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Abstract
Nasopharyngeal carcinoma (NPC) is a rare malignancy with unique genetic, viral and
environmental characteristic that distinguishes it from other head and neck carcinomas. The
clinical management of NPC remains challenging largely due to the lack of early detection
strategies for this tumor. In the present study we have sought to identify novel genes involved in
the pathogenesis of NPC that might provide insight into this tumor's biology and could potentially
be used as biomarkers. To identify these genes, we studied the epigenetics of NPC by
characterizing a panel of methylation markers. Eighteen genes were evaluated by quantitative
methylation-specific PCR in cell lines as well as in tissue samples including 50 NPC tumors and
28 benign nasopharyngeal biopsies. Significance was evaluated using Fisher's exact test and
quantitative values were optimized using cut off values derived from receiver-operator
characteristic curves. The methylation status of AIM1, APC, CALCA, DCC, DLEC, DLC1, ESR,
FHIT, KIF1A, and PGP9.5 was significantly associated with NPC compared to controls. The
sensitivity of the individual genes ranged from 26 to 66% and the specificity was above 92% for
all genes except FHIT. The combination of PGP9.5, KIF1A, and DLEC had a sensitivity of 84%
and a specificity of 92%. Ectopic expression of DCC and DLC1 lead to decrease in colony
formation and invasion properties. Our results indicate that methylation of novel biomarkers in
NPC could be used to enhance early detection approaches. Additionally, our functional studies
reveal previously unknown tumor suppressor roles in NPC.
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INTRODUCTION
Nasopharyngeal carcinoma (NPC) is a relatively rare head and neck malignancy in the
United States. The global age adjusted incidence is 1 per 100,000 per year representing 0.7%
of all cancers1. In contrast, certain southern regions of China have an incidence as high as 50
cases per 100,000 per year2. In fact in Hong Kong, NPC is the leading cancer in men age 20
to 44 years old representing 25% of all cancers3. NPC is particularly interesting because of
its unique genetic, viral, and environmental factors. Epstein-Barr virus (EBV) is a critical
factor for malignant transformation in NPC4. However only a small fraction of widespread
EBV-infected patients will develop a NPC and not all NPC are EBV positive5. EBV is
present in over 95% of the endemic type I non keratinizing lesions, while 30 to 50% of the
type II keratinizing lesions in the non endemic regions are EBV negative6. Aside from EBV,
environmental exposure to food preservatives in food, salted fish, and occupational
exposures have been related to increased NPC incidence3.

The initial presentation of NPC varies widely, but rarely is the disease localized to the
nasopharynx. Commonly, patients present with advanced disease that has metastasized to
the neck lymph nodes rather than with signs and symptoms of the initial nasopharyngeal
involvement7. Surveillance of the nasopharyngeal cavity in high risk patients remains a
challenge due to anatomy of the region where the least invasive approach for tissue biopsies
or inspection involves endoscopy procedures in the operating room. Additionally, current
tumor-node-stage classification fails to predict which NPC patients will later progress to
develop recurrence or metastasis. Due to the extensive lymphatic drainage of the
nasopharynx, from 70 to 90% of the NPC patients develop metastatic neck nodes8. There is
a need for improving early diagnosis and clinical stratification methods for the management
of NPC patients.

A better understanding of the molecular alterations in NPC is likely to contribute to improve
clinical management. Molecular events like loss of heterozygosity9, EBV viral loads10, and
EGFR amplifications and over-expression11 have shown promising results in NPC.
Abnormal expression of genes and in particular tumor suppressor gene silencing is a
common event in cancer12. The field of epigenetics offers alternative oncogenic mechanism
for gene silencing than gene mutations or deletions. Epigenetic alterations are events that
alter gene expression without altering genes' DNA sequence. The most studied epigenetic
phenomenon in cancer is DNA methylation, by which binding of methyl group to CpG
dinucleotides to promoter regions of genes lead to silencing of expression13. Gene-specific
methylation of promoter regions of tumor suppressor genes has been described in a variety
of human cancers14. Gene methylation has the potential of being used as a detection marker
and as a prognostic marker. For example, in head and neck cancer gene methylation has
been studied in body fluids like saliva and oropharyngeal swabs in an effort to improve
cancer diagnosis15. Furthermore, MGMT methylation in glioblastoma is an example of a
prognostic marker currently being implemented in clinical practice for the management of
patients16.

In NPC, several studies have reported promoter hypermethylation of individual genes by
bisulfite sequencing and conventional methylation-specific PCR (MSP)3, 17–20. Several
studies have started to analyze the presence of methylation markers in serum of NPC
patient21, 22. Conventional MSP has the limitation of not being able to distinguish between
the different levels of positivity hence increasing the number of false positive methylation
markers in benign or premalignant lesions. In the head and neck region, false positive results
as a result of field cancerization upon exposure to alcohol, tobacco, and other carcinogens,
are of significant concern23. Histologically normal epithelial cells exposed to carcinogenic
insults undergo molecular alterations including p53 mutations and promoter methylation24.
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Overcoming the challenge of false positives might be possible through quantitative
methylation-specific PCR (QMSP).

In the present study, we sought to analyze by QMSP the promoter methylation status of a
panel of 18 genes in NPC. To our knowledge this is the first study using QMSP in NPC. The
initial panel of genes (AIM, APC, CALCA, DCC, DLC1, DLEC, ESR, FHIT, GSTP, HIC,
KIF1α, NISCH, PAK3, PGP9.5, S100, TGFβ, TIG1, and TIMP3) was evaluated in NPC cell
lines and normal nasopharynx tissues. Genes showing differential methylation patterns and
were subsequently evaluated in sample set of NPC tumors and controls. Relationship
between methylation levels and clinicopathologic parameters were assessed. To further
elucidate the function and role of methylation, 5 genes were tested for expression levels after
demethylation treatment with 5-aza-20-deoxycytidine (Aza) treatment. Ectopic expression
of two of these genes, DCC and DLC1, was then carried out to evaluate tumor suppressor
properties in the NPC cell lines.

MATERIALS AND METHODS
Tissue samples

We collected a total of 50 primary tumor NPC samples and 28 nasopharyngeal biopsies
samples with benign diagnoses for which paraffin embedded samples were available. The
tumor sample set had 30 samples from the Chinese University of Hong Kong and 19
samples from the Johns Hopkins Hospital. The tumors were classified by histopathological
grading according to the WHO classification of 1991: Type I, keratinizing squamous cell
carcinoma; Type II, nonkeratinizing carcinoma. Of the 28 nasopharyngeal biopsies, 10 were
obtain from head and neck cancer patients with primaries outside of the nasopharynx for
which biopsies were available as part of the screening protocol for unknown primaries. This
particular subset of samples is enriched for the field cancerization effect. Demographic and
clinical information was obtained from the computer records at the Chinese University of
Hong Kong and the Johns Hopkins Healthcare system. A summary of the patient population
is available in Table 1. Collection of tissue and demographic data was performed in
accordance to the Johns Hopkins University Institutional Review Board under protocol
03-11-12-06e.

Nasopharyngeal carcinoma cell lines
The cell lines C-666 and CNE1 were kindly provided by Dr. Qian Tao from the Chinese
University of Hong Kong, and HONE1 and HNE by Dr. Maria Lung from the Hong Kong
University of Science and Technology. C-666 is the only EBV positive cell line, the rest of
the cell lines are EBV negative. Cells were cultured in RPMI 1640 or DMEM (Life
Technologies, Inc., Carlsbad, CA) supplemented with 10% calf serum, 1 mm sodium
pyruvate, 0.1 mm nonessential amino acids, and penicillin & streptomycin in 5% CO2.

DNA extraction
DNA was extracted from paraffin embedded tissue after xylene deparaffinization and culture
cells were extracted by digestion with 50 μg/mL proteinase K (Boehringer) in the presence
of 1% SDS at 48°C followed by phenol/chloroform extraction and ethanol precipitation.
Extracted DNA was dissolved in either LoTE (2.5 mM EDTA, 10 mM Tris–HCl [pH 8]) or
molecular grade water and stored at −20°C.

EBV Status Evaluation
Conventional PCR was used to evaluate the presence of two EBV regions with the
previously published primers25. PCR amplification was performed using 200ng of DNA as
template. Cell line C-666 was used as a positive control and HNE as a negative control. The
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following primers were used: BamHI region F 5'-CCCAACACTCCACCACACC-3' and R
5'-TCTTAGGAGCTGTCCGAGGG-3' and EBNA-1 region F 5'-
TCATCATCATCCGGGTCTCC-3' and R 5'-CCTACAGGGTGGAAAAATGGC-3'.

Gene selection
A total of 18 tumor suppressor genes or candidate tumor suppressors were selected for
QMSP-based examination of methylation abnormalities. They include 3 tumor suppressor
genes (DLC1, DLEC, and TIG1) reported as hypermethylated in more than 70% of the NPC
and not in normal nasopharyngeal samples and/or immortalized nasopharyngeal cell lines17,
18, 20. The remaining fifteen genes had never been evaluated in NPC (AIM, APC, CALCA,
DCC, ESR, FHIT, GSTP, HIC, KIF1α, NISCH, PAK3, PGP9.5, S100, TGFβ, and TIMP3).
They were selected because these genes are known to be involved in other tumor types.
Each gene was selected because of its cancer-specific methylation pattern or its potential
biologic relevance. For example, PGP9.5 shows a cancer specific methylation pattern in
bladder and esophageal cancer26, 27. Furthermore, for esophageal cancer PGP9.5 is
associated with poor 5 year survival and with lymph node metastasis27.

Sodium Bisulfite Treatment
All tissues were subjected to bisulfite treatment, which converts unmethylated cytosine
residues to uracil residues and preserves methylated cytosines as such, as described
previously28. The EpiTect Bisulfite kit (Qiagen, Valencia, CA) was used according to the
manufacturer's instructions. Converted DNA was stored at −80°C.

Methylation analysis
Bisulfite treated DNA was used for gene-specific QMSP reactions. The details of the design
of methylation-specific primers for QMSP have been published15. PCR reactions were
performed in a 384 well plate TaqMan 7900HT (Applied Biosystems) and analyzed by a
sequence detector system (SDS 2.3; Applied Biosystems). Briefly, fluorogenic PCRs were
carried out in duplicate in with 3μL of bisulfite-modified DNA. The anhealing temperature
was 60°C for all genes. Supplementary Table 1 shows the primer and probe sequences used.
Leukocytes from a healthy individual were methylated in vitro with excess SssI
methyltransferase (New England Biolabs Inc., Beverly, MA) to generate positive controls
for calibration of the reactions. Molecular grade water was used as a non-template control.
The β-actin gene was used to normalize and as an internal loading control. The methylation
ratio is the ratio of values for the gene-specific PCR products to those of the β-actin and then
multiplied by 1,000 for easier tabulation.

5-Aza-2'-deoxycytidine (Aza) treatment of NPC cell lines
NPC cells lines, HNE and CNE, freshly seeded at 1×105 cells/ml were allowed to grow
overnight. The culture medium was then replaced with fresh medium containing Aza at a
final concentration of 5μM (Sigma-Aldrich Corporation, St Louis, MO, USA). Cells were
allowed to grow for 120 hrs, with changing of Aza containing medium every 24 h, and then
harvested for DNA and RNA extraction. We handled control cells the same way, but adding
phosphate buffer saline (PBS, pH 7.5) instead of Aza as Aza was dissolved in this solution.

RNA extraction, cDNA synthesis, and reverse transcription- PCR
Total cellular RNA was isolated using the RNeasy kit (Qiagen, Valencia, CA) according to
the instructions of the manufacturer. Total RNA was adjusted to the same amount, and
cDNA synthesis was done using SuperScript First-Strand Synthesis kit (Invitrogen,
Frederick, MD). The final cDNA products were used as the templates for subsequent reverse
transcription-PCR (RT-PCR). Specific primers were designed across the intron-exon
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boundaries to prevent genomic amplification. RT-PCR primers are shown in supplementary
Table 2. The GAPDH gene was used as a control.

Plasmids and transfection protocol
For transfection, 1 × 106 HNE cells were seeded per well using six-well plates at a
confluence of 50% to 70%. Cells were transfected with 1 μg of the expression for DCC
(cytomegalovirus (CMV) + DCC)29, DLC1 (pcDNA 3.1+ DLC1)18 or of the mock, and 3 μL
of Fugene 6 (Roche Diagnostics) diluted in 100 μL serum-free medium following the
instructions of the manufacturer. Incubation of cells with the transfection complex was
allowed for 4 hours followed by change for fresh medium. The expression of the gene of
interest was measured by RT-PCR following transfection to ensure successful transfection.

Colony formation assay
At 48-h post-transfection, G-418 (500 μg/ml) was added as a selection antibiotic. After 2
weeks, cells were stained with 0.4% crystal violet solution (MeOH/acetic acid, 3:1).
Colonies were photographed under the microscope and counted. Numbers of colonies (with
>50 cells/colony) were counted and analyzed. The experiment was repeated twice
independently and each experiment was done in triplicate. Statistical analysis was performed
with Student's t-test, P<0.05 was considered as statistically significant difference.

Cell invasion/Matrigel assay
Cells (1 × 104) in 0.5 mL of serum-free media were added to each well of 24-well/8-μm
pore invasion membrane chambers coated with Matrigel (BD Discovery Labware, Bedford,
MA). The lower chambers contained 10% fetal bovine serum (FBS) in media to serve as a
chemo attractant. Cells were allowed to migrate or invade over the course of 48 hours. Cells
that failed to penetrate the filters were removed by scrubbing with cotton swabs. Chambers
were fixed and stained with 100% methanol and 0.5% crystal violet. Cells per membrane
were counted under the microscope (20×objective) and represented the average of three
independent experiments. Statistical analysis was performed with Student's t-test, P<0.05
was considered as statistically significant difference.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) bromide assay
The assay was based on a previously described colorimetric assay for cellular growth and
survival30. At 24, 48, 72, 98, and 123 hours after transfection, medium was changed, and
MTT was added. The plates were read on a microplate reader (Molecular Device, CA) at
550 nm with a reference wavelength of 650 nm. The absorbance was reported, where a
higher absorbance means a higher concentration of live cells.

Statistical analysis
Non parametric receiver-operator characteristic (ROC) curves to distinguish malignant from
control tissues were constructed based on the methylation levels. Cutoff values that
maximized sensitivity and specificity were selected from the ROC curves and applied to
determine methylation frequencies. Cross-tabulation and Fisher's exact test were used to
evaluate differences in gene methylation.

The regression analysis began with univariate logistic regression analysis between the
tumor/normal occurrence and each of the predictor variables, i.e., the log methylation value

of a gene in the model  where p is the probability of tumor/normal
and X is the predictor variable.
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For the multivariate model, variables which have a p-value <0.25 in the univariate tests were
selected as candidates. A stepwise procedure in which a forward selection with a test for a
backward elimination was then used to select the variables with the entry and stay p-values
set at 0.15 and 0.20. The final model selection was determined by the likelihood ratio test
based on the model of each intermediate step vs the previous model with a significance level
set at α=0.1. The importance of each variable included in the fitted model was verified by
examining the Wald statistic for each variable. The model fitting was checked with Hosmer
1-df, Goodness of fit test, Pearson Chi-square, Deviance and other diagnostics such as
Pearson residuals and Deviance residuals. Leave-one-out cross validation was used to
predict the status of individual cases. Analysis of Covariance analysis was performed with
the model below.

The variables were defined as follows. The race groups were Southern Chinese versus all the
other groups. The stage classification was done according to the TNM-staging-systems of
the UICC/AJCC (International Union Against Cancer/American Joint Committee on
Cancer). Stage I and II were compared against stages III and IV. Age was analyzed as a
continuous variable. Logistic regression analysis was done to explore the correlation
between methylation and recurrence data

RESULTS
Determination of Appropriate Genes

Initially, 18 genes were evaluated for methylation by QMSP on 4 NPC cell lines (C-666,
HONE, HNE, and CNE) and 5 normal microdissected epithelium samples from the
nasopharynx. All of these genes were selected as TSG known to be methylated in cancer and
as potential biomarkers in other cancers and NPC. Genes were chosen for additional
analyses when genes were methylated in all NPC cell lines, and unmethylated or a
methylation ratio of <10 for the normal nasopharynx tissues. A total of 11 genes met both
criteria (APC, AIM1, CALCA, DCC, DLEC DLC1, ESR, FHIT, KIF1A, PGP9.5, and
TIG1) and were then evaluated on additional tissue samples. Refer to Supplementary table 4
for methylation values.

Methylation in Nasopharyngeal tissues
The resulting 11 genes were tested in a nasopharyngeal sample set that contained 50 NPC
and 28 controls from benign nasopharyngeal biopsies. The controls included nasopharyngeal
mucosa form 10 samples from patients with head and neck primaries outside of the
nasopharynx. This subset of patients had considerable exposure to cigarette smoke and
alcohol to their aerodigestive tract. The methylation values differ among NPC and control
tissues. Box plots showing the methylation results by QMSP are shown in Figure 1. In
general the methylation levels are higher in tumors compared to controls. Univariate logistic
regression for the association between methylation and tumor status revealed a significant
association between all the methylated genes except for TIG1 (p value<0.05).

The frequencies of methylation between nasopharyngeal carcinoma samples and controls as
well as the cutoff values used are shown in Table 2. The sensitivity of the individual genes
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in tissue ranged from 26 to 66%. The specificity was above 92% for all genes except FHIT
for which specificity was 21%. The combination of all the 11 genes displayed a sensitivity
of 100% and a specificity of 57% (AUC of 0.78). Different combinations of methylation
makers are shown on Table 3. Notably, the combination of PGP9.5, KIF1A, and DLEC had
a sensitivity of 84% and a specificity of 92% (AUC 0.88). The combination of the two genes
chosen for functional studies (see below), DLC1 and DCC, harbored a sensitivity of 66%
and a specificity of 96% (AUC 0.81). A multigene predictive model was designed with the
methylation values of 5 genes: PGP9.5, ESR, DCC, AIM1, and KIF1A. The methylation of
the individual genes affects the probability of the samples being classified as a tumor or a

control tissue. The model is shown bellow, where  represent the gene methylations and
regression coefficients, respectively.

The coefficients in the model determine the influence a particular gene has in the
classification. Given the methylation of other genes in the model, tumor occurs 7.3 (e1.99)
times as often with a 10% increase in total methylation of PGP9.5. The model was able to
accurately classify 40 of the 46 tumors (sensitivity of 87%) and discard 21 of the 26 controls
(specificity of 81%). The goodness fit test for the model had a p value of 0.62 suggesting the
model fits well. Six samples were excluded from the statistic model because we could not
obtain methylation information for all 11 genes due to limited availability of DNA.

Additionally, we performed correlation analysis for methylation in all pairs of gene markers.
Statistically significant correlations are shown in Supplementary Table 3. The strongest
correlations were between DLEC and ESR (r>0.67), DCC and PGP9.5 (r>0.66), and DCC
and DLC1 (r>0.6). Moderate correlations between CALCA and FHIT (r=0.65), KIF1A and
TIG1 (r=0.48), and DLEC and KIF1A (r=0.56) were also found.

Correlation of methylation profile with clinicopathologic parameters
Several clinicopathologic and demographic variables were compared with the DNA
methylation patterns in the tumor subset for which information was available. The ages were
similar for the tumor and control groups in the study with a median age of 48 for the NPC
patients and of 41 for the controls. The gender and race proportions were different between
the groups. A smaller fraction of the NPC cases were females (20%) in comparison to the
controls (70%). Also 60% of the NPC cases were Southern Chinese while only 20% of the
control belonged to this racial group. All the tumors in the study were type II non-
keratinizing carcinomas and all were EBV positive. No difference in methylation values was
found between the 10 samples from the patients with other head and neck cancer and the rest
of the control samples.

ANOVA analyses were done to determine whether the indentified methylation markers were
associated with covariables based on the model described in materials and methods. A
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significant association with methylation and increased age was found for APC (p value
0.02). Patients from southern China were associated with an increase in methylation of
CALCA, DLEC, ESR, KIF1A, and TIG1 (p value <0.05). Evaluating the methylation status in
relationship to EBV status would give insights into the genetic profiles of the different NPC
types. All of the NPC in our study tested positive for EBV status making comparison among
methylation markers and EBV status impossible. We were unable to detect association
between methylation and other clinicopathologic parameters.

In our sample set, two patients developed local and distal metastasis, two patients only distal
metastasis, and another patient only local disease. The median follow up was 42.5 months
with a range going from 6 to 154. We could not establish a correlation between recurrence
and the methylation data.

Re-expression by treatment with Aza
We investigated if epigenetic inactivation could be reversed by the DNA methylation
inhibitor Aza treatment. Five genes (DCC, DLC1, KIF1A, and PGP9.5) were randomly
chosen to be evaluated in HNE and CNE cell lines. Aza treatment resulted in increased
demethylation of the promoter regions of all chosen genes. We then analyzed the expression
levels of the genes in the cell lines in Aza treated cell lines and controls. All Aza treated cell
lines show dramatic re-expression in comparison to the controls (Figure 2). These results
suggest that methylation contributes to the regulation of gene expression for the candidate
genes we tested in NPC.

DCC and DLC1 functional studies
Two of these 5 genes, DCC and DLC1, were chosen to study further for tumor suppressor
activity based on other tumor types for DCC29 and the high specificity for NPC of DLC1.
Assays to evaluate cell growth and invasion properties were performed in transiently
transfected HNE cell line. We performed colony focus assays after 2 weeks of selection in
the presence of G418. Over-expression of DCC and DLC1 led to a notable decrease in the
number of colonies in comparison to the control cells (vector only) (Figure 3A). Growth
proliferation in control cells and over-expressing cells by MTT did not show a difference at
5 days. Invasion potential measured by the matrigel assay showed decreased invasion
capability upon force expression of DCC and DLC1 in comparison to control cells (Figure
3B). These results suggest that both genes harbor basic tumor suppressor properties in NPC.

DISCUSSION
Promoter methylation of tumor suppressor genes is an important mechanism of gene
inactivation in human cancer. Because considerable difference exists between the
methylation profiles of the distinct tumor types14, profiling the individual tumor types is a
necessary task. The present study is a comprehensive attempt at profiling NPC based on a
panel of methylation markers.

For the present study, the methylation profile was determined based on a large number of
genes. The genes included in our study either had been widely reported as silenced by
methylation in other tumor types or were identified recently by our unbiased pharmacologic
unmasking strategy31, 32. Most of the genes in our panel (15) had never been evaluated in
NPC. Our sample set contained 50 primary tumors as well as 28 controls. Obtaining
appropriate controls for the study of NPC remains a challenge because of the difficultly in
accessing the nasopharyngeal cavity. Published studies have a very limited number of
normal nasopharyngeal samples (3 to 10 samples). For our study we found a moderate sized
control group including a subset of samples that had other head and neck cancers to assess
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the use of these markers to differentiate field cancerization molecular alterations from
cancer specific alteration. To our knowledge, this is the first study utilizing QMSP for the
examination of NPC which gives us the advantage of quantitatively comparing the samples
to more accurately segregate tumors from other samples. Even though several studies have
looked at individual gene methylation status in NPC, this is one of the few studies looking at
a panel of markers for this relatively rare tumor.

We report for the first time methylation of AIM1, APC, CALCA, DCC, ESR, FHIT, KIF1A,
and PGP9.5 in a cancer-specific pattern for NPC (differential methylation in tumor than in
normal). AIM1 and KIF1A are both newly discovered genes in cancer resulting from our
pharmacologic unmasking study whose function is poorly understood. Our group has
reported hypermethylation of AIM1 in bladder cancer and of KIF1A in a variety of human
cancers including head and neck cancer, bladder, and breast cancer31, 32. AIM1 is involved
melanoma tumorigenesis and in calcium binding, while KIF1A is in involved in anterograde
transport along axonal microtubules33, 34. DCC is a tumor suppressor gene involved in
epithelial differentiation and has been reported as hypermethylated in several cancers
including colon, and head and neck29, 31. ESR stands for estrogen receptor alpha, which has
growth suppression capabilities and is hypermethylated in breast cancer, colon cancer, and
leukemias35, 36. PGP9.5 is a neuron specific protein that can function as a hydroxylase and a
ligase and has been reported as hypemerthylated in gastric and esophageal squamous cell
carcinomas37. APC, CALCA and FHIT have been reported as hypermethylated in a variety
of malignancies such as colon cancer, breast cancer, and head and neck cancer14, 38. From a
diagnostic point of view, a panel of only two gene markers could achieve sensitivity values
close to 80% while still preserving high specificities (PGPG9.5 and KIF1A, PGP9.5 and
DCC, PGP9.5 and DLC1, and KIF1A and DLEC).

We were also able to confirm a very high frequency of DLC1 and DLEC methylation for
NPC. DLC1 is a tumor suppressor gene with loss of heterozygosity in liver cancer39, DLEC
is a candidate tumor suppressor gene originally described in lung cancer20. The frequency of
methylation in the tumors was similar between our study and previous studies. Considering
any level of methylation as a positive as reported in non-quantitative assays, we found a
tumor methylation frequency of 89% for DLC1 (previously 90%) and 85% for DLEC
(previously 85%). The previous studies had examined mostly Asian samples, while our
results show that both genes are methylated in EBV positive NPC from American patients as
well. In our study, the levels of methylation for DLC1, DLEC, and TIG1 in the normal
epitheliums were higher than that reported previously17, 18, 20. For TIG1 the levels of
methylation in the controls could not be distinguished from the levels in the primary tumors.
The discrepancy with the previous studies for the control samples could be attributed the
content of the sample set and to methodology. The previous studies had only 3 or 4 normal
nasopharyngeal epithelium samples while our study tested 28 samples. Additionally, the
previous study used conventional MSP rather than QMSP.

Recent studies have reported that circulating EBV viral load correlates with tumor burden in
NPC and can be used to detect recurrence10, 40. The use of EBV as a biomarker for early
detection is limited by the rate of false positives, given that over 90% of the population
worldwide is seropositive for the virus41. Methylation marker analysis in nasal scrapings or
biopsies could be a more specific test for early detection than EBV viral load. Analysis of
body fluids such as serum for methylation could also be further explored.

When analyzing the clinicopathologic and demographic variables, race and age were
significantly associated with methylation. Race was significantly correlated with gene
methylation of 5 genes. As mentioned before, the Southern Chinese population has an
increased incidence of NPC. Methylation of CALCA, DLEC, ESR, KIF1A, and TIG1 was
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more likely to occur within this population and could be due to variability in genetic
background or exposure to environmental carcinogens. Our study showed increased APC
methylation with increased age and age-related methylation is a known phenomenon
previously reported for APC42. A limitation of the present study is the low rate of recurrence
which might have prevented us from detecting more prognostic correlations.

The functional studies showing growth suppressive effects for two commonly methylated
genes in NPC lend support to the notion, that most if not all of the methylated genes specific
to neoplastic epithelium, are true tumor suppressor genes. Pharmacologic demethylation
experiments, confirm that methylation is an important regulatory mechanism for gene
expression. Deleted in colorectal carcinomas (DCC) is located in 18q 21.3 and codes for a
transmembrane protein similar to cell-adhesion proteins. DCC mediates apoptosis
conditionally upon engaging with its ligand netrin-143. Carvalho et al. demonstrated that
promoter methylation silenced expression of DCC by immunohistochemistry in head and
neck squamous cell carcinomas29. They also showed that transfection of DCC lead to
dramatic decrease in growth by CFA and this result was recreated in our NPC cell lines.
Furthermore we showed a decrease in the invasion potential of the NPC cells upon DCC
transfection. DCC has been implicated in poor prognosis for head and neck tumors and as a
marker for local recurrence and increased risk of lymph node metastasis in esophageal
carcinomas44.

Deleted in liver cancer 1 (DLC1) is a gene located in 8p22-21.3 that belong to the GTPase
activiating proteins Rho family which binds to human tensins to suppress tumor growth by
regulating actin adhesion45, 46. Seng et al. showed DLC1 was a downregulated by
methylation in NPC and suppression of growth in the CNE cell line18. We confirmed the
ability of DLC1 to decrease colony formation and decrease invasion capacity in another
NPC cell line and showed decreased invasion properties. In breast cancer, DLC1 is
downregulated in metastatic cell lines and the restoration of its expression leads to reduction
of metastases in nude mice experiments47. Given the frequency of inactivation and their
biological roles, it is possible that DCC and DLC1 could be important players in cell
migration and particularly in NPC neck metastasis. Our results confirm that DCC and DLC1
act as tumor suppressor genes in NPC and that they are frequently inactivated by
methylation.

The present study constitutes a comprehensive survey of methylated genes in NPC. Further
studies looking at larger cohorts that validate these markers and their clinical applicability in
NPC patients are required. Of particular interest will be studies to evaluate the use of these
genes as diagnostic and prognostic biomarkers in body fluids that are easier to sample than
the nasopharynx such as saliva and serum. For this purpose we are currently in the process
of collecting serum samples from Southern Chinese NPC patients as well as matched
controls.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Promoter methylation levels in NPC cancer patients (T= tumor samples; n=50) and
nasopharyngeal biopsies control (C= control samples; n=27). The quantity of each
methylated gene promoter shown as the ratio of the PCR product of the gene of interest and
the reference gene β-actin multiplied by 1,000. Boxplots show the middle 50% of data, the
line is the median, and the bars extend 1.5 times the interquartile range. Mann-whitney test p
values are shown.
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Figure 2.
Re-expression of genes (DCC, DLC1, PGP9.5, and KIF1A) after treatment with Aza in NPC
cell lines. HNE and CNE cell lines were treated for 5 days with Aza at a 5μM concentration.
Side controls are shown. GAPDH was used as a normalizing loading control.
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Figure 3.
DCC and DLC1 inhibit colony forming ability, and invasion in NPC cell lines. Panel A.
Colony focus assays were performed in HNE cell lines the transiently transfected with DCC
and DLC1. Colonies were counted under a microscope after 2 weeks of cell incubation in
the presence of G418. Panel B. Matrigel invasion was performed on equal numbers of HNE
cells transfected with the DCC or DLC1 and empty vector (mock). Cells were seeded to the
upper wells of Matrigel-coated chambers in serum-free medium. After incubation for 48
hours, cells in the lower chambers were stained. All experiments were done in triplicate, and
values indicate means ±s.d. Statistical significance was determined using Student's two-
talied t test (p values<0.05).
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Table 1

Demographic and clinical characteristics of nasopharyngeal carcinoma patients (n=50)

Characteristic NPC patients No. (%) Control patients No. (%)

Gender

 Female 10 (20%) 20 (71%)

 Male 26 (52%) 8 (29%)

 Unknown 14 (28%)

Age (y)

 Median (range) 48 (17–78) 41 (21–71)

Race

 Asian 30 (60%) 6 (21%)

 Caucasian 12 (24%) 12 (42%)

 African American 5 (10%) 6 (23%)

 Other 3 (6%) 0

Stage

 I 4 (8%)

 II 12 (24%)

 III 8 (16%)

 IV 11 (22%)

 Unknown 15 (30%)

Grade

 II: non keratinizing 50 (100%)

EBV status

 Positive 50 (100%)

Local recurrence

 Yes 3 (6%)

 No 31 (62%)

 Unknown 16 (32%)

Metastasis developed

 Yes 4 (8%)

 No 29 (58%)

 Unknown 16 (32%)

Median follow-up (m) (range) 42.5 (6–154)
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Table 3

Sensitivity and specificity of different combinations of methylation markers

Gene Combinations AUC Sensitivity (%) Specificity (%)

PGP9.5, ESR, DCC, AIM1, and KIF1A 0.87 (0.78–0.95) 92 82

PGP9.5, DLC1, DLEC 0.84 (0.73–0.96) 84 85

PGP9.5, DLEC, DCC, KIF1A 0.89 (0.86–0.96) 90 89

DLEC, DCC, KIF1A, AIM1 0.88 (0.81–0.96) 92 85

PGP9.5, KIF1A 0.85 (0.77– 0.92) 78 92

PGP9.5, DLC1 0.85 (0.77– 0.92) 78 92

PGP9.5, DCC 0.86 (0.78–0.96) 84 89

DLEC, KIF1A 0.87 (0.80–0.93) 78 96

PGP9.5, KIF1A, DLEC 0.88 (0.81–0.95) 84 92

AIM1, DCC 0.79 (0.70–0.88) 70 89

DCC, DLC1 0.81 (0.73–0.88) 66 96

KIF1A, DCC, DLEC 0.89 (0.82–0.96) 86 92

AUC: area under the curve derived from nonparametric ROC curves
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