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Purpose: Apo-E, a secreted protein, is closely related to the migration and invasion of
tumor cells. In this study, we aimed to analyze the expression of Apo-E in nasopharyngeal
carcinoma (NPC) patients and cell lines, as well as its effects on NPC cell behavior.
Patients and Methods: Our study included 35 patients with NPC from Zhongnan Hospital.
Expression levels of Apo-E in patients with NPC were examined by quantitative reverse
transcription-polymerase chain reaction, Western blot, and immunohistochemical (IHC)
staining. Receiver operating characteristic (ROC) curves were analyzed using the SPSS 22
software to estimate the sensitivity and specificity of the Apo-E protein in diagnosing NPC.
Additionally, the level of Apo-E in NPC cell lines (NP69, 6-10B, and 5-8F) was investi-
gated by Western blotting and THC.

Results: Levels of Apo-E were higher in NPC patients than in controls. Moreover, ROC
analysis revealed that increased Apo-E in the serum of NPC patients may act as a potential
biomarker for NPC diagnosis (Area under the curve 0.917). Furthermore, similar results were
also identified in NPC cancer cell lines. RNA interference technology was used to over-
express the endogenous Apo-E in the NPC cell line 6-10B. Wound healing and transwell
assays indicated that the overexpression of Apo-E increased the number of cell colonies and
migration ability, respectively.

Conclusion: In this study, we found that Apo-E was elevated in NPC patients and may act
as a potential biomarker for NPC diagnosis. In addition, Apo-E was upregulated in NPC cell
lines and promoted cell growth, migration, and invasion.

Keywords: cancer, nasopharynx, secretory glycoprotein, migration, invasion

Introduction

Nasopharyngeal carcinoma (NPC) is one of the most common squamous cell
carcinoma derived from the epithelial cells of the nasopharynx. It is highly malig-
nant and is accompanied by local invasion and metastasis at an early stage.’
A unique feature of NPC is its strikingly unusual ethnic and geographic distribu-
tion, as the incidence is significantly different in the USA in the white (0.8/
100,000 persons per year) and Asian communities (7.6-10.7/100.000 persons
per year).> ® It has been reported that the survival rates of early stage NPC patients
reached 75-90%; however, they are less than 50% at the stage of metastasis.” Many
investigations have been used for the detection of NPC such as low dose computed
tomography scans. Besides, certain serum biomarkers including serum amyloid
A protein, Galectin-1, and BMI-1 are commonly used diagnostic biomarkers in
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NPC patients.* ' However, these investigations lacked
capability in confirming the degree of malignancy of
NPC. Further elucidation of the molecular mechanism
underlying the occurrence and metastasis of NPC is essen-
tial in the near future.

Exploration of tumor-associated markers has become
mainstream for understanding the tumorigenesis and
exploring the biomarkers of cancer diagnosis and
prognosis.13 Apo-E, a secretory glycoprotein, mediates
lipid metabolism by binding with the low-density lipopro-

tein receptor,'*

and this binding activates various signal
transduction pathways subsequently.'> 7 Thus, Apo-E not
only has a function in regulating lipid metabolism but also
plays a critical role in cellular biological events including
effects,

proliferation.'®2° It also participates in a number of signal

antioxidant immune response, and cell

transduction pathways that regulate cancer cell prolifera-
tion and survival. In addition, Apo-E has been implicated
in cancer development in epithelial malignancies including
ovarian and prostate cancers.”>' >

In this study, the expression of Apo-E in both NPC
tissue and serum was detected by quantitative reverse
(qQRT-PCR),
and Western blotting.

transcription-polymerase chain reaction
immunohistochemistry (IHC),
Furthermore, the diagnostic value of Apo-E in NPC
patients was estimated using the receiver operating char-
acteristic curve (ROC) curve. The level of Apo-E in NPC
cell lines was investigated by qRT-PCR, IHC, and Western
blotting. In addition, the molecular functions and effect of

Apo-E on cell growth and invasion were examined.

Patients and Methods

Tissue Specimens

Cancerous and neighboring noncancerous tissues (from the
nasal cavity) were obtained from NPC patients who had not
undergone surgical treatment between November 2016 and
October 2017 in Zhongnan Hospital, Wuhan University.
Samples were fixed with 10% formaldehyde and paraffin-
embedded subsequently. Written informed consent was
obtained from all patients before the use of the clinical
samples.

Patient Serum Samples

We reviewed the medical records of 35 patients who were
newly diagnosed with NPC and had been confirmed by
biopsy at Zhongnan Hospital (Wuhan, China). All patients
were diagnosed and confirmed through a pathological

examination, and the specimens were collected before
surgery. The serum samples were not treated with protease
inhibitors after collection, and all of them were stored at
—80°C until analysis. Informed consent was obtained from
all patients in this study, and all research protocols were
according to the established guidelines of the Institutional
Review Board of Zhongnan Hospital, China.

Cell Lines and Culture

NPC cell lines 5-8F (high metastasis), 6—10B (low metasta-
sis), and human immortalized nasopharyngeal epithelial cell
line (NP69-SV40T) were purchased from the Shanghai
Institute of Cell Biology. All cells were cultured in RPMI-
1640 (Gibco/Life Technologies, CA, USA)) supplemented
with 10% fetal bovine serum (HyClone Laboratories, Logan,
UT, USA), 100 pg/mL penicillin, and 100 pg/mL streptomy-
cin at 37°C in a humidified atmosphere of 5% CO..

Antibodies and Lectin

The rabbit anti-Apo-E antibody was purchased from
Boster (Wuhan, China). The B-actin antibody was pur-
chased from Abcam (Cambridge, MA, USA).

RT-PCR for mRNA Expression Analysis

Total RNA was extracted from NPC tissues and cell lines
with TRIzol (Invitrogen), and 900 ng of total RNA was
subjected to reverse-transcription by an Advantage Two-
Step RT-PCR system (Invitrogen) according to the manu-
facturer’s instructions. PCR primers used were as follows
(sense and antisense, respectively): Apo-E, 5'-GGGACA
GGTGGAGAGCC-3" and 5-TTAGCAGATGTCCGAAG-
3; and B-actin was amplified as an internal control with
the primers 5-GCACTCTTCCAGCCTTCC-3 and 5-GCGC
TCAGGAGGAGCAAT-3. qRT-PCR was performed using
StepOne Real time-PCR (Applied Biosystems; Thermo
Fisher Scientific, Inc.) using a StepOne Real time-PCR
instrument (Applied Biosystems; Thermo Fisher Scientifc,
Inc), and gene expression of the target mRNA was calcu-
lated by the 2-AACt method. The following real-time PCR
parameters were used for all qPCR reactions: initial dena-
turation at 95°C for 30 s, followed by 40 cycles of 10
s denaturation at 95°C, 30 s of annealing, and extension at
60°C for 1 min. The expression level of each gene was
normalized to the level of S-actin gene in the same sample.

Immunohistochemical Staining
NPC tissues were deparaffinized in xylene and then
hydrated using a graded series of alcohols to water.
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Antigen retrieval was performed in a citrate solution
(Beyotime Institute of Biotechnology) by heating in
a microwave. The tissues were then incubated in 3%
H,0, for 30 min to block endogenous peroxidase activity.
After washing with phosphate-buffered saline (PBS), tis-
sue sections were blocked with (10X Tris Buffered Saline
with Tween® 20) TBS-T containing 5% bovine serum
albumin (BSA) and then incubated with Apo-E overnight
at 4°C, followed by incubation with HRP-conjugated sec-
ondary antibody for 1 h. Subsequently, tissue sections
were stained with 3.3-diaminobenzidine and counter-
stained with hematoxylin and eosin for visualization.
Expression in normal tissue was used as a negative
control.

Western and Lectin Blot Analyses

Protein extracted from the tissues or cells was detected
using a bicinchoninic acid protein assay kit (Takara Bio,
Otsu, Japan). Protein samples were loaded on to the gel
of 8% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and then electro-transferred
onto a 0.45 um PVDF membrane (Millipore, Bedford,
MA, USA), which was subsequently blocked in 3% BSA
for 1 h at room temperature with TBS containing 0.05%
Tween-20 (TBS-T). The membrane was incubated with
antibodies or lectin overnight at 4°C, and B-actin was
utilized as a loading control. After washing with TBS-T
three times, the membrane was incubated with HRP-
conjugated goat anti-rabbit IgG diluted with TBS-T for
1 h at room temperature. Finally, the membrane was
visualized with Enhanced Chemiluminescence Plus
reagent (Beyotime Institute of Biotechnology, Shanghai,
China). Densitometric values were normalized to actin
levels by the Image J software.

Enzyme-Linked Immunosorbent Assay
(ELISA)

The frozen serum samples were kept at 4 °C before use
until they were completely defrosted. Apo-E levels were
detected using the human Apo-E ELISA kit (R&D), and
the analyses were performed in duplicate according to the
manufacturer’s instructions. The concentration of Apo-E
was visualized at 450 nm using a Multiskan spectrophot-
ometer (Thermo-fisher Scientific, USA), and the absor-
bance of known concentrations of Apo-E was tested and
defined as the standard curve to determine the concentra-
tion of Apo-E in NPC patients.

Construction of Vectors and

Establishment of Transient Transfection

To overexpress Apo-E, RNA interference was performed,
and the CDS region of Apo-E (878 bp) was cloned. The
sequences of the primer pairs were as follows: forward,
5-CACCGTGTGCATGCTTTAGCACACATCTGCC-3 and
reverse, 5-AAGCGCGCAACGATGTGTGCATCTGTCT
TG-3'. Short hairpin RNA (shRNA) specific for Apo-E
(Apo-E-shRNA) obtained from the
Pharmaceutical Technology Company (Gene Pharma,

was Gene
Shanghai, China). Transient transfection was performed
using Lipofectamine 3000 (Invitrogen; Thermo Fisher
Inc.) with 5 nM siRNAs at 37°C for
6 h according to the manufacturer’s instructions. Apo-

Scientific,

E-overexpressing lentiviral vectors were transfected into
the 293T cells with packaging plasmids for preparing the
viruses, which were then incubated with 6-10B cells for
24 h. After 24 h of transfection, the culture medium contain-
ing 700 mg/mL G418 in the complete medium was used to
select stably transfected cells for further studies.

Wound-Healing Assay

6-10B cells (5 x 10° per well) were plated in six-well
plates. After cells had grown to over 90% confluence, the
cell monolayer was wounded and scraped to ensure the
same width at the beginning. A 10 uL sterile pipette tip
was used to create a smooth denuded edge. The cells were
then cultured in a medium for different amounts of time.
After incubation, the culture medium was discarded and
the cells were washed twice with PBS. Finally, the migra-
tion of the cells to the wounded area was visualized using
a microscope (Olympus, CA) and images were analyzed to
test the percentage of wound closure.

Transwell Migration Assay

Cell migration was measured using 6.5-mm Transwell
chambers with 8-um pore size (Corning Costar, USA).
Apo-E overexpressing and control cells were divided into
three groups, and 3 x 10% cells were resuspended in
200 pL of serum-free RPMI-1640 medium and seeded in
the upper chambers, while 500 uL of the complete med-
ium was added in the lower chambers. After the cells were
cultured for 24 h, the cells in the top chambers were
washed with PBS, fixed with 4% paraformaldehyde, and
stained with 0.1% crystal violet. Images of the membranes
were observed and photographed in three different fields.
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In addition, cells were randomly counted three times using
the Image-Pro Plus 6.0 software.

Statistical Analysis

Intensities of the stained bands were analyzed using the
Image Lab software (Bio-Rad Laboratories) and differ-
ences were compared using GraphPad Prism version 6.
All experiments were carried out in triplicate. Data from
Western blotting and RT-PCR were analyzed using the
Student’s  t-test  (two-tailed,
Differences were considered significant when P < 0.05.

unequal  variance).
ROC curves were analyzed using the SPSS 22 software to
estimate the sensitivity and specificity of Apo-E protein.

Results
Upregulation of Apo-E in NPC Patients

Apo-E is closely related to tumor invasion and metastasis.
Therefore, in order to evaluate the level of Apo-E in tissues
from NPC patients, PCR, RT-PCR, and IHC were performed.
The results showed that the level of Apo-E was upregulated in
the NPC tissue compared to the adjacent normal tissue, which
was the control (Figure 1 AC). Furthermore, the level of Apo-E
in the serum of NPC patients was consistent with the results of
IHC (Figure 1D, Supplemeantary Figure 1). In summary, the

expression of Apo-E in NPC patients was significantly
elevated.

Upregulation of Apo-E in NPC Cells

Next, we explored the changes in Apo-E in the NPC cell
lines. The 6-10B (low metastasis) and 5—8F (high metasta-
sis) NPC cell lines and the NP69 nasopharyngeal epithelial
cell line were selected. Western blot analysis suggested that
Apo-E exhibited higher expression in the NPC cell lines
2A,
Supplementary Figure 2). In addition, this higher expression
of Apo-E in NPC cell lines was also reflected at the mRNA
level by RT-PCR analysis (Figure 2B). Consequently, the

compared to the normal control (Figure

above results clearly indicate that an increased expression
of Apo-E was also present in NPC cancer cell lines.

Assay of Apo-E in the Serum of NPC

Patients

In order to further confirm the diagnostic value of Apo-E
in NPC, the serum Apo-E level was detected by ELISA
(Figure 3A). The data indicated that the level of Apo-E
was higher in NPC serum samples than in normal serum
samples (P < 0.05). Furthermore, sensitivity and specificity
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Figure | Apo-E is up-regulated in NPC patients. (A) PCR using total RNA
extracted from the NPC tissue and adjacent normal tissue was carried out to
examine the expression levels of Apo-E. (B) Immunohistochemical analysis of the
Apo-E level in the NPC tissue and adjacent normal tissue. (C) RT-PCR using total
RNA extracted from the NPC tissue and adjacent normal tissue was performed to
examine the expression levels of Apo-E. (D) Western blot analysis of Apo-E
expression in the serum of healthy and NPC patients. The quantitative data were
obtained from three independent experiments. The p values were calculated using
the one-tailed unpaired Student’s t-test. Error bars, S.D. *p<0.01.

analysis for Apo-E were also performed using ROC curve
analysis (Figure 3B). The results were expressed as area
under the curve (AUC). The AUC of Apo-E was 0.917.
These results demonstrate that Apo-E is upregulated in the
serum of NPC patients and may act as a potential biomar-
ker for NPC tumor diagnosis.

Effects of Apo-E Overexpression on NPC
Cell Lines

To directly evaluate the functional effects of Apo-E on
NPC cell lines, RNA interference technology was used to
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Figure 2 Apo-E was increased in NPC cell lines. (A) Western blot analysis of Apo-
E levels in NP69, 6—10B, and 5-8F cell lines. (B) RT-PCR using total RNA extracted
from NP-69, 6—10B, and 5-8F cell lines was carried out to examine the expression
levels of Apo-E. The quantitative data were obtained from three independent
experiments. The p values were calculated using the one-tailed unpaired Student’s
t-test. Error bars, S.D. *p < 0.05, *p < 0.01.

overexpress the endogenous Apo-E in the NPC cell line 6—
10B. Western blot (Figure 4A, Supplementary Figure 3)

and RT-PCR (Figure 4B) analyses were performed to
assess the overexpression efficiency, and the results
that
Subsequently, the effects of Apo-E on cell growth and

showed Apo-E  was successfully upregulated.
invasion ability of 6-10B cells were investigated using
wound healing and transwell assays, respectively. Wound
healing indicated that the overexpression of Apo-E
increased the number of cell colonies when compared
with the control cells (Figure 4C). Transwell migration
assays were performed to analyze the migration ability of
6—10B cells, and we compared migration and invasion
between the Apo-E overexpressing and control cell
groups. We found that Apo-E overexpression in 6—10B
cells was associated with high migration and invasion

(Figure 4D). Taken together, these results suggest that
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Apo-E induces the growth, migration, and invasion abil-
ities of 6-10B cells.

Discussion

Cancer is a serious threat to the survival of the human
race. Tumor distant metastasis and the development of
resistance to antitumor therapies are mainly responsible
for the death of cancer patients.”* Therefore, exploration
of early and effective diagnostic biomarkers has become
mainstream in cancer research. NPC is a cancer with
a high rate of distant metastasis. Consequently, there is
an urgent need to find a novel and accurate diagnostic
marker with the aid of modern detection technologies.
Although numerous NPC-associated serological markers
have been used as biomarkers for NPC diagnosis, none
of them has shown satisfactory sensitivity.''? Therefore,
the principal aim of this study was to find novel molecular
biomarkers with a focus on cancer-associated serum
proteins.

Apo-E is a secreted protein implicated in lipoprotein
metabolism and is mainly synthesized in the liver and
brain. Several reports have investigated its significance in
various diseases. For example, RT-PCR and immunohisto-
chemistry analyses have indicated that upregulation of
Apo-E is an independent indicator of muscular invasion
in gastric cancer and is considered a potential biomarker
for predicting its invasion. Moreover, the survival of
patients has a negative correlation with Apo-E
expression.”> Apo-E protein levels also have a potential
as an endophenotype marker of Alzheimer’s disease

pathology.”® Pencheva et al suggested that Apo-E impedes

melanoma cell invasiveness and endothelial cell
Apo-E
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Figure 3 Increased Apo-E may be a potential biomarker for NPC diagnosis. (A) Analysis of the Apo-E expression in the serum of an NPC patient and healthy control by
ELISA. (B) ROC curve analysis of the sensitivity and specificity of Apo-E in the diagnosis of NPC. Data from ELISA analyses for Apo-E. The p values were calculated using the

one-tailed unpaired Student’s t-test. Error bars, S.D. ***¥p<0.0001.
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Figure 4 Overexpression of Apo-E increased cell growth and migration in 6—10B
cells. PCR (A) and Western blot (B) were performed to check the Apo-E knock-
down efficiency. The expression level of B-actin was used as a loading control. Cell
viability of Apo-E overexpressing and control cells was detected by a migration
assay (C). The migratory capability of Apo-E overexpressing cells and control cells
was determined by a transwell assay (D). The quantitative data were obtained from
three independent experiments. The p values were calculated using one-tailed
unpaired Student’s t-test. Error bars, S.D.*p < 0.05, **p < 0.01.

recruitment.?’ Using differential in-gel electrophoresis, Yu
et al indicated that increased Apo-E may act as a direct
marker of pancreatic malignancy.”®** In addition, studies
have shown that Apo-E has significant diagnostic value in
extrahepatic biliary atresia and diabetic nephropathy.*®!
Different from the investigations that focused on the pro-
tein level of Apo-E, Heba Allam et al suggested that
bisecting glycosylation of Apo-E was significantly
increased in ovarian cancer tissues, which means that the
unique structures of these proteins are novel research areas
and targets.>”

The effects of Apo-E on cell behavior have been exten-
sively explored. Qin et al indicated that Apo-E induces MAP
kinase activity and a corresponding increase in cyclin DI

expression, which facilitates cell proliferation by regulating

key proteins involved in G1/S transition.*~* Furthermore,
Apo-E can bind apolipoprotein E receptor 2 (ApoER2) and
participate in transmitting the extracellular Reelin signal to
intracellular signaling processes, followed by interaction
with c-Jun N-terminal kinase interacting proteins, activating
the JNK-signaling pathway.> >’ Reelin, a large secreted
extracellular matrix glycoprotein, participates in the migra-
tory capacity of primary cancer cells.*® *° Besides, Reelin
also promotes the proliferation of intestinal and submandib-
ular gland epithelial cells and granulosa cells via ApoERs
(VLDLR)/Dab1/PI3K/Akt and MAPK pathways.*'*
Taken together, Apo-E can regulate tumor progression via
Reelin, activating integrin f1/Syk/Akt and/PI3K/Akt and
MAPK pathways and promoting cell adhesion, survival,
proliferation, and drug resistance. However, further studies
are needed to explore the functions of Apo-E in NPC cel-
lular physiology and progression.

In this study, alteration of Apo-E in the tissues and
serum of healthy control and NPC patients was investi-
gated by using RT-PCR, IHC, and Western blotting.
Furthermore, ROC analysis revealed that increased Apo-
E in the serum of NPC patients may act as a potential
biomarker for NPC tumor diagnosis. However, due to the
small sample size of this study, the results need to be
confirmed by investigating larger patient samples to deter-
mine whether they are truly reliable. Future studies on
molecular biology and clinical research should be carried
out to determine whether Apo-E is helpful in NPC diag-
nosis along with evaluating its sensitivity and specificity
for the diagnosis of NPC.

Conclusion

NPC as a malignant tumor, is attracting more and more
attention. In this study, we found that Apo-E, a secreted
protein was elevated in NPC patients and may act as
a potential biomarker for NPC diagnosis. In addition, the
similar phenomenon was also existed in NPC cell lines
and promoted cell growth, migration, and invasion.
However, the further study is needed to explore the mole-
cular mechanism about Apo-E regulating the behavior of
cells.

Abbreviations

NPC, nasopharyngeal carcinoma; qRT-PCR, quantitative
reverse transcription-polymerase chain reaction; IHC,
immunohistochemical staining; ROC, receiver operating
characteristic; AUC, area under the curve.
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