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Abstract. One of the most common types of cancer world‑
wide (9th most commonly diagnosed) is renal cell carcinoma 
(RCC). It is more common in developed countries and it 
usually develops in individuals between 60 and 70 years of age. 
The earlier the disease is identified, the lower the morbidity. 
Therefore molecular markers that exist in blood and urine 
may be used for earlier detection and diagnosis but also for 
the follow‑up of the patient after treatment, whether surgical 
or oncological. The trend is to analyze the gene and protein 
expression as they constitute a source for new biomarkers. 
These markers are promising but in clinical practice regarding 
disease management, they are rarely used. Biological markers 
can be employed in many tumors because they can identify the 
prognostic value for individual treatment. However, markers 
for RCC are not validated, and their analysis is currently 

under investigation. Previous findings have demonstrated 
that the metastatic potential of RCC can be predicted using 
the biological features of the tumor cell. It is believed that the 
transformation from epithelial to mesenchymal phenotype 
gives the tumor cell the ability to metastasize. The purpose of 
this review was to identify the most valuable tumor markers 
that can be clinically used for the prognosis, treatment and 
follow‑up of patients with renal tumors.
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1. Introduction

One of the most common types of cancer worldwide (9th most 
commonly diagnosed) is renal cell carcinoma (RCC). It is 
more common in developed countries and it usually develops 
in individuals between 60 and 70 years of age (1). The earlier 
the disease is identified, the lower the morbidity. Therefore, 
molecular markers that exist in blood and urine may be used 
for earlier detection and diagnosis but also for the follow up of 
the patient after treatment, whether surgical or oncological (2). 
The trend is to analyze the gene and protein expression because 
they are a real source for new biomarkers. These markers 
have a promising potential but in clinical practice regarding 
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the disease management, they are rarely used. The biological 
markers can be of use in many tumors because they can iden‑
tify the prognostic for individual treatment, but the markers 
for RCC are not validated, and their analysis are currently 
under investigation (3). Previous findings have demonstrated 
that the metastatic potential of RCC can be predicted using 
the biological features of the tumor cell. It is believed that the 
transformation from epithelial to mesenchymal phenotype 
gives the tumor cell the ability to metastasize (4). The purpose 
of this review was to identify the best tumor markers that can 
be clinically used for the prognosis, treatment and follow‑up of 
patients with renal tumors.

The highest incidence for renal tumors is represented by 
clear‑cell renal carcinoma. In advanced stages, its morbidity and 
mortality are high. RCC is subclassified as clear cell, papillary 
and chromophobe. This is important because RCC is associ‑
ated with different malignant potential. The clinical outcome 
of RCC is usually associated with the immune response. This 
type of disease is often diagnosed during a CT scan or renal 
echography for non‑specific abdominal symptoms and often 
due to the fact that is mostly asymptomatic it is diagnosed in 
advanced stages; therefore, an early and efficient diagnostic 
technique is required. The principal prognostic factor for 
clinical work‑up is represented by the histological analysis and 
the TNM stage and Fuhrman grade (5,6). Previous findings 
showed a great prognostic value regarding tumor‑infiltrating 
immune cells in the tumor to regulate cancer progression. 
The most studied type of cells is lymphocytes, tumor growth 
being prevented by the action of cytotoxic CD8+ T cells and 
CD4+ helper T cells (5,6). Vascular endothelial growth factor 
(VEGF) and platelet‑derived growth factor (PDGF) are recog‑
nized as valuable targets for targeted therapy (7). Currently, 
there are no available biomarkers for an accurate diagnosis 
of RCC. In certain studies, molecules that are measurable in 
serum have been reported (8). Immunological tests including 
ELISA or mass spectrometry have been used to identify altered 
proteins in RCC patients and can provide valuable information 
regarding prognosis and diagnosis. There is a protein linked 
to the proliferation, differentiation and even stress response 
(TRAF‑1, tumor necrosis factor receptor‑associated factor‑1) 
that can be found in the serum of RCC patients (8).

2. Serum RCC biomarkers

CD105. A cell transmembrane glycoprotein known as CD105 
has been found to be a key component in the transformation 
of growth factor ß receptor. It has been correlated with the 
tumor microvessel density and studies showed that CD105 can 
be a prognostic factor in RCC (9). Bussolati et al described 
this glycoprotein as a new RCC cancer stem cell marker (10). 
Saroufim et al performed a study where he evaluated 102 cases 
of partial/radical nephrectomy in patients with RCC, and the 
link between CD105 expression in endothelial and tumoral 
cells with stages, grades, and survival of these patients. Authors 
of that study found that CD105 had no correlation with nuclear 
grade and tumor stage in the endothelium, but CD105 tumor 
expression was positively correlated with these factors, and in 
conclusion this transmembrane glycoprotein self‑determining 
predictive biomarker for death risk presents an unfavorable 
prognostic marker in patients with RCC (11).

HSP27/HSPB1. The study of Kampinga  et  al described a 
heat shock protein 27 (HSP27) or HSPB1 (12). This type of 
protein regulates different physiological processes of cells, 
being a small heat shock protein, in normal conditions, but 
has also been associated with tumor growth (13). The stress 
on the cell distributes HSP27 to the poles in order to regulate 
the dynamic structure of the cell. Stress also stimulates HSP27 
depolymerization in small molecules, leading to polar actin 
accumulation and focal adhesion kinase, and eventually tumor 
cell migration (14). One of the main stress conditions is repre‑
sented by hypoxia which leads to inflammation and oxidative 
stress, which in turn leads to tumor cell transformation and 
migration. The stress conditions determine this heat shock 
protein to be a part of the cellular stress response. Previous 
findings showed that HSP27 is hyperphosphorylated in many 
cancer types. For example, White et al described high levels 
of HSP27 in the serum and even in the urine of patients with 
high‑grade renal tumors (15).

Pro‑inflammatory cytokines and inflammatory immune cells. 
Inflammatory proteins including cytokines and inflamma‑
tory immune cells play a key role in kidney cancer owing 
to the constant search for new immunotherapeutic treatment 
of this disease. It is well known that some pro‑inflammatory 
cytokines such as interleukin (IL)‑1, IL‑6, and tumor necrosis 
factor (TNF)‑α, in liver cells, can manage the synthesis of 
other inflammation factors such as amyloid A. Amyloid A 
then recruits immune cells to the inflammatory sites, and also 
produces enzymes that are involved in the destruction of the 
extracellular matrix (16). The identification of amyloid A in the 
serum of patients constitutes an important potential biomarker 
for patients with RCC, because, as indicated in other studies, 
it is also correlated with tumor stage especially advanced 
stages (17). In addition, acute‑phase C‑reactive protein (CRP) 
is a marker of advanced renal cancer, which can also be found 
in patients with this disease with a poor survival rate (17).

Another inflammatory protein and marker involved in 
human cancer is represented by the enzyme γ‑glutamyl trans‑
ferase (GGT) because it is involved in glutathione metabolism. 
It is mostly produced by the liver, but also in the kidney. GGT 
is known to regulate apoptotic balance and promotes cancer 
progression and invasion. Hofbauer et al  (18) performed a 
study on 921 patients diagnosed with RCC, in which the serum 
levels of GGT were monitored prior to surgical treatment. The 
authors of this study concluded that pre‑operative serum value 
of GGT is a new and independent prognostic factor. Its value 
can be used for individual treatment plans, but also for patient 
counseling and surveillance (18).

The manifestation of a tumor cell requires a mandatory 
alteration in the natural apoptotic mechanism, and an imbal‑
ance between anti‑apoptotic and pro‑apoptotic proteins leads 
to tumor proliferation. One of the most important molecules 
involved in cell apoptosis is the tumor necrosis factor‑related 
apoptosis inducing ligand, or TRAIL, because it is mainly 
observed in tumor cells rather than normal cells. One of the 
explanations for this occurrence can be the different expres‑
sion levels of agonistic receptors in tumor cells and the 
antagonistic receptors in normal cells. There are two death 
receptors, TRAIL R1 and TRAIL R2, which are agonist 
receptors for TRAIL and that are known to have the ability 
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to transmit a pro‑apoptotic cascade signal which eventually 
leads to cell death (19). By contrast, another two receptors, 
termed TRAIL R3 and TRAIL R4, which bind to TRAIL 
do not induce apoptosis, being antagonist receptors, as they 
do not have an intercellular death domain. Previous findings 
have shown that TRAIL which is expressed in immune cells 
induces apoptosis in RCC cells. Macher‑Goeppinger et al 
conducted a study on 838 patients with RCC in which the 
expression of TRAIL and TRAIL receptors and their link 
with this disease was evaluated. Those authors concluded 
that high TRAIL‑R2, high TRAIL, and low TRAIL‑R4, are 
associated with low disease‑specific survival in RCC, thus 
the analysis of these molecules can offer valuable prognostic 
information regarding the adjuvant therapies that can be used 
on these patients (20). Toiyama et al performed a study where 
he compared the TRAIL serum level of 83 patients with RCC, 
prior to treatment, with the TRAIL serum level of 52 healthy 
individuals. The TRAIL level was significantly lower in the 
serum of the RCC patients vs. the healthy group. After surgical 
treatment the TRAIL level increased, and there was a signifi‑
cantly higher specific survival rate of patients with high serum 
levels of TRAIL compared with those who had a low level of 
TRAIL in their serum. Thus, the serum level of TRAIL can be 
an important biomarker for patients with RCC (21).

Tumor formations are comprised of component fibroblasts 
and macrophages that are responsible for releasing growth 
factors and cytokines that allow tumor growth to progress; 
therefore, tumor mass growth is firmly related to its microen‑
vironment. Hypoxia‑inducible transcriptional factors such as 
HIF‑1α and HIF‑1β are activated by hypoxia, and their action 
is to activate pro‑angiogenetic factors such as VEGF (22). The 
Von Hipple‑Lindau (VHL) protein is involved in the stabili‑
zation of these HIF factors, and their mutation facilitates the 
manifestation of RCC. This protein is altered in almost 85% of 
all RCC cases. Another hypoxia‑induced factor termed prolyl 
hydroxylase 3 or PHD3 is known to be overexpressed in renal 
tumors, and it is strictly related to VHL. High levels of these 
factors in the serum of patients with RCC, compared with 
healthy individuals, and a decrease in levels following surgical 
treatment have been reported. Kim et al performed a study 
on 56 patients diagnosed with RCC that underwent radical 
or nephron‑sparing nephrectomy and 56 healthy control 
individuals. A blood sample was taken prior to the surgery, 
as well as 1 and 3 months after the surgery. The serum level 
of PHD3 was measured with ELISA and compared between 
the two groups. The serum level was higher in RCC patients 
than in the control. Over 75% of patients with RCC had T1a 
disease, and 78% had clear cell RCC (ccRCC), but there was 
no significant difference with the higher stage tumor and 
different histological type. After surgery, the serum level of 
PHD3 was decreased by 89% after 1 month and 84% after 
3  months, meaning that PHD3 is a new and potentially 
important biomarker for RCC (23).

Carbonic anhydrases, enzymes promoted by hypoxia, are 
responsible for the acidification of gastric and renal tissues and 
their alteration has been identified in many tumors. Carbonic 
anhydrase IX (CA IX) is a new and important marker of 
tumor hypoxia with considerable potential for becoming a 
valuable diagnostic biomarker for RCC. This enzyme protein 
is involved in the conversion of carbon dioxide to bicarbonate 

and in the ion transport and pH control (24). Findings have 
shown that the higher the expression of this protein in lung, 
breast, and head cancer, the more aggressive the tumor is; but 
concerning RCC, this protein appears to be an early event and 
is linked with a better prognosis. Using RT‑PCR and ELISA, 
Takacova et al (25) examined CA IX expression in 74 patients 
with RCC. The tests came back positive for the expression of 
CA IX in 24 cases. Most of the positive samples were from 
patients with clear cell RCC (18 cases); 4 cases from papillary 
renal cell carcinoma (PRCC) and 2 cases with chromophobe 
renal cell carcinoma (CHRCC). There were also 4 cases with 
negative CA IX but with benign tumors. It was also observed 
that the patients with a high tumor stage (T3) had a lower 
positivity of CA IX, 17% compared with the patients with T1 
disease who were positive in 50% of the cases (25).

Other important enzymes that are involved in tumor cell 
metabolism and proliferation include pyruvate kinase type M2 
(TuM2 PK) and thymidine kinase 1 (TK1). The enzymes were 
studied by Nisman et al (26) in 116 patients with RCC and 
compared with 20 healthy patients. Those authors followed up 
the link between the circulating levels of the enzymes preop‑
eratively and disease recurrence. Nisman et al (26) observed 
that there is a high association between the levels of the two 
enzymes with tumor stage. The TuM2 PK marker was found to 
be associated with tumor grade and extensive tumor necrosis 
(over 50%). In addition, the recurrence rate of patients with 
a high level of TuM2 PK and TK1 was higher compared to 
those patients who had low levels of the two enzymes. Thus, 
the two biomarkers can be used in patients with RCC prior 
to nephrectomy to predict recurrence and to redirect them to 
adjuvant treatment (26).

de Martino et al (27) performed a study on another enzyme 
involved in RCC relating to the significance of circulating 
20S proteasome levels. The serum level of this enzyme was 
obtained by a sandwich enzyme‑linked immunosorbent assay. 
That study included 113 patients with RCC and 15 healthy 
controls. High levels of 20S proteasome were observed in 
patients with RCC associated with high Fuhrman grade, 
metastasis, tumor necrosis and T stage. In addition, tumor size 
was correlated with high levels of this enzyme. There was no 
association with sex, age or N stage. The risk of death from 
renal tumor was found to be increased by 21% with each 1 mg 
increase in the 20S proteasome level (27).

Over the years, scientists have researched aspects of RNA 
and DNA involved with the manifestation of tumor cells. In 
recent years, the role of circular RNA (circRNA) in oncology 
has increased in popularity, mainly because many studies have 
reported that multiple circRNAs are involved in cancer cell 
functions and can also serve as a prognostic factor in patients 
with cancer (28). A new circular RNA called circ‑ABCB10, 
was shown to have an important impact on patients with 
RCC. Huang et al performed a study in which the effect of 
circ‑ABCB10 was evaluated on the proliferation and apoptosis 
of ccRCC, and its prognostic value. Their study focused on 
measuring the circ‑ABCB12 expression in five ccRCC cell 
lines and in normal kidney using quantitative polymerase chain 
reaction in 120 patients with ccRCC. The apoptotic markers 
were measured using western blot analysis. Authors of that 
study found that circ‑ABCB10 expression was elevated in all 
the patients with RCC, compared with the heathy patients. The 
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cell line A498, was rich with circ‑ABCB10 in the ccRCC cell 
lines but was poor with circ‑ABCB10 in normal kidney cell 
lines In addition, A498 cell apoptosis was highly represented 
with circABCB10 compared with the healthy kidney cell 
lines. Authors of that study concluded that circ‑ABCB10 high 
expression was linked with the advanced pathological grade 
and tumor metastasis stage. It was also found to be an inde‑
pendent predictive factor for a worse survival in RCC patients 
regarding overall survival (28).

MicroRNAs. MicroRNAs (miRNAs/miRs) are well known 
to play important roles in cancer progression, carcinogenesis 
and invasion. Heinemann et al performed a study designed to 
identify microRNAs as potential biomarkers for RCC. The 
study included 18 patients with ccRCC and 8 patients with 
benign renal tumors. Authors of that study determined the 
serum small RNA expression profile of patients using small 
RNA sequencing. This study successfully identified high 
values of serum miR‑122‑5p and miR‑206 in the patients with 
RCC, compared with healthy individuals. It was also observed 
that the value of these two microRNAs were at similar levels 
in both RCC and benign renal tumor patients. High values 
of miR‑122‑5p and miR‑206 were directly associated with 
metastatic RCC and pT stage, and also with a shorter period 
of progression‑free and overall survival in these patients (29).

3. Urine RCC biomarkers

In addition to the RCC biomarkers that exist in the blood of 
patients, there are some markers that exist in the urine thereof. 
One of these markers is nuclear matrix protein 22 (NMP22), 
which is part of the internal framework of the nucleus. It is 
involved in DNA replication and its characteristics render it 
a good biomarker of tumor cells. NMP22 was identified to 
be strictly linked to transitional cell carcinoma (30). In addi‑
tion, results of this study showed increased levels of NMP22 
in patients with RCC; therefore, NMP22 could be used as an 
RCC screening marker.

NGAL or neutrophil gelatinase‑associated lipocalin was 
demonstrated to be a sensitive biomarker for tubular injury, 
but can also be expressed by several histological types of 
renal tumors. In this case the presence of NGAL can be found 
in patients with renal cancer and indicates a highly elevated 
histological grade of ccRCC and papillary RCC. Its expression 
in urine is most likely linked with the tubular injury produced 
by the tumor. In a previous study, Di Carlo demonstrated a 
high level of NGAL in patients with RCC, compared with 
healthy, normal individuals (31).

Other proteins present in the urine of patients that have 
undergone surgical excision of an RCC tumor, aquaporin‑1 
(AQP1) and perilipin 2 (PER2), respectively, can be used as 
a screening method and surveillance, mainly because they 
are not significantly influenced by noncancerous kidney 
diseases, including infections, or glomerulonephritis of other 
nephropathies  (32). Morrissey et al performed a study on 
AQP1 and adipophilin (ADFP) proteins that can be found 
in the urine of patients. The aim of the study was to deter‑
mine the effectiveness of these proteins regarding RCC and 
other non‑oncological kidney injuries. For this, the study 
included 36 patients with clear cell or papillary kidney cancer, 

43 controls, 44 patients with documented urinary tract infec‑
tion, 24 patients diagnosed with diabetic nephropathy, and 
18 patients diagnosed with glomerulonephritis. This study 
found that the urine concentration of these 2 markers were 
23‑fold higher regarding AQP1, respectively, 4‑fold higher 
regarding ADFP, compared to healthy persons. Additionally, 
there was a direct link between the tumor size and value of 
these markers. Regarding the correlation between AQP1 and 
ADFP and other common kidney disease, the results showed 
that their value was not as increased as in the cases of the 
patients with kidney cancer. In conclusion, that study related 
that the urine concentration of AQP1 and ADFP is highly 
correlated with RCC, and common kidney disease has little 
impact on the value of these markers, as found in the case of 
malignant tumors (32).

4. Other useful biomarkers for RCC patients

A new transmembrane protein believed to be responsible for 
triggering the extrinsic coagulation pathway known as tissue 
factor (TF) promises to be another important serum biomarker 
regarding patients with RCC. It is known that a high level of 
TF is linked to negative outcomes of varied tumors of the lung, 
breast, prostate, and even the nervous system (33). TF is also 
identified in immunohistochemical tests in Wilms' tumor and 
in clear cell carcinoma (33). However, Silva et al (34) researched 
whether the serum TF level can be used as a biomarker for RCC. 
The study included 30 patients with ccRCC and 16 controls 
with other pathologies, treated surgically. Prior to surgery, 
the value of TF was verified from the blood of the patients 
by ELISA test, using the Human Coagulation FactorIII/Tissue 
Factor Immunoassay‑Quantikine® ELISA kit. In addition, 
authors of that study observed that the mean value of TF in the 
serum of the patients with RCC was 66.8 pg/dl, whereas the 
mean value of TF in the blood of the control group was only 
28.4 pg/dl. After surgery, the authors observed a decrease of 
TF in the serum of the patients, with a mean value of 41.6 pg/dl. 
This second blood test was performed at least four weeks 
after surgery. The purpose of this study was also to determine 
which feature is involved in increasing the serum level of TF 
(tumor size, TNM classification and Fuhrman grade, or the 
presence of necrosis). The only variable that had a positive 
association was tumor size. Thus, those authors concluded that 
with each cm increase in tumor size, the value of TF increased 
approximately 4.7 pg/dl. Thus, the value of TF in the serum of 
patients with RCC can be used as a reliable biomarker, as it is 
correlated with tumor size (34).

One of the main roles of the kidney is to purify the blood 
from nitrogenous substances and to regulate the levels of amino 
acids from plasma. A normal renal tube is able to reabsorb the 
amino acids, and because RCC derives from renal tube cells, 
there is a possibility that these tumor types determine an altera‑
tion of the tube ability to reabsorb amino acids; therefore, they 
may be present in the serum of patients. Additionally, growth 
of a renal tumor requires a high concentration of amino acids 
such as methionine, glutamine, and asparagine (35). Extensive 
research has been conducted to determine whether serum 
amino acid levels are a possible biomarker for RCC. One 
such study was conducted by Mustafa et al on 189 patients 
diagnosed with renal carcinoma, and 104 controls. The aim of 
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this study was to examine the concentrations of 26 different 
amino acids in patient serum, before surgical treatment. From 
all 26  amino acids studied, only 15  amino acids showed 
relevance between the control and patients with RCC. From 
the 15 amino acids, 13 were decreased in patients with RCC 
compared to the control, and 2 amino acids, arginine and 
cysteine, were increased. A substantial difference between 
the control and the RCC patients from the lower‑level amino 
acids was observed for histidine and omithine. As many amino 
acids were altered, the focus of the study was on the strongest 
correlation with each of the groups. The strongest correlation 
was between valine, leucine and isoleucine. Based on the 
tumor grade and type, the study concluded that there was no 
significant difference in the concentration of amino acids in 
the serum of patients regarding clear cell, and papillary type 
of tumor. Additionally, early stage tumors (stage 1 and 2) had a 
slightly lower model score than large tumors, but in both cases 
compared with the control, the levels were elevated. Overall, it 
was concluded that there is an alteration regarding 15 types of 
amino acids for both early and late stage of patients with RCC. 
Moreover, the level of amino acids in the serum of patients has 
a predictive value in overall survival, and also in recurrence, 
and therefore may be used as a detection and prognostic factor 
for RCC (36).

Other biomarkers such as hepatic hormone hepcidin and 
growth/differentiation factor 15 (GDF15), usually used in 
other cancer types including breast, colon and lung cancer, 
were researched to be used as biomarkers for RCC. The hepatic 
hormone hepcidin is the main regulator of iron homeostasis. A 
high value of hepcidin in the serum is usually associated with 
metastatic disease and poor outcome for prostate and breast 
cancer, as well as for renal cell carcinoma. GDF15 plays an 
important role regarding tissue regeneration and is increased 
in various types of cancer (37). Traeger et al aimed to find 
a link between hepcidin and GDF15 and RCC and urothelial 
carcinoma of the upper urinary tract. In total, 94 patients with 
RCC and 21 controls were involved in this study. The serum 
level of GDF15 and hepcidin were measured for each patient. 
From the 94 patients, 44 patients presented metastatic disease; 
therefore, all 94 patients were divided in 2 groups: Metastatic 
and non‑metastatic disease. The serum level of hepcidin and 
GDF15 was high in the two groups. The non‑metastatic group 
had a lower level of GDF15 compared with the metastatic 
group. GDF15 was also increased in patients who presented 
relapse, compared with the control group. Patients with RCC 
who presented relapse presented a high level of hepcidin 
compared with both the control and no relapse group. The 
study also demonstrated that the overall survival of patients 
with RCC was decreased when the hepcidin level was 
higher than 12.7 ng/dl, and/or the GDF15 level was higher 
than 1,200 pg/dl. Thus, a high value of both biomarkers was 
found to be associated with metastatic RCC as well as a high 
incidence of relapse (37).

5. Discussion

The management of patients diagnosed with renal tumors 
remains a problem regarding the means of early diagnosis, 
despite available studies on suitable biomarkers that can be 
used as a screening method. There is a need of alternative 

therapy besides classic surgery. Furthermore, the earlier the 
disease is detected the lower the morbidity.

One of the most studied surface antigens is represented by 
CA IX, and recent studies have demonstrated that the blood 
level of CA IX can be used for diagnosis of RCC, because it 
is an important marker of tumor hypoxia. The level of CA 
IX in patient serum can be used for optimal management of 
patients with RCC, in particular for monitoring the progres‑
sion and even the recurrence of the disease. In order to be 
fully used as a reliable RCC biomarker, additional studies 
should be performed on many patients along with relevant 
follow‑up.

The accumulation of HSP27 is promoted by shear stress, 
in order to regulate cytoskeleton dynamics. It also promotes 
depolymerization into small molecules (15). All of this trans‑
formation suggests that this protein is crucial in tumor cell 
migration; therefore it can be used as a biomarker for renal 
tumors.

Recent studies have demonstrated that preoperative 20S 
proteasome plays an important role due to its increased 
levels in patients with RCC. This important biomarker was 
first mentioned by Lavabre‑Bertrand et al in the serum of 
patients suffering from various types of cancer  (38‑40). 
de Martino et al (27) studied this biomarker in patients with 
ccRCC, with good results regarding the possibility of being 
used as a predictive, diagnostic and prognostic marker.

With the development of new technologies, the under‑
standing of RCC biology has increasingly improved. This 
development has led to new systemic therapies that have 
improved patient quality of life. All research demonstrated 
that the manifestation of RCC is partly driven by the HIF 
factor protein, VHL gene and the ubiquitin pathway. These are 
also responsible for the progression of ccRCC.

6. Conclusions

In conclusion, there are several biomarkers present in the blood 
and urine of patients with RCC that may be used for screening, 
detection and prognosis of RCC. HSP27, amyloid A, GGT, 
TRAIL, VHL protein, PHD3, CA IX, TuM2 PK, TK1, 20S 
proteasome, circ‑ABCB10, miR‑206, miR‑122‑5p, NGAL, 
AQP1 and PER2, TF, hepcidin and GDF15, are all important 
biomarkers whose levels are high in RCC and may play an 
important role in the future for early diagnosis, prognosis and 
overall survival for these patients (41,42). Nevertheless, more 
studies should be performed on these molecules to confirm 
their benefit.
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