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Abstract. Background: Aberrant methylation of tumor
suppressor gene (TSG) promoters has been extensively
investigated in nasopharyngeal carcinomas (NPC) from South
East Asia but not from North Africa. Patients and Methods:
The methylation status of p16, deleted in lung and esophageal
cancer (DLECI), zinc finger, MYND-type containing 10
(BLU) and E-cadherin gene promoters was investigated in 44
Tunisian NPC biopsies and three NPC xenografts, by
methylation-specific PCR (MSP) combined with a
quantitative assessment of some of the samples. Results: The
frequencies of aberrant promoter methylation were similar to
previous figures reported for Asian series: p16 27/44 (65% ),
DLECI 38/44 (86.3% ), BLU 15/44 (34.1% ) and E-cadherin
35/44 (79.5% ). Although in other malignancies, aberrant
promoter hypermethylation increases with patient age, it was
at the same high frequency in the juvenile and adult forms of
Tunisian NPCs. However, there was a strong association
between aberrant methylation of E-cadherin promoter and
lymph node invasion (p<0.01). In addition, aberrant
methylation of the BLU promoter was significantly correlated
with an undifferentiated histological type (p=0.03).
Conclusion: Aberrant methylation of tumor suppressor genes
occurs with the same high frequency in NPCs from North
Africa as in South East Asia, regardless of patient age.

Nasopharyngeal carcinoma (NPC) is a malignancy with a
remarkable racial and geographic distribution (1). In Tunisia,
this cancer is a major public health issue as it represents the
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most frequent head and neck cancer, with an annual
incidence varying from 3 to 4 cases /100,000 persons. The
juvenile form, which is characteristic of the North African
endemic area, accounts for 20% of Tunisian patients (1, 2).

The development of this Epstein-Barr virus (EBV)-
associated cancer involves cumulative genetic changes in a
background of multiple genetic and environmental risk
factors (1). For the past few years, the definition of the
cytosine guanine dinucleotide (CpG) methylation islands in
promoters of tumor suppressor genes (TSGs) has led to a
better understanding of the oncogenic processes (3).
Aberrant methylation of CpG island promoters is
recognized as a common mechanism for the transcriptional
inactivation of TSGs in various human carcinomas (4, 5).
Several studies performed on NPC specimens from South
East Asia have shown that aberrant promoter methylation
is highly prevalent in this malignancy. Silencing by
promoter methylation has been reported for a variety of
TSGs including Ras association domain family 1A
(RASSF1), retinoic acid receptor p2 (RAR f2), death-
associated protein kinase (DAP kinase), deleted in lung and
esophageal cancer 1(DLEC1), p16inhibitor of cyclin dependent
kinase 4a (INK4a) (p16), E-cadherin, and zinc finger, MYND-
type containing 10 (BLU). These alterations have been
detected in fresh biopsies as well as in NPC cell lines or
xenografts (6-10). However, promoter methylation has not
been investigated in NPC specimens from North Africa,
although NPCs from this area are known to have specific
clinical and biological characteristics. One major difference
between North Africa and South East Asia is the age
distribution. The juvenile form of NPC is not observed in
Asia, where nearly all patients are above 40 years of age.
We and others have found distinct characteristics of North
African NPCs regarding the distribution of EBV
polymorphisms (variants D, F, Xho+ versus C, f, Xho—) and
associated-human leukocyte antigen (HLA) allele types
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(B13, DRB*03, DRB*15 versus A2, B14, B46) (11-13).In
addition, within the group of North African NPCs, we have
reported striking differences between the juvenile and adult
forms. Each form has specific biological characteristics,
suggesting that it follows a distinct oncogenic pathway.
Studies based on immunohistochemistry have shown
intense EBV latent membrane protein 1 (LMP1) expression
associated with low levels of p53 and Bcl2 in the juvenile
form, contrasting with the adult form where, on average,
LMP1 is less abundant whereas p53 and Bcl2 are strongly
expressed (14-16). Regarding serological changes,
peripheral blood IgA directed to EBV antigens is generally
not found in the juvenile form in contrast with the adult
form (17, 18). In order to determine whether promoter
hypermethylations are as frequent in North African as in
Asian NPCs and whether they have the same frequency in
the juvenile and adult forms, aberrant promoter methylation
of p16, DLEC1, BLU and E-cadherin was investigated in a
series of 44 Tunisian NPC specimens. Thereafter, the data
on TSG methylation status were related to clinico-
pathological parameters.

Patients and Methods

Patients and sample collection. Primary NPC biopsy samples were
collected with informed consent from 44 patients, prior to any
treatment, at Sfax University Hospital (Tunisia), between January
1998 and December 2004. Seventeen cases were of the juvenile form
(patients aged less than 30 years). The clinical stage was determined
according to the tumor, node and metastasis (TNM) classification of
the American Joint Committee on Cancer/International Union
Against Cancer (AJCC/UICC, 1997) (19, 20). The primary tumor
was classified as T1-T2 in 12 cases and T3-T4 in 32 cases. Regional
lymph node involvement was observed in 40 cases. The presence of
distant metastasis was noted in 8 patients. The histological type of
NPC was determined on tissue sections according to the World
Health Organization (WHO, 2005) (21). Twenty-one cases were
undifferentiated carcinoma of nasopharyngeal type (UCNT) and 23
cases were non-keratinizing carcinoma. Following 32 months of
combined treatment of radio/chemotherapy, 31 patients were in
complete remission, 6 patients had relapsed (bone, lung or liver) and
the 7 remaining patients who had presented a distant metastasis at
primary diagnosis had died.

All NPC biopsy samples were immediately frozen in liquid
nitrogen, embedded in optimal cutting temperature (OCT)
compound (Tissue Tek; Miles-Bayer Diagnostics, Puteaux, France)
and subsequently stored at —80°C until use. Hematoxylin and eosin-
stained sections were examined by pathologists and shown to
contain at least 70% of tumor cells. In addition, three biopsy
samples totally devoid of malignant cells from nasopharyngeal
tissues were used as negative controls. Three NPC xenografts C15,
C17 and X666 were used as references. C15 and C17, routinely
propagated in our laboratory (P. Busson, Villejuif, France), were
derived from a North African primary NPC and from a cutaneous
metastasis of a European NPC, respectively. X666 was derived from
a Chinese NPC (kindly provided by Professor K.W. Lo, Chinese
University of Hong-Kong).
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DNA extraction and chemical modification. Five serial sections (30 um-
thick) of each tumor or non-tumor sample were digested in proteinase
K lysis solution (100 pg/ml Proteinase K (Invitrogen, Cergy-Pontoise,
France), 5 mM NaCl,, 50 mM Tris-HCI pH 7.5,0.5% SDS and 10 mM
EDTA) at 56°C for 2-4 h under constant agitation. The DNA was then
extracted with phenol:chloroform:isoamyl alcohol (25:24:1) and
precipitated with sodium acetate and absolute ethanol. The DNA was
collected, washed in 70% ethanol and rehydrated in sterile water.

One g of purified DNA was subjected to bisulfite treatment for
9 h using the Methyl Detector Modification Kit (Active Motif
Europe, Rixensart, Belgium) according to the manufacturer’s
instructions. This treatment deaminates unmethylated cytosines into
uracil but does not affect 5-methylcytosines.

Bisulfite sequencing. To investigate the methylation pattern of the four
TSG promoters in NPC, DNA samples from the three NPC xenografts
(C15, C17 and X666) were subjected to bisulfite sequencing analysis.
After bisulfite treatment, PCR amplification was performed on 100
ng of modified DNA in a final reaction mixture of 100 pl containing
1x PCR buffer, 1 uM of each appropriate primer, 200 uM of each
dNTP, 2 mM MgCl, and 2.5 units Tag DNA polymerase (Promega,
Lyon, France). The primer sequences, product size and annealing
temperature of each TSG promoter are shown in Table I. The
amplified fragments were purified using the Wizard SV gel and PCR
clean-UP System (Promega) and subjected to cloning into a pGEM-
T Easy vector (Promega) in accordance with the manufacturer’s
instructions. Three to four clones of each sample were sequenced with
the ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction
Kit (Applied Biosystems, Foster City, CA, USA) with an ABI 377
DNA auto-sequencer (Applied Biosystems).

Methylation-specific polymerase chain reaction (MSP). The
methylation status of each TSG promoter in the NPC xenografts and
biopsies was examined by two-stage nested MSP. The primers of the
stage-1 PCR were also used for the preceding amplifications which
recognize the bisulfite-modified template, but do not discriminate
between methylated and unmethylated sequences (Table I). Stage-1
PCR was performed on 10 ng of modified DNA in a final reaction
mixture of 30 pl containing 1x PCR buffer, 1 uM of each appropriate
primer, 200 uM of each dNTP, 2 mM MgCl, and 1.25 units Taq
DNA polymerase (Promega). After this, the PCR products were
diluted 100-fold and 2 pl was subjected to stage-2 PCR with two
different mix reactions containing independent primers specific to
the methylated and unmethylated templates respectively. The primer
sequences, product sizes and annealing temperatures are shown in
Table 1. Finally, the PCR products of the methylated and
unmethylated DNA sequences were separated on a 2% agarose gel
and visualized by ethidium bromide staining.

Statistical analysis. Fisher’s test was used to evaluate the
relationship between the promoter methylation status and the
clinicopathological parameters. A p-value <0.05 was considered
statistically significant.

Results

Methylation patterns in NPC xenografts. The number of CpG
sites shown by sequencing in the p16, DLECI, BLU and
E-cadherin promoters was 28, 18, 29 and 32 respectively
(Figure 1A). The status of each potentially methylated



Ayadi et al: Aberrant Promoter Methylation in Tunisian NPCs

Table 1. Summary of primers used in the present study.

Forward primers: (5° — 3°) Reverse primers: (5’ — 3°) Position? Product Annealing
size (bp) temperature

pl6

Bisulfite sequencing or MSP (Stage-1 PCR)

GGAGGAAGAAAGAGGAG CTACAAACCCTCTACCCA 1892-2168 277 50°C

MSP (Stage-2 PCR)

M-TTATTAGAGGGTGGGGCGGATCGC M-GACCCCGAACCGCGACCGTAA 1919-2069 150b 65°C

U-TTATTAGAGGGTGGGGTGGATTGT U-CAACCCCAAACCACAACCATA 1919-2070 1510 60°C

DLECI

Bisulfite sequencing or MSP (Stage-1 PCR)

TAAAAGGATAATGTTGAAGATATA AACTTCCAAATAAACTAACTAAAAC 19572-19831 260 55°C

MSP (Stage-2 PCR)

M-GATTATAGCGATGACGGGATTC M-ACCCGACTAATAACGAAATTAACG 19608-19800 193¢ 60°C

U-TGATTATAGTGATGATGGGATTTG U-CCCAACTAATAACAAAATTAACACC  19607-19799 193¢ 60°C

BLU

Bisulfite sequencing or MSP (Stage-1 PCR)

TTGGGAATTTAAATATTATG AACAACAATTCCAAATCTC 13036-13334 299 50°C

MSP (Stage-2 PCR)

M-GCGGGTTAGAGATTCGTTC M-TCGAAACCGAAATCCGACG 13080-13310 231d 55°C

U-GGTGGGTTAGAGATTTGTTT U-ATATCAAAACCAAAATCCAACA 13079-13313 2354 51°C

E-Cadherin

Bisulfite sequencing or MSP (Stage-1 PCR)

TTTTAGGTTAGAGGGTTAT CTACAACAACAACAACAAC 844-1193 350 50°C

MSP (Stage-2 PCR)

M-GGTGAATTTTTAGTTAATTAGCGGTAC M-CATAACTAACCGAAAACGCCG 945-1148 204¢ 59°C

U-GGTAGGTGAATTTTTAGTTAATTAGTGGTA  U-ACCCATAACTAACCAAAAACACCA 941-1151 211¢ 59°C

aPositions of primers for p/6, DLEC1, BLU and E-cadherin are according to GenBank accession numbers DQ406745, AP006309, AC002481 and
134545 respectively. bc.d and eSee references 23, 8, 9 and 7, respectively. M, methylated-specific primers; MSP, methylation-specific PCR; U,

unmethylated-specific primers.

cytosine (CpG site) was analyzed in three or four clones and,
based on these data, each CpG site was classified as
methylated, partially methylated or unmethylated. As shown
in Figure 1A, the p16 promoter had a very high density of
methylated cytosines in all three NPC xenografts (C17, C15
and X666). This was also the case for the DLECI promoter
in the C15 and X666 xenografts. In contrast, several CpG
sites were unmethylated in the DLECI promoter for the
European NPC xenograft C17. Regarding the E-cadherin and
BLU promoters, a noticeable number of their CpG sites
remained unmethylated, especially in the Chinese NPC
xenograft X666 and to a lesser extent in the C17 xenograft.
Results consistent with the sequencing data were obtained
when the MSP technique was applied to the xenograft DNA
(Figure 1B). Therefore, the same experimental conditions were
used to assess promoter methylation in the NPC biopsies.

Frequency of methylation in NPC biopsies. As shown in Figure
1C, all four promoters were unmethylated in the three non-
tumoral nasopharyngeal specimens. In contrast among the NPC

cases, only one had retained the four promoters unmethylated.
The frequency of methylation involving 1, 2, 3 or 4 promoters
was 11.3% (5/44), 22.7% (10/44), 50% (22/44) and 13.6%
(6/44) respectively. The overall frequency of aberrant
methylation for each promoter was as follows: 65% (27/44)
for pl16, 86.3% (38/44) for DLECI, 34.1% (15/44) for BLU
and 79.5% (35/44) for E-cadherin. Amplicons corresponding
to unmethylated sequences were detected in all the NPC cases
and can be explained by the presence of nonmalignant cells
contained in the tumor fragments.

Clinicopathological significance of promoter methylation. Table
IT shows the results of statistical analysis of the correlations
between promoter methylation status and the clinicopathological
parameters age, histology type, tumor size, lymph node
involvement, distant metastasis and clinical evolution.

The frequencies of aberrant methylation in these four TSG
promoters were not significantly different in the juvenile and
adult forms. However, other types of clinicopathological
correlations were recorded. There was a strong association
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Figure 1. A) Sequencing results of pl6, DLECI, E-cadherin and BLU promoter genes from three NPC xenografts (C17, C15 and X666). The
methylation status of CpG residues is indicated by shading: black (methylated), white (unmethylated) and grey (partially methylated). The arrows
indicate the different positions of primers used by MSP (stage-2 PCR). B) MSP results of each promoter analyzed from the three NPC xenografts.
C: Representative results of MSP analysis in tumor biopsies (lines 1-8) and non-tumors (lines 9 and 10). Line 11, negative control (sterile distilled
water). M and U represent the amplification of methylated and unmethylated sequences respectively.

between aberrant methylation of the E-cadherin promoter
and lymph node involvement (N+) in the NPC patients
(p<0.01). This methylated promoter was also significantly
associated with distant metastastatic events detected at
primary diagnosis or when the disease relapsed (p=0.02).
E-cadherin promoter methylation was detected in all the
NPC patients with a distant metastasis at the time of
diagnosis (8/8) and the patients who relapsed after complete
remission (6/6). On the other hand, aberrant methylation of
the BLU promoter was significantly correlated with an
undifferentiated histological type (p=0.03). For the p/6 and
DLEC] genes, no significant correlation with the clinico-
pathological parameters was found.

Discussion

In all three of the NPC xenografts, many CpG sites were
partially methylated instead of being either methylated or
unmethylated. This pointed to intra-tumoral heterogeneity of
gene promoter status, which may have resulted from the
presence of heterogeneous malignant cell subclones and/or
intracellular allelic variability.
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The INK4/p16 locus on chromosome 9p21 is one of the
most frequently altered in NPCs. Silencing of the p/6 gene
often results from the loss of one allele combined with
hypermethylation of the remaining allele (22). The dense
methylation of this promoter in 27 out of the 44 Tunisian
NPC biopsies (65% ) was consistent with previous findings
in Southern Chinese cohorts in which the frequency of
aberrant methylation in tumor and brushing specimens was
52% and 46.4% respectively (23, 24). pI16 inactivation can
be suspected in a greater number of cases by other genetic
mechanisms such as homozygous deletion, which has been
reported in 35% of primary tumor cases from South China
(25). Finally, the p16 protein can be functionally inactivated
by the viral oncoprotein LMP1 (26).

Alterations of the 3p21 and 22 loci are also highly
prevalent in NPCs often with a combination of loss of
heterozygosity (LOH) and aberrant promoter methylations
(10). The DLECI and BLU genes map to this region. A high
frequency of aberrant methylation in the DLEC1 promoter
(86.3% ) was found in the present study not dissimilar to the
frequency of 71.4 % reported for Chinese primary NPCs
(8). In contrast, the BLU gene showed a lower frequency of
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Table II. Association between TSG promoter methylation and clinicopathological parameters.

Number of pl6 p? DLECI P BLU p? E-Cadherin p?
samples

Age (years)

<30 17 10 15 14

=30 27 17 0.96 23 0.57 11 0.39 21 0.51
Histological typeb

ucC 21 14 18 11 18

NKC 23 13 0.70 20 0.62 0.03 17 0.27
T-stage®

T1-T2 12 7 10 2 8

T3-T4 32 20 0.53 28 0.52 13 0.25 27 0.18
N-stage®

NO 4 2 3 1 0

N+ 40 25 0.50 35 045 14 0.57 35 <0.01
Metastasis®

MO 36 23 30 12 27

M+ 8 4 0.36 8 0.27 3 0.56 8 0.13
Metastatic relapse

No 38 22 32 14 29

Yes 6 5 0.23 6 0.39 1 0.31 6 0.22
Metastatic eventsd

No 30 18 24 11 21

yes 14 9 0.95 14 0.08 043 14 0.02

aBased on the Fisher’s test. A p-value <0.05 was considered statistically significant. PHistological type; UC, undifferentiated carcinoma; NKC, non-
keratinizing carcinoma. °Clinical stage at time of diagnosis: primary tumor according to AJCC/UICC (1997); regional lymph node classified NO in
the absence of clinical or radiological evidence of lymph node invasion, N+ in the other cases; metastatic status defined as MO in the absence of
clinical or radiological evidence of distant metastasis, M+ in the other cases. 9The sum of metastatic events at primary diagnosis and when the

disease relapsed.

promoter hypermethylation (34.1% ) in the Tunisian series
compared to 66% in Chinese NPCs (9). Since aberrant
methylation of BLU was strongly associated with the
undifferentiated histological type (p=0.03), the difference
with the Chinese series might be related to a difference in
the relative percentage of undifferentiated versus non-
keratinizing forms, a point that would require further
investigation.

Aberrant methylation of the E-cadherin promoter, in the
16q chromosome region, was also frequently found in the
Tunisian NPC specimens (79.5% ). This frequency was
higher than that reported for South East Asian NPC patients
(23.8 t0 52.4% of cases) (7, 24, 27, 28). Since there was a
strong relationship between methylation of the E-cadherin
promoter and metastatic involvement, this difference might
be related in part to the earlier detection of NPCs in some
parts of South East Asia compared to Tunisia. The
relationship between E-cadherin promoter methylation and
metastatic involvement was consistent with many previous
clinicobiological investigations showing correlations
between the loss of E-cadherin expression and advanced
disease stage or shorter survival (29). It was also consistent
with data obtained in vitro, as well as in animal model
systems (30, 31). Overall, the present data confirmed that

TSG promoter hypermethylation was at least as frequent in
North African as in Asian NPCs.

It has been suggested that aberrant promoter hypermeth-
ylation is more common in malignancies occurring in older
individuals (32-34). This general assumption is not confirmed
by the present study, since the frequency of TSG promoter
methylation was not different in the juvenile and adult forms
of Tunisian NPCs. However, the methylation process in NPC
could be driven by unusual mechanisms, such as mechanisms
related to latent EBV-infection. Interestingly, it has been
shown in transfected cells that the EBV oncoprotein LMP1
can induce hypermethylation of the E-cadherin promoter via
the overexepression of cellular DNA methyltransferases (35).
As previously mentioned, we have shown that LMP1 is
abundantly expressed in the juvenile form of NPC (16).

As a next stage of our study, we intend to analyze, in the
two age-forms of NPC, the methylation status of the EBV
gene promoters, especially those of the major transactivator
Rta and the main oncoprotein LMP1.
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