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Abstract: Renal Cell Carcinoma (RCC) is the third most common urologic malignancy, remaining
one of the most lethal urological malignancies, preferably in developed countries. The incidence
and mortality rates differ significantly according to sex, race, age and external factors such as smok-
ing, obesity and hypertension increasing RCC risk. The use of novel predictive biomarkers is cur-
rently being increased as these improve the diagnosis, progression and prognosis of RCC. Since
recent studies have demonstrated a promising association between mitochondrial DNA (mtDNA)
copy number alteration in peripheral blood and the risk of developing RCC, we conducted a case-
control study into a cohort of 15 controls and 13 patients to determine exosomes mtDNA content in
plasma fractions as a potential novel non-invasive biomarker in liquid biopsy in order to monitor
the RCC status in patients. In this way, plasma fractions highly purified in exosomes were obtained
from blood samples from controls and RCC cases, and relative mtDNA content was measured by
quantitative real-time polymerase chain reaction (qPCR). Our results show fragment size distribu-
tion profile and we observed that in phase F; with a higher content of exosomal mtDNA; p value
shows statistically significant differences in mitochondrial genes HV long and CYB long.

Keywords: renal cell carcinoma (RCC), mitochondrial DNA (mtDNA), exosomes; biomarkers; lig-
uid biopsy

1. Introduction

Renal cell carcinoma (RCC) is the third most common urologic malignancy, remains
being one of the most lethal urological malignancies [1]. The incidence of RCC is increas-
ing globally, with rates varying by country, age, race, and sex. Main troubles in managing
this disease are unspecific symptoms and incidental detection of RCC by abdominal im-
aging techniques causing that stages in diagnosis are high. These aspects reinforce the
need of identifying novel predictive biomarkers for diagnosis, progression and prognosis
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of RCC what is fundamental [2]. RCC is not a single entity but includes various tumor
subtypes that have been identified on the basis of either characteristic pathologic features
or distinctive molecular changes [3].

One of the major challenges of personalized oncology lies in identifying predictive
biomarkers of response to therapy that are practical in the clinical setting [4]. For that rea-
son, there are many efforts in searching biomarkers for a proper stratification that will
help to an accurate treatment by the differentiation of different subtypes [5].

mtDNA exists as a circular, double-stranded nucleic acid with a high copy number.
There are some studies that found that mitochondrial DNA (mtDNA) copy number in
peripheral blood has been found to be associated with risk of developing several cancers,
like breast, renal, ovarian or lung cancer [6-8]. That is the case of the relationship between
mtDNA copy number (mtDNAcn) and risk of colorectal cancer [8]. It is known the role of
mitochondrial DNA (mtDNA) and its susceptibility to oxidative stress and mutation [9],
for that reason, there are many new researches focus on this molecule.

Here we reinforce the role of non-invasive biomarkers in liquid biopsy, mainly in
exosomes and mtDNA as promise biomarkers that could improve current ones in RCC.
The main objective is to determine the concentration of exosomal mtDNA present in
plasma fractions of controls and patients, so that it can be used as a potencial non-invasive
biomarker of CRC.

2. Methods
2.1. Patients and Samples

Participants enrolled in this study were recruited by urologists of “Virgen de las
Nieves University Hospital”, Granada, Spain. A control group recruited from clinics
“Gran Capitan, Salvador Caballero and Caseria de Montijo” was also included. The study
protocol was approved by the Ethics Committee (CEI) and informed written consent from
all participants was obtained in accordance with the tenets of the Declaration of Helsinki.

A cohort of 28 blood samples collected in EDTA tubes was used, 13 considered cases
and the other 15 without cancer, constituting the control group. Samples were processed
4 h later from the collection at collaborators hospitals. To obtain plasma, peripheral whole
blood samples were centrifuged for 10 min at 1400x g and at 4 °C and stored at —80 °C.

2.2. Isolation and Extraction of Exosomes from Plasma Samples

To carry out exosomes collection we started with 1 mL of plasma. In order to obtain
different plasma fractions of interest, successive centrifugations were carried out with the
main aim of eliminating free part of exosomes containing apoptotic bodies and macrovesi-
cles (Table Al). Afterwards, an ultracentrifugation was performed (160,000 g at 4 °C for 2 h)
with the purpose of obtaining purified fraction rich in exosomes (phase E). With the pur-
pose of analyzing different plasma fractions, aliquots of 200 pL were taken from superna-
tants obtained after centrifugations (phases A and C). Sediment from the second centrifu-
gation (phase B) was also analyzed, as well as the supernatant after ultracentrifugation (D
phase). Therefore, a total of 80 samples were collected, all of which were kept at —20 °C
until their subsequent extraction. All these phases were concentrated at 43 °C (Thermo
Scientific™ Savant™ DNA 120SpeedVac™ Concentrator), and then DNA extraction was
carried out according to the method detailed by Freeman B et al. [10], a non-organic (pro-
teinase K and salting out) protocol with some modifications described in Gomez-Martin
et al. 2015 [11]; subsequently quantified by Qubit Fluorometer and NanoDrop2000c sys-
tems (Thermo Fisher Scientific, Waltham, MA, USA).
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2.3. Determination of the Relative Concentration of mtDNA by gPCR

Quantification of mtDNA copy number was performed by QuantStudioTM 12K Flex
Real-Time PCR System (qPCR) (ThermoScientific) according to the manufacturer’s proto-
col (iTaq™ Universal SYBR® Green One-Step Kit, Bio-Rad) [12].

Primers were designed for three different regions mitochondrial hypervariable re-
gion HV1, apocytochrome b of complex III (MT-CYB) and the hemoglobin subunit beta
gene (HBB) gene as reference gene. In addition, two fragments of different length were
designed; one of short size between 75-100 bp and another one amplicon with range from
175-200 bp. All these primers were used at a final concentration of 10 uM.

All reactions were incubated in a 96-well plate at 95 °C for 10 min, followed by 40
cycles of 95 °C for 15 s, and 60 °C for 1 min. All qPCR reactions were done in triplicate and
the negative controls were included with every qPCR assay. No amplification of the signal
was observed when water was added instead of cDNA sample.

3. Results and Discussion

It can be observed that de amount of DNA both nuclear DNA and mtDNA are higher
in cases compared with controls, regardless of the phase of the protocol studied.

Analyzing DNA from the first phase to the last one, there is a decrease in the concen-
tration of both mtDNA and nuclear DNA as the exosomes isolation process is followed.

On the one hand, in phase B (plasmatic fraction) there is a high concentration of cir-
culating free DNA and DNA contained in all type of extracellular vesicles (EVs): apoptotic
bodies, microvesicles and exosomes. In this fraction, the amount of mtDNA is higher than
the nuclear DNA (Figure Al).

On the other hand, phase C (sediment of the centrifugation) is only rich in apoptotic
bodies and microvesicles but also contain an elevated quantity of DNA even more than in
phase B. This DNA is a product of the amplification of mtDNA derived from the vesicles
(Figure Al).

Fractions D and E correspond to the supernatant of the second centrifugation and
ultracentrifugation, respectively. These have a high quantity of nuclear DNA and
mtDNA, containing fraction D more copies of nuclear DNA than fraction E. In both
phases, shorter fragments have a bigger proportion than the larger ones, resulting from
free mitochondrial DNA. This DNA presents a small size (180 pb) and normally at a low
concentration in biological fluids [13-15]. In healthy subjects, circulating DNA derives
principally from apoptotic processes from myeloid and lymphoid cells. This DNA circu-
lates in the peripheral blood like nucleosomes or chromatosomes, protected from the ac-
tion of nucleases. The peak found at 167 pb principally corresponded to a chromatosome
form [16]. Due to mtDNA does not have histones nor mechanisms to repair DNA, it is
susceptible to fragmentation. This explains the higher proportion of HV-short compared
with HV-long, and CYB-short and CYB-long (Figure Al).

Finally, with respect to exosomes-rich phase F (our phase of interest), it shows an
increment in concentration of mtDNA due to it is encapsulated in that vesicles, while nu-
clear DNA appear more represented in phase E. It is observed a little increase in the mi-
tochondrial long genes of this study (HV and CYB), due to the protective role of the lipid
bilayer of the exosomes (Figure Al). After making a statistical analysis of the samples and
applying a t-test (t-student) to each of the study phases, we observed that in phase F ap-
pears the only significant data regarding the difference in DNA concentration between
cases and controls. In that fraction, with a higher content of exosomal mtDNA, p value
shows statistically significant differences in mitochondrial genes HV long and CYB long.
While the nuclear gene (both short and long) shows high p values, short fragments for the
mitochondrial genes (HV short and HV long) show interesting p values even though they
are not significant (Table A2).
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4. Conclusions

This experiment allowed us to analyze the fragment size distribution pattern of dif-
ferent regions of interest (as cell-free DNA and content in EVs) in each plasma fraction,
and we have confirmed the high mtDNA content in exosomes as a powerful biomarker.
Therefore, application of liquid biopsy in the clinical scenario is a promising non-invasive
technique for prediction, early diagnosis and monitoring of cancer treatment. We affirm
that it would be quite interesting to study how the amount of mitochondrial DNA varies
in controls and patients with RCC in fractions rich in exosomal content, allowing the
preservation of mtDNA thanks to its lipid bilayer structure.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by Research Ethics Committee of Granada Centre (CEI-Gra-
nada, internal code 0165-N-19, 22/04/2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical issues.

Appendix A

Table A1. Fractions obtained during exosomes isolation.

Fraction or Phase

Obtaining Objective

mg N F P>

200 pL plasma Plasma obtained after centrifugation (1400x g, 4 °C, 10 min)

200 uL supernatant Supernatant obtained after centrifugation (15,000 g, 4 °C, 30 min)
6 mL supernatant Supernatant obtained after ultracentrifugation (160,000x g, 4 °C, 2 h)

Pellet obtained after centrifugation with DTT + PBS (16,000x g, 4 °C, 20 min) Determmat.lon o
the relative

concentration of

mtDNA
Pellet obtained after ultracentrifugation (160,000x g, 4 °C, 2 h)

Table A2. Means of each gene fragment of controls and cases in each of the phase F. P value re-
garding the difference in DNA concentration between cases and controls applying a t-test (t-stu-
dent).

Gene p Value Mean of Controls Mean of Cases
HV-Short 0.074871 0.003839 0.01005
HV-Long 0.021676 0.002671 0.007255
CYB-Short 0.058973 0.002189 0.004655
CYB-Long 0.049960 0.002233 0.004892

HBB-Short 0.263638 0.003772 0.008355

HBB-Long 0.410166 0.003674 0.01176
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Figure A1. Representation of the DNA concentration of each gene fragment of controls and patients in each of the phases.
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The black bars represent the group of the controls, and the grey ones the group of the patients.
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