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Abstract

The early diagnosis and monitoring of clear-cell Renal Cell Carcinoma (ccRCC), which is the most
common renal malignancy, remains challenging. The late diagnosis and lack of tools that can be
used to assess the progression of the disease and metastasis significantly influence the chance of
survival of ccRCC patients. Molecular biomarkers have been shown to aid the diagnosis and
disease monitoring for other cancers, but such markers are not currently available for ccRCC.
Recently, plasma and serum circulating nucleic acids, nucleic acids present in urine, and plasma and
urine proteins gained interest in the field of cancer biomarker discovery. Here, we describe the
applicability of plasma and urine nucleic acids as cancer biomarkers with a particular focus on
DNA, small RNA, and protein markers for ccRCC.
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Introduction

Clear-cell Renal Cell Carcinoma (ccRCC) is the
most frequent renal cancer occurring in adults. To-
gether with papillary (10-15% of all renal cell carci-
noma cases) and chromophobe carcinoma (5%), renal
cell carcinoma comprises 2% of all cancers worldwide
1. ccRCC originates form proximal convoluted tubules
in nephrons and is associated with a mutation and/or
inactivation of the von Hippel-Lindau (VHL) gene
(3p25) and activation of the Raf-MEK-ERK pathway 2.
Early-stage c¢cRCC is frequently discovered acci-
dentally during non-ccRCC related examinations. The
disease course is asymptomatic in the majority of the
cases, with only 10% of patients displaying the clas-
sical triad of symptoms: hematuria, flank pain and
weight loss (often accompanied by hypertension and
fatigue). In general, patients with ccRCC have the
lowest probability of recovery compared with the
remaining RCC types 3, and the main curative ap-

proach for ccRCC remains complete or partial ne-
phrectomy.

Currently, early ccRCC-specific diagnostic and
disease progression tests based on molecular assays
are not available, and the presence of recurrent or new
tumors is established clinically with X-rays, ab-
dominal ultrasound, and/or abdominal and pectoral
CT. Although alterations in various blood variables
(such as the erythrocyte sedimentation rate (ESR),
platelet count and lactate dehydrogenase) are associ-
ated with malignancy, these variables lack specificity
and do not aid in the diagnosis of ccRCC #5. Similarly,
biomarkers for the treatment efficacy of ccRCC are
also lacking. In the era of next-generation sequencing,
the molecular monitoring of ccRCC progress and the
identification of reliable disease and disease progres-
sion biomarkers are particularly appealing.

As classical examples, the clinical utility of mo-
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lecular biomarkers has been shown to be effective
with prostate-specific antigen (PSA) and carcinoem-
bryonic antigen (CEA); used in the diagnosis and de-
tection of prostate and colorectal cancers, respectively.
Recent efforts concerning the development of less
invasive diagnostic methods and the detection of
novel disease-markers concentrate on using plasma
and urine as target body fluids. The perfect biomarker
or biomarker set should be characterized by a high
sensitivity, specificity and reproducibility. The test
should be relatively non-invasive, and its use must be
economically justified. Additionally, the test should
enable patient screening, the assessment of the re-
sponse to treatment and the monitoring of the relapse
of the disease. Plasma and serum have been previ-
ously shown to be a potential source of promising
biomarkers. Both contain a plethora of proteins (in-
cluding clotting factors in the plasma only), minerals,
nucleic acids and hormones ¢. Proteomic and molec-
ular approaches have been implemented in the iden-
tification of disease-specific proteins and nucleic acids
in urine 7 (see Figure 1). The analysis of the urine
content should be most applicable to renal diseases
because urine consists of a variety of molecules, in-
cluding naturally occurring polypeptides that are de-
rived directly from kidneys. The concentrations of
these compounds originating directly from the kid-
neys may reflect the pathological state. The undenia-
ble advantage of urine testing is the greater availabil-
ity and size of fluid volumes used for biomarker iso-
lation and the complete non-invasiveness of the pro-
cedure.

Based on the available literature, we describe the
potential applicability of plasma, serum and urine

derived nucleic acids as biomarkers in cancer research
and provide an overview of recent developments in
biomarker identification for ccRCC.

Plasma/serum biomarkers

DNA

Circulating tumor cells (CTCs) are living cells
that have shed from the primary tumor and circulate
in the bloodstream. The incidence of CTCs is low
(approximately 1 per billion of normal blood cells)
and depends on the disease stage, thereby compli-
cating the detection of CTC. Despite the technical
challenges, Dawson et al. described a method to iso-
late and quantify CTCs based on an immunomagnet-
ic/fluorescence approach and showed the increase in
the number of CTCs in the plasma of women with
metastatic breast cancer compared with plasma de-
rived from patients with non-metastatic cancer (=5
cells per 7.5 ml in 18 of 30 patients) 8. The DNA de-
rived from CTCs can also be used for diagnostic
purposes. Vogelstein et al. analyzed the occurrence of
circulating tumor DNA (ctDNA) in the plasma from
18 patients with colorectal cancer and showed that the
presence of ctDNA decreased by 99% after surgery
and that none of the individuals with undetectable
ctDNA levels in plasma experienced a recurrence of
the disease °. Based on cited publications, the ctDNA
is detected, on average, in 80-99% of the plasma sam-
ples derived from cancer patients and can be analyzed
using traditional, targeted PCR assays. Additionally,
the material has been reported suitable for NGS-based
amplicon sequencing 8.
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Figure 1. Multiple methods and technologies for the detection and quantification of potential biomarkers isolated from body fluids.
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Because of its stability and relatively easy isola-
tion procedure, circulating cell-free tumor-derived
DNA (cfDNA); released by apoptotic and necrotic
tumor cells, recently became a main scope of investi-
gations aiming to identify disease-specific bi-
omarkers. Although cfDNA is also detected in healthy
individuals, the levels of cfDNA are significantly
higher in the plasma of cancer patients, as demon-
strated by Frattini et al. in a study of colorectal cancer
samples (mean concentrations: 10.3 ng/ml in the
plasma of healthy subjects vs. 495.7 ng/ml in the
plasma of cancer patients). In that report, the authors
observed a decrease in the c¢fDNA concentrations in
the plasma from postoperative colorectal cancer pa-
tients after 4 months (with average values of 170.6
ng/ml of cfDNA) 0. Kim et al. compared the cfDNA
concentrations in the serum and plasma from patients
with gastric cancer and reported significantly higher
cfDNA levels in the serum (755.941,203.7 ng/ml) than
in the plasma (68.7+40.7 ng/ml). Although they were
higher in the serum, the cfDNA concentrations were
highly variable, which suggests that plasma is a more
reliable cfDNA source ™.

Yamada et al. showed that the mutation of K-Ras,
found in tissue samples of pancreatic adenocarcino-
ma, was also detected in the plasma ¢fDNA from pa-
tients with the identical type of cancer, which sug-
gests the potential utility of cfDNA in the detection of
mutations that are characteristic for solid tumors 2.
Epigenetic changes have been reported to be a fre-
quent adaptation-mechanism observed in tumors,
and the increase in epigenetic events (e.g., the silenc-
ing of tumor suppressor genes) can be related to can-
cer progression 3. Although the majority of the epi-
genetic data is limited to tumor sample analysis, there
are publications displaying the utility of cfDNA iso-
lated from plasma as a material suitable for targeted
epigenetic assays 4. For example Devos et al. used
cfDNA from plasma and reported that 50% of colo-
rectal cancer patients show a high level of hyper-
methylation in Septin 9 gene; whereas in 90% of
healthy patients, this promoter remains unmethylat-
ed, mirroring the situation observed in tumors 1516,

RNA

Circulating RNA from plasma or serum is highly
fragmented due to the lack of protective mechanisms
preventing RNA from degradation 7. Unfortunately,
RNA degradation limits the circulating RNA extrac-
tion and analysis to shorter subspecies of RNA: mi-
croRNA and long non-coding RNAs (IncRNA). These
types of RNA could potentially serve as diagnostic
and prognostic cancer biomarkers or could indicate
treatment efficiency.

MicroRNAs are non-coding RNAs that are 19-22

nucleotides long and are involved in
post-transcriptional gene regulation. They bind to the
3'UTR region of target mRNA and cause the inhibi-
tion of transcript translation or mRNA 8. Recent
studies have shown that microRNAs enter the circu-
lation as a result of an active release from living cells
or as a consequence of apoptotic or necrotic cell death
18, Many miRNAs are abnormally expressed in solid
and hematopoietic tumors, and these miRNAs have
generated considerable interest as cancer diagnostic
tools and indicators of therapy efficacy. Circulating
microRNAs were linked to cancer by Lawrie et al.,
who reported that high levels of miR-155, miR-210,
miR21 in serum were characteristic for diffuse B-cell
lymphoma . Komatsu et al. and Aguilar ef al. showed
using microarray and Real-Time-based methods that
the levels of specific microRNAs were higher in the
plasma from patients with esophageal squamous cell
carcinoma (ESCC) and the serum from breast cancer
patients as compared with the controls. Moreover, in
the case of ESCC patients, the miR-25 levels were sig-
nificantly higher in the plasma from patients with
ESCC recurrence and lower in postoperative samples
than in the preoperative samples 2021,

Circulating miRNAs are often stable in plasma
and serum because of the incorporation into exosomes
and microparticles 2. Except for miRNA, exosomes
also carry mRNA and proteins, which are protected
from degradation by a bilayer exosomal membrane 2.
Exosomes are 30-100 nm membrane vesicles that are
secreted by a variety of cells including cancer cells 2.
In contrast, microparticles (MPs) are small vesicles
(50-1000 nm) released by different types of cell types
such as leucocytes, endothelial or platelet cells. MPs
are capable of transferring peptides, proteins, lipids,
microRNA, mRNA, and DNA from cell-to-cell with-
out direct contact 25. When released into circulation,
MPs bind and fuse with cells by using cellular recep-
tors and act like mediators of various processes (e.g.
protein expression) such as inflammation 2°.

Rabinowits et al. tested the levels of total exo-
some and miRNA levels in the plasma from lung
cancer patients and controls. Their study showed that
the mean protein concentration of circulating exo-
somes was 2.85 mg/ml and 158.6 ng/ml of exosomal
miRNA in the plasma from lung adenocarcinoma
patients as compared with 0.77 mg/ml of exosomes
and 68.1 ng/ml of exosomal miRNA in healthy con-
trols Z7. Tanaka et al. tested the expression levels of
exosomal miR-21 in patients with ESCC and found
levels of exosomal miR-21 were significantly in-
creased in the ESCC group (0.005-0.075 mg/dl,
p=0.0009) compared with the levels in plasma exo-
somes in the control group (0.001-0.037 mg/dl,
p=0.0009) 2.
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In contrast to microRNA, IncRNAs are ap-
proximately 200 nt long, spliced and polyadenylated
non-coding RNAs of unknown function #. IncRNAs
have been suggested to take part in almost all aspects
of gene regulation, including chromosome dos-
age-compensation or nuclear and cytoplasmic traf-
ficking ?. Ren et al. reported IncRNAs are stable in
both human plasma and serum and tested the ex-
pression of IncRNAs in plasma by qRT-PCR. Im-
portantly, their study showed that the plasma and
serum IncRNA may be useful biomarkers because of
their detectability and stability30,

Biomarkers in urine

The efficiency of nucleic acid isolation, notably
DNA, and their amplification from urine often influ-
enced by the presence of urea, which is a PCR inhibi-
tor 31. The urea in the sample may cause denaturation
of polymerase and influence the PCR yields during
sample amplification. The yield of nucleic acids,
mainly DNA, has been shown to differ depending on
the time the sample was collected 7. In the majority of
the studies, morning urine was used, although the
DNA isolated from such samples has been shown to
be more degraded compared with DNA isolated from
urine collected later in the day 7. Furthermore, the
isolated DNA fragments were longer if later sample
was used. On average, isolated DNA fragments range
from 150 to 250 bp 7. Additionally, El Bali et al. showed
gender-specific differences in DNA yields isolated
from urine 7. Urine collected from female patients
contained more DNA (36 to 215 ng for 1 ml of sample)
compared with 13 to 44 ng of DNA isolated from
urine collected from males. The DNA yield was
highest from urine samples collected in the afternoon
for female patients and in the morning for male pa-
tients.

In addition to DNA, urine contains small con-
centrations of RNA. However, because of the high
amount of RNAses, the RNA is highly degraded.
Therefore, the majority of studies concentrate on the
analysis of microRNA. For example, Bryant et al.
found that miR-107 and miR-574-3p were present at
significantly higher levels in the urine of men with
prostate cancer than in that of controls 32. The mi-
croRNA (and mRNA) in the urine is primarily con-
tained in exosomes 3. Nilsson et al. studied exosomal
RNA isolated from the urine of patients with prostate
cancer. Using nested PCR, the mRNA was analyzed
for the fusion TMPRSS2:ERG gene transcripts that are
present in high levels in 72% of prostate cancer cases
34, The samples derived from two of the four patients
with a high grade prostate cancer (Gleason score) and
high PSA levels tested positive for the fusion tran-
script %. In contrast, no TMPRSS2:ERG transcripts

were detected in samples derived from patients un-
dergoing androgen deprivation therapy (ADT) who
displayed a response to ADT treatment 3¢.

LncRNAs can be isolated from urine. Lee et al.
analyzed the total RNA isolated from the urine of
patients with prostate cancer and from healthy con-
trols using qPCR. In their study, they identified six
IncRNAs of unknown function (AK024556,
XLOC_007697,  LOC100287482,  XLOC_005327,
XLOC_008559, and XLOC_009911), which were sig-
nificantly up-regulated in the urine samples obtained
from the prostate cancer patients 3.

Biomarkers in ccRCC - literature over-
view

Because ccRCC is primarily asymptomatic in the
early phase, nearly 40% of all ccRCC patients are di-
agnosed during the late stage of the disease, when a
tumor is already large and/or metastasized. Even
when it is diagnosed early and the primary tumor is
surgically removed with partial or complete ne-
phrectomy, 30-40% of ccRCC patients experience a
relapse in the disease or metastasis. Limited curative
options are available because ccRCC is insensitive to
chemotherapy and radiotherapy. Therefore, validated
and reliable molecular markers that enable the early
diagnosis of ccRCC, monitoring of the potential re-
lapse of the disease and indicate treatment efficacy are
a major focus in the field of ccRCC research. Here, we
summarize the recent reports (2009-2014) describing
the identification of potential biomarkers (DNA,
RNA, proteins) in the serum and urine from ¢ccRCC
patients. A summary of the described markers is dis-
played in Table 1.

Tumors cell-free DNA (cfDNA) in the
plasma and serum

In 2010, Gang et al. postulated that the integrity
of necrotic, tumor-derived ¢fDNA in serum may be
different from that released from apoptotic cells
(random vs. uniform lengths). To test this hypothesis,
the authors performed a PCR on the glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) gene
using 4 sets of primers to amplify DNA fragments of
different lengths (109-456 bp). Notably, all PCR
products were detected using cfDNA isolated from
the serum derived from ccRCC patients (n=78),
whereas only 109 and 193 bp fragments were ampli-
fied using the serum cfDNA of healthy controls
(n=42). Although no significant differences were ob-
served when patients were stratified according to
gender, age or disease stage, longer cfDNA fragments
(397 and 456 bp) were detected at a higher percentage
in patients before the surgery than in patients after the
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removal of the tumor (82% vs. 31% and 82% vs 14%,
respectively) 3.

Wan et al. investigated whether a quantitative
analysis of plasma cDNA may aid in
post-nephrectomy patient monitoring and provide
diagnostic utility in the detection of recurring tumors.
The study comprised samples collected from 92
ccRCC patients and 42 controls. The measurements of
a 384 bp amplification product were performed using
quantitative real-time PCR. Higher cfDNA levels
were characteristic for more advanced (G3, G4 Fuhr-
man grade, and T3 (TNM scale)) and metastatic tu-
mors (6.04% 0.72 ng/ml, p=0.017) compared with lo-

calized tumors (5.29 + 0.53 ng/ml, p=0.017) or con-
trols (0.65 £ 0.29 ng/ml, p < 0.001), which suggested a
relationship between the cfDNA levels and the pro-
gression of ccRCC %. The patients were monitored 36
months post-nephrectomy, and in 17 individuals with
high cfDNA levels, disease recurrence was diagnosed.
The multivariate regression analysis indicated plasma
cfDNA levels as an independent predictor of the re-
currence-free survival (5.81 ng/ml + 1.02 ng/ml, 5.23
£ 0.91 ng/ml, p=0.024), which suggested that plasma
cfDNA quantification may be useful for recurrence
monitoring during patient follow-up *.

Table 1. Cancer-associated biomarkers in the plasma, serum and urine from ccRCC patients.

Biomarker Source | Detection method Deregulation | Function Utility Source Ref
cfDNA serum | PCR reaction upregulated Unknown ccRCC diagnosis CoonJJ et al. 36
cfDNA plasma | real-time PCR upregulated Unknown identification of metastatic Lee et al. 37
ccRCC patients during the
course of sorafenib therapy
cfDNA plasma | real-time PCR upregulated Unknown diagnosis and detection of Gang et al. 38
recurrence after nephrectomy
miRNA-187 serum | gPCR downregulated | Unknown ccRCC diagnosis Zhao et al. 44
miRNA 210 serum | qPCR upregulated role in tumorigenesis ccRCC detection Camps et al. 43
miR-141, serum | gPCR downregulated | Unknown ccRCC diagnosis Cheng et al. 45
miR-34a and serum | gPCR upregulated Unknown ccRCC diagnosis Cheng et al. 45
miR-21 miR-224
sIL-2R serum | ELISA immunoassay upregulated activation of T cells and regulation | ccRCC diagnosis and detection | Masuda etal. |46
immune response
sB7-H3 serum | ELISA immunoassay downregulated | inhibition of T cell activity ccRCC diagnosis and detection | Masudaetal. | 46
proteasome 20S | serum | sandwich enzyme-linked im- downregulated | protein degradation ccRCC diagnosis and progno- | De Martino et | 54
munosorbent assay sis al.
zinc finger pro- serum | matrix-assisted laser desorption | upregulated includes a motif which mediates ccRCC detection Yang et al. 55
teins ionization (MALDI) TOF) mass biding to molecules such as pro-
spectrometry (MS) tein, DNA and RNA.
RNA-binding serum | MALDI TOF MS upregulated binds to RNA molecules and plays | ccRCC detection Yang et al. 55
proteins (RBPs) significant role in forming ribonu-
cleoproteins splicing of mRNA,
polyadenylation, stabilization,
localization and translation
protein TUBB serum | MALDI TOF MS upregulated consisting of microtubules ccRCC detection Yang et al. 55
B7x serum | ELISA immunoassay upregulated downregulation of peripheral ccRCC diagnosis and detection | Krambeck et al. | 49
immune responses via negative
T-cell costimulation
collagen frag- urine | capillary electrophoresis cou- downregulated | activation of platelet response, ccRCC diagnosis and progno- | Chinello etal. |57
ments below 1.4 pled to mass spectrometry involvement in thrombosis and sis
kDa (CE-MS) hemostasis engagement in re-
placement and restoration of dead
skin cells
peptides from urine | CE-MS downregulated | Unknown ccRCC diagnosis and progno- | Frantzi et al. 51
inflammatory sis
and immune
proteins
peptides involved | urine | CE-MS upregulated Unknown ccRCC diagnosis and progno- | Frantzi et al. 51
in coagulation sis
and platelet
aggregation
fragments of the | urine | MALDITOF MS upregulated regulatory protein, prevention of | ccRCC diagnosis and progno- | Chinelloetal. |57
human glyco- urinary tract from infections and | sis
protein uromod- injuries caused by products from
ulin tubular fluids. Protection against
(UMOD/THP) calcium oxalate crystal formation
fragment of urine | MALDI TOF MS upregulated involvement in hemostasis, plate- | ccRCC diagnosis and progno- | Frantzi ef al. 51
fibrinogen let aggregation and wound repair | sis
alpha chain
(FIBA)
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Feng at al. suggested that the plasma cfDNA
levels can be indicative of sorafenib treatment efficacy
in patients with metastatic ccRCC. The samples were
collected from 18 ccRCC patients with metastatic
disease who underwent sorafenib treatment at the
time of recruitment and at 4-, 8-, 12-, 16- and 24-week
time points. The levels of 384 bp amplification prod-
ucts were monitored using real-time PCR. In general,
the levels of cfDNA in the plasma from metastatic
ccRCC patients were significantly higher than in the
plasma from healthy controls (n=18; n=10, respec-
tively) (4.771% 0.404 ng/ml; 0.622+0.288 ng/ml, re-
spectively, p<0.001). Similar to Wan et al., the authors
observed a correlation between high cfDNA levels
and more advanced and/or metastatic tumors classi-
fied with the Fuhrman grade, TNM stage and number
of metastatic foci. Receiver operating characteristic
(ROC) curves showed that the plasma cfDNA levels
could predict disease progression with 100% sensitiv-
ity at weeks 8-24 and remission at weeks 4-24. Alt-
hough the analyzed group is relatively small, the
findings suggest that monitoring the levels of the
plasma cfDNA may have a predictive value of re-
sponse to sorafenib therapy .

RNA markers in plasma and serum

Zhao et al. investigated whether HIF-1a regu-
lating miR-210 (found highly expressed in many tu-
mors including ccRCC) is detectable in the serum
from ccRCC patients and if its expression levels have
diagnostic capacity 442, First, miR-210 expression was
tested in 32 ¢ccRCC tumors and compared with the
level in 32 matched non-tumoral renal parenchyma
using quantitative real-time PCR. MiR-210 was found
to be up-regulated in  tumor tissue
(64,714.8£19,435.6-fold, p=0.004). This finding was
validated in 68 ccRCC sera, in which miR-210 was
up-regulated (18.4+8.1-fold) compared with 42 serum
samples that were obtained from healthy individuals
(1.6+0.5-fold, p<0.0001). Additionally, the miR-210
levels were significantly decreased in 10 samples one
week post-nephrectomy (p=0.001). No significant
correlation was noted between the miR-210 levels and
gender, age, tumor grade and stage (except for the
tumor size (p=0.048)) #. Based on ccRCC tumor
deep-sequencing data, Zhao et al. selected miR-187 as
a candidate to analyze in the serum from ccRCC pa-
tients 4. MiR-187 has been shown to be aberrantly
expressed in several types of tumors such as breast
and ovarian cancer. MiR-187 functions as a factor
down-regulating disabled homolog-2 (Dab2) and, as a
consequence, inhibits epithelial-mesenchymal transi-
tion and likely cancer cell migration. The authors
found a down-regulation of miR-187 in ccRCC tumors
(0.42-fold, p<0.01) and confirmed this

down-regulation in the plasma from 30 ccRCC pa-
tients (0.56, fold, p<0.01).

In 2013, the miRNA expression profile in the
serum from ccRCC patients was reported to be not
fully consistent with the miRNA profile in the tumor
4. Based on the available literature, Cheng et al. se-
lected 8 miRNAs previously reported to be deregu-
lated in ccRCC tumors (miR-34a, miR-21, miR-224,
miR-141, miR-149, miR-429, miR-221 and miR-211)
and tested their expression in both tumors and serum
from ccRCC patients. Implementing a qPCR analysis,
the authors tested 30 ccRCC tumor tissues (matched
with normal tissue samples) and 12 serum samples
from patients with ccRCC collected before nephrec-
tomy. MiR-34a, miR-21 and miR-224 were found to be
up-regulated in the tumor (6.2-, 22.5- and 27.5-fold,
respectively) and serum (84-, 277- and 4-fold, respec-
tively), although not in all samples (n=11, 12 and 9,
respectively). miR-141, miR-149 and miR-429 were
down regulated in the tumor by 6.3-, 1.7- and 2.4-fold,
respectively, although not in all samples (n=26, 21 and
22, respectively). In the serum, only miR-141 was
down regulated with a fold change of 5.8x107 (n=12),
the difference in the expression of miR-149 and
miR-429 between the ccRCC serum and healthy con-
trol was not statistically significant. Except for the
correlation of the expression of miR-21 with the dis-
ease stage (p<0.05) and the expression of miR-224
with gender (p<0.05), no correlation was observed
between the expression of the remaining microRNAs
and clinical parameters. 45

Proteomic biomarkers in the serum from
ccRCC patients

Because ccRCC is considered an immunogenic
tumor, Masuda et al. analyzed the levels of soluble
T-cell regulatory molecules (interleukin-2 receptor
(sIL-2R), B7-H3 (sB7-H3), and cytotoxic T lymphocyte
associated antigen-4 (sCTLA-4) (see Table 1) in the
sera from 70 ccRCC patients and 35 healthy controls
using ELISA. The serum level of sIL-2R was signifi-
cantly higher in the patients than in the healthy con-
trols (1080.2 + 1251.3 pg/ml and 587.4 + 210.4 pg/ml,
respectively; p=0.043). In contrast, the serum levels of
sB7-H3 and sCTLA-4 were significantly lower in
ccRCC patients than in the controls (p<0.001 and
p<0.0001, respectively). The mean levels of sB7-H3 in
ccRCC reached 14.5 + 10.1 ng/ml in the sera from
ccRCC patients and 19.3 + 5.3 ng/ml in samples de-
rived from healthy controls. Similarly, the sCTLA-4
concentration in ccRCC sera was 2.3 = 0.7 ng/ml on
average and 3.0 £ 1.3 ng/ml in the control samples.
Although the authors suggested statistically signifi-
cant differences in sIL-2R sB7-H3 and concentrations
in the sera from patients with different disease stages
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(p< 0.001, p=0.049, respectively), these findings re-
quire additional analysis in a larger cohort 4.

Based on previously published data, Thompson
et al. analyzed the expression of costimulatory mole-
cule B7x in the serum from ccRCC patients 7. As in-
dicated by experimental evidence, B7x is thought to
down-regulate peripheral immune responses via
negative T-cell costimulation 4%%°. B7x has been re-
ported to be aberrantly expressed in RCC tumors, and
its expression correlates with metastatic disease pro-
gression and poor survival ®. Using a sandwich
ELISA, the authors tested the expression of B7x in the
sera from 101 ccRCC patients and 101 healthy, gen-
der-matched controls. Although the increased ex-
pression of B7x was detected only in 53 of the 101
ccRCC sera, the expression correlated with tumor
thrombus, nodal and distant metastases, and ad-
vanced tumor stage. Whether B7x is a ccRCC-specific
marker remains unclear because it is not expressed in
all patients, its elevated expression has been detected
in the blood/serum of ovarian patients and it has not
been analyzed in papillary and chromophobe RCC 51,

De Martino et al. tested the potential diagnostic
utility of the 20S proteasome levels as a ccRCC serum
biomarker. Proteasome 20S has been previously de-
scribed as a potential biomarker of myeloproliferative
solid tumors, breast cancer, and ovarian cancer
(among other types) 5%53. Here, 20S proteasome serum
levels were measured in 113 ccRCC and 15 control
samples using a sandwich enzyme-linked immuno-
sorbent assay. The 20S levels were increased in ccRCC
sera (median 4.66 mg/ml vs. 1.52 mg/ml in controls;
p<0.0001) and were found to be increased in patients
with ccRCC-associated symptoms (p=0.0008), with
distant metastases (p=0.0011), higher Fuhrman grades
(p=0.0247), and necrotic tumors (p=0.0462). Addi-
tionally, a significant correlation was noted between
the 20S levels and the tumor size (r=0.27, p=0.004).
Moreover, patients with high 20S proteasome serum
levels displayed a 9.41-fold increased risk of death
from ccRCC compared with patients who had low 20S
proteasome serum levels 5.

Yang et al. implemented magnetic beads-based
weak cation-exchange chromatography in combina-
tion with matrix-assisted laser desorption ionization
(MALDI) time of flight (TOF) mass spectrometry (MS)
to identify differentially expressed peptides and pro-
teins in the serum from 58 ccRCC patients, 40 addi-
tional samples of paired pre- and post-operative
ccRCC patients and 64 samples from healthy volun-
teers. All serum samples were analyzed in triplicate to
identify reliable serum peptidome profiles. Cancer
patients were accurately distinguished from healthy
individuals, and preoperative patients were distin-
guished from postoperative ccRCC patients using 18

discriminating m/z (mass to charge ratio) peaks with
an 82.5-92.7% sensitivity and a specificity above
83.8-98.3%, depending on the classification model
used (genetic algorithm (GA), supervised neural
networks (SNN), and the quick classifier (QC)). Three
peptides (regions of RNA-binding protein 6 (RBP6),
tubulin beta chain (TUBB), and zinc finger protein 3
(ZFP3)) were found to be specific for ccRCC sera (see
Table 1) %.

ccRCC biomarkers in urine

Studies of ccRCC urine biomarkers are based
mainly on proteomic approaches that implement ad-
vanced, although not identical, methods for peptide
identification. = Additionally,  diverse = sample
pre-fractionation methods and/or chromatographic
separations can lead to the identification of different,
often non-overlapping, markers. Therefore, the data
covering urinary peptidome are non-uniform but
likely complementary and are primarily to be em-
phasized as proof-of concept experiments.

High-resolution capillary electrophoresis cou-
pled to mass spectrometry (CE-MS) was implement-
ed by Frantzi et al. to identify urinary peptides that
could serve as a ccRCC diagnostic and a disease
screening tool. The discovery set consisted of 40
ccRCC and 68 non-diseased control urine samples,
and the peptide profiles with a molecular range from
0.8 to 20 kDa were compared. Disease-specific peptide
models were generated using the Support Vector
Machine-based (SVM-based) software, and 86 pep-
tides were identified with a statistically significant
distribution in the two groups. The peptide-based
classifier enabled the differentiation of ccRCC from
the control with an area under the curve (AUC) of 0.92
(95% CI, 0.84 to 0.97; p = 0.0001). A ROC probability
cut-off of 0.38 resulted in the correct classification of
25 of the 30 ccRCC patients (80% sensitivity [95% CI,
65% to 94%]) and 39 of the 46 normal controls (87%
specificity [95% CI, 74% to 95%]). Additionally, the
authors tested the peptide set’s potential to discrimi-
nate ccRCC from closely related cancer types and
non-malignant renal and systemic diseases such as
diabetic nephropathy (n=195), focal segmental glo-
merulosclerosis (n=54), membranous glomerulone-
phritis (n=65), systemic lupus erythematosus (n=46),
IgA nephropathy (n=126), vasculitis (n=121), cardio-
vascular disease (n=33) and bladder cancer (n=219).
At 80% sensitivity and a 0.38 cut-off value, the peptide
set clearly discriminates between the RCC and most of
the remaining diseases, as shown in the model classi-
fication scores. A considerable degree of overlap
(~25%) was observed between vasculitis (64% speci-
ficity) and bladder cancer (76% specificity), which
suggested the existence of common processes leading
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to the generation of such markers (e.g., vascular
damage) 1.

Sequences for 40 of the 86 ccRCC specific pep-
tides were identified and were mainly represented by
collagen fragments. These sequences were also
abundantly found in healthy controls, as described
previously 6. Notably, collagen fragments below 1.4
kDa were consistently down-regulated in ccRCC pa-
tients, likely reflecting changes in the extracellular
matrix (ECM) turnover that results in a specific deg-
radation profile. This profile was mirrored by the
presence of altered-length products in the urine. Ad-
ditionally, the ccRCC peptide marker panel contained
fragments of serum proteins (fibrinogen chains, im-
munoglobulin Fc regions and hemoglobin subunits)
and fragments of proteins that are likely expressed in
the kidney (e.g., Na/K-transporting ATPase subunit
alfa, retinitis pigmentosa GTPase regulator, VPS10
domain-containing receptor SorCS3 and the endothe-
lial adhesion molecule CD99 antigen-like protein 2),
represented by the C-terminal fragment of the deleted
region in the malignant brain tumors 1 (DMBT1)
protein. In general, this analysis shows that peptide
levels from inflammatory and immune proteins de-
creased but that those involved in coagulation and
platelet aggregation increased. Combining these 40
sequenced biomarkers enabled the classification of the
validation set (40 ccRCC samples) with a sensitivity of
77% and a specificity of 85%; the AUC was 0.87 (95%
Cl, 0.77 to 0.94; P = 0.0001) and showed that the uni-
dentified biomarkers (included in the 86 biomarker
model) enhanced the performance of the classifica-
tion.

An extensive study of urinary protein profiles
using material from 118 ccRCC (73 men and 45
women) and 137 healthy subjects (81 men and 56
women) was performed by Chinello et al. The ana-
lyzed group was extended with 35 non-ccRCC sam-
ples (16 benign renal masses and 19 malignant
non-ccRCC; 22 men and 13 women) ¥. The proteins
were isolated using a pre-purification method (mag-
netic beads-based procedure) in combination with a
MALDI-TOF analysis. In total, 60% of the collected
samples comprised the training group; the remaining
40% were used for the independent evaluation of the
models. The authors were able to discriminate ccRCC
patients from healthy subjects using twelve peptides
(with a SVM algorithm). The discriminating capability
was confirmed in the validation cohort with an AUC
of 0.96. The identity of the seven (of twelve) signals
included in the clusters were obtained by
MALDI-TOF/TOF and nLC-ESI-MS/MS analysis.
These signals differed from those identified by Frantzi
et al. Surprisingly, none of the ions identified (frag-
ments of the human glycoprotein uromodulin

(UMOD/THP, m/z 1670 and 2216)), meprin- a
zinc-dependent metalloproteinases abundantly ex-
pressed in the apical membranes of renal proximal
tubules (MEP1A, m/z 1727), osteopontin (m/z 2528),
a fragment of the extracellular domain of SeCreted
and TransMembrane protein 1 (SCTM1, m/z 1116)
were ccRCC specific (as shown in the literature). No-
tably, the ccRCC discriminant signal observed at the
m/z of 2192 was assigned to two possible candidates:
a probable G-protein coupled receptor 162 (GP162)
and a sequence derived from a Phosphorylase b ki-
nase regulatory subunit alpha, skeletal muscle iso-
form (KPB1)>'. Whereas GP162 is an orphan receptor
assigned to the G protein coupled receptors (GPCRs)
family involved in signal transmission and associated
with cancer-correlated processes such as cell prolifer-
ation, angiogenesis, tumor progression and develop-
ment, KPB1 is a key regulatory enzyme of glycogen
metabolism with no established or direct link to can-
cer.

Perspectives

Currently, no clinically validated biomarkers are
available to aid the diagnosis, disease monitoring and
treatment efficacy in ccRCC. The most advanced ap-
proaches to ccRCC biomarker discovery from plasma
and urine are represented by proteomic studies. Alt-
hough promising, the data generated using different
methodologies are non-overlapping and require ex-
tensive validation, first in larger cohorts and then
with diverse technologies to define a reliable protein
marker pool. Up to date nucleic acid biomarkers were
mainly a subject of a targeted and low throughput
analysis without concurrent conformation in addi-
tional cohorts and populations. Hopefully, with the
recent technological advances, notably
next-generation sequencing, we will be able to define
nucleic acid biomarkers quantitatively and qualita-
tively in the plasma and serum and boost the research
aiming to identify reliable ccRCC biomarkers.
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