) 34 (43.6) 44 (56.4)
Tumor size <0.001
<3cm 73 (37.6) 47 (64.4) 26 (35.6)
>3cm 121 (62.4) 35 (28.9) 86 (71.1)
pT status <0.001
pT1 27 (13.9) 17 (63.0) 10 (37.0)
pT2 70 (36.1) 41 (58.6) 29 (41.4)
PT3 97 ((50.0) 24 (24.7) 73 (75.3)
pN status 0.553
pN- 27 (13.9) 10 (37.0) 17 (63.0)
pN+ 167 (86.1) 72 (43.1) 95 (56.9)
Recurrence <0.001
NO 127 (65.4) 68 (53.5) 59 (46.5)
Yes 67 (34.6) 14 (20.9) 53 (79.1)
P<0.05

tissues by using immunohistochemistry (IHC).
The ability of proliferation and invasion of ESCC
cells was suppressed by silencing NCF2. In
addition, the prognostic impacts of NCF2 in
ESCC patients were investigated by evaluation
of the relation between NCF2 expression and
clinicopathologic measures.

Materials and methods
Cell lines and cell cultures

We cultured human esophageal cancer cell
lines (NE1, TE1, K30, HK, K180, K510, Eca109
and K520) in DMEM medium (Gibco, Invitrogen,
Carlsbad, California, USA) with the supplement
of 10% fetal bovine serum (FBS; Gibco). We
incubated all the cell lines at 37°C in a 5% CO,
incubator.
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Patients and tissue specimen

Between December 2007 and December
2008, there were in total 194 pretreatment
formalin-fixed paraffin-embedded (FFPE) speci-
mens of ESCC patients from surgical resection
at Sun Yat-sen University Cancer Center; and
we obtained 12 freshly-frozen esophageal can-
cer specimens and 9 normal esophageal epi-
thelium samples from that Center as well.
During surgery resection, all patients were diag-
nosed with stage I-1ll disease, and before oper-
ation all of them did not receive any treatment.
All patients were followed up on a regular basis,
and it lasted 40.10 months as a median follow-
up time for the whole cohort (range, 2.63-
83.13). Table 1 summarized patients’ clinico-
pathologic findings in each cohort. The Institu-
tional Ethical Review Board of the Center sup-
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ported the study, while from each patient, we
obtained written informed consent.

Quantitative real-time polymerase chain reac-
tion (qPCR)

From cell lines, we extracted all the RNA using
TRIzol reagent (Invitrogen, Grand Island, NY,
USA). On the basis of the product maker’s in-
structions, RNA was then transcribed reversely
according to Super Script First Strand cDNA
System. Therefore, the NCF2 sense primer
was 5-GCGCTAGGCTGGGACCTTGAAGCC-3’, and
the antisense primer was 5-GTCTTGAAGAAG-
GGCAGTGATAAC-3".

The sense primer was 5-ATAGCACAGCCTGG-
ATAGCAACGTAC-3’ and the antisense primer
was 5-CACCTTCTACAATGAGCTGCGTGTG-3’ for
B-actin gene. Using SYBR Green PCR master
mix, gqRT-PCR was done with a combined vol-
ume of 20 pyl on the 7900HT fast Real-time.

The cycles of PCR system (Applied Biosystems)
were as follows: 50°C for 2 min, 95°C for 10
min, 40 cycles of 95°C for 15 s, and 60°C for
60 s. A melting curve for the confirmation of
the amplification specificity was generated by
the performance of a dissociation procedure.
-actin was the reference gene.

Western blotting

According to the immunohistochemical analy-
sis, the NCF2 expression levels was using 2
steps in 194 ESCC tissue samples. We cut the
paraffin-embedded ESCC specimens into 5-um
sections after whichthey were baked at 65°C
for 2 h. Through a series of graded ethanols,
xylene was then used to deparaffinised these
sections and then they were hydrated. To pre-
vent endogenous peroxidase activity and se-
arch the antigenicity slides were continuously
boiled in citrate buffer solution (pH 6.5) in a
microwave oven for 20 minutes. 3% solution of
hydrogen peroxide was used to immerse these
sections for 10 minutes. Then, a primary anti-
body against NCF2 was placed on sections
(1:500 dilution; Abcam, Cambridge, MA, USA).
Sections were washed three times for a period
of five minutes in phosphate buffered saline
(PBS) at 4°C overnight. A secondary antibody
was successively incubated for one hour at
indoor temperature based on tissue sections.
After three more times of washing in PBS, for
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these sections, 3,3-diaminobenzidine (DAB)
were used to stained them, after which another
Mayer’'s haematoxylin was used to counterstain
them. They were dehydrated and mounted. The
slides were considered as positive controls and
negative controls. The ones with positive immu-
nohistochemical staining were positive, and
those thatimmunoreacted with PBS for use
were negative.

Immunohistochemical (IHC) evaluation

IHC was evaluated by three independent pa-
thologists. The score of cytoplasmic immunore-
activity for NCF2 protein was performed based
on evaluation of the staining intensity and posi-
tive tumor cell proportion. Briefly, the grades of
the staining intensity were: O (representing no
stain), 1 (representing poor stain, with a light
yellow color), 2 (representing moderate stain,
with a yellowish brown), and 3 (representing
strongly stained, with a brown color). The
amount of positively stained tumor cells was
scored according to the following standards: O
(0%), 1 (1-10%), 2 (11-50%), 3 (51-80%), and 4
(81-100%). Then, the scores of IHC were based
on multiplying the scores of its intensity and
proportion. By using this way, the scores of IHC
ultimately can be sorted as follows: “” (IHC
scores 0), “+” (IHC scores 1-4), “++” (IHC scores
5-8), and “+++” (IHC scores 9-12). It divided a
group of 194 patients with ESCC into low NCF2
expression group (“”, “+”) and high NCF2
expression group (“++7, “+++”) for further sta-
tistical analysis.

Transfection

When its confluence was 80%, TE1 cells were
transfected with siRNA, which is then diluted in
serum-free opti-MEM medium and permitted to
stand for five minutes, after which a mixture
with Lipofectamine 2000 was done in a gentle
way. Before the mixture of the transfection was
added to the cells, it was stored at indoor tem-
perature for 20 minutes. Transfected cells were
placed into the incubator again for 8 h, and
then we replaced the medium with DMEM
which contained 10% FBS without any antibiot-
ics. The ultimate density of siRNA (labeled with
a fluorescent probe) was 50 nmol/ml. In case
of transfection, the fluorescence between 8
and 24 hours was monitored and recorded as
the transfection efficiency.

Int J Clin Exp Pathol 2020;13(12):3033-3043
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Wound healing assay

Transfected TE-1 cells were seeded into 6-well
plates. Then the serum was starved in a serum-
free media for 24 h, by using a standard 200 pl
plastic pipette tip, that results in creating an
artificial wound on the confluent monolayer
cell. The cells were moved into the scratch
place as individual cells from the confluent
sides, and viewed and photographed at the
width of the scratch gap at O h as well as 24 h
under the miscroscope. In this experiment, a
six-well plate was utilized for three replicate
wells.

Transwell invasion assay

Transwell chambers were used to perform inva-
sion assays, and the chambers were coated
with Matrigel on the upper surface of mem-
brane with 8 ym pores. Briefly, we harvested
and suspended the transfected TE-1 cells in
serum free medium and plated 1 x 105, trans-
fected cells into the upper chamber for the
invasion assays and placed media which had
the supplement of 10% FBS into the bottom
chamber. After 24 hours incubation, we fixed
the cells which had migrated through the mem-
brane onto the bottom surface, then stained
and counted cells under an inverted micro-
scope. Each chamber analyzed five random
fields of view; and each assay was conducted
not less than in three independently different
experiments.

Colony formation assay

We placed six-well plate containing 500 infect-
ed cells were cultured for 2 weeks for 20 hours
after infection, we fixed colonies with metha-
nol, and stained with 0.1% crystal violet in 20%
methanol for a period of 15 minutes.

CCK-8 assay

Through cell proliferation and cytotoxicity re-
agent WST-8, we measured the cell growth and
viability. In brief, we cultured the TE-1 cells in a
96-well plate. After 12 h, at the harvest time,
we added 10 pl of CCK8 into each well (ten
wells each group for statistics) and based on
the measurement of the absorbance of the
converted dye at 450 nm, we viability was
determined two hours later.

3036

Statistical analysis

The statistics were analyzed based on the
SPSS statistical software package (standard
version 19.0; SPSS, Chicago, IL). We evaluated
the relation of NCF2 expression with ESCC
patients’ clinicopathologic characteristics th-
rough a Pearson’s chi-square test or Fisher’s
exact test. ESCC cell lines” mRNA expression
levels were analyzed using the Student’s t-test.
For functional analyses, data were presented
as = standard deviation and Student t-test
were used to determine the significance of the
differences between two groups. The Kaplan-
Meier method was used to estimate OS and
DFS, and the differences were compared using
the log-rank test. We defined the disease-free
survival (DFS) from the initial treatment to can-
cer progression, metastasis, or death. We de-
fined the overall survival (OS) within period of
the initial treatment to death. The Cox propor-
tional hazards regression model was utilized to
analyze the survival of Univariate and multivari-
ate models. In addition, Cox regression model
provided the Hazard ratio (HR) as well as the Cl
of 91%. Finally, the Kaplan-Meier method was
utilized to plot survival curves which were com-
pared through the log-rank test. A P-value
<0.05 based on a two-tailed test was consid-
ered significant.

Results

Detection of NCF2 expression in ESCC tissues
and cell lines

Based on western blotting and qRT-PCR, the
expression of NCF2 protein and mRNA were
evaluated in ESCC cell lines including TE1, K30,
Ecal09, K180, K510, HK, K520 and NEZ,
which belongs to a normal esophageal cell line.
In Figure 1A there was highly expressed NCF2
protein and mRNA in ESCC cell lines, compared
to NE1. Furthermore, ESCC tissues and normal
esophageal epithelial tissues were paired by
mRNA and protein. The balance of NCF2 in
eight (Figure 1C, 1D) were assessed, and both
NCF2 mRNA and protein which were expressed
at higher levels in ESCC tissues (Figure 1B)
were observed. This suggests that overexpres-
sion of NCF2 may be involved in the progres-
sion of ESCC.

Int J Clin Exp Pathol 2020;13(12):3033-3043
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Figure 1. Expression and amplification of NCF2 in ESCC cell lines. A. The level of NCF2 protein examined by Western
blotting in 8 human HCC cell lines (i.e., K30, Ecal109, TE1, HK, K180, K510 and K520) and one immortalized pri-
mary hepatocellular epithelial cell line NE1. B. The expression level of NCF2 mRNA in 8 human ESCC cell lines was
evaluated by g-PCR. C. Among 10 ESCC cases, increased expression of NCF2 was detected via western blotting in 8
pairs of ESCC tissues compared with the matched non-cancerous tissues. The expression levels were normalised to
those of NCF2. D. The mRNA expression of NCF2 was significantly up-regulated in 8/10 pairs of HCC tissues based
on g-PCR. The expression levels were normalised to those of GAPDH. (N, adjacent normal tissue; T, ESCC tissue).
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Figure 2. The Representative images of NCF2 expression in ESCC tissues
via IHC. NCF2 was absent from or only weakly detected in adjacent normal
cells (A), whereas its up-regulation was mainly detected in ESCC tissues (B)
(original magnification, x200 and x400).

Detection of NCF2 expression
in ESCC by immunohistochem-
istry (IHC)

NCF2 expression standard in
194 pairs of ESCC and adjoin-
ing tissues without tumors,
was additionally examined by
IHC. There were mainly high
levels of NCF2 in the cytoplasm
of carcinoma cells. By compari-
son, regarding the adjacent
normal tissues (Figure 2), we
observed weak or negative
NCF2 staining. We described
(Figure 3) the four categories
of the intensity of NCF2 immu-
nostaining. Through immuno-
histochemical scores (IHC sc-
ores), two groups of patients
divisions evolved: one is low
NCF2 expression group (IHC
score <4), and another is high
group (IHC score >4), and we
detected high expression of
NCF2 protein in 112/194
(60.2%) of ESCC tissues.
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Figure 3. The representative images show different staining intensities of NCF2: (A) negative staining, (B) weak
staining, (C) moderate staining, and (D) strong staining (original magnification, x200 and x400).
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Figure 4. Kaplan-Meier analysis indicating the correlation of NCF2 overexpression with poorer overall survival and
distant metastasis-free survival rates of 194 ESCC patients (log-rank test).

Association between NCF2 expression and the
measures of clinicopathology

The association between NCF2 expression and
the features of clinicopathology in 194 cases
with ESCC was used to investigate Pearson’s
chi-square (x?) test. This paper analyzed signifi-
cant correlations between NCF2 expression
and its three features consisting Tumor size
(P<0.01), TNM stage (P<0.001) and Recurrence
(P<0.01). No meaningful correlation was found
between the NCF2 formulation and the rest of
the characteristics of clinicopathology, like the
age, gender, smoking history, andtumor multi-
plicity of the patient (Table 1), showing the rela-
tion of the expression of the high NCF2 along-
side ESCC patients exhibiting poor survival.
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In relation to Kaplan-Meier analysis as well as
the log-rank test, we analyzed the relation
between the expression of the NCF2 in ESCC
patients and their survival time. The period of
survival for both high and low NCF2 groups in
the log-rank test was different. The average
overall survival (0OS) period for the high NCF2
expression group was 36.1 months, which
is less than the low NCF2 expression group
(43.9 months) (log-rank test, P<0.01). Moreover,
the higher NCF2 expression patients showed
that they had shorter DFS as compared to low
NCF2 expression of patients (log-rank test,
P=0.001) (Figure 4). However, the NCFF2
standard expression was deployed in ESCC
patients’ subgroups to deduce a survival analy-
sis with respect to size of tumor, and TNM stag-

Int J Clin Exp Pathol 2020;13(12):3033-3043
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Table 2. Univariate and multivariate Cox regression analysis of prognostic factors in 194 ESCC pa-
tients for overall survival and distant metastasis-free survival

Univariate analysis

Multivariate analysis

Variable
HR 95% ClI P-value HR 95% Cl P-value
Overall survival
Age
>60 vs <60 1.153 0.868-1.531 0.325
Sex
male vs female 0.99 0.884-1.966 0.09
Smoking history
yes vs no 1.33 0.944-2.742 1.02
Tumor Multiplicity
Unifocal vs Multifocal 2.14 1.124-3.65 0.72
TNM stage
I-Ilvs 1 1.291 0.827-0.1.893 0.003 1.453 1.028-2.041 0.035
Tumor size
<3cmvs >3 cm 1.321 0.969-1.851 0.001 0.344 0.178-0.664 0.001
Recurrence
yes vs no 0.941 0.480-1.786 0.001 1.058 0.648-1.537 0.059
NCF2 expression
high vs low 1.33 0.966-1.877 0.01 1.751 1.284-2.590 0.001
Distant metastasis-free survival
Age
>60 vs <60 1.081 0.815-1.434 0.589
Sex
male vs female 0.95 0.724-1.623 0.94
Smoking history
yes vs no 0.74 0.474-1.426 0.88
Tumor Multiplicity
Unifocal vs Multifocal 1.34 0.432-2.104 0.55 0.382 0.172-0.847 0.325
TNM stage
-l vs 1 0.701 0.516-0.952 0.023 4.00 0.182-0.881 0.057
Tumor size
<3cmvs >3 cm 0.59 0.299-1.011 0.001 3.681 0.259-6.386 0.015
Recurrence
yes vs no 0.647 0.485-0.864 0.65
NCF2 expression
high vs low 0.39 0.199-1.233 0.39 1.511 1.024-2.531 0.001

P<0.05

es as well as Recurrence. Furthermore, we ana-
lyzed the NCF2 expression’s prognostic value
for DFS and OS by means of a univariate analy-
sis model based on the clinicopathologic mea-
sures. Through this analysis it was found that
the survival was affected by NCF2 expression,
tumor size, tumor multiplicity, TNM stage,
and recurrence. We further examined these
important statistical measures by employing a
multivariate Cox regression analysis for evalu-
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ating the importance of the expression of
NCF2 in the prognosis of ESCC. It was ob-
served that NCF2 expression, TNM stage, and
tumor size were independent prognostic ele-
ments for OS, while NCF2 expression and
tumor size, were independent prognostic ele-
ments for DFS (Table 2). Thus, it is suggested
that there was significant association of the
NCF2 expression level with the prognosis of
ESCC.

Int J Clin Exp Pathol 2020;13(12):3033-3043
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Effect of NCF2 low-expression on cell prolifera-
tion and invasion

To determine whether cell proliferation and
invasion in ESCC cells were affected by NCF2,
the NCF2 expression by siRNA in NCF2-high-
expressing ESCC cells, TE1 was knocked down.
In the CCK8 assays and colony formation
assays, the inhibition of NCF2 would produce
lower cell proliferation compared to the control
group. In addition, it was shown from the inva-
sion assay (In the Wound healing assay and
Transwell invasion assay) the ability of cell inva-
sion was tremendously decreased with the
knockdown of NCF2 in TE1 cells (Figure 5).

Discussion

At present, TNM stage is the most generally
used predictive factor for prognosis of ESCC
patients [14, 15]. TNM staging alone is inade-
quate for the accurate prediction of the clinical
outcomes of patients with ESCC [16-18]. The
clinical prognostic needs are not fully satisfied
based on the existing molecular markers for
ESCC [19-22]. So novel diagnostic and prog-
nostic markers are needed.

It is proven from the accumulating evidence
that there was significantly increasing in the
expression of NCF2 in several types of malig-
nancies [23-25]. According to these findings, it
was revealed that it plays a viable carcinogenic
function of NCF2 in many human virulence [26-
29]. So far, however, it has not been elucidated
about the stratum of NCF2 formulation in ESCC
and its relationship with the characteristics of
the clinicopathology. In this research the status
of NCF2 expression in a cohort of 194 ESCC
patients is evaluated by the performance of
immunohistochemistry. Compared with the
ones in adjacent normal tissues, it obviously
up-regulated NCF2 in ESCC paraffin-embedded
tissues. Particularly, it detected the overex-
pression of NCF2 protein in 50.5% (98/194) of
ESCC tissues. By comparison, it was low or
absent for the NCF2 expression level in the
adjacent nasopharyngeal tissues. Compared
with NEZ1, it was also found that NCF2 was high-
ly expressed at both the protein and mRNA lev-
els in ESCC cell lines. Based on these findings,
it is suggested that during the ESCC tumorigen-
ic processes, a selective advantage may be
provided by high expression of NCF2.
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It was found in the previous studies thatevalu-
ated the NCF2 expression that there was an
obvious and close association with tumor pro-
gression and unfavorable prognosis in various
different types of malignancies. It is demon-
strated that high NCF2 expression frequently
occurred in colorectal cancer tissues and might
play an important role in colorectal carcinogen-
esis. In a recent study, it was observed that th-
ere is significantly association of the increased
expression of NCF2 with TNM stage, recurrence
which showed that the over expression of NCF2
might be involved in the ESCC progression. In
addition, according to the Kaplan-Meier analy-
sis and log rank test, it was proven that there
are obvious correlations between enhanced
NCF2 expression and the characteristics of
shorter OS and poorer DFS in patients with
ESCC. It was revealed in the further stratified
analysis that the poor outcome in ESCC patients
with TNM stage I/1l and IIl could be predicted
by the elevated expression of NCF2. Notably,
through the multivariate Cox regression analy-
sis, it was shown that the high NCF2 expression
was a prognostic independent factor for OS and
DFS in ESCC. Therefore, in addition to existing
classifications, this paper suggested the use of
NCF2 expression for the prediction of OS and
DFS in patients with ESCC.

In conclusion, it was shown for the first time
that NCF2 protein expression was obvious in
ESCC, and that a close relation existed between
the expression of NCF2 with unfavorable prog-
nosis in ESCC. It is suggested from these data
that the levels of NCF2 protein expression,
according to the detection based on IHC, can
be considered as a prognostic clinical biomark-
er outcome of ESCC patients, and serve as via-
ble therapy target in ESCC. Further investiga-
tion will indicate the molecular mechanisms on
the oncogenic function of NCF2 for ESCC.
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