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Abstract. Clear cell renal cell carcinoma (ccRCC) is the third 
most common type of urological malignancy worldwide, and 
it is associated with a silent progression and late manifesta‑
tion. Patients with a metastatic form of ccRCC have a poor 
prognosis; however, when the disease is diagnosed early, it is 
largely curable. Currently, there are no biomarkers available 
in clinical practice for ccRCC. Thus, the aim of the present 
study was to measure 27 biologically relevant cytokines in 
preoperative and postoperative urine samples, and in preop‑
erative plasma samples from 34 patients with ccRCC, and 
to evaluate their diagnostic significance. The concentrations 
of cytokines were assessed by multiplex immune assay. The 
results showed significantly higher levels of IL‑1 receptor 
antagonist, IL‑6, IL‑15, chemokine (C‑C motif) ligand 
(CCL)2, CCL3, CCL4, C‑X‑C motif ligand (CXCL)10, granu‑
locyte‑macrophage colony stimulating factor (GM‑CSF) and 
platelet‑derived growth factor‑BB (PDGF‑BB), and lower 
levels of granulocyte colony stimulating factor (G‑CSF) in 
urine samples from patients prior to surgery compared with 
those in the controls. Notably, the urine levels of G‑CSF, IL‑5 
and vascular endothelial growth factor differed following 
tumor removal compared with the preoperative urine levels. 
In addition, urinary G‑CSF, GM‑CSF, IL‑6, CXCL10, CCL5 
and PDGF‑BB appeared to be potential markers of tumor 
grade. Plasma from patients with ccRCC contained signifi‑
cantly higher levels of IL‑6 and lower levels of CCL2 than 
control plasma. In conclusion, the present findings indicated 
that urinary and circulating cytokines may represent a 

promising novel tool for the early diagnosis of ccRCC and/or 
prediction of tumor grade.

Introduction

Renal cell carcinoma (RCC) is predominantly (~75% world‑
wide) represented by the clear cell variant, which is known as 
clear cell RCC (ccRCC) (1). In 2020, RCC was ranked 14th in 
terms of global cancer incidence, and was ranked 3rd among 
urological malignancies in terms of incidence and mortality (2). 
The global incidence of RCC has been increasing by 2% per 
year over the last two decades (3), and it is estimated that this 
trend will continue in the future (4). Since this cancer type 
exhibits silent progression and late manifestation, the majority 
of cases are identified incidentally (5,6), and patients with a 
metastatic form of RCC represent 35‑50% of new diagnoses (7). 
Despite the new pharmacological treatment possibilities, these 
patients have markedly low survival rates; the 5‑year survival 
rate for patients in the advanced stages of ccRCC is estimated 
to be <12% (4). By contrast, ccRCC is largely curable when it 
is diagnosed at the early stages (8). Therefore, one of the main 
priorities of RCC research is to identify potential biomarkers 
suitable for early non‑invasive or minimally invasive detection 
of ccRCC and/or follow‑up of patients after surgery (8,9). 

The tumor microenvironment (TME) of RCC is known 
to be densely infiltrated by various immune cells (10,11). 
Leukocytes are the main source of immune signaling 
molecules, namely cytokines and chemokines, which serve an 
important role in cancer‑related processes (12,13). Increased 
levels of these inflammatory mediators have previously been 
detected in tissue and serum from patients with RCC (14‑17). 
In the present study, a complex multiplex immune analysis was 
performed, including the detection of 27 biologically relevant 
cytokines in urine and plasma samples from patients diagnosed 
with ccRCC, and their diagnostic significance was evaluated. 

Patients and methods

Study dataset. A total of 34 patients (age range, 46‑86 years) 
with histologically confirmed ccRCC were recruited 
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over a 3‑year period (June 2021 to March 2023) from the 
Department of Urology, University Hospital Martin (Martin, 
Slovakia) for the current study. All patients were recom‑
mended surgical treatment (total or partial nephrectomy) and 
underwent clinical and histological classification according 
to the Tumor‑Node‑Metastasis classification system (18) 
and the World Health Organization/International Society of 
Urological Pathology four‑tier classification system of tumor 
grade (19). The clinicopathological characteristics of the 
patients are shown in Table I. Patients with chronic inflamma‑
tion of the urogenital system, systemic autoimmune disease, or 
endocrine, severe cardiovascular or rheumatological disease, 
or those undergoing anti‑inflammatory or immunosuppressive 
therapy were excluded from the study. 

Urine samples were obtained from all patients on the day of 
surgery prior to removal of the tumor (preoperative urine; U0), 
and from 23 patients also on day 3 post‑surgery (postoperative 
day 3 urine; U3). Peripheral venous blood (6 ml) was obtained 
from 14 patients prior to surgery. Urine samples were collected 
into sterile polypropylene tubes, whereas blood samples were 
collected into EDTA tubes, transported promptly to the 
laboratory and immediately centrifuged (877 x g for 10 min 
at 4˚C) to separate plasma. Both urine and plasma samples 
were aliquoted and kept frozen at ‑80˚C until further analysis. 

A total of 9 control subjects provided negative control urine 
(UC) samples, and an additional 7 control subjects provided 
negative control samples of blood. These control groups 
consisted of individuals without any oncological disease of 
the urogenital system or any systemic inflammatory disease 
and were recruited from healthy individuals undergoing 
preventive medical examination at the Department of Urology, 
University Hospital Martin. The distribution of the subjects in 
the different study groups according to their sex and mean age 
is shown in Table II. Each participant in the study provided 
written informed consent prior to the start of the study. 
Institutional ethics approval from the Ethics Committee of the 
Jessenius Faculty of Medicine of Martin, Comenius University 
in Bratislava (approval no. 19/2019; Martin, Slovakia) was 
obtained for the present study. 

Evaluation of urinary and plasma cytokines. Cytokine 
concentrations were quantified in plasma and urine samples 
using the standard 27‑Plex BioPlex™ Human Cytokine 
Assay (cat. no. M500KCAF0Y; Bio‑Rad Laboratories, Inc.). 
The screening panel consisted of 27 cell signaling molecules 
involved in critical biological and pathological events and 
signaling pathways, namely basic fibroblastic factor (bFGF), 
chemokine (C‑C motif) ligand (CCL)11 (also known as 
eotaxin), granulocyte‑macrophage colony stimulating factor 
(GM‑CSF), granulocyte colony stimulating factor (G‑CSF), 
IFN‑γ, IL‑1β, IL‑1 receptor antagonist (IL‑1Ra), IL‑2, IL‑4, 
IL‑5, IL‑6, IL‑7, IL‑8 [the latter also known as C‑X‑C motif 
chemokine ligand (CXCL)8], IL‑9, IL‑10, IL‑12p70, IL‑13, 
IL‑15 and IL‑17A, IFN‑γ‑induced protein 10 (also known as 
CXCL10), monocyte chemoattractant protein 1 (also known 
as CCL2), macrophage inflammatory proteins 1α and β (also 
known as CCL3 and CCL4, respectively), platelet‑derived 
growth factor‑BB (PDGF‑BB), regulated upon activation, 
normal T cell expressed and secreted (also known as CCL5), 
TNF‑α and vascular endothelial growth factor (VEGF). The 

assay was carried out on 50 µl samples and was performed 
according to the manufacturer's instructions. Visualization 
of target molecules was performed using the Bio‑Plex 
200 System reader (Bio‑Rad Laboratories, Inc.) and the 
experimental data were processed by Bio‑Plex Manager™ 
software version 6.1 (Bio‑Rad Laboratories, Inc.) using a 
5‑parameter logistic curve. The levels of cytokines were 
presented as median fluorescence intensity and expressed 
in pg/ml. 

Hemoglobinometry. All urine samples were tested for the 
presence of hemoglobin (Hgb) in order to exclude any false 
positives (namely cytokines originating in blood circula‑
tion). A quantitative, multiparameter automated hematology 
analyzer (DxH 900; Beckman Coulter, Inc.) was used for this 
purpose. This instrument allowed for time‑efficient measure‑
ment of cell blood count and volume, and determination of 
the level of Hgb in body fluids. Quantification of Hgb was 
performed photometrically at 525 nm and according to the 
manufacturer's instructions. The signal from the sample was 
then compared to a Hgb blank (commercially available), which 
was used as a reference sample. Hgb presence was positive in 
6 preoperative and 2 postoperative urine samples. Therefore, 
these samples were excluded from further analysis.

Statistical analysis. Initially, all of the data were subjected to 
a Shapiro‑Wilk normality test. Since urinary cytokines did not 
fulfill the criteria for normal distribution, they were logarith‑
mically transformed. Plasma cytokines were used in further 
analyses on the original scale (pg/ml). Gross outliers were 
removed using ROUT method, and sample means with standard 
deviations were calculated. The transformed and cleaned data 
were visualized in the form of stacked bar charts and column 
graphs, while an individual values plot was presented in Fig. S1. 
In addition, heatmaps were created using MetaboAnalyst, a free 
online platform for metabolomic data analysis (https://www.
metaboanalyst.ca/). Unpaired Student's t‑tests were used to 
test the null hypothesis on the equality of means of different 
subpopulations of study subjects, namely plasma of cases versus 
plasma of controls, U0 versus UC, and U3 versus UC. Paired 
t‑test was used to test the null hypothesis on the equality of 
means of matched U0 and U3 samples. The effect size quan‑
tified by Cohen's D and statistical power of the significant 
findings were calculated using G*Power software 3.1 (20). U0 
samples (n=28) were stratified according to tumor grade into 
two groups: A low‑grade (LG) group consisting of G1‑2 tumors, 
and a high‑grade (HG) group consisting of G3‑4 tumors. 
One‑way ANOVA was used to test the equality of population 
means across three groups: LG, HG and controls. If the differ‑
ence was significant, Tukey's post hoc test was performed. The 
correlation between plasma and preoperative urine samples of 
patients was evaluated by Pearson's correlation test. Analysis 
and visualization of the results were performed with GraphPad 
Prism software v. 8.0.1 (Dotmatics). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Urinary cytokine profile of patients with ccRCC before 
and after nephrectomy. After excluding the samples with 
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Hgb positivity, 28 U0 and 21 U3 samples from patients 
with ccRCC were compared with 9 UC samples. Statistical 
analysis revealed that both U0 and U3 samples contained 
significantly higher levels of IL‑1Ra (U0 vs. UC, P<0.0001; 
U3 vs. UC, P<0.0001), IL‑6 (U0 vs. UC, P<0.0001; U3 vs. 
UC, P<0.0001), IL‑15 (U0 vs. UC, P<0.001; U3 vs. UC, 
P=0.01), CCL2 (U0 vs. UC, P<0.0001; U3 vs. UC, P<0.001), 
CCL3 (U0 vs. UC, P=0.04; U3 vs. UC, P=0.01), CCL4 (U0 
vs. UC, P=0.002; U3 vs. UC, P=0.01), CXCL10 (U0 vs. UC, 
P=0.005; U3 vs. UC, P=0.04), GM‑CSF (U0 vs. UC, P=0.02; 
U3 vs. UC, P=0.003) and PDGF‑BB (U0 vs. UC, P=0.01; 
U3 vs. UC, P=0.007) compared with UC samples (Fig. 1). 
Additionally, VEGF and IL‑5 were significantly increased 
in U3 (U3 vs. UC, P=0.02 and P=0.03, respectively) but not 
in U0 (Fig. 1). By contrast, G‑CSF reached significantly 
higher levels in UC compared with U0 (P=0.01), but no 
significant difference in its concentration was observed 
between U3 and UC (Fig. 1). Table SI specifies the size of 
statistical power of all significant findings detected by this 
analysis. The heatmap in Fig. 2 provides a comprehensive 
graphical view of the levels of all the examined cytokines in 
UC, U0 and U3. In addition to the aforementioned analysis, 
additional investigations were performed: i) A pairwise 
comparison between preoperative and postoperative urine 
samples from patients (Fig. S1; Table SII), and ii) a compar‑
ison between 5 urine samples from patients (collected on 
average 10 months after surgery) and 9 controls (Fig. S2; 
Table SIII).

Urinary cytokine profiles of patients with ccRCC according to 
tumor grade. A comparative analysis between urine samples 
from patients with LG (n=15) and HG (n=13) ccRCC, and 
from controls (n=9) was performed. Significant differences 

between LG and control groups and/or HG and control groups 
were observed regarding the levels of G‑CSF [adjusted P‑value 
(Adj. P) of HG vs. C, 0.02], GM‑CSF [Adj. P (LG vs. C), 
0.03], IL‑1Ra [Adj. P (LG vs. C), <0.0001; Adj. P (HG vs. C), 
<0.0001], IL‑6 [Adj. P (LG vs. C), <0.0001; Adj. P (HG vs. C), 
<0.0001], IL‑15 [Adj. P (LG vs. C), 0.001; Adj. P (HG vs. C), 
<0.001], CXCL10 [Adj. P (HG vs. C), 0.0001], CCL2 [Adj. P 
(LG vs. C), 0.004; Adj. P (HG vs. C), <0.0001], CCL4 [Adj. P 
(LG vs. C), 0.02; Adj. P (HG vs. C), 0.01], CCL5 [Adj. P (HG vs. 
C), 0.03] and PDGF‑BB [Adj. P (HG vs. C), 0.01]. Furthermore, 
the progression of tumor from LG to HG was associated with 
significant increase in the levels of IL‑6 and CXCL10 [Adj. P 
(LG vs. HG) =0.04 and =0.01, respectively] (Fig. 3).

Plasma cytokine profile of patients with ccRCC. After 
comparing plasma samples from patients with ccRCC with 
healthy control plasma, significant differences were observed 
in the levels of IL‑6 and CCL2. While IL‑6 was higher in 
patients than in controls (P‑value/R2=0.03/0.29), the opposite 
was shown for CCL2 (P/R2=0.04/0.23) (Fig. 4). Table SIV 
provides the size of statistical power of these significant find‑
ings. A graphical representation of the magnitude of the levels 
of all circulating cytokines in patients and controls is shown 
in a heatmap (Fig. 5). No significant correlation was observed 
between plasma and U0 samples (Table SV). In addition, a 
comparison between plasma cytokines from male and female 
patients was performed, but no significant effect of sex on 
plasma cytokine profile was detected (Table SVI)

Discussion

It is well known that inflammation is one of the major hall‑
marks of cancer (21), and an inflammatory microenvironment 

Table I. Clinicopathological characteristics of the patients.

 Histological grade pT
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic 1 2 3 4 1 2 3

Sex, F/M 2/5 3/8 2/9 1/4 5/16 1/3 2/7
Mean age, years 66.3 62.4  64.2  63.2 66.4 61.3 59.1

Distribution of female and male patients according to the pT of the tumor determined by the Tumor‑Node‑Metastasis classification system 
(18), and according to the histological grade of the tumor determined by the World Health Organization/International Society of Urological 
Pathology four‑tier classification system (19) is shown. F, female; M, male; pT, pathological stage.

Table II. Composition of study groups.

 Female Male Total
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Study group Sample type N Mean age, years N Mean age, years N Mean age ± SD, years

Controls Urine 1 68.0 8 63.5 9 64.0±3.2
 Plasma 3 65.7 4 61.3 7 63.1±5.2
Patients Urine 4 61.8 24 64.8 28 64.4±9.2
 Plasma 6 62.5 8 61.8 14 62.1±8.0
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abundant in various signaling molecules, particularly 
cytokines, is a characteristic feature of RCC. It has been 
suggested that the inflammatory profile may be useful for 
predicting prognosis, survival and/or treatment response in 
patients with this type of tumor (22). Although there are some 
previous data on serum cytokines in RCC (15), the cytokine 
profile of urine from patients with ccRCC is not fully clear. 
Therefore, the present study aimed to investigate the role 
of urinary and circulating cytokines in the pathogenesis of 
ccRCC, as well as their potential capacity to be used for 
noninvasive diagnosis of ccRCC. Furthermore, the present 
study examined the effect of surgery and tumor grade on the 
urinary cytokine profile. 

Regarding the potential diagnostic and predictive value 
of urinary cytokines in ccRCC, the present study found that 
IL‑1Ra, IL‑6, IL‑15, CCL2, CCL3, CCL4, CXCL10, GM‑CSF 
and PDGF‑BB reached significantly higher levels in the urine 
of patients prior to operation compared with those in control 
urine. Since changes in urinary immune profile reflect ongoing 
pathological processes in the kidney (23‑25), increased levels 
of these cytokines may be indicative of their tumorigenic 

character. On the other hand, the cytokine profile of urine 
may not always exactly match the immune changes occurring 
in ccRCC tissue, as demonstrated in the case of plasma cyto‑
kines (15). Therefore, several factors need to be considered 
when interpreting the current results. Firstly, cytokines have 
a short half‑life and their resulting concentration measured 
in urine samples may be influenced by the presence of cyto‑
kine‑binding proteins, inhibitors, soluble cytokine receptors 
and/or the method of sample processing (26). In addition, some 
cytokines, after binding to their target receptor in tissue, may 
be internalized and subsequently degraded (27), implying that 
the levels of urinary cytokines may represent only a fraction 
of their originally secreted levels. Finally, individual cytokines 
may have different kidney excretion rates (28). Even if the 
cytokine profiles of urine and tissue were correlated, another 
important fact that should be considered is that numerous 
cytokines do not have a clearly defined character in the TME 
and can have either tumor‑promoting or tumor‑suppressing 
effects, depending on the tissue context. Therefore, further 
investigation is needed to determine the effect of each cyto‑
kine on the development of ccRCC in order to uncover the 

Figure 1. Significantly different cytokines in the urine of patients with ccRCC before and after surgery. Stacked bar charts display the mean ± standard 
deviation of cytokines that reached significantly different levels in either preoperative urine samples or urine samples collected on the 3rd day after removal 
of the tumor from patients with ccRCC compared with controls. *P≤0.05; **P≤0.01; ***P≤0.001; ****P≤0.0001 of patients vs. controls. CCL, chemokine (C‑C 
motif) ligand; ccRCC, clear cell renal cell carcinoma; CXCL, C‑X‑C motif chemokine ligand; G‑CSF, granulocyte colony stimulating factor; GM‑CSF, 
granulocyte‑macrophage colony stimulating factor; IL‑1Ra, IL‑1 receptor antagonist; PDGF‑BB, platelet‑derived growth factor BB; VEGF, vascular endothe‑
lial growth factor.
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underlying mechanism of each of them in the pathogenesis of 
ccRCC. Nevertheless, it could be hypothesized that IL‑1Ra, 
IL‑6, IL‑15, CCL2, CCL3, CCL4, CXCL10, GM‑CSF and 
PDGF‑BB may be promising candidates for urinary markers 
of ccRCC.

Notably, presurgical urine, as well as urine from patients 
with HG cancer, contained significantly lower levels of G‑CSF 
than urine from control subjects. It has been shown that the 
hematopoietic factor G‑CSF can be secreted by tumor cells, 
and that it contributes to tumor aggression and is negatively 
associated with prognosis (29). The tumor‑promoting character 
of G‑CSF has also been proposed in the context of ccRCC. 
Patients with nonmetastatic ccRCC and high intratumoral 
expression levels of G‑CSF have been reported to be more 
likely to have higher grade tumors and a higher probability 
of experiencing recurrence (30). However, it remains unclear 
why healthy subjects exhibited higher levels of G‑CSF in urine 
than patients with ccRCC in the present study, and whether 
these values are outside the physiological range or not, since 

the cut‑off values of individual cytokines have not yet been 
established (31).

To determine the possible predictive ability of the 
examined molecules, the current study further evaluated the 
changes in their levels regarding tumor grade. The analysis 
further revealed that both patients with LG and HG cancer 
had significantly higher levels of IL‑1Ra, IL‑6, IL‑15, CCL2 
and CCL4 in their urine compared with controls. However, 
the levels of these cytokines (except IL‑6) did not change 
significantly with the increase of tumor grade. These findings 
suggest that these cytokines probably would not have much 
clinical value in terms of tumor stage prediction in patients 
with ccRCC. By contrast, the results of PDGF‑BB, CCL5, 
CXCL10, GM‑CSF and G‑CSF with regard to tumor stage 
appeared to be more clinically relevant and thus may deserve 
more attention. These cytokines were detected in significantly 
different concentrations only in one group of patients, either 
LG (GM‑CSF) or HG (the remaining cytokines), compared 
with those in the control group. This may indicate that 

Figure 2. Heatmap of 27 urinary cytokines in patients and controls. Graphical representation of the urinary cytokine profile of control subjects and patients 
with clear cell renal cell carcinoma before and on the 3rd day after removal of the tumor. Rows represent cytokines with names listed on the right panel, 
and columns represent individual samples with identities in the lower headings. The intensity of color is directly proportional to the magnitude of cytokine 
concentrations (red >1; blue <1). Concentrations (in pg/ml) are expressed on logarithmic scale. bFGF, basic fibroblast growth factor; CCL, chemokine (C‑C 
motif) ligand; CXCL, C‑X‑C motif chemokine ligand; G‑CSF, granulocyte colony stimulating factor; GM‑CSF, granulocyte‑macrophage colony stimulating 
factor; IL‑1Ra, IL‑1 receptor antagonist; PDGF‑BB, platelet‑derived growth factor‑BB; VEGF, vascular endothelial growth factor.
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they represent a promising novel tool for distinguishing an 
advanced form of ccRCC from a localized one, and subse‑
quently may enable us to estimate the prognosis of patients. 
Additionally, CXCL10 reached a significantly higher concen‑
tration in HG urine than in LG urine, whereas IL‑6 levels 
were higher in both stages compared with the controls and 
were also significantly increased with tumor dedifferentia‑
tion, which suggests that these two could be potential markers 
of tumor progression. Previous reports seem to support our 
assumption, as the majority of the aforementioned cytokines 
have been suggested to have tumorigenic effects. PDGF‑BB, 
a major mitogenic factor, serves a crucial role in both physi‑
ological and pathological blood vessel development, including 
tumor angiogenesis (32). Aberrant PDGF signaling contrib‑
utes to several cancer hallmarks and has been detected in 
several human tumors (33,34). Its tumor‑promoting effects in 
RCC underscore the common use of various PDGF receptor 
inhibitors in the treatment of patients with an advanced stage 
of this disease (35). CCL5 is an inflammatory chemokine, 
and pathologically increased activity of the CCL5/C‑C 

chemokine receptor type 5 axis is considered to facilitate 
tumor progression through various mechanisms (36). The 
pro‑tumorigenic role of CCL5, and its association with tumor 
pathological stage and grade, have also been demonstrated in 
ccRCC tissue (37). CXCL10 signaling increases cancer cell 
proliferation and angiogenesis (38), and its high expression 
in RCC tissue and association with poor survival have also 
been demonstrated (39,40). IL‑6 is a potent proinflamma‑
tory mediator that is involved in chronic inflammation and 
carcinogenesis, and is responsible for cancer progression and 
maintenance of immune reactions (41,42). IL‑6 enhances 
tumor cell proliferation, promotes tumor survival and the 
formation of metastasis (43), and has been reported to act as 
an important regulator of RCC pathogenesis (44).

Regarding GM‑CSF, the situation appears to be more 
complicated compared with that of the other investigated cyto‑
kines. Significantly higher levels of this hematopoietic factor 
were detected in LG urine compared with in control urine, 
but this trend disappeared in HG urine. This may indicate that 
GM‑CSF, in contrast to the aforementioned cytokines, could be 

Figure 3. Significantly different cytokines in urine from patients with ccRCC according to tumor grade. Stacked bar charts display the mean ± standard devia‑
tion of cytokines in preoperative urine samples from patients with HG and LG ccRCC compared with controls. *P≤0.05, **P≤0.01, ***P≤0.001 and ****P≤0.0001 
of individual pairwise comparisons (Tukey's post hoc test). P‑values in brackets represent values from ANOVA comparing UC, LG and HG. CCL, chemokine 
(C‑C motif) ligand; ccRCC, clear cell renal cell carcinoma; CXCL, C‑X‑C motif chemokine ligand; G‑CSF, granulocyte colony stimulating factor; GM‑CSF, 
granulocyte‑macrophage colony stimulating factor; HG, high‑grade; IL‑1Ra, IL‑1 receptor antagonist; LG, low‑grade; PDGF‑BB, platelet‑derived growth 
factor‑BB.
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a potential marker of localized ccRCC, and that its role in the 
development of ccRCC may change during tumor progression. 
Notably, previous studies have demonstrated that GM‑CSF 
has a dual role. The inhibitory effects of GM‑CSF on tumor 
growth and metastasis have been described; however, there 
is also evidence to suggest that, in multiple types of cancer, 
it acts as an immune‑independent tumor promoter (45,46). 
Nevertheless, the present results concerning the predictive 
role of urinary cytokines in ccRCC are only preliminary and 
further investigation is needed before any definitive conclu‑
sions can be drawn.

When comparing preoperative and postoperative urine 
samples with control samples, the present study revealed 
that the urinary cytokine profile of patients changed only 

minimally after tumor removal. IL‑1Ra, IL‑6, IL‑15, CCL2, 
CCL3, CCL4, CXCL10, GM‑CSF and PDGF‑BB levels were 
significantly higher in urine both before and after surgery 
compared with those in control urine. This may imply that a 
longer time is needed to detect any significant changes in the 
urinary cytokine profile of patients with ccRCC after tumor 
removal. Furthermore, it may be assumed that these cytokines 
are not only involved in the pathogenesis of ccRCC, but also 
in the local immune defensive and reparative processes occur‑
ring in the kidney tissue after surgical injury. For example, 
PDGF is known to serve a major role in almost all stages of 
wound healing (47) and the majority of the other aforemen‑
tioned cytokines have been reported to participate in the acute 
phase of the inflammatory response, which peaks between the 
second and third day after injury (48). 

There were three cytokines that reached markedly different 
levels in only one type of urine sample with respect to the 
controls, namely IL‑5, VEGF and G‑CSF. As the urinary levels 
of IL‑5 and VEGF were higher on the 3rd day after surgery, it 
may be hypothesized that these molecules could be involved in 
the inflammatory and wound‑healing processes occurring in 
the kidney after tumor resection, rather than in the pathogen‑
esis of ccRCC. This notion seems plausible considering that 
IL‑5 is the primary regulator of differentiation, maturation, 
expansion, survival and activation of eosinophils (49), which 
have critical roles in tissue healing and can promote angio‑
genesis (50,51). Thus, an increase in IL‑5 shortly after surgery 
may be associated with the recruitment of eosinophils to the 
site of injury, where they participate in various reparatory 
processes. Regarding VEGF, this factor is considered to be the 
most important regulator of angiogenesis (52). Compared with 
other angiogenic growth factors, such as bFGF and TGF‑β, 
VEGF has been reported to affect not only the formation 
of blood vessels, but also other important processes of the 
wound‑healing cascade, such as epithelization and collagen 
deposition (53). The maximal VEGF activity in the wound is 
estimated to occur between days 3 and 7 after injury (54). As 
for G‑CSF, its levels were lower in urine samples from patients 
before surgery compared with those in samples from the 
controls, but this trend disappeared after removal of the tumor. 
Based on this, it can be assumed that this hematopoietic factor 
may be involved in the antitumor immunity of the host. The 
decreased levels of G‑CSF in presurgical urine samples could 
possibly reflect tumor‑induced suppression of the immune 
system of the host, which, after tumor removal, was restored. 
However, this does not appear to be in line with its character 
proposed by previous studies (29,30) as aforementioned. 

Regarding the diagnostic value of plasma cytokines in 
ccRCC, the results of the present study showed that the plasma 
and urine cytokine profiles of patients with ccRCC were 
markedly different. While in urine changes in the levels of 
10 cytokines were observed, in plasma only two cytokines 
exhibited significant changes. This may be explained by the 
fact that two different control groups were used as a reference 
for urine and plasma analysis. Additionally, when correlation 
analysis was performed, no statistically significant correlation 
was detected between plasma and presurgical urine samples 
from patients. However, due to the low number of samples in 
the present dataset, only 11 matched plasma‑urine samples 
could be investigated and, since the detection rate of cytokines 

Figure 4. Significantly different cytokines in plasma from patients with 
ccRCC. Column plots show the levels of cytokines (expressed as the 
mean ± standard deviation) in the preoperative plasma of patients with 
ccRCC compared with controls (white column). *P≤0.05. CCL, chemokine 
(C‑C motif) ligand; ccRCC, clear cell renal cell carcinoma. 

Figure 5. Heatmap of 23 detectable plasma cytokines in patients and controls. 
Graphical representation of the plasma cytokine profile of control subjects 
and patients with clear cell renal cell carcinoma prior to surgery. Rows 
represent cytokines with names listed on the right panel, while columns 
represent individual samples with identities in the lower headings. The inten‑
sity of color is directly proportional to the magnitude of the concentration 
(in pg/ml) of individual molecules (red >1; blue <1). bFGF, basic fibroblast 
growth factor; CCL, chemokine (C‑C motif) ligand; CXCL, C‑X‑C motif 
chemokine ligand; G‑CSF, granulocyte colony stimulating factor; GM‑CSF, 
granulocyte‑macrophage colony stimulating factor; IL‑1Ra, IL‑1 receptor 
antagonist; PDGF‑BB, platelet‑derived growth factor‑BB.
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in patient plasma was relatively low, the test could not be 
performed on all of the examined molecules. There are limited 
reports on the immune profiles of plasma and urine in ccRCC. 
However, Nobles et al (55), who studied a population with low 
levels of inflammation, did not find any correlation or asso‑
ciation between plasma and urinary cytokine profiles. Thus, 
further research is warranted to accurately determine whether 
in patients with ccRCC the changes in the immune profile of 
plasma are somehow related to the changes in urine. 

Regarding the potential plasma markers of ccRCC, the 
present study detected significantly higher levels of IL‑6 in 
patients compared with those in the controls. This is in line 
with the results of previous reports. An increase in the systemic 
levels of IL‑6 has also been observed in other patients with 
different types of cancer, and this feature has been revealed 
to be positively associated with tumor stage and negatively 
associated with prognosis (56). High levels of IL‑6 in serum 
and its prognostic value have also been reported in patients 
with RCC (16,57‑60). The current study observed lower levels 
of CCL2 in patient plasma than in the controls. This obser‑
vation is notable, since CCL2 is mostly considered to be a 
tumor‑promoting chemokine since it serves a critical role in 
the progression of various cancer types by supporting several 
major tumor‑promoting processes (61,62). High levels of CCL2 
expression and its correlation with advanced stage and recur‑
rence have also been reported in ccRCC (63‑65). Additionally, 
circulating CCL2 has been suggested as a marker of breast (66) 
and prostate (67) cancer. On the other hand, there is evidence 
that CCL2 is able to enhance the antitumor capability of mono‑
cytes and neutrophils (68), which could explain the present 
findings. It may be hypothesized that, in the case of ccRCC, 
CCL2 could serve a role in the immune defensive mechanisms 
of the host, which are suppressed by the tumor. 

With regard to the analyses presented in Tables SII and SIII, 
the sample size used was relatively low. Therefore, none of 
these results were considered to be statistically and/or clini‑
cally relevant. Further research is needed to elucidate more 
deeply the dynamics of urinary cytokines in patients with 
ccRCC after surgery, particularly to determine whether the 
trend observed in CCL2 is also preserved even if the number 
of samples increases, and to identify potential markers of 
recurrence. 

The present study has several limitations, including: 
i) The number of participants, and the control and patients' 
datasets were limited, and it would be advisable to verify the 
present results using a larger dataset; ii) due to a low number 
of samples from patients with different tumor grades, it was 
not possible to perform more detailed analysis of cytokine 
levels with respect to this clinical feature; iii) for monitoring 
the urinary cytokine dynamics after surgery, the time interval 
of sample collection appears to be insufficient and it would 
be advisable to increase it; iv) the control group for urine 
analysis consisted of different subjects compared with the 
control group for plasma analysis, which may have affected 
the present observations; and v) monitoring plasma cytokines 
after surgery would further increase the quality of the current 
study. 

In conclusion, the results of the present study suggested 
that G‑CSF, IL‑1Ra, IL‑6, IL‑15, CCL2, CCL3, CCL4, 
CXCL10, GM‑CSF and PDGF‑BB may represent promising 

non‑invasive biomarkers of ccRCC. G‑CSF, GM‑CSF, IL‑6, 
CXCL10, CCL5 and PDGF‑BB could potentially be used to 
determine the grade of ccRCC and consequently estimate the 
prognosis of patients with this cancer type. Furthermore, the 
levels of circulating CCL2 and IL‑6 may have potential diag‑
nostic value for ccRCC. The decrease in the urinary G‑CSF 
and circulating CCL2 levels in patients with this tumor type 
requires further research. 
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