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Background: ZNF488 acts as an oncogene which promotes cell invasion and endows tumor cells
stem cell capacity in nasopharyngeal carcinoma (NPC), but its correlation with clinicopathologic
characteristics and patients’ survival in NPC remain undefined.

Methods: In this study, 158 cases of confirmed NPC were subjected to immunohistochemistry
staining for evaluating endogenous expression. Kaplan—Meier method and log-rank test were
used to estimate the survival rates. The relationship between ZNF488 and clinicopathological
characteristics was statistically calculated by chi-squared test, univariate and multivariate ana-
lysis. In addition, adhesion assay, MTT and colony formation assays were performed for
measuring adhesion and proliferation capacity. Cell cycle analysis via flow cytometry was
conducted to explore cell cycle distribution. Western blot was used to detect pathway protein
levels, and the pFAK (Y397) kit was used for focal adhesion kinase (FAK) activation.
Results: We demonstrated that high expression of ZNF488 was significantly correlated with
locoregional failure (P=0.018) and distant metastasis (P=0.001). Patients with high ZNF488
expression had poorer overall survival (P<0.001), loco-regional recurrence-free survival
(P<0.001), distance metastasis-free survival (P<0.001) and progression-free survival
(P<0.001) than those with low ZNF488 group. Multivariate analysis showed that ZNF488
expression was an independent prognostic indicator for predicting NPC patients’ survival
(HR, 3.314; 95% CI, 1.489-7.386; P=0.003). Additionally, ZNF488-induced collagen IV/
FAK/AKT to enhance adhesion ability meanwhile led to the upregulation of Cyclin D1 to
facilitate cell proliferation through promoting cell cycle progression and inhibition of
apoptosis through caspase-independent way.

Conclusion: These results reveal that ZNF488, as an independent prognostic indicator, promotes
cell adhesion and proliferation through collagen IV/FAK/AKT/Cyclin D1 pathway in NPC.
Keywords: nasopharyngeal carcinoma, ZNF488, proliferation, FAK/AKT/Cyclin D1,

prognostic biomarker

Introduction

Nasopharyngeal carcinoma (NPC) has a distinctive geographic distribution with high
incidence in Southeast Asia.' NPC patients usually receive radiotherapy or concurrent
chemo-radiotherapy, following with adjuvant chemotherapy.? Due to the chemo- and
radio-sensitive characteristics, this treatment approaches result in cure of most patients,
as results showing in our cancer center.’* However, NPC patients at the same clinical
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stage often have different clinical outcomes due to distant
metastasis or locoregional failure.” Although many studies
have recognized viral, smoking, genetic makeup and carci-
nogen exposure as risk factors, the molecular mechanism of
genesis and heterogeneity in NPC are poorly understood. It is
of great value to find valuable diagnostic markers and under-
stand the molecular mechanism for novel therapeutic
targeting. Much research have explored the development of
innovative strategies of the hallmarks for preventing distant
relapse. For instance, it has been demonstrated that EGFR is
correlated with clinicopathological characteristics and prog-
nosis in many cancers.® Clinical applications of anti-EGFR
antibodies (cetuximab) in combination with intensity-
modulated radiotherapy (IMRT) have been found to be
more effective than radiotherapy alone for both locoregional
control and overall survival (OS) in patients with locoregion-
ally advanced nasopharyngeal carcinoma, with low gastro-
intestinal reactions, hepatotoxicity and bone marrow
suppression.’

Zinc Finger Protein 488 (ZNF488) is a Kruppel-like
zinc finger transcription factor, which is thought to be an
that
cooperates with Olig2 to promote oligodendrocyte differ-

oligodendrocyte-specific transcriptional repressor
entiation in myelin regeneration and repair in demyelinat-
ing diseases.®” Recently, ZNF488 was demonstrated to be
an oncogene, which promoted invasion and tumorigenesis
through Wnt/B-catenin/GSK3p pathway to induce epithe-
lial mesenchymal transition (EMT) in NPC.'® However,
the clinical significance and other biological function of
ZNF488 in NPC have not been thoroughly investigated.
In this article, we elucidate the potential value of
ZNF488 expression as a biomarker for predicting patients’
prognosis in NPC. We also show that overexpression of
ZNF488 promotes cell adhesion and proliferation.
Mechanistically, ZNF488-induced collagen IV/FAK upre-
gulation can activate AKT to enhance adhesion ability,
meanwhile leads to cell proliferation through upregulation
of Cyclin D1 and inhibition of caspase-dependent apoptosis.

Materials and methods
Nasopharyngeal patients and clinical

tissue specimens

One hundred and fifty-eight cases of paraffin-embedded
NPC tissues, which were obtained from Jiangsu Cancer
Hospital, were subjected to immunohistochemistry. All
cases were definitely diagnosed with NPC of non-
keratinising squamous cell carcinoma (WHO 2). All

were with prior written consent of patients and approval
of the Institutional Clinical Ethics Review Board while
The
histological grade and stage of tumors were classified

in accordance with the Declaration of Helsinki.

according to the criteria of the 7™ eition of the
American Joint Committee on Cancer (AJCC) cancer
staging system 7.

Radiotherapy

The nasopharyngeal and neck tumor volumes of all patients
were treated using radical radiotherapy based on IMRT for
the entire course. Gross tumor volumes were defined based
on MR, CT and PET/CT imaging before induced chemother-
apy (IC). Target volumes were delineated slice-by-slice on
treatment planning CT scans. Intensity-modulated radiother-
apy with 7~9 field fixed angle was adopted. The specific
prescription dose was as follows: planned target area
(PTVnx) of primary focus (GTVnx), 66~75 Gy for 32~34
times. Cervical lymph node metastasis (GTVnd) PTVnd,
66~70 Gy, 32~34 times. PTV2 of CTV1 (high-risk area)
and CTV2 (low-risk area) were 60.0 Gy and 50.4 Gy, respec-
tively. Dose limits for organs at risk: maximum dose of
brainstem, optic nerve and optic chiasm <54 Gy, maximum
dose of temporal lobe <69 Gy, temporomandibular joint
<60Gy, maximum dose of spinal cord <45 Gy, average
dose of parotid gland <30 Gy, average dose of bulbus oculi
<35 Gy, maximum dose of crystalline lens <6 Gy. All targets
were treated simultaneously using the simultaneous inte-
grated boost technique.

Chemotherapy

During the study, institutional guidelines recommended IMRT
alone for stage | NPC and IMRT combined with chemotherapy
for stage [I-1Va NPC. For IVa NPC, after assessment of tumor
volume, many people may receive IC before IMRT. Two
regimes of IC were frequently used: cisplatin (75 mg/m?)
with docetaxel (80 mg/m?), and cisplatin (60 mg/m?) plus
docetaxel (60 mg/m?) with 5-fluorouracil (600-750 mg/m>
per day for 5 days) every 3 weeks for 2—4 cycles. Concurrent
chemotherapy consisted of cisplatin (75 mg/m?) with doce-
taxel (80 mg/m?) every 3 weeks for 2-3 cycles or cisplatin
(40 mg/m*) weekly for 5-7 cycles. Adjuvant chemotherapy
included cisplatin (75 mg/m?) with docetaxel (80 mg/m?)
every 3 weeks for 2—4 cycles just for high-risk patients or
residual lesions. When possible, salvage treatments (such as
intracavitary brachytherapy, surgery, or chemotherapy) were
provided for documented relapse or persistent disease.
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Cell culture

Human NPC cells HNE1 and CNE1 were maintained in
RPMI-1640 ((Life Technologies) supplemented with 10%
fetal bovine serum (Gibco). All these cell lines have been
demonstrated by STR profile. The HEK 293FT cell line
was maintained in DMEM (Invitrogen) supplemented with
10% fetal bovine serum, which was originally obtained
from the American Type Culture Collection."'

Plasmids and generation of stably

transfected cell line
The construction of plasmids and stable ZNF488-
overexpressing and control cell lines were described as

previously. '’

Immunofluorescence (IF) staining

We plated cells on multiwall coverslips to 80% conflu-
ence. After washing in PBS, cells were fixed in freshly
formaldehyde for 10
mins and incubated in PBS three times. 10 min with
PBS containing 0.5% Triton X-100, 2*5 min with PBS
and blocked in 5% BSA for 30 min. Cells were incu-
bated with primary antibodies ZNF488 (abcam) over-
night at 4°C. After washing with PBS, slides were
incubated with Alexa Fluor* 488 goat anti-rabbit IgG
antibodies (Invitrogen) for 1 h, counterstained with

prepared 4% polyphosphate

DAPI (Sigma) to visualize nuclei, followed by Laser
Scanning Confocal Microscope (Olympus).

Adhesion assay

Coat 96-well plate with Matrigel (BD Biosciences) at 37°C
for 2 hrs. Leave some wells uncoated as negative controls.
Cells were counted to 5x10°/mL, and add 50 pL cells in each
well. Incubate in CO, incubator at 37°C for 30 mins. Shake
the plate at 2000 rpm for 10 s and wash with washing buffer 3
times. Fix with 4% paraformaldehyde for 15 mins and wash
with washing buffer 3 times. Formazan was solubilized by
adding 100 pL/well of DMSO (Sigma-Aldrich) and OD was
measured at 570 nm using a microplate reader (Thermo).

FAK activation

The pFAK (Y397) kit was purchased from Invitrogen
(Carlsbad) and we conducted the test according to the
manufacturer’s protocol. The OD was measured at 450
nm using a microplate reader. The readout was plotted
against standard control.

Western blot

Protein samples were electrophoresed on 6-12% SDS
polyacrylamide gel and transferred to polyvinylidene
difluoride membrane (PVDF, Merck Millipore). The
PVDF was blocked in 5% nonfat milk and incubated
with primary antibodies against ZNF488 (Abcam),
Collagen IV (Abcam), integrin a5 (Abcam), p-FAK
(Y397) (Cell Signaling Technology (CST)), FAK (CST),
ERK 1/2(Cell Signaling Technology), p-ERK1/2 (CST),
Akt (CST), p-Akt (CST), Cyclin D1 (Abcam), Cyclin D2
(Abcam), Cyclin E (C-19) (Santa Cruz), a-tubulin (CST)
and Cleaved caspase 9 p10 (Santa Cruz) overnight at 4°C.
The PVDF membrane was incubated with anti-mouse or
rabbit IgG secondary antibodies. o-tubulin served as the
loading control. The band on the PVDF membrane was
observed using an electrochemiluminescence kit (Pierce).

MTT assay

Cells were seeded in 96-well plates at a density of 1,000
cells per well. Cells were stained with 20 pL of MTT
(Sigma-Aldrich) for 4 hrs. The medium was removed,
and formazan was solubilized by adding 100 pL/well of
DMSO (Sigma-Aldrich) and the OD was measured at 570
nm using a microplate reader (Thermo).

Colony formation assay

Cells were seeded in six-well plates at a density of 500 cells
per well and cultured for 7-12 days. Colonies were fixed with
4% paraformaldehyde solution, stained with 0.5% crystal
violet, and counted under an inverted microscope (Canon).

Cell cycle analysis via flow cytometry

analysis

Cells were harvested, washed with cold PBS, and fixed in
70% ethanol. The cells were washed, re-suspended in
PBS, and incubated with propidium iodide (Sigma-
Aldrich) and RNase (Sigma-Aldrich) solution at room
temperature for 30 mins in the dark. The stained cells
were analyzed using flow cytometer (Beckman Coulter),
and the percentage of cells in each cell cycle phase was
calculated. The proliferation index (PI) was calculated as
(S +G2/M)/(G1+S +G2/M) and the S-phase cell fraction as
S/G1+S +G2/M).

Immunohistochemistry (IHC) staining
Formalin-fixed, paraffin-embedded NPC samples were cut
into 4-um-thick slices. Slices were baked for 3 hrs at 58°C,

Cancer Management and Research 2019:11

submit your manuscript

5873

Dove


http://www.dovepress.com
http://www.dovepress.com

Zong et al

Dove

deparaffinized in xylenes and rehydrated with graded alco-
hol to distilled water, immersed in 3% hydrogen peroxide
for 10 mins to block endogenous peroxidase activity at
room temperature, and boiled the slices for antigen retrie-
val in Citrate Antigen Retrieval Solution (pH=6.0) for 5
mins in a high pressure cooker. After this retrieval solution
cools down to room temperature, slices were incubated
with diluted rabbit polyclonal anti-ZNF488 antibody
(Sigma) overnight at 4°C in a moist chamber. After
being washed in PBS, Tween-20 (PBST) is added and
the slices were incubated with secondary antibody for 30
mins at 37°C and washed in PBST, followed by a 1-min
staining in 3,3-diaminobenzidine. One negative control
was performed with a normal nasopharyngeal epithelial
tissue, and the other was obtained by replacing the primary
antibody with a normal rabbit IgG.

Evaluation of IHC

The immunoreactivities were scored by two pathologists
blinded to the clinical parameters. Tumor cell percentage
and staining intensity were assessed, respectively. Tumor
cell percentage was scored as follows: negative or less
than 10% positive tumor cells, 0; 10-25% positive tumor
cells, 1; 26-60% positive tumor cells, 2; more than 60%
positive tumor cells, 3. staining intensity was classified as
follows: no staining, 0; weak staining, 1; moderate stain-
ing, 2; strong staining, 3. We multiplied the two individual
parameters to get an immunoreactivity score ranging from
0 to 9. An optimal cutoff value for high or low expression
was selected with log-rank test statistical analysis to OS.
For ZNF488, the optimal cutoff value was 5.0 to define
tumor with low or high expression.

Follow-up

The follow-up duration was measured from the first day of
treatment to the day of last examination or death. Patients were
followed up every 3 months for the first 3 years after radio-
therapy, every 6 months for the fourth to fifth years, and
annually thereafter until death. Follow-up included physical
examination, hematology and biochemistry profiles, Epstein—
Barr virus (EBV)-DNA,MRI, chest CT scan, abdominal, ultra-
sonography, and whole-body bone scanning using single
photon emission computed tomography. PET/CT was pformed
when necessary. Locoregional recurrence-free survival was
defined as the time from initiation of therapy to first locoregio-
nal failure. Progression-free survival (PFS) was defined as the
time from initiation of therapy to failure or death from any

cause, whichever occurred first. Distant metastasis-free survi-
val (DMFS) was defined as the time from initiation of therapy
to first distant failure. OS was defined as the time from the
initiation of therapy to death from any cause.

Statistical analysis

Data are presented as the mean + SD, and differences
between groups were analysed using Student’s t-test or
chi-squared test. The Kaplan-Meier method and log-rank
test were used to estimate survival rates. Multivariate
survival analysis was performed on all parameters that
were found to be significant on univariate analysis using
the Cox regression model. All statistical analyses were
performed with SPSS 18.0 software, and P-values of
<0.05 were considered statistically significant.

Result
ZNF488 expression and the clinical

characteristics of NPC patients

We detected ZNF488 protein levels in 158 paraffin-embedded
NPC tissues by immunohistochemistry. Representative stain-
ing pictures of ZNF488 in NPC tissues were shown in
Figure 1A-F. ZNF488 was highly expressed in 57 of the 158
(36.1%) NPC patients examined. Patients with high ZNF488
expression showed more locoregional failure (P=0.018) and
distant metastasis (P=0.001) (Table 1). There were no signifi-
cant associations between ZNF488 expression and patient
gender, age, T stage, N stage, M stage and clinical TNM
stage (Table 1).

ZNF488 expression and survival of NPC

patients

The Kaplan-Meier analysis and log-rank test were used to
calculate the effects of ZNF488 on patients’ survival. Our
results indicated that patients with high ZNF488 expres-
sion had poorer OS (P<0.001), locoregional recurrence-
free survival (P<0.001), distance metastasis-free survival
(P<0.001) and PFS (P<0.001) rates than patients with low
ZNF488 expression (Figure 1, G-J). The cumulative
5-year survival rate was 70/101 (69.3%) in the low-ZNF
488-expression group, whereas it was only 30/57 (52.6%)
in the high expression group.

Because of relatively small sample size, univariate
and multivariate analyses using Cox regression model
were applied to exclude the potential interfering fac-
tors. Some reported factors, including age, gender,
radiation dose,

T classification, N classification,
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Figure | High expression of ZNF488 is correlated with poor clinical outcomes. (A) Negative ZNF488 staining in nasopharyngeal epithelium tissue, (B) negative ZNF488
staining in NPC tissue with normal rabbit IgG, (C) negative staining of ZNF488, (D) weak staining, (E) moderate staining, (F) strong staining (magnification 400x). (G)
Overall survival, (H) locoregional recurrence-free survival. (I) Distant-metastasis-free survival. (J) Progression-free survival.

chemotherapy, distant metastasis, and loco-regional
failure,'” were incorporated for analysis. Univariate
analyses indicated that ZNF488 expression, T stage,
radiotherapy dose, distant metastasis, and locoregional
failure were significant predictors for patients’ OS
(P<0.05, Table 2). Since ZNF488 expression and
other clinicopathologic features were significant in uni-
variate analysis, these variables were further examined
in multivariate analysis. Multivariate analysis showed
that ZNF488 expression was evaluated as an indepen-
dent risk factor for adverse prognosis (HR: 3.314; 95%
confidence interval: 1.489-7.386; P=0.003, Table 2).
Additionally, T stage (HR:2.886; 95% confidence inter-
val: 1.155-7.210; P=0.023, Table 2), radiation dose
(HR:4.197; 95% confidence interval: 1.746-10.085;
P=0.001, Table 2), distant metastasis (HR: 6.962;

95% confidence interval: 3.316-14.618; P<0.001), and
loco-regional failure (HR: 2.806; 95% confidence inter-
val: 1.345-5.853; P=0.006) were independent prognos-
tic indicators in this study (Table 2).

Effects of ZNF488 on adhesion ability and
FAK signaling pathway

Before functional experiments, we verified the transfection
efficiency in stable cells by IF staining and Western blot.
(Figure 2A, B). During cell culture, we observed that ZNF488-
overexpressing stable cell lines presented much more attach-
ment capability as the time of enzymatic digestion in ZNF488-
overexpressing cells was longer than the control. These results
led us to test whether ZNF488 regulates cell adhesion.
Adhesion assays showed that overexpression of ZNF488
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Table | Clinical characteristics of NPC patients according to high and low ZNF488 expression

Characteristics ZNF488 expression P-value
Low or none, n=101(%) High, n=57(%)

Age 1.000

<50 49 (48.5) 27 (47.4)

250 52 (51.5) 30 (52.6)

Gender 0.704

Male 74 (73.3) 44 (77.2)

Female 27 (26.7) 13 (22.8)

TNM stage 1.000

- 3 (3.0) 1 (1.80)

- 1v 98 (97.0) 56 (98.2)

T stage 0.175

TI-T2 44 (43.6) 18 (31.6)

T3-T4 57 (56.4) 39 (68.4)

N stage 0.833

NO-NI 18 (17.8) 11 (19.3)

N2-N3 83 (82.2) 46 (80.7)

M stage 0.057

MO 100 (99.1) 53 (99.3)

M | (0.01) 4 (0.07)

Locoregional failure 0.018

Yes 16 (15.8) 85 (84.2)

No 18 (31.6) 39 (68.4)

Distant metastasis 0.001

Yes I'1(10.9) 16 (28.1)

No 90 (89.1) 31 (71.9)

Notes: Two-sided P-values were calculated using Pearson’s chi-square test or continuity correction to evaluate the significance of the correlations. Bold values indicate
statistical significance (P<0.05).

Table 2 Univariate analysis and multivariable cox regression analyses of ZNF488 expression levels and overall survival

Variable Univariate analysis Multivariate analysis

HR 95%ClI P-value HR 95%ClI P-value
ZNF488 expression (high vs low) 4.602 2.124-9.969 <0.001 3314 1.489-7.386 0.003
Age (<50 vs 250 years ) 0915 0.447-1.874 0.484
Gender (female vs. male) 0.644 0.380-1.818 0.831
T stage (34 vsl-2) 3.320 1.365-8.079 0.008 2.886 1.155-7.210 0.023
N stage (2-3 vs 0-1) 1.191 0.660-2.155 0.110
Radiation dose (<70 Gy vs 270Gy) 2.565 1.095-6.008 0.030 4.197 1.746-10.085 0.001
Chemotherapy (no vs yes) 1.082 0.440-2.661 0.557
Distant metastasis (yes vs no) 8.077 4.008-16.278 <0.001 6.962 3316-14.618 <0.001
Locoregional failure (yes vs no) 2.873 1.428-5.778 0.003 2.806 1.345-5.853 0.006

Note: Bold values indicate statistical significance (P<0.05).

increased the number of adherent cells both in HNE1 and ZNF488 increased the phosphorylation of FAK without
CNEl (Figure 2C). FAK signaling is crucial in mediating  expressional change on total FAK (Figure 2E) as well as
cell adhesion and migration."® Indeed, overexpression of in vitro pFAK activation assay (Figure 2D). The results
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Figure 2 Effects of ZNF488 on adhesion ability and FAK signaling pathway. (A) Immunofluoresce for ZNF488 detection. (B) Western blot to detect ZNF488 protein level in
both HNEI and CNEI ZNF488 overexpression stable cell lines and vector. (C) Adhesion assay in HNEI and CNEI. (D) FAK activation assay to detect the activity of pFAK
(Y397). (E) Western blot to detect collagen IV, integrin a5, FAK and p-FAK(Y397). (F) Western blot to detect ERK 1/2, p-ERK1/2, Akt and p-Akt. *** P<0.001.

suggested that FAK signaling pathway might be implicated in
ZNF488-mediated cell adhesion.

To explore the underlying mechanism of ZNF488 on cell
adhesion, molecules related to ECM and FAK signaling path-
way were analyzed. ZNF488-overexpressing cells had a higher
level of collagen IV compared with the control without change
of integrin a5 (Figure 2E).The level of p-AKT in ZNF488-
overexpressing group increased significantly, while total levels
of AKT, p-ERK1/2, and ERK1/2 did not change (Figure 2F).

These results suggest that the effect of ZNF488 on cell adhe-
sion may be via modulation of collagen IV/FAK/AKT
pathway.

Effects of ZNF488 on cell proliferation

Stiff ECM often gives rise to aberrant proliferation through
pathological cellular responses.'* To explore the effect of
ZNF488 on cell proliferation in HNE1 and CNE1, MTT and
colony formation assays were performed. Growth curves
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showed that overexpression of ZNF488 grew faster than
control cells (Figure 3A, P<0.05). Colony formation assay
showed that overexpression of ZNF488 exhibited more
colonies than the control (Figure 3B, P<0.001). Together,
ZNF488 indeed enhance proliferation in NPC.

Effect of ZNF488 on cell cycle

distribution and cyclin DI

To investigate the potential effect of ZNF488 on cell
cycle, we conducted flow cytometry experiment to
know the status of cell cycle in ZNF488-overexpressing
and control cells. In order to synchronize the phase of cell
cycle, we starved the cells for 36 hrs to block cells in
GO0/G1 phase. Cell cycle distribution was shown in
Figure 4A-B, cell populations in the G1, S, and G2/M
phases of the cell cycle presented differences between
ZNF488-overexpressing and control cells after releasing

A
c 87 - HNE1-V
g = HNE1-ZNF488 *
5 61 p
4
: .
2 41
3 e
3 e
n 27 -
'—
=
O T T T T T
1 2 3 4 5
Days in culture
B
HNE1
v ZNF488

CNE1
\ ZNF488

24 hrs. Proliferative index (PI) is a measure of the num-
ber of cells in a tumor which can be an indicator for
proliferation. The PI of HNE1-V OH, HNEI1-V 24H,
HNEI1-ZNF488 OH, and HNEI-ZNF488 24H was
25.61%, 32.18%, 30.2%, and 40.33%, respectively.
After 24-hr culture, the added PI was 10.13% in HNEI-
ZNF488 cells compared with 6.57% in HNEI-V.
Consistent with result in HNE1, the added PI was
22.90% in CNE1-ZNF488 compared with 15.81% in
CNE1-V (Figure 4C). Overexpression of ZNF488
showed elevated PI and S-phase cell fraction (Figure
4D), suggesting overexpression of ZNF488 prompted
cell cycle progression to enhance proliferation in NPC.
As overexpression of ZNF488 prompted cell cycle pro-
gression, we explored whether ZNF488 had an effect on cell
cycle regulatory genes. Overexpression of ZNF488 strongly
upregulated the expression of cyclin D1 without affecting
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cyclin D2 and cyclin E (Figure 4E). In addition, FAK regulates
the caspase-independent apoptotic pathway to resist cell
death." Supporting this notion is that overexpression of
ZNF488 significantly inhibited apoptosis in HNE1 and
CNE], as indicated by a decreased level of activated apoptotic
marker—cleaved-caspase 9 (Figure 4E). These observations
suggest that ZNF488-induced FAK/AKT led to the upregula-
tion of cyclin D1 to promote cell cycle progression and the
inhibition of apoptosis through the caspase-independent way.

Discussion

NPC is an epithelial malignancy arising from the superior
portion of the pharynx, extending from the upper surface
of the soft palate to the base of the skull. The process
involved in the development of NPC most is intermingled
with latent EBV infection and often is of high incidence of
lymph node and distant metastasis with familial and
somatic genetic and epigenetic variations. ZNF488 acts
as an oncogene which increases NPC invasion and
endowes tumor stem cell ability through EMT by activat-
ing Wnt/p-catenin/GSK3p pathway.'® However, little was
known about the correlation between clinical factors and
ZNF488 expression and other biological functions.

In this paper, we thought to explore the function of
ZNF488 more deeply and investigate the potential value of
ZNF488 expression as a biomarker in NPC. FAK is
thought to be a crucial factor, and disorder of FAK and
its downstream cellular signaling are key intermediators of
cancer malignance such as invasion, adhesion, prolifera-
tion, and metastasis.'®'” As a key component of sensing
stiffness to extracellular matrix (ECM), FAK mediates
a complicated network of signaling pathways for the inter-
action of cells with its physical environment to remodel
ECM.'®!" ECM substrates, including collagen I/IV, lami-
nin, integrin, and fibronectin, supporting cell structure,
mediate cell adhesion.?’ Collagens are the most abundant
proteins that constitute fibers and peri-cellular basement
membranes, and researchers have demonstrated that col-
lagens are crucial not only for tissue structures but also for
the regulation of cellular signaling transduction.”’ Some
studies verified that FAK, as one of the downstream effec-
tor proteins, can be rapidly autophosphorylated (Tyrosine-
397, Y397) following stiffness changes with cell adhesion
to collagen.’>** TImportantly, activated FAK signaling
pathways are extensive, which can also activate Ras/
MAPK pathway and transduce signal activation to PI3K/
AKT, which contributes to cyclin D synthesis and caspase-

dependent cell death.'”->*2°

Our results showed that patients with high ZNF488
expression presented significant associations with locor-
egional failure and distant metastasis; meanwhile, they
presented poorer overall, locoregional recurrence-free,
distance metastasis-free, and PFS rates than patients
with low expression. Based on the improvement of
radiation technique, concurrent-adjuvant chemotherapy,
and targeting preparation, the S5-year OS rate was
approximately 80%.%°*’” But in our study, 5-year OS
rate was 63.3%, which might be the result of unbalanced
clinical stage that the majority (97.5%) of enrolled NPC
patients have loco-regionally advanced disease. In addi-
tion, ZNF488 might act as an independent prognostic
factor in NPC patients. We also confirmed that radiation
dose, T stage, distant metastasis, and loco-regional fail-
ure were independent predictive factors, which were
consistent with previous studies.”® These results suggest
that ZNF488 expression status can serve as a valuable
prognostic biomarker to stratify NPC patients into dif-
ferent risk groups and further guide individual therapy
choices.

In addition to its biological significance in invasion and
tumorigenesis in NPC, ZNF488 plays an important role in cell
adhesion. Cell adhesion, especially adhesion to ECM, is vital
to cell invasion and metastasis.”’ ECM remodeling is impor-
tant for cell adhesion, which is rich in collagen, laminin,
integin, and fibronectin.**>' The previous study has demon-
strated that ZNF488
Supportively, ZNF488 could increase collagen IV to facilitate
cell adhesion, which indicated that ZNF488 could contribute to
ECM remodeling. FAK is reported to involve the ECM remo-
deling and cell adhesion,** and activated FAK can activate

can upregulate fibronectin.'”

a cascade of phosphorylation to trigger signaling pathways,
such as MAPK and PI3K/AKT.” FAK can activate PI3K/
AKT, which contributes to cyclin D synthesis and caspase-
dependent cell death.'”*?> FAK autophosphorylation (Y397)
leads to cell adhesion and stiffness changes, which can also
recruits 85KD subunit of phosphatidylinositol-3-kinase
(PI3K). The activated PI3K stimulates the PKB/Akt to trans-
membrane through its PH domain, resulting in PKB/Akt phos-
phorylation. The active PKB/Akt promotes proliferation
through phosphorylation and prevention of pro-apoptotic
proteins.®* The activated apoptotic pathway causes mitochon-
drial outer membrane opening to release a number of apoptotic
proteins, which leads to caspase-9 activation and ultimately
apoptosis.***> Accumulating studies have demonstrated that
FAK can enhance proliferation and inhibit apoptosis in
a caspase-dependent way."> Our results showed that
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overexpression of ZNF488 promoted cell proliferation with
FAK activation. Overexpression of ZNF488 had elevated PI
and S-phase cell fraction, indicating that ZNF488 promoted
cell cycle progression in HNE1 and CNEL. In addition, over-
expression of ZNF488 increased the abundance of cyclin
D1land inhibited the apoptotic marker Cleaved caspase 9. As
studies have verified that FAK transduced ECM stiffness into
intracellular stiffness, increased cyclin D1 expression,*® and
FAK regulated the caspase-independent apoptotic pathway to
resist cell death.'® We proposed that the upregulation of cyclin
D1 and inhibition of cleaved caspase 9 in ZNF488-
overexpressing cells were followed by FAK activation.
Therefore, our results indicate a possible mechanism that
ZNF488-induced collagen IV upregulation via FAK activity
could enhance the activation of AKT to enhance adhesion
ability, which also led to the upregulation of cyclin D1 and
inhibition of apoptosis for cell proliferation.

In conclusions, our results indicated that ZNF488 can
serve as a valuable prognostic biomarker to stratify NPC
patients into different risk groups and predict patient survival.
Overexpression of ZNF488 enhances cell adhesion via col-
lagen IV/FAK/AKT pathway, which upregulates cyclin D1 to
promote cell cycle progression and inhibits apoptosis through
the caspase-independent way. But our study has some limita-
tions. The poor prognosis is in part related to the development
of therapy resistance during conservative treatment, whether it
involves in the acquisition of chemo/radio-resistance is not
clear. Thus, more works will be in need to unveil the effect of
ZNF488 on the therapeutic response in NPC.
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