
Int J Clin Exp Pathol 2014;7(7):3865-3875
www.ijcep.com /ISSN:1936-2625/IJCEP0000596

Original Article 
Unclassified renal cell carcinoma: a clinicopathological, 
comparative genomic hybridization, and  
whole-genome exon sequencing study

Zhen-Yan Hu1*, Li-Juan Pang1*, Yan Qi1,2, Xue-Ling Kang1, Jian-Ming Hu1,2, Lianghai Wang1, Kun-Peng Liu1, 
Yuan Ren1, Mei Cui1, Li-Li Song1, Hong-An Li1, Hong Zou1,2, Feng Li1

1Department of Pathology, School of Medicine, Shihezi University, Key Laboratory of Xinjiang Endemic and Ethnic 
Diseases, Ministry of Education of China, Xinjiang 832002, China; 2Tongji Hospital Cancer Center, Tongji Medical 
College, Huazhong University of Science and Technology, Wuhan, Hubei, China. *Equal contributors.

Received April 22, 2014; Accepted June 2, 2014; Epub June 15, 2014; Published July 1, 2014 

Abstract: Unclassified renal cell carcinoma (URCC) is a rare variant of RCC, accounting for only 3-5% of all cases. 
Studies on the molecular genetics of URCC are limited, and hence, we report on 2 cases of URCC analyzed us-
ing comparative genome hybridization (CGH) and the genome-wide human exon GeneChip technique to identify 
the genomic alterations of URCC. Both URCC patients (mean age, 72 years) presented at an advanced stage and 
died within 30 months post-surgery. Histologically, the URCCs were composed of undifferentiated, multinucleated, 
giant cells with eosinophilic cytoplasm. Immunostaining revealed that both URCC cases had strong p53 protein 
expression and partial expression of cluster of differentiation-10 and cytokeratin. The CGH profiles showed chro-
mosomal imbalances in both URCC cases: gains were observed in chromosomes 1p11-12, 1q12-13, 2q20-23, 
3q22-23, 8p12, and 16q11-15, whereas losses were detected on chromosomes 1q22-23, 3p12-22, 5p30-ter, 6p, 
11q, 16q18-22, 17p12-14, and 20p. Compared with 18 normal renal tissues, 40 mutated genes were detected in 
the URCC tissues, including 32 missense and 8 silent mutations. Functional enrichment analysis revealed that the 
missense mutation genes were involved in 11 different biological processes and pathways, including cell cycle regu-
lation, lipid localization and transport, neuropeptide signaling, organic ether metabolism, and ATP-binding cassette 
transporter signaling. Our findings indicate that URCC may be a highly aggressive cancer, and the genetic alterations 
identified herein may provide clues regarding the tumorigenesis of URCC and serve as a basis for the development 
of targeted therapies against URCC in the future. 
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Introduction

Unclassified renal cell carcinomas (URCCs) are 
a group of RCCs with a morphology and/or 
growth pattern that does not exactly corre-
spond to those of the RCC subtypes recognized 
by the latest World Health Organization (WHO) 
classification [1]. Features of URCC include 
composites of recognized subtypes, mucin pro-
duction, rare mixtures of epithelial and stromal 
elements, pure sarcomatoid morphology with-
out recognizable epithelial elements, and 
unrecognizable cell types. URCCs are rare, 
accounting for only approximately 3-5% of all 
RCC cases [2-10]. Most studies on URCC have 
suggested that this category is associated with 

unfavorable histological features and aggres-
sive behavior [1, 5, 10, 11]. 

However, to our knowledge, there are no previ-
ous studies on the molecular genetics of URCC, 
and thus, we describe our experience with 2 
cases of URCC analyzed using comparative 
genome hybridization (CGH) and the genome-
wide human exon GeneChip technique to iden-
tify genomic alterations characteristic of URCC.

Material and methods

Specimens

Paraffin-embedded tissues (two cases of URCC 
and 18 cases of normal kidney tissues) were 
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obtained from the archives of the Department 
of Pathology, Shihezi University School of 
Medicine. The clinicopathological data for 
these cases were collected from the patients’ 
medical records after obtaining permission 
from the patients and the Institutional Research 
Ethics Committee. Tumor stages were classi-
fied according to the 2004 WHO Classification 
of the Renal Tumors of the Adults and the 2010 
American Joint Committee on Cancer and 
International Union against cancer tumor/
lymph node metastasis/distal metastasis 
(TNM) classification systems. 

Immunohistochemistry (IHC)

The paraffin-embedded tissue sections were 
stained using the 2-step Envision technique 
(Dako, Denmark), with primary antibodies 
against cluster of differentiation (CD)10 (GT- 
200410, 1:100), cytokeratin (CK) (AE1/AE3, 
1:100), vimentin (Vim3B4, 1:100), CD117 
(1:300), alpha-methylacyl-CoA racemase (AMA- 
CR), transcription factor E3 (TFE3), epidermal 
growth factor receptor (EGFR), MDM2, p53, 
P504s (13H4, 1:100), and CK7 (OV-TL12/ 
30, 1:50) (all from Dako, Denmark), according 
to the manufacturer’s instructions. Briefly, after 
incubation with the primary antibodies, immu-
nodetection was performed using the 2-step 
method with diaminobenzidine chromogen as a 
substrate, followed by counterstaining with 
hematoxylin.

DNA extraction

Total DNA was extracted from the 2 cases of 
URCC and 18 cases of normal kidney tissue 
samples by using a standard phenol/chloro-
form extraction method. DNA quality was 
checked on a 1% agarose gel, and the amount 
of extracted DNA was measured spectrophoto-
metrically at 260 nm (impurity and ratio of DNA 
to non-DNA were also crosschecked at 280 
nm). Extractions were stored at -80°C until they 
were labeled by nick translation.

Comparative genomic hybridization

CGH was performed according to the manufac-
turer’s protocol (Vysis, Inc., Downers Grove, IL, 
USA). Briefly, labeling reactions were performed 
with 1 μg DNA and a nick translation labeling kit 
(Vysis, Inc.) in a volume of 50 μl containing the 
following: 0.1 mmol/L of a dNTP pool contain-
ing 0.3 mmol/L each of dATP, dGTP and dCTP; 

0.1 mmol/L dTTP; 0.2 mmol/L fluorescein iso-
thiocyanate (FITC)-dUTP (for the experimental 
sample) or cyanine 3 (Cy3)-dUTP (for the 46, XY 
karyotype); and nick translation buffer and nick 
translation enzyme. The probe size was deter-
mined by separation on a 1% agarose gel. 
Metaphase slides were denatured at (73°C ± 
1°C for 5 min in 70% methanamide/2× SSC 
and dehydrated in an ethanol series (70%, 
85%, and 100%). The hybridization mixture 
consisted of approximately 200 ng Spectrum 
Green labeled test DNA and 200 ng Spectrum 
Red total genomic reference DNA co-precipitat-
ed with 10 μg of human Cot-1 DNA (Invitrogen, 
California, USA) and dissolved in hybridization 
buffer before hybridization to metaphase chro-
mosomes. The probe mixtures were denatured 
at 73°C for 5 min and then competitively hybrid-
ized to the denatured normal metaphase chro-
mosomes in a humid chamber at 37°C for 3 
days. After washing, chromosomes were coun-
terstained with 4’,6-diamidino-2-phenylindole-2 
HCl (DAPI II; Vysis Inc.) and embedded in an 
anti-fading agent to reduce photo bleaching. A 
fluorescence microscope equipped with appro-
priate filters (DAPI, FITC, and Cy3) was used to 
visualize the signals. For each hybridization 
panel, raw images from at least 5 metaphases 
were captured through a computer driven CCD 
camera and analyzed with the ISIS image soft-
ware (Carl Zeiss Inc., Goettingen, Germany). 
Chromosomes were identified by their DAPI 
banding patterns. Threshold levels of 1.25 and 
0.8 were used to score gains and losses, 
respectively. High-level amplification was indi-
cated by a ratio greater than 1.5. All centro-
meres, as well as chromosome p35-36, and 
the heterochromatic regions of chromosomes 
Y, 16, 19, and 22 were excluded from further 
analysis because these regions can yield unre-
liable hybridization owing to incompletely sup-
pressed repetitive DNA sequences. Positive 
and negative controls provided comparisons 
for evaluating hybridization and interpretation 
of the data. Normal female DNA (labeled green) 
was used as a negative control and normal 
male DNA was used for reference (labeled red). 
The intensity profiles for this experiment were 
within the threshold values, as determined by 
image analysis. DNA from the MPE600 cell line 
(with known genetic aberrations that are easy 
to detect by comparative genomic hybridiza-
tion) was used as a positive control (labeled 
green), and normal male DNA was used as a 
reference.
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Human exon GeneChip

A total of 1 μg of DNA from each of the 2 URCC 
tissues and 18 normal kidney tissues were 
labeled with Illumina reagents and hybridized 
to Human Exome BeadChips (Illumina, USA). 
Illumina Expression Console software was used 
to perform the quality assessment. The signifi-
cance analysis of microarrays (SAM) algorithm 
was used to identify mutated genes in URCC by 
comparing them with those of normal renal tis-
sues. Gene Ontology biological process enrich-
ment of the classification analysis was used to 
identify mutated genes associated with cell 
cycle regulation and other biological functions. 
The Kyoto Encyclopedia of Genes and Genomes 
database was used to identify the pathways 
associated with URCC.

Statistical analysis

The Fisher’s exact test was used to compare 
the differences between the 2 groups (URCC 
and normal renal tissue). Gene function analy-
sis (Gene Ontology of Biological Processes, 
Molecular function) was performed by classifi-
cation enrichment of the gene function and 
pathways using the Database for Annotation, 
Visualization, and Integrated Discovery. P val-
ues < 0.05 were considered statistically signi- 
ficant. 

Results

Clinical features

In our study, we analyzed 2 cases of URCC, 
which accounted for only 1.76% of all 114 

cases of RCC managed at the Department of 
Pathology, Shihezi University School of 
Medicine, between 1980 and 2013. The male 
to female ratio was 1:1, and the mean age at 
diagnosis was 72 years (range, 70-74 years). 
Both patients were diagnosed with stage III 
URCC. In addition, the patients presented with 
fever, kidney pain (patient 1), and painless 
hematuria (patient 2), which are classic symp-
toms of RCC. Both patients died within 30 
months after surgery.

Histopathology

The morphology of the 2 URCC cases did not fit 
into the classifications of any of the known RCC 

Figure 1. Microscopic findings of URCC. Neoplastic 
cells intermingled with undifferentiated, round or fu-
siform multinucleated giant cells with eosinophilic or 
slightly pale cytoplasm (H&E, × 200).

Figure 2. Immunohistochemical findings. URCC 
shows strong positive expression of p53 (× 200).

Figure 3. Comparative genomic hybridization profil-
ing of URCCs. Green to red fluorescent thresholds 
(represented by the green/red line) are 0.8 and 
1.25, respectively. Regions of the red indicate loss, 
regions of the green indicate gains.
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histological subtypes. The median tumor diam-
eter was 5 cm (range, 2-8 cm). Nodal metasta-
ses were identified in 1 case upon evaluation of 
the perirenal lymph nodes. Grossly, the tumors 
were solitary, and the cut surface appeared 

grayish-red, with parts showing necrotic bleed-
ing, resembling rotten fish specimens. The 
tumors showed a nested and alveolar architec-
ture, and the histological findings included a 
patchy distribution of undifferentiated, round or 

Table 1. Chromosome aberrations in 2 cases of unclassified renal cell carcinomas (URCCs)
Number Gain Loss
URCC 1 1p11, 1q13, 2q20, 3p16, 3q22, 

8p12, 10q12-13, 16q11-15
1p28-ter, 1q22, 1q24, 2p28, 2q11, 3p12, 5p30-ter, 6p, 11q, 16q22, 17p13-14, 17q32, 20p

URCC 2 1p12, 1q12-13, 2q23, 3q23, 8p12, 
16q11-13, 17p20, 17p22, Yp13

1p18, 1p30-ter, 1q15-20, 1q23-30, 2p20, 2p28, 2p30-ter, 2q12-21, 3p16, 3p21-22, 3q13, 
3q30-34, 4q, 5p32-ter, 5q32-34, 6p, 6q, 11p, 11q, 16p13-14, 16q18-22, 17p12-14, 17q18-
20, 18q, 19p, 19q, 20p

Table 2. The 32 genes containing missense mutations detected in the URCC tissues (P < 0.05)*
Chr SNP_name Alleles in EXON Mutation(s) Gene 
1 exm1075667 [T/G] EXON Missense_A503S SLC45A1
1 exm131743 [T/C] EXON Missense_G68R C1orf116
1 exm1252046 [T/C] EXON Missense_H382Y CAMSAP2
1 exm1074687 [A/G] EXON Missense_L7S FCRL5
1 exm1162265 [C/G] EXON Missense_P935A PRRC2C
12 exm-rs6584283 [A/G] EXON Missense_G83R ATF1
12 exm-rs9313296 [T/C] EXON Missense_R1993W LRP1
12 exm-rs763469 [T/C] EXON Missense_R694Q ITGA5
12 exm-rs7843884 [A/G] EXON Missense_S135N OR6C4
13 exm1045891 [A/G] EXON Missense_I358T ANKRD10
14 exm1068313 [A/G] EXON Missense_G291R AKAP5
16 exm1147209 [T/G] EXON Missense_D191Y OR2C1
16 exm1176926 [T/C] EXON Missense_Q106R,Missense_Q251R PMFBP1
16 exm1142657 [T/C] EXON Missense_T180M NUBP2
16 exm1187523 [A/G] EXON Missense_T297M, ANKRD11
17 exm1259888 [T/C] EXON Missense_K559R, SLC38A10
17 exm1248013 [T/C] EXON Missense_R233W KIF19
17 exm1256693 [T/C] EXON Missense_R574C ENGASE
17 exm1261710 [T/C] EXON Missense_T648M FOXK2
17 exm1244992 [T/C] EXON Missense_V1557A BPTF
18 exm1263771 [A/G] EXON Missense_P842S LAMA1
19 exm1369588 [A/G] EXON Missense_H208Y C19orf18
19 exm1357108 [A/T] EXON Missense_L115M ZNF480
19 exm1340550 [T/C] EXON Missense_R105Q PLAUR
19 exm1347698 [A/G] EXON Missense_R224Q GLTSCR2
19 exm1309194 [A/G] EXON Missense_R240W MAN2B1
19 exm1327963 [A/G] EXON Missense_R295H MLL4
19 exm128590 [A/G] EXON Missense_V102I AMH
19 exm132178 [T/C] EXON Missense_R215Q PBX4
20 exm1403971 [A/G] EXON Missense_R104C NKAIN4
20 exm1380687 [A/G] EXON Missense_R1258C NINL
20 exm1401664 [T/C] EXON Missense_R2351Q LAMA5
*Fisher’s exact test, P value for the comparison between the URCC group and the normal renal tissue group < 0.05.
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Table 3. Functional enrichment analysis of mutated genes in URCC
Category Cluster Term Count % p value Genes
GOTERM_BP_FAT Cell cycle process, regulation of mitosis GO:0010564~regulation of cell cycle process 5 4.273504 0.006225 CUL7, CYP1A1, CENPF, RB1, TPR

GOTERM_BP_FAT GO:0010948~negative regulation of cell cycle process 3 2.564103 0.011143 CENPF, RB1, TPR

GOTERM_BP_FAT GO:0030071~regulation of mitotic metaphase/anaphase transition 3 2.564103 0.008687 CUL7, CENPF, TPR

GOTERM_BP_FAT GO:0007346~regulation of mitotic cell cycle 5 4.273504 0.016603 CUL7, CYP1A1, CENPF, RB1, TPR

GOTERM_BP_FAT Lipid transport, localization GO:0006869~lipid transport 5 4.273504 0.014192 APOB, ABCG5, NMUR2, ATP10A, ATP8B3

GOTERM_BP_FAT GO:0010876~lipid localization 5 4.273504 0.018473 APOB, ABCG5, NMUR2, ATP10A, ATP8B3

GOTERM_BP_FAT GO:0007218~neuropeptide signaling pathway 4 3.418803 0.022012 NMUR2, GPR64, CELSR2, PKD1L2

GOTERM_BP_FAT GO:0051383~kinetochore organization 2 1.709402 0.02548 CENPF, CENPH

GOTERM_BP_FAT GO:0051345~positive regulation of hydrolase activity 5 4.273504 0.028229 C5AR1, C9, NMUR2, MYBPC3, DIABLO

GOTERM_BP_FAT GO:0018904~organic ether metabolic process 3 2.564103 0.0456 APOB, CYP1A1, GPAM

KEGG_PATHWAY hsa02010:ABC transporters 4 3.418803 0.002295 ABCG5, ABCC4, ABCB5, ABCA6
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fusiform multinucleated giant cells with eosino-
philic or slightly pale cytoplasm (Figure 1). 

Immunohistochemical analysis

The IHC analyses of the 2 URCC cases revealed 
strong positive expression of p53 (Figure 2), 
and partial expression of CD10 and CK. 
Conversely, staining for CK7, AMACR, CD117, 
TFE3, EGFR, and MDM2 was negative in both 
cases, whereas vimentin expression was nega-
tive in 1 case and positive in the other.

Comparative genomic hybridization findings

A genomic profile was established based on our 
set of 2 URCC cases by CGH (Figure 3, Table 1), 
with 17 gains and 40 losses identified. High-
level losses were observed throughout the 
whole genome. The chromosomal losses 
occurred in the following regions: 1p30-ter, 
1q24, 2p28, 5p32-ter, 6p, 11q, 16q22, 17p12-
14, and 20p. Chromosomal gains occurred in 
1p11-12, 1q12-13, 2q20-23, 3q22-23, 8p12, 
and 16q11-15. 

Exon BeadChip

Compared with the 18 normal renal tissues, 
significant differences in the mutational status 
of 40 genes (p < 0.05) were detected by the 
exon GeneChip, including 32 missense muta-
tions (Table 2) and 8 silent mutations. 
Functional enrichment analysis revealed that 
the genes containing missense mutations were 
involved in 11 different biological processes 
and pathways (p < 0.05), including cell cycle 
and mitotic metaphase regulation, lipid local-
ization and transport, neuropeptide signaling, 
organic ether metabolism, and ATP-binding 
cassette (ABC) transporter signaling (Table 3, 
Figure 4).

Discussion

Histological reports of URCC are very rare, with 
the main sources of information being the 
1997 multidisciplinary workshop on renal cell 
carcinoma and the 2004 WHO pathology clas-
sification criteria. URCCs are classified as a 
subtype of RCC with features that do not fit into 
any of the other RCC histological subtypes as 
defined according to the 2004 WHO classifica-
tion of urological tumors [1]. However, a clear 
classification of these tumors has not been elu-

cidated, and they appear to display a great 
diversity in terms of histological and immuno-
histochemical features. URCC represents 0.7-
5.7% of all renal tumors, and most are at a high 
grade and stage at presentation [10, 12]. While 
our study confirmed that URCC appears to 
behave aggressively, its clinical and molecular 
bases remain to be elucidated. 

Histologically, URCCs are frequently composed 
of a poorly differentiated or predominately sar-
comatoid component. To our knowledge, there 
are currently very few reports regarding the 
morphological histology of URCC in the litera-
ture. In the present study, we found that the 2 
analyzed cases of URCC were composed of 
undifferentiated multinucleated giant cells with 
eosinophilic cytoplasm, features that do not 
match those of the other subtypes of RCC. 

Immunohistochemically, a great diversity of 
features have been described for URCC. Zisman 
et al. [5] reported that URCC stained positive 
for vimentin and CK, and negative for chromo-
granin, HMB45 (melanoma-specific antibody), 
desmin, and muscle-specific actin, and were 
thus considered to be of epithelial origin. In the 
present study, both cases of URCC stained 
strongly positive for p53, with part of the tumor 
tissues also staining positive for CD10 and CK. 
Furthermore, one of the tumors also stained 
positive for vimentin. Positive protein expres-
sion of AMACR is a typical feature of papillary 
renal cell carcinoma, whereas positive CD117 
and TFE3 expressions are observed in most 
chromophobe RCCs and Xp11.2 translocation 
renal cell carcinomas (Xp11.2 RCCs), respec-
tively, all of which stained negative in the pres-
ent study. Thus, our immunohistochemical find-
ings were not characteristic of any of the other 
renal cancer subtypes. However, due to the 
small sample size in our study, no definite con-
clusions regarding the immunohistochemical 
characteristics of URCC can be drawn at the 
present time.

In addition, a number of recent studies [1, 8, 
10, 12] have reported that URCCs are associ-
ated with a distinct and highly aggressive bio-
logical behavior and poor clinical outcomes 
compared with other subtypes of RCC. In our 
study, both patients, classified as having TNM 
stage III URCC, died, 23 and 30 months post-
nephrectomy. However, other studies have 
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reported that patient survival does not differ 
significantly between URCC and other subtypes 
of RCC [7]. The varying outcomes reported in 
different studies may be related to the defini-
tion of URCC. Because there are no specific 
diagnostic histologic or morphologic features 
for tumors in this category, it is difficult to know 
whether the tumors truly belong to the same 
subtype. This problem could be solved by fur-
ther molecular genetics studies on the topic, 
which are currently very limited [7]. 

In terms of chromosomal events, it has been 
well established that losses of 3q are associ-
ated with the development of clear cell RCC, 
whereas chromosome 17 gain is a common 
finding in chromophobe RCC [13]. Moreover, 
Xp11.2 RCC is characterized by TFE3 gene 
fusions. In our study, chromosomal losses were 
observed in chromosomes 1q22-23, 3p12-22, 
5p30-ter, 6p, 11q, 16q18-22, 17p12-14, and 
20p, whereas gains were observed in chromo-

somes 1p11-12, 1q12-13, 2q20-23, 3q22-23, 
8p12, and 16q11-15 (Table 1). These findings 
did not match the chromosomal events 
described for any other subtype of RCC. 

Interestingly, we found that several of the genes 
located on the chromosomal regions men-
tioned above were highly associated with RCC. 
Seki et al. suggested that roundabout, axon 
guidance receptor, homolog 1 (ROBO1 [DUTT1], 
located on 3p12) may be a candidate tumor 
suppressor gene in RCC [14]. Similarly, He et al. 
concluded that cell adhesion molecule 2 (locat-
ed on 3p12) functions as a novel tumor sup-
pressor and may serve as a potential therapeu-
tic target for human RCC [15], whereas Molina 
et al. reported that fibroblast growth factor 
receptor 1 (located on 8p12) may represent a 
potential therapeutic target for the treatment 
of metastatic RCC [16]. Furthermore, the ara-
chidonate 15-lipoxygenase, type B gene (locat-
ed on 17p13) has been demonstrated to inhibit 

Figure 4. Functional enrichment analysis of URCC mutational status of 40 genes (P < 0.05) containing missense 
mutations detected by the exon GeneChip.
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tumor cell proliferation [17], and the reprimo, 
TP53 dependent G2 arrest mediator candidate 
gene (located on 2q23) may be involved in the 
tumorigenicity of RCC [18]. Not only genetic, 
but also epigenetic, alterations have been 
described in RCC, with CpG island methylation 
of hypermethylated in cancer 1 (HIC1, located 
on 17p13) having been proposed as a candi-
date marker for improving individualized thera-
py and risk stratification in RCC. HIC1 is a tran-
scriptional repressor, which functionally 
cooperates with the p53 tumor suppressor 
gene, located at 17p13-14 [19]. 

The p53 gene is known to have numerous 
important biological functions, including cell 
cycle regulation, DNA repair, cell differentiation, 
and apoptosis. p53 protein localizes in the 
nucleus and functions to combine double chain 
or single-strand DNA. Numerous studies have 
shown that mutations of the p53 gene can 
result in the formation of various tumors, such 
as endometrial clear cell carcinoma [20]. 
Accordingly, in this study, the p53 protein over-
expression observed in the 2 URCC samples 
may be associated with the occurrence of 
URCC, although the exact role of p53 in URCC 
needs further verification. Based on our find-
ings herein, we conclude that the genes dis-
cussed above, which located on the chromo-
somal regions identified by CGH, are worth 
further investigation.

To our knowledge, until now, there have been 
no reports on whole genome sequencing in 
URCC. For the first time, we used Human Exome 
BeadChip technology, with the aim to identify 
mutated genes from 2 cases of URCC as com-
pared with 18 normal renal tissue samples, 
using the SAM algorithm. Forty mutated genes 
were detected, distributed on 8 chromosomes, 
out of which, 32 genes containing missense 
mutations resulted in exon truncations (Table 
2). In the functional enrichment analyses, we 
identified 32 mutated genes, which are known 
to be involved in 6 different aspects of biologi-
cal function, including cell cycle regulation, lipid 
localization and transport, neuropeptide signal-
ing, various metabolic processes, and positive 
regulation of hydrolase. Among these 32 genes, 
16 have been specifically researched in recent 
years because of their associations with tumor-
igenesis (Table 3). When cell cycle deregulation 
occurs, cell division, proliferation, differentia-

tion, and apoptosis are consequently affected. 
We here identified 6 mutated genes associated 
specifically with the cell cycle and cell cycle 
regulation (Table 3), including cullin-7 (CUL7), 
centromere protein F (CENPF), and translocat-
ed promoter region. Recently, Paradis et al. 
reported that CUL7 was a novel gene potential-
ly involved in liver carcinogenesis associated 
with metabolic syndrome, and that amplifica-
tion of CUL7 resulted in increased cell prolifera-
tion [21]. CENPF is used as a marker of cell pro-
liferation in certain human tumors, including 
lung cancer, liver cancer, and oral squamous 
cell carcinoma [22-24]. Significant associations 
between CENPF overexpression and lymph 
node metastasis and clinical stage have been 
reported [25], and its expression is associated 
with mitotic index, as demonstrated by expres-
sion of the cell proliferation marker KI-67 [26]. 
Therefore, overexpression of CENPF may be 
responsible for the poor cell differentiation and 
prognosis of URCC, although further verifica-
tion is needed.

In addition, we here detected that the ABC 
transporter pathway was associated with 
URCC. In recent years, ABC, which is a cell 
membrane protein, has been studied in numer-
ous types of tumors (Table 3) and found to play 
an important role in the development of multi-
resistant tumors [27, 28]. ABC protein super 
family members function in the control of efflux 
pump energy dependence across the cell mem-
brane, and can activate the intracellular to 
extracellular transport of drugs in order to 
reduce the concentration of the drug in the cell. 
Ingram et al. [29] suggested that inhibition of 
ABC transporters may increase the efficacy of 
radiation treatment for medulloblastoma 
patients, and that they are worthy of consider-
ation for the diagnostic classification of these 
patients. Importantly, Hour et al. [30] reported 
that ABCD1 downregulation may be involved in 
human renal tumorigenesis. Therefore, we 
hypothesize that ABC may cause resistance to 
effective chemotherapy drugs in URCC, and 
that inhibition of ABC transporters could 
increase the efficacy of chemotherapy and radi-
ation treatments.

Furthermore, we here found that functional 
changes in lipid transport and localization and 
neuropeptide signaling proteins may be associ-
ated with URCC (Table 3). In particular, abnor-
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mal lipid transport has been demonstrated to 
correlate with RCC in a number of reports [31-
33], with apolipoprotein B being implicated in 
the development of liver [34], gallbladder [35], 
breast [36], and kidney cancer [37], among oth-
ers. In addition, the cadherin, EGF LAG seven-
pass G-type receptor 2 has been demonstrated 
to be an effective target for molecular targeted 
drugs in breast cancer [38], and in-depth stud-
ies of these genes in URCC are warranted.

We found a great deal of consistency in terms 
of the results from our CGH and exon chip anal-
yses, with some gene exon truncation muta-
tions being found in commonly altered chromo-
somal regions. For example, chromosomal 
region 1q23-30 was detected by CGH, and the 
PRRC2C gene detected by the exon chip is 
located on 1q23.3. Thus, a combination of CGH 
and exon chip analyses may facilitate the dis-
covery of mutated genes in not only URCC, but 
also in other types of cancers. 

In conclusion, information regarding genetic 
alterations in URCC is extremely limited, and 
the tumorigenesis and clear classification of 
these tumors have not been fully elucidated. 
For the first time, we identified a number of 
chromosomal segments and mutated genes, 
which may be related to the development of 
URCC. However, as the sample size was very 
small, further research on the topic is needed 
to confirm these results.
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