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Abstract. Attributing to their pathophysiological role and 
stability in biological samples, microRNAs (miRNAs) have 
the potential to become valuable predictive markers for 
non-small cell lung cancer (NSCLC). Samples of biopsy 
tissue constitute suitable material for miRNA profiling with 
the aim of predicting the effect of palliative chemotherapy. 
The present study group included 81 patients (74 males, 
7 females, all smokers or former smokers) with the squamous 
cell carcinoma (SCC) histological subtype of NSCLC at a late 
stage (3B or 4). All patients received palliative chemotherapy 
based on platinum derivatives in combination with paclitaxel 
or gemcitabine. The expression of 17 selected miRNAs 
was measured by reverse transcription‑quantitative poly-
merase chain reaction in tumor tissue macrodissected from 
formalin‑fixed paraffin‑embedded (FFPE) tissue samples. To 
predict the effect of palliative chemotherapy, the association 
between gene expression levels and overall survival (OS) time 
was analyzed. From the 17 miRNAs of interest, low expression 
levels of miR‑342 and high expression levels of miR‑34a and 
miR‑224 were associated with a reduced OS time in subgroups 
of patients based on smoking status and treatment modality. 
Using cluster analysis, associations between combinations of 
miR‑34a, ‑224 and ‑342 expression levels with patient survival 
were identified. The present study revealed that patients with 
the simultaneous high expression of miR‑224 and ‑342 had a 
similar prognostic outcome to those with the low expression of 
miR‑224 and ‑342, which was significantly reduced, compared 
with patients exhibiting high expression of either miR‑224 or 
miR‑342 with low expression of the other. We hypothesize that 

the effect of a particular miRNA is dependent on the expres-
sion level of other members of the miRNA network. This 
finding appears to complicate survival analyses based on indi-
vidual miRNAs as markers. In conclusion, the present study 
provides evidence that specific miRNAs were associated with 
OS time, which may be candidate predictors for the effective-
ness of palliative treatment in SCC lung cancer patients. This 
objective can be better achieved by combining more markers 
together than by using individual miRNAs.

Introduction

Lung cancer is the most common type of cancer, with high 
mortality rates worldwide (1); the incidence in the Czech 
Republic was 86.9 cases in men and 38.0 in women per 
100,000 people in 2011 (2). Approximately 85% of all lung 
cancer cases are non‑small cell lung cancer (NSCLC), which 
includes two major histological subtypes: Squamous cell carci-
noma (SCC) and adenocarcinoma. SCC represents ~25‑30% of 
cases of NSCLC (3). The prognosis for patients with advanced 
SCC is poorer than that of those with adenocarcinoma (4).

Chemotherapy is an essential modality of palliative treat-
ment for inoperable SCC at advanced stages. The response 
rate to chemotherapy varies widely from patient to patient; 
therefore, it is of interest to find biomarkers that predict the 
effect of cytostatic therapeutics. The resistance of cancer cells 
to chemotherapy can be caused by the increased export of anti-
cancer drugs out of the cells, improved DNA repair ability or 
apoptosis resistance (5). The expression of genes participating 
in these processes is regulated by the microRNA (miRNA/miR) 
network. miRNAs are small non‑coding RNA molecules of 
~22 nucleotides that participate in the post-transcriptional 
regulation of gene expression (6). The human genome encodes 
>2,500 miRNAs (7), which target ~60% of mammalian genes 
and are abundant in a number of human cell types (8) (see 
miRNA database available online at www.mirbase.org).

The aim of the present study was to evaluate the associa-
tion of the expression of miRNAs involved in the processes 
resulting in chemotherapy resistance with the overall survival 
(OS) time of patients with advanced SCC receiving palliative 
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family member 8 expression; the inconsistency of these studies 
will be discussed in the following paragraph.

In the present study, low levels of miR‑342 indicated a 
poorer outcome in patients with a history of smoking, inde-
pendent of treatment modality. Xie et al (21) demonstrated 
that miR‑342 was downregulated in NSCLC and acted as a 
tumor suppressor through the repression of RAP2B, member 
of RAS oncogene family. Similarly, Tai et al (22) identified 

that miR‑342 was capable of indirectly regulating MYC 
activity via the direct repression of E2F transcription factor 1. 
Takahashi et al (23) investigated how cigarette smoking altered 
plasma miRNA profiles; they identified that there was a 
decrease in plasma miR‑342 in subjects who quit smoking, 
compared with smokers.

Figure 1. Association between the treatment modality and OS time for non‑small cell lung cancer patients, as determined with the Kaplan‑Meier method. All 
patients were treated with chemotherapy. (A) There were significantly longer OS times in the subgroup of patients who underwent chemotherapy combined 
with radiotherapy, compared with the patients who underwent chemotherapy without radiotherapy. (B) OS was independent of the chemotherapy regimen 
received. OS, overall survival.

Figure 2. Association of miRNA expression with OS in the subgroups of non‑small cell lung cancer patients (Kaplan‑Meier curves). (A) Low expression of 
miR‑342 was associated with shorter OS time in the subgroup of smokers. (B) High expression of miR‑34a was associated with shorter OS time in the subgroup 
of patients treated with chemotherapy based on platinum derivatives in combination with gemcitabine. (C) High expression of miR‑224 was associated with 
shorter OS time in a subgroup of patients who underwent chemotherapy combined with radiotherapy. OS, overall survival; miR, microRNA.

Figure 3. Kaplan‑Meier curves for the overall survival of patients stratified 
into four groups according to the expression of miR‑224 and ‑342: Group A, 
high miR‑224 and ‑342; group B, high miR‑224 and low miR‑342; group C, 
low miR‑224 and high miR‑342; and group D, low miR‑224 and ‑342. miR, 
microRNA.

Figure 4. Comparison of survival of two groups of patients created by putting 
groups with similar survival from Fig. 3 together (group A and D vs. group B 
and C). Patients with the high expression of both miR‑224 and ‑342 or low 
expression of both miR‑224 and ‑342 have significantly shorter OS times 
than those with the high expression of either miR‑224 and ‑342 and the low 
expression of the other. miR, microRNA.
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subgroups of patients with different chemotherapy regimens 
(Fig. 1B).

Association of miRNA expression with OS time. The Cox 
regression hazard model was used to determine the association 
between the levels of miRNA expression with OS time. From 
the 17 miRNAs of interest, in the subgroup of smokers, the low 
expression of miR‑342 (P=0.0500) and high expression level of 
miR‑34a and miR‑224 (P=0.0338 and P=0.0400, respectively) 
were associated with a shorter OS time. High expression 
levels of miR‑34a were associated with shorter OS time in 
the subgroup of patients treated with platinum derivate‑based 
chemotherapy in combination with gemcitabine (P=0.0364). 
High expression levels of miR‑224 were associated with 
shorter OS time in the subgroup of patients who underwent 
chemotherapy combined with radiotherapy (P=0.0250).

For the statistically significant miRNA markers, optimal 
cut‑off values were identified and Kaplan‑Meier survival 
distribution functions for OS were generated. Statistically 
significant differences in OS time between subgroups with 
marker expression levels below and above the cut‑off value 
were obtained for miR‑342 in the subgroup of smokers 
(P=0.0243; Fig. 2A), miR-34a in a subgroup of patients that 
were treated with gemcitabine in chemotherapy regimen 
(P=0.0239; Fig. 2B) and miR-224 in the subgroup of patients 
that underwent chemotherapy combined with radiotherapy 
(P=0.0093; Fig. 2C). Statistical values obtained from the 
Kaplan‑Meier analyses are summarized in Table III.

miRNAs associated with OS (miR‑34a, ‑224 and ‑342) 
were the subject of the subsequent cluster analysis. Pairs of 
these miRNAs (miR-34a and -224, miR-34a and -342, and 
miR‑224 and ‑342) were analyzed for their association with 

Table I. Analyzed miRNAs and their involvement in pathogenesis and treatment of NSCLC.

 miRBase Cat. no. 4427975  
Symbol accession no. assay ID Relation to NSCLC (Refs.)

miR‑15b MIMAT0000417 000390 Regulates cisplatin resistance and metastasis by targeting (35)
   PEBP4 in lung adenocarcinoma cells
miR‑21 MIMAT0000076 000397 Regulates NSCLC cell invasion and chemo‑sensitivity (36)
   through SMAD7
miR‑27a MIMAT0000084 000408 Higher expression levels in advanced NSCLC patients (37)
   resistant to EGFR‑TKI
miR‑34a MIMAT0000255 000426 Sensitizes lung cancer cells to cisplatin via p53/miR‑ (38)
   34a/MYCN axis
miR‑99a‑3p MIMAT0004511 002141 Promotes proliferation, migration and invasion of (39)
   NSCLC cell lines 
miR‑106a MIMAT0000103 000578 Confers cisplatin resistance in non‑small cell lung (40)
   cancer A549 cells
miR‑107 MIMAT0000104 000443 Regulates cisplatin chemosensitivity of A549 non small cell (41)
   lung cancer cell lines by targeting cyclin dependent kinase 8
miR‑143 MIMAT0000435 002249 Regulates cell apoptosis in lung cancer by targeting PKCε (42)
miR‑150 MIMAT0000451 000473 Downregulation induces cell proliferation inhibition and (43)
   apoptosis in NSCLC by targeting BAK1
miR‑192 MIMAT0000222 000491 Regulates chemo‑resistance of lung adenocarcinoma for (44)
   gemcitabine and cisplatin combined therapy by targeting Bcl-2
miR‑193a‑3p MIMAT0000459 002250 Suppresses the metastasis of NSCLC by downregulating the (45)
   ERBB4/PIK3R3/mTOR/S6K2 signaling pathway 
miR‑211 MIMAT0000268 000514 Promotes NSCLC proliferation by targeting SRCIN1 (46)
miR‑218 MIMAT0000275 000521 Regulates cisplatin chemosensitivity in NSCLC by (47)
   targeting RUNX2 
miR‑221 MIMAT0000278 000524 Overexpressed in aggressive NSCLC and regulates TRAIL (48)
   resistance through PTEN and TIMP3 
miR‑224 MIMAT0000281 002099 Is implicated in lung cancer pathogenesis through targeting (19)
   caspase-3 and caspase-7 
miR‑342‑3p MIMAT0000753 002260 Suppresses proliferation and invasion of NSCLC by (21)
   targeting RAPB2 
miR‑375 MIMAT0000728 000564 Predictive for response for non‑small cell lung cancer (49)
   treated with cisplatin‑vinorelbine A
RNU6B ‑ 001093 Reference gene (50)

miR/miRNA, microRNA; NSCLC, non-small cell lung cancer.
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OS time. For each pair of miRNAs, patients were strati-
fied into groups according to the miRNA expression being 
above (high) or below (low) the cut‑off value: Group A (high 
miR-224 and high miR-342); group B (high miR-224 and 
low miR‑342); group C (low miR‑224 and high miR‑342); 
and group D (low miR‑224 and low miR‑342). Initially, 
the cut‑off value obtained from univariate analysis was 
used also for cluster analysis; however, this led to a highly 
disproportional distribution of patients among subgroups. 
Therefore, a median was used as a cut off value for cluster 
analysis.

Fig. 3 demonstrates the Kaplan-Meier survival distribu-
tion functions of patients stratified into groups according to 
the expression of miR‑224 and miR‑342. There are two pairs 
of groups with similar OS distributions; Fig. 4 includes a 
comparison of the OS of two groups of patients created by 
combining the groups from Fig. 3 with similar survival 
outcomes (group A/D vs. group B/C). There was a significant 
difference in survival between these groups (P=0.0018), as 
detailed in Table IV. The same approach was used to analyze 
the other pairs of miRNAs; however, no significance was 
identified. All three miRNAs were analyzed together in the 
same manner (miR‑34a, ‑224 and ‑342). Patterns of expression 

associating patients with significantly shorter survival times 
were identified (Fig. 5; Table IV).

Identification of potential target genes for miR-34a, -224 

and -342. Using DIANA‑TarBase v7.0 and DIANA‑miRPath 
v3.0 bioinformatic tools (11,12), 6 overlapping target genes 
with P<0.05 were identified between miR‑34a, ‑224 and ‑342. 
These genes, including GNAS complex locus (GNAS), insulin 
like growth factor 1 receptor (IGF1R), cyclin D1 (CCND1), 
cyclin G2 (CCNG2), serpin family E member 1 (SERPINE1) 
and ribonucleotide reductase regulatory subunit M2 (RRM2), 
are associated with cell cycle regulation, p53 signaling and 
DNA repair.

Discussion

miRNAs may have the potential to become accurate, easily 
measurable biomarkers, with features convenient for diagnostic 
testing methods, including stability in FFPE tissue blocks, 
blood, and potentially, other bodily fluids (16). The present 
study focused on patients with the NSCLC SCC subtype with 
an advanced‑stage SCC. The included patients were unable to 
undergo surgical resection and received palliative treatment 
only. For these patients, there were multiple treatment modali-
ties. The main clinical concern in such cases is deciding which 
therapeutic regimen is indicated. However, in the group of 
patients in the present study, it was only possible to analyze 
the potential predictors for the treatment response to platinum 
base derivatives in combination with either paclitaxel or 
gemcitabine, with or without the application of radiotherapy.

Initially, the present study focused on a univariate analysis 
of the association between miRNA expression and OS time. 
Subsequently, a multivariate analysis was performed that 
included the miRNAs that had been identified to exhibit asso-
ciations with OS. On the basis of the results of the present 
study, we hypothesize that the effect of a single miRNA may 
depend on the level of expression of other members of the 
miRNA network, to be further discussed.

Higher levels of miR-224 indicated shorter OS times for 
patients with chemotherapy combined with radiotherapy in the 
present study. Cui et al (17) reported that miR‑224 expression 
was significantly upregulated in NSCLC tissues and suggested 
it performed its oncogenic role in lung cancer pathogenesis 
through targeting caspase‑3 and ‑7. Wang et al (18) identified 
through microarray analysis that miR‑224 expression was 
upregulated in cisplatin-resistant cell lines, and demonstrated 
that miR-224 could promote cisplatin resistance via regulating 
the G1/S cell cycle transition and apoptosis by targeting p21. 
These findings indicated the association of miR‑224 with 
the effect of chemotherapy based on DNA damage, and its 
potential as a predictor for the response to treatment. However, 
Zhu et al (19) reported that miR‑224 expression levels were 
downregulated in NSCLC compared with non‑cancerous lung 
tissue. These authors also observed that decreased miR-224 
expression was significantly associated with lymph node metas-
tasis, an advanced tumor-node-metastasis stage and a reduced 
OS time (19). Furthermore, Wang et al (20) recently identified 
that miR‑224 was significantly upregulated in NSCLC tissues 
and hypothesized that miR‑224 expression promotes NSCLC 
cell proliferation by downregulating Ras association domain 

Table II. Clinicopathological characteristics of patients with 
squamous cell carcinoma of the lung (n=81).

Characteristic Patients, n (%)

Sex 
  Male 74 (91.4)
  Female 7 (8.6)
Age, years 
  <55 11 (13.6)
  55‑65 41 (50.6)
  >65 29 (35.8)
Smoking status 
  Non‑smoker 0 (0)
  Ex‑smoker 42 (51.9)
  Smoker 39 (48.1)
Clinical stage 
  3B 42 (51.9)
  4 39 (48.1)
Eastern Cooperative Oncology  
Group performance status 
  0 2 (2.5)
  1 58 (71.6)
  2 18 (22.2)
  3 3 (3.7)
Radiotherapy  
  Yes 25 (30.9)
  No 56 (69.1)
Chemotherapy 
  Paclitaxel and carboplatin 35 (43.2)
  Gemcitabine and cisplatin 46 (56.8)
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miR-34a is a member of the miR-34 family that is 
associated with the p53 pathway, and is implicated in cell 
death/survival signaling (24). The miR-34 family is transcrip-
tionally activated by p53; in turn, p53 is a direct miR‑34a 
target. However, the effect of miR‑34a on p53 depends on the 
cellular context (25). miR-34a can have also a positive effect on 
p53 transcriptional activity and protein stability by targeting 
multiple p53 inhibitor genes (including MDM4, p53 regulator, 
sirtuin 1, metastasis associated 1 family member 2, histone 
deacetylase 1 and YY1 transcription factor) (26). A previous 

study identified that miR‑34a inhibits cell proliferation (27). 
Expression of the miR‑34 family was downregulated in tumor 
tissue compared with normal tissue, and low levels of miR‑34a 
expression were associated with a higher probability of relapse 
in surgically resected NSCLC (28). However, higher levels of 
circulating miR‑34a were observed in patients with NSCLC 
compared with healthy controls (29). Higher levels of miR-34a 
indicated a shorter OS time in patients receiving palliative 
platinum derivate‑based chemotherapy in combination with 
gemcitabine in the present study.

Multivariate analysis was performed with the miRNAs 
(miR‑34a, ‑224 and ‑342) that were identified as associated with 
OS. The most notable finding was that patients with the high 
expression of miR‑224 and ‑342 exhibited similar outcomes 
to those with low expression of miR‑224 and ‑342, which was 
significantly shorter than that of patients with high expression 
of either miR‑224 or miR‑342 and the low expression of the 
other (Figs. 3 and 4).

We hypothesize that the effect of a single miRNA is 
dependent on the level of expression of the other members of 
the miRNA network. It has been established that an miRNA 
can have a predominantly oncogenic role in one type of cancer 
and a tumor suppressive role in another; for instance, miR-224 
was identified to be a tumor suppressor in prostate cancer (30), 
whereas in other types of malignancy, including gastric (11,31) 
and colorectal cancer (32), an oncogenic role for miR‑224 was 
described. The ambiguous role of miR‑224 was also observed 
within the SCC histological subtype of NSCLC in the present 
study. Tumor progression occurs as a result of the dysregulation 
of a number of protein-coding genes and epigenetic processes, 

Table III. Association between the level of miRs and overall survival time as determined by Kaplan‑Meier estimation.

 Below cut‑off Above cut‑off
 ------------------------------------- ----------------------------------
Patient group Treatment Marker Patients, n Cut‑off n Median, days n Median, days P‑value

Smokers only Chemotherapy miR‑342 36 2.447 32 298 4 748 0.0243
Smokers and Gemcitabine miR‑34a 41 5.285 36 313 5 181 0.0239
ex‑smokers and cisplatin        
Smokers and Chemotherapy miR‑224 25 0.793 17 462 8 262 0.0093
ex‑smokers and radiotherapy        

miR, microRNA.

Table IV. Association between combinations of miRs and OS (Kaplan‑Meier estimation).

Expression pattern Patients, n Median OS, days

miR-342 and -224  
  High miR‑224 and ‑342, or low miR‑224 and ‑342 48 267
  High miR‑224 and low miR‑342, or low miR‑224 and high miR‑342 30 432
miR-342, -224 and -34a 
  High miR‑224, ‑342 and ‑34a, or low miR‑224, ‑342 and ‑34a 39 250
  Other combinations 35 451

OS, overall survival; miR, microRNA.

Figure 5. Comparison of the OS of two groups of patients based on patterns 
of miR‑224, ‑342 and ‑34a expression. Patients with the high or low expres-
sion of all three miRs exhibit a significantly shorter OS time than those 
with other combinations of miR‑224, ‑342 and ‑34a expression. OS, overall 
survival; miR, microRNA.
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including the deregulation of a number of miRNAs. Therefore, 
to understand the role of one particular miRNA, it is necessary 
to determine the levels of the other ‘co-players’. In the present 
study, OS time was influenced by the mutual association of 
miR-224 and -342. The high level of miR-224 can be associ-
ated with adverse or favorable outcomes, depending on the 
simultaneous level of miR‑342. These findings could explain 
the inconsistent results of previously published studies on 
miR‑224 expression in NSCLC. In 2014, Zhu et al (19) reported 
that miR‑224 was significantly downregulated in NSCLC and 
that a decrease in miR‑224 expression was significantly associ-
ated with shorter OS time (19). Also in NSCLC, Cui et al (33) 
identified that miR‑224 was significantly upregulated, with the 
increased expression of miR‑224 promoting cell migration, 
invasion, and proliferation. As aforementioned, the present 
study also identified that the high expression levels of miR‑224 
were associated with shorter OS time in one subgroup of 
patients, specifically those who underwent chemotherapy 
combined with radiotherapy.

Using bioinformatic tools, the present study identified over-
lapping experimentally validated target genes for miR‑34a, 
-224 and -342. Notably, all overlapping target genes identi-
fied in the present study (GNAS, IGF1R, CCND1, CCNG2, 
SERPINE1, and RRM2) are involved in processes associated 
with carcinogenesis, including cell cycle regulation, p53 
signaling and DNA repair. This may explain the complicated 
mutual dependency of those miRNAs in relation to tumor 
progression and the effectiveness of treatment. We hypothesize 
that these molecules could be involved in competing endog-
enous RNA crosstalk, where RNA transcripts co‑regulate 
each other by competing for shared miRNAs, thereby titrating 
miRNA availability (34). However, one limitation of the 
present study is the absence of immunoprecipitation data 
and reporter assays, which are methods that may confirm the 
interactions among the set of 3 miRNAs and 6 target genes. 
Nevertheless, the results of the present study may provide a 
stimulus for further research in this area.

With cluster analysis, novel associations between miR‑34a, 
‑224 and ‑342 that affected patient survival time were identified 
in the present study. The result may demonstrate that the effort 
to find a particular miRNA as a perfect marker for a particular 
event may be fruitless due to the complex interactions between 
RNA transcripts. In order to understand all aspects of the effect 
of miRNAs on the regulation of gene expression in cancer and 
their associations with phenotype and treatment outcome, 
miRNA profiling and deep bioinformatic analysis will be 
necessary. Only this approach can facilitate the future applica-
tion of miRNAs in clinical practice. miRNAs can generally 
be assessed with more precision and ease than the mRNAs of 
coding genes, as miRNA analysis is less demanding in terms of 
the quality and quantity of isolated RNA, features that may be 
problematic in RNA samples extracted from FFPE tissue (16). 
FFPE tissue samples are routinely taken and analyzed during 
standard lung cancer management, which is why miRNAs may 
become clinically applicable predictors of the effectiveness of 
palliative treatment in patients with lung cancer. Nevertheless, 
the findings of the present study demonstrated that, due to 
the complex network of interactions, this objective could be 
achieved by combining more markers together rather than by 
using individual miRNAs. On the basis of the results of the 

current study, miR-224, -342 and -34a could be members of 
this panel of predictors of treatment efficacy.
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Abstract 

Objectives: Clear cell renal cell carcinoma (ccRCC) belongs to the most common urological 

malignancies across the world. Patients with advanced ccRCC are stratified into groups of favorable, 

intermediate, and poor prognosis for the purpose of decision on treatment. Recently, there are efforts 

being made to improve prognostication of patients by including new molecular biomarkers. The aim 

of the study was to find prognostic biomarker for patients with ccRCC from the group of 97 genes 

involved in angiogenesis.  

Methods: The study was done on a set of matched (primary tumor, metastasis) FFPE tissue samples 

(n=20). Quantitative estimation of mRNA of selected genes (TaqMan human Angiogenesis Array, 97 

genes including 3 reference genes) was performed by a real-time RT-PCR method with TaqMan® array 

card block. Expression data of additional 606 patients were obtained from TCGA Kidney Clear Cell 

Carcinoma (KIRC) database. 

Results: Using the Cox regression model 4 genes (PDGFB, FGF4, EPHB2 and BAI1) were identified 

whose expression was related to progression free interval (PFI). Further analysis using Kaplan Meier 

method revealed the relationship of BAI1 expression to prognosis. Patients with higher BAI1 expression 

had significantly shorter overall survival (OS) and PFI. 

Conclusions: The identification of BAI1 as prognostic marker in ccRCC is the first step to involve this 

gene in prognostic panels which could improve scoring systems on which the management of 

metastatic ccRCC patients is based. Gene expression panels are a tool how to individualize patients’ 

treatment as a part of personalized medicine approach. 

 

Keywords: clear cell renal cell carcinoma; biomarkers; prognostic; BAI1; FFPE 

  



1. Introduction 

Clear cell renal cell carcinoma (ccRCC) is the most common histological subtype of renal cancer 

and belongs the most frequent urological malignancies worldwide. About one third of cases is 

diagnosed in advanced stages with 5-year survival rate of 12% [1]. The Czech Republic belong to 

countries with the highest incidence (29.0 per 100 000 in 2017) and mortality (9.7 per 100 000 in 2017) 

rate of renal cell carcinoma across the world [2]. 

ccRCC can be one of the clinical manifestations of von Hippel-Lindau (VHL) disease resulting 

from changes of the von Hippel Lindau (VHL) tumor suppressor gene. Metastatic ccRCC is a highly 

angiogenic tumor with mutations, deletion or methylation of VHL, the most frequent genetic hallmark 

of ccRCC. The second most common mutated gene in ccRCC after VHL is PBRM1, a component of the 

chromatin remodeling complex [3]. Additional to genetics, many lifestyle, dietary and environmental 

factors have also been associated with ccRCC. The major established risk factors include hypertension, 

cigarette smoking and obesity [4]. Genetic alterations result in overexpression of VEGF. Therefore, 

oncologic treatment is based on targeting the angiogenesis vascular endothelial growth factor 

(VEGF/VEGFR) pathway by monoclonal antibodies or tyrosine kinase inhibitors (TKIs) and 

immunotherapies aiming to block immune checkpoints [5].   

Patients with ccRCC are stratified into groups of favorable, intermediate, and poor prognosis 

based on the Memorial Sloan Kettering Cancer Center (MSKCC) risk stratification model. Risk scores 

are obtained from 5 clinical and laboratory parameters as performance status, time from diagnosis to 

start of therapy, hemoglobin level, serum lactate dehydrogenase and calcium concentration [6,7]. 

Recently, there are efforts being made to improve prognostication of patients by including specific 

molecular biomarkers. Voss et al. from Memorial Sloan Kettering Cancer Center proposed to involve 

the mutation status of three genes (BAP1, PBRM1, and TP53) as genomic biomarkers of ccRCC [8].  

Precise patient stratification should help personalize the treatment algorithms to match 

individual patient profile according to the current approach of preventive, predictive, personalized (3P) 



medicine [9]. For most prevalent solid tumors as colorectal cancer and breast cancer, there already are 

clinically used multigene panels for predicting clinical outcome and treatment response (ColoPrint, 

MammaPrint and Oncotype DX) based on assessment of expression of certain genes on mRNA level 

[10,11]. Regarding ccRCC, currently there is no clinically used multigene mRNA expression panel for 

predicting outcome and treatment response, however, there are promising results on identification 

genes which could be a part of such panel [12,13]. 

The aim of our study was to evaluate the prognostic potential of mRNA expression of 97 genes 

involved in angiogenesis (TaqMan human Angiogenesis Array) in patients with metastatic ccRCC to 

improve decision about the treatment. The study was done on a set of matched (primary tumor, 

metastasis) formalin-fixed, paraffin-embedded (FFPE) tissue samples (n=20) and using the The Cancer 

Genome Atlas (TCGA) [14] dataset (n = 606) to confirm the findings. 

2. Materials and Methods 

2.1. Patients 

The study was approved by the Ethics Committee of the Faculty Hospital in Pilsen (approval 

from the date 2016/01/06). It was a retrospective study. All patients signed an informed consent for 

the use of their biological samples for the assessment of tumor markers. The study group consisted of 

20 patients who underwent surgery for ccRCC at the Department of Urology of the University Hospital 

in Pilsen between December 2007 and October 2017. 

Each diagnosis of ccRCC was verified by a pathologist. The stage of disease was determined 

using the TNM system of the Union for International Cancer Control (UICC, 7th edition) [15]. 

Metastases sites were located in lungs (7 cases), suprarenal glands (5 cases), vertebrae (4 cases), colon 

(2 cases), brain (2 cases), spleen (2 cases) and retroperitoneal adipose tissue (1 case). 

Treatment of 17 out of 20 metastatic ccRCC patients was based on sunitinib (Sutent) 

administered in cycles consisting of 4 weeks at a dose of 50 mg daily followed by a 2-week rest period 



(schedule 4/2), continuing until progression. Two patients were treated by sorafenib (Nexavar) 

administered at a total daily dose of 800 mg continuously until progression. One patient received 

pazopanib (Votrient) at a dose of 600 mg daily continuously until progression. The evaluation of 

treatment response was based on Response Evaluation Criteria in Solid Tumors (RECIST) [16]. The 

detailed characteristics of patients is provided in Table 1. 

Table 1 

Characteristics of patients in the study (at the time of ccRCC diagnosis) 

Variables Number of 
patients % 

Number of patients 20 100 
Gender   
Male 16 80 
Female 4 20 
Type of surgery   
Laparoscopic 8 40 
Transperitoneal 12 60 
Histologic grade   
G1 3 15 
G2 6 30 
G3 4 20 
G4 2 10 
Gx 5 25 
T stage   
T1 6 30 
T2 5 25 
T3 8 40 
T4 1 5 
N stage   
N0 9 45 
N1 4 20 
Nx 7 35 
M stage   
M0 10 50 
M1 8 40 
Mx 2 10 

 

We validated gene expression results obtained on our group of patients in additional datasets 

from TCGA public database available on https://www.cancer.gov/tcga. Characteristic of 606 patients 

from TCGA Kidney Clear Cell Carcinoma (KIRC) dataset is shown in Table 2. The patients underwent the 

treatment based on the surgery, pharmaceutical therapy or radiation therapy. 



After identification of BAI1 as a prognostic marker in ccRCC patients, due to comparison of 

prognostic significance of BAI1 expression in ccRCC and other tumor types, where the involvement of 

BAI1 in pathogenesis is more understood, we performed survival analysis based on BAI1 expression 

also for glioblastoma and lung cancer adenocarcinoma patients. As a cohort of patients we used TCGA 

Glioblastoma (GBM) dataset (166 patients) and TCGA Lung Adenocarcinoma (LUAD) dataset (567 

patients). 

Table 2 

Characteristics of patients of TCGA Kidney Clear Cell Carcinoma (KIRC) dataset 

Variables Number of 
patients % 

Number of patients 606 100 
Gender   
Male 398 65.7 
Female 208 34.3 
Histologic grade   
G1 15 2.5 
G2 257 42.4 
G3 235 38.8 
G4 91 15.0 
Gx 8 1.3 
T stage   
T1 301 49.7 
T2 83 13.7 
T3 209 34.5 
T4 13 2.1 
N stage   
N0 278 45.9 
N1 18 2.9 
Nx 310 51.2 
M stage   
M0 475 78.4 
M1 98 16.2 
Mx 33 5.4 

 

2.2. Assessment of mRNA expression 

2.2.1. Tissue samples 

Biopsy tissue samples were processed by standard laboratory techniques at Department of 

Pathology of the University Hospital in Pilsen. FFPE tissue samples were stored at room temperature 

until use. Paraffin sections (4-μm thick) were stained with hematoxylin and eosin (H&E), 



microscopically verified by pathologists and examined in order to identify sites with primary cancer 

cells, metastasis and sites of adjacent non-cancerous epithelial tissue suitable for dissection. Areas 

selected for expression analysis were highlighted manually. Matched samples of primary tumor, 

adjacent normal tissue and metastasis were analyzed. 

2.2.2. RNA isolation 

Total RNA was extracted from FFPE sections following macrodissection of tissue of interest 

using the RNeasy FFPE Kit (Qiagen, Hilden, Germany) as described previously [17]. The 15-μm sections 

corresponded to H&E representatives, on which the areas for macrodissection were highlighted. 

2.2.3. RT Real time PCR 

Quantitative estimation of mRNA of selected genes (TaqMan human Angiogenesis Array, 97 

genes including 3 reference genes) was performed by a real-time RT-PCR method with TaqMan® array 

card block on QuantStudio™ 7 Flex Real-Time PCR System (Thermo Fisher Scientific, Foster City, CA, 

USA) according to manufacturer’s protocol. Briefly, reverse transcription was performed on 50 ng of 

total RNA with SuperScript IV VILO Master Mix (Thermo Fisher Scientific, Foster City, CA, USA) and 

random hexamers as primers. The qPCR reactions started with incubation at 50˚C for 2 min and 

followed by 10 min at 92˚C. The amplification was carried out in 40 two-step cycles (95 ˚C for 1 s and 

60˚C for 20 s. ROX passive reference dye was used for normalization of interwell variations. 

GAPDH, HPRT and b-actin were used as reference genes. Gene expression of particular sample was 

only evaluated if the expression of all three housekeeping genes was present. The results are 

presented as normalized values (2-ΔΔCt algorithm) using the geometric mean of quantifications (Ct) of 

the three reference genes [18]. 

2.2.4. Statistical analysis 



The statistical analysis was performed using the R software package. The TCGA datasets were 

browsed using the Xena tool [19]. Downloaded raw data were also analyzed using R. Essential 

descriptive statistics for all variables of interest were prepared based on the clinical and pathological 

data of the patients. Cox regression model was applied for the evaluation of prognostic significance. 

Kaplan–Meier survival curves for progression-free interval (PFI) and overall survival (OS) were 

generated. 

3. Results 

We performed a search for prognostic biomarkers of ccRCC patients treated with 

antiangiogenic targeted therapy by evaluating the relationship of tissue expression of genes involved 

in angiogenesis. We evaluated the relationship of primary tumor and metastasis tissue expression of 

94 genes to PFI. The evaluation of PFI was based on the length of the time period of treatment 

administration, which continued if the patient responded to treatment, i.e. the patient was in the 

condition of complete response (CR), partial response (PR), stable disease (SD) according to RECIST 

criteria. Based on this analysis, we identified 4 genes (BAI1, PDGFB, FGF4 and EPHB2) whose expression 

was related to PFI (Table 3) using the Cox regression model. For all these genes we observed that higher 

level of expression was associated with shorter PFI. 

Table 3 

Relation of gene expression to progression-free interval (PFI) by Cox regression model 

Gene Primary tumor p-value Metastasis p-value 

BAI1 0.0758 0.0291 
PDGFB 0.0329 0.4846 
FGF4 0.0848 0.0412 
EPHB2 0.2276 0.0581 

 

For more detail analysis, Kaplan-Meier survival curves were generated for these genes. There 

was a statistically significant difference in time to progression between the patients with low and high 



BAI1 expression in ccRCC metastatic tissue (Fig. 1A). The patients with low BAI1 expression had better 

prognosis. Similarly in the case of primary tumor, but statistical significance was not recorded (Fig. 1B). 

We validated the relationship of BAI1 ccRCC primary tumor tissue expression to prognosis in a 

group of 606 ccRCC patients whose data were available in the public TCGA Kidney Clear Cell Carcinoma 

(KIRC) database. Patients with higher BAI1 expression have significantly shorter OS and PFI (Fig. 2). The 

data on gene expression in metastatic tissue were not available. 

As BAI1 is proposed tumor suppressor in many types of cancer and our results in ccRCC patients 

presented above are contradictory to this proposed function, we explored the relationship of BAI1 

expression to prognosis also in other types of cancer (in detail commented in the Discussion section).  

Here we present data for glioblastoma and lung adenocarcinoma. Using the Xena tool we found no 

relation of BAI1 expression to patients’ outcome in glioblastoma (TCGA Glioblastoma (GBM) database). 

In lung adenocarcinoma (TCGA Lung Adenocarcinoma (LUAD) database) it was recorded that patients 

with lower BAI1 expression had significantly shorter overall survival (OS) and progression free interval 

(PFI), Fig. 3. 

 

 

 

 

 

Fig. 1. Kaplan-Meier curves showing relation of BAI1 metastasis (A) and primary tumor (B) 

tissue expression level to progression-free survival in clear cell renal cell carcinoma (ccRCC) patients. 

Patients with high BAI1 expression had worse outcome. 

 



 

 

 

 

 

 

 

Fig. 2. Relation of BAI1 expression to overall survival (A) and to progression-free survival (B) in 

TCGA Kidney Clear Cell Carcinoma (KIRC) group of patients (Kaplan-Meier curves). Patients with high 

BAI1 expression had significantly shorter both overall survival and progression free interval. 

 

 

 

 

 

 

 

 

 



Fig. 3. Kaplan-Meier curves showing relation of BAI1 expression to overall survival (OS) and to 

progression-free survival (PFI) in TCGA Glioblastoma (GBM) group of patients (A,B) and in TCGA Lung 

Adenocarcinoma (LUAD) group of patients (C,D). There is no relation of BAI1 expression to patients’ 

outcome in glioblastoma. In lung adenocarcinoma it was recorded that patients with lower BAI1 

expression had significantly shorter both OS and PFI. 

4. Discussion 

In management of ccRCC patients, precise patient stratification on the basis of prognostic 

algorithm helps personalize the treatment algorithms to match patient profiles (personalized 

medicine). According to American Society of Clinical Oncology (ASCO) and European Society for 

Medical Oncology (ESMO) guidelines [20,21], stratification of patients with advanced ccRCC into 

groups of favorable, intermediate, and poor prognosis is important for the selecting appropriate 

treatment regimen. There are efforts to find new molecular prognostic biomarkers to improve the 

currently used Memorial Sloan Kettering Cancer Center (MSKCC) scoring system. It can be achieved by 

employing advanced molecular technologies [7]. 

Based on the tissue expression of 97 genes involved in angiogenesis (TaqMan human 

Angiogenesis Array), applying Cox regression model, we identified 4 genes (PDGF-B, FGF4, EPHB2 and 

BAI1) in relation to PFI. In our set of tissue samples we recorded that high expression levels of BAI1, 

PDGF-B, FGF4, and EPHB2 were associated with shorter PFI. 

Platelet-derived growth factor-B (PDGF-B) is responsible for proliferation and migration of cells 

during vascular maturation. Wang et al. in 2015 showed that high expression of PDGF-B was associated 

with significantly decreased risk of ccRCC mortality [22]. An-other study which included PDGF-B 

expression in ccRCC did not observe any relation to prognosis [23]. Taken together with our data, the 

results on PDGF-B are inconclusive. Fibroblast growth factor 4 (FGF4) has been reported to induce 

epithelial-mesenchymal transition (EMT) in lung adenocarcinoma [24]. According to our knowledge, 

there are no published data showing relation of FGF4 to prognosis ccRCC. EphB2 is a member of large 



family of receptor tyrosine kinases with roles in cell motility, EMT and angiogenesis. It appears 

prognostic in multiple malignancies, especially colorectal cancers [25]. Ghatalia et al. showed 

differential expression of EphB2 between primary tumor and metastasis of ccRCC with higher 

expression in metastases [26]. 

Using Kaplan Meier analysis applied on genes identified by Cox regression model and external 

validation on publically available expression data (TCGA KIRC database), we identified the BAI1 as a 

promising prognostic marker in ccRCC patients with the potential to be incorporated in the scoring 

system. 

Brain-specific angiogenesis inhibitor 1 (BAI1) also known as adhesion G protein-coupled 

receptor B1 (ADGRB1) was isolated and characterized for the first time as a target gene transactivated 

by P53 [27]. Today we know it belongs to the adhesion G-protein coupled receptors (aGPCRs) subfamily 

of seven transmembrane spanning receptors (7TMRs) [28,29]. 

There is a high expression of BAI1 in the brain, however it is expressed also in other tissues like 

kidney or lungs. It has been described that BAI1 is involved in neuronal synaptogenesis and process of 

phagocytosis (ref). It was found BAI1 plays a role of tumor suppressor in glioblastoma (ref). BAI1 was 

named for the ability of its inhibiting angiogenesis in glioblastomas. Liu et al. observed its tumor 

suppressor effect in lung cancer cells [ref]. These results indicating tumor suppressor function of BAI 

suggest that high levels of BAI1 have to be associated with better patients’ outcome. This corresponds 

to the results we obtained from the public databases on lung adenocarcinoma patients, where a high 

level of BAI1 expression meant a better prognosis (Figure 3 C,D). In the case of glioblastoma, we 

revealed no relationship of BAI1 expression to prognosis (Figure 3 A,B). 

In renal cancer, in 2007 Kudo et al. published a work on transgenic mice concluding that the 

transfer of the BAI1 gene can suppress the tumor growth via the inhibition of angiogenesis [30]. 

Another study on renal cancer and BAI1 by Izutsu et al. was published in 2011. The authors observed 

significant decrease in BAI1 mRNA in renal cell carcinoma tissue compared with normal kidney tissue 



in a group of 47 renal cell carcinoma patients. Additional to that they detected lower expression in 

advanced renal cell carcinoma than in localized renal cell carcinoma [31]. 

However, in our study on ccRCC patients both data obtained from our group (20 patients) and 

data from TCGA database (606 patients) independently showed that the patients with high BAI1 

expression in ccRCC tumor tissue had worse outcome in terms of both shorter OS and PFI. It suggests 

more complex involvement of BAI1 in cancerogenesis. At this point it is necessary to mention that 

majority of patients with ccRCC undergoes treatment based on antiangiogenic therapeutics. Of course, 

there is a question how much BAI1 involved in angiogenesis and probably also in other processes is in 

relation to the effect of antiangiogenic treatment. 

Until now, there were a couple of gene expression panels for the assessment of prognosis of 

ccRCC patients proposed (none of them included BAI1). Liu et al. constructed a panel containing a 

cluster of 10 metabolism related genes (ALDH6A1, FBP1, HAO2, TYMP, PSAT1, IL4I1, P4HA3, HK3, 

CPT1B, and CYP26A1) [32]. Pan et al. identified differentially expressed genes involved in the 

metastasis of ccRCC and proposed a 5-gene (OTX1, MATN4, PI3, ERVV-2, and NFE4) panel predicting 

progression and prognosis [13]. 

5. Conclusions 

The identification of BAI1 as prognostic marker in ccRCC is the first step to involve this gene in 

expression prognostic panels which could improve scoring systems as MSKCC on which the 

management of metastatic ccRCC patients is based. Gene expression panels are a promising tool how 

to individualize patients’ treatment as a part of personalized medicine. 

Funding: This work was supported by the grant of Ministry of Health of the Czech Republic–Conceptual 
Development of Research Organization (Faculty Hospital in Pilsen-FNPl, 00669806) and by the Charles 
University Research Fund (Progres Q39). 

Acknowledgments: The results published here are in part based upon data generated by the TCGA 
Research Network: https://www.cancer.gov/tcga. 

Conflicts of Interest: The authors declare no conflict of interest. 



References 

[1] Padala SA, Barsouk A, Thandra KC, Saginala K, Mohammed A, Vakiti A, et al. Epidemiology of 
Renal Cell Carcinoma. World J Oncol 2020;11:79–87. https://doi.org/10.14740/wjon1279. 

[2] Wong MCS, Goggins WB, Yip BHK, Fung FDH, Leung C, Fang Y, et al. Incidence and mortality of 
kidney cancer: temporal patterns and global trends in 39 countries. Sci Rep 2017;7. 
https://doi.org/10.1038/s41598-017-15922-4. 

[3] Carril-Ajuria L, Santos M, Roldán-Romero JM, Rodriguez-Antona C, de Velasco G. Prognostic 
and Predictive Value of PBRM1 in Clear Cell Renal Cell Carcinoma. Cancers 2019;12. 
https://doi.org/10.3390/cancers12010016. 

[4] Wang Q, Tu H, Zhu M, Liang D, Ye Y, Chang DW, et al. Circulating obesity-driven biomarkers are 
associated with risk of clear cell renal cell carcinoma: a two-stage, case-control study. Carcinogenesis 
2019;40:1191–7. https://doi.org/10.1093/carcin/bgz074. 

[5] Angulo JC, Shapiro O. The Changing Therapeutic Landscape of Metastatic Renal Cancer. 
Cancers 2019;11:1227. https://doi.org/10.3390/cancers11091227. 

[6] Motzer RJ, Mazumdar M, Bacik J, Berg W, Amsterdam A, Ferrara J. Survival and Prognostic 
Stratification of 670 Patients With Advanced Renal Cell Carcinoma. J Clin Oncol 1999;17:2530–2530. 
https://doi.org/10.1200/JCO.1999.17.8.2530. 

[7] Kotecha RR, Motzer RJ, Voss MH. Towards individualized therapy for metastatic renal cell 
carcinoma. Nat Rev Clin Oncol 2019;16:621–33. https://doi.org/10.1038/s41571-019-0209-1. 

[8] Voss MH, Reising A, Cheng Y, Patel P, Marker M, Kuo F, et al. Genomically annotated risk model 
for advanced renal-cell carcinoma: a retrospective cohort study. Lancet Oncol 2018;19:1688–98. 
https://doi.org/10.1016/S1470-2045(18)30648-X. 

[9] Golubnitschaja O, Baban B, Boniolo G, Wang W, Bubnov R, Kapalla M, et al. Medicine in the 
early twenty-first century: paradigm and anticipation - EPMA position paper 2016. EPMA J 2016;7:23. 
https://doi.org/10.1186/s13167-016-0072-4. 

[10] Lin H-H, Wei N-C, Chou T-Y, Lin C-C, Lan Y-T, Chang S-C, et al. Building personalized treatment 
plans for early-stage colorectal cancer patients. Oncotarget 2017;8:13805–17. 
https://doi.org/10.18632/oncotarget.14638. 

[11] Xin L, Liu Y-H, Martin TA, Jiang WG. The Era of Multigene Panels Comes? The Clinical Utility of 
Oncotype DX and MammaPrint. World J Oncol 2017;8:34–40. https://doi.org/10.14740/wjon1019w. 

[12] Lin X, Kapoor A, Gu Y, Chow MJ, Peng J, Major P, et al. Construction of a Novel Multigene Panel 
Potently Predicting Poor Prognosis in Patients with Clear Cell Renal Cell Carcinoma. Cancers 2020;12. 
https://doi.org/10.3390/cancers12113471. 

[13] Pan Q, Wang L, Zhang H, Liang C, Li B. Identification of a 5-Gene Signature Predicting 
Progression and Prognosis of Clear Cell Renal Cell Carcinoma. Med Sci Monit Int Med J Exp Clin Res 
2019;25:4401–13. https://doi.org/10.12659/MSM.917399. 



[14] Cancer Genome Atlas Research Network, Weinstein JN, Collisson EA, Mills GB, Shaw KRM, 
Ozenberger BA, et al. The Cancer Genome Atlas Pan-Cancer analysis project. Nat Genet 2013;45:1113–
20. https://doi.org/10.1038/ng.2764. 

[15] Sobin LH, Gospodarowicz MK, Wittekind C. TNM Classification of Malignant Tumours. 
Somerset: Wiley; 2011. 

[16] Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. New response 
evaluation criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J Cancer Oxf Engl 1990 
2009;45:228–47. https://doi.org/10.1016/j.ejca.2008.10.026. 

[17] Smid D, Kulda V, Srbecka K, Kubackova D, Dolezal J, Daum O, et al. Tissue microRNAs as 
predictive markers for gastric cancer patients undergoing palliative chemotherapy. Int J Oncol 
2016;48:2693–703. https://doi.org/10.3892/ijo.2016.3484. 

[18] Pesta M, Cedikova M, Dvorak P, Dvorakova J, Kulda V, Srbecka K, et al. Trends in gene 
expression changes during adipogenesis in human adipose derived mesenchymal stem cells under 
dichlorodiphenyldichloroethylene exposure. Mol Cell Toxicol 2018;14:369–79. 
https://doi.org/10.1007/s13273-018-0041-1. 

[19] Goldman MJ, Craft B, Hastie M, Repečka K, McDade F, Kamath A, et al. Visualizing and 
interpreting cancer genomics data via the Xena platform. Nat Biotechnol 2020;38:675–8. 
https://doi.org/10.1038/s41587-020-0546-8. 

[20] Graham J, Heng DYC, Brugarolas J, Vaishampayan U. Personalized Management of Advanced 
Kidney Cancer. Am Soc Clin Oncol Educ Book 2018:330–41. https://doi.org/10.1200/EDBK_201215. 

[21] Escudier B, Porta C, Schmidinger M, Rioux-Leclercq N, Bex A, Khoo V, et al. Renal cell 
carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol 
2019;30:706–20. https://doi.org/10.1093/annonc/mdz056. 

[22] Wang W, Qi L, Tan M, Zhang Z, Du J, Wei X, et al. Effect of platelet-derived growth factor-B on 
renal cell carcinoma growth and progression. Urol Oncol Semin Orig Investig 2015;33:168.e17–
168.e27. https://doi.org/10.1016/j.urolonc.2014.12.015. 

[23] Shim M, Song C, Park S, Choi S-K, Cho YM, Kim C-S, et al. Prognostic significance of platelet-
derived growth factor receptor-β expression in localized clear cell renal cell carcinoma. J Cancer Res 
Clin Oncol 2015;141:2213–20. https://doi.org/10.1007/s00432-015-2019-x. 

[24] Qi L, Song W, Li L, Cao L, Yu Y, Song C, et al. FGF4 induces epithelial-mesenchymal transition by 
inducing store-operated calcium entry in lung adenocarcinoma. Oncotarget 2016;7:74015–30. 
https://doi.org/10.18632/oncotarget.12187. 

[25] Jang BG, Kim HS, Chang WY, Bae JM, Kang GH. Prognostic Significance of EPHB2 Expression in 
Colorectal Cancer Progression. J Pathol Transl Med 2018;52:298–306. 
https://doi.org/10.4132/jptm.2018.06.29. 



[26] Ghatalia P, Yang ES, Lasseigne BN, Ramaker RC, Cooper SJ, Chen D, et al. Kinase Gene 
Expression Profiling of Metastatic Clear Cell Renal Cell Carcinoma Tissue Identifies Potential New 
Therapeutic Targets. PLOS ONE 2016;11:e0160924. https://doi.org/10.1371/journal.pone.0160924. 

[27] Van Meir EG, Polverini PJ, Chazin VR, Su Huang HJ, de Tribolet N, Cavenee WK. Release of an 
inhibitor of angiogenesis upon induction of wild type p53 expression in glioblastoma cells. Nat Genet 
1994;8:171–6. https://doi.org/10.1038/ng1094-171. 

[28] Nieto Gutierrez A, McDonald PH. GPCRs: Emerging anti-cancer drug targets. Cell Signal 
2018;41:65–74. https://doi.org/10.1016/j.cellsig.2017.09.005. 

[29] Stephenson JR, Purcell RH, Hall RA. The BAI subfamily of adhesion GPCRs: synaptic regulation 
and beyond. Trends Pharmacol Sci 2014;35:208–15. https://doi.org/10.1016/j.tips.2014.02.002. 

[30] Kudo S, Konda R, Obara W, Kudo D, Tani K, Nakamura Y, et al. Inhibition of tumor growth 
through suppression of angiogenesis by brain-specific angiogenesis inhibitor 1 gene transfer in murine 
renal cell carcinoma. Oncol Rep 2007;18:785–91. 

[31] Izutsu T, Konda R, Sugimura J, Iwasaki K, Fujioka T. Brain-Specific Angiogenesis Inhibitor 1 is a 
Putative Factor for Inhibition of Neovascular Formation in Renal Cell Carcinoma. J Urol 2011;185:2353–
8. https://doi.org/10.1016/j.juro.2011.02.019. 

[32] Liu M, Pan Q, Xiao R, Yu Y, Lu W, Wang L. A cluster of metabolism-related genes predict 
prognosis and progression of clear cell renal cell carcinoma. Sci Rep 2020;10:12949. 
https://doi.org/10.1038/s41598-020-67760-6. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

PŘÍLOHA 8 
 

 

 





























 

 

 

 

 

 

 

PŘÍLOHA 9 
 

 

 

























































 

 

 

 

 

 

 

PŘÍLOHA 10 
 

 


















































