










  
 



 



  
 



  
 



  
 

ALT Alternative length of telomeres 

aOR Adjusted odds ratio 

AR Attributable proportion 

BC Breast cancer 

CCND1 Cyclin D1 

CDK Cyclin dependent kinases 

CYP Cytochrome P450 superfamily 

EBV Epstein-barr virus 

fcDNA Free circulating DNA 

GST Glutathione S-transferase family 

HLA Human Leucocyte Antigen 

HPV Human Papillomavirus 

HSIL High-grade squamous intraepithelial lesion of the cervix 

hTERT Catalytic subunit of human telomerase reverse transcriptase 

hTR RNA template of  human telomerase reverse transcriptase 

KRAS v-Ki-Ras2-Kirsten rat sarcoma viral oncogene homolog 

LSIL Low-grade squamous intraepithelial lesion of the cervix 

NFkB Nuclear factor kappa B 

NPC Nasopharyngeal carcinoma 

NSCLC Non-small cell lung cancer 

OR Odds ratio 

OVCC Oncogenic virus-associated cervical cases 

OVNC Oncogenic virus-associated nasopharyngeal cases 

PCR Polymerase chain reaction 

PGx Pharmacogenomics 

pRB Retinoblastoma protein 

PRF Percentage of risk factor 

RFLP Restriction Fragment Lenght Polymorphism 

RNS Reactive nitrogen species 

ROS Reactive oxigen species 

UCNT Undifferentiated carcinoma of nasopharyngeal type 

WTOD Waiting time for onset of disease 
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Quantification of Free Circulating Tumor DNA as a
Diagnostic Marker for Breast Cancer

Raquel Catarino,1,2,* Maria M. Ferreira,1,* Helena Rodrigues,3 Ana Coelho,1

Ana Nogal,1 Abreu Sousa,4 and Rui Medeiros1,5

Aim: To determine whether the amounts of circulating DNA could discriminate between breast cancer patients
and healthy individuals by using real-time PCR quantification methodology. Methods: Our standard protocol for
quantification of cell-free plasma DNA involved 175 consecutive patients with breast cancer and 80 healthy
controls. Results: We found increased levels of circulating DNA in breast cancer patients compared to control
individuals (105.2 vs. 77.06 ng=mL, p < 0.001). We also found statistically significant differences in circulating
DNA amounts in patients before and after breast surgery (105.2 vs. 59.0 ng=mL, p¼ 0.001). Increased plasma cell-
free DNA concentration was a strong risk factor for breast cancer, conferring an increased risk for the presence of
this disease (OR, 12.32; 95% CI, 2.09–52.28; p < 0.001). Conclusions: Quantification of circulating DNA by real-time
PCR may be a good and simple tool for detection of breast cancer with a potential to clinical applicability
together with other current methods used for monitoring the disease.

Introduction

Breast cancer (BC) is the most common cancer in the
Western female population with more than 1,152,161 of

new cases each year and 411,093 cancer deaths per year (Ka-
mangar et al., 2006). The world age-standardized incident rate
in the year 2000 was 35.7 per 100,000 individuals (Baselga and
Norton, 2002). This disease represents the second leading
cause of death by cancer. Although its incidence rate has been
clearly increasing, due to population aging, the mortality rate
has not increased in the same proportion. Estimates from
randomized clinical trials and population-based models
suggest that early detection and improved treatment might
reduce breast cancer mortality rates by 25–30% (Kamangar
et al., 2006). For this reason, there is a need to develop new
approaches that may facilitate earlier diagnosis and more ef-
fective treatments.

Increased knowledge of molecular pathogenesis of breast
cancer offers a basis for the use of molecular markers in
biologic fluids for early detection, as well as identification of
higher-risk individuals.

The presence of extracellular nucleic acids in the human
bloodstream was first described in 1948 by Mandel and Mé-
tais (Mandel and Métais, 1948). In recent years, many studies

identified genetic alterations in cell-free circulating DNA
(fcDNA) from plasma or serum and tumor DNA in many
tumor types, such as lung cancer (Esteller et al., 1999), breast
cancer (Silva et al., 1999), colon cancer (Anker et al., 1997;
Kopreski et al., 1997; Hibi et al., 1998), and liver cancer (Wong
et al., 1999). The genetic alterations include K-ras, N-ras, and
p53 gene mutations, aberrant promoter hypermethylation of
tumor suppressor genes, and changes in microsatellites de-
tected by polymorphic markers. Other types of circulating
nucleic acids, such as viral DNA, mitochondrial DNA, and
mRNA, constitute promising tumor biomarkers, as well as
free circulating DNA.

Previous studies indicate that circulating nucleic acids in
peripheral blood are originated from tumors, through apo-
ptosis, necrosis, or cell lysis of tumor cells (Anker et al., 1999;
Gautschi et al., 2004). Some authors indicate that fcDNA shows
the typical ladder profile of apoptotic cells ( Jahr et al., 2001).
However, it is common to detect large, quasi-genome-size
DNA fragments, which can be explained by the lysis of cir-
culating tumor cells (Gautschi et al., 2004; Gormally et al.,
2007). The presence of tumor DNA in blood is probably the
result, in variable proportions, of these different mechanisms,
such as apoptosis, necrosis, cell lysis, and circulating tumor
cells lysis, which produce DNA leakage or excretion.
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There are multiple potential uses for fcDNA quantifica-
tion in cancer diagnosis and prognosis. For instance, it may
represent a valuable source of tumor DNA when the exact
position of a suspected primary lesion is not clearly defined,
or when biopsies are not available (Gormally et al., 2007).
However, direct comparison of the available data is often
prevented by differences in the parameters analyzed, and by
lack of standardized methodology and analysis procedures.
Any future application of plasma or serum DNA analysis
for diagnostic purposes will depend on the reproducibility
and reliability of results, both of which require optimiza-
tion and equivalent procedures. For this study, we selected an
assay designed for the human telomerase reverse transcrip-
tase (hTERT) genomic sequence that was performed consis-
tently in a previous study (Sozzi et al., 2003). Amplification
of hTERT was therefore used as a marker of the total amount
of DNA present in plasma samples. Our working hypothesis
was based on the use of a single-copy gene, such as hTERT, as
an indicator of the global amount of circulating DNA.

The quantitative analysis fcDNA in plasma may constitute
an important noninvasive diagnostic tool, requiring only a
limited blood sample.

The purpose of our study was to determine whether the
amounts of circulating DNA could discriminate between
breast cancer patients and healthy individuals by using real-
time PCR-based DNA quantification methodology and de-
termine the kinetics of circulating plasma DNA in surgically
treated patients.

Materials and Methods

Patients and controls series

We evaluated the amount of fcDNA in plasma samples of
255 women, including 175 consecutive patients with breast
cancer, subjected to breast surgery and 80 healthy controls,
admitted at the Portuguese Institute of Oncology, Porto. Pa-
tients with a confirmed diagnosis of breast cancer and healthy
individuals gave their informed consent to be included in the
study.

Sample collection and DNA isolation

A 5 mL sample of peripheral blood extracted from each
patient was collected in tubes containing EDTA, and plasma
was immediately separated from the cellular fraction by cen-
trifugation at 2500 rpm for 10 min at 48C. The resulting su-
pernatant (plasma) was frozen at �808C. DNA was extracted
from plasma by using QIAamp DNA Mini kit (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol. The pu-
rified DNA from 200mL of plasma was eluted in a final volume
of 70mL of buffer AE used for the elution and stored at�208C.

DNA quantification in plasma

The quantification of fcDNA was performed by a real-time
quantitative PCR method, based on a continuous monitoring
of fluorescence by an optical system (Heid et al., 1996). The
probe is labeled by two fluorescent dyes, one serves as a re-
porter on 50 end (VIC dye; Applied Biosystems, Foster City,
CA). The emission spectrum of the dye is quenched by a
second fluorescent dye at the 30 end (TAMRA; Applied Bio-
systems). Primers and probes were designed previously by
Sozzi et al. to amplify the gene of interest, the hTERT single-

copy gene mapped on 5p15.33 (Sozzi et al., 2003). The primers
and probe’s sequences were the following: primer forward, 50-
GGC ACA CGT GGC TTT TCG-30; primer reverse, 50-GGT
GAA CCT CGT AAG TTT ATG CAA-30; probe, VIC50-TCA
GGA CGT CGA GTG GAC ACG GTG-30 TAMRA.

Fluorogenic PCRs were carried out in a reaction volume of
25 mL in a 7300 ABIPRISM System (Applied Biosystems). Each
PCR reaction consisted of TaqMan Universal Mastermix
(Applied Biosystems), probe (7.5 mmol=L), primer forward
(5 mmol=L), primer reverse (5 mmol=L), and sterile water.
DNA solution (2.5 mL) was used in each real-time PCR reac-
tion. Thermal cycling was initiated with a first denaturation
step of 508C for 2 min and then 958C for 10 min followed by 50
cycles of denaturation at 958C for 15 s and annealing and ex-
tension at 608C for 1 min. Each plate consisted of patient
samples in duplicates and triplicate blanks of water as nega-
tive control. The calibration curve of each plate was calculated
based on a dilution series of the TaqMan Control Human
Genomic DNA Standard (Applied Biosystems) at 10 ng=mL: 1,
0.1, 0.01, 0.001 and 0.0001 ng=mL. All the data were analyzed
using the 7300 System–SDS Software (version 1.2.3) Sequence
Detection Software (Applied Biosystems).

Statistical analysis

Data analysis was performed using the computer software
SPSS for Windows (version 12.0) (SPSS, Chicago, IL).

Linear amplification down to the last dilution was ob-
tained in each experiment (Pearson correlation coefficient,
0.999 to 0.995).

DNA concentrations between healthy controls and pa-
tients were compared using the Mann–Whitney U-test. The
Kruskal–Wallis test was used to compare DNA levels and
patients’ clinical-pathological characteristics. p # 0.05 was
considered statistically significant.

Chi-square analysis was used to compare categorical vari-
ables, and a 5% level of significance was used in the analysis.
The odds ratio (OR) and its 95% confidence interval (CI) were
calculated as a measurement of the association between the
amount of fcDNA and probability of breast cancer presence.
Logistic regression analysis was used to calculate the ad-
justed OR (aOR) and 95% CI, with adjustment for age. We
established fcDNA concentration cut-off values, according to
the patients’ distribution percentiles. For p50 (median fcDNA
concentration—high fcDNA concentration), the DNA concen-
tration was 106.0 ng=mL, and for p75 (very high fcDNA
concentration), the DNA concentration was 171.6 ng=mL.

The probabilities of survival were calculated, and the means
and life tables were computed using the product-limit estimate
of Kaplan and Meier. The curves were examined by the Bre-
slow (generalized Wilcoxon) test, a statistical test for equality
of survival distributions. Survival duration was defined as the
time between diagnosis and either death or the last clinical
evaluation of the patient. Clinical-pathological data and cause
of death were determined from the patient’s medical records.

Results

Patients’ clinical-pathological parameters
and circulating DNA levels

Our study was developed to investigate fcDNA by a real-
time PCR quantitative approach, performing all the technical
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ied in more detail (Silva et al., 2002; Gautschi et al., 2004;
Fleischhacker and Schmidt, 2007). A number of methods have
been described to assess the amount of DNA present in
plasma, including competitive binding radioimmunoassay,
SYBER green, PicoGreen, and others, but most lack the sen-
sitivity and specificity required.

To measure with greater accuracy the fcDNA amount, a
quantification approach based on real-time PCR was devel-
oped. A single-copy gene, the amplification of which is spe-
cific and robust, represents the ideal target for DNA-based
quantitative real-time PCR assay. This assay is a specific and
sensible method, providing an accurate quantification of low
plasma DNA concentrations and minimizes the risk of carry-
over contamination of the post-PCR processing from conven-
tional PCR (Sozzi et al., 2003). There are promising results in
recent studies performed in lung cancer models, using a more
accurate method to measure the amount of free circulating
DNA by real-time PCR (Sozzi et al., 2003; Gautschi et al., 2004).
In the present work, we used real-time PCR for DNA quan-
tification, which can be regarded as the standard method
currently available.

In our study, there were no statistically significant differ-
ences in fcDNA concentrations between probands in differ-
ent histological groups and tumor stages (Table 2), and these
results could be due to insufficient study power. However,
there is some controversy in the relationship between DNA
levels and the clinical-pathological features (Ziegler et al.,
2002). Our results are in agreement with the observations
found in other studies regarding the lack of correlation be-
tween plasma DNA levels and clinical-pathological param-
eters (Gautschi et al., 2004).

We found increased levels of circulating DNA in breast
cancer patients compared to control individuals. Similar re-
sults were also found in other studies, with higher DNA
plasma concentrations found in breast cancer patients when
compared to healthy individuals (Gal et al., 2004; Huang et al.,
2006; Skvortsova et al., 2006). Although the DNA concentra-
tion values measured in these studies were lower, this dif-
ference could be due to the different experimental procedures
used. We also found statistically significant differences in
circulating DNA amounts in patients before and after breast
surgery (105.2 vs. 59.0 ng=mL, p¼ 0.001). Our results are in
agreement with the findings of a previous study (Sozzi et al.,
2001). Sozzi et al. demonstrate that a relevant drop in DNA
levels is already visible at 1–6 months after tumor removal
and reaches the level observed in normal healthy subjects.
These data suggest that in tumor-free patients, plasma DNA
either is released at lower rates or is rapidly degraded.

The difference in plasma DNA levels between patients and
controls is concordant with the results of other quantitative
studies in other cancer models (Sozzi et al., 2003; Gautschi
et al., 2004). According to the majority of the quantitative
studies performed until present, fcDNA is observed in healthy
subjects at concentrations between 0 and 100 ng=mL of blood
with an average of 30 ng=mL, whereas in cancer patients the
concentration in plasma or in serum varies between 0 and
1000 ng=mL, with an average of 180 ng=mL (Gormally et al.,
2007). However, these values constitute just a reference to
evaluate cell-free DNA concentrations, as the percentage of
circulating DNA originated from tumor cells can vary from
one cancer model to another (Gormally et al., 2007). The
plasma DNA concentrations observed in this study were

similar to the cell-free DNA level averages described in the
literature.

Increased plasma fcDNA concentration was associated
with a higher probability of breast cancer presence. To our
knowledge, similar OR values were never reported previ-
ously for any biologic marker and could be of substantial
benefit in clinical practice.

High plasma DNA levels were also associated with de-
creased overall survival ( p¼ 0.043). Although there are
conflicting results (Gal et al., 2004), similar results were found
with significant associations between high plasma DNA
levels and decreased patients’ survival (Gautschi et al., 2004;
Huang et al., 2006).

The purpose of our study was to determine whether the
amounts of circulating DNA could discriminate between
breast cancer patients and healthy individuals by using
real-time PCR-based DNA quantification methodology and
determine the kinetics of circulating plasma DNA in surgi-
cally treated patients.

A recent study has demonstrated that the levels of cell-free
DNA present in cancer patients constitute a stable parameter
over time and its variations may be due to real clinical alter-
ations in the patient, as long as all the technical and meth-
odological steps are controlled (Frattini et al., 2005). Therefore,
it becomes important to carefully monitor the methods for
blood sampling, plasma DNA isolation, and DNA quantifi-
cation. Some quantification methods, such as colorimetric
kits, are not based on the amount of amplifiable DNA but in
the total amount of nucleic acids, which can include double-
stranded and single-stranded DNA and RNA. Therefore, the
results can vary significantly, and the best option is, in our
opinion, the quantification by real-time PCR (Sozzi et al.,
2003). The differences of the results observed in literature may
also reflect biological causes (histology, tumor origin, stage, or
tumor size) or technical issues (blood processing, cell-free
DNA isolation, and quantification). There are insufficient data
for the comparison of all these parameters between different
types of cancer, as it is still unclear whether all types of cancer
can release altered cell-free DNA and at the same rate (Gor-
mally et al., 2007). It has been demonstrated that clearance
of cell-free DNA from the bloodstream seems to be a rapid
process, and one possible explanation is based on the cell-free
DNA sensibility to plasma nucleases, such as DNAse1 (Lo
et al., 1999). Moreover, a recent study has demonstrated that
for a patient with a tumor load of 100 g in size, up to 3.3% of
the tumor DNA entered the circulation every day (Diehl et al.,
2005). In another study, mutations in TP53 or KRAS2 were
detected in whole blood at least 1 year before diagnosis in 67%
of patients, which indicates that tumor DNA is released in
blood before conventional diagnosis and enhances the im-
portance of this marker in cancer prevention (Mao et al., 1994).

Conclusions

This study demonstrates that higher levels of free circu-
lating DNA can be detected in patients with breast cancer
compared to healthy individuals by a quantitative PCR assay.

Although some concerns regarding the sample size and age
of case and control groups need to be evaluated, this study
suggests a noninvasive diagnostic tool that can be further
investigated in future prospective studies for detection of
breast cancer and assessment of its potential applicability as a
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complementary diagnostic tool in clinical practice. We believe
that our results may help to improve discussion between re-
searchers in the field and that different methodological ap-
proaches must be considered regarding the real meaning of
fcDNA in breast cancer patients.

Levels of circulating DNA could also identify higher-risk
individuals for this disease screening and chemoprevention
trials. Further, plasma DNA could also be used to detect cancer
specific molecular markers, such as mutations and amplifica-
tions, and individualize and monitor drug treatment, namely,
resistance to targeted therapies without the need for repeated
tumor biopsies in metastatic disease.

We found a significant decrease in the overall survival for
higher concentrations of fcDNA and a very significant in-
crease in the patients’ risk for the presence of breast cancer in
women with high fcDNA levels. fcDNA may represent an
important source of biomarkers at several steps of carcino-
genesis, including early detection of preneoplastic lesions
and monitoring of cancer. Moreover, levels of plasma DNA
could be tested as a potential intermediate biomarker of the
efficacy of intervention.

Large-scale prospective studies are necessary for
population-based studies and molecular epidemiologic stud-
ies to implement a clinical application in breast cancer
detection, diagnosis, prognosis, and prediction of treatment
response.
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Mandel, P., and Métais, P. (1948). Les acides nucléiques du
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Purpose: Lung cancer is the leading cause of death in oncologic patients of western countries, with very
low survival rates. Telomerase main components are the catalytic subunit (hTERT) and the RNA template
(hTR). A functional polymorphism in the hTERT gene was found in the promoter region (−1327T/C), and
individuals homozygous for the −1327C/C genotype present shorter telomere length compared with
T-carrier genotypes. Our purpose was to investigate the potential prognostic role of the hTERT functional
genetic variant in non–small cell lung cancer (NSCLC) patients.
Experimental Design: We prospectively conducted a study involving 226 patients with NSCLC treated

with a first-line chemotherapeutic standard protocol. A follow-up studywas undertaken (median follow-up
time, 26 months) to evaluate treatment response and overall survival of NSCLC patients. The hTERT
−1327T/C genetic variants were analyzed by allelic discrimination with real-time PCR.
Results: Our results indicate an influence of the telomerase genetic variants in the overall survival

of NSCLC patients. Cox regression analysis showed a significantly higher median estimated cumulative
survival of 26.5 months in T-carrier patients, compared with that of 19.3 months in CC patients (hazard
ratio, 0.52; 95% confidence interval, 0.35-0.77; P = 0.001).
Conclusions: Telomerase functional polymorphism in the hTERT gene may contribute as a prognostic

factor in NSCLC patients. Our findings indicate that hTERT genetic variants, by modulating telomere
length, may confer an advantage in chemotherapy response. The assessment of telomerase genetic
variants could supplement prognosis of survival in the course of NSCLC and may be a promising mole-
cular marker of treatment response in these patients. Clin Cancer Res; 16(14); 3706–12. ©2010 AACR.
Lung cancer is the leading cause of death in oncologic
patients in western countries (1). Approximately 85%
of lung cancer patients have a histologic diagnosis of
non–small cell lung cancer (NSCLC). Due to the delay
in clinical diagnosis, only a relatively small proportion
of patients (20-25%) have a resectable disease at presenta-
tion and the 5-year estimated survival rates are disappoint-
ing (2–4). Therapeutic failure and the side effects of
anticancer therapy remain very important issues for future
research (5). Therefore, the study of tumor and patient
genetic profiles, relative to drug-related genes, may offer
new opportunities for tailoring treatments.
Telomeres are repetitive, noncoding DNA [TTAGGG]

elements at the ends of chromosomes. Telomerase is a
multimeric ribonucleoprotein complex consisting of at
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least a functional RNA (hTR) that contains the template
region complementary to the telomeric sequence and a
reverse transcriptase protein component (hTERT) that
catalyzes the addition of telomeric repeats to the ends of
chromosomes (6–9). In most human somatic cells, telo-
meres become shorter with each cell division due to
incomplete lagging DNA strand synthesis and oxidative
damage (10, 11). Telomere lengths are affected by their
starting set points, the cellular activity of telomerase, the
cell's history of cell division, and environmental effects.
Among the different molecular factors implicated in carci-
nogenesis, telomere dysfunction emerges as an early event
associated with genetic instability. Genetic integrity is
gradually lost as telomeres progressively become shorter
with each cell replication cycle (12). This telomere short-
ening is a result of end-replication problems caused by
DNA polymerase having difficulty in replicating the very
ends of linear DNA. Telomere shortening may induce cells
to undergo apoptosis or may induce chromosomal insta-
bility (10). In fact, telomere dysfunction (short telomeres)
has been associated with the initiation and progression of
human neoplasia (13).
Activations of the hTERT or alternate lengthening of

telomeres (ALT) pathways are obligate for senescence
bypass and for neoplastic transformation of normal cells (14).
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Translational Relevance

One of the main aims of clinical or translational
research in cancer is the search for genetic factors that
could foresee treatment outcomes, in biological acti-
vity and toxic effects. The assessment of telomerase
genetic variants could supplement prognosis of survi-
val in the course of non–small cell lung cancer and
may be a promising molecular marker of treatment
response in these patients. This genetic analysis might
allow the selection of patients who would have the
greatest benefit from chemotherapy. Furthermore, a
better knowledge of the underlying molecular profile
of the host and the tumor will facilitate screening for
lung cancer susceptibility and tailoring of chemother-
apy in individual patients, choosing those most likely
to respond, adjusting doses more precisely to reduce
less adverse effects, and establishing safety profiles
based on individual genetic analyses.

Telomerase Polymorphism in NSCLC Survival
Telomerase activity or hTERT expression or both are
increased in cancers and both are prognostic factors in
various cancer types (15–22). Furthermore, several studies
using animal models and human NSCLC tissues have
reported that TERT mRNA and TERT protein are over-
expressed in lung cancer biopsies compared with normal
lung tissues (23–25).
Although telomere shortening is inversely associated

with age, telomere length has been found to vary consid-
erably in human peripheral blood lymphocytes from
individuals of the same age (26, 27). Matsubara and col-
leagues (28) screened the promoter region of hTERT for
functional polymorphisms, and a frequent T to C transi-
tion was found 1,327 bp upstream the transcription start-
ing site (−1327T/C). Individuals homozygous for the
−1327C/C genotype showed lower telomerase activity
and shorter telomere length in their peripheral leucocytes
compared with the −1327T/T and −1327T/C genotypes.
The purpose of our study was to determine whether

hTERT genetic variants are of prognostic and/or predictive
value in NSCLC patients who have undergone a platin-
based doublet chemotherapy in combination with a
third-generation cytotoxic compound.
There are few studies regarding the hTERT −327T/C

polymorphism. So far, this genetic variant has been asso-
ciated with telomerase activity, telomere length, and coro-
nary artery disease development (28–30). To the best of
our knowledge this is the first study reporting a role of
these telomerase genetic variants in cancer, specifically in
NSCLC patients.

Materials and Methods

Study population
Starting in 1997, 226 consecutive Caucasian patients ad-

mitted to the Portuguese Institute of Oncology of Porto
www.aacrjournals.org
(IPO-Porto), Portugal, with cytologically or histologically
confirmed NSCLC, were prospectively recruited to the
study (median age, 63.5 years; mean age, 62.5 years; SD,
10.2). The recruited NSCLC patients were divided in two
groups, according to tumor stage and treatment of the
disease: stage I and II patients with surgical resection done
at IPO-Porto, and stages III and IV patients treated with
platinum-based chemotherapy between 1997 and 2009,
which had follow-up data. The patients were evaluated
according to the tumor-node-metastasis staging system,
and the assessment of tumor response to chemotherapy
was based on the Response Evaluation Criteria in Solid
Tumors. The first-line chemotherapeutic protocol con-
sisted of platin-based doublet chemotherapy in combina-
tion with a third-generation cytotoxic compound such as
paclitaxel, gemcitabine, or docetaxel. The chemotherapeu-
tic protocols were as follows: cisplatin (80 mg/m2 on
day 1) plus paclitaxel (175 mg/m2 on day 1 every
3 weeks); cisplatin (100 mg/ m2 on day 1) plus gemcita-
bine (1,250 mg/m2 on days 1 and 8 every 3 weeks);
carboplatin [area under curve (AUC) 6 on day 1] plus pac-
litaxel (175 mg/m2 on day 1 every 3 weeks); carboplatin
(AUC 6 on day 1) plus gemcitabine (1,000 mg/m2 on days
1 and 8 every 3 weeks).
The median follow-up time was 26 months (range,

1-135 months). Patients' distribution according to the
stage at the time of diagnosis was 29 patients (12.5%) pre-
senting localized disease (stages I and II) and 203 (87.5%)
with advanced disease (stages III and IV). Considering
the patients' gender, 49 (21.1%) were female and 183
(78.9%) were male individuals. Regarding smoking
habits, 63 (27.2%) were nonsmokers and 169 (72.8%)
were smokers or former smokers. For all patients, the his-
tologic type distribution was as follows: 87 patients
(37.5%) with epidermoid NSCLC, 112 (48.3%) with
NSCLC adenocarcinoma, and 33 (14.2%) with other
NSCLC histologic types.
This study was conducted according to Helsinki Decla-

ration principles. Antecubital peripheral venous blood
sample was collected from each subject at the time of
recruitment. DNA was extracted from peripheral blood
samples using the QIAamp DNA Mini Kit (Qiagen),
according to the manufacturer's protocol.

hTERT −1327 T/C genotyping
The hTERT −1327 T/C polymorphism (rs 2735940) was

analyzed by allelic discrimination with real-time PCR,
through the 5′-nuclease assay (TaqMan) using the ABI
Prism 7300HT Sequence Detection System (Applied Bio-
systems). Assay and PCR conditions were according to
the included protocol except that PCR was run on 10 ng
DNA in a 10 μL reaction volume. PCR plates were read
and data were analyzed using Allelic Discrimination Pro-
gram (SDS v2.1 software, Applied Biosystems).
Quality control procedures implemented for genotyp-

ing included double sampling in about 10% of the sam-
ples to assess reliability and the use of negative controls to
prevent false positives. Two authors independently
Clin Cancer Res; 16(14) July 15, 2010 3707
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reviewed the genotyping results, data entry, and statistical
analyses.

Statistical analysis
Genotype proportions among groups were compared

with Pearson χ2 test. Overall survival was the end point
of this analysis and was calculated from the date of diagno-
sis to the patient's date of death. Data were collected from
patients' medical records. The associations between hTERT
polymorphism and survival were estimated by Cox regres-
sion analysis. Cox regression models were used to adjust
for potential confounders with hTERT genotypes fitted as
indicator variables. Analysis of data was done using the
computer software SPSS for windows (version 13.0).

Results

Table 1 describes the genotype distributions of the
hTERT −1327C/T functional polymorphism among
NSCLC cases. The frequencies of CC, CT, and TT genotypes
were 0.25, 0.43, and 0.32, respectively. Using the recessive
model, we found the frequency of the CT and TT geno-
types (T-carrier genotypes) to be 0.75. Observed versus
expected genotype frequencies were calculated, and no
deviation from Hardy-Weinberg equilibrium was observed
(P = 0.33).
We found no statistically significant differences in geno-

type distributions according to the patients' clinicopatho-
logic characteristics, namely, histologic type (epidermoid
and nonepidermoid cases; P = 0.870) and tumor stage
Clin Cancer Res; 16(14) July 15, 2010
(stages I/II and III/IV; P = 0.837). Moreover, the hTERT ge-
notype frequencies did not differ significantly among
NSCLC cases considering smoking habits (smoker/former
smoker and nonsmoker cases; P = 0.061), gender (male and
female; P = 0.174), and age (age <64 years and >64 years;
P = 0.246).
Regarding survival analysis, Fig. 1 presents the Cox

regression analysis of survival curves of patients with III
and IV tumor stages considering hTERT genotypes. Using
a multivariate Cox regression model, we found an
increased overall survival time for T-carrier patients, when
compared with CC genotype, with histologic type (P =
0.523), gender (P = 0.691), smoking status (P = 0.707),
and age (P = 0.459) as covariates [hazard ratio (HR),
0.52; 95% confidence interval (95% CI), 0.35-0.77;
P = 0.001; Table 2). The median estimated cumulative
survival in T-carrier patients was significantly higher
at 26.5 months, compared with that of CC patients at
19.3 months (Fig. 1).
This difference was more evident when considering non-

epidermoid tumor histologic type, with a statistically signif-
icant increase in overall survival of patients with T-carrier
genotypes, compared with CC genotype, with an estim-
ated median overall survival of 29.8 months for T-carrier
patients and 19.3months for CCpatients (HR, 0.46; 95%CI,
0.27-0.78; P = 0.004), adjusted by gender (P = 0.689),
smoking status (P = 0.675), and age (P = 0.872; Fig. 2).
Regarding epidermoid histologic type, we found no as-

sociation between hTERT genotypes and overall survival
(HR, 0.53; 95% CI, 0.27-1.05; P = 0.068). We found no
Table 1. hTERT −1327C/T genotype frequencies among NSCLC patients, according to the patients'
characteristics
hTERT genotypes, n (%)
 P*
 hTERT genotypes, n (%)
Clinical Cancer Re

P

P*
CC
 CT
 TT
 CC
 T carrier
Histology

Epidermoid
 22 (26.2)
 35 (41.7)
 27 (32.1)
 0.870
 22 (26.2)
 62 (73.8)
 0.617

Nonepidemoid
 33 (23.2)
 63 (44.4)
 46 (32.4)
 33 (23.2)
 109 (76.8)
Stage

I/II
 8 (27.6)
 13 (44.8)
 8 (27.6)
 0.837
 8 (27.6)
 21 (72.4)
 0.731

III/IV
 50 (24.6)
 86 (42.4)
 67 (33.0)
 50 (24.6)
 153 (75.4)
Smoking habits

Yes
 48 (28.4)
 65 (38.5)
 56 (33.1)
 0.061
 48 (28.4)
 121 (71.6)
 0.050

No
 10 (15.9)
 34 (54.0)
 19 (30.1)
 10 (15.9)
 53 (84.1)
Gender

Male
 8 (16.3)
 26 (53.1)
 15 (30.6)
 0.174
 8 (16.3)
 41 (83.7)
 0.114

Female
 50 (27.3)
 60 (32,8)
 73 (39.9)
 50 (27.3)
 133 (72.7)
Age

<64 years
 25 (21.6)
 48 (41.4)
 43 (37.1)
 0.246
 25 (21.6)
 91 (78.4)
 0.225

>64 years
 33 (28.4)
 51 (44.0)
 32 (27.6)
 33 (28.4)
 83 (71.6)
All patients
 58 (25.0)
 99 (42.7)
 75 (32.3)
 58 (25.0)
 174 (75.0)
*χ2 test.
search
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association between hTERT genotypes and time to progres-
sion in stages III and IV NSCLC patients (P = 0.436; data
not shown).

Discussion

Telomerase has reverse transcriptase activity and the
ability to prolong telomeres; its main components are
the catalytic subunit (hTERT) and the RNA template
(hTR). The enzyme is active during embryonic develop-
ment but silenced in most somatic cells after birth (7).
Many malignant tumors show telomerase activity and
thereby telomere lengthening capacity (31).
Telomeres stabilize chromosome ends and prevent

them from undergoing degradation and recombination.
With increasing cell divisions, telomeres become shorter
due to incomplete replication of the lagging strand during
DNA synthesis. Under normal physiologic conditions, cell
cycle checkpoints such as pRB and TP53 control further
cellular activities by activating genetic programs of cell
cycle arrest, differentiation, or senescence. Moreover, when
telomeres become critically shortened and compromise
genomic stability, chromosome ends activate DNA dam-
age response pathways that can induce apoptosis (32).
In cancer, these mechanisms are often inactivated, and telo-
meres can become dysfunctional by several mechanisms,
such as loss or alterations of telomere-binding proteins
involved in telomere maintenance, and DNA damage
due, for example, to oxidative stress. Total loss of telomeric
DNA can promote the formation of end-to-end chromo-
some fusions that lack TTAGGG repeats at the fusion point.
Telomere loss may be compensated by the recombination-
based ALT pathway or, as seen in the majority of human
cancers, by the enzyme telomerase (8, 33).
Because of the general requirement for telomerase in

cancers, it is potentially a universal anticancer drug target.
Cisplatin selectively reduces telomerase activity in a specif-
www.aacrjournals.org
ic manner in tumor cells so that telomerase inhibition
might be a component of the efficacy of cisplatin in the
treatment of cancer. Interestingly, cisplatin-adduct forma-
tion in the telomere unit may block the telomerase reac-
tion, and DNA adducts of cisplatin may inhibit the
conventional replication of the telomere repeats (34).
hTERT mRNA expression seems to be most important

for telomerase activity, but alternative splicing, posttrans-
lational alterations, and hTERT localization in the cell con-
tribute as well (35). Less is known about the impact of
hereditary hTERT gene variations. Matsubara et al. (28)
screened the promoter region of hTERT for functional
polymorphisms in a Japanese healthy population, and a
frequent T to C transition was found 1,327 bp upstream
the transcription starting site (−1327T/C). Individuals ho-
mozygous for the −1327C/C genotype showed shorter
telomere length in their peripheral leucocytes compared
with the −1327T/T and −1327T/C genotypes.
In this study we report for the first time a role of 1327 T/

C hTERT genetic variants in cancer prognosis and clinical
outcome of NSCLC patients. So far, this genetic variant has
been associated with telomerase activity, telomere length,
and coronary artery disease development (28–30).
In this study, our results indicate an influence of the

telomerase genetic variants in overall survival of NSCLC
patients. Multivariate Cox regression analysis indicated
an increased overall survival for T-carrier patients, when
compared with CC genotype, after adjustment for tumor
histologic type, stage, smoking status, age, and gender
(HR, 0.52; 95% CI, 0.35-0.77; P = 0.001). The median
estimated cumulative survival in T-carrier patients of
26.5 months was significantly higher compared with that
of CC patients of 19.3 months.
This difference was more evident regarding nonepider-

moid NSCLC histologic type, with the median estimated
cumulative survival of 29.8 months in T-carrier patients
being significantly higher compared with the 19.3 months
of CC patients (HR, 0.46; 95% CI, 0.27-0.78; P = 0.004).
Matsubara and coworkers (28, 29) showed that the

−1327T/C polymorphism within the hTERT promoter
region has functional roles: the −1327T sequence is asso-
ciated with higher transcriptional activity, lack of age-
dependent telomere shortening, longer telomere length,
and telomerase activity. The relationship of the −1327T/
C polymorphism to telomere shortening, telomere length,
and telomerase activity was found in normal peripheral
leukocytes. Transcriptional regulation of hTERT has a
key role in telomerase activity and telomere shortening. Ap-
proximately 25% higher promoter activity in the −1327T-
sequence was found compared with the −1327C-sequence,
and the T allele was strongly associated with longer telo-
mere length. Thus, the hTERT T allele with higher hTERT
transcriptional activity is associated with more effective
extension of the telomeric end during cell division. Another
study found an overrepresentation of the −1327C/C geno-
type in patients with coronary artery disease compared
with controls, presenting shorter telomeres compared with
other patients with alternative genotypes, indicating that
Fig. 1. Cox regression analysis of overall survival according to the hTERT
−1327 C/T polymorphism in stage III and IV NSCLC patients.
Clin Cancer Res; 16(14) July 15, 2010 3709
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a subgroup of patients is more prone to telomere shorten-
ing (29).
Tumors with excessive telomere alterations are therefore

likely to possess the most extensive phenotypic variability
and have the greatest probability of containing cells capa-
ble of invasion, extravasation, and metastasis, i.e., an
aggressive tumor phenotype. Numerous groups have
hypothesized that altered telomere length could predis-
pose cells to gain the necessary properties to metastasize
and cause recurrent disease, and thereby be a predictor
of clinical outcome (36). Although not entirely consistent
on the underlying mechanisms, several studies have
indicated that telomere alterations are associated with
parameters of clinical outcome in patients with lung can-
cer (37–39). A recent study (39) indicated a significant
poor clinical outcome in NSCLC patients presenting
telomere shortening, a finding that emerged as an inde-
pendent prognostic marker in multivariate analysis. There-
fore, considering that most NSCLCs display telomerase
activity, the capacity to identify patients who have tumors
with telomere shortening may have clinical relevance.
According to telomere hypothesis, telomere shortening
prevents somatic cells from dividing and states senescence.
However, cells may escape from the senescence barrier
if key tumor suppressor genes, especially TP53 and/or
p16/Rb, lose their function. In lung cancer, these path-
ways are frequently inactivated and when telomeres
become critically shortened genomic stability becomes
compromised.
In other tumor types, such as prostate cancer, it has been

suggested that reduced telomere content is associated with
poor clinical outcome and markers of disease progression.
Thus, reduced telomere content values conferred a relative
Clin Cancer Res; 16(14) July 15, 2010
hazard of 5.02 compared with tumors with greater telo-
mere content (40). Moreover, studies in breast cancer have
shown that telomere attrition is associated with para-
meters of increased risk and poor outcome, with low telo-
mere content conferring an adjusted relative hazard of
4.43 (36, 41).
Because hTERT reactivation is a mechanism for cancer

cells to avoid senescence (42) and the latter could be
induced by chemotherapy, the predictive value of hTERT
genetic variations for benefit to first-line chemotherapy
needs evaluation. Because short telomeres have been
associated with poor prognosis in NSCLC patients, and
the hTERT T allele correlated with telomere elongation,
this genetic variant may confer an advantage in treatment
response in these patients. Furthermore, because cisplatin
mechanism of action involves aduct formation in
the telomere unit, the modulation of long telomeres
through hTERT T variant may originate a more available
and easier target for the cytotoxic activity of this com-
pound, strengthening cisplatin activity and conferring an
improved response of NSCLC patients presenting the long
telomere variant.
Recently, telomerase has been intensively studied as a

target for novel cancer gene therapy and therapeutics
(43). Our findings that hTERT genetic variants, by modu-
lating telomere length, may confer an advantage in che-
motherapy response, according to different types of
NSCLC, suggest that patients with long telomeres could
have better responses to telomerase-based therapies.
The assessment of telomerase genetic variants could

supplement prognosis of survival in the course of NSCLC
and may be a promising molecular marker of treatment
response in these patients. Platinum and taxol compounds
play a central role in cancer chemotherapy, and although
treatment is limited by side effects, they continue to have
widespread application. One of the main aims of clinical or
Fig. 2. Cox regression analysis of overall survival in stage III and IV
NSCLC patients with nonepidermoid tumors according to the hTERT
−1327 C/T polymorphism.
Table 2. Cox multivariate regression analysis
of hTERT polymorphism and other potential
factors of overall survival in stage III and IV
NSCLC patients
P
 HR (95% CI)
hTERT polymorphism

CC genotype
 —
 1.00 (reference)

T carrier
 0.001
 0.52 (0.35-0.77)
Age

< 64 years
 —
 1.00 (reference)

> 64 years
 0.459
 0.88 (0.62-1.25)
Histologic type

Epidermoid
 —
 1.00 (reference)

Nonepidermoid
 0.523
 0.88 (0.60-1.30)
Gender

Female
 —
 1.00 (reference)

Male
 0.691
 0.89 (0.50-1.60)
Tobacco smoke

Nonsmoker
 —
 1.00 (reference)

Smoker
 0.707
 0.90 (0.51-1.59)
Clinical Cancer Research
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translational research in cancer is the search for genetic fac-
tors that could foresee treatment outcomes, in biological ac-
tivity and toxic effects. This genetic analysis might allow the
selection of patients who would have the greatest benefit
from chemotherapy. Furthermore, a better knowledge of
the underlying molecular profile of the host and the tumor
will facilitate screening for lung cancer susceptibility and tai-
loring of chemotherapy in individual patients, choosing
those most likely to respond, adjusting doses more precisely
in order to reduce less adverse effects, and establishing safety
profiles based on individual genetic analyses.
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Abstract: Background. Nasopharyngeal cancer (NPC) is

multifactorial, and the genetic background may be a crucial eti-

ologic factor. Cyclin D1 (CCND1) is a key regulator of the cell

cycle, and its altered activity is associated with the development

of cancer.

Methods. We analyzed the A870G CCND1 polymorphism by

polymerase chain reaction/restriction fragment length polymor-

phism (PCR-RFLP) in 281 individuals, including 94 patients with

NPC and 187 healthy individuals.

Results. Our results indicate that individuals carrying two G al-

leles have a 2.17-fold increase in the risk for the development of

NPC (odds ratio [OR], 2.17; 95% confidence interval [CI], 1.19–

3.98; p ¼ .016). Age-adjusted logistic regression analysis con-

firmed this association (adjusted odds ratio [aOR], 2.14; 95% CI,

1.14–4.04; p ¼ .018). Multivariate analysis demonstrates an inde-

pendent association between GG CCND1 genotype (aOR, 2.06),

male sex (aOR, 2.66), and age at diagnosis (aOR, 2.02) regarding

the development of undifferentiated NPC. The proportion of NPC

cases attributable to the GG CCND1 genotype was 14.76%.

Conclusions. Our results may be important in the definition

of a biologic predictive profile for the development of NPC within

our population. VVC 2006 Wiley Periodicals, Inc. Head Neck 28:

603–608, 2006

Keywords: cyclin D1; genetic polymorphism; nasopharyngeal

cancer; head and neck; cancer risk

Nasopharyngeal cancer (NPC) has a remarkably
distinctive geographic and ethnic distribution
with particularly high rates among Southern
China and Southeast Asia. NPC is a rare malig-
nant disease, with an incidence less than 1 per
100,000 persons per year in Caucasians from
North America and other Western countries. In-
dependent of race/ethnicity, men are twofold to
threefold more frequently affected than women.
The dramatic difference in the incidence among
populations and geographic areas suggests a
strong association of NPC with genetic and envi-
ronmental factors.1 In contrast to other head and
neck cancers, a unique feature of NPC is its strong
association with Epstein-Barr virus (EBV).2 How-
ever, NPC oncogenesis is not simply a conse-
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quence of EBV infection. It probably results from
a viral reactivation in combination with other
events, such as cellular genetic lesions caused by
environmental carcinogens and/or some immune
defects. The contribution of other pathogenic fac-
tors, especially genetic and environmental fac-
tors, should be considered.2 In addition to EBV,
numerous other environmental factors have been
shown to be associated with the development of
NPC. In particular, long-term cigarette smoking,
consumption of salted fish and foods containing ni-
trosamine or nitrosamine precursors at an early
age, and occupational exposure to wood dust have
been shown to be consistently associated with this
disease.1 Host factors previously shown to be asso-
ciatedwithNPCdevelopment include human leuko-
cyte antigen (HLA) class I and II alleles3 and poly-
morphisms of genes responsible for carcinogen
metabolism (CYP2E1), detoxification (GSTM1),
and DNA repair (XRCC1 and hOGG1).4–6

A frequent target in carcinogenesis is the
deregulation of G1 to S phase progression of the
cell cycle. The transition through G1 to S phase is
regulated by cyclins, cyclin-dependent kinases,
and their inhibitors.7 Cyclin D1 (CCND1) is a key
regulatory protein at the G1/S checkpoint of the
cell cycle. It forms complexes with CDK4 or CDK6
and is responsible for the phosphorylation of the
retinoblastoma tumor suppressor protein, result-
ing in the release of E2F transcription factors that
allow cells to enter into S-phase.8–10 The G1/S
checkpoint is frequently altered in many epithe-
lial tumors and may confer growth advantage and
enhance tumorigenesis. Amplification of CCND1
and altered expression of the protein have been
reported in a variety of tumors, including esopha-
gus, colon, breast, head and neck, and lung.11–16

Recently, it has been reported that CCND1
mRNA is alternatively spliced to produce two
transcripts (a and b), which are present simulta-
neously in a variety of normal tissues and cancer
cells.17,18 Betticher and colleagues18 identified a
single base pair polymorphism (A870G) in CCND1,
andCCND1 genotypes have been significantly asso-
ciated with carcinogenesis and clinical outcome in a
variety of cancers.19–23

The aim of our study was to investigate the
influence of CCND1 genotypes on the genetic sus-
ceptibility to NPC.

PATIENTS AND METHODS

Patients. We tested the association between the
CCND1 A870G polymorphism and risk of NPC

with a case-control study. Ninety-four patients
with histologically confirmed NPC were selected
for this study. Patients were admitted to the Por-
tuguese Oncology Institute-Porto, Portugal, dur-
ing the period from 1997 to 2003. The median age
at diagnosis was 50 years (SD, 14.5). The control
group consisted of 187 healthy individuals, with a
median age of 55 years (SD, 16.8), without clinical
history of cancer, from the same geographic area
as the case group. All samples were taken after
informed consent according to the declaration of
Helsinki.

Polymerase Chain Reaction/Restriction Fragment

Length Polymorphism Analysis. DNA was
extracted from peripheral blood leukocytes from
each study subject using a salting out protocol.24

The detection of the A870G polymorphism of
CCND1 was carried out essentially as previously
described.18 The polymerase chain reactions con-
sisted of nearly 0.2 lg of genomic DNA, 30 pmol of
each primer, 0.2 mM of each dNTP, 1.5 mM
MgCl2, 13Taq buffer, and 1U ofTaqDNApolym-
erase to a final volume of 50 lL. Primers used in
the analysis were CY26 (50-GTG AAG TTC ATT
TCC AAT CCG C-30) and CY27 (50-GGG ACATCA
CCCTCACCCTCACTTAC-30). Thirty-five cycles
were performed, consisting of an initial heating at
958C for 10 minutes to activate the enzyme, fol-
lowed by 35 cycles of denaturation at 948C for 1
minute, annealing at 558C for 1 minute, and
extension at 728C for 1 minute, with a final exten-
sion step at 728C for 2minutes.

PCR products (15 lL) were digested with 1 U
ScrF1 at 378C for 4 hours and visualized by elec-
trophoresis on 3% agarose gels containing 0.5 lg/
mL ethidium bromide. The 167-bp PCR product
generated is not cut byScrF1 if the A allele is pres-
ent, whereas the product from the G allele is cut to
produce fragments of 145 and 22 bp (Figure 1).

Statistical Analysis. Analysis of data was per-
formed using the computer software SPSS for
Windows (version 12.0) and Epi Info (version
6.04). Chi-square analysis was used to compare
categorical variables, and a 5% level of signifi-
cance was used in the analysis. The odds ratio
(OR) and its 95% confidence interval (CI) were cal-
culated as a measurement of the association
between CCND1 genotypes and NPC risk. Multi-
variate logistic regression analysis was used to
calculate the adjusted OR (aOR) and 95% CI for
the influence of the CCND1 genotypes in the risk
for NPC with adjustment for age and sex. The
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Hardy–Weinberg equilibrium was tested by a
Pearson goodness of fit test to compare the
observed versus the expected genotype frequen-
cies. We calculated the attributable proportion
(AP) using the following formula: AP ¼ PRF 3 (1-
1/OR), where AP is the fraction of disease attribut-
able to the risk factor and PRF is the percentage of
the risk factor in case subjects and OR is the odds
ratio.

RESULTS

The distribution of CCND1 genotypes among
patients and controls and the risk of NPC caused
by the influence of CCND1 polymorphism are
shown in Table 1.

The frequencies of AA, AG, and GG genotypes
were 28.9%, 56.1%, and 15.0%, respectively, in
normal controls, and 27.7%, 44.6%, and 27.7%,
respectively, in the patient group. The genotype
distribution of both groups was in the Hardy-

Weinberg equilibrium (p ¼ .80 in the patient
group and .36 in the control group). The analysis
of the frequencies of CCND1 genotypes indicates
that individuals carrying two G-alleles have a
2.17-fold increase in the risk for the development
of NPC (OR, 2.17; 95% CI, 1.19–3.98; p ¼ .016).
Age-adjusted logistic regression analysis con-
firmed the association between the presence of the
GG CCND1 genotype and increased genetic sus-
ceptibility for the development of NPC (aOR, 2.14;
95%CI, 1.14–4.04; p¼ .018).

The characteristics of patients with NPC and
controls are shown in Table 2.

Multivariate logistic regression analysis indi-
cated the association of the GG CCND1 genotype
(aOR, 2.06; 95% CI, 1.04–4.09; p ¼ .039), male sex
(aOR, 2.66; 95% CI, 1.45–4.86; p ¼ .002), and age
at diagnosis older than 50 years (aOR, 2.02; 95%
CI, 1.12–3.62; p ¼ .019) with undifferentiated his-
tologic type of NPC (undifferentiated carcinoma of
nasopharyngeal type, UCNT) risk, demonstrating
the independent association between the CCND1

Table 1. Prevalence and odds ratio of CCND1 genotypes among

control group and patients with nasopharyngeal carcinoma.

Patients

(n ¼ 94)

Controls

(n ¼ 187)

aOR 95%CI

p

valuen % n %

Genotypes

AA 26 27.7 54 28.9

AG 42 44.6 105 56.1

GG 26 27.7 28 15.0

Recessive model

AA/AG 68 72.3 159 85.0 1.00 Reference

GG 26 27.7 28 15.0 2.17* 1.19–3.98* .016*

*p ¼ .016, aOR ¼ 2.14 and 95% confidence interval (CI) ¼ 1.14–4.04
using logistic regression analysis adjusted by age.

Table 2. Characteristics of patients with nasopharyngeal

carcinoma and controls.

Characteristic

No. (%)

Patients

(n ¼ 94)

Controls

(n ¼ 187)

Sex

Female 25 (26.6) 103 (55.1)

Male 69 (73.4) 84 (44.9)

Total 94 (100.0) 187 (100.0)

Age, y

Median 6 SD 50 6 14.5 55 6 16.8

Histology

Well differentiated 1 (1.1)

Moderately differentiated 11 (11.7)

Undifferentiated 69 (73.4)

Not stated 13 (13.8)

Total 94 (100.0)

Staging

I 2 (2.1)

II 11 (11.7)

III 21 (22.4)

IV 41 (43.6)

Not stated 19 (20.2)

Total 94 (100.0)

Nodular metastasis

Yes 58 (61.7)

No 24 (25.5)

Not stated 12 (12.8)

Total 94 (100.0)

Distant metastasis

Yes 2 (2.1)

No 80 (85.1)

Not stated 12 (12.8)

Total 94 (100.0)

FIGURE 1. Analysis of the CCND1 genotypes—restriction frag-

ment length polymorphism of the polymerase chain reaction

products. M, 100-bp ladder; cases 1, 3, and 7, CCND1 hetero-

zygous (G/A); cases 2, 4, and 5, homozygous GG; cases 6 and

8, homozygous AA.
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GG genotype and the development of UCNT, as
shown in Table 3. For patients with NPC, the pro-
portion of NPC cases attributable to the GG
CCND1 genotype was 14.76%.

DISCUSSION

NPC is a human malignancy consistently associ-
ated with EBV. However, the etiology of NPC is
complex and multifactorial, and exposure to non-
viral carcinogens and genetic predisposition are
other crucial etiologic factors.

Several genetic polymorphisms contributing to
an individual’s susceptibility to cancer have been
studied regarding their association with NPC
risk.3–6 In this study, a single-nucleotide polymor-
phism in CCND1 was analyzed to evaluate its im-
portance in the development of NPC. The A870G
polymorphism at codon 242 within the conserved
splice donor site of exon 4 of the gene seems to
modulate the splicing of CCND1 mRNA, originat-
ing in two transcripts (a and b), which are present
in a variety of tissues.18,25,26 The transcript a is
identical to the reported CCND1 cDNA. However,
transcript b fails to splice at the exon 4/intron 4
boundary, does not contain exon 5, and terminates
downstream of exon 4. The main difference in the
cyclin D1 proteins encoded by the two transcripts
(a and b) is in the C-terminal PEST-rich region
(destruction box) encoded by exon 5, which is re-
sponsible for rapid intracellular degradation and
turnover of the G1 cyclins.18,25,27

It has been suggested that the variant A allele
is a major source of variant transcript b in several
types of cancer cells. The AA genotype increases
the products of transcript b in tumor tissue cells,
resulting in an increase of an altered protein that
lacks the PEST-region with increased half-
life.18,26,28 However, a recent study reported, sur-
prisingly, that cyclin D1b protein does not inap-
propriately accumulate in cells and exhibits sta-
bility comparable to cyclin D1a. This study also

suggests that cyclin D1a is a better catalyst of RB
phosphorylation/inactivation.29

Our results indicate that individuals carrying
the CCND1 GG genotype have increased risk for
the development of NPC (aOR, 2.14) and suggest a
predictive biologic profile for the development of
UCNT, indicating that individuals older than 50
years (aOR, 2.02), of male sex (aOR, 2.66), and car-
riers of the GG CCND1 genotype (aOR, 2.06) have
an increased susceptibility for the development of
UCNT. These results are consistent with previous
findings suggesting that CCND1 GG genotype is
associated with cancer development.19,20,23,30–33

Matthias et al19,20 reported that the CCND1 GG
genotype was associated with poorly differenti-
ated tumors of the head and neck and reduced the
disease-free interval in laryngeal and pharyngeal
carcinomas, independently from tumor differen-
tiation, providing a link between CCND1 A870G
alleles with CCND1 expression and clinical out-
come in squamous cell carcinoma of the head and
neck. Monteiro et al23 reported a correlation b-
etween GG genotype and increased susceptibility
for laryngeal tumor development. Another
recently published study demonstrated that EBV-
LMP1 could regulate cell growth by activation of
cyclin D1 expression by means of the nuclear fac-
tor kappa B (NF-jB) pathway in NPC and sug-
gested that A870G polymorphism was associated
with susceptibility to NPC.31 However, controver-
sial results have been reported regarding the
role of CCND1 genotypes in cancer develop-
ment.22,28,34,35 Themechanism for this association
is unknown, although because the G allele splices
less of transcript b than the A allele, individuals
with CCND1 GG may have different cellular lev-
els of CCND1 than individuals withCCND1AA.

Furthermore, these results suggest that the
effect of genotype on tumor behavior may exhibit
some degree of tissue specificity.19 It is possible
that these conflicting results in part reflect the
many different mechanisms through which
deregulated expression of CCND1 can occur in
cancer. Functional studies in the future may help
to explain the conflicting experimental findings
and influence of CCND1 genotypes on tumor
behavior in different cell types.

The contribution of genetic polymorphisms to
the risk for cancer may be dependent on the stud-
ied population, as well as on several environmen-
tal and other factors that influence that popula-
tion. Geographic or ethnic differences have been
reported regarding the genotype frequency of sev-
eral polymorphisms. Our results within the Por-

Table 3. Multivariate analysis of the GG CCND1 genotype,

sex, and age at diagnosis regarding the susceptibility to undif-

ferentiated histologic type of nasopharyngeal carcinoma.

p value* aOR* 95% CI*

GG genotype .039 2.06 1.04–4.09

Age �50 y .019 2.02 1.12–3.62

Male sex .002 2.66 1.45–4.86

Abbreviations: aOR, ; CI, confidence interval.
*P, aOR, and 95% CI using logistic regression analysis.
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tuguese population are consistent with a recently
published study in our population.23 Further
studies may include the analysis of other genetic
polymorphisms that have been already associated
with cancer risk to characterize the genetic profile
of NPC susceptibility.36–42

In conclusion, our results may be important in
the definition of a biologic predictive profile for the
development of NPC within our population. Fur-
thermore, the knowledge of the mechanisms
involved in NPC carcinogenesis may help to iden-
tify targets for the development of chemopreven-
tion or therapeutic strategies.
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a b s t r a c t

Cyclin D1 (CCND1) is a key regulatory protein at the G1/S checkpoint of the cell cycle. The purpose of our
study was to assess the role of CCND1 genotypes influencing the age of onset of oncogenic virus-associ-
ated neoplasia. We conducted a hospital-based case-control study of 581 individuals, including 247 con-
trols and 334 cases (108 nasopharyngeal and 226 cervical cancer cases). The polymorphism analysis was
performed in blood samples by PCR–RFLP methodology. Age-adjusted logistic regression analysis indi-
cates that individuals carrying two G-alleles have an increased genetic susceptibility for the development
of oncogenic virus-associated cancers (aOR = 2.02, 95% CI 1.30–3.14, P = 0.002). Moreover, our results
indicate that the waiting time for onset of oncogenic virus-associated neoplasia in patients homozygous
(GG) for CCND1 genotypes (52 years) was 12 years earlier in comparison with patients carrying AG or AA
genotypes (60 years) (log-rank test: P = 0.0003). Our results may be important in contributing to a more
extensive knowledge of the mechanisms involved in oncogenic virus-associated carcinogenesis, as
CCND1 may be an important target for the development of new strategies for cancer treatment and
prevention.

� 2008 Elsevier Inc. All rights reserved.
Oncogenic viruses are currently considered the second most
important cause of cancer in humans and contribute to 15–20%
of all cancers in the world, some of them being very common, like
cervical carcinomas. Human recognized cancer viruses include Hu-
man Papillomavirus (HPV) and Epstein–Barr virus (EBV) and
although each virus has unique features, it is becoming clearer that
all these oncogenic agents target multiple cellular pathways to
support malignant transformation and tumor development [1].

Oncogenes encoded by tumor viruses play integral roles in the
viral conquest of the host cell by subverting crucial and relatively
no-redundant regulatory circuits that regulate cellular prolifera-
tion, differentiation, apoptosis, and life span. Some viral oncopro-
teins subvert cellular safeguard mechanisms intended to
eliminate cells that have acquired abnormalities that interfere with
normal cell division. Viruses that encode such activities can con-
tribute to initiation as well as progression of human cancers [2].

HPV and EBV are common infectious agents that persist after
primary infection in a latent state with occasional shedding of
ll rights reserved.

ês de Oncologia, Porto, Lab-
nt. Berardino Almeida, 4200-

R. Medeiros).
virus. Therefore, one of the fundamental questions in the etiology
of cervical cancer (associated with high risk HPV infection) and
nasopharyngeal cancer (associated with EBV infection) that are
linked to infection with such ubiquitous viruses is why cancer
develops in a few people when many are infected. These tumors
share a DNA viral etiology and present similar histopathological
findings. Moreover, there are several similar aspects of infection
with HPV and EBV [3].

Although it is well known that HPV and EBV are directly in-
volved in cervical and nasopharyngeal cancer development,
respectively, some researchers acknowledge that viral infection is
a necessary but not sufficient factor for cancer development. The
progression from infection to cancer involves other environmental
and host factors. Single-nucleotide polymorphism (SNP) markers
should be considered in the determination of the combinations
of genetic factors involved in precancerous changes to cancer
development [4–8].

A frequent target in carcinogenesis is the deregulation of G1–S
phase progression of the cell cycle. The transition through G1 to S
phase is regulated by cyclins, cyclin-dependent kinases and their
inhibitors [9]. Cyclin D1 (CCND1) is a key regulatory protein at
the G1/S checkpoint of the cell cycle. It forms complexes with
CDK4 or CDK6, and is responsible for the phosphorylation of the
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retinoblastoma tumor suppressor protein, resulting in the release of
E2F transcription factors that allow cells to enter into S-phase
[10–12]. The G1/S checkpoint is frequently altered in many epithe-
lial tumors and may confer growth advantage and enhance tumor-
igenesis [13]. Amplification of CCND1 and altered expression of the
protein have been reported in a variety of tumors [12,14].

It has been reported that CCND1 mRNA is alternatively spliced
to produce two transcripts (a and b), which are present simulta-
neously in a variety of normal tissues and cancer cells [15]. Betti-
cher and colleagues [15] identified a single base pair
polymorphism (A870G) in CCND1, and CCND1 genotypes have been
significantly associated with carcinogenesis and clinical outcome
in a variety of cancers [16].

The purpose of our study was to assess the role of CCND1 geno-
types influencing the age of onset of oncogenic virus-associated
neoplasia.
Table 1
Age-adjusted logistic regression analysis of the GG CCND1 genotype regarding the
genetic susceptibility to oncogenic virus-associated cancers

P aOR 95% CI

Oncogenic virus-associated cases
Cervical 0.002 2.44 1.38–4.30
Nasopharyngeal 0.016 2.09 1.15–3.79
All cases 0.002 2.02 1.30–3.14

Fig. 1. Association between GG CCND1 genotype and the waiting time to onset of
disease (WTOD) for the OVCC (oncogenic virus-associated cervical cases) group.
Cumulative hazard function plots by the Kaplan–Meier methodology and log-rank
test (P = 0.0001).
Patients and methods

We conducted a hospital-based case-control study of 581 individuals, including
247 controls and 334 cases (108 nasopharyngeal and 226 cervical cases) diagnosed
at the Portuguese Oncology Institute-Porto, Portugal, during the period from 2000
to 2004. The median age at diagnosis of nasopharyngeal cancer patients was 49.0
years (mean age 47.5; standard deviation 14.5). Considering the cervical cases,
the median age at diagnosis was 47.0 years (mean age 47.2; standard deviation
12.3). The control group consisted of 247 healthy individuals, with a median age
of 55.5 years (mean age 51.1; standard deviation 16.8), without clinical history of
cancer, from the same geographic area as the case group. All samples were taken
after informed consent according to the declaration of Helsinki. For clinical and sta-
tistical purposes, we defined two groups of malignant cases, with a strong associa-
tion with oncogenic virus: oncogenic virus-associated nasopharyngeal cases
(OVNC), and oncogenic virus cervical cases (OVCC). In OVNC group, 84 undifferen-
tiated nasopharyngeal cancers were included (24 were differentiated nasopharyn-
geal cancers, and thereby not associated with EBV). The OVCC group included
202 cervical malignant cases (50 High-Grade Squamous Intraepithelial Cervical Le-
sions of the cervix—HSIL—and 154 invasive epidermoid cervical cancers).

Polymerase chain reaction/restriction fragment length polymorphism (PCR–RFLP)
analysis. DNA was extracted from peripheral blood leukocytes from each study sub-
ject using a salting out protocol [17]. The detection of the A870G polymorphism of
CCND1 was carried out essentially as previously described [15]. The PCR consisted
of nearly 0.2 lg of genomic DNA, 30 qmol of each primer, 0.2 mM of each dNTP,
1.5 mM MgCl2, 1� Taq Buffer, and 1 U of Taq DNA polymerase to a final volume
of 50 ll. Primers used in the analysis were CY26 (50GTG AAG TTC ATT TCC AAT
CCG C 30) and CY27 (50 GGG ACA TCA CCC TCA CCC TCA CTT AC 30). Thirty five cycles
were performed, consisting of an initial heating at 95 �C for 10 min to activate the
enzyme, followed by 35 cycles of denaturation at 94 �C for 1 min, annealing at 55 �C
for 1 min and extension at 72 �C for 1 min, with a final extension step at 72 �C for
2 min.

PCR products (15 ll) were digested with 1 U ScrF1 at 37 �C for 4 h, and visual-
ized by electrophoresis on 3% agarose gels containing 0.5 lg/ml ethidium bromide.
The 167 bp PCR product generated is not cut by ScrF1 if the A allele is present,
whereas the product from the G allele is cut to produce fragments of 145 and 22 bp.

Statistical analysis. Analysis of data was performed using the computer software
SPSS for Windows (Version 12.0) and Epi Info (version 6.04). Chi-square analysis
was used to compare categorical variables and a 5% level of significance was used
in the analysis. The odds ratio (OR) and its 95% confidence interval (CI) were calcu-
lated as a measurement of the association between CCND1 genotypes and ICC and
NPC risk. Logistic regression analysis was used to calculate the adjusted OR (aOR)
and 95% CI for the influence of the CCND1 genotypes in the risk for cancer with
adjustment for age. The Hardy–Weinberg equilibrium was tested by a Pearson
goodness of fit test to compare the observed versus the expected genotype
frequencies.

Finally, we considered a basic question: ‘‘For a newborn individual, what is the
probability that he will experience onset of advanced disease before the age of X,
supposing he survives that long?”, assuming that all cases were at an identical risk
of cervical and nasopharyngeal cancers at birth [18]. To address this question, we
hypothesized that CCND1 genotypes may alter the onset of these cancers. To ana-
lyse the data, we defined age of onset for cancer as the outcome and CCND1 geno-
type as an independent variable. We tested the association between age of onset
and the A870G CCND1 polymorphism by comparing Kaplan–Meier survival curves
according to CCND1 genotype. We therefore considered the waiting time for onset
of disease (WTOD) as the interval between the time of initial exposure to the risk
factor (CCND1) and the time of onset of disease. We estimated the cumulative prob-
abilities for having cervical and nasopharyngeal cancers by the Kaplan–Meier meth-
odology [19]. The primary analysis of time-to-event for WTOD was performed with
the use of two-sided log-rank test at the 5% level of significance.
Results

CCND1 genotyping

The frequencies of CCND1 AA, AG and GG genotypes were 27.9,
55.9 and 16.2%, respectively, in normal controls, and 31.1, 54.9 and
14.0%, respectively, in the female only control group. The frequen-
cies of the polymorphism in case groups were: 27.7% for the AA
genotype, 45.5% for AG genotype and 26.7% for GG genotype in
oncogenic virus-associated cervical cases (OVCC) group and 25.0,
47.6 and 27.4% for AA, AG and GG genotypes, respectively, in the
oncogenic virus-associated nasopharyngeal cases (OVNC) group.
The genotype distribution of both groups was in the Hardy–Wein-
berg equilibrium (P = 0.679 in the case group and P = 0.341 in the
control group).

Age-adjusted logistic regression analysis indicates that individ-
uals carrying two G-alleles have a 2.44-fold increase in the risk for
the development OVCC (aOR = 2.44, 95% CI 1.38–4.30, P = 0.002)
and a 2.09-fold increased risk for the development of OVNC
(aOR = 2.09, 95% CI 1.15–3.79, P = 0.016). For all cases, the presence
of the GG CCND1 genotype was also associated with an increased
genetic susceptibility for the development of oncogenic virus-asso-
ciated cancers (aOR = 2.02, 95% CI 1.30–3.14, P = 0.002) (Table 1).

WTOD and CCND1 genotype

The waiting time for onset of disease, the cumulative probabil-
ities of having disease, according to CCND1 genotypes for the OVCC
group are shown in Fig. 1. The mean WTOD was 60 years for carri-
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Fig. 2. Association between GG CCND1 genotype and the waiting time to onset of
disease (WTOD) for the OVNC (oncogenic virus-associated nasopharyngeal cases)
group. Cumulative hazard function plots by the Kaplan–Meier methodology and
log-rank test (P = 0.006).

Fig. 3. Association between GG CCND1 genotype and the waiting time to onset of
oncogenic virus-associated cancers. Cumulative hazard function plots by the
Kaplan–Meier methodology and log-rank test (P = 0.0003). WTOD, waiting time to
onset of disease.
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ers of the AA or AG genotypes and 50 years for carriers of the GG
CCND1 genotype (log-rank test: P = 0.0001). Regarding the OVNC
group, the mean WTOD for patients carrying AA or AG genotypes
was 73 years and 61 years for patients carrying the GG genotype
(log-rank test: P = 0.006) (Fig. 2). Considering all oncogenic virus
cases, Kaplan–Meier analysis (Fig. 3) showed that the WTOD in
patients homozygous (GG) for CCND1 genotypes (52 years) was
12 years earlier in comparison with patients carrying AG or GG
genotypes (60 years) (log-rank test: P = 0.0003).

Discussion

Oncogenic viruses trigger persistent infections, which can stim-
ulate uncontrolled cell growth by inducing cell transformation.
Most oncogenic DNA viruses integrate transforming sets of genes
into the host chromosome and encode proteins that bind and inac-
tivate cell growth regulatory proteins. Tumor viruses play an
important role for the development of a substantial fraction of hu-
man malignancies, including common cancers, such as carcinomas
of the cervix uteri, nasopharyngeal cancers, hepatocellular carcino-
mas, or lymphomas [20]. Malignant transformation typically re-
quires additional genetic alterations of the host cell, to which
tumor viruses can contribute by destabilizating the cellular gen-
ome [21].

Several genetic polymorphisms contributing to individual’s sus-
ceptibility to cancer have been studied regarding their association
with cancer risk [22–24]. In this study, a single-nucleotide poly-
morphism in CCND1 was analysed in order to evaluate its impor-
tance in the development and disease onset of cervical and
nasopharyngeal cancers. The A870G polymorphism at codon 242
within the conserved splice donor site of exon 4 of the gene ap-
pears to modulate the splicing of CCND1 mRNA, originating two
transcripts (a and b), which are present in a variety of tissues
[15,25]. The transcript a is identical to the reported CCND1 cDNA.
However, transcript b fails to splice at the exon 4/intron 4 bound-
ary, does not contain exon 5, and terminates downstream of exon
4. The main difference in the cyclin D1 proteins encoded by the
two transcripts (a and b) is in the C-terminal PEST-rich region
(destruction box) encoded by exon 5 which is responsible for rapid
intracellular degradation and turnover of the G1 cyclins [25,26].

Our results indicate that individuals carrying the CCND1 GG
genotype have increased genetic susceptibility for the develop-
ment oncogenic virus-associated neoplasia (aOR = 2.02). In this
study, we also demonstrate that the GG genotype is associated
with an earlier age of onset of oncogenic virus-associated cancers,
compared to CCND1 AG and AA genotypes. These results are consis-
tent with previous findings suggesting that CCND1 GG genotype is
associated with cancer development [16,27–36].

It has been suggested that the variant A allele is a major source
of variant transcript b in several types of cancer cells. The AA geno-
type increases the products of transcript b in tumor tissue cells,
resulting in an increase of an altered protein that lacks the PEST-re-
gion with increased half-life [15,25]. The presence of the A allele
has been reported to be positively associated with increased risk
for several cancers [12,37,38]. However, a recent study reported,
surprisingly, that cyclin D1b protein does not inappropriately accu-
mulate in cells and exhibits stability comparable to cyclin D1a. This
study also suggests that cyclin D1a is a better catalyst of RB (reti-
noblastoma protein) phosphorylation/inactivation [39]. These data
support the emerging view that CCND1 alternate transcripts en-
code proteins with differing independent biological functions.

The direction of the biological impact of cyclin D1 expression
depends on the state of the cell in accordance with its checkpoint
function. While cyclin D1 is best known for its proliferating effect
[40,41], experimental evidence suggests that under conditions
such as oxidative stress [42–45] or senescence [46,47], cyclin D1
can exhibit S-phase entry and DNA replication and promote
growth arrest, as well as apoptosis. The context-dependent dual
role of cyclin D1 in cell proliferation and growth arrest may explain
the inconsistent associations observed between CCND1 genotype
and cancer risk.

Oxidative stress, primarily due to increased generation of reac-
tive oxygen species (ROS) and reactive nitrogen species (RNS), is a
feature of many viral infections, including HPV and EBV infections
[48–51]. ROS and RNS modulate the permissiveness of cells to viral
replication, regulate host inflammatory and immune responses,
and cause oxidative damage to both host tissue and progeny virus
[48]. In vitro experiments of breast tumor and other tumor cells ex-
posed to oxidative stressors demonstrate that cyclin D1 activation
and overexpression is also able to activate molecular pathways
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resulting in cell-cycle arrest and apoptosis [45,52]. Turner and co-
workers [44] provided in vivo evidence of cyclin D1 as a caretaker
gene offering downstream protection against oxidative damage.
Our findings extend this evidence to situations of more moderate
oxidative burden and suggest that modulation of the biological
function of cyclin D1 by tumor viruses may lead to differential im-
pact of the CCND1 polymorphism on oncogenic virus-associated
malignant lesions.

It is possible that these conflicting results in part reflect the
many different mechanisms through which deregulated expres-
sion of CCND1 can occur in cancer, and the direction and magni-
tude of the CCND1 effect in cancer development. Functional
studies in the future may help to elucidate the conflicting experi-
mental findings and influence of CCND1 genotypes on tumor
behaviour in different cell types.

In conclusion, our results may be important in contributing to a
more extensive knowledge of the mechanisms involved in onco-
genic virus-associated carcinogenesis, as CCND1 may be an impor-
tant target for the development of chemoprevention or therapeutic
strategies.
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