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Mitochondrial DNA (mtDNA) D-loop has been identified as a frequent hot spot of mutations in various
tumors. The aim here was to investigate the sequence variations of mitochondrial D-loop region in familial
nasopharyngeal carcinoma (FNPC) and their possible associations with cancer risk. 29 subjects from 4 Chinese
NPC families and 20 sporadic NPC as well as 122 cases of normal control were recruited. mtDNA extracted
from peripheral blood was examined by PCR-based assay for D-loop sequence variations, followed by
sequencing analysis. Compared with normal control, four high variations and 6 unrepoted novel
polymorphisms were found. Particularly, the np16362 and 16519T to C variants show significantly higher
(100%, 81.8%) and lower (0, 22.7%) frequencies in FNPC and unaffected pedigree members, respectively. The
occurrence of mitochondrial microsatellite instability (mtMSI) at D310 in experimental groups was
statistically significantly higher than in normal control (53.3%). Likewise, in Base Variation Rate consistent
with the result, there was a statistically significant difference compared with NC (6.05%). Our results indicated
that mtDNA exhibited a high rate of sequence variants in patients with NPC and pedigree members and the
mtDNA np16362, np16519 variants and mtMSI at D310 are associated with an increased risk of familial
nasopharyngeal carcinoma in pedigree members from families with NPC, which might be involved in the NPC
carcinogenesis.
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1. Introduction

Nasopharyngeal carcinoma (NPC) has a remarkable geographic
and ethnic distribution. The incidence rates are low throughout most
of the world, usually <1 per 100,000 population (Parkin and Muir,
1992). But it is common in Southern China, Southeast Asian, and in
some North African countries (Yu and Yuan, 2002). However, in
Southern China incidence of NPC is as high as 25 to 30 per 100,000 (Lo
et al,, 2004). Nasopharyngeal carcinoma represents a superb model of
gene-environment-virus interaction in the pathogenesis of cancer
(Jiang et al., 2006). Epidemiological studies have shown that familial
clustering of NPC in Southern China is significantly higher than that of
low-risk areas. Approximately 5-10% of NPC patients have a familial
history in this endemic region (Zeng and Jia, 2002).The incidence of
NPC is still high in the South Chinese population even after emigration
from China. Offspring of admixture of southern-origin Chinese with
non-Chinese groups showed an intermediate incidence (McDermott

Abbreviations: FNPC, familial nasopharyngeal carcinoma; UAPM, unaffected
pedigree member; SNPC, sporadic nasopharyngeal carcinoma; NC, normal control;
mtMSI, mitochondrial microsatellite instability.
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et al,, 2001). The high rate of familial clustering of this cancer strongly
suggests that genetic components contribute to the high risk for this
disease. However, how and what genes contribute to nasopharyngeal
carcinoma-related genetic susceptibility still remain to be fully
clarified. Several candidate chromosomal regions for susceptibility
have been studied (Lu et al., 1990; Feng et al., 2002; Xiong et al., 2004;
Hu et al., 2008). These studies, so far, have not arrived at consistent
conclusions. Moreover, all of these studies focused on nuclear DNA.
The relationships of genetic susceptibility of familial nasopharyngeal
carcinoma (FNPC) and mitochondrial genomic alterations remain
unknown.

Mitochondria are ubiquitous organelles in eukaryotic cells whose
primary role is to generate energy supplies in the form of ATP through
oxidative phosphorylation (Van Tuyle and McPherson, 1979). Mito-
chondrial DNA is more susceptible to damage than nuclear DNA.
Mitochondrial DNA (mtDNA) mutations in coding and non-coding
regions have been reported in a variety of human cancers. Unlike
nuclear DNA, mtDNA structure is not maintained in histone-like DNA
bound protein scaffolds and has a weak nucleotide excision repair
system (Anderson et al., 1981). In human tumors, multiple types of
mitochondrial genomic alterations have been found, including point
mutations, deletions and insertions. The human mitochondrial
genome is a 16.6 kb circular double-stranded circular DNA of
~16500 nucleotides (Attardi and Schatz, 1988). It contains 37 genes
encoding 13 peptides for the oxidative phosphorylation apparatus, as
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well as 22 tRNAs and 2 rRNAs essential for protein synthesis within
mitochondria. In addition, mtDNA contains a non-coding region that
includes a unique displacement loop (D-loop), which controls
replication and transcription of mtDNA (Van Tuyle and McPherson,
1979). The control region (D loop) of mtDNA is a polymorphic region
that accumulates point mutations (Corral-Debrinski et al., 1992). The
majority of mtDNA mutations are reported to occur in the D-loop
region in human malignancies (Penta et al., 2001; Polyak et al., 1998;
Carew et al., 2003). D loop mutations are correlated with undifferen-
tiated hepatocellular carcinomas (HCC) (Tamori et al, 2004) and with
stage progression and unfavorable prognosis in non small cell lung
cancers (Matsuyama et al, 2003). Specifically, it was suggested that in
the D-loop region, a poly-C stretch (C-tract), termed the D310 region,
is more susceptible to oxidative damage and electrophilic attack
compared with the other regions of mtDNA (Mambo et al., 2003a) and
has been identified recently as a frequent hot spot of deletion/
insertion mutations in tumors (Parrella et al., 2003; Sanchez-Cespedes
et al,, 2001).

With regard to familial nasopharyngeal carcinoma, little research
has investigated associations between NPC and accumulation of
mtDNA mution in D-Loop. Therefore, given the association of tumor
with mtDNA alternations, we hypothesized that the alternations of
mtDNA may contribute to the increased FNPC risk by affecting
susceptibility. To test the hypothesis, we carried out studies on 4
families with NPC and 20 sporadic NPC from Zhejiang area located in
the middle part of China. In particular, we analyzed the frequent
occurrence of sequence variations of mitochondrial DNA D-loop
region between experimental groups and normal control. To our
knowledge, the correlations between mtDNA mutations and hered-
itary factor in familial nasopharyngeal carcinoma have not been fully
addressed. The results would uncover a possible link between mtDNA
Sequence variants and familial nasopharyngeal carcinoma and may
serve as a molecular marker that may have use in evaluating the
tumorigenic potential of NPC.

2. Materials and methods
2.1. Patients and tumor samples

Briefly, a total of 29 subjects (7 affected and 22 unaffected pedigree
members) from 4 families with NPC and 20 sporadic NPC as well as 122
cases of normal control were recruited from Zhejiang Han population,
China. Concerning the patients' clinical characteristics, no significant
differences were found in gender, age, smoking status, histologic types
of tumors, or disease stages among all four groups of samples (Table 1).
The histologic types and stages of nasopharyngeal carcinoma were
classified according to the World Health Organization criteria. These
families are from earlier epidemiological studies or from medical
records in the First Affiliated Hospital of Wenzhou Medical College and
Taizhou Hospital, which have at least two affected individuals with
NPC. The familial history of these subjects was shown in Fig. 1. All
patients were diagnosed having NPC based on clinical pathological
examinations as well as clinical records by local doctors. Except for
NPC, other cancers were also found in one of these families such as
liver cancer, pulmonary cancer. Five-to-10 ml of peripheral blood was
collected from each subject before any chemotherapy, radiotherapy or
pharmacotherapy, with fully informed consent. The study was
approved by Wenzhou Medical College Ethic Committee.

2.2. DNA extraction

mtDNA and nuclear DNA from peripheral blood frozen at —70 °C
was extracted respectively using the Blood Genomic/Mitochondrial
DNA Extraction Kit (GenMed Scientifics, Inc. Arlington, MA, USA)
according to the instructions of the manufacturer. The final DNA pellet

Table 1
The clinical characteristics for the samples®.

Clinical FNPC UAPM SNPC Normal control P
variable (n=7) (n=22) (n=20) (n=122) value
Gender
Male 57.1 273 45.0 49.2 254
Female 429 72.7 55.0 50.8
Age, years®  47.4(108) 38.0(9.9) 449 (82) 41.2(114) 117
Smoking status
Current 28.6 273 10.0 22.1 400
Former 28.6 9.1 35.0 20.5
Never 42.8 63.6 55.0 574
Histologic type
KScCC 28.6 15.0 .580
NKC 714 85.0
TNM stage
I 143 10.0 675
Il 42.8 30.0
il 28.6 50.0
I\% 143 10.0

Abbreviations: FNPC, familial nasopharyngeal arcinoma; UAPM, unaffected pedigree
member; SNPC, sporadic nasopharyngeal carcinoma; KSCC, keratinizing squamous cell
carcinoma; NKC, non-keratinizing carcinoma.

¢ Data are given as percentage of each group unless otherwise indicated.

b Data are given as mean (SD).

was dissolved in 20 ul GENMED buffer solution and stored at —20 °C
until use.

2.3. mtDNA D-loop PCR analysis

mtDNA fragments from the D loop were amplified using PCR primer
pairs, which were designed according to MITOMAP Human mtDNA
Cambridge Sequence data (www.mitomap.org) by using the Primer
Express Software. The sequences of the primer are as follows: R: 5'-GAA
TCG GAG GAC AAC CAG TA-3'S: 5'-TGA TGT GAG CCC GTC TAA AC-3".
PCR amplification was performed in 25 ul final volume consisting of
2.5ul 10x PCR buffer, 200 uM of each dNTP, 1 U HoTaq polymerase
(Nustar, America), 10 umol/l of each primer and 100 ng DNA template.
The reactions were performed with a Bio-Rad thermocycler (Applied
Biosystems Inc., USA) under the following conditions: 94 °C for 5 min,
and 35 cycles of 94 °C for 35 s, 62.5 °C for 35 s, and 72 °C for 60 s, and a
final extension step at 72 °C for 10 min. The PCR product amplified from
D-loop mtDNA was detected by electrophoresis on a 1% agarose gel at
120V and 60 mA for 60 min and under UV transillumination after
ethidium bromide staining, and photographed.

2.4. Nucleotide sequence analysis

After purification with the AxyPrep™ PCR Cleanup Kit (Axygen
Biosciences, America), all of the PCR products were sequenced in both
directions using the same primers as PCR with the Applied Biosystems
(ABI) 3730XL DNA Analyzer and BigDye® Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, America) under the following
conditions: 25 cycles at 96 °C for 10s, 51 °C for 10 s and 60 °C for
3 min. After nucleotide sequencing, sequence variations were deter-
mined by comparison with revision of Cambridge reference sequence
using CodonCode Aligner 2.0.6 software. Those not recorded in the
database were categorized as novel mtDNA polymorphisms.

3. Statistical analysis

The clinicopathologic characteristics and prevalence of sequence
variations between familial nasopharyngeal carcinoma (FNPC),
unaffected pedigree member (UAPM), sporadic nasopharyngeal
carcinoma (SNPC) group and normal control (NC) were compared
using the one-way ANOVA and Chi-square test or Fisher's exact test.
All statistical analyses were performed with the SPSS software
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Fig. 1. Four Chinese pedigrees with familial nasopharyngeal carcinoma. Patients with nasopharyngeal carcinoma are indicated by filled symbols. Arrow denotes proband. Asterisk

indicates the 7 affected and 22 unaffected pedigree members.

package 12.0 (SPSS Inc., Chicago, IL, USA). Hazard ratios are presented
with their 95% confidence intervals (95% CI). p values less than 0.05
were considered significant. When the multiple experimental groups
compared with the same control group, size of a test (o =0.05) would
be adjusted by o’=a/2(k—1). Related association results were
adjusted for multiple testing.

4. Results
4.1. Sequence variants in four NPC families and SNPC

A total of 74 and 129 sequence variants were observed in 49
individuals from the experimental groups and 122 normal cases,
respectively. Among these nucleotide positions, the overall numbers
of variants were 67, 197, 186 and 832 in FNPC, UAPM, SNPC and NC,
respectively (Table 5; Supplementary Information, Table S1). A
significantly higher overall number of variants in FNPC, UAPM and
SNPC compared with normal control were obtained (P<0.05)
(Table 2). Representative mtDNA sequence variation chromatograms
are shown in Fig. 2. Of the 74 detected sequence variants, 90.5% were
homoplasmic, while 9.5% (7/74) of the mutations were heteroplasmic.
There were 6 novel polymorphisms detected in this investigation.
These include np186C — G, np206T-G, np310T — CCT, np314C-CCins
(n), np556A— T and np16526G — T transition. Variations of the sites,
transitions, and frequencies in familial NPC patients are summarized
in Table 5. Moreover, there exist four high variations at np73A-G,
np263A-G, np489T-C and np16223C-T. Unfortunately, except for
np16362T-C and np16519T-C, all these alterations have no statistical
significance compared with normal control.

Table 2

Statistical analysis of total Base Variation Rate between groups.
Group*® Overall number of variants ~ Base Variation Rate® P value
FNPC (n=7) 67 67/7 1120 0.007
UAPM (n=22) 197 197/22 1120 0.001
SNPC (n=20) 186 188/20 1120 0.000
NC (n=122) 832 832/122 1120

¢ The number of cases analyzed is shown in parentheses for each group.
b Base Variation Rate = the total number of base variation/the total number of base
measured.

4.2. Frequency of T to C variants at np16362 and np16519 between
groups

In this study, the study subjects were categorized into 4 subgroups
(Table 3). The frequencies of np16362T-C were 100%, 81.8%, 20.0%,
and 32.8% in FNPC, UAPM, SNPC and NC, respectively (Table 3). In
contrast, we have observed a significantly higher frequency of
np16362 variant in FNPC and UAPM(100%, 81.8%) compared with
the other two groups (P<0.05). Its frequency in SNPC (20.0%, 4/20)
was found to be similar to that in NC (32.8%, 40/122), there was no
statistically significant difference between SNPC and NC. At
np16519T-C, the frequencies of variants were 0, 22.7%, 15%, and
46.7% in FNPC, UAPM, SNPC, and NC, respectively (Table 3). A
significantly lower frequency of np16519 variant in FNPC, UAPM and
SNPC compared with normal control were obtained (P<0.05).
Furthermore, there seems to appear a negative correlation between
them. Thus, these results suggest that carriers of the T to C
polymorphisms at 16362 might also be more susceptible to the
development of familial nasopharyngeal carcinoma. With this
reduction of frequency of np16519 variant, however, the risk of
suffering from nasopharyngeal carcinoma more likely increase.

4.3. Microsatellite instability (MSI) in the D310 and np16183-16194
regions

The region between np303 and 315, designated as D310, is a highly
homopolymeric C stretch in the D-loop region recognized as a
mutational hot spot in several primary tumors. The other region at
np16183-16194 also contains similar poly (C)-T-poly (C) sequences
(ACCCCCTCCCCA). Thus, along with D310 were investigated in this
study. As indicated in Table 4, totally 46 and 14 instances of mtMSI
were detected in the D310 and np16183-16194 regions, which
represent the most frequent mtMSI in experimental groups, respec-
tively. The occurrence of mtMSI at D310 in FNPC, UAPM and SNPC
groups was statistically significantly higher (P<0.05) than those in NC
(53.3%). Then, Base Variation Rate was calculated in the D310 regions.
Consistent with the frequency of mtMSI at D310, there were statistically
significant differences (P<0.05) compared with NC (6.05%). Moreover,
compared between FNPC, UAPM and SNPC, there was no statistically
significant difference. However, no statistically significant difference
(P>0.05) between frequency of variants at np16183-16194 regions and
NC(36.1%) was detected. Overall, these results show that the individuals
with family NPC and patients with nasopharyngeal carcinoma harbor
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Fig. 2. Partial sequence chromatograms of D-loop sequence variation from experiment subjects. An arrow indicates the location of the base changes. A: np16362T — C fromlll7a,
B: np16519T — C fromlI5c, C: mtMSI at D310 from IV1a, D: mtMSI at np16183-16194 from IlI2a. a: pedigreel b pedigree2 c: pedigree3 d: pedigree4.

more microsatellite instability (MSI) in the D310 regions than healthy
cancer-free people, suggesting that these nucleotide changes or at least
some of them might be related to nasopharyngeal carcinoma predis-
position or family clustering.

5. Discussion

Warburg' (1956) proposal that cancer originated from a non-
neoplastic cell that adopted anaerobic metabolism as a means of
survival after injury to its respiratory system led to the notion that
tumors were initiated by persistent damage to the mitochondria.
Consequently, changes in the number, shape and function of mitochon-
dria have been reported in various cancers (Pedersen, 1978).

Although mutations occur throughout the entire mitochondrial
genome, most mutations are in the D-loop region. Because of its unique
triple-stranded DNA structure that is more sensitive to oxidative
damage due to the exposure of the displaced single strand in this
arrested replication intermediate, the mutation rate in the D-loop region
can reach 100- to 200-fold higher than that for nuclear DNA (Baldinu et
al,, 2002). Furthermore, the previous study (Wallace, 2005) has
identified that the age is an important factor in mtDNA mutations,
both of them appear positively correlated, that is, the accumulation of
mtDNA mutations will gradually increase with the growth of the age.
The age of subjects between study groups was well balanced, no
significant differences were observed in age and gender between
experimental groups and control subjects. Because of limited sample
size the reviewer mentioned, we employed linkage/association tech-
nology strategy (Risch and Merikangas, 1996; Strachan and Read, 1999)
to extract or create the linkage or association conclusion in principle.

A total of 74 and 143 sequence variants were observed in 49
individuals from the experimental groups and 122 normal cases,

Table 3

respectively. Among these, the overall number of variants in FNPC,
UAPM and SNPC showed a positive significant difference, compared to
normal control. This revealed that patients with NPC and pedigree
members are enriched for sequence variants. There is a lower
frequency of heteroplasmic mutation in 74 detected sequence
variants (9.5%) than what Pang et al. (2008) reported (11.9%). It
may be due to our current sequence analyses techniques, which are
significantly better than in the past, do not detect heteroplasmies
present at levels less than 20%. Furthermore, Sekiguchi et al. (2003)
demonstrated that mtDNA heteroplasmy from different individuals to
tissue (hair, blood, or finger nails) variation within individuals will
show different proportions of the heteroplasmy.

In contrast to normal control, the frequent occurrence of these
variations shows no significant difference by statistical analysis
(P>0.05). Similarly, four high variations (np73A-G, np263A-G,
np489T-C and np16223C-T) also display no significant difference
(P>0.05). Interestingly, consistent with a previous study (Pang et al.,
2008), all subjects had these A— G transitions at sites 73 and 263 in
mtDNA. These two variations may also play a role in distinguishing
the five major European mtDNA clusters (Wilkinson-Herbots et al.,
1996; Zupanic Pajnic et al., 2004). The data support the concept that
these haplotypes may represent a common mtDNA sequence type of a
human being.

Another important finding in this study is the frequencies of T to C
variants at np16362 and np16519 in different groups. Compared to
normal control, the np16362 and 16519T to C variants were significantly
higher and lower frequencies in FNPC and UAPM, respectively (Table 3).
Though np16519 variant displays significantly lower frequency
(P<0.05), after this association results were adjusted for multiple
testing (o’ =0.0083), there was no statistically significant difference in
FNPC and UAPM. It means that larger samples to demonstrate the

Statistical analysis of frequency of T to C variants at np16362 and np16519 between groups.

Group? 16362T to C variants (%) 16519T to C variants (%)

Frequency® 0Odds ratio (95% CI) P value Frequency® QOdds ratio (95% CI) P value
FNPC (n=7) 7 (100.0) 3.05(2.37-3.93) 0.001 0 (0.0) 1.88(1.59-2.22) 0.042
UAPM (n=22) 18 (81.8) 9.23(2.93-29.06) 0.000 5(22.7) 0.34(0.12-0.97) 0.036
SNPC (n=20) 4(20.0) 0.51(0.16-1.63) 0.252 3(15.0) 0.18(0.05-0.64) 0.004
NC (n=122) 40 (32.8) 57 (46.7)

2 The number of cases analyzed is shown in parentheses for each group.
> Numbers of controls with variant/total controls.
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Table 4
Distribution of microsatellite instability (MSI) in the D310 and np16183-16194 regions.

Group*® No. of mtMSI in nucleotide Base Variation
position® Rate®
D310 P np16183- P D310 P
value 16194 value value
FNPC (n=7) 7 (100.0) 0.042 1 (14.3) 0442  12/91 0.007
UAPM 19 (864) 0.004 6(27.3) 0425 30/286 0.006
(n=22)
SNPC (n=20) 20(100.0) 0.000 7 (35.0) 0927 32/260 0.000
NC (n=122) 65 (53.3) 44(36.1) 96/

1586

@ The number of cases analyzed is shown in parentheses for each group.

b The incidence (% of relevant samples tested) is shown in parentheses.

¢ Base Variation Rate = the total number of base variation/the total number of base
measured.

association are necessary in follow-up experiments. Thus, our finding
indicated the np16362 and 16519T to C variants may be associated with
genetic susceptibility of familial nasopharyngeal carcinoma. The two
variants are associated with an increased risk of familial nasopharyngeal
carcinoma. We propose that these specific alterations, if confirmed,
probably could be considered as promising markers in clinical
diagnostic applications for familial nasopharyngeal carcinoma. Up to
date, however, the possible biological significance and mechanism of
action of the np16362 and 16519T to C variants are unclear. Zhou et al.,
2007 consider that cancer-specific mitochondrial mutations may
contribute to the development of a malignant phenotype by direct
genotoxic effects from increased reactive oxygen species production as
well as induction of aerobic glycolysis and growth promotion.

Similar frequencies of deletions and insertions at D310 region have
been reported in other tumors (Sanchez-Cespedes et al., 2001),
microsatellite instability (MSI) in the D310 appears to be good markers
to determine nasopharyngeal carcinoma. The occurrence of mtMSI at
D310 in FNPC, UAPM and SNPC groups was statistically significantly
higher (P<0.05) than in NC (53.3%, Table 4). Likewise, Base Variation
Rate at D310 had statistically significant difference (P<0.05) compared
with NC (6.05%). Whereas MSI of np16183-16194 containing similar
poly (C)-T-poly (C) sequences (Table 4) displayed no significant
difference (P>0.05). This reinforces the notion that the D-loop has a
selectively high mutation rate. The significantly higher frequency of
mtMSI in nasopharyngeal carcinoma and pedigree members as
compared to normal control could reflect a potentially significant role
for mtMSI in the development and progression of cancer, in particular.
At present, Sekiguchi et al. (2003) considered that automated DNA
sequencing using either the ABI373 or 310 sequencers and either Dye
Terminator (ABI373), dRhodamine Terminator (ABI 310) or BigDye-
Terminator (ABI310) chemistries allow the unambiguous detection of
the heteroplasmy present at the 30% level and these results show that
PCR and sequencing are the gold standard for detecting single
nucleotide polymorphisms (SNPs) and mutations. In view of this, we
first applied the PCR-sequencing technique. But in follow-up experi-
ments, we will use other methods to support.

Although mtMSI hot spots have been identified, it remains a
challenge to address its function. In addition, the association between
mtMSI and nuclear DNA has not yet been elucidated. Two recent studies
(Harn et al.,, 2002; Trimeche et al., 2008), in Taiwan and Tunisia, have
described a relative high frequency of nuclear MSI (47% and 31.2%) in
NPC cases, respectively. The possibility that there may be a common
initial triggering mechanism of mtMSI and nuclear MSI warrants further
investigation. Some evidence indicates that mtMSI may be due to
inefficient repair mechanisms (Mambo et al., 2003b). Another potential
factor favoring mtMSI is DNA polymerase <y, an enzyme responsible for
mtDNA synthesis but with relatively weak proof-reading efficiency,
therefore likely to be involved in the generation of mtDNA alterations.
Longley et al. (2001) have suggested that the homopolymorphic

nucleotide tracts in mtDNA were error prone because of the low
frameshift fidelity of the DNA polymerase <y that carries out the mtDNA
replication. Furthermore, DNA polymerase 1 itself was also a target of
oxidative damage (Graziewicz et al., 2002) and, when so damaged, may
generate extensive errors during mtDNA replication and repair. Recent
investigation showed that mtMSI at D310 seems to be associated as an
early event in tumorigenesis and is increased with the severity of
dysplasia in premalignant lesions of the head and neck (Ha et al., 2002).
In addition, our experimental results were based on blood and not from
the cancerous tissue. The mutation is one of hereditary factors, which is
molecular basis for this disorder, while other mutations shared between
tissue types are likely to have originated early in embryogenesis and
may not increase risk, except that acquired somatic mutations are
accumulated. But Pang et al. (2008) have reported that somatic
mutations in the mtDNA D-loop region that shared concomitantly in
blood and cancerous tissues are formed in NPC patients.

The study failed to detect a significant bias towards maternal
inheritance in familial NPC, adding additional uncertainty regarding the
role of inherited mtDNA variants in NPC. Mitochondrial genes are passed
on from mothers to offspring but not from fathers to offspring.
Therefore, to the degree that heritable mitochondrial genetic factors
influence the risk of NPC, there should be a greater risk of NPC among
offspring of women with NPC compared to offspring of men with NPC.
However, this model has recently been challenged. Low levels of
paternal transmission of mtDNA have been observed in crosses between
mouse species, but not within species (Gyllensten et al., 1991), although
further studies showed that this paternal mtDNA was not transmitted to
the subsequent generation (Shitara et al., 1998). Studies of a patient
with mitochondrial myopathy — who carried a novel, 2-bp pathogenic
deletion in the NADH (reduced nicotinamide adenine dinucleotide)
dehydrogenase subunit 2 (ND2) gene in his muscle mtDNA — have also
challenged the maternal inheritance of mtDNA (Schwartz and Vissing,
2002). Another consideration is that other factors, possibly including
somatic mtDNA mutations, virus and environment, may account for it.
Because nasopharyngeal carcinoma is a complex disease with a proven
genetic component. Similar to other solid tumors, NPC carcinogenesis
likely occurs through a multistep process involving the interaction
between environmental exposure, viral infection and somatic genetic
alteration. However, the precise genetic component in this disease has
remained largely elusive.

In summary, our data show that mtDNA exhibited a high rate of
sequence changes in familial nasopharyngeal carcinoma and pedigree
members, particularly those in np16362, np16519 and D310 seg-
ments, might be involved in the NPC carcinogenesis and could be
included in a panel of molecular biomarkers for cancer susceptibility
early-detection strategy.

Supplementary materials related to this article can be found online
at doi: 10.1016/j.mit0.2010.12.008
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Table 5
Sequence variants of mtDNA D-loop region in all groups.
Nucleotide rCRS? Nucleotide Groups® Homo-/ Previously
. h

position replacement FNPC (n=7) UAPM (n=122) SNPC (n=20) NC (n=122) heteroplasmya reported
73 A A-G 7 22 20 108 Homo Yes
103 G G-A 1 2 0 2 Homo Yes
146 T T-A 0 0 1 0 Hetero Yes
150 C C-T 2 2 4 12 Homo Yes
152 T T-C 2 5 5 13 Homo Yes
186 C C-G 0 1 1 0 Hetero No
189 A A-G 1 2 0 6 Homo Yes
195 T T-C 0 0 1 1 Homo Yes
199 T T-C 0 0 2 1 Homo Yes
204 T T-C 1 3 4 7 Homo Yes
206 T T-G 1 1 0 0 Hetero No
207 G G-A 1 3 0 7 Homo Yes
235 A A-G 0 2 0 5 Homo Yes
249 A A-del 0 0 3 6 Homo Yes
263 A A-G 7 22 20 105 Homo Yes
297 A A-G 0 1 1 0 Homo Yes
309 C C-CC 4 5 10 22 Homo Yes
310 T T-C 0 0 0 7 Homo Yes
310 T T-TC 0 0 0 12 Homo Yes
310 T T-CCT 0 5 4 9 Homo No
310 T T-CTC 0 0 1 5 Homo Yes
310 T T-CCTC 2 2 0 11 Homo Yes
314 C C-CC 1 1 1 0 Homo No
315 C C-CC 5 17 16 30 Homo Yes
316 G G-CA 0 1 0 1 Homo Yes
489 T T-C 4 7 11 41 Homo Yes
521 A A-del 0 0 2 0 Homo Yes
522 C C-del 0 0 2 0 Homo Yes
523 A A-del 1 3 3 6 Homo Yes
524 C C-del 1 3 3 6 Homo Yes
524 C C-CAC 0 0 1 0 Homo Yes
556 A A-T 0 0 1 0 Homo No
16093 T T-C 1 4 3 6 Homo Yes
16104 C C-T 0 0 1 0 Hetero Yes
16126 T T-C 0 1 0 0 Hetero Yes
16129 G G-A 2 5 6 15 Homo Yes
16140 T T-C 1 3 0 4 Homo Yes
16164 A A-G 0 0 2 4 Homo Yes
16172 T T-C 2 2 5 13 Homo Yes
16182 A A-del 0 0 1 0 Homo Yes
16182 A A-C 0 0 1 2 Homo Yes
16183 A A-del 0 0 1 0 Homo Yes
16183 A A-C 1 6 2 23 Homo Yes
16184 C C-CC 0 0 1 0 Homo Yes
16184 C C-T 0 0 1 7 Homo Yes
16185 C C-T 0 0 0 2 Homo Yes
16189 T T-C 1 6 5 30 Homo Yes
16190 C C-CC 0 0 1 0 Homo Yes
16192 C C-T 0 0 0 2 Homo Yes
16194 A A-C 0 1 0 0 Homo Yes
16209 T T-C 1 2 0 2 Homo Yes
16218 C C-T 0 0 1 0 Homo Yes
16223 C C-T 4 12 11 43 Homo Yes
16228 C C-T 0 0 1 0 Homo Yes
16234 C C-T 0 2 0 3 Homo Yes
16235 A A-G 0 2 0 2 Homo Yes
16249 T T-C 2 3 0 7 Homo Yes
16257 C C-A 0 0 1 4 Homo Yes
16261 C C-T 0 0 1 1 Homo Yes
16263 T T-C 0 2 0 2 Homo Yes
16274 G G-A 1 2 0 3 Homo Yes
16278 C C-T 0 0 1 2 Homo Yes
16287 C C-T 0 0 1 0 Hetero Yes
16290 C C-T 0 2 0 4 Homo Yes
16293 A A-G 1 0 1 3 Homo Yes
16293 A A-C 0 2 0 2 Homo Yes
16296 C C-T 0 0 1 0 Hetero Yes
16297 T T-C 0 0 2 4 Homo Yes
16298 T T-C 0 0 2 5 Homo Yes
16304 T T-C 0 0 2 5 Homo Yes
16311 T T-C 0 0 3 6 Homo Yes
16319 G G-A 0 2 1 1 Homo Yes
16325 T T-C 0 2 0 5 Homo Yes
16327 C C-T 0 0 1 2 Homo Yes
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Table 5 (continued)

Nucleotide rCRS* Nucleotide Groups® Homo-/ Previously
o ¢

position replacement FNPC (n=7) UAPM (n=22) SNPC (n=20) NC (n=122) heteroplasmya reported

16362 T T-C 7 18 4 40 Homo Yes

16456 G G-A 0 2 0 3 Homo Yes

16519 T T-C 0 5 3 57 Homo Yes

16526 G G-T 2 1 2 7 Homo No

Total 67 197 186

Abbreviations: FNPC, familial nasopharyngeal arcinoma; UAPM, unaffected pedigree member; SNPC, sporadic nasopharyngeal carcinoma.

2 Revision of Cambridge reference sequence.
b Data are given as numbers of each group with variant.
¢ See http://www.mitomap.org.
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