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Abstract Purpose: Cytokines such as IL-10 and IL-18
seem to be involved in the inflammatory response of
undifferentiated carcinoma of nasopharyngeal type
(UCNT). The aim of this study was to evaluate the
correlation between functional single nucleotide poly-
morphisms (SNPs) in the promoter region of IL-10 and
IL-18 genes and the virological and clinical character-
istics in a large case series of Caucasian patients suffering
from UCNT, a tumor regularly associated with the
Epstein Barr Virus (EBV). Methods: Eighty-nine pa-
tients with histologically confirmed UCNT and 130
healthy donors were included in our study. DNA was
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examined for the polymorphisms of IL-10 gene at
positions —1082, —819, —592 by direct sequencing and
IL-18 gene at position —607 and —137 by allele —specific
PCR. EBV DNA serum viremia was evaluated by QC-
PCR. Results: The distributions of the IL-10 and IL-18
genetic variants were not different between UCNT pa-
tients and healthy controls. The frequency of IL-10 —
1082G allele, which is associated with high IL-10
expression, showed a nearly statistically significant in-
crease in UCNT patients EBV DNA-negative as com-
pared to healthy controls (OR=3.3 95% CI: 1.2-9.8).
Subjects with C/C or C/G combined IL-18 genotypes
showed an increased risk of being with Stages III-IV
(OR=2.195% CI: 1.2-6.6). Conclusion: This study was
performed to improve the definition of the pathogenetic
factors implicated in UCNT by addressing the correla-
tion between cytokine polymorphisms and clinical
parameters. This is the first study investigating the
possible role of the IL-18 and IL-10 polymorphisms in
the development and outcome of UCNT. In our genetic
analysis there is no evidence for involvement of IL-10
promoter polymorphisms alone in the genetic predis-
position to this tumor. On the other hand, IL18 genetic
variants may represent a genetic risk factor for tumor
aggressiveness.
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Introduction

Serological and histological evidences indicate that Ep-
stein Barr virus (EBV) is pathogenetically linked with
undifferentiated carcinoma of the nasopharyngeal type
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(UCNT) [2, 19, 38], a tumor with high incidence in
specific geographic areas such as China and Southeast
Asia, but rare in Western Countries [2, 38]. There is a
correlation reported between plasma/serum EBV DNA
and disease-stage in Asian patients [27, 29], whereas
clinical, virological and immunological characteristics of
UCNT patients from non-endemic areas are still poorly
investigated. We recently reported a detailed immuno-
logical and virological characterization of one of the
largest series of UCNT patients in Western countries
[31, 41]. EBV viremia was quantified in 58% of patients,
with increased DNA levels among those with consider-
able extension of the primary tumor [31]. Then, we
showed a specific immunological defect consisting in the
impaired expression of IL-2 by circulating CD4+ T
lymphocytes and of IFN-y and of perforin by the CDS§ +
subpopulation [41].

The pathogenesis and the clinical progression of
EBV-associated tumors have been widely studied [27,
38]. Many of the clinical manifestation of these diseases
are based on the biological characteristics of the target
cells for EBV infection and the expression and function
of EBV genes which also perturb host immune func-
tions.

It was recently proposed that the variability of cyto-
kine production may influence the clinical and biological
outcomes of viral infections [4, 10, 20]. In particular,
evidence was provided suggesting that differences in the
interleukin-10 (IL-10) levels may modulate the suscep-
tibility to EBV infection and to the development of
EBV-related malignancies [18, 28]. These observations
were also supported by in vivo studies where high levels
of IL-10 expression in UCNT tumor cells correlated
with the presence of a low number of infiltrating cyto-
toxic T cells and a poor prognosis [6, 15]. Interestingly,
the gene coding for human IL-10 (hIL-10) shows
extensive sequence homology with the BCRFI1 open
reading frame of EBV and both the human and viral
proteins share many biological activities.

IL-10 secretion can be inhibited by IL-18, a member
of IL-1 superfamily, which has a key role in driving the
Thl pro-inflammatory response [34]. Notably, a recent
study by Hu et al. [22] demonstrated a constitutive
secretion of this cytokine in UCNT tumor cells, sug-
gesting a role for IL-18 in promoting the massive leu-
kocyte infiltration process often characterizing the
histopathologic picture of this tumor.

In general, genetic loci encoding cytokines were
shown to be polymorphic, and some of these mutations
were associated with variable levels of cytokine pro-
duction.

In particular, several polymorphisms were identified
within the IL-10 gene, but not all of them have a known
clinical relevance. The best documented polymorphisms
are two microsatellites, IL10.R and IL10.G, and three
single nucleotide polymorphisms (SNPs) at position
—1082(G/A), —819(C/T) and —592(A/C), which influ-
ence the transcription of IL-10 mRNA and the expres-
sion of IL-10 in vitro [12, 36]. Since a tight linkage

disequilibrium (LD) exists between these SNPs, in the
general population only three out of the eight possible
haplotypes are present: GCC, ACC and ATA, defined as
high, medium and low expression haplotypes, respec-
tively. Interestingly, the involvement of these SNPs was
reported with a more severe clinical course in several
inflammatory diseases [13, 23], as well as with a different
susceptibility to EBV infection and to the outcome of
EBV-associated gastric carcinoma [18, 39].

With regard to the IL-18 gene, two SNPs have been
recently described in its promoter region: one at position
—607 (A/C) and the other at position —137 (G/C). These
two SNPs seem to modulate gene expression at tran-
scriptional level: alterations of the H4TF-1 nuclear factor
binding site or of the cAMP-responsible element binding
site were described when a change at position —137 from
G to C or a substitution C to A at position —607,
respectively, occurs. A tight LD exists between these
SNPs, thus only three (GC, GA and CA) out of the four
possible combinations were observed in healthy indi-
viduals. Studies on the effects of these polymorphisms on
promoter activity discovered that, after stimulation in
vitro, GC and GA haplotypes are associated with in-
creased transcription of the IL-18 gene [16].

The assessment of possible correlations between these
genotypic data and the clinicopathologic parameters of
UCNT patients may allow the identification of new
prognostic factors for these patients. On these grounds,
we have investigated the promoter polymorphisms of
IL-10 and IL-18 genes and searched for possible corre-
lations with the EBV DNA load and clinical character-
istics in an Italian cohort of UCNT patients.

Materials and methods
Cases and controls

Eighty-nine consecutive patients (60 native of and resi-
dent in northern Italy and 29 native of and resident in
southern Italy) with histologically confirmed undiffer-
entiated carcinoma of nasopharyngeal type (UCNT)
were enrolled in this study. UCNT classification and
staging evaluation was performed on the basis of the
simplified World Health Organization (WHO) classifi-
cation for nasopharyngeal carcinoma [3, 33]. One hun-
dred and thirty controls (80 native of and resident in
northern Italy and 50 native of and resident in southern
Italy) randomly selected from the general healthy pop-
ulation were recruited.

All patients agreed to participate in the study by
signing an informed consent approved by the Ethics
Committee of our Institute.

Analysis of IL-10 gene promoter polymorphisms

Blood samples from healthy donors and UCNT patients
at the time of diagnosis, were collected. Peripheral blood



mononuclear cells (PBMCs) were isolated by Ficoll/
Hypaque density gradient centrifugation and cryopre-
served as dry pellets at —80°C together with serum
samples.

Genomic DNA was extracted by standard techniques
[9] and its concentration was determined by spectro-
photometry.

For the determination of single allelic polymorphisms
(SNPs) in the IL-10 promoter gene at positions —1082,
—819 and —592 from the transcription start site, the 5’
flanking region containing all three SNPs, spanning
from 8176 to 8920 nucleotide of the IL-10 gene (Gen-
Bank accession number X78437), was amplified by PCR
and analyzed by sequencing. PCR reactions were carried
out in 50 pl volumes using AmpliTaq Polymerase buffer
with 1 mM MgCl, final concentration (PE Applied
Biosystems, Foster City, CA, USA), 200 uM dNTPs,
0.5 uM each forward and reverse amplification primer
and 1.5 units of AmpliTaq Polymerase (PE Applied
Biosystems). Conditions used were: a denaturing step of
94°C for 3 min, 35 cycles at 94°C for 20 s, 55°C for 20 s,
72°C for 30 s and a final incubation at 72°C for 7 min.

Sequence of forward and reverse primers used in
PCR amplification and in sequencing analysis of the
745 bp target are given in Table 1. Primer pIL10_8920R
was designed using Primer Express Version 2.0 software
(Applied Biosystem) and all the other primers were se-
lected from previously published studies, with minor
modifications [1, 21, 25].

Amplified products were monitored by electropho-
resis on 8% non—denaturing polyacrylamide mini-gels
and staining with ethidium bromide (10 mg/l).

Two to three nanograms of PCR product, purified by
“MICROCON 100” column (Amicon), were used for
cycle sequencing with Big Dye Terminator chemistry
(PE Biosystems, Foster City, CA, USA). Sequencing
reactions were carried out in 10 pl final volume using
either the forward or reverse primer, as used for the

Table 1 Nucleotide sequences of primers used to characterize 1L-
10 and IL-18 SNPs

Primer Sequence (5°-3")

pIL10_8176F¢ AATCCAAGACAACACTACTAAGGCT

pIL10_8920R“*  CGTGGACAAATTGCCCATT
pIL10_revpl” TCTAAAGTTTAAAAGATGGGGTGGA
pIL10_819F” TCTAAGGCCAATTTAATCCAAG
pIL10_819R” TGTCCCCCACCCCAACTGTG

TAACTTAGGCAGTCACCTTAGG
CTTTGCTATCATTCCAGGAA

pIL10_592R?
pIL18_607CNT

pIL18_607A GTTGCAGAAAGTGTAAAAATTATTA A
pIL18_607C GTTGCAGAAAGTGTAAAAATTATTA C
pIL18_607R TAACCTCATTCAGGACTTCC -
pIL18_137CNT  CCAATAGGACTGATTATTCCGCA
pIL18_137C CCCCAACTTTTACGGAAGAAAA C
pIL18_137G CCCCAACTTTTACGGAAGAAAA G
pIL18_137R AGGAGGGCAAAATGCACTGG

¢ Primers used to amplify the 745 bp fragment containing the three
SNPs of IL-10 promoter region
bPrimers used to sequence the 745 bp fragment containing the three
SNPs of IL-10 promoter region
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amplification, or internal primers as described in Ta-
ble 1. In this way, all three SNPs were detected and
confirmed in overlapping sequencing reactions. Cycle
sequencing was performed as follows: 40 cycles at: 95°C
for 30 s, 56°C for 30 s, 60°C for 4 min, 1 step at 72°C for
I min and a final incubation at 4°C for 10 min. DNA
sequence analysis was run on the ABI PRISM 310 Ge-
netic Analyzer automated sequencer (PE Applied Bio-
systems) and collected data were automatically analyzed
by the Sequencing analysis version 2.0 software.

Analysis of IL-18 gene promoter polymorphisms

The SNPs at position —607(C/A) and —137 (G/C), from
the transcription start site, in the IL-18 promoter gene,
were determined by allelic- specific PCR (AS-PCR) as
previously described [16].

Two reactions were performed to detect each of the
two polymorphisms, carrying a total of four PCR
amplifications for every sample. For the characterization
of position —607, each PCR reaction was performed
using a common antisense primer (pIL18_607R, Table
1) in combination with a sequence specific sense primer
(pIL18_607A or pIL18_607C, Table 1). An amplifica-
tion product of 196 bp was detected. As internal positive
amplification control, a control sense primer
(pIL18_607CNT, Table 1) was included to amplify a
301 bp fragment covering the polymorphic site.

PCR reactions were carried out in 50 ul volumes
using AmpliTaq Polymerase buffer with 1.1 mM MgCl,
final concentration (PE Applied Biosystems), 0.4 uM of
one sequence-specific primer, common antisense primer
and control sense primer, 200 uM each dNTP,
1.75 units of AmpliTaq Polymerase (PE Applied Bio-
systems) and 100 ng genomic DNA. The following cycle
conditions were used: 94°C 2 min; 7 cycles of denatur-
ation at 94°C for 20 s, annealing at 64°C for 40 s and
extension at 72°C for 40 s, 25 cycles of denaturation at
94°C for 20 s, annealing at 57°C for 40 s and extension
at 72°C for 40 s; finally 72°C 7 for min.

For the characterization of position —137, each PCR
reaction was performed using a common antisense pri-
mer (pIL18_137R, Table 1) in combination with a se-
quence specific sense primer (pIL18_137C or
pIL18 137G, Table 1). An amplification product of
261 bp was detected. As internal positive amplification
control, a control sense primer (pIL18_137CNT, Ta-
ble 1) was included to amplify a 446 bp fragment cov-
ering the polymorphic site.

PCR reactions were carried out in 50 pl volumes using
AmpliTaq Polymerase buffer with 1.5 mM MgCl, final
concentration (PE Applied Biosystems, Foster City, CA),
0.5 uM of one sequence-specific primer and common
antisense primer, 0.46 pM of control sense primer,
260 uM each dNTP, 1.75 units of AmpliTaq Polymerase
(PE Applied Biosystems) and 100 ng genomic DNA

The following cycle conditions were used: 94°C
2 min; 5 cycles of denaturation at 94°C for 20 s,
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annealing and extension at 68°C for 60 s, 25 cycles of
denaturation at 94°C for 20 s, annealing at 62°C for 20 s
and extension at 72°C for 40 s; finally 72°C 7 for min.

All PCR products were separated on 8% non-dena-
turing polyacrylamide mini-gels stained with ethidium
bromide.

To confirm our results, PCR products of A and C
homozygotes in locus —607 and G and C homozygotes
in locus —137 were sequenced on an ABI PRISM 310
Genetic Analyzer automated sequencer (PE Applied
Biosystems)

Detection of EBV DNA viremia

Serum samples available from 19 patients from northern
Italy at the time of diagnosis (before they started any
therapy) were assessed for EBV DNA viral load by QC-
PCR as described elsewhere [31]. As controls, serum
samples from healthy blood donors were also evaluated
and no detectable EBV DNA was found [31].

The samples were first screened by qualitative EBV
DNA PCR. Amplifiability was evaluated by co-ampli-
fying DNA sample with an EBV DNA competitor,
containing a fragment of the LMP2A unique region of
the EBV genome with a 28 bp internal deletion. Quan-
titative competitive PCR was then performed on sam-
ples by adding increasing amounts of the EBV
competitive template. The PCR products were resolved
on 8% non-denaturing polyacrylamide mini-gels and
quantified by densitometric analysis.

Statistical analysis

Statistical analysis for group comparisons was per-
formed using Chi-Square Analysis or Fisher’s exact test
when appropriate. Odds ratios (ORs) and their corre-
sponding 95% confidence intervals (CI) were estimated
using unconditional multiple logistic regression models
[5], after including terms for age (in the age group of 10-
years-olds), sex and, given the differences of: allele and
genotype frequencies between northern and southern
Ttaly [26, 30, 32, 37], for place of birth and place of
living.

Haplotype frequencies and Linkage Disequilibrium
estimates between the threes SNPs were evaluated by a
maximum likelihood method using EH program (35;
web Resources for Genetic Linkage analysis [Rockefeller
University]).

Statistical analyses were performed using SAS lan-
guage program (reference version 8.2; SAS Institute Inc.
Cary, NC USA)

Results

The frequencies of —1082 G/A —819 C/T and —592 A/C
SNPs within the IL-10 gene promoter and —607 C/A
and —137 G/C SNPs within the IL-18 gene promoter

were determined in 89 patients with UCNT and 130
matched controls. The features of all enrolled individu-
als are described in Table 2.

The frequency distributions of the SNPs and the
combined expression genotypes among UCNT patients
and healthy controls are shown in Tables 3 and 4.
Within each study group, all the genotypes studied were
consistent with those predicted by the Hardy—Weinberg
equilibrium, showing a random distribution.

IL-10 promoter polymorphisms in UCNT patients

The prevalence of each IL-10 genotype found in healthy
controls was in agreement with data previously reported
[32]. Furthermore, the differences in the distribution of
IL-10 genetic variants among patients and local controls
were not statistically significant (Table 3).

In agreement with previous findings [13, 36], our
samples also showed complete LD of the SNP at posi-
tion —819 with the —592 SNP, indicating that they are
completely dependent from each other. Therefore, the
frequency of each allele was identical between these two
genetic sites (Table 3).

IL-18 promoter polymorphisms in UCNT patients

The allele frequencies for the two IL-18 promoter SNPs
detected in our control group were similar to those re-
ported from other Caucasian populations [16, 24].
Subjects carrying —607 AA genotype at position —607
showed a nearly statistically significant increased risk of
UCNT (OR=1.4 95% CI: 0.9-3.3). Allelic frequencies
and genotype rates of the —137 SNPs did not show any

Table 2 Baseline characteristics of UCNT patients and healthy
controls from northern and southern Italy according to selected
demographic and clinical characteristics

UCNT CONTROLS
n=2389, n (%) n=130, n (%)
Gender
Male 70 (78.7) 100 (76.9)
Female 19 (21.3) 30 (23.1)
Age (Years)”
<50 45 (51.7) 97 (74.6)
>50 42 (48.3) 33 (25.4)
Residential diagnosis
Northern 60 (67.4) 80 (61.5)
Southern 29 (32.6) 50 (38.5)
Lymph node metastasis®
Positive 67 (80.7) -
Negative 6 (19.3) -
Tumor size”
Tl 14 (17.1) -
T2 42 (51.2) -
T3 13 (15.9) -
T4 13 (15.9) -

“ The sum does not add up to the total because of a few missing
values
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Table 3 Odds Ratios (OR)*

and corresponding 95% Position Genotype UCNT Controls OR (95% CI)
confidence intervals (95% CI) n=289, n (%) n=130, n (%)
of UCNT according to
frequency of IL-10 and 1L-18 IL-10
SNPs in the Italian population ~ —1082 A/A 29 (32.6) 46 (35.4) 1°
A/G 41 (46.1) 58 (44.6) 1.1 (0.7-2.8)
G/G 19 (21.3) 26 (20.0) 1.1 (0.8-2.8)
—819 c/C 48 (53.9) 70 (53.8) 1°
C/T 36 (40.4) 54 (41.5) 1.0 (0.5-3.1)
T/T 5(5.6) 6 (4.6) 1.2 (0.5-3.4)
—592 Cc/C 48 (53.9) 70 (53.8) 1°
C/A 36 (40.4) 54 (41.5) 1.0 (0.5-3.1)
A/A 5(5.6) 6 (4.6) 1.2 (0.5-3.4)
IL-18
—607 c/C 26 (29.2) 43 (33.1) 1°
a Tt . A/C 42 (47.2) 64 (49.2) 1.0 (0.7-2.6)
maes from muldgle o A 235 5177 410533
ing terms for age, gender and —137 G/G 43 (48.3) 72 (354) !
opulation’s oriein G/C 39 (43.8) 53 (40.8) 1.2 (0.5-3.0)
pop £ c/C 7(7.9) 5(3.8) 2.1 (0.4-4.3)

® Reference category

difference between UCNT patients and local controls
(Table 3).

Complete LD of allele —137 C with allele —607A and
the presence of three haplotypes (CG, AC and AG) were
characteristic of samples from our population, as also
observed in other reports [7]. No statistically significant
difference was observed between UCNT cases and con-
trols with regard to all of the estimated haplotypes fre-
quencies (Table 4).

IL-10 gene polymorphisms and EBV DNA viremia

To identify a possible association between the geneti-
cally determined capacity for IL-10 production and EBV
viremia at diagnosis of UCNT, we assessed EBV DNA
load by QC-PCR in the serum of 19 patients. The single
IL-10 gene variants and the expression genotypes among
these patients, stratified according to EBV DNA vire-
mia, were then compared.

Table 4 IL-10 and IL-18 expression genotypes in UCNT patients
and healthy controls in the Italian population

Cytokine Genotype UCNT Controls
n=289, n(%) n=130, n(%)

IL-10“
GCC/GCC 19 (21.3) 26 (20.0)
GCC/ACC 19 (21.3) 27 (20.8)
GCC/ATA 22 (24.7) 31 (23.8)
ACC/ACC 10 (11.2) 17 (13.1)
ACC/ATA 14 (15.7) 23 (17.7)
ATA/ATA 5(5.6) 6 (4.6)

IL-18"
AA/CC 7(7.9) 5(3.8)
AA/GC 12 (13.5) 11 (8.5)
AA/GG 2(2.2) 7 (5.4)
AC/GG 15 (16.9) 22 (16.9
AC/GC 27 (30.3) 42 (32.3)
CC/GG 26 (29.2) 43 (33.1)

2 x2 =0.81 p=0.98
P X2 =441p=049

Interestingly, none of the UCNT patients with
undetectable EBV DNA viremia carried the genotype A/
A, when compared to patients EBV DNA-positive or
healthy controls. Moreover, the frequency of IL-10
—1082G allele, which is associated with an high IL-10
expression, showed a nearly statistically significant in-
crease in UCNT patients EBV DNA-negative as com-
pared to healthy controls (Table 5).

Any correlation was found between the different 1L-
10 promoter polymorphisms evaluated and the TNM or
WHO stage (data not shown).

IL-18 gene polymorphisms and overall TNM stage

An association between IL-18 promoter polymor-
phisms and different clinical stage of disease at diag-
nosis was found. Subjects with C/C or C/G combined
genotypes at —137 site showed an increased risk of
being with Stages III-IV (OR=2.1 95% CI: 1.2-6.6)
(Table 6). In addition, subjects with the A allele at
—607 site had an increased risk, even not statistically
significant, of being with Stages III-IV (OR=1.4 95%
CI: 0.7-3.7).

Discussion

UCNT patients characteristically show a marked leu-
kocyte infiltration in tumor tissue. The mechanisms
involved in this process are still poorly understood, but
there is increasing evidence that the severity and
persistence of the local inflammatory response may be
related to an imbalance in the release of pro- and
anti-inflammatory cytokines at the site of tissue injury.
In particular, an increased production of IL-10 and
IL-18, two cytokines with different immunological
activity, was observed and their possible involvement in
the tumor growth was also hypothesized [14, 15, 22].
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Table 5 Odds Ratios (OR)* and corresponding 95% confidence intervals (95% CI) of UCNT according to distribution of —1082 geno-
types and alleles among EBV DNA-positive and -negative patients with UCNT (northern Italian population)

SNP, —1082 Control, UCNT EBV-positive, OR (95% CI) UCNT EBV-negative, OR (95% CI)
n=280, n (%) n=10, n (%) n=9, n (%)

Genotype

G/G 13 (16.3) 2 (20.0) 1® 4 (44.4) 1®

G/A 33 (41.2) 4 (40.0) 0.8 (0.1-4.9) 5 (55.6) 0.6 (0.1-2.2)

A/A 34 (42.5) 4 (40.0) 0.8 (0.1-4.8) 0(-) -

Allele

A 101 (63.1) 12 (60.0) 1° 5(27.8) 1°

G 59 (35.3) 8 (40.0) 1.1 (0.3-3.4) 13(72.2) 3.3 (1.2-9.8)

# Estimates from multiple logistic regression models including terms for age, gender

Reference category

Although the complex mechanisms of cytokine pro-
duction remain largely undetermined, host genetic fac-
tors are believed to play an important role.

We, therefore, investigated functionally relevant ge-
netic variants in the IL-10 and IL-18 promoter region as
possible markers of genetic susceptibility and clinical
outcome of UCNT. In this study, we characterized, by
genotypic analysis of three IL-10 SNPs and two IL-18
SNPs, 89 Italian UCNT patients and 130 healthy controls.

Our data disclosed findings of some interest regarding
the role of immunogenetic factors in UCNT. First,
similar genetic frequencies of the three IL-10 gene
polymorphisms were found among UCNT patients and
healthy donors in both geographic areas. Furthermore,
in case-to-case comparison by stage of the disease, no-
correlation between IL-10 genetic variants and tumor
features was found (data not shown). These data seem to
exclude a role for IL-10 gene polymorphisms alone as a
predisposing factor for the development of disease and
its severity.

Secondly, despite the likely association between IL-10
and severity of EBV infection, the UCNT patients (from
northern Italy) whose serum was EBV DNA-negative,
had a borderline statistically significant increase in fre-
quency of IL-10 —1082G allele. This result could be
confounded by the presence of an association between
EBV viremia and the stage at diagnosis. However,
within our data, such association was not confirmed.
Moreover, the previous borderline association found
between IL-10 polymorphism and EBV DNA viremia,
although conducted in a small number of patients, is in
keeping with the other recently published data on gastric
cancer [39]. The pleiotropic effects mediated by IL-10

can only partially explain these findings. In fact, it has
been established that this cytokine may promote
important immunosuppressive effects, including down-
regulation of MHC class I and class II expression,
inhibiting cytotoxic and the production of pro-inflam-
matory cytokines, such as IL-1, TNF and IL-6. High
IL-10 levels would allow lower production rates of
these cytokines which may act as mediators of virus
reactivation from latent state [17]. Among the patients
carrying G allele, a higher IL-10 production may be
hypothesized to down-regulate the EBV-specific CTL
response with a related reduced apoptosis with no or
limited EBV DNA release from tumor cells. In fact, it
has been recently reported that, in UCNT, apoptosis
seems to be one of the main mechanisms responsible for
the presence of free circulating EBV DNA [8§].

Although we could not demonstrate a direct positive
association between IL-10 polymorphism and EBV
DNA viremia, our results may stimulate further studies
on the possible role of a differential production of IL-10
alone or in concert with other cytokines and growth
factors, leading to a better understanding of the viral
mechanisms involved into UCNT oncogenesis.

With regard to IL-18 polymorphisms, we observed
that subjects with AA genotype at —607 position, showed
a nearly statistically significant risk of UCNT. Further-
more, patients with C/C or C/G combined genotypes at
—137 site were at increased risk of being with advanced
stage of disease. This association could be a consequence
of a lower IL-18 gene transcription and protein produc-
tion due to disruption of the H4TF-1 nuclear factor
binding site, as a result of the C allele. Because inflam-
matory cytokines like IL-18 are known to inhibit IL-10

Table 6 Odds Ratios (OR)*

and corresponding 95% UCNT
confidence interval (95% CI) of -
Stage III + IV vs Stage 1+11 Variable STAGE (I-II) STAGE (III-1V) OR (95% CI)
UCNT according to 1L-18 N= 30, N (%) N= 53, N (%)
polymorphisms in the Italian
population Genotype
o . Position —137 G/G 19 (63.3) 23 (43.3) 1
Estimates from multiple lo- C- 11 (36.7) 30 (56.6) 2.1 (1.2-6.6)
gistic regression models includ- Allele
ing terms for age, gender, and  position ~607 C 37 (61.7) 54 (50.9) 1
population’s origin A 23 (38.3) 52 (49.1) 1.4 (0.7-3.7)

b Reference category




synthesis in vivo, a reduced production of IL-18 could
allow an enhanced IL-10 secretion that seems to repre-
sent one of the mechanisms allowing UCNT cells to es-
cape local antitumor immune responses [6, 15, 40].

However, these borderline associations could be due
to a linkage disequilibrium between these marker loci
and a potential UCNT susceptibility site in the IL-18
gene or nearby gene. Furthermore, the relatively small
size of the study indicates that the power to detect any
association is low. Thus, the few statistically significant
associations found are potential clues for further inves-
tigation.

In conclusion, this is the first study investigating the
possible role of IL-18 and IL-10 polymorphisms in
affecting the development and clinical outcome of
UCNT. In our genetic analysis there is no evidence for
an involvement of IL-10 promoter polymorphisms alone
in the genetic predisposition to this tumor. On the other
hand, IL18 genetic variants may represent a genetic risk
factor for tumor aggressiveness.

However, it must be taken into account that our re-
sults refer to UCNT patients from a non-endemic area
and consequently they are not representative of all
UCNT. Consistent with epidemiological studies indi-
cating that the susceptibility genes for UCNT might not
be identical in different geographic areas [11], we believe
that further and larger studies in different ethnic popu-
lations may help to elucidate whether IL-10 and IL-18
polymorphisms may constitute markers of predictive/
prognostic value in this EBV- associated malignancies.

Acknowledgements The authors wish to thank Dr. Massimo Libra
for collaborating in the study with providing blood samples from
healthy donors in the South of Italy; Dr. Alessia Marus for
excellent laboratory technical assistance; Mrs. Luigina Mei for
editing the manuscript.

References

1. Agarwal P, Oldenburg MC, Czarneski JE, Morse RM, Hameed
MR, Cohen S, Fernandes H (2000) Comparison study for
identifying promoter allelic polymorphism in interleukin 10 and
tumor necrosis factor alpha genes. Diagn Mol Pathol 9:158-164

2. Baumforth KR, Young LS, Flavell KJ, Constantinidou C,
Murray PG (1999) The Epstein-Barr virus and its association
with human cancers. Mol Pathol 52:307-322

3. Behars OH, Henson DE, Hutter RVP, Kennedy BJ (1992)
Pharynx 33-8. In: manual for staging of cancer. JB Lippincott,
Philadelphia

4. Blackwell JM (2001) Genetics and genomics in infectious
disease susceptibility. Trends Mol Med 7:521-526

5. Breslow NE, Day NE (1980) Statistical methods in cancer
research, vol 1. The analysis of case-control studies. IARC Sci
Publ 32:335-338

6. Budiani DR, Hutahaean S, Haryana SM, Soesatyo MH,
Sosroseno W (2002) Interleukin-10 levels in Epstein-Barr virus-
associated nasopharyngeal carcinoma. J Microbiol Immunol
Infect 35:265-268

7. Cardoso SM, DeFor TE, Tilley LA, Bidwell JL, Weisdorf DJ,
MacMillan ML (2004) Patient interleukin-18 GCG haplotype
associates with improved survival and decreased transplant-
related mortality after unrelated-donor bone marrow trans-
plantation. Br J Haematol 126:704-710

20.

21.

22.

23.

24.

25.

26.

217.

29

. Chan KC, Zhang J, Chan AT, Lei KI, Leung SF, Chan

LY, Chow KC, Lo YM (2003) Molecular characterization
of circulating EBV DNA in the plasma of nasopharyngeal
carcinoma and lymphoma patients. Cancer Res 63:2028-
2032

. Comar M, Simonelli C, Zanussi S, De Paoli P, Vaccher E,

Tirelli U, Giacca M (1997) Dynamics of HIV-1 mRNA
expression in patients with long-term nonprogressive HIV-1
infection. J Clin Invest 100:893-903

. Cooke GS, Hill AV (2001) Genetics of susceptibility to human

infectious diseases. Nat Rev Genet 2:967-977

. Crawford DH (2001) Biology and disease associations of Ep-

stein-Barr virus. Philos Trans R Soc Lond B Biol Sci 356:461—
473

. Eskdale J, Kube D, Gallagher G (1996) A second polymorphic

dinucleotide repeat in the 5" flanking region of the human IL10
gene. Immunogenetics 45:82-83

. Eskdale J, Gallagher G, Verweij CL, Keijsers V, Westendorp

RG, Huizinga TW (1998) Interleukin 10 secretion in relation to
human IL-10 locus haplotypes. Proc Natl Acad Sci U S A
95:9465-9470

. Fliss-Jaber L, Houissa-Kastally R, Bouzouita K, Khediri N,

Khelifa R (2004) Cytokine and immunoglobulin production by
PWM-stimulated peripheral and tumor-infiltrating lympho-
cytes of undifferentiated nasopharyngeal carcinoma (NPC)
patients. BMC Cancer 4(1):68-77

. Fujieda S, Lee K, Sunaga H, Tsuzuki H, Ikawa H, Fan GK,

Imanaka M, Takenaka H, Saito H (1999) Staining of inter-
leukin-10 predicts clinical outcome in patients with nasopha-
ryngeal carcinoma. Cancer 85:1439-1445

. Giedraitis V, He B, Huang WX, Hillert J (2001) Cloning and

mutation analysis of the human IL-18 promoter: a possible role
of polymorphisms in expression regulation. J Neuroimmunol
112:146-152

. Haanpaa M, Nurmikko T, Hurme M (2002) Polymorphism of

the IL-10 gene is associated with susceptibility to herpes zoster.
Scand J Infect Dis 34:112-114

. Helminen M, Kilpinen S, Virta M, Hurme M (2001) Suscep-

tibility to primary EBV infection is associated with IL-10 gene
promoter polymorphism. J Infect Dis 184:777-780

. Herrmann K, Niedobitek G (2003) Epstein-Barr virus- associ-

ated carcinomas: facts and fiction. J Pathol 199:140-145
Hohler T, Kruger A, Gerken G (1998) A TNF-alpha promoter
polymorphism is associated with chronic hepatitis B infection.
Clin Exp Immunol 11:579-582

Howell WM, Turner SJ, Bateman AC, Theaker JM (2001) IL-
10 promoter polymorphisms influence tumor development in
cutaneous malignant melanoma. Genes Immun 2:25-31

Hu H, Tang KF, Chua YN, LuJ, Feng P, Chew CT, Chan SH
(2004) Expression of interleukin-18 by nasopharyngeal carci-
noma cells: a factor that possibly initiates the massive leukocyte
infiltration. Hum Pathol 35:722-728

Hurme M, Lahdenpohja N, Santtila S (1998) Gene polymor-
phisms of interleukins 1 and 10 in infectious and autoimmune
diseases. Ann Med 30:469-73

Janssen R, Grutters JC, Ruven HJ, Zanen P, Sato H, Welsh
KI, du Bois RM, van den Bosch JM (2004) No association
between interleukin-18 gene polymorphisms and haplotypes in
Dutch sarcoidosis patients. Tissue Antigens 63:578-583
Karhukorpi J, Karttunen R (2001) Genotyping interleukin-
10 high and low producers with single-tube bidirectional
allele-specific amplification. Exp Clin Immunogenet 18:67—
70

Lio D, Scola L, Crivello A, Colonna-Romano G, Candore G,
Bonafe M, Cavallone L, Franceschi C, Caruso C (2002) Gen-
der-specific association between —1082 IL-10 promoter poly-
morphism and longevity. Genes Immun 3:30-33

Lo YM, Chan LY, Chan A, Leung S, Lo K, Zhang J, Lee J,
Hjelm M, Johnson P, Huang D (1999) Quantitative and tem-
poral correlation between circulating cell-free EBV-DNA and
tumor recurrence in nasopharingeal carcinoma. Cancer Res
59:5452-5455



30

28.

29.

30.

31

32.

33.

Muti G, Klersy C, Baldanti F, Granata S, Oreste P, Pezzetti L,
Gatti M, Gargantini L, Caramella M, Mancini V, Gerna G,
Morra E (2003) EBV load and IL-10 in EBV-positive and EBV-
negative post-transplant lymphoproliferative disorders. Br J
Haematol 122:927-33

Mutirangura A, Pornthanakasem W, Theamboonlers A, Sriu-
ranpong V, Lertsanguanisinchi P, Yenrudi S, Voravud N, Su-
phyabun P, Poovorawan Y (1998) Epstein-Barr viral DNA in
serum of patients with nasopharingeal carcinoma. Clin Cancer
Res 4:665-669

Poli F, Nocco A, Berra S, Scalamogna M, Taioli E, Longhi E,
Sirchia G (2002) Allele frequencies of polymorphisms of
TNFA, IL-6, IL-10 and IFNG in an Italian Caucasian popu-
lation. Eur J Immunogenet 29:237-240

Pratesi C, Bortolin MT, D’Andrea M, Vaccher E, Barzan L,
Bidoli E, Tedeschi R, Zanussi S, De Paoli P (2003) Quantitative
plasma/serum EBV DNA load by LMP2a determination in an
Italian cohort of NPC patients. J Clin Virol 28:155-164

Scola L, Crivello A, Marino V, Gioia V, Serauto A, Candore
G, Colonna-Romano G, Caruso C, Lio D (2003) IL-10 and
TNF-alpha polymorphisms in a sample of Sicilian patients
affected by tuberculosis: implication for ageing and life span
expectancy. Mech Ageing Dev 124:569-572

Shanmugaratnam K, Sobin LH (1991) Histological typing of
tumors of the upper respiratory tract and ear. World Health
Organization: international histological classification of tu-
mors. Springer Berlin Heidelberg New York

34.

35.

36.

37.

38.

39.

40.

41.

Stassen NA, Breit CM, Norfleet LA, Polk HC Jr (2003) IL-18
promoter polymorphisms correlate with the development of
post-injury sepsis. Surgery 134:351-356

Terwilliger JD, Ott J (1994) Linkage disequilibrium between
alleles at marker loci 188-193. In: Handbook of human genetics
linkage. The John Hopkins University Press, Baltimore
Turner DM, Williams DM, Sankaran D, Lazarus M, Sinnott
PJ, Hutchinson IV (1997) An investigation of polymorphism in
the interleukin-10 gene promoter. Eur J Immunogenet 24:1-8
Uboldi de Capei MU, Dametto E, Fasano ME, Rendine S,
Curtoni ES (2003) Genotyping for cytokine polymorphisms:
allele frequencies in the Italian population. Eur J Immunogenet
30:5-10

Vokes EE, Liebowitz DN, Weichselbaum RR (1997) Naso-
pharingeal carcinoma. Lancet 350:1087-1091

Wu M, Huang S, Shun T, Chang M, Lin M., Wang P, Lin J
(2002) TNF-a and IL-10 promoter polymorphisms in EBV-
associated gastric carcinoma. J Infect Dis 185:106-109

Yao M, Ohshima K, Suzumiya J, Kume T, Shiroshita T, Ki-
kuchi M (1997) Interleukin-10 expression and cytotoxic-T-cell
response in Epstein-Barr-virus-associated nasopharyngeal car-
cinoma. Int J Cancer 72:398-402

Zanussi S, Vaccher E, Caffau C, Pratesi C, Crepaldi C, Bortolin
MT, Tedeschi R, Politi D, Barzan L, Tirelli U, De Paoli P
(2003) Interferon-y secretion and perforin expression are im-
paired in CD8+ lymphocytes from patients with UCNT.
Cancer Immunol Immunother 52:28-32



	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Tab1
	Sec6
	Sec7
	Sec8
	Sec9
	Sec10
	Tab2
	Sec11
	Sec12
	Sec13
	Tab3
	Tab4
	Tab5
	Tab6
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32
	CR33
	CR34
	CR35
	CR36
	CR37
	CR38
	CR39
	CR40
	CR41

