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Abstract The aim was to analyze quantitative (mitochondrial
DNA (mtDNA) content) and qualitative (G10398A polymor-
phism) mtDNA alterations as well as human papillomavirus
(HPV) infection in cervical cancer prognosis. One hundred and
twenty-two cases of formalin-fixed paraffin-embedded cervical
carcinoma specimens were collected from the Yichang Tumor
Hospital and Zhongnan Hospital of Wuhan University in the
recent 10 years together with medical records. A quantitative
real-time PCR (RT-PCR) was used to determine the copy num-
ber of the mitochondrial DNA and HPV expression levels.
G10398A polymorphism was determined by PCR-RFLP assay.
The overall survival of patients with higher mtDNA content was
significantly reduced compared with lower mtDNA content pa-
tients (P=0.029). But there was no difference of prognosis be-
tween the mtDNA 10398 A allele and G allele. However, the
Kaplan—Meier survival curve illustrated a significantly reduced
overall survival in the patients with 10398A plus high mtDNA
copy number compared with the other groups (P<0.05).
Although no association between HPV expression level and
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cervical cancer prognosis was observed, 10398A got increased
mtDNA content compared with 10398G (P<0.05) and 10398G
displayed an increased HPV-positive rate compared with
10398A. Furthermore, HPV-18 and mtDNA content were posi-
tively related in the younger subgroup (<45 years) (correlation
coefficient=0.456, P=0.022). This study indicated that mtDNA
content and HPV infection status are associated with cervical
cancer prognosis. High mitochondrial DNA content plus
10398 A may be a marker of poor prognosis in cervical cancer.
And mtDNA variation may potentially influence the predisposi-
tion to HPV infection and cervical carcinogenesis.
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Introduction

Mitochondria play a central role in cells’ response to environ-
mental stressors not only through energetics and ATP produc-
tion but also through metabolites generated in the tricarboxyl-
ic acid cycle, as well as mitochondria—nuclear signaling relat-
ed to mitochondria morphology, biogenesis, fission/fusion,
mitophagy, apoptosis, and epigenetic regulation [1]. Human
mitochondrial DNA (mtDNA) is a 16,569-base pair (bp)
double-stranded circular DNA, which encodes 13 core poly-
peptide subunits of the respiratory chain complexes, two ribo-
somal RNAs, and a set of 22 transfer RNAs. Unlike nuclear
DNA, mtDNA is not protected by histones and has less effi-
cient repair mechanisms, therefore making it particularly
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susceptible to reactive oxygen species (ROS) and other
genotoxic damage [2]. Previous studies indicate that mtDNA
alterations (increased or decreased) and mutations are in-
volved in the tumorigenesis of various cancers [3—7].
mtDNA content fluctuates from 10% to 10* copies per cell,
and these levels vary across different cell types and tissues [8].
mtDNA content may get significant changes under different
internal or external microenvironments, such as altered oxida-
tive stress, aging, immune response activation, and environ-
mental exposures [9]. Furthermore, genomic regions are also
reported to possibly harbor genes influencing variations in
mtDNA content [10]. In addition, other factors, such as p53,
Ras, and p66 (shc), may also modulate mtDNA content [11].

The mechanism of action of mtDNA 10398 loci in tumor
formation is not completely clear. Mariola et al. reported that
the mtDNA G10398A variant in African—American women
with breast cancer provides resistance to apoptosis and pro-
motes metastasis in mice [12]. There was an additional study
on cell injury which proposes the following process: complex
I damage, ROS induction, and increased ROS damage to var-
ious cell components leading to cell death [13]. The precise
mechanism of the adverse effect of the 10398A or 10398G
allele is not clear, and previous reports have elaborated the
association between A10389G polymorphism and cancer risk,
but the results are not consistent [12, 14].

Studies on human papillomavirus (HPV) showed that HPV
played an important role in cervical cancer [15-18]. The
Amerindian haplogroup B2 increases the risk for cervical can-
cer and enhances the risk conferred by HPV alone by 36 %
[19]. Wallace DC’s research showed that the C150T mtDNA
polymorphism is significantly associated with HPV infection
[20]. A recent report demonstrated that mtDNA copy number
increased during cervical cancer development (L-SIL, H-SIL,
and cervical cancer) compared with healthy tissues. Increased
mtDNA levels harboring a 4997-bp deletion are associated
with cell susceptibility to persistent HPV infection and cervi-
cal cancer development [21].

Based on this background, in this study, we detected mtDNA
mutations (mtDNA copy number and G10398A polymorphism)
and HPV infection status in cervical cancer patients to explore
the correlations between mtDNA G10398A polymorphism,
HPV infection status, clinicopathological parameters, and prog-
nosis. We aimed to find out the relationship between mtDNA
and HPV and how they affect cervical cancer prognosis in order
to get a marker for the assessment of cervical cancer prognosis.

Materials and methods
Tissues and patients

Formalin-fixed paraffin-embedded surgical tissue samples
were collected from the Department of Pathology at
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Zhongnan Hospital of Wuhan University and Yichang
Tumor Hospital between December 2002 and December
2014. Clinical stage was assessed according to the FIGO clin-
ical staging criteria. None of the patients received radiothera-
py or chemotherapy prior to surgery. Pathological diagnosis
was performed cervical according to the World Health
Organization 2004 scheme. The study protocol was reviewed
and approved by the Institutional Review Board of Zhongnan
Hospital of Wuhan University. All participants provided writ-
ten informed consent to participate in this study. Clinical in-
formation, including age, tumor stage (FIGO), pathological
type, and clinical follow-up data, was recorded prospectively
(Table 1). In addition to a scheduled follow-up examination,
patients were assessed at 3-month intervals for up to 2 years
and every 6 months for 5 years and then annually thereafter. In
total, 122 Han Chinese cases were detected. These patients
ranged from 22 to 77 years old, and the mean age was 45+
9 years old.

Table 1  Clinicopathological characteristics of cervical cancer patients

(N=122)

Variable Group N (%)

Age (year) Mean 45.92
Range 22~77

Stage I 46 (37.7)
I 72 (59.02)
I 4(3.28)
P 0.000

Tumor type Squamous (i) 115 (94.26)
Adenocarcinoma (ii) 5 (4.10)
Adenosquamous (iii) 2 (1.64)
P 0.000

mtDNA content Mean 1758.18
Range 14.27~21,769.19

mtDNA 10398 site A 49 (40.16)
G 73 (59.84)
P 0.03

HPV-16 status =) 84 (68.85)
€] 38 (31.15)
P 0.000

HPV-18 status =) 71 (58.20)
) 51 (41.80)
P 0.07

HPV status (@) 43 (35.25)
(Go) 79 (64.75)
P 0.001

Survival status Alive 94 (75.41)
Dead 28 (24.59)
P 0.000

The chi-square (x* ) test was used to examine differences between groups
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Table 2 Primers used in this study

Primer Sequence of forward (5-3") Sequence of reverse (5'-3")
HPV-16 Qualitative CCTGTGTAGGTGTTGAGG TGGATTTACTGCAACATTGG
Quantitative GAGCGACCCAGAAAGTTACCAC ACCTCACGTCGCAGTAACTGTTG
HPV-18 Qualitative GTGGACCAGCAAATACAGGA TCCAACACGTGGTCGTTGCA
Quantitative CGGCGACCCTACAAGCTACC ACCTCTGTAAGTTCCAATACTGTCTTGC
10398 CAAACAACTAACCTGCCAC ATGAGGGGCATTTGGTA
Mitochondrial TTCTGGCCACAGCACTTAAAC GCTGGTGTTAGGGTTCTTTGTTTT
2M GCTGGGTAGCTCTAAACAATGTATTCA CCATGTACTAACAAATGTCTAAAATGGT
Extraction of total DNA HPYV detection

Total DNA was isolated from paraffin wax specimens accord-
ing to the manufacturer’s protocol (E.Z.N.A.FFPE DNA Kit).
The purity and concentration of DNA were analyzed
spectrometrically (UV spectrophotometer) and then stored at
=20 °C.

Determination of mtDNA copy number by quantitative
real-time PCR

mtDNA content was assessed by quantification of a
unique fragment in the NC 012920 human mitochondrial
genome region relative to a single-copy region of the nu-
clear gene 32M using a real-time PCR (RT-PCR) assay
(primers in Table 2). RT-PCR was performed using an
IQ™ 5 Multicolor RT-PCR Detection System (Bio-Rad).
The 25 l total volume reaction mixture contained 100 ng
DNA template (2 ul), 12.5 pl QuantiTect SYBR-Green
PCR Master mix (Takara), 0.5 pl of each primer, 0.5 pl
ROX Reference Dye II, and 9 pl ddH,O. The following
protocol was used: initial “Hot Start” activation step for
5 min at 94 °C followed by 40 cycles of 30 s at 94 °C,
30 s at 60 °C, and 30 s at 72 °C. All of the sample
reactions were performed at least in triplicate. To get the
mtDNA and nuclear DNA (nDNA) quantities in samples,
we obtained the average threshold cycle number (Ct)
values of the nDNA and mtDNA from each case. Then,
the level of mtDNA was calculated by using the delta Ct
(ACt) of average mtDNA and nDNA Ct values (ACt=
CtmtDNA—-CtnDNA) in the same well expressed as an
exponent of 2 (25Y.

Detection of the 10398 loci

DNA samples were amplified by PCR using primers (Table 2)
located between 10,284~10,306 and 10,484~10,459 nt
followed by digestion with Ddel at 37 °C [22]. Upon resolu-
tion of the Ddel-digested products in a 2 % agarose gel, the
10398A allele produces 128- and 73-bp bands, whereas the
10398G allele produces 90-, 73-, and 38-bp bands.

HPV DNA was detected by PCR with consensus primers.
To identify the specific HPV type (16 or 18) in the HPV-
positive specimens, additional PCR was performed using
HPV-16- and HPV-18-specific primers [23]. The HPV-16

Table 3 Analysis of the association between mtDNA content and
cervical cancer risk stratified by selected variables (N=122)

Variable Number mtDNA content median P value
(range)

Age (years)
<45 61 1045.59 (14~4871) 0.019%*
>45 61 2470.78 (22~21,769)

Stage
I 46 1172.75 (41~11,113) 0.213**
I 72 2125.84 (14~21,769)
I 4 1872.78 (468~4240)

Tumor type
Squamous (i) 115 1827.57 (14~21,769) 0.068**
Adenocarcinoma (i) 5 837.98 (58~2937)
Adenosquamous (iii) 2 68.88 (39~98)

10398 genotype
A 49 2364.59 (41~21,769) 0.152*
G 73 1351.14 (14~11,113)

HPV-16 status
-) 84 1983.73 (22~21,769) 0.167*
) 38 1259.60 (14~11,113)

HPV-18 status
-) 71 2192.20 (14~21,769) 0.056*
) 51 1153.97 (21.86~7538.18)

HPV status
) 43 2569.35 (39~21,769) 0.118*
- 79 1316.66 (14~11,113)

Follow-up
Alive 94 1589.03 (14~21,769) 0.753%%*
Dead 28 2326.07 (55~20,032)

*Student’s 7 test was used to examine the difference of mtDNA content
between two groups

**Mann—Whitney U test or Kruskal-Wallis test was used to evaluate the
difference of mtDNA content in groups
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and HPV-18 primer pairs were designed from the L1 and
El regions of the HPV genome, respectively (Table 2).
The reaction was performed as follows: enzyme reactiva-
tion for 10 min; 35 cycles of 95 °C for 30 s, 62 °C for
30 s, and 68 °C for 30 s; and 72 °C for 5 min.

Quantitative amplification and quantification of the E2 and
E6 genes were performed simultaneously in a 96-well PCR
plate separately. And in order to provide quality assurance of
the quantification system in each reaction, there was one sib-
ling control sample to quantify previously. The numbers of the
threshold cycle (Ct) obtained from E2 and E6 PCR reactions
were regressed to the standard curve to obtain the HPV copy
number. The mean value and standard deviation (SD) were
calculated to evaluate triplicate data. Data between the ranges
of mean T 1.96 SD were considered acceptable. Multiple neg-
ative water blanks were included in every analysis. The reac-
tion was performed in a 25-pl mixture containing 12.5 pl of
2x SYBR Premix Ex Taq, 0.5 pl of each primer (4 pmol,
Table 2), 1 pl of template DNA, 0.5 pl of ROX Reference
Dye II (50x conc), and 10 ul of ddH,O. The reaction was
performed as follows: enzyme reactivation for 10 min follow-
ed by 40 cycles of 95 °C for 10 s and 62 °C for 1 min. All of
the reactions were performed at least in triplicate.

Statistical analysis

Patients were followed from the date of cervical cancer diag-
nosis to emigration, death, or end of the study (December

2014), whichever occurred first. Non-parametric statistics
(median, range, X2 test, ¢ test, and Mann—Whitney or
Kruskal-Wallis tests) were used to describe the demographics
and clinical and pathological characteristics of the patient pop-
ulation. The Kaplan—Meier product limit method was used to
estimate survival outcomes. Univariate and multivariate Cox
regression analyses were conducted to adjust for patient and
tumor characteristics. The hazard ratios are presented with
95 % confidence intervals (95 % CI). All statistical tests were
two sided. The differences were considered significant when
P<0.05. All statistical analyses were performed using the
SPSS version 19.0 software.

Results

Higher mtDNA content is associated with poorer
prognosis of cervical cancer patients

We analyzed the association between mtDNA content in cer-
vical cancer tissues and traditional clinical parameters
(Table 3). However, a significantly different mtDNA content
was observed based on patient age (median 1045.59 vs
2470.78, P=0.019; Table 3 and Fig. 1a), while mtDNA con-
tent was not related with either the 10398 allele or HPV status
(P=0.152 and P=0.118, respectively; Fig. 1b, c). Due to a
small number in the subtype, we observed no relationship with
tumor type (squamous, adenocarcinoma, adenosquamous)

(A) Age and mtDNA content (B) G10398A and mtDNA content (C) HPV status and mtDNA content
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Fig. 1 The distribution of mtDNA content. a Significantly different
mtDNA content was observed based on patient age (median 1045.59 vs
2470.78, P=0.019), b, ¢ while mtDNA content was not related with either
the 10398 allele or HPV status (P=0.152 and P=0.118, respectively). e, f
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(E) Tumor type and mtDNA content
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Due to a small number in the subtype, we observed no relationship with
tumor type (squamous, adenocarcinoma, adenosquamous) and tumor
stage (I, 11, IIT)
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and tumor stage (I, II, III) (Fig. 1d, e). Then, patients were
subdivided into two subgroups (high and low mtDNA copy
number) according to whether their mtDNA content was
above or below the average mtDNA copy number in all 122
patients. The Kaplan—Meier survival curve illustrated that the
overall survival (OS) of patients with higher mtDNA content
is significantly reduced compared with lower mtDNA content
patients (5-year OS 78.18 vs 60.53 %, P=0.029; 8-year OS
68.18 vs 40 %, P=0.003; Fig. 2). The above results indicated
that patients with low mtDNA content displayed a better prog-
nosis than patients with high mtDNA content.

G10398A polymorphism was not related with prognosis
of cervical cancer patients

Based on electrophoresis results of the 10398 locus mutation,
49 cases displayed an A and 73 cases harbored a G at the site.
In this study, we analyzed the associations between the 10398
allele in cervical cancer tissues and traditional clinical param-
eters (Table 4). We discovered that the 10398 allele was not
associated with age (>45, <45), but we found significantly
different allele distributions according to tumor type (squa-
mous i, adenocarcinoma ii, adenosquamous iii), tumor stage
(I, 11, III), and follow-up (alive or dead). The mutations in
squamous patients were significantly different from those in
adenocarcinoma and adenosquamous patients (P<0.05,
Table 4), and the mutations in stage I patients were significant-
ly different from those in stage II and III patients (P<0.05,
Table 4). The mutations in alive patients were significantly
different from those in dead patients (P<0.05, Table 4),
whereas no significant differences were observed between
different groups by age (>45, <45). We subdivided the patients
into two subgroups (A and G) based on the 10398 allele. The
Kaplan—Meier survival curve illustrated no statistically signif-
icant differences between the two groups (5-year OS 74.29 vs
68.57 %, P=0.683; 8-year OS 60 vs 56.82 %, P=0.922). So,

Survival proportions
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—4~ High mtDNA
801
60- ‘—|_L|1—|_|ﬁ
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40- L
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204

0 40 80 120
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Fig.2 Overall survival. Patients who had a higher mtDNA copy number
had poorer 8-year survival than patients with a lower mtDNA copy
number when assessed by Kaplan—Meier curves, and the difference was
significant (overall survival, 68.23 vs 40.00 %, P=0.003). 1=low
mtDNA copy number group; 2=high mtDNA copy number group;
their survival rates are 68.18 and 40.00 %. Censored symbols represent
patients that were lost to follow-up in this research

Table4 Distribution of the mtDNA 10398 genotype among subgroups
of cervical cancer cases stratified by selected clinicopathological
parameters (N=122)

Variable Number mtDNA 10398 genotype P
A G

Age (year)
<45 61 22 39 0.136
>45 61 27 34

Stage
I 46 22 24 0.007
1+111 72+4 27 49

Tumor type
i 115 48 67 0.000
ii+iii 5+2 1 6

Follow-up
Alive 94 40 54 0.000
Dead 28 9 19

The chi-square (x* ) test was used to examine differences between groups

i squamous ii adenocarcinoma, ,iii adenosquamous

there was no statistically significant difference of prognosis
between the two groups.

Patients with high content of mtDNA and 10398
A had the worst prognosis

The patients were divided into four subgroups based on 10398
site mutations (A or G) and mtDNA content (low or high).
The Kaplan—Meier survival curve illustrated a significantly
reduced OS in the patients with 10398A plus high mtDNA
copy number compared with the other groups (P<0.05,
Fig. 3). These data suggested that high mtDNA content plus
an A allele at the 10398 site is associated with the poorest
prognosis. Stepwise Cox univariate and multivariate regres-
sion analyses indicated significant differences in OS between

Survival proportions
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Fig. 3 Overall survival. Patients who had a higher mtDNA copy number
plus 10398 A had the poorest 8-year survival than the other groups when
assessed by Kaplan—Meier curves, and the difference was significant
(overall survival, overall comparisons P=0.011). 1=low mtDNA copy
number plus 10398 A group; 2=low mtDNA copy number plus 10398 G
group, 3=high mtDNA copy number plus 10398 A group, 4=high
mtDNA copy number plus 10398 G group; their survival rates are
76.47, 62.96, 25.00, and 47.06 %, respectively. Patients that were lost
to follow-up were censored
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Table 5 Univariate and

multivariate analyses of 5-year Variables (group) Univariate Multivariate

overall survival in relation to

clinical parameters in cervical HR (95 % CI) P value HR (95 % CI) P value

cancer patients (N=122)
Age (<45 vs >45) 1.745 (0.810~3.762) 0.155 1.672 (0.757~3.693) 0.204
Tumor type (i vs ii+iii) 0.463 (0.075~2.545) 0.357 0.822 (0.146~4.628) 0.824
Tumor stage (I vs I1+11I) 3.873 (1.873~8.011) 0.000 3.674 (1.709~7.897) 0.001
mtDNA content (low vs high) 2.267 (1.060~4.848) 0.035 1.997 (0.911~4.379) 0.084
10398 allele (A vs G) 1.180 (0.530~2.627) 0.685 0.890 (0.377~2.100) 0.789
HPV status ((—) vs (+)) 1.250 (0.562~2.784) 0.584 1.460 (0.626~3.407) 0.381

Cox regression analysis, forward: Wald P=0.05 entry, P=0.10 removal

HR hazard ratio, 95 % CI 95 % confidence interval, i squamous, i adenocarcinoma, 7ii adenosquamous

patients with high or low mtDNA copy number, among pa-
tients with different tumor stages and HPV infection status
(P<0.05, Tables 5 and 6). So, there were three parameters
which affected prognosis of cervical cancer, and they were
mtDNA content, tumor stage, and HPV infection status.

10398A got increased mtDNA content compared
with 10398G

In this study, we divided the patients into two subgroups based
on HPV infection status (negative or positive). The Kaplan—
Meier survival test indicates no statistically significant differ-
ences between the two groups (5-year OS 73.53 vs 69.49 %,
P=0.581; 8-year OS 65.38 vs 53.49 %, P=0.281). Analyzing
the relationship among mtDNA 10398 site mutations, mtDNA
content, and HPV infection status, we found that 10398 A got
increased mtDNA content compared with 10398G (P>0.05,
Table 7), and 10398G displayed an increased HPV-positive
rate compared with 10398A (P<0.05, Table 7). No statistical-
ly significant differences in mtDNA content were observed
between HPV-positive and HPV-negative individuals
(P>0.05, Table 7). We performed correlation analysis be-
tween HPV and mtDNA content and observed that HPV-18
and mtDNA content were positively related in the younger
subgroup (<45 years) (correlation coefficient=0.456, P=
0.022).

Discussion

For a long time, studies on the mechanisms of tumorigenesis
are more concentrated on nuclear gene alterations. Recently,
mtDNA mutations (both mtDNA content and mtDNA locus
mutation) have been reported in a variety of human tumors
[24]. Among those studies, Kabekkodu et al. reported that
mitochondrial DNA variation was common in cervical cancer.
Seven hundred and thirty-nine variations in malignant cervical
cancer tissues were identified distributing in the D-loop, the
coding region for tRNA and rRNA genes. Moreover, mtDNA
alterations were significantly higher in malignant samples by
two-tailed Fisher’s exact test (P<0.05) [25].

mtDNA content is increased in tissues from patients with
head and neck, ovarian, and esophageal cancers, and mtDNA
content is decreased in hepatocellular carcinoma (HCC), renal
cell carcinoma (RCC), advanced gastric cancer, and breast
cancer [26, 27]. Based on this background, it is rational to
believe that the role of mtDNA in human cancers is cancer
site specific. Mambo et al. [28, 29] reported that alterations in
mtDNA content in breast cancer did not correlate with tumor
grade and metastasis. Similarly, our study indicates that
mtDNA content in cervical cancer is not associated with tu-
mor stage (I, I, IIT). All of these studies suggest that mtDNA
content mutation may occur in the early stages of tumorigen-
esis. Through stepwise Cox univariate and multivariate

Table 6 Univariate and
multivariate analyses of 8-year
overall survival in relation to
clinical parameters in cervical

cancer patients (N=122)

Variables (group) Univariate Multivariate
HR (95 % CI) P value HR (95 % CI) P value

Age (<45 vs >45) 1.507 (0.724~3.135) 0.273 1.222 (0.556~2.685) 0.617
Tumor type (i vs ii+iii) 0.346 (0.060~2.009) 0.237 0.783 (0.142~4.303) 0.778
Tumor stage (I vs IT+11I) 3.975 (1.941~8.141) 0.000 4.815 (2.092~11.083) 0.000
mtDNA content (low vs high) 2.888 (1.390~6.002) 0.004 2.646 (1.218~5.749) 0.014
10398 allele (A vs G) 1.039 (0.483~2.234) 0.923 0.625 (0.262~1.489) 0.289
HPV status ((—) vs (+)) 1.530 (0.697~3.362) 0.289 2.443 (0.988~6.037) 0.053

Cox regression analysis, forward: Wald P=0.05 entry, P=0.10 removal

HR hazard ratio, 95 % CI 95 % confidence interval, i squamous, ii adenocarcinoma, iii adenosquamous
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Table 7 Correlation between mtDNA variation and HPV infection in cervical cancer (N=122)
Variable Number HPV-16 status HPV-18 status HPYV status
) (%) (+) (%) P ) (%) +) (%) P ) (%) () (%) P
mtDNA 10398
A 49 37 (75.51) 12 (24.49) 0.000 28 (57.14) 21 (42.86) 0.04 20 (40.82) 29 (59.18) 0.000
G 73 47 (64.38) 26 (35.62) 43 (58.90) 30 (41.10) 23 (31.51) 50 (68.49)
Content
Low 60 42 (70) 18 (30) 0.86 31 (51.67) 29 (48.33) 0.01 21 (35) 39 (65) 0.86
High 62 42 (67.7) 20 (32.26) 40 (64.52) 22 (35.48) 22 (35.48) 40 (64.52)

The chi-square (x*) test was used to examine positive rate differences between groups

regression analyses, we observed that individuals with low
mtDNA copy number display higher OS rates. So, we specu-
late that cervical cancer patients with increased mtDNA con-
tent may display a poorer prognosis.

The extent to which mtDNA content is influenced by genetic
factors has not been clearly clarified. Although a lot of proteins
encoded by the nuclear genes have been shown involved in the
replication, transcription, and maintenance of mtDNA, the ge-
netic loci and biologic mechanisms remain to be elucidated.
Mitochondria and mtDNA production may increase through a
pathway that bypasses cell cycle control in the cells under mild
oxidative stress. Also, the mtDNA content increase in aging cells
has been suggested as a result of defective mitochondria bearing
impaired respiratory chain or mutated mtDNA. Two previous
studies reported that higher mtDNA content was significantly
associated with an increased risk of NHL and lung cancer, re-
spectively [30]. Elevated mtDNA content was associated with
altered oxidative stress, immune response activation, aging, and
response to environmental exposures. Furthermore, genomic re-
gions were also possible to harbor genes influencing mtDNA
content variations. In addition, other factors such as p53, Ras,
and p66 may also modulate mtDNA content. Taken together, the
modulation of mtDNA content with cancer risk is multifactorial
and multifaceted. Additional basic studies are needed to further
elucidate the molecular mechanisms.

Studies on mtDNA in cervical cancer demonstrate that qual-
itative (mutations) and quantitative (copy number) mutations in
mtDNA often exist simultaneously [31]. Therefore, we chose
10398 locus polymorphism, which has been frequently studied
in other cancers. A previous study reported that 10398A was
relevant to sporadic breast cancer risk; however, the mutation
was not associated with age, tumor differentiation, stage, lymph
node metastasis, ER, PR, and pre- or post-menstruation, suggest-
ing that germ line mtDNA mutations might be important in the
etiology of certain cancers. Another study demonstrated that the
10398 A allele was associated with increased risk for invasive
breast cancer in both pre- and post-menopausal African—
American women compared with those harboring the 10398G
allele [32]. Studies on the 10398 alleles in breast cancer

mechanistically implicate an inhibition of apoptotic resistance
and altered transfer of calcium signals in the cytoplasm. Thus,
these observations suggest that alleles at a few SNP sites could
also act as risk factors for various diseases. In contrast with the
previous studies, we demonstrate that the mutations in stage I
were different from those in stages II and III. Also, mutations in
squamous patients were significantly different from those in ad-
enocarcinoma and adenosquamous patients; however, individual
overall survival rate displayed no significant differences between
the 10398A and 10398G alleles.

Zhai K et al. reported that the mtDNA control region variant
C150 (REF. 35) was associated with an increased risk of HPV
infection and cervical cancer in Chinese women [31]. In that
case, HPV may have interactions with mitochondria in the cer-
vical cancer pathogenesis. Therefore, we observed that individ-
uals with the 10398G allele displayed an increased HPV-positive
rate, and the HPV-18 and mtDNA contents were positively re-
lated in the younger subgroup (<45 years) (correlation coeffi-
cient=0.468, P=0.016). Therefore, we conclude that qualitative
(by mutations) and quantitative (by mtDNA copy number)
mtDNA alterations are associated with susceptibility to persistent
HPV infection. This was similar to previous studies. We ob-
served that patients with increased mtDNA content with the
10398 A allele displayed the worst prognosis in cervical cancer.

Our population was enrolled from the Yichang Tumor
Hospital and Zhongnan Hospital of Wuhan University. This
region has an elevated cervical cancer incidence rate.
However, our small sample size limits our statistical capacity
to detect minimum to modest interactions between mtDNA
content and other major risk factors. Additionally, our study
was restricted to Han Chinese, and the generalizability of
these results to other ethnic groups needs further evaluation.
Also, our study does not bypass the reverse causation prob-
lem. We detected both mtDNA alterations and HPV infections
and reported a relationship between these factors.

In conclusion, our data are the first to demonstrate that
increased mtDNA content is associated with poor cervical
cancer prognosis and high mtDNA content plus 10398A allele
displays the worst prognosis. mtDNA alterations and HPV
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infections are related, and they both potentially affect progno-
sis. So, we speculate that the mtDNA alterations and HPV
infections may have prognostic value; further studies are re-
quired to validate our result.
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