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Abstract
As peripheral blood contains fluctuated levels of circulating cell-free mitochondrial DNA (ccf mtDNA), we aimed to
evaluate ccf mtDNA as a biomarker for diagnosis and prognosis of epithelial ovarian cancer (EOC). In the present
study, we recruited 165 EOC patients and 60 healthy women. Quantitative RT-PCR was applied to amplify 79-bp
and 230-bp fragments of the mitochondrial 16 s RNA gene in sera of these participants. MtDNA integrity was
defined as the ratio of long to short mtDNA fragments. We observed that the levels of mtDNA79 and mtDNA230
were significantly increased (P = .0001), whereas the mtDNA integrity (P = .0001) was decreased in EOC patients
compared with those in healthy controls. MtDNA79 showed a sensitivity of 90.3% and a specificity of 81.7%
(AUC = 0.900) to discriminate EOC from healthy controls. Moreover, the amounts of mtDNA79 (P = .0001,
P = .012, P = .039) and mtDNA230 (P = .0001, P = .042) continuously raised from healthy controls over FIGO I-II
to FIGO III and IV, with highest levels of mtDNA79 (P = .0001) and mtDNA230 (P = .0001) in FIGO III and IV.
Increasing levels of mtDNA79 (P = .003, P = .0001) and mtDNA230 (P = .041, P = .0001) were also associated
with lymph node metastasis and CA125 values. The higher levels of mtDNA79 (P = .0001; HR 3.2, 95%CI:1.6–6.3)
and mtDNA230 (borderline P = .048, HR 0.9, 95%CI:0.9–1.0) also correlated with poor patients' overall survival, of
which mtDNA79 could act as an independent factor for overall survival. Our data show a significant association of
increasing levels of ccf mtDNA with EOC progress and poor prognosis.
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pithelial ovarian cancer (EOC) is the second most malignant cancer
women. The high mortality of EOC patients is mainly owing to
e first diagnosis at advanced stages [1]. Therefore, circulating
cleic-acid based biomarkers are emerging approaches in the
ploration of noninvasive assays for an improved screening of
OC and other cancer types. Regarding studies on circulating DNA,
evious publications mainly focused on the detection of circulating
nomic DNA in cancer patients, but the potential of mitochondrial
NA (mtDNA) as diagnostic and prognostic molecular markers have
so been reported [2].
MtDNA exists up to even thousands of copies in the energy-
oducing center of mitochondria. It is a uniquely circular, double-
randed DNA molecule, which contains a significant amount of
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Table 1. The characteristics of patients with EOC.

EOC patients Chinese Germany Total

75 (100%) 90 (100%) 165 (100%)

Age (median) 62 (25-84 years) 63 (30-89 years) 62 (25-89 years)
Follow-up time (median) 14 (1-38 months) 18 (1-77 months) 16 (1-77 months)
Histology
Serious 41 (54.7%) 74 (82.3%) 115 (69.7%)
Endometrial 9 (12.0%) 10 (11.1%) 19 (11.5%)
Other subtypes 11 (14.7%) 3 (3.3%) 14 (8.5%)
Unknown 14 (18.6%) 3 (3.3%) 17 (10.3%)

FIGO stage
I 12 (16.0%) 18 (20.0%) 30 (18.2%)
II 15 (20.0%) 5 (5.5%) 20 (12.1%)
III 27 (36.0%) 51 (56.7%) 78 (47.3%)
IV 21 (28.0%) 15 (16.7%) 36 (21.8%)
Unknown 0 (0.0%) 1 (1.1%) 1 (0.6%)

Lymph node status
N0 30 (40.0%) 27 (30.0%) 57 (34.5%)
N1 36 (48.0%) 45 (50.0%) 81 (49.1%)
Unknown 9 (12.0%) 18 (20.0%) 27 (16.4%)

Grading
G1-2 18 (24.0%) 29 (32.2%) 47 (28.5%)
G3 37 (49.3%) 58 (64.4%) 95 (57.6%)
Unknown 20 (26.7%) 3 (3.4%) 23 (13.9%)

Postoperative tumor residue
Tumor free 45 (60.0%) 59 (65.5%) 104 (63.0%)
b 1 cm 25 (33.3%) 15 (16.7%) 40 (24.2%)
N 1 cm 5 (6.7%) 9 (10.0%) 14 (8.5%)
Unknown 0 (0.0%) 7 (7.8%) 7 (4.3%)

Survival status
Dead 19 (25.3%) 26 (28.9%) 45 (27.3%)
Alive 47 (62.7%) 54 (60.0%) 101 (61.2%)
Unknown 9 (12.0%) 10 (11.1%) 19 (11.5%)

Recurrent status
Yes 2 (2.7%) 37 (41.1%) 39 (23.6%)
No 3 (4.0%) 47 (52.2%) 50 (30.3%)
Unknown 70 (93.3%) 6 (6.7%) 76 (46.1%)

CA125 (U/mL)
b65 17 (22.7%) 11 (12.2%) 28 (17.0%)
≥65 58 (77.3%) 65 (72.2%) 123 (74.5%)
Unknown 0 (0.0%) 14 (15.6%) 14 (8.5%)
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methylated DNA. MtDNA causes inflammatory processes via
tivating pattern recognition receptor [3,4]. Besides, mtDNA may
osstalk directly with activated leukocytes and be involved in anti-
icrobial activities [3]. Upon its release under mechanical, chemical
oxidative stress into various body fluids, alterations of the

rculating cell-free (ccf) mtDNA content have been shown to
rrelate with a broad range of clinical conditions, including trauma
verity [5], HIV infection and inflammation [6], cellular damage
duced by exposure to chronic low-dose radiation [7], exposure to
xic/carcinogenic chemicals [8], aging [9], Alzheimer's [10] and
arkinson's [11] disease, multiple sclerosis [12] and cardiovascular
sease [13]. A change in the amount of ccf mtDNA has also been
ported in a variety of cancer types, such as head and neck cancer
4], prostate cancer [15], lung cancer [16], clear cell renal cell
rcinoma [17]. In EOC patients, the levels of ccf mtDNA in plasma
ere reported to be elevated compared with healthy women and
tients with benign ovarian diseases, indicating its diagnostic value
8]. Moreover, the predictive relevance of ccf mtDNA was also
ported. Its levels significantly decreased in plasma of EOC patients
ter 6 cycles of chemotherapy [19].
The present study is designed to determine whether the ccf
tDNA content and its integrity could provide valuable information
r the early detection and prognosis of EOC. We amplified 79 bp
d 230 bp fragments of the mitochondrial 16 s RNA gene in the sera
two populations of 75 Chinese and 90 German EOC patients, and
mpared their levels with 60 healthy women. The short fragments
200 bp) and the long fragments (N200 bp) are supposed to
present the mtDNA cleaved by apoptosis or degraded by
acrophages and mostly mtDNA from necrosis, respectively [8].
tDNA integrity was defined as the ratio of long to short mtDNA
agments. In the current study, our measurements showed a
gnificant association of ccf mtDNA levels with progress and
ognosis of EOC.

aterials and Methods

atients and Healthy Donors

The present study included 165 randomly chosen serum samples from
OC patients, of whom 90 patients were treated at the Department of
ynecology, the University Medical Center Hamburg Eppendorf
amburg, Germany), and 75 patients were from the Department of
ynecology, the Affiliated Hospital of Medical School of Ningbo
niversity (Ningbo, China), for histologically confirmed International
deration of Gynecology and Obstetrics (FIGO) stages I-IV. Serum
mples of EOC patients from Germany and China were collected
rectly before surgery from February 2010 to April 2013 and from
nuary 2011 toMay 2017, respectively, and were stored in nuclease-free
bes at −80 °C.Median ages of EOC patients fromGermany and China
ere 63 (range 30–89) and 62 (range 25–84) years, respectively. Follow-
information was available for 146 patients, of whom 19 Chinese and
German patients were dead. The median follow-up was 18 (range
77) months and 14 (rang 1–38) months for the German and Chinese
tient cohorts, respectively. Table 1 shows the clinicopathological
riables of German and Chinese EOC patients. In addition, the serum
mples of 60 age-matched healthy women (median age of 60, range
–78) with no history of any cancer and in good health based on the
sults of wellness testing in 2017 were selected and obtained from the
ysical ExaminationCenter, the AffiliatedHospital ofMedical School of
ingbo University (Ningbo, China). All recruited patients and healthy
omen gave written informed consent to access their blood samples.
lood collection and experiments were performed in compliance with the
elsinki Declaration, and were approved by the ethics committee (Ethik-
ommission der Ärztekammer Hamburg, Hamburg) and the Clinical
esearch Ethics Committee of Medical School of Ningbo University.

NA Extraction
Total circulating DNA was extracted from 250 μL serum using the
ucleoSpin DNA Plasma/Serum Kit (Macherey-Nagel, Düren,
ermany) according to the manufacturer's instructions. The
ncentrations of extracted DNA were measured on a NanoDrop-
00 Spectrophotometer (Thermo Scientific, Waltham, MA USA)
fore the storage under −20 °C.

uantitative Real-Time PCR
Two primer sets specific for the mitochondrial ribosomal 16 s-
NA were designed as described in the previous study [8]. The
imer pair, mtDNA79 amplified a 79-bp DNA fragment and the
imer pair, mtDNA230 amplified a 230-bp DNA fragment. The
quence of the forward primer for both, mtDNA79 and mtDNA230
as 5′-AGCCGCTATTAAAGGTTCG-3′. The sequences of
e reverse primers specific for mtDNA79 and mtDNA230 were
′-CCTGGATTACTCCGGTCTGA-3′ and 5′-GGGCTCTG
CATCTTAACAA-3′, respectively. The degree of the
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itochondrial fragmentation was defined as the mtDNA integrity,
hich was calculated by the ratio of the relative amounts of
tDNA230 to mtDNA79. For the normalization of real-time PCR
ta, 3 house-keeping genes, including GAPDH DNA, 36B4 DNA
d β-globin DNA were amplified in the pre-experiment to test their
riations in the serum samples of 25 healthy controls and 25 EOC
tients. After comparing the standard deviations of Cq values of
APDH DNA, 36B4 DNA and β-globin between 25 healthy
ntrols and 25 EOC patients, we chose GAPDH DNA with the
rward primer 5′-CCCCACACACATGCACTTACC-3′ and the
verse primer 5′-CCTAGTCCCAGGGCTTTGATT-3′ to normalize
e PCRdata in our study based on the smallest standard deviation. In the
rum samples of German and Chinese EOC patients as well as healthy
omen, we calculated a mean Cq value of 26.03 (s.d. = 1.88), 25.59 (s.
= 2.13) and 25.82 (s.d. = 1.76), respectively, for GAPDH. Real-time
R was performed in triplicate on a 7500 Real-Time PCR System
pplied Biosystems, USA). Each 10 μL reaction solution consisted of 1
L DNA, 5 μL SYBR Green buffer (Invitrogen, Scotland) and 0.2 μL
rward/reverse primer. The PCR conditions were 95 °C for 15 min,
llowed by 40 cycles at 95 °C for 15 s, 60 °C for 30 s and 72 °C for 30 s. A
elting curve analysis of 95 °C for 15 s, 60 °C for 15 s and 95 °C for 15 s
the end of each run was applied to confirm the specificity of the PCR
oducts.

ata Normalization and Statistical Analyses
The relative amounts of mtDNA fragments were calculated and
aluated by the ΔCq method as follows: ΔCq = mean value Cq
APDH) – mean value Cq (mtDNA79/mtDNA230), and the
lative mtDNA amounts corresponded to the value of 2(ΔCq).
He

mtD

mtD

mtD

A

DC

B
**

**

**

gure 1.Quantification of mtDNA79, mtDNA230 and the mtDNA integr
lative amounts of the mtDNA79 and mtDNA230 fragments were qu
tDNA230 to mtDNA79. The box plots compare the relative levels of
althy women (n = 60) and patients with EOC (n = 165). ROC ana
tDNA79, mtDNA230 and (C) the mtDNA integrity to distinguish h
nsitivities and specificities of mtDNA79, mtDNA230 and the mtDNA
The statistical analyses were performed using the SPSS software
ckage, version 22.0 (SPSS Inc., Chicago, IL, USA). Assuming
nparametric distribution of the data, univariate analyses of the Mann
hitney U test of two independent variables (e.g. healthy controls vs.
OC) were used. For the comparison of N2 independent variables (e.g.
althy controls vs. G1–2 vs. G3, healthy controls vs. FIGO I-II vs.
GO III vs. FIGO IV, healthy controls vs. N0 vs. N1, healthy controls
. tumor free vs. tumor residue), relative expression data were firstly Ln
ansformed in order to obtain normally distributed data, and then
atistical differences were evaluated using ANOVA with Tukey's HSD
st for all pairwise comparisons that correct for experiment-wise error
te. In order to estimate the optimal sensitivity and specificity of the
tDNA fragments to discriminate two groups of different clinical
thological parameters, receiver operator characteristic (ROC) analysis
as carried out. For the correlation analyses, bivariate analyses of the
earman-Rho test were applied considering the nonparametric
stribution of the data. Univariate and multivariate analyses were
rformed for prognostic factors of patients' overall survival and
currence-free survival using the Cox regression model. Kaplan-Meier
ots were drawn to estimate patients' overall survival, and the log-rank
st was applied. Missing data were handled by pairwise deletion. P b .05
as considered statistically significant. All P values are two sided.

esults

uantification of Serum mtDNA79 and mtDNA230 Fragments

The amount of total DNA and the relative levels of the ccf mtDNA
agments (mtDNA79, mtDNA230) were quantified in the serum
althy vs. EOC Sensitivity Specificity 

NA79 0.903 0.817 

NA230 0.770 0.783 

NA230/mtDNA79 0.867 0.491 

ity in the serum of patients with EOC and healthy women. (A) The
antified by qRT-PCR. The mtDNA integrity refers to the ratio of
mtDNA79, mtDNA230 and the mtDNA integrity in the serum of
lyses show the profiles of sensitivities and specificities of (B)
ealthy control group from EOC cohort. (D) Summarization of
integrity. **P b .01.



sa
m
qR
G
in
m
sh
C
di
co
se
w
(m
pa
cu
di
0.
1C
m
Se
in
+s
E
sp

C
C

th
co
F
Su
va
gr
m
in
(G
no
m
(S
in
of
(P
F
su
m
(P
II
po

Fig
re
pa
m
co
pa
th
op

1216 Circulating mtDNA as diagnostic and prognostic biomarker in EOC Meng et al. Translational Oncology Vol. 12, No. 9, 2019
mples of 90 German and 75 Chinese patients with EOC, and 60 age-
atched healthy women by a NanoDrop Spectrophotometer and SYBR
T-PCR, respectively. The amplification and melting curves of
APDH, mtDNA79 and mtDNA230 products by qPCR are shown
Supplementary Figure S1. The levels of total DNA (P = .436),
tDNA79 (P = .377), mtDNA230 (P = .842) and integrity (P = .187)
owed no statistically significant difference between German and
hinese EOC patients (Supplementary Figure S2). In addition, no
fference of serum DNA amounts was observed between healthy
ntrols and EOC patients (Supplementary Figure S3). However, the
rum levels of ccf mtDNA79 (P = .0001) andmtDNA230 (P = .0001)
ere significantly higher, whereas the levels of the mtDNA integrity
tDNA230/mtDNA79, P = .0001) were strikingly lower in EOC
tients than those in healthy women (Figure 1A). AUC (area under the
rve) values of the mtDNA79 and mtDNA230 fragments to
fferentiate EOC patients from healthy controls were 0.900 and
829, respectively (Figure 1B), while that of integrity was 0.715 (Figure
), showing the diagnostic power of mtDNA79, mtDNA230 and the
tDNA integrity to discriminate EOC patients from healthy women.
nsitivities and specificities of the mtDNA fragments and the mtDNA
tegrity were determined by the highest Youden index (sensitivity
pecificity-1), whereby ccf mtDNA79 could best discriminate between
OC patients and healthy controls with a sensitivity of 90.3% and a
ecificity of 81.7% (Figure 1D).
A B

D

ure 2. Associations of mtDNA79, mtDNA230 and the mtDNA integrit
sidue. (A) The box plots compare the levels of mtDNA79, mtDNA23
tients with FIGO I-II (n = 50), III (n = 78) and IV (n = 36). ROC ana
tDNA79, mtDNA230 and (C) the mtDNA integrity to distinguish healt
mpare the levels of mtDNA79, mtDNA230 and the mtDNA integrity
tients (N0, n = 57) and lymph-node positive patients (N1, n = 81). (E
e mtDNA integrity in the serum of healthy women (n = 60), EOC pa
eration. *P b .05, **P b .01.
orrelation of the ccf mtDNA Fragments and Integrity with
linicopathological Parameters
The above findings provoked us to evaluate whether the changes of
e levels of mtDNA79, mtDNA230 and the mtDNA integrity
rrelate with the clinicopathological features, including grading,
IGO stages, lymph node status and postoperative tumor residue.
pplementary Table S1 summarizes the p-values of the mtDNA
riables between different patient subgroups and the healthy control
oup. High levels of ccf mtDNA79 (P = .0001, P = .0001) and ccf
tDNA230 (P = .0001, P = .0001) as well as a low mtDNA
tegrity (P = .003, P = .001) significantly correlated with lower
1–2) and higher (G3) grading compared with healthy controls, but
difference of the levels of mtDNA79, mtDNA230 and the

tDNA integrity could be observed between these subgroups
upplementary Table S1). In respect to the FIGO stages, as shown
Figure 2A, there were significant continuous increases in the levels
mtDNA79 (P = .0001, P = .012, P = .039) and mtDNA230
= .0001, P = .042) from healthy women over the patients with

IGO stage I-II to the patients with FIGO stage III and IV,
ggesting a significant association of the levels of mtDNA79 and
tDNA230 with tumor progression. Highest levels of mtDNA79
= .0001) and mtDNA230 (P = .0001) could be detected in FIGO

I and IV stages suggesting a correlation with an increasing metastatic
tential, which involves peritoneal and distant metastases. Intrigu-
C

E

y with FIGO stages, lymph node status and postoperative tumor
0 and the mtDNA integrity in healthy women (n = 60) and the
lyses show the profiles of sensitivities and specificities of (B)
hy control group from patients with FIGO I-II. (D) The box plots
in the serum of healthy women (n = 60), lymph-node negative
) The box plots compare the levels of mtDNA79, mtDNA230 and
tients without (n = 104) and with (n = 54) tumor residue after
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Figure 3. Correlations of mtDNA79 and mtDNA230 with tumor marker CA125. The scatter plots show the positive correlations of the
relative amounts of (A) mtDNA79 and (B) mtDNA230 with the CA125 values of patients with EOC (n = 151). **P b .01.
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gly, the levels of mtDNA79, mtDNA230 and the integrity could
scriminate healthy women from patients with FIGO I-II with the
UCs of 0.893, 0.812 and 0.709, respectively (Figure 2, B and C).
hese findings are also supported by the significantly higher levels of
f mtDNA79 in lymph node-positive EOC than in lymph node-
gative EOC (P = .003). The levels of ccf mtDNA230 could also
fferentiate between the two lymph node statuses, but only with a
rderline significance (P = .041). As expected, the levels of the
tDNA integrity (P = .002, P = .0001) decreased from healthy
ntrols to lymph node-negative and -positive EOC (Figure 2D).
dditionally, a close examination was also applied with the parameter
**p=0.0001

<4.586, n=73

>4.586, n=73

Univariate and multivariate analyses for ov

Univariate analys

Factors HR (95% CI) p-v

FIGO stage (I-III, IV) 1.5 (0.8-3.0) 0.2

Grading (G1-2, G3) 1.1 (0.8-1.6) 0.5

Lymph node (N0, N1) 4.8 (2.0-11.6) 0.0

CA125 (low, high) 3.0 (1.1-8.4) 0.0

Tumor residual (yes, no) 2.8 (1.5-5.1) 0.0

mtDNA79 3.2 (1.6-6.3) 0.0

mtDNA230 0.9 (0.9-1.0) 0.0

Significant p values in bold

A

C

B

gure 4. Association of mtDNA79 andmtDNA230with patients' overall
tDNA230 were used to group the EOC samples according to low (n
rves are related to low and high levels of (A) mtDNA79 and (B) mtDN
cluding FIGO stage, Grading, lymph node status, CA125 values, tumo
ulti- variate analyses for the evaluation of patients' overall survival. The
the uni- and multivariate analyses. *P b .05, **P b .01.
postoperative tumor residue. Interestingly, the levels of ccf
tDNA79 (P = .001) and mtDNA230 (P = .013) were significantly
gher in EOC patients with a tumor residue than in patients without
tumor residue (Figure 2E).
Serum assessment of the tumor marker CA125 (carbohydrate
tigen 125) is currently the standard of care to perform diagnosis, to
llow response to treatment, and to predict prognosis of EOC
tients. In order to analyze whether the levels of mtDNA79 and
tDNA230 are associated with the values of CA125, correlation
alyses of the Spearman-Rho test were performed. As CA125 values
ere not available in the cohort of healthy women, we could only
*p=0.048

<1.601, n=73 

>1.601, n=73

erall survival of patients with EOC

is Multivariate analysis

alue HR (95% CI) p-value

41

67

01 2.6 (1.0-7.0) 0.051

29 1.1 (0.4-3.3) 0.884

01 1.8 (0.9-3.7) 0.091

01 3.0 (1.1-7.7) 0.025

48 1.0 (0.9-1.1) 0.990

survival in patients with EOC. Themedian values of mtDNA79 and
= 73) and high (n = 73) mtDNA levels. Univariate Kaplan–Meier
A230 for patients' overall survival. (C) Clinical pathological factors
r residue, mtDNA79 and mtDNA230 were enrolled in the uni- and
table shows the HR and the corresponding 95% CI of each factor
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rry out this statistical evaluation with the data derived from the
rum samples of EOC patients. As shown in Figure 3, A and B, there
ere positive correlations of mtDNA79 (r = 0.296, P = .0001) and
tDNA230 (r = 0.318, P = .0001) with the values of CA125.

rognostic Value of Increased Levels of the mtDNA Fragments
d mtDNA Integrity
In order to evaluate the prognostic potential of mtDNA fragments
d integrity, Kaplan-Meier and log-rank models were carried out in
OC patients. The median follow-up time was 16 (range 1–77)
onths, while the median patients' overall and recurrence-free
rvival times were 16 and 14 months, respectively. Median values of
tDNA79, mtDNA230 and the mtDNA integrity were used to
oup the EOC samples according to low and high mtDNA levels.
igh levels of mtDNA79 (P = .0001, n = 73, Figure 4A) and
tDNA230 (P = .048, n = 73, Figure 4B) statistically correlated
ith poor patients' overall survival. Further univariate analyses with
e Cox proportional hazards showed that besides mtDNA79 (HR:
2, 95%CI: 1.6–6.3) and mtDNA230 (HR: 0.9, 95%CI: 0.9–1.0),
mph node status (HR: 4.8, 95%CI: 2.0–11.6), CA125 (HR: 3.0,
%CI: 1.1–8.4), tumor residue (HR:2.8, 95%CI: 1.5–5.1) were
ognostic factors (Figure 4C). Furthermore, closer multivariate Cox
alyses with the factors of mtDNA79, mtDNA230, lymph node
atus, CA125 and tumor residue were carried out. Among these
95 high grading sample

C D

B

r=0.371
**p=0.0001

r=
**p

A **

**

**

gure 5. Validation of the results in the G3 subgroup. (A) The box plo
tDNA integrity in the serum of healthy women (n = 60) and patie
tDNA79, mtDNA230 and the mtDNA integrity in healthy women (n =
= 19) confined in the G3 cohort. The scatter plots show the positi
tDNA230 with the CA125 values of patients with G3 (n = 88). (E) The m
cording to low (n = 43) and high (n = 43) mtDNA levels. Univariate Ka
r patients' overall survival. *P b .05, **P b .01.
ctors, only ccf mtDNA79 acted as an independent predictor of
tients' overall survival in EOC patients (HR: 3.0, 95%CI: 1.1–7.7,
= .025, Figure 4C). Again, these findings show the more
ominent role of ccf mtDNA79 than mtDNA230 in EOC
agnostics and prognostics. The mtDNA integrity showed no
ognostic significance in our analyses (Supplementary Figure S4).
oreover, no correlation of mtDNA79, mtDNA230 and the
tDNA integrity could be observed with recurrence-free survival
ata not shown).
alidation of the Results in High-Grade EOC Patients
Since high-grade EOC is the most common and serious
stological subtype, we further evaluated the mtDNA data in the
bgroup of 95 patients with grading 3 (G3). The detailed
aracteristics of EOC patients with G3 are summarized in
pplementary Table S2. Compared with the above results, we
und similar results to those of the whole patient cohort. Consistent
ith the observations in Figure 1A derived from the whole EOC
tient cohort, the relative amounts of mtDNA79 (P = .0001),
tDNA230 (P = .0001) were significantly elevated, and the mtDNA
tegrity (P = .0001) was decreased in the serum samples of EOC
tients with G3 compared with healthy controls (Figure 5A).
oreover, in the G3 group, as shown in Figure 5B, the levels of
s as validation cohort

0.399
=0.0001

*

***

**

**

**
**

**
**

**

**

*p=0.023
E

<4.163, n=43

>4.163, n=43

ts compare the relative levels of mtDNA79, mtDNA230 and the
nts with G3 (n = 95). (B) The box plots compare the levels of
60) and in the patients with FIGO I-II (n = 25), III (n = 51) and IV
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tDNA79 and mtDNA230 were higher in the single FIGO I-II, III
d IV stages than those in healthy controls, with highest levels of
th mtDNA79 (P = .0001) and mtDNA230 (P = .0001) in both
GO III and IV stages. As expected, the levels of the mtDNA
tegrity were significantly decreased in the subgroups of FIGO I-II,
I and IV compared with healthy women (Supplementary Table S3).
hese findings on FIGO stages in the G3 group confirmed our results
rived from the whole patient cohort. Regarding the lymph node
atus, the levels of mtDNA79 were increased (P = .001) in the
bgroup of lymph node-positive but not -negative EOC, while the
vels of mtDNA230 (P = .0001, P = .0001) were increased and the
tDNA integrity (P = .034, P = .0001) decreased in both subgroups
lymph node-negative and -positive stages (Supplementary Table
). Regarding the tumor residue status after surgery, there were no
fferences of the 3 variables between the subgroups of tumor free and
mor residue (Supplementary Table S3).
In addition, in line with our findings above on the correlations of
tDNA79 and mtDNA230 with CA125 values in Figure 3, and
tDNA79 with patients' overall survival in Figure 4A, we observed
milar significant correlations between mtDNA79 and CA125 values
= 0.371, P = .0001, Figure 5C), and between mtDNA230 and
A125 values (r = 0.399, P = .0001, Figure 5D), as well as between
gher levels of mtDNA79 and poor patients' overall survival (P =
23, Figure 5E). No correlations of mtDNA230 and the mtDNA
tegrity could be observed with patients' overall survival (P = .052,
= .504, respectively) and recurrence-free survival in the G3 group
ata not shown).

iscussion
the present study, we show that the serum mtDNA content
tDNA79 and mtDNA230 fragments) was significantly increased
= .0001, P = .0001) in EOC patients compared with healthy

omen, of which mtDNA79 distinguished EOC patients from
althy women with a sensitivity of 90.3% and a specificity of 81.7%.
ighest levels of both, mtDNA79 and mtDNA230 were associated
ith advanced pathological features and metastatic potential
eritoneal and distant metastasis), including FIGO III and IV,
mph node invasion and postoperative tumor residue, as well as poor
tients' overall survival. The mtDNA integrity was significantly
creased (P = .0001) in EOC cohort compared with healthy
ntrols, indicating particularly an association between an increase
small mtDNA fragments with tumor progression.
Our EOC patient cohort consisted of 2 populations of 90 German
d 75 Chinese individuals, in whom the contents of total DNA,
tDNA79, mtDNA230 and the mtDNA integrity showed no
fferences, indicating a consistent presence of mtDNA in human
ood between both races. Based on these data, serum mtDNA was
alyzed and compared with the patients' pathological parameters in
th populations together. In our investigations, increased
tDNA79 and mtDNA230 levels, as well as the decreased
tDNA integrity in the serum of EOC patients had diagnostic
lue in discriminating EOC from healthy controls. To date, there are
ly a few studies dealing with the quantification of ccf mtDNA in
OC patients. In line to our findings, by the quantification of
itochondrial DNA encoded ATPase (MTATP) 8 gene, Zachariah et
. demonstrated that the quantities of plasma mtDNA in EOC were
evated compared with a healthy control group, and had the capacity
discriminate between EOC patients and healthy individuals with a
nsitivity of 63% and a specificity of 62% [18]. We show that
tDNA79 was even able to distinguish between EOC patients and
althy controls with a sensitivity of 90% and a specificity of 82%.
hese authors did not also find an association between their
easurements of mtDNA with the patients' pathological parameters.
hese differences may be explained by that they analyzed a low
mber of EOC patients, and thus, much smaller patient subgroups.
milar with our findings on the correlation of high mtDNA levels
ith advanced FIGO stages, through the quantification of mito-
ondrial cytochrome b gene), Kalavska et al. reported that patients
ith stage I had significantly lower plasma mtDNA compared to
tients with stage II-IV [19]. However, in contrast to our study,
hich considered early FIGO I-II, FIGO III with peritoneal
etastasis and FIGO IV with distant metastasis separately, the
udy by Kalavska et al. merged FIGO II with FIGO III-IV.
portantly, in uni- and multivariate analyses, we observed
rrelations of higher levels of mtDNA79 (HR 3.2, 95%CI
6–6.3) and mtDNA230 (HR 0.9, 95%CI 0.9–1.0) with poor
tients' overall survival, of which mtDNA79 could serve as an
dependent factor in estimating patients' overall survival, indicating
prognostic value in EOC.
Besides pelvic examination and transvaginal ultrasound, current
agnostic methods for detection and monitoring of EOC mainly
clude measurement of serum biomarker CA125. However, these
ethods are not sufficiently specific to diagnose EOC at an early
age, since e.g., the sensitivity of CA125 increases during cancer
ogression. CA125 values are only elevated in approximately 50% of
GO I, but 70% to 90% of advanced FIGO stages [20]. In
rticular, the significant association of increasing levels of mtDNA79
d mtDNA230 with those of CA125 values detected in our study
ows the relevance of these ccf mtDNA fragments in advanced
GO stages. Furthermore, our findings suggest that quantification of
e mtDNA79 and mtDNA230 yields in addition to the
easurements of CA125 values may contribute to the improvement
standard of care in performing diagnosis, following response to

eatment, and predicting prognosis of EOC patients. Amazingly, we
so found that the levels of ccf mtDNA79 (P = .001) and
tDNA230 (P = .013) were significantly higher in EOC patients
ith a postoperative tumor residue than in patients without a tumor
sidue. Although mtDNA was quantified in preoperative serum
mples, this correlation of mtDNA levels with tumor residue after
rgery could point to a higher tumor load and heterogeneity.
We also evaluated our observations from the whole patient cohort
the high grading subgroup, the most serious EOC, and found

milar data. In the high grading subgroup, highest levels of
tDNA79 and mtDNA230 could also be detected in advanced
GO stage and were associated with increasing CA125 values.
oreover, higher levels of mtDNA79 were related to poor patients'
erall survival, indicating the prognostic relevance of the mtDNA79
agment. These reproducible findings confirm the increase in
tDNA levels as a risk factor in EOC. Advanced EOC harbored
gnificantly higher mtDNA levels, suggesting an excessive release of
tDNA into the blood circulation in aggressive EOC. This
enomenon might be explained by the fact that in advanced
alignancies the abundant cell death of tumor and surrounding
sues may induce more mtDNA shed into the bloodstream.
Regarding the mtDNA integrity, which is determined by the ratio
mtDNA230 to mtDNA79, compared with the healthy controls,

OC patients showed lower levels of the mtDNA integrity. Our
dings show that there was more abundant mtDNA79 than
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tDNA230 circulating in the serum of EOC patients, implying an
tive apoptotic phenomenon in EOC. However, the mtDNA
tegrity could not differentiate between less and more aggressive
OC, and had no relationships with CA125 values and patients'
erall survival, indicating that the mtDNA integrity rather reflects
e state and source of mtDNA than pathological conditions. So far,
e pathophysiological mechanisms leading to the increase in ccf
tDNA in EOC remain largely enigmatic, but it is hypothesized that
e excessive release by apoptotic or necrotic cells and the reduced
earance by inflammatory cells during tumor development may
ntribute to the altered mtDNA content. Additionally, ccf mtDNA
t only circulates in a cell-free form, but also in a particle-associated
rm [21], which protects mtDNA from digestion by DNase.
Although there are increasing publications reporting the possible
efulness of circulating mtDNA content as diagnostic or prognostic
ctor in other tumor types, such as non-Hodgkin lymphoma [22],
ng cancer [16], pancreatic cancer [23], breast cancer [24], prostate
ncer [25], hepatocellular carcinoma [26], renal cell carcinoma [27]
glioma [28], prior to the application of ccf mtDNA as a
ninvasive biomarker in clinic, large-scaled multicenter studies with
ng follow-up data are necessary to confirm the clinical relevance of
f mtDNA.
In summary, in our study, we show that the abnormal high levels of
rum mtDNA79 and mtDNA230 are accompanied by advanced
OC, and related to poor patients' overall survival. These results
ovide an alternative to utilize ccf mtDNA as a noninvasive tool for
e diagnosis and prognosis of EOC.
Supplementary data to this article can be found online at https://
i.org/10.1016/j.tranon.2019.05.015.
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