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Abstract

Background Human nasopharyngeal carcinoma (NPC) is a
malignant type of cancer with an increasing incidence. As
yet, however, molecular biomarkers with a strong diagnostic
impact and a major therapeutic promise have remained elu-
sive. Here, we identified the esophageal carcinoma related
gene 4 (ECRGH4) as a novel candidate tumor suppressor gene
and a promising therapeutic target for NPC.

Methods RT-PCR, Western blotting, methylation-specific
PCR and bisulfite sequencing were performed to assess the
expression and methylation status of the ECRG4 gene in pri-
mary NPC samples, NPC-derived cell lines and patient-
derived peripheral blood samples. The NPC-derived cell line
CNEL1 was selected for treatment with a methylation inhibitor
to restore ECRG4 expression. In addition, cell proliferation,
invasion and colony formation assays were performed to
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assess the inhibitory effects of exogenous ECRG4 expression
in CNE1 cells.

Results Down-regulated ECRG4 expression was found to oc-
cur in 82.5 % (33/40) of the primary NPC biopsies tested. This
down-regulation was significantly correlated with its tumor-
specific promoter methylation status (72.5 %, 29/40) and was
also observed in the matching peripheral blood samples from
the NPC patients (57.5 %, 23/40). Pharmacologic demethyla-
tion through 5-aza-dC treatment led to gene reactivation in
ECRG4 methylated and silenced NPC cell lines. Moreover,
exogenous expression of ECRG4 in the CNEL cell line strong-
ly inhibited its growth and invasive capacities, as well as its
enhanced chemosensitivity to cisplatin through autophagy
induction.

Conclusion Our data suggest that methylation-mediated sup-
pression of the ECRG4 gene occurs frequently in NPC and
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that restoration of its expression may have therapeutic
benefits.

Keywords ECRG4 - Tumor suppressor gene - DNA
methylation - Nasopharyngeal carcinoma - Cancer
surveillance

1 Introduction

Nasopharyngeal carcinoma (NPC) is a common malignancy,
in particular in Southeastern China, and undifferentiated car-
cinoma is the main histological sub-type [1]. Despite improve-
ments in both surgical techniques and radio- and chemother-
apy regimens, the prognosis of this malignancy is still poor
[2—4]. Increasing evidence has revealed that molecular
subtyping of cancers is crucial for a better understanding of
their clinical behavior and the selection of suitable targets for
therapy [5]. However, the diagnostic and therapeutic implica-
tions of various molecular biomarkers that have been identi-
fied in other cancers (e.g. those of the breast and esophagus)
have remained unclear in NPC [6, 7].

Hence, it is urgent to find reliable molecular biomarkers
that are measurable, not only in terms of their altered level
in tumors versus normal tissues, but also for their contribution
to tumor initiation and progression. These genes and/or their
products can be used for diagnosis, outcome prediction and
therapy surveillance or, even more importantly, as direct tar-
gets for therapy [8]. Due to the multi-step nature of cancer, the
better candidates should be central to a variety of oncogenic
networks that are activated during tumor development.

The esophageal carcinoma related gene 4 (ECRGH4), also
called C2ORF40, is located on chromosome 2q12.2 and was
originally identified as a putative tumor suppressor gene
(TSG) in esophageal carcinoma [9, 10]. ECRG4 acts as an
integrator and indispensable modulator of major growth factor
signaling pathways, such as the NF-«kB signaling pathway,
and can mediate downstream signaling events that are in-
volved in cell cycle progression, cell migration and senes-
cence, progenitor cell survival and differentiation and inflam-
matory events at multiple mechanistic levels [10-14].
Although its exact impact on oncogenesis remains to be elu-
cidated, ECRG4 has been reported to act as a candidate TSG
in several cancers [10, 12, 15-19]. Encouraging data show
that ECRG4 may not only contribute to prognosis prediction,
but may also offer new tailor-made therapeutic options [11,
17-19]. Yet, despite these promises, the role of ECRG4 in
NPC has remained largely unknown. Here, we investigated
the promoter hypermethylation-mediated inactivation of the
ECRG4 gene and assessed its potential for clinical application
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in NPC. Additionally, the anti-tumor effects and therapeutic
implications of ECRG4 expression restoration are addressed.

2 Materials and methods
2.1 Cell lines and tissue specimens

Seven NPC cell lines used in this study, including HNEI,
HONEI, CNEI1, SUNEI1, CNE2, 6-10B and C666-1, were
maintained and treated with the demethylating agent 5-aza-
2'-deoxycytidine (5-aza-dC) (Sigma, St. Louis, MO), the che-
motherapeutic drug cisplatin (Sigma) and the autophagy in-
hibitor 3-methyladenine (3-MA) (Sigma) as described before
[20, 21]. With informed consent, 40 primary tumor biopsies
and their matched peripheral blood samples from pathologi-
cally verified NPC patients were obtained at the Affiliated
Hospital of Bethune Military Medical College. The tumor
samples were isolated, immediately frozen in liquid nitrogen
and, subsequently, stored at —80 °C until use. Peripheral ve-
nous blood samples were collected in EDTA-containing tubes
and immediately centrifuged at 2500 x g for 15 min to prepare
plasma. Additionally, 10 chronic nasopharyngitis tissues and
10 peripheral blood samples from healthy volunteers were
included as controls.

2.2 Western blot and RT-PCR analyses

Cells were harvested after the indicated treatments and ana-
lyzed by Western blotting, as described previously [4]. Briefly,
proteins (50 pg in RIPA lysis buffer) were separated by SDS-
PAGE, transferred to PVDF membranes (Millipore, Billerica,
MA) and then subjected to Western blotting using the indicat-
ed antibodies, i.e., rabbit polyclonal antibodies directed
against ECRG4, cleaved caspase-3 and LC3 (Santa Cruz
Biotechnology, Santa Cruz, CA), and a mouse monoclonal
antibody directed against PARP (Cell Signaling, Beverly,
MA). The blots were re-probed with an anti-{3-actin monoclo-
nal antibody (Abcam, Cambridge, MA) to confirm equal load-
ing of the different samples. For the detection of secreted
ECRGH4 protein, cell culture media were replaced with fresh
media without serum. Twenty-four hours later, the culture
media were collected and a complete protease inhibitor cock-
tail (Roche, Mannheim, Germany) was added. Cellular debris
was removed by centrifugation at 700 x g and the medium
was concentrated 50-fold using Amicon-15 centrifugal filter
units (Millipore). Concentrated media were used directly or
stored at 4 °C. For semi-quantitative RT-PCR analysis, total
RNA was extracted from each sample using a TRIzol reagent
(Invitrogen, Carlsbad, CA), and RT-PCR was performed as
described before [4]. Gene-specific primers used for the am-
plification of ECRG4 and f3-actin are listed in Table 1.
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Table 1 PCR primer sequences
Primers

ECRG4-forward
ECRG4-reverse
B-actin-forward
B-actin-reverse
MSP-methylated-forward
MSP-methylated-reverse
MSP-unmethylated-forward
MSP-unmethylated-reverse
BISEQ-forward
BISEQ-reverse

Sequences Product size
5'-CCGGTTCTCCCTCGCAGCAC-3’ 271 bp
5-CGCTTCTGGCGCTTCAGGCT-3'
5-GAACCCCAAGGCCAACCGCGAGA-3' 149 bp
5-TGACCCCGTCACCGGAGTCCATC-3’
5-GTTTTGGAGTTTAGGGGTTGC-3’ 189 bp
5-AAAAAAATACGAACGAACAAACG-3’
5-GTTTTGGAGTTTAGGGGTTGTG-3’ 190 bp
5-AAAAAAAATACAAACAAACAAACAC-3’
S-TTTTTTTGAGTGGTTAGGGG-3’ 264 bp

5'-CCAAAAAACTAAAAACCAAAC-3’

Quantification of intensities was performed using the Bio-Rad
Quantity One quantification software package.

2.3 Bisulfite modification and promoter methylation analysis

Genomic DNAs from cell lines, primary tumors and plasma
samples were extracted using a TIANamp Extraction Kit
(Tiangen, Beijing, China). Bisulfite modification of DNA,
methylation-specific PCR (MSP) and bisulfite genome se-
quencing (BGS) were carried out as described before [4, 20,
21]. The primer sequences used for MSP and BGS are listed in
Table 1.

2.4 Vector construction and transfection

An ECRG4 expression vector (pcDNA3.1-ECRG4) was con-
structed by sub-cloning the full-length wild-type ECRG4 cod-
ing sequence into pcDNA3.1(+), and confirmed by sequenc-
ing. Cell transfections were conducted using Lipofectamine
2000 reagent (Invitrogen) following the manufacturer’s proto-
col. Stable ECRG4 transfectants were generated under G418
(Gibco, Paisley, UK) selection as described before [4].

2.5 Colony formation assays

For a colony formation assay using a monolayer culture,
2 x 10° cells per well were seeded in a 12-well plate and
transfected with the ECRG4 expression plasmid or the empty
control vector. Cells were collected and seeded in 6-well
plates 48 h post-transfection, and selected for 2 weeks in
G418 (800 mg/1). Surviving colonies (> 50 cells/colony) were
counted after staining with crystal violet reagent (Sigma). For
a colony formation assay using a soft agar culture, stably
transfected cells were suspended in RPMI-1640 medium con-
taining 0.35 % agar, 10 % fetal bovine serum (FBS) and
800 mg/l G418 and layered on RPMI-1640 medium contain-
ing 0.5 % agar, 10 % FBS and G418 in a 6-well plate.

Colonies were counted and photographed. All the experi-
ments were performed in triplicate and repeated three times.

2.6 Cell proliferation and invasion assays

The cell proliferative and invasive capacities were determined
using a 3-(4,5-dimethylthiazol-2-yl)-2 S-diphenyl-2H-
tetrazolium bromide (MTT) colorimetric assay and a
Matrigel invasion chamber assay, respectively, according to
standard methods described before [4]. Each experiment was
performed three times in replicates of six wells.

2.7 Fluorescence microscopy

Cells mounted on glass slides were permeabilized with PBS
containing 0.1 % Triton X-100 and 0.1 M glycine for 15 min,
blocked with 10 % BSA in PBS for 30 min at room temper-
ature and then incubated with a rabbit anti-LC3 antibody
(Santa Cruz), followed by a FITC-labeled secondary antibody
directed against rabbit IgG. Finally, the cells were washed
twice with PBS and images were taken under a fluorescence
microscope.

2.8 Cell apoptosis analysis

Cells were collected and stained with annexin V/PI using an
Annexin V-FITC Apoptosis Detection Kit (Tiangen, Beijing,
China), according to the manufacturer’s instructions. Cells
were then analyzed by flow cytometry (Beckman Coulter,
Cytomics FC 500, CA) and apoptosis profiles were calculated
using a ModFit LT software package. Each experiment was
repeated three times.

2.9 Statistical analysis

The results are expressed as values of means =+ standard devi-
ation (SD). Statistical analysis was carried out with Student’s
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t-test. P values < 0.05 were considered as statistically
significant.

3 Results

3.1 ECRG4 expression down-regulation occurs frequently
in NPC

Tumor suppressor genes (TSGs) are often subject to down-
regulation during tumorigenesis. Therefore, we first set out to
assess ECRG4 gene expression levels in 40 primary NPC
biopsies and 10 chronic nasopharyngitis tissues using semi-
quantitative RT-PCR. In Fig. 1a representative RT-PCR results
are shown. We found that the ECRG4 gene was highly
expressed in all 10 chronic nasopharyngitis samples. In con-
trast, its transcript level was dramatically reduced or totally
undetectable in 82.5 % (33/40) of the primary NPC biopsies.
Further quantitative analyses showed that the ECRG4 tran-
script levels in tumor specimens were significantly lower than
those in the non-cancerous tissues (p < 0.001). We also ob-
served down-regulated ECRG4 expression in 85.7 % (6/7) of
NPC-derived cell lines, i.e., a reduced expression in SUNEI,
HNEI, 6-10B and CNE2, and an undetectable expression in
CNE1 and HONEI (Fig. 1b and c). These results clearly in-
dicate that ECRG4 inactivation is a common and tumor-
specific event in NPC.

3.2 ECRG4 promoter methylation reversely correlates
with its expression

TSGs may be inactivated through epigenetic mechanisms,
mainly aberrant methylation of promoter CpG Islands
(CGIs) that are generally unmethylated in normal tissues [4].
A typical 528 bp CGI was predicted upstream of ECRG4 exon
1 using a Methprimer CpG Island Prediction tool (http://www.
urogene.org/methprimer/), by applying the following criteria:
GC content > 50 %, Obs CpG/Exp CpG > 0.60, and
length > 200 bp (Fig. 2a), indicating that ECRG4 is most

likely vulnerable to methylation-mediated silencing. We next
analyzed the methylation status of the ECRG4 gene promoter
using MSP and, by doing so, observed this anomaly in 72.5 %
(29/40) of the primary NPC biopsies tested. In contrast, virtu-
ally no methylation was detected in the chronic
nasopharyngitis (CNPG) tissues tested (Fig. 2b).
Hypermethylation was only observed in the tumor samples
exhibiting down-regulated ECRG4 expression. Interestingly,
ECRGH4 gene transcription was also found to be down-
regulated in four NPC biopsies devoid of methylation, which
may be due to other mechanisms of transcriptional repression.
Our results also revealed that the NPC-derived cell lines in
which ECRG4 expression was reduced or undetectable
showed concomitant promoter hypermethylation (Fig. 2c).
We further examined in more detail the ECRG4 gene pro-
moter methylation status through high resolution bisulfite ge-
nome sequencing (BGS) analysis of 23 CpG sites within the
CQGI, including several CpGs analyzed by MSP (Fig. 2a). The
presence of cytosines in a CpG context after bisulfite conver-
sion indicates that the genomic DNA of the sample analyzed is
methylated. Overall, the BGS results were consistent with our
MSP results (Fig. 2d). A heavily methylated CGI was detected
in two NPC biopsies (#7 and #17) with undetectable ECRG4
expression levels. In contrast, the chronic nasopharyngitis tis-
sues, exhibiting abundant ECRG4 expression, were almost
totally free of methylation. Similarly, we observed a step-
wise decrease of methylated CpG distribution in the cell lines
in which ECRG4 expression was silenced (CNE1), reduced
(HNE1) or unaffected (C666-1). These observations thus sug-
gest a strong correlation between ECRG4 gene promoter
hypermethylation and expression silencing.

3.3 ECRG4 promoter methylation in peripheral blood samples

Encouraged by the above data suggesting tumor-specific
ECRG4 hypermethylation in primary NPC biopsies, we next
explored the feasibility of detecting this anomaly in 40 paired
peripheral blood samples from NPC patients and normal con-
trol samples from 10 healthy volunteers. Representative MSP
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Fig. 2 Frequent promoter methylation of ECRG4 in NPC. a Schematic
structure of the ECRG4 CGI. The exon 1, MSP and BGS regions are
marked. Each short vertical line represents one CpG site. b
Representative ECRG4 MSP results in primary NPC tissues. M,
methylated; U, unmethylated. ¢ MSP analysis of ECRG4 methylation in
NPC cell lines. d High-resolution methylation analysis of the ECRG4
promoter by BGS. A region spanning the core promoter with 23 CpG

results are illustrated in Fig. 2e. We found that 57.5 % (23/40)
of the matched peripheral blood samples showed ECRG4 pro-
moter hypermethylation. Of note, this anomaly was only ob-
served in blood samples from patients exhibiting ECRG4 pro-
moter methylation in the primary NPC biopsies. No methyla-
tion was detected in any of the normal control samples from
healthy individuals.

3.4 Pharmacologic demethylation reactivates ECRG4
expression

To determine whether CGI methylation directly mediates
ECRGH4 silencing and whether ECRG4 may serve as a molec-
ular target for epigenetic therapy in NPC, we treated NPC
cancer cell lines with the DNA methyltransferase inhibitor
5-Aza-dC, and assessed their ECRG4 expression status using
RT-PCR and Western blotting. As shown in Fig. 3a and b,
exposure to 5-Aza-dC resulted in a marked increase in

sites was analyzed. Four or five colonies of cloned BGS-PCR products
from each bisulfite-treated DNA sample were sequenced. Each clone is
shown as an individual row, representing a single allele of the promoter
CpG Islands (CGI) analyzed. One square indicates one CpG site. Dark
filled or open squares represent methylated or unmethylated CpG sites,
respectively. e Representative MSP result of the ECRG4 gene in periph-
eral blood samples from NPC patients and normal healthy individuals

ECRG4 mRNA and protein expression levels in CNE1 cells,
whereas those in HNE1 cells were less affected. C666-1 cells
were included as unaffected control (Fig. 3a). Concomitantly,
5-Aza-dC treatment led to relative increases in unmethylated
ECRGH4 alleles as determined by MSP (Fig. 3a) and BGS
(Fig. 3c) analyses. These data confirm that promoter hyper-
methylation plays an essential role in ECRG4 transcription
silencing in NPC cells.

3.5 Exogenous ECRG4 expression inhibits tumor cell growth
and invasion

The observation that ECRG4 is frequently silenced by pro-
moter methylation in primary NPC tumor samples and NPC-
derived cell lines, but not in normal nasopharyngeal epithelial
tissues, indicates that ECRG4 most likely acts a tumor sup-
pressor. To further test this hypothesis, we transfected an
ECRG4 expression construct into CNEI cells, in which the
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Fig. 3 ECRG4 expression restoration through pharmacologic
demethylation. a Treatment with 5-aza-dC restored the expression of
ECRG4 in CNEI1 and HNEI cells as determined by RT-PCR and MSP
analyses, respectively. M, methylated; U, unmethylated. b Western blot

ECRG4 gene was found (see above) to be completely silenced
by promoter hypermethylation. Subsequently, colony forming
efficiencies were evaluated using a monolayer and a soft-agar
culture assay, respectively. By doing so, we found that exog-
enous ECRG4 expression dramatically reduced the colony
formation efficiencies of CNE1 cells both in the monolayer
(Fig. 4a) and soft-agar (Fig. 4b) assays. These findings were
further substantiated using a cell proliferation assay. To this
end, two stable ECRG4 transfectants (ECRG4cl and
ECRG4c2) were generated and tested for endogenous
expression (Fig. 4c). Of note, we also found that secret-
ed ECRG4 protein was detectable in the cell culture
medium (Fig. 4d). We found that CNEI cells exoge-
nously expressing ECRG4 grew significantly slower
than the empty vector-transfected cells or the parental
cells (Fig. 4e). Next, we examined the effect of
ECRG#4 expression on the invasion-suppressing capacity
of CNE1 NPC cells using a Matrigel assay. By doing
so, a significant decrease in the number of invading
cells was observed in the exogenously ECRG4 express-
ing CNE1 cells (Fig. 4f). Together, these data strongly
indicate that ECRG4 does indeed act as a TSG in NPC
cells.

3.6 ECRG4 enhances chemosensitivity through autophagy
induction

Previously, it has been reported that ECRG4 over-expression
may enhance chemosensitivity in gastric cancer cells [19]. So
far, such an effect has not been tested in NPC. To this end, we
first evaluated the viability of stable ECRG4 transfected cells
(ECRGH4cl) as well as empty vector-transfected cells 48 h
after treatment with different concentrations of cisplatin. We
found that the ECRG4cl cells were more sensitive to a range
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analysis confirming the restored ECRG4 expression at the protein level
after 5-aza-dC treatment. ¢ High-resolution methylation mapping of CpG
sites by BGS confirming the pharmacologic demethylation of ECRG4

of concentrations (1 to 8 M) of this drug as compared to the
empty vector control (Fig. 5a). Using a relatively low concen-
tration of cisplatin (2 uM), we next determined whether apo-
ptosis might be responsible for the increased cell death ob-
served after exogenous ECRG4 over-expression. This dose
was also used as pretreatment condition for all subsequent
analyses. Flow cytometry analyses revealed a greater induc-
tion of the PI" cell population in stably transfected CNE1 cells
(34.5 % in ECRG4cl versus 6.7 % in empty vector control)
(Fig. 5b). However, exogenous ECRG4 over-expression did
not significantly increase the percentage of apoptotic
cells as compared to the empty vector control (27.8 %
versus 25.5 %). Moreover, this over-expression failed to
increase cisplatin-induced poly(ADP-ribose) polymerase
(PARP) cleavage and caspase-3 activation (Fig. 5c).
Thus, exogenous ECRG4 expression significantly en-
hanced cisplatin-induced cell death in CNE1 cells, pre-
dominantly in a caspase-independent manner.

Since we found that caspase-dependent cell death was not a
prominent feature of CNEI1 cells exogenously expressing
ECRGH4, we set out to test whether the chemosensitizing effect
of ECRG4 might be due to autophagy. As shown in Fig. 5d,
stable exogenous over-expression of ECRG4 significantly in-
creased autophagocytic microtubule-associated light chain
protein 3 (LC3)-positive puncta in CNEI cells (ECRG4cl),
as compared to the empty vector control. We also examined
the cleavage of soluble LC3 (LC3-I) to LC3-II and found that
its conversion to LC3-II was markedly induced by cisplatin in
ECRG4cl cells, but not in the control empty vector cells
(Fig. 5¢), which agrees with the results of the immunostaining
(Fig. 5d). To further confirm that autophagy plays a role in
chemosensitivity to cisplatin in ECRG4 over-expressing
CNEI cells, we pretreated the cells with the autophagy inhib-
itor 3-MA [22] and then treated the cells with cisplatin. By
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Fig. 4. Exogenous ECRG4
expression inhibits the growth
and invasion of NPC cells. The
effect of exogenous ECRG4
expression on CNE1 cell
clonogenicity investigated by
monolayer colony formation
assay (a) and soft agar assay (b),
respectively. Quantitative
analyses are shown in the right
panels deduced from at least three
independent experiments. ¢
Exogenous ECRG4 expression in
stably transfected CNE1 cells
analyzed by Western blotting. (3-
actin was used as a loading
control. ECRG4c1 and ECRG4c2
are two independent clones. d The
culture media of transfected
(ECRG#4cl) and empty vector
control cells were collected and
concentrated for Western blot
analysis using an anti-ECRG4
antibody. e Growth curves of
stably ECRG4-transfected CNE1
cells deduced from a MTT assay.
The values are shown as means +
SD from three independent
experiments. **P < 0.01,
compared to the vector control. f
Invasive properties of indicated
cells analyzed through an
invasion assay in a Boyden
chamber coated with Matrigel.
Quantitative numbers of invaded
cells are plotted from three
different experiments.

*¥**P <(0.001, as compared to the
control group

doing so, we found that pretreatment with 3-MA significantly
prevented cell death in the cisplatin exposed ECRG4cl1 cells
(Fig. 5f), whereas the survival of empty vector control cells
was almost not affected under the same conditions. A similar
increase in chemosensitivity concomitant with autophagy was
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also observed in ECRG4c2 cells (data not shown). Together,
these findings support the notion that autophagy induction
may serve as at least one of the main mechanisms un-
derlying chemosensitivity enhancement of NPC cells
through ECRG4 expression.
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Fig. 5. Enhanced chemosensitivity to cisplatin by ECRG4
overexpression in CNELI cells is mediated by autophagy induction. a
Stably ECRG4-transfected CNEI cells (ECRG4cl) and empty vector
control cells were treated with cispatin (dose range from 1 to 8 uM).
Cell viability was assessed using a MTT assay. b Cells were pretreated
with cisplatin (2 uM) and subjected to Annexin V/PI staining and
analyzed by flow cytometry. ¢ After pretreatment with vehicle control
or cisplatin, cell lysates were prepared and subjected to SDS-PAGE,
followed by Western blot analysis using anti-PARP and anti-caspase-3
antibodies. d After incubation with cisplatin (2 pM), cells were fixed,

4 Discussion

As of yet, there is no accurate clinical screening method for
nasopharyngeal carcinoma (NPC). Conventional diagnostic
methods, such as radiological imaging and endoscopic
biopsy-based histological examination, are characterized by
a lack of non-invasiveness and convenience. In addition, they
cannot be repeated serially for monitoring residual tumor
masses or tumor recurrences after treatment [20]. It is conceiv-
able that the measurement of circulating methylated tumor
suppressor gene (TSG) promoter DNA may offer the potential
to circumvent these problems and to serve as an epigenetic
biomarker for the efficient detection and monitoring of malig-
nancies [21, 23]. As a novel candidate TSG, ECRG4 has fre-
quently been found to be inactivated by promoter hyperme-
thylation in different cancer types, including esophageal can-
cer, prostate cancer, gastric cancer, colorectal carcinoma and
glioma[11, 16,24, 25]. In the present study, a reduced expres-
sion of ECRG4 was noted in primary NPC tumors relative to
normal tissues and this reduced expression was found to be
associated with its promoter methylation status. We also found
that ECRG4 promoter hypermethylation occurred frequently
in primary NPC specimens, and that its concomitant detection
in peripheral blood samples revealed a high sensitivity and
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stained with DAPI to visualize nuclei (blue) and then immunolabeled
using an anti-LC3 antibody to detect autophagic vacuoles (green). A
quantitative analysis of the percentage of autophagic cells is shown in
the right panel. ***P < 0.001, as compared to the control group. e
Western blot analysis of LC3-I/LC3-II levels. Cell lysates were
separated by SDS-PAGE and analyzed by Western blotting using anti-
LC3 or anti--actin antibodies. f Cells were treated with 3-MA for 2 h
prior to cisplatin exposure, after which cell viabilities were determined
using a MTT assay. **P < 0.01, as compared to the control group

specificity for cancer diagnosis and monitoring. To the best
of our knowledge, our study is the first to provide evidence of
ECRG4 promoter hypermethylation in peripheral blood sam-
ples from NPC patients. Considering the fact that the collec-
tion of plasma is easy and non-invasive, the detection of
ECRG4 promoter hypermethylation in peripheral blood may
be developed into an auxiliary screening tool to detect primary
NPC within high-risk individuals, as well as to detect residual
disease and recurrence.

Based on the clinical implication that restoring ECRG4
expression through the application of demethylating agents
may represent a promising therapeutic approach, in vitro func-
tional studies were performed to uncover the potential role of
ECRG4 in NPC development. We found that exogenous
ECRG4 expression strongly inhibited NPC cell proliferation,
colony formation and invasion. These data suggest that
ECRG4 may act as a functional TSG that holds therapeutic
promise. ECRG4 is thought to be a 148 amino acid secreted
17 KDa protein that can be processed into 14, 10, 8, 6,4 and 2
KDa peptides, depending on the cell type in which the gene is
expressed [9, 16, 26, 27]. To substantiate our ECRG4 expres-
sion data, the ECRG4c1 culture medium was collected and
concentrated for Western blot analysis. By doing so, we in-
deed found secreted ECRG4 protein of approximately 14 kDa
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and 8 kDa in size. The higher molecular weight (MW) band
on the Western blot would fit to the MW of the ECRG4 protein
without signal peptide. The lower MW band presumably rep-
resents the mature ECRG4 peptide with a processed N-
terminus.

Although radiotherapy is the most common approach for
NPC therapy, chemotherapeutic drugs are also used to treat
advanced carcinoma and to enhance radiosensitivity [28]. The
success of chemotherapy depends on the sensitivity of the
tumor cells to the anti-cancer agents. Cisplatin, a DNA-
damaging agent, is one of the most active drugs for the treat-
ment of NPC patients. Cisplatin-based chemotherapy, howev-
er, frequently results in acquired resistance, which has been
associated with a failure to induce apoptosis [29-32]. In the
past, ECRG4 over-expression was found to enhance the
chemosentitivity to 5-fluorouracil in gastric cancer cells,
mainly through apoptosis induction [19]. Here, we failed to
observe an increase in apoptosis, even after exogenous over-
expression of ECRG4 in NPC-derived CNE1 cells with an
increased chemosensitivity to cisplatin. This discrepancy
may be due to the distinct cellular contexts of the different
tumor types or, alternatively, to the involvement of distinct
cell death pathway(s).

Although apoptosis is the primary mechanism of
chemotherapy-induced cell death, autophagy, which can drive
the programmed type II cell death pathway, has emerged as
another important mechanism of tumor cell death induction
[33-35]. Autophagy entails a recycling system that maintains
cellular homeostasis and has been implicated in various dis-
eases, including cancer [35]. Whether autophagy promotes or
suppresses neoplasia remains, however, controversial since
autophagy can be both protective and detrimental to the via-
bility of cancer cells [33—41]. In the present study, we dem-
onstrated that FCRG4 over-expression can significantly in-
crease tumor cell death in NPC-derived CNE!1 cells when
exposed to cisplatin. Our data also suggest that ECRG4 can
enhance the toxicity of cisplatin by augmentation of autopha-
gy rather than apoptosis. The underlying mechanism may de-
pend on the function of ECRG4 to suppress NF-kB activation,
which results in an accumulation of reactive oxygen
species (ROS) and a stimulation of autophagy [38].
This suggested mechanism is in contrast to that pro-
posed in other studies in which blocking of autophagy
synergizes with chemotherapeutics through enhanced ap-
optosis [39-41]. Also, the consequences of autophagy
induction seem to vary between studies, including ours
in which we find enhanced type II cell death, whereas
others report a protective effect [33, 42-44].

Taken together, we have employed multiple approaches to
obtain insight into the role of ECRG4 in NPC development.
We observed frequent methylation-mediated silencing of the
ECRG4 gene in NPC tumors. The subsequent detection of
ECRG4 gene promoter methylation in peripheral blood

samples underscores its potential value as a non-invasive bio-
marker for NPC diagnosis and recurrence monitoring. Our
results also revealed that restoring ECRG4 expression may
hold therapeutic promises for NPC. Of note, we found that
exogenous ECRG4 expression significantly enhances
cisplatin-induced cell death through autophagy induction.
We conclude that ECRG4 may serve as a NPC biomarker
and therapeutic target.
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