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Malignant germ cell tumors (GCT) are the most common malignant tumors in young men between 18 and 40 years. The correct
identification of histological subtypes, in difficult cases supported by immunohistochemistry, is essential for therapeutic
management. Furthermore, biomarkers may help to understand pathophysiological processes in these tumor types. Two GCT
cell lines, TCam-2 with seminoma-like characteristics, and NTERA-2, an embryonal carcinoma-like cell line, were compared by
a quantitative proteomic approach using high-resolution mass spectrometry (MS) in combination with stable isotope labelling
by amino acid in cell culture (SILAC). We were able to identify 4856 proteins and quantify the expression of 3936. 347 were
significantly differentially expressed between the two cell lines. For further validation, CD81, CBX-3, PHF6, and ENSA were
analyzed by western blot analysis. The results confirmed the MS results. Immunohistochemical analysis on 59 formalin-fixed
and paraffin-embedded (FFPE) normal and GCT tissue samples (normal testis, GCNIS, seminomas, and embryonal carcinomas)
of these proteins demonstrated the ability to distinguish different GCT subtypes, especially seminomas and embryonal
carcinomas. In addition, siRNA-mediated knockdown of these proteins resulted in an antiproliferative effect in TCam-2,
NTERA-2, and an additional embryonal carcinoma-like cell line, NCCIT. In summary, this study represents a proteomic
resource for the discrimination of malignant germ cell tumor subtypes and the observed antiproliferative effect after knockdown
of selected proteins paves the way for the identification of new potential drug targets.
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1. Introduction

Germ cell tumors (GCT) are the most common malignancies
in men between 15 and 40 years of age, and the incidence has
constantly increased over the last four decades [1]. Germ cell
tumors are histologically and clinically divided into semino-
mas and nonseminomas. Nonseminomas can be further
subdivided into embryonal carcinomas, yolk sac tumors,
chorionic carcinomas, and teratomas [2]. Seminomas and
nonseminomas have a common precursor called germ cell
neoplasia in situ (GCNIS) [3]. The International Germ
Cell Cancer Collaborative Group (IGCCCG) developed a
prognostic classification system, which divided patients
with germ cell tumors into good-, intermediate, and
poor-risk groups. It is based besides on several points such
as the primary site of the GCT, metastatic sites of involve-
ment, and levels of serum tumor markers in particular
upon the histology of the tumors (seminoma versus non-
seminoma). Because the treatment of these tumors is dif-
ferent, it is important to differentiate between seminomas
and nonseminomas [4]. Patients even with metastasized
disease can be cured in about 80% of cases by cisplatin-
based chemotherapy [5, 6].

Several cell lines are available as models for the different
types of GCT. NTERA-2 and NCCIT display embryonal
carcinoma characteristics; meanwhile, TCam-2 is considered
a model for seminoma [7, 8]. In this study, we set out to
establish new biomarkers for the differentiation of GCT cell
lines and formalin-fixed and paraffin-embedded (FFPE) tis-
sue samples and to identify new potential drug targets to
improve the therapeutic options especially of patients with
embryonal carcinoma.

van der Zwan et al. performed a comprehensive study to
identify epigenetic footprints in TCam-2 and NCCIT cell
lines. They investigated interactions between gene expres-
sion, DNA CpG methylation, and posttranslational histone
modifications to elucidate their role in the pathophysiology
and etiology of germ cell tumors [9]. However, as the corre-
lation between genetic alterations, RNA expression, and pro-
tein expression is highly influenced by transcriptional,
translational, and posttranscriptional regulations [10], we
aimed for a global, unbiased, and quantitative analysis of
the two cell lines TCam-2 and NTERA-2 on the protein level.

With markers such as SALL4, OCT3/4, SOX-2, or SOX-
17, numerous good and reliable diagnostic markers are avail-
able to differentiate between the different GCT subtypes [2,
11]. Regardless of this, it is of great importance to detect dif-
ferences in tumor biology in order to gain a better under-
standing of the pathological processes of germ cell tumors.
We reasoned that a proteomic approach, rather than geno-
mic and transcriptomic studies, can identify biological differ-
ences and may also provide new potential targets for a
molecular targeted therapy. For this purpose, we employed
high-resolution mass spectrometric analysis combined with
stable isotope labelling with amino acids in cell culture
(SILAC) to visualize them in human testis and human germ
cell tumor tissue [12]. This strategy can help to minimize var-
iation occurring as a result of sample handling, because the
labelling occurs in a very early stage of the experiment [13].

2. Material and Methods

2.1. Culture of TGCT Cell Lines. In the present study, the
human GCT cell lines NTERA-2 (representing an embryonal
carcinoma, CRL 1973; from American Type Culture Collec-
tion, Manassas, VA, USA), NCCIT (representing an embryo-
nal carcinoma, CRL 2073; from American Type Culture
Collection, Manassas, VA, USA), and TCam-2 (representing
a seminoma; generously provided by the Department of
Developmental Pathology, University of Bonn Medical
School, Germany) were cultured in HEPES-buffered RPMI-
1640 (Biochrom, Berlin, Germany) supplemented with fetal
calf serum (FCS, 10%; CC Pro, Neustadt, Germany), penicil-
lin (100 IU/ml; Sigma-Aldrich, Munich, Germany), strepto-
mycin (100 μg/ml; Sigma-Aldrich), and L-glutamine
(2mM; Biochrom, Berlin, Germany). The incubation
temperature was 37°C in a humid atmosphere with 5%
carbon dioxide in the air.

2.2. Proteomic Analysis. Stable isotope labeling with amino
acids in cell culture (SILAC) and quantitative mass spec-
trometry were performed as described before [14–16].
TCam-2 and N-Tera2 cells were cultured in RPMI 1640
medium lacking arginine and lysine (Pierce) supplemented
with 10% dialyzed FCS (Invitrogen), 4mM glutamine, and
antibiotics. “Heavy” and “light” media were distinguished
by adding 0.115mM 13C6

14N4 L-arginine and 0.275mM L-
lysine-4,4,5,5-D4 (Eurisotop) or equimolar levels of the
corresponding nonlabeled (light) amino acids (Merck Milli-
pore), respectively. For cell lysis, 0.5% Nonidet P-40 buffer
containing 50mM Tris/HCl, pH7.8, 150mM NaCl, 1mM
Na3VO4, 1mM NaF, 0.2% lauryl maltoside, and protease
inhibitors (Complete, Roche) was used. Protein concentra-
tion was determined with DC Protein Assay (Bio-Rad) fol-
lowing the manufacturer’s instructions. Equal amounts of
protein of light-labeled TCam-2 were mixed with heavy-
labeled NTERA-2 and vice versa. Proteins were separated
by 1D-PAGE (4 to 12% NuPAGE Bis-Tris Gel, Invitrogen).
After Coomassie brilliant blue staining, the gel was divided
in 23 slices. Encompassing proteins were reduced with
10mM DTT for 55min at 56°C, alkylated with 55mM IAA
for 20min at 26°C, and gel-digested with modified trypsin
(Promega) overnight at 37°C.

Resulting peptides were separated by a C18 precolumn
(2.5 cm, 360 μm o.d., 100μm i.d., Reprosil-Pur 120Å, 5μm,
C18-AQ, Dr. Maisch GmbH) at a flow rate of 10μl/min
and a C18 capillary column (20 cm, 360μm o.d., 75μm i.d.,
Reprosil-Pur 120Å, 3μm, C18-AQ, Dr. Maisch GmbH) at
a flow rate of 300nl/min, with a gradient of acetonitrile rang-
ing from 5 to 35% in 0.1% formic acid for 90min using an
Proxeon nano LC coupled to an Q Exactive mass spectrome-
ter (Thermo Electron). MS conditions were as follows: spray
voltage, 1.8 kV; heated capillary temperature, 270°C; and
normalized collision-energy (NCE), 28. An underfill ratio
of 1.2% and intensity threshold of 4.0 e4 were used. The mass
spectrometer automatically switched between MS and
MS/MS acquisitions (data-dependent mode). Survey MS
spectra were acquired in the Orbitrap (m/z 350–1600) with
the resolution set to 70 000 at m/z 200 and automatic gain
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control target at 2 × e5. The 15 most intense ions were
sequentially isolated for HCD MS/MS fragmentation and
detection. Raw data were analyzed with MaxQuant (version
1.3.0.5) using Uniprot human (version 27.08.2012 with
86725 entries) as a sequence database. Up to two missed
cleavages of trypsin were allowed. Oxidized methionine was
searched as variable modification and cysteine carbamido-
methylation as fixed modification. The modifications corre-
sponding to arginine and lysine labeled with heavy stable
isotopes were handled as fixed modifications. The false posi-
tive rate was set to 1% at the peptide level, the false discovery
rate was set to 1% at the protein level, and the minimum
required peptide length was set to six amino acids.

2.3. Selection of Proteins for Further Investigations. To see
if the proteins detected in the SILAC assays are also
expressed in human testis tumor tissue, we compared
the significantly expressed proteins of our results with
the data in the online database The Human Protein Atlas
(https://www.proteinatlas.org/) [17]. In the selection, we
exemplarily opted for proteins that were expressed in
tumor-free testicular tissue, with the consideration that
these proteins could possibly be of particular importance
in testicular tumors.

2.4. Western Blot Analysis. Total protein lysates were
prepared using RIPA buffer with protease inhibitors (Roche,
Germany) and were quantified by the Bio-Rad DC Protein
Assay (Bio-Rad, USA). For western blotting, the following
primary antibody dilutions were used: monoclonal mouse
anti-CD81 (Tetraspanin-28) (Santa Cruz, sc-166029;
1 : 250), monoclonal mouse anti-PHF6 (PHD finger pro-
tein 6) (Santa-Cruz, sc-365237; 1 : 500), polyclonal rabbit
anti-CBX-3 (chromobox protein homolog 3) (HPA 004902,
Sigma-Aldrich; 1/250), and polyclonal rabbit anti-ENSA
(alpha-endosulfine) (HPA 051292, Sigma-Aldrich: 1/500).
Primary antibodies were detected by polyclonal immunoglo-
bulins/HRP secondary antibodies (1 : 1000, Dako, DK).Mem-
branes were developed using the ECL system (Amersham
Bioscience, Germany).

2.5. Gene Ontology and Network Analysis. Gene ontology
classification has been performed using either the Metacore
software (https://portal.genego.com/) or the R package
clusterProfiler. Differentially expressed proteins were loaded
into Metacore software, and significantly enriched biologi-
cal processes, molecular functions, and pathway networks
were extracted.

Network analyses were performed using the Metacore
(https://portal.genego.com/) software for the enrichment of
the shortest pathways inside the group of differentially
regulated proteins. The shortest path algorithm connects
the differentially expressed proteins identified in the proteo-
mic approach with additional information from the Meta-
core database along a directed path and potentially involved
pathways. Next, most significant networks were loaded into
Cytoscape software (http://www.cytoscape.org/) for further
visualization. Networks were visualized using hierarchical
layout in Cytoscape.

2.6. Tissue Samples of Primary TGCT. Formalin-fixed and
paraffin-embedded tumor tissues of orchiectomy specimens
were collected from 59 male patients from the University
Medical Centre Göttingen, Germany. Tumors were classi-
fied and staged on the basis of the WHO classification
[18]. In the present study, a number of 75 blocks have been
included. Investigated cases included normal testis adjacent
to tumor (n = 16), GCNIS (n = 18), seminomas (n = 21),
and embryonal carcinomas (n = 20). Ethical approval for
using the human material in the present study was
obtained from the Ethics Committee of the University
Medical Centre Göttingen.

2.7. Immunohistochemistry. Immunohistochemical reactions
were performed on 4μm formalin-fixed and paraffin-
embedded testis tissue sections. In heat-induced epitope
retrieval, the antigen retrieval was carried out at 98°C in
citrate buffer (low pH6; 40 minutes) or EDTA buffer (high
pH9; 20 minutes). The primary antibodies were incubated
for 30 minutes at room temperature. The following antibod-
ies and dilutions were applied: anti-CD81 (mouse, high
buffer, 1 : 200, Santa Cruz, sc-166029), anti-PHF6 (mouse,
high buffer, 1 : 200, Santa-Cruz, sc-365237), anti-CBX-3 (rab-
bit, diluted 1/200, high buffer, HPA 004902, Sigma-Aldrich),
and anti-ENSA (rabbit, diluted 1/50, low buffer, HPA
051292, Sigma-Aldrich). Afterwards, the sections were incu-
bated with a ready-to-use HRP-labeled secondary antibody
at room temperature for 25 minutes (anti-rabbit/mouse, pro-
duced in goat; Dako REAL EnVision Detection System,
DAKO). The substrate DAB+ Chromogen system produces
a brown end product and is applied to visualize the site of
the target antigen (Dako REAL DAB+ Chromogen, DAKO).
Tissue samples were counterstained with Meyer’s hematoxy-
lin (Dako) for 8 minutes and were analyzed by light
microscopy.

Two independent investigators evaluated all tissue sec-
tions stained for CD81, CBX-3, PHF-6, and ENSA using
an immunoreactivity staining score (IRS) as described pre-
viously [18, 19]. The percentage of positively stained cells
was first classified using a 0–4 scoring system: score
0= 0% positive cells, score 1 = less than 10% positive cells,
score 2=10–50% positive cells, score 3= 51–80% positive
cells, and score 4=>80% positive cells. The intensity of
staining was evaluated on a four-tiered scale (0 =negative,
1 =weak, 2 = intermediate, and 3= strong). Afterwards, the
scores of intensity and staining were multiplied, and the
mean value per patient was calculated, as described previ-
ously [18]. Differences of IRS between the different subtypes
of GCT were statistically evaluated using Student’s t-test
(GraphPad Software, San Diego, CA, USA). A p value of
<0.05 was considered significant.

2.8. siRNA Transfection. Tumor cells were transfected with
100 μl transfection mix (12μl HiPerFect, Qiagen, Hilden,
Germany, 2.5μl siRNA (20μM), and 85.5μl RPMI medium).
siRNAs used were Hs_PHF6_10, SI05120745 and Hs_PHF6_
11, SI05120752; Hs_CD81_6, SI02777236 and Hs_CD81_7,
SI02777243; Hs_CBX-3_6, SI02665222 and Hs_CBX-3_7,
SI03028165; and Hs_ENSA_20, SI05062218 and Hs_
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ENSA_21, SI05062225 (Qiagen, Hilden, Germany). After
incubation for 20min, 100 μl siRNA medium were mixed
with 2.3ml culture medium to create a concentration of
1 : 1000. The cells were incubated for 24 h or 48h.

2.9. Measurement of Cell Proliferation. 1 × 105 to 3 × 105 cells
were plated as described above. After 48h incubation time,
the culture medium was exchanged for a siRNA medium
(2.3ml culture medium, 100μl siRNA-Mix). For cell viability
analysis, equal numbers of cells were seeded into 96-well
flat-bottom plates and incubated for indicated time points.
Cell viability was determined by the CellTiter 96 AQueous
One Solution Cell Proliferation Assay (MTS) (Promega)
according to the manufacturer’s instructions.

3. Results

3.1. Quantitative Proteomic Profiling of TCam-2 and
NTERA-2. In order to find differences in the global proteome
of seminoma-like and embryonal carcinoma-like cell lines,
we performed a quantitative protein expression analysis by
SILAC-based mass spectrometry. The cell lines TCam-2
(representing cell line with seminoma characteristics) and
NTERA-2 (representing a cell line with embryonal carci-
noma characteristics) were cultured with light and heavy
isotope-labeled amino acids as described in the Material
and Methods. After cell lysis, equal amounts of protein of

light-labeled TCam-2 were mixed with heavy-labeled
NTERA-2 and vice versa and subsequently analyzed by
high-resolution mass spectrometry. Due to the incorporation
of SILAC amino acids, proteins derived from both cell lines
can be accurately assigned to the two cell lines and its expres-
sion and can be comparatively quantified (Figure 1(a)). In
two biological replicates, a total of 4856 proteins were identi-
fied and 3936 proteins could be quantified with a Gaussian
distribution of the ratios between the two cell lines
(Figure 1(b)). Next, an outlier significance score depending
on intensity values (significance B in Perseus, see citation
for more details [20, 21]) was calculated for every protein.
347 proteins showed a significantly different expression and
196 (TCam-2) and 102 (NTERA-2) proteins showed an at
least 2.5-fold increased expression. The complete list of iden-
tified proteins detected by the quantitative MS is given in
supplementary table 1, and the complete list of differentially
expressed proteins is given in supplementary table 2.

3.2. Bioinformatics Analysis Reveals Differential Pathway
Activation Patterns. The proteins showing significantly dif-
ferential expression based on the results of the quantitative
proteomic approach were subjected to a GO term analysis
by the Metacore software (https://portal.genego.com/). The
regulated proteins were found to be involved in different bio-
logical processes such as the regulation of tissue development
or ion transport.
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Figure 1: Proteomic profiling of testicular germ cell cancer cell lines. Workflow of SILAC-based mass spectrometry experiments. TCam-2
and NTERA-2 were metabolically labeled with amino acids of different masses allowing a comprehensive relative quantification of protein
expression by mass spectrometry (a). Distribution of SILAC ratios of all quantified proteins according to their relative expression in
NTERA-2 and TCam-2 (b).
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Network analysis was also performed using the Meta-
core (https://portal.genego.com/) software for the enrich-
ment of the shortest pathways inside the groups of
differentially regulated proteins, as described above. Supple-
mentary table 3 gives an overview of the networks found to
be the most significantly involved. Inside the networks,
differentially regulated proteins identified by the MS
approach are indicated in green for TCam-2 (representing

seminomatous histology) or in red for NTERA-2
(representing nonseminomatous histology). Blue proteins
represent proteins that were added from the Metacore
database as potentially linked to the proteins derived from
the MS analysis which are involved in different processes
such as proteins which play a crucial role, for example,
in gastrulation, endoderm development, or formation of
a primary germ layer (Figure 2(a)) or mammary gland

TR TR

TR TR

TR

TR
TR

TR TR

TR TR

TR TR TR TR

TR

TR TR

TR

TR

TR

TR TR

TR

TR TR
TR

TR
TR

TR TR

TR

TR TR TR TR TR

TRTRTR

TRTR

TR TR

TRTR

TRTR

TR

TRTRTRTR

TR

TR
TR

TR

TR

TR

TR

TR

TR TR TR

TR

TR

IE

TR TR TR

B

B B

B

B

RBM3

BCAT1
Tropomyosin-1

Transgelin GLUT3 TAGLN2ITGAV Alpha-actinin 1 Alpha-actinin 4

SOX2

SOX17 NANOC COMT Galectin-3

Oct-3/4

BMP4

GDF3FAST-1/2

SMAD2

MGST

GCSP GUAC
Carbonic

anhydrase II

PHLDA3
RBM35A

AHNAK
CRABP1

PYGB

PSMD5

ALPL

FKBP9Ep-CAMSMAD3 NODAL

Lefty-2 Tmcc4

(a)

IGF-1 ErbB2 EGF

EGFR

PYGB TAGLN2

BCAT1
Galectin-3

Stomatin
Alpha-actinin 1

Alpha-actinin 4

PHLDA3ITGAV
MTCBP-1

ALPL
BCAM

COMT
Transgelin

CRABP1MGST
Annexin III

CACNA2D2

GLUT3

Tropomyosin-1

Carbonic
anhydrase II GGH AHNAK

Shc NF-kB1 (p50)

NF-kB1 (p105)

NF-kB1 (p105)
= NF-kB1 (p50)

IRS-1

AKT(PKB)

Neuregulin 1

ErbB3IGF-1 receptor

B

B

B B

BB

B

B+P

+P

c-Src

+P

+P

TR
TR

TR
TR

TR
TR TR

TR
TR

TR TR

TR TR

TR

TR

B

TR TR TR
TR

TR
TR

TR TR TR TR

+P

ESR1 (nuclear)

(b)

Figure 2: Results of network analysis: differentially regulated proteins from the SILAC approach are indicated in green (TCam-2) or in red
(NTERA-2). Blue proteins represent proteins that were added from the Metacore database as potentially linked to the proteins from the
SILAC analysis which are involved e.g. in gastrulation, endoderm development or formation of primary germ layer (a) and which are
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+P: phosphorylation; B: binding.
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development or fibroblast growth factor receptor signaling
pathway (Figure 2(b)).

3.3. In Vitro and In Vivo Validation of Differentially
Expressed Proteins. To validate the results of the proteomics
approach, four proteins were selected showing significant
differences in expression between the two GCT-cell lines
and which showed a physiological expression in nonneoplas-
tic germ cells or several stages of spermatogenesis (according
to The Human Protein Atlas database [17]), namely, CD81,
CBX-3, PHF-6, and ENSA. In order to verify the differential
protein expression, we additionally examined a third cell line
named NCCIT (showing EC characteristics also).

Western blot analyses confirmed the results of the quan-
titative proteomic profiling. According to MS, the amount of
CD81 (ratio TCam − 2/NTERA − 2 = 3 625) and CBX-3
(ratio TCam − 2/NTERA − 2 = 3 281) protein was signifi-
cantly higher in TCam-2 than in NTERA-2- cells (supple-
mentary table 2). These differences could be reproduced by
western blot analysis for CD81 and CBX-3 which showed a
marked difference in expression between the two cell lines
with embryonal carcinoma characteristics (NTERA-2- and
NCCIT) and TCam-2 (seminoma characteristics)
(Figures 3(a) and 3(b)). In contrast, expression of PHF6
(ratio NTERA − 2/TCam − 2 = 3 841) and ENSA (ratio
NTERA − 2/TCam − 2 = 2 707) proteins was significantly
higher in NTERA-2 than in TCam-2 cells (supplementary
table 2). These differences could also be reproduced by
western blot analysis for PHF6 and ENSA, which showed
marked differences in protein expression in NTERA-2 and
NCCIT compared to TCam-2 (Figures 3(c)and 3(d)). The
results confirmed the same expression pattern of NCCIT-
and NTERA-2 cells in contrast to TCam-2 cells.

To confirm the results of the western blot analyses and
gain insight into expression patterns within single cells of
primary tumors (i.e., nuclear, cytoplasmic, or membranous
staining), commercially available antibodies against CD81,
CBX-3, PHF-6, and ENSA were used for immunohistochem-
ical analysis of human tissues. FFPE tissue samples of 59
patients with malignant GCT of the testis were investigated

by immunohistochemical analysis. The investigated samples
comprised tumor-free testicular tissue (n = 16), GCNIS
(n = 18), seminomas (n = 21), and embryonal carcinomas
(n = 20). Seminomas (to compare with TCam-2 cells) and
embryonal carcinomas (to be compared with NTERA-2
and NCCIT cells) were explicitly chosen for direct a compar-
ison with the cell lines.

A tumor-free testis showed a strong membranous and
cytoplasmic expression of CD81 protein (Figure 4(a), arrow).
In germ cell neoplasia in situ (GCNIS), a similar pattern
of membranous and cytoplasmic expression was found
(Figure 4(b), arrow). All investigated seminomas showed
a strong membranous expression of CD81 in tumor cells
(Figure 4(c), arrow). In contrast, no or only a weak staining
of CD81 was seen in embryonal carcinoma cells (Figure 4(d),
arrow). The differences in staining intensity (according to the
immunoreactivity staining score (IRS)) of CD81 (Figure 4(e))
observed between seminomas and embryonal carcinomas
were marked and showed a statistical significance.

CBX-3 protein showed a strong nuclear expression in
spermatogonia, in contrast to a weaker expression in sper-
matocytes and spermatids (Figure 4(f), arrow). In addition,
a strong nuclear expression of CBX-3 was observed in
GCNIS (Figure 4(g), arrow). A strong nuclear expression
was also detected in most seminoma cells (Figure 4(h),
arrow). A much weaker nuclear expression of CBX-3 was
seen in embryonal carcinomas (Figure 4(h), arrow). The dif-
ferences in staining intensity (according to the immunoreac-
tivity staining score (IRS)) of CBX-3 (Figure 4(j)) observed
between seminomas and embryonal carcinomas were
marked and showed a statistical significance. The results of
CD81 and CBX-3 immunohistochemistry confirmed the
findings of the proteomic and western blot analyses.

Immunohistochemically, PHF-6 protein showed strong
nuclear expression in spermatogonia and slightly weaker
expression in sertoli cells, whereas later stages of sper-
matogenesis did not express PHF-6 (Figure 5(a), arrow).
The expression of PHF-6 in GCNIS was heterogeneous,
with some nuclei showing strong and others weak or no
expression (Figure 5(b), arrow). Seminomas showed no or
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Figure 3: In vitro validation of differentially expressed proteins. In line with the results of the SILAC method and mass spectrometry, CD81
and CBX-3 show markedly higher expression in TCam-2 than in NTERA-2 (a, b). Conversely, PHF-6 and ENSA show markedly higher
expression in NTERA-2 than in TCam-2 cells (c, d).
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Figure 4: Immunohistochemical analysis of selected proteins (more highly expressed in TCam-2 than in NTERA-2) in tumor-free testis,
GCNIS, seminoma, and embryonal carcinoma: a tumor-free testis and GCNIS show no differences in CD81 and CBX-3 >expression (a, b,
f, g). The expression of CD81 and CBX-3 in embryonal carcinomas (d, i) is significantly lower than that in seminomas (c, h). The
differences between seminomas and embryonal carcinomas in staining intensity (IRS) of CD81 (i) and CBX-3 (j) are significant.
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Figure 5: Immunohistochemical expression of selected proteins (more highly expressed in NTERA-2 than in TCam-2) in a tumor-free testis,
GCNIS, seminoma, and embryonal carcinoma: A tumor-free testis and GCNIS show no marked differences in protein expression of PHF-6
and ENSA on immunohistochemical analysis (a, b, f, g). The expression of PHF-6 and ENSA in embryonal carcinomas (d, i) is markedly
higher than that in seminomas (c, h; white arrow tumor cells, black arrow lymphocytes). The differences between seminomas and
embryonal carcinomas in staining intensity (IRS) of PHF-6 € and ENSA (j) are significant.
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only minimal expression of PHF-6 protein. Beside the tumor
cells, lymphocytes also expressed PHF-6 (Figure 5(c),
arrows). In contrast, embryonal carcinoma cells showed a
strong nuclear expression of PHF-6 (Figure 5(d), arrow).
The differences in staining intensity (according to the immu-
noreactivity staining score (IRS)) of PHF-6 (Figure 5(e))
observed between embryonal carcinomas and seminomas
were marked and showed a statistical significance.

ENSA showed a strong nuclear and weak cytoplasmic
expression in late stages of spermatogenesis, whereas sper-
matogonia were only weakly positive for ENSA (Figure 5(f),
arrow). In addition, ENSA was found to be strongly
expressed in GCNIS, mostly nuclear (Figure 5(g), arrow).
Seminoma cells showed only a moderate nuclear expression
of ENSA (Figure 5(h), arrow). Interestingly, nuclear as well
as cytoplasmic expression of ENSA in embryonal carcino-
mas was significantly stronger than that in seminomas
(Figure 5(i), arrow).

The differences in staining intensity (according to the
immunoreactivity staining score (IRS)) of ENSA (Figure 5(j))
observed between embryonal carcinomas and seminomas
were marked and showed a statistical significance. The
results of PHF-6- and ENSA-immunohistochemistry con-
firmed the proteomic and western blot findings.

3.4. Knockdown of Selected Proteins Results in Reduction of
Cellular Survival in Seminoma and EC Cell Lines. To gain
insight into involved cellular processes and the putative role
of selected proteins detected by MS, siRNA experiments were
performed. The tumor cell lines NCCIT, NTERA-2, and
TCam-2 were transfected with two specific siRNAs to
achieve knockdown of CD81, CBX-3, PHF-6, and ENSA
as described above. A marked downregulation of protein
expression was achieved for all proteins for both siRNAs
used (Figures 6(a)–6(d)).

This downregulation had no effect on proliferation after
24 h (data not shown). 48 h after downregulation of CD81,
we observed a significant decrease of proliferation in NTERA-
2, NCCIT, and TCam-2 cells. In NCCIT and NTERA-2, trans-
fection with siRNA2 showed no statistical significances in
proliferation (Figures 7(a)–7(c)). After the downregulation
of CBX-3, we also observed a significant decrease of prolifer-
ation in all investigated GCT cell lines. SiRNA2 showed no
statistical significances in proliferation in NTERA-2 cells
(Figures 7(a)–7(c)). After the downregulation of PHF-6, we
observed a significant decrease of proliferation in all investi-
gated GCT cell lines, too. SiRNA2 had no effect in prolifera-
tion in TCam-2 cells (Figures 7(a)–7(c)). Finally, we
observed a significant decrease of proliferation in all investi-
gated GCT cell lines after downregulation of ENSA. SiRNA2
showed no statistical significances in proliferation in NCCIT
cells (Figures 7(a)–7(c)). The decrease in proliferation after
siRNA transfection appears to be independent of the different
levels of expression of the proteins, as one might suspect.

4. Discussion

GCTs are highly interesting tumors, both from a point of
view of developmental biology and considering their tumor

biology. GCTs are divided into seminomas and nonsemino-
mas [2]. For in vitro studies, several GCT cell lines are well
established, such as TCam-2 (with seminoma characteris-
tics), NTERA-2, and NCCIT (both with characteristics of
embryonal carcinomas) [7, 8, 22, 23]. We aimed to identify
new biomarkers for the differentiation of GCT cell lines on
the protein level. A recent study by van der Zwan et al. iden-
tified epigenetic footprints in TCam-2 and NCCIT cell lines.
These analyses confirmed a more germ cell-like profile in
TCam-2 cells and, in contrast, a more pluripotent phenotype
in NCCIT cells [9]. We compared the results of a differential
gene expression in TCam-2 and NCCIT cells of the work by
van der Zwan et al. [9] to the results of our project and found
44 (TCam-2) and 23 (NTERA-2 or NCCIT) similarly signif-
icantly differentially expressed proteins/genes. The exact
names of the genes are listed in Table 1. This underpins the
potential importance of these genes in the biology of these
tumor cells.

In addition, we searched for proteins that were differently
expressed in cell lines and that are expressed physiologically
in spermatogonia and later stages of spermatogenesis. Fur-
thermore, we analyzed if the findings from the cell line
experiments were reproducible in FFPE tissue samples of
human GCTs. In the present study, 111 proteins showed
a statistically significant two-fold increase in expression
in TCam-2 compared to NTERA-2. Influenced by the
expression pattern in spermatogenesis and germ cell
tumors (according to The Human Protein Atlas database
[17]) by the availability of antibodies and their applicability
on both, cell lines and FFPE tissues, we chose the proteins
CD81 (ratio from SILAC-analysis TCam-2/NTERA-2:
3.626) and CBX-3 (ratio TCam-2/NTERA-2: 3.282) for
further investigations.

CD81 is a cell surface protein of the tetraspanin family. It
is widely expressed on many healthy tissues and on the
majority of tumor cells. Vences-Catalan et al. demonstrated
in comprehensive studies the role of CD81 as a promoter of
tumor growth and metastasis with a putatively important
role in tumor progression [24, 25]. Zhang et al. described that
an increased expression of CD81 was significantly associated
with reduced overall survival in patients with mammary car-
cinoma. Furthermore, CD81 knockdown results in decreased
proliferation andmigration in mammary carcinoma cell lines
in vitro [26]. In addition, Hong et al. described that CD81
increases melanoma cell motility by upregulating the metal-
loproteinase MT1-MMP-expression. This could be explained
by a prooncogenic Akt-dependent Sp1 activation [27]. Inter-
estingly, in our study, we could demonstrate that CD81
showed marked differences in its expression when compar-
ing seminoma (high expression) and embryonal carcinoma
tissue samples (low expression). CD81 interacts with CD9
(another member of the tetraspanin family), which is also
significantly upregulated in TCam-2 cells (supplementary
table 2), and both play an important role in the TGF beta
signaling pathway in melanoma cells [28]. TGF beta, EGF,
and FGF have been shown to play a role in the
differentiation of TCam-2 into a cell type resembling a
mixed nonseminoma [7]. This would be in line with the
findings of our study, as shown in Figure 2, where involved
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networks are displayed and demonstrate that these growth
factor signaling pathways play a crucial role. In addition,
first investigations with two siRNAs against CD81 showed a
significant reduction of proliferation in TCam-2 cells, as
well as in NTERA-2 and NCCIT cells (Figure 7). So the
extent of proliferation seems not to correlate with the
expression level of CD81. Usually, TCam-2 cells proliferate
remarkably slower than NTERA-2 and NCCIT. However,
the high expression of CD81 on TCam-2 and seminoma
samples is interesting given the induction of nonseminoma-
like phenotype by TGF beta signaling [6]. However, the
exact mechanism on how the proliferation was reduced in
this cell line has not been investigated in more detail and
remains to be elucidated.

A second protein which was markedly higher expressed
in TCam-2 cells than in NTERA-2 and NCCIT cells is
CBX-3. Little is known about the function of CBX-3 in cancer
cells. One study could demonstrate the essential function of
CBX-3 for male germ cell survival and spermatogenesis
[29]. Ma et al. described very recently that the expression of
CBX-3 in osteosarcomas is associated with a large tumor size,
high distant metastasis rate, and high clinical stage rate.
Furthermore, they could show that knockdown of CBX-3
by siRNA results in increased apoptosis and cell cycle
arrest at the G0 and G1 phases [30]. Another recent study

demonstrates the role of CBX-3 in tumor progression in
pancreatic cancer cell lines. It could be shown that the
tumor-promoting effect of CBX-3 might be mediated by
CDK1 [31]. Further similar results were demonstrated by
Zhang et al. which demonstrate that a high expression of
CBX-3 in squamous carcinomas of the tongue is associ-
ated with poor prognosis. In addition, the inhibition of
CBX-3 leads to cell cycle delay via the p21 pathway [32].
Similar findings were described by Fan et al. who showed
that CBX-3 promotes the progression of the cell cycle and
proliferation in vitro and in vivo in colon cancer cells.
They could explain that CBX-3 promotes colon cancer cell
proliferation by curbing cell cycle G1-S phase transition
[33]. Another study showed a high expression of CBX-3
in various human cancer tissues and suppression of tumor
growth of various cancer-derived cell lines following
siRNA-mediated knockdown [34]. Again, we found that
two siCBX-3 reduced tumor cell growth in all investigated
GCT cell lines. Further investigations of the mechanisms
underlying this observation and a potential role in antitu-
mor therapy are pending.

Our investigations furthermore showed markedly
higher expression of PHF-6 in NTERA-2 and NCCIT cell
lines as compared to TCam-2. PHF-6 is a gene found in
association with the Börjeson-Forssman-Lehmann syndrome
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Figure 6: Transfection with siRNA markedly reduces protein expression of CD81, CBX-3, PHF-6, and ENSA: NCCIT, NTERA-2, and
TCam-2 were transfected with a siRNAs against CD81, CBX-3, PHF-6, and ENSA. The protein expression was markedly reduced after
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[35]. Interestingly, patients with this syndrome generally
show hypogonadism [36]. Our results show a strong nuclear
positivity of the PHF-6 protein in normal spermatogenesis
and GCNIS, whereas the expression in seminomas was mark-
edly lower. Notably, PHF-6 expression was markedly higher
in embryonal carcinomas, than in seminomas in FFPE
samples. Recently, PHF-6 has been described to be involved
in regulating rRNA synthesis, which may contribute to its
role in cell cycle control, maintenance of genomic integrity,
and tumor suppression [37]. This would be in line with our
results which show that siPHF-6 suppresses cell proliferation
in GCT cell lines (Figure 7).

Finally, ENSA (alpha-endosulfine) is a potent inhibitor of
PP2A-B55δ [38, 39]. PP2A is expressed in both primary
GCTs and GCT cell lines. Its inhibition mediates an apopto-
sis induction in GCT cells through activation of the MEK-
ERK signaling pathway [40]. Furthermore, inhibition of
ENSA with two specific siRNAs leads to reduced cell prolifer-

ation in all investigated GCT cell lines. Seminoma cells
showed only a moderate nuclear expression (Figure 5(h)),
in contrast to embryonal carcinomas which show a signif-
icantly stronger expression of ENSA than seminomas.
However, this finding supports the close developmental
relationship between early spermatogenesis and semino-
mas in contrast to embryonal carcinomas.

Using network analysis, the differently expressed proteins
identified by our proteomic analysis could be linked to the
proteins assigned from the Metacore database. Proteins were
closely linked to proteins such as SOX-2, SOX-17, NANOG,
or OCT3/4, which all have been described to play crucial
roles in pluripotency and differentiation of germ cells and
germ cell tumors [41–43]. Interestingly, another putative
stem cell gene, GDF-3, has been found to be expressed in
both seminomas and breast carcinomas [42]. The increased
expression of BCAT1 in NTERA-2 cells compared to
TCam-2 cells seems also of interest in distinguishing germ
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Figure 7: Transfection with siRNA decreases cell proliferation of GCT cell lines: in all investigated tumor cell lines, NCCIT (a), NTERA-2 (b),
and TCam-2 (c), proliferation was significantly reduced after transfection with siRNA against CD81, CBX-3, PHF-6, and ENSA.
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cell tumor subtypes. These findings are in line with the
results of Rodriguez et al., which could demonstrate a
strong overexpression of BCAT-1 in nonseminomas germ
cell tumors [44].

5. Conclusion

In summary, high-resolution mass spectrometry in combina-
tion with SILAC-quantification is suitable for the detection of
differentially expressed proteins in GCT cell lines. These
results could be reproduced by western blot analysis. Proteins
detected as differentially expressed by SILAC-basedMS could
furthermore be validated in FFPE samples of human GCTs
and normal (tumor-free) testes. This method is therefore
valuable for the detection of new markers with the potential
to distinguish between different histologic subtypes of these
tumors. In addition, network analyses serve to classify the dif-
ferentially expressed proteins into functional groups. Finally,
siRNA results indicate an antiproliferative potential of the
therapeutic knockdown of several detected proteins, which
warrants their evaluation as potential therapeutic targets.
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Supplementary Materials

Supplementary 1. Supplementary Table 1 Complete list of
identified proteins detected by the quantitative mass spec-
trometry as revealed by MaxQuant analysis of the obtained
MS raw data.

Supplementary 2. Supplementary Table 2 Differentially
expressed proteins in TCam-2 and NTERA-2.

Table 1: Differentially expressed genes compared with van der
Zwan et al. [9] and the results of the present study. The table
shows the identical genes, which are differentially expressed in
NCCIT or NTERA-2 compared to TCam-2.

Increased in TCam-2 Increased in NTERA-2/NCCIT

ACSF2 ACAT2

ANXA1 AP1S2

ANXA3 ARMCX2

CACNA2D2 ARRB1

COL17A1 ASS1

COL23A1 BCAT1

COMT C1QBP

CSRP1 CECR5

DUSP23 CRABP1

EFR3A CTSC

ENO2 DPYSL3

EPCAM GFPT2

FLNC HPRT1

GLIPR2 IQGAP2

GMPR MAD2L2

GSN MGST1

HEG1 PFAS

HIC2 PNMA2

ITGAV POLR3G

LAMA5 SH3BGRL

ODZ4 SOX2

PHLDA3 TMCO1

PPM1F UGP2

PRAME

PROM1

PSD3

PSTPIP2

PVR

PYGB

RAB15

RASSF2

RCN1

SDF2L1

SERPINE2

SLC25A29

SPARC

TAGLN

TCL1A

TFAP2C

TMEM132A

VAMP8

VSNL1

WASL
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Supplementary 3. Supplementary Table 3. Significantly
involved networks of proteins detected by SILAC and mass
spectrometry.
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Introduction. To investigate the correlation between preoperative De Ritis ratio (aspartate transaminase (AST)/alanine
transaminase (ALT)) and postoperative outcome in patients with urothelial cell carcinoma (UC) treated with radical cystectomy.
Materials and Methods. We analyzed the clinical and pathological data of 771 patients who underwent radical cystectomy for
bladder UC. Patients were divided into two groups according to the optimal value of AST/ALT ratio. The effect of the AST/ALT
ratio was analyzed using the Kaplan–Meier method and Cox regression hazard models for patients’ cancer-specific survival
(CSS), overall survival (OS), and recurrence-free survival (RFS). In addition, propensity score matching of 1 : 1 was performed
between the two groups. Results. Median follow-up was 84.0 (36–275) months. Mean age was 64 8 ± 10 0 years. According to
the receiver operating characteristic (ROC) analysis, the optimal threshold of the AST/ALT ratio was 1.1. In Kaplan–Meier
analyses, the high AST/ALT group showed worse outcomes in CSS and OS (all P < 0 001). Also, RFS (P = 0 001) in the Cox
regression models of clinical and pathological parameters was used to predict CSS, OS, and AST/ALT ratio (HR 2.15, 95% CI
1.23-3.73, P = 0 007) and pathological T stage (HR 4.80, 95% CI 1.19-19.28, P = 0 003). To predict OS and AST/ALT ratio (HR
2.05, 95% CI 1.65–2.56, P < 0 001), pathological T stage (HR 2.96, 95% CI 0.57–17.09, P = 0 037) and positive lymph node (HR
1.71, 95% CI 1.50–1.91, P = 0 021) were determined as independent prognostic factors. Conclusion. Preoperative AST/ALT ratio
could be an independent prognostic factor in patients with UC treated with radical cystectomy.

1. Introduction

Bladder cancer is a common cancer in the urinary tract
[1] and is the ninth most common cancer worldwide [2].
The most common histopathological type of bladder can-
cer is urothelial cell carcinoma (UC). In bladder UC diag-
nosis, 75% of cases are diagnosed as nonmuscle invasive
bladder cancer (NMIBC) and 25% are diagnosed as mus-
cle invasive bladder cancer (MIBC) at the time of diagno-
sis [3–5]. Radical cystectomy is the standard treatment for

the highest risk of NMIBC progression and high-risk
NMIBC intolerant to intravesical treatment and localized
or regionally advanced MIBC [4–6]. However, even if rad-
ical cystectomy is performed, the prognosis is poor. Recur-
rence occurs in more than 30% of patients after radical
cystectomy [7], and bladder cancer is the 13th most com-
mon cause of cancer deaths [2].

Various biomarkers have been discussed for early diag-
nosis and prognosis prediction of bladder cancer [8, 9], such
as nuclear matrix protein 22, bladder tumor antigen, soluble
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FAS, fibroblast growth factor receptor 3, methylation bio-
markers, and cytokeratin 20 [8]. In addition, there are several
mRNA-based biomarker tests such as Cxbladder monitor,
XPERT BC, and bladder cancer test [9].

Alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) are well-known liver enzymes found in
the heart, skeletal muscle, brain, kidney, and red blood
cells, in addition to the liver. Because of this characteristic,
they are also used as an indicator of other diseases [10, 11].
These enzymes are used as biomarkers that can predict
prognosis in several malignancies such as lung, colorectal,
pancreas, breast, and kidney [12–16]. Serum ratios of AST
and ALT as well as AST and ALT have also been reported
to play a role as biomarkers. De Ritis first reported on the
serum activity ratio of AST and ALT as an assessment tool
for disease in viral hepatitis studies [17]. AST/ALT ratio has
also been reported in recent years as a biomarker that can
predict prognosis in renal cell carcinoma [18]. It was
reported that AST/ALT might be associated with anaerobic
glycolysis [19]. This glucose metabolism was also reported
to be associated with urothelial carcinoma (UC), and the
association of AST/ALT ratio with the prognosis was
reported in upper tract urothelial carcinoma (UTUC) [20].
Therefore, the aim of this study was to evaluate the prognos-
tic value of AST/ALT in UC of the bladder in patients with
radical cystectomy.

2. Materials and Methods

2.1. Study Sample. We retrospectively reviewed the medical
records of patients who underwent radical cystectomy for
bladder urothelial cell cancer at Seoul National University
Hospital from 1991 to 2015. T2-T4 or intravesical bacillus
Calmette-Guerin (BCG) intolerance T1 high-grade. All
patients underwent radical cystectomy with pelvic lymph
node dissection. Patients with a short follow-up period of less
than 2 years were excluded. Patients with preoperative liver
disease, infection, leukocytosis, inflammatory condition,
and muscle-related disease were excluded. Six hundred and
seventy-one patients were included. The study was approved
by the institutional ethical review board (approval code: H-
1903-133-1020), and the study protocol and all related con-
tent adhered to the guidelines of the Helsinki declaration.

2.2. Study Design. Patients were divided into two groups
according to the optimal value of the AST/ALT ratio. The
optimal value of the AST/ALT ratio was obtained using the
receiver operating characteristic (ROC) curve with the
highest sensitivity and specificity. The optimum value of
AST/ALT thus obtained was 1.1. Patients were divided into
two groups based on AST/ALT 1.1. Clinical and pathological
information and prognosis of the two groups were compared.
In addition, 1 : 1 propensity matching was performed to
compensate for the difference between age, sex, BMI, ASA,
neoadjuvant chemotherapy, operative type, and diversion
type. The patient’s clinical and pathological information
was reviewed. Clinical and pathological information included
age, gender, body mass index (BMI), American Society of
Anesthesiologists (ASA) physical status, operative method,

urinary diversion type, pathological tumor/lymph nodes/me-
tastasis (TNM) staging, presence of margin positive, carci-
noma in situ, lymphovascular invasion (LVI), number of
removed lymph nodes, number of positive lymph nodes,
neoadjuvant and adjuvant chemotherapy, and adjuvant
radiotherapy. Oncologic outcomes data were also collected
for recurrence, mortality, and mortality due to cancer.

All patients were admitted to the hospital 2 days before
surgery to undergo a 2-day bowel preparation. A preopera-
tive laboratory blood test was performed at admission. Post-
operative follow-up was performed according to our hospital
protocol as follows. Follow-up was performed every 3
months until 3 years after radical cystectomy, every 6 months
for 5 years postoperative, and every year after the first 5 years
postoperative. Routine laboratory tests, urine cytology, urine
analysis, and cystoscopy were performed at each follow-up
after radical cystectomy. In addition, ultrasonography blad-
der scans for a postvoid urine check were performed at each
follow-up in neobladder patients. Computed tomography
(CT) and bone scans were performed every year [21].

2.3. Statistical Analysis. The analysis of the continuous vari-
ables was expressed as a median value and interquartile range
(IQR) or mean value and standard deviation (SD) using
descriptive statistics. The analysis of nominal variables is
expressed as probability (%) using crossover analysis. The
primary endpoint was overall survival (OS), and the second-
ary endpoints were recurrence-free survival (RFS) and
cancer-specific survival (CSS). All oncologic outcomes were
analyzed using Kaplan–Meier survival analysis and logrank
test. Various factors affecting oncologic outcome were ana-
lyzed using Cox proportional hazard regression analysis.
Additionally, 1 : 1 propensity score matching was performed
and perioperative conditions were matched using nonparsi-
monious multivariate logistic regression. The perioperative
conditions included age, gender, BMI, ASA physical status,
operation type, diversion type, tumor size, and neoadjuvant
chemotherapy. Pathological stage and grade, surgical margin
positivity, LVI, carcinoma in situ (CIS), number of removed
lymph nodes, number of positive lymph nodes, adjuvant che-
motherapy, and radiotherapy were excluded from propensity
matching because these variables cannot be used to deter-
mine the preoperative condition. A total of 305 patients with
high AST/ALT ratios were matched in a 1 : 1 ratio to 466
patients with low AST/ALT ratios using the nearest neighbor
method with 0.02 calibration. The propensity score matching
was well calibrated and differentiated in most items with a
standardized mean difference of less than 0.05.

All statistical tests were performed using IBM SPSS Sta-
tistics, version 22.0 (IBM, Armonk, NY, USA), and a P value
of <0.05 was considered to indicate statistical significance.

3. Results

3.1. Clinical and Pathological Characteristics of Patients. A
total of 771 patients diagnosed with UC in the bladder
who underwent radical cystectomy were included. The
median follow-up was 84 months (IQR 36–275). Of the total
patients, 84.5% were men and the mean age was 64.8 years
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Table 1: Clinicopathological characteristics of patients before and after propensity score matching.

Variables
Before propensity score matching After propensity score matching

Low AST/ALT
(N = 466)

High AST/ALT
(N = 305) P value

Low AST/ALT
(N = 305)

High AST/ALT
(N = 305) P value

Mean age (year) 62 9 ± 9 9 67 2 ± 10 0 <0.001 64 6 ± 8 8 67 2 ± 10 0 0.001

Gender <0.001 <0.001
Female 45 (9.6%) 74 (24.3%) 31 (10.2%) 74 (24.3%)

Male 421 (90.4%) 231 (75.7%) 274 (89.8%) 231 (75.7%)

BMI (kg/m2) 23 7 ± 3 8 22 2 ± 2 9 <0.001 23 0 ± 2 7 22 2 ± 2 9 0.067

ASA 0.373 0.714

1 172 (36.9%) 103 (33.7%) 110 (36.0%) 103 (33.7%)

2 275 (59.0%) 182 (59.7%) 180 (59.0%) 182 (59.7%)

≥3 19 (4.1%) 20 (6.6%) 15 (4.9%) 20 (6.6%)

Operative type 0.218 0.273

Open 424 (91.0%) 285 (93.5%) 295 (93.4%) 285 (93.5%)

Laparoscopic 24 (5.2%) 16 (5.2%) 11 (3.6%) 16 (5.2%)

Robot 18 (3.8%) 4 (1.3%) 9 (3.0%) 4 (1.3%)

Diversion type 0.052 0.168

Conduit 253 (54.3%) 194 (63.6%) 209 (68.5%) 194 (63.6%)

Neobladder 213 (45.7%) 111 (36.4%) 96 (31.5%) 111 (36.4%)

Tumor grade 0.396 0.569

Low 12 (2.6%) 11 (3.6%) 10 (3.3%) 11 (3.6%)

High 454 (97.4%) 294 (96.4%) 295 (96.7%) 294 (96.4%)

Tumor size (cm) 2 4 ± 3 0 3 3 ± 3 2 0.017 1 2 ± 2 4 3 3 ± 3 2 0.058

Pathological T stage 0.002 0.112

T1 73 (15.7%) 57 (18.7%) 53 (17.4%) 57 (18.7%)

T2 264 (56.7%) 122 (40.0%) 156 (51.0%) 122 (40.1%)

T3 106 (22.7%) 104 (34.1%) 80 (26.2%) 104 (34.1%)

T4 23 (4.9%) 22 (7.2%) 16 (5.2%) 22 (7.2%)

Margin positive 7 (1.5%) 15 (4.9%) 0.036 5 (1.6%) 15 (4.9%) 0.041

LVI 129 (27.6%) 106 (34.8%) 0.055 90 (29.5%) 106 (34.8%) 0.193

CIS 155 (33.3%) 97 (31.8%) 0.735 97 (31.8%) 97 (31.8%) 1.000

Pathological N stage 0.455 0.544

N0 382 (82.0%) 240 (78.7%) 252 (82.6%) 240 (78.7%)

N1 34 (7.3%) 20 (6.6%) 20 (6.6%) 20 (6.6%)

N2 42 (9.0%) 38 (12.5%) 28 (9.2%) 38 (12.5%)

N3 8 (1.7%) 7 (2.3%) 5 (1.6%) 7 (2.3%)

Removed LN 18 9 ± 11 7 16 9 ± 10 9 0.018 17 1 ± 11 5 16 9 ± 10 9 0.158

Positive LN 0 7 ± 2 5 1 0 ± 3 0 0.199 0 6 ± 2 3 1 0 ± 3 0 0.146

Pathological M stage 0.749 0.966

M0 462 (99.2%) 304 (99.7%) 363 (99.2%) 304 (99.7%)

M1 4 (0.8%) 1 (0.3%) 2 (0.7%) 1 (0.3%)

NACH 64 (13.7%) 39 (12.8%) 0.827 40 (13.1%) 39 (12.8%) 0.976

ACH 99 (21.2%) 74 (24.3%) 0.414 65 (21.3%) 74 (24.3%) 0.440

ART 4 (0.8%) 3 (1.0%) 0.986 3 (1.0%) 3 (1.0%) 1.000

Recurrence rate 139 (29.8%) 115 (37.7%) 0.037 89 (29.2%) 115 (37.7%) 0.032

Mortality 141 (30.3%) 140 (45.9%) <0.001 96 (31.5%) 140 (45.9%) <0.001
Cancer-caused mortality 88 (18.9%) 96 (31.5%) <0.001 59 (19.3%) 96 (31.5%) 0.001

AST/ALT ratio 0 9 ± 0 2 1 7 ± 1 6 <0.001 0 9 ± 0 2 1 7 ± 1 6 <0.001
ASA: American Society of Anesthesiologists; BMI: body mass index; NACH: neoadjuvant chemotherapy; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; LVI: lymphovascular invasion; CIS: carcinoma in situ; LN: lymph node; NACH: neoadjuvant chemotherapy; ACH: adjuvant
chemotherapy; ART: adjuvant radiotherapy.
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(SD ± 10 2). Most patients (91.9%) received open radical
cystectomy. Table 1 shows the clinical and pathological
characteristics of the patients. Patients were divided into
two groups based on an AST/ALT ratio of 1 : 1. The mean
age of the high AST/ALT group was significantly higher
than that of the low AST/ALT group (P < 0 001). In addi-
tion, the tumor size was larger (P = 0 017) in the high
AST/ALT group. In the pathological T stage, T2 was rela-
tively low in the AST/ALT group, while T3 and T4 were high
in the AST/ALT group. In the pathological T stage, T2 was
relatively higher in the low AST/ALT group. However, T3
and T4 were higher in the high AST/ALT group (P = 0 002).
The surgical margin positive rate was higher in the high
AST/ALT group (P = 0 036), and the number of removed
lymph nodes was higher in the low AST/ALT group
(P = 0 018). The recurrence rate in the high AST/ALT group
was higher than that in the low AST/ALT group (P = 0 037).
Overall, bladder cancer-caused mortality was also higher in
the high AST/ALT group than in the low AST/ALT group
(P < 0 001). After the propensity score matching, 1 : 1 match-
ing was performed for age, gender, BMI, ASA physical sta-
tus, operation type, diversion type, tumor size, removed
lymph node, and neoadjuvant chemotherapy. The propen-
sity score matching was 1 : 1 matched for age, gender, BMI,
ASA physical status, operation type, diversion type, tumor
size, and neoadjuvant chemotherapy. The propensity score
matching was well calibrated and differentiated in most items.
However, the mean age and gender were not well matched
because of the limited number of populations.

3.2. Correlation between Serum Preoperative AST/ALT Ratio
and Oncologic and Survival Outcomes before Propensity Score
Matching. The overall mortality rate was significantly higher
(45.9%) in the high AST/ALT group (P < 0 001) than in the
low AST/ALT group (30.3%). The cancer-causing mortality
rate and recurrence rate were also significantly higher in the
high AST/ALT group (P < 0 001 and P = 0 037, respectively)
(Table 1). Kaplan–Meier analysis shows that the low
AST/ALT group has a better prognosis for OS (P < 0 001),
CSS (P < 0 001), and RFS (P = 0 001) than the high AST/ALT
group (Figures 1(a)–1(c)). The multivariate Cox analysis
showed that a high preoperative AST/ALT ratio was a signif-
icant independent predictor of poor prognosis such as OS
(HR 2.05, 95% CI 1.65-2.56, P = 0 007) and CSS (HR 1.32,
95% CI 0.69-2.56, P < 0 001) (Table 2). In addition, the
tumor size, high tumor grade, and pathological T and N
stages are associated with poor prognosis (Table 2).

3.3. After Propensity Score Matching. The overall mortality
rate was significantly higher (45.9%) in the high AST/ALT
group (P < 0 001) than in the low AST/ALT group
(31.5%). The cancer-causing mortality rate and recurrence
rate were also significantly higher in the high AST/ALT
group (P = 0 001 and P < 0 001, respectively) (Table 1).
Kaplan–Meier analysis shows that the low AST/ALT group
has a better prognosis for OS (P < 0 001), CSS (P < 0 001),
and RFS (P = 0 001) than the high AST/ALT group
(Figures 1(d)–1(f)). The multivariate Cox analysis showed
that a high preoperative AST/ALT ratio was a significant

independent predictor of poor prognosis such as OS (HR
1.57, 95% CI 1.20-2.06, P = 0 001), CSS (HR 1.76, 95% CI
1.26-2.48, P = 0 001), and RFS (HR 1.53, 95% CI 1.15-2.05,
P = 0 004) (Table 3). In addition, the tumor size, high tumor
grade, and pathological T, N, and M stages are also associ-
ated with poor prognosis. The NACH was associated with
good prognosis (Table 3).

4. Discussion

In our present study, patients with high AST/ALT ratio
showed significant association with poor prognosis in clinical
outcomes. We analyzed patients who underwent radical
cystectomy for MIBC or high-risk bladder cancer intolerant
to intravesical BCG treatment. The number of patients was
617 in 24 years. The cohort was relatively large, and the
follow-up period was relatively long. We performed a 1 : 1
propensity matching of preoperative factors, except for the
AST/ALT ratio to compensate for the bias due to preopera-
tive factors. Due to the limited number of patients, one-to-
many propensity matching could not be performed. Propen-
sity matching was not satisfactory, but preoperative factors
except mean age and gender matched. Increased AST/ALT
ratio before radical cystectomy is a negatively prognostic fac-
tor. Preoperative high AST/ALT group has a poor prognosis
for OS (P < 0 001), CSS (P < 0 001), and RFS (P = 0 004)
than the low AST/ALT group. And preoperative AST/ALT
ratio is a significant prognostic factor of postoperative onco-
logic outcomes. The matched results also show that a preop-
erative high AST/ALT ratio is negatively correlated with
survival outcomes such as OS (HR 1.57, 95% CI 1.20–2.06,
P = 0 001), CSS (HR 1.76, 95% CI 1.26–2.48, P = 0 001),
and RFS (HR 1.53, 95% CI 1.15–2.05, P = 0 004).

AST/ALT ratio has been reported as a predictor of prog-
nosis in lung cancer, colorectal cancer, pancreatic cancer,
breast cancer, and kidney cancer [12–16]. Rawson and Peto
conducted a retrospective analysis of 3873 patients with small
cell lung cancer. The AST and AST/ALT ratios were consid-
ered to be important prognostic indexes [15]. Stoken et al.
analyzed the prognostic factors of pancreatic cancer in 653
patients and reported the effect of AST as a prognostic factor
[16]. Bezan et al. analyzed 698 patients retrospectively. They
reported that the AST/ALT ratio is an independent prognos-
tic factor related to poor prognosis of metastasis-free survival
(HR 1.61, 95% CI 1.25-2.07, P < 0 001) and OS (HR 1.76,
95% CI 1.34-2.32, P < 0 001) in patients with nonmetastatic
renal cell carcinoma [18]. Lee et al. analyzed retrospectively
2965 patients with nonmetastatic renal cell carcinoma
(RCC). The AST/ALT ratio of 1 : 2 or more was the predictor
of poor prognosis of disease progression (HR 1.37, 95% CI
1.00–1.88, P = 0 048), overall mortality (HR 1.56, 95% CI
1.07–2.27, P = 0 021), and cancer-specific mortality (HR
1.97, 95% CI 1.25–3.12, P = 0 004) [22]. In Chougule’s study,
92 neck cancer patients without liver metastases and 71 uter-
ine cervix cancer patients had increased AST and ALT values
from 133% to 229% of normal value, which decreased to a
normal level after radiotherapy [23]. In the O’Reilly et al.
study of 312 breast cancer patients, 84% of the patients had
biochemical abnormalities in AST, and the elevation levels
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Figure 1: Kaplan–Meier survival curves of overall survival, cancer-specific survival, and recurrence-free survival according to the
preoperative aspartate transaminase (AST)/alanine transaminase (ALT) ratio before (a–c) and after (d–f) propensity score matching.
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of AST were associated with an important association of
survival (P < 0 001) [24]. In the case of UC, Lee et al. retro-
spectively analyzed 623 UTUC patients who underwent
nephroureterectomy [20]. Elevated preoperative AST/ALT
is a poor prognostic factor for the postoperative survival out-
come of UTUC. The postoperative survival outcomes were
PFS (HR 2.33, 95% CI 1.63-3.34, P < 0 001), CSS (HR 2.55,
CI 1.69-3.85; P < 0 001), and OS (HR 2.07, 95% CI 1.41-
3.03, P < 0 001). Gorgel et al. retrospectively analyzed 153
patients who underwent radical cystectomy [25]. The preop-
erative AST/ALT ratio was a significant prognostic factor for
OS (HR 2.61, 95% CI 1.49-4.56, P < 0 001) and disease-free
survival (HR 5.79, 95% CI 2.25-15.13, P < 0 001). Pathologi-
cal T stage and age were correlated with prognosis. In addi-
tion, the AST/ALT ratio cutoff value was 1.3. In our study,
the size of the tumor, neoadjuvant chemotherapy, and type
of diversion were correlated with prognosis. The AST/ALT
ratio cutoff value was 1.1. Ha et al. retrospectively analyzed

118 patients who underwent radical cystectomy. A high
AST/ALT ratio was a poor prognostic factor for metastasis-
free survival (HR 2.39, 95% CI 1.16-4.91, P = 0 018), CSS
(HR 2.75, 95% CI 1.21-6.25, P = 0 015), and OS (HR 2.76,
95% CI 1.26-6.07, P = 0 011). The AST/ALT ratio cutoff
value was 1.3 [26].

Several hypotheses have been presented to explain the
association of the AST/ALT ratio with cancer. The most
well-known of these hypotheses is the “Warburg effect.” In
cancer cell metabolism, glucose uptake and anaerobic glycol-
ysis are increased for the ATP production of adenosine tri-
phosphatase (ATP) [27]. Cancer cells produce sufficient
ATP through glycolysis metabolism, thereby promoting the
multiplying of cancer cells. In addition, increased glycolysis
reduces pH and increases lactate secretion. Reduced pH
affects the tumor microenvironment and has a favorable
effect on cancer progression, metastasis, and local invasion
[28, 29]. Also, increased lactate has been suggested to play

Table 2: Multivariate Cox proportional hazards analyses of AST/ALT ratio on overall survival, cancer-specific survival, and recurrence-
free survival.

Variables
Overall survival Cancer-specific survival Recurrence-free survival

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 1.03 (1.00-1.01) 0.032 1.05 (1.01-1.09) 0.022 1.01 (0.97-1.04) 0.633

BMI 0.92 (0.84-1.01) 0.099 0.92 (0.84-1.02) 0.103 1.06 (1.00-1.13) 0.043

Tumor size 1.16 (1.09-1.24) <0.001 1.16 (1.09-1.24) <0.001 1.13 (1.07-1.20) <0.001
High tumor grade 1.58 (1.10-2.28) 0.013 1.65 (1.09-2.49) 0.017 1.30 (0.90-1.88) 0.159

≥pT2 stage 3.30 (1.18-9.21) 0.022 5.78 (2.51-13.35) <0.001 5.14 (2.05-12.90) <0.001
≥N1 stage 1.37 (1.06-1.77) 0.014 1.35 (1.05-1.74) 0.018 1.54 (1.20-1.97) <0.001
≥M1 stage 1.68 (0.23-11.99) 0.605 3.89 (0.45-33.90) 0.219 1.73 (0.22-13.58) 0.604

NACH 1.21 (0.60-2.42) 0.594 1.33 (0.63-2.78) 0.191 1.86 (0.80-4.26) 0.142

AST/ALT ratio

AST/ALT ≤1.1 Reference Reference Reference

AST/ALT >1.1 2.15 (1.23-3.73) 0.007 2.05 (1.65-2.56) <0.001 1.32 (0.69-2.56) 0.087

BMI: body mass index; NACH: neoadjuvant chemotherapy; ALT: alanine aminotransferase; AST: aspartate aminotransferase.

Table 3: Multivariate Cox proportional hazards analyses of AST/ALT ratio on overall survival, cancer-specific survival, and recurrence-free
survival after propensity score matching.

Variables
Overall survival Cancer-specific survival Recurrence-free survival

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 1.03 (1.01-1.04) <0.001 1.02 (0.99-1.03) 0.092 1.00 (0.99-1.02) 0.876

BMI 0.92 (0.87-0.96) <0.001 0.94 (0.88-0.99) 0.034 0.97 (0.92-1.02) 0.299

Tumor size 1.09 (1.05-1.15) <0.001 1.11 (1.05-1.17) <0.001 1.09 (1.04-1.14) 0.001

High tumor grade 1.51 (1.04-2.18) 0.018 1.70 (1.13-2.55) 0.010 1.37 (0.95-1.98) 0.093

≥pT2 stage 5.36 (2.12-13.51) <0.001 6.99 (3.00-16.28) <0.001 13.47 (4.25-42.65) <0.001
≥N1 stage 1.36 (1.05-1.75) 0.018 1.35 (1.05-1.74) 0.018 1.60 (1.25-2.06) 0.002

≥M1 stage 1.27 (0.74-2.18) 0.394 1.71 (0.98-3.00) 0.060 2.10 (1.23-3.60) 0.007

NACH 0.51 (0.35-0.75) 0.001 0.45 (0.29-0.69) <0.001 0.47 (0.32-0.67) <0.001
AST/ALT ratio

AST/ALT ≤1.1 Reference Reference Reference Reference Reference Reference

AST/ALT >1.1 1.57 (1.20-2.06) 0.001 1.76 (1.26-2.48) 0.001 1.53 (1.15-2.05) 0.004

BMI: body mass index; NACH: neoadjuvant chemotherapy; ALT: alanine aminotransferase; AST: aspartate aminotransferase.
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an important role in maintaining glycolysis, affecting the lac-
tate dehydrogenase and nicotinamide adenine dinucleotide
(NADH)/NAD+ ratio, and affecting the glucose transporter
[30]. The AST plays an important role in glycolysis by relo-
cating NADH to mitochondria.

UC is known to be associated with glucose metabolism
[31, 32]. In addition, Whyard et al. reported fluorescence
microscopy to show the difference in glucose consumption
between urothelium and malignant urothelial cells [32]
Therefore, although AST and ALT are associated with UC,
the mechanism of the association between the UC and
AST/ALT ratios is still unclear and further research is
needed.

The present study has several limitations. Retrospective
research design can have an inherent bias. In addition, the
undetectable illness, the condition of the patient, and
medications currently taken by the patient may have
affected AST and ALT. Finally, our target population was
confined to Korean patients and could therefore not reflect
the differences among patients according to race. Further
research and prospective studies are needed to verify our
results.

5. Conclusions

Increased AST/ALT ratio before radical cystectomy is a neg-
atively prognostic factor that has a significant effect on the
postoperative survival of bladder UC patients. Additional
prospective studies are needed to identify the specific mech-
anisms for bladder UC and AST/ALT ratio.
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Background. Colony-stimulating factor-1 (CSF-1) is a homodimeric glycoprotein. The main role of CSF-1 is as a hematopoietic
growth factor that modulates proliferation, differentiation, and survival of macrophages. Moreover, CSF-1 has also been
reported to be aberrantly expressed in several human cancers. However, the precise role of CSF-1 in upper tract urothelial
carcinomas (UTUC) has not been studied. In this research, we examined the clinical significance of CSF-1 expression in
UTUC. Materials and Methods. One hundred twelve cancer tissue samples of UTUC from patients were included in this
study, and the other cohort of 35 UTUC were paired cancer-adjacent normal samples. CSF-1 expression was evaluated by
immunohistochemistry, and the association of CSF-1 expression with different clinicopathological variables was analyzed.
Results. CSF-1 expression was higher in UTUC than in the normal urothelium (P = 0 005). The CSF-1 expression was
primarily localized in the nucleus and was significantly correlated with tumor size (P = 0 04) and patients who had a high stage
(P < 0 001), distant metastasis (P = 0 006), recurrence (P = 0 003), and cancer death (P = 0 005). High CSF-1 expression was
correlated with poor disease-free survival (P = 0 008) and cancer-specific survival (P = 0 001). Our results also used univariate
and multivariable analyses, which found that high CSF-1 expression was an independent predictor of poor disease-free survival
(hazard ratio = 2 56; P = 0 007) and cancer-specific survival (hazard ratio = 5 14; P = 0 022). Conclusions. Our findings indicate
that the expression of CSF-1 is a potential prognostic marker for predicting patient survival and recurrence in UTUC.

1. Introduction

Urothelial carcinomas (UC) can be categorized into three
groups: bladder (UCB), renal pelvis, and ureter [1]. Upper
tract urothelial carcinomas (UTUC) includes both ureteral
and renal pelvic tumors [2]. UTUC is a rare cancer with
vastly different characteristics between eastern and western

countries; e.g., the male-to-female ratio is 1 : 1.2 in Taiwanese
UTUC patients [3] but the ratio of patients in western coun-
tries is reversed [4]. In western countries, the incidence of
urothelial carcinomas presenting as UCB is 90-95% [5], while
UTUC is rare, accounting for only 5-10% of all urothelial car-
cinomas [6–8]. However, the incidence of UTUC in Taiwan
is markedly higher at 30% of all urothelial carcinomas [9].
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It is probable that various genetic, environmental, and other
risk factors lead to a higher incidence of UTUC in Taiwan
[10, 11]. The main predicting factor for prognosis is the can-
cer stage [12]. However, even in the same pathological stage
and with standard treatment, patients still have divergent
prognoses. Our previous studies have demonstrated some
possible prognostic biomarkers such as hypoxia-induced
factor 1α (HIF-1α) [13], leptin receptor [14], and signal
transducer and activator of transcription 3 (STAT3) [15]
associated with UTUC. However, the exact molecular mech-
anism of UTUC progression is not widely understood, and
therefore, no probable prognostic markers have been proven.

Colony-stimulating factor-1 (CSF-1), also called “macro-
phage colony-stimulating factor” (M-CSF), is an important
hematopoietic growth factor. CSF-1 binds to its recep-
tor—the colony-stimulating factor-1 receptor (CSF-1R/c-
fms)—and regulates the survival, differentiation, and pro-
liferation of the monocyte-macrophage lineage [16, 17].
Additionally, several studies reveal that CSF-1 can promote
tumor cell progression, migration, invasion, and metastasis
[18–21]. CSF-1 is produced by macrophages, fibroblasts,
and epithelial cells and is also secreted by tumor cells.
Overexpression of CSF-1 has been associated with several
human cancers, including breast cancers [22, 23], renal
cell carcinomas [24], and ovarian cancers [25]. Moreover,
clinical studies have shown that high CSF-1 levels have been
linked to a poor prognosis in pancreatic cancer [26], prostate
cancer [27], colorectal cancer [28], and clear-cell renal cell
carcinoma [29].

Because there is no published research investigating the
role of CSF-1 in UTUC, we aim to examine the association
between the clinicopathological behavior of UTUC and
CSF-1 expression in cancer tissues.

2. Materials and Methods

2.1. Surgical Specimens and Clinicopathological Data. One
hundred twelve formalin-fixed UTUC tissues and thirty-
five paired noncancerous urothelial samples were obtained
from the Department of Urology, Kaohsiung Medical Uni-
versity Hospital, from 1997 to 2006 as previously described
[14, 15]. All samples were histologically confirmed to be
UC. All patients were treated with nephroureterectomy and
excision of the bladder cuff. Medical records were reviewed
retrospectively and clinicopathological data were retrieved.
A follow-up protocol was created according to the National
Comprehensive Cancer Network (NCCN) guidelines. The
median follow-up time was 40.39 months, and the range
was between 1 and 136 months. Disease-free survival was
calculated from the date of surgery to the date of UTUC
recurrence. Cancer-specific survival was defined as the time
from the date of surgery to the date of cancer death. The
pathologic grade was classified according to the World
Health Organization (WHO) histologic criteria, and tumor
staging was determined according to the Union for Interna-
tional Cancer Control tumor-node-metastasis classification.
The clinicopathological parameters were obtained by retro-
spectively reviewing medical records. An informed consent
was provided to the patient and signed before surgery. The

study protocol was reviewed and approved by the Institu-
tional Review Board of KaohsiungMedical University Hospi-
tal (KMUH-IRB-E(II)-20170070).

2.2. Immunohistochemical Staining of CSF-1. Four-microme-
ter-thick sections from paraffin-embedded blocks were cut
onto precoated slides, followed by deparaffinization, rehydra-
tion, and antigen retrieval as previously described [14, 15].
Endogenous peroxidase was blocked per the manufacturer’s
protocol (Dako, Carpinteria, CA). The slides were incu-
bated with an anti-CSF-1 monoclonal antibody (MABF191,
Merck Millipore) at a 1 : 200 dilution at 4°C for 1 h. Primary
antibodies were detected using the Dako ChemMate EnVi-
sion Kit (K5001, Dako, Carpinteria, CA). Finally, the slides
were counterstained with hematoxylin and investigated by
light microscopy.

2.3. Evaluation of Immunohistochemical Staining. Scoring for
CSF-1-positive staining was decided based on the percentage
of positively stained cells in 4 quantitative categories as previ-
ously described [14, 15]: score 1, <25% positive cells; score 2,
26% to 50% positive cells; score 3, 51% to 75% positive cells;
and score 4, >76% positive cells. The cancer immunostaining
was inspected by 2 qualified pathologists who were blinded to
the clinical status of the patients. Any discrepancies in scor-
ing between pathologists were jointly reviewed, and a concor-
dance was reached.

2.4. Statistical Analysis. All statistical analyses were executed
using the SPSS statistical package for PC (version 14.0, IBM,
Armonk, NY) as previously described [14, 15]. As a represen-
tation of indicative CSF-1 levels, tumors with scores of 1 or 2
were categorized as low expression (i.e., <50% positively
stained cells), whereas tumors with scores of 3 or 4 were cat-
egorized as high expression (i.e., >50% positively stained
cells). A Wilcoxon singed-rank test was used to test the dif-
ference of the CSF-1 expression between UTUC and the
tumor-adjacent normal urothelium. Fisher’s and chi-square
tests were used to analyze for associations between the CSF-
1 expression and tumor size, tumor stage, tumor grade, gen-
der, age, tumor side, lymphovascular invasion, distant metas-
tasis, recurrence, and serum creatinine level. Survival curves
were created using Kaplan-Meier estimates, and the impor-
tance of differences between curves was estimated using the
log-rank test. In addition, hazard ratios (HRs) and 95% con-
fidence intervals (CIs) calculated from univariate and multi-
variate Cox regression models were used to investigate the
connection between clinicopathologic parameters and sur-
vival as previously described [14, 15]. P values less than
0.05 were regarded as statistically significant.

2.5. Cell Lines and Cell Culture. BFTC909, a human renal
pelvis transitional cell line [30], was purchased from the
Bioresource Collection and Research Center (BCRC, #60069,
Taiwan). This cell line was cultured in Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) and antibiotic-antimycotic (Gibco™)
and incubated at 37°C, 5% CO2. UM-UC-14, a human tran-
sitional cell carcinoma of the renal pelvis, was purchased
from the European Collection of Authenticated Cell Cultures
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Figure 1: (a) Comparison with CSF-1 levels in 35 pairs of upper tract urothelial carcinomas (UTUC) and the corresponding cancer-adjacent
normal tissues. The CSF-1 expression level was significantly higher in UTUC than in the normal urothelium (paired Wilcoxon signed-rank
test, P = 0 005). (b) Immunohistochemistry staining for CSF-1 in UTUC and normal urothelium. (×200). (c) CSF-1 mainly localized in the
nucleus of BFTC909 and UM-UC-14 cancer cells. Analysis of CSF-1 intracellular localization by immunofluorescence. Routinely cultured
cells were subjected to immunofluorescence using an anti-CSF-1 antibody and nucleus stained with the DAPI. (upper panels: ×400, lower
panels: ×200).
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(ECACC). This cell line was cultured in Eagle’s Minimum
Essential Medium (EMEM) supplemented with 10% FBS,
2mM glutamine, 1% nonessential amino acids (NEAA),
and antibiotic-antimycotic and incubated at 37°C, 5% CO2.

2.6. Immunofluorescence. BFTC909 and UM-UC-14 cell lines
were seeded in a 35mm Glass Bottom Dish (ibidi) and incu-
bated at 37°C, 5% CO2. Immunofluorescence was performed
using the Image-iT™ Fixation/Permeabilization Kit (Invitro-
gen™). We removed the culture medium from the cells and
then performed cell fixation, permeabilization, and a block-
ing procedure per the manufacturer’s protocol. After block-
ing, we aspirated the blocking solution and incubated the
cells with an anti-CSF-1 monoclonal antibody (M-CSF Anti-
body (D-4), sc-365779, Santa Cruz) at a 1 : 50 dilution in
blocking solution at 4°C overnight. The cells were then incu-
bated with fluorescein isothiocyanate- (FITC-) conjugated

secondary antibody diluted in phosphate-buffered saline
(PBS) for 1 h at room temperature (protected from light).
Next, the cells were incubated with DAPI (Thermo Scien-
tific™) diluted in PBS for 10min at room temperature in
the dark. Finally, cells were mounted by ProLong™ Gold
Antifade Mountant (Thermo Scientific™) and observed using
a fluorescence microscope.

3. Results

3.1. CSF-1 Expression in Human UTUC and Nontumor
Urothelial Tissues. To validate the CSF-1 expression, we
investigated UTUC tissue samples from 35 patients com-
pared to paired cancer-adjacent normal tissues by immuno-
histochemistry. We found that the CSF-1 expression was
significantly higher in UTUC tissues than in the noncancer-
ous urothelium (P = 0 005) (Figure 1(a)). Positive staining

Score 1 Score 2

Score 3 Score 4

Negative control

Figure 2: The expression of CSF-1 in UTUC tissue was analyzed by immunohistochemistry. The extent of the expression was partitioned into
four classifications: score 1, <25% positive staining of tumor cells; score 2, 26% to 50% positive staining of tumor cells; score 3, 51% to 75%
positive staining of tumor cells; and score 4, >76% positive staining of tumor cells (×200).
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expression of CSF-1 predominantly appeared in the nucleus
of tumor cells in UTUC tissues (Figure 1(b)). We also used
the immunofluorescence method to detect the CSF-1 loca-
tion in UTUC cell lines (BFTC909 and UM-UC-14). The
results revealed that CSF-1 was confined to the cytoplasm
and nucleus, and it demonstrated a significantly higher
expression in the nucleus than in the cytoplasm (Figure 1(c)).

3.2. Association between CSF-1 Expression and Patient
Characteristics. The expression of CSF-1 in UTUC tissues
(n = 112) was examined by immunohistochemistry and cate-
gorized into four scores (quartiles). On the basis of the scor-
ing, tumor tissues were further sorted into low (scores of 1
and 2; 51.8%) and high (scores of 3 and 4; 48.2%) CSF-1
expression groups (Figure 2 and Table 1). We found that
the CSF-1 expression was positively correlated with tumor
size (P = 0 04, data not shown). Next, we examined the
CSF-1 expression for indication of correlation with different
clinicopathologic characteristics including tumor stage,
grade, gender, age, tumor location, tumor side, lymphovascu-
lar invasion, distant metastasis, recurrence, cancer death,
and serum creatinine level. The correlations between these
clinicopathologic variables and CSF-1 expression are listed

in Table 1.We found that high CSF-1 expression in UTUC tis-
sues was significantly associated with tumor stage (P < 0 001),
distant metastasis (P = 0 006), recurrence (P = 0 003), and
cancer death (P = 0 005).

3.3. A High Expression of CSF-1 Is Correlated with Poor
Prognosis. To examine parameters related to CSF-1 expres-
sion in UTUC patients, we used univariate and multivariate
analyses. The data indicated significant associations between
disease-free survival and the following two factors: tumor
stage (HR = 1 76, CI = 1 01‐3 08, P = 0 046) and CSF-1
expression (HR = 2 14, CI = 1 20‐3 81, P = 0 01) in univariate
analysis (Table 2). However, following the multivariate analy-
sis, only the CSF-1 expression was related to disease-free
survival (HR = 2 56, CI = 1 30‐5 04, P = 0 007) (Table 2).
Univariate analysis also demonstrated that both tumor stage
and CSF-1 expression were associated with cancer-specific
survival (Table 2). High tumor stage and CSF-1 expression
were correlated with a significant reduction in cancer-
specific survival (HR = 6 03, CI = 2 17‐16 80, P = 0 001,
and HR = 5 18, CI = 1 71‐15 71, P = 0 004, respectively).
In the multivariate analysis, we found that cancer-specific
survival was also related to CSF-1 expression (HR = 5 14,

Table 1: Correlation of CSF-1 expression with clinicopathological characteristics in upper tract urothelial carcinomas.

Variables Item Patient no. (%)
CSF-1

P valueLow High
No. % No. %

Total 112 (100) 58 51.8 54 48.2

Stage
I/II 73 (65.2) 47 81.0 26 48.1 <0.001a

III/IV 39 (34.8) 11 19.0 28 51.9

Grade
Low 30 (26.8) 17 29.3 13 24.1 0.532a

High 82 (73.2) 41 70.7 41 75.9

Gender
Female 68 (60.7) 37 63.8 31 57.4 0.489a

Male 44 (39.3) 21 36.2 23 42.6

Age (years)
<65 42 (37.5) 17 29.3 25 46.3 0.068a

≥65 70 (62.5) 41 70.7 29 53.7

Tumor location

Ureter 47 (42.0) 25 43.1 22 40.7 0.300a

Renal pelvis 45 (40.2) 20 34.5 25 46.3

Renal pelvis+ureter 20 (17.9) 13 22.4 7 13.0

Tumor sidec
Right 49 (44.5) 25 44.6 24 44.4 0.983a

Left 61 (55.5) 31 55.4 30 55.6

Lymphovascular invasion
Negative 89 (79.5) 48 82.8 41 75.9 0.371a

Positive 23 (20.5) 10 17.2 13 24.1

Distant metastasis
Negative 96 (85.7) 55 94.8 41 75.9 0.006b

Positive 16 (14.3) 3 5.2 13 24.1

Recurrence
Negative 62 (55.4) 40 69.0 22 40.7 0.003a

Positive 50 (44.6) 18 31.0 32 59.3

Cancer death
No 93 (83.0) 54 93.1 39 72.2 0.005b

Yes 19 (17.0) 4 6.9 15 27.8

Creatinine (mg/dl)
≤1.5 66 (58.9) 35 60.3 31 57.4 0.752a

>1.5 46 (41.1) 23 39.7 23 42.6
aThe P value was calculated by the chi-square test. bThe P value was calculated by the Fisher’s exact test. cTumor side was not determined in a small portion of
the patients.
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CI = 1 27‐20 84, P = 0 022). Next, we explored whether the
CSF-1 expression in human UTUC tissue samples was
correlated to disease-free survival and cancer-specific survival
of patients using Kaplan-Meier survival analysis. Kaplan-
Meier survival curves showed that higher CSF-1 expression
correlated with a significantly lower disease-free survival
(P = 0 008) and cancer-specific survival (P = 0 001) (Figure 3).

4. Discussion

We offered the first evidence that high CSF-1 expression is a
potential prognostic marker for predicting patient survival
and recurrence of UTUC. First, the expression of CSF-1
was higher in UTUC tissues than in cancer-adjacent normal
tissues. Second, positive staining of CSF-1 was mainly
expressed in the nucleus. Third, a high level of CSF-1 posi-
tively correlated with tumor stage, tumor size, distant metasta-
sis, and recurrence. Finally, CSF-1 expression was associated
with poor disease-free and cancer-specific survival, and uni-
variate and multivariate proportional hazard analyses indi-
cated that it was also an independent prognostic biomarker
for patients with UTUC.

CSF-1 is a cytokine generated by different types of cells,
and it regulates the biological functions of monocytes and
macrophages, including cell proliferation, differentiation,
and survival [16, 17, 31]. Moreover, CSF-1 has also been
reported to induce angiogenic activity via recruitment of
macrophages, which secrete growth factors, proangiogenic
cytokines, and matrix metalloproteases (MMPs) to regulate

tumor cell invasion [32]. CSF-1 interacts with CSF-1R, which
is a tyrosine kinase transmembrane receptor produced by
the c-fms protooncogene [33]. The CSF-1/CSF-1R axis
has an important role in inflammation and immunity [31].
Moreover, CSF-1 and CSF-1R are also expressed in tumor-
associated macrophages (TAMs), promoting tumor progres-
sion and metastasis in several cancers [18, 34]. Studies have
shown that a paracrine loop in CSF-1/CSF-1R signaling
between TAMs and tumor cells is required in the tumor
microenvironment. Consistent with these findings, our
results demonstrated that high expression of CSF-1 in UTUC
tissue was correlated with tumor stage and distant metastasis.
Furthermore, recent findings indicate that CSF-1 signal
transduction pathways have an autocrine-loop function in
cancer cells. For instance, the CSF-1/CSF-1R axis could
induce phosphorylation and activation of STAT3, which pro-
motes cell survival and proliferation in renal cell carcinoma
[35]. Interestingly, our previous studies demonstrated that
high activated phospho-STAT3 (Ser727) expression is
associated with advanced tumor stage in UTUC tissues
and can predict poor prognosis in advanced-stage UTUC
patients [15]. STAT3 is a transcription factor whose acti-
vation contributes to many cancer functions including sur-
vival, proliferation, inflammation, angiogenesis, invasion,
and metastasis and is regarded as an oncogene [36–38].
Importantly, STAT3 activation has also been found to con-
tribute to the immunosuppressive tumor microenvironment
by prohibiting tumor cell apoptosis and promoting tumor
growth and metastasis [39]. Based on the conjunction of

Table 2: Univariate and multivariate analyses of disease-free survival and cancer-specific survival for upper tract urothelial carcinomas.

Variables Item
Disease-free survival Cancer-specific survival

Univariate Multivariate Univariate Multivariate
HR 95% CI P value HR 95% CI P value HR 95% CI P value HR 95% CI P value

Stage
III/IV 1.76 1.01-3.08 0.046 1.18 0.57-2.44 0.661 6.03 2.17-16.80 0.001 4.18 1.00-17.51 0.051

I/II 1.00 1.00 1.00 1.00

Grade
High 1.15 0.61-2.17 0.659 1.05 0.50-2.22 0.902 1.65 0.55-4.99 0.376 0.63 0.14-2.86 0.547

Low 1.00 1.00 1.00 1.00

Gender
Male 1.24 0.71-2.16 0.456 1.18 0.64-2.16 0.596 1.36 0.55-3.36 0.501 0.89 0.32-2.43 0.815

Female 1.00 1.00 1.00 1.00

Age (years)
≥65 1.68 0.92-3.05 0.091 1.54 0.78-3.07 0.216 1.43 0.54-3.77 0.470 1.11 0.33-3.72 0.870

<65 1.00 1.00 1.00 1.00

Tumor location

Renal pelvis +
ureter

1.39 0.68-2.83 0.364 1.47 0.64-3.37 0.365 1.11 0.37-3.32 0.856 1.33 0.31-5.82 0.701

Renal pelvis 0.76 0.40-1.45 0.406 0.67 0.34-1.31 0.243 0.56 0.19-1.68 0.301 0.42 0.13-1.34 0.143

Ureter 1.00 1.00 1.00 1.00

Tumor side
Left 0.80 0.46-1.40 0.443 0.84 0.46-1.55 0.584 0.59 0.24-1.48 0.263 0.43 0.14-1.29 0.131

Right 1.00 1.00 1.00 1.00

Lymphovascular
invasion

Positive 1.35 0.72-2.55 0.351 1.13 0.54-2.39 0.745 2.49 0.97-6.34 0.057 2.15 0.69-6.70 0.186

Negative 1.00 1.00 1.00 1.00

Creatinine
(mg/dl)

>1.5 1.06 0.60-1.88 0.844 0.93 0.50-1.73 0.822 0.76 0.29-2.00 0.570 0.59 0.19-1.76 0.342

≤1.5 1.00 1.00 1.00 1.00

CSF-1
High 2.14 1.20-3.81 0.010 2.56 1.30-5.04 0.007 5.18 1.71-15.71 0.004 5.14 1.27-20.84 0.022

Low 1.00 1.00 1.00 1.00

Abbreviations: HR: hazard ratio; CI: confidence interval.
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previous findings and our studies, we hypothesized that the
CSF-1 signaling pathway may be involved in UTUC develop-
ment by regulating phospho-STAT3 expression. It will be
taken into consideration in our future studies.

In this study, the immunohistochemistry analysis
revealed that the staining of CSF-1 was primarily expressed
in the nucleus, although previous studies indicated the stain-
ing position of CSF-1 was also in the cytoplasm of various
cancer cells such as renal cell carcinoma, soft tissue sarcomas,
and gastric cancer [29, 40, 41]. CSF-1 that is located in the
nucleus has been aptly named “nuclear-presenting M-CSF”
(nM-CSF) [42, 43]. CSF-1 can also colocalize with CSF-1R
in the nucleus in breast cancer cells [44]. Nuclear-presenting
M-CSF has been shown to promote cancer cell proliferation
and migration [45]. Our immunofluorescence staining in

UTUC cancer cells also found CSF-1 to be prominently
expressed in the nucleus. The evidence of these studies
and our results suggest that CSF-1 expressed in the nucleus
may contribute to UTUC progression and metastasis. How-
ever, the specific molecular mechanisms of CSF-1 in the
nucleus of UTUC cells is not widely understood. Although
there was a significant correlation between CSF-1 expres-
sion and poor prognosis in this study, the sample size was
small; a multi-institutional study with a more substantial
sample size is required to verify our results. Finally, we
hope our results can help with a prognostic determination
for UTUC patients and also help indicate a potential plan
for aggressive treatment.

5. Conclusions

High CSF-1 expression was found to be an independent
predictor of poor survival rates in patients with UTUC.
We hope our results will help determine the prognosis
for UTUC patients and may also help indicate a plan for
aggressive treatment.
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Backgrounds. Clear cell renal cell carcinoma (ccRCC) is the most common histologic subtype of renal cell carcinoma (RCC) and
shows a relatively poor prognosis among RCCs. Castor zinc finger 1 (CASZ1) is a transcription factor, prominently known for
its tumor suppression role in neuroblastoma and other cancers. However, there has been no research about the prognostic
significance of CASZ1 in ccRCC. In this study, we investigated CASZ1 expression in ccRCC and analyzed its prognostic
implications. Methods. A total of 896 ccRCC patients, who underwent surgical resection from 1995 to 2008, were included. We
prepared tissue microarray blocks, evaluated CASZ1 nuclear expression by immunohistochemistry, and classified the cases into
low or high expression categories. Results. A low expression of CASZ1 was observed in 320 cases (35.7%) and was significantly
associated with large tumor size, high World Health Organization/International Society of Urological Pathology (WHO/ISUP)
grade, and high T category and M category. In survival analysis, a low expression of CASZ1 was significantly correlated with
unfavorable progression-free survival (PFS) (p < 0 001), overall survival (OS) (p < 0 001), and cancer-specific survival (CSS)
(p < 0 001) and was an independent prognostic factor for PFS and CSS in multivariate analysis adjusted for tumor size,
WHO/ISUP grade, T category, N category, and M category. Conclusions. Our study is the first to show the prognostic
significance of CASZ1 expression in ccRCC. Our results revealed that low expression of CASZ1 is associated with poor
prognosis and may serve as a new prognostic indicator.

1. Introduction

Kidney cancer is the 15th most common cancer and the 17th
most common cause of cancer-related death worldwide [1].
Renal cell carcinoma (RCC) is the most common malignant
kidney tumor [2], and its incidence is increasing [3]. RCC
is a heterogenous group of carcinomas that includes a clear
cell subtype, a papillary subtype, and a chromophobe subtype
[4]. Each subtype differs in histological characteristics,
aggressiveness, and prognosis [5]. The most common histo-
logical subtype is the clear cell type, which makes up 80%
of all RCCs [6]. For clear cell RCC (ccRCC), surgical excision
is the primary treatment option, and in cases of surgically
unresectable tumors or in cases of recurrence, pazopanib or
sunitinib is used as first-line therapy [7].

Castor zinc finger 1 (CASZ1) is a transcription factor
that has been reported to play an important role in neural
and cardiac development [8, 9]. Some studies have suggested

that CASZ1 induces vascular assembly and morphogenesis
[10, 11]. Recent studies reported that CASZ1 regulates T
helper cell plasticity and has important implications for
autoimmune inflammation [12]. Some studies showed that
CASZ1 has a role in tumor progression. CASZ1 regulates
tumor growth and the process of development and thus
can be a candidate for tumor suppression in neuroblastomas
[13, 14]. Additionally, loss of CASZ1 is associated with poor
prognosis in neuroblastomas [15]. CASZ1 was found to be
significantly hypermethylated in esophageal squamous cell
carcinoma [16]. A CASZ1-MASP2 fusion transcript was
identified in colorectal cancer with 3′ overexpression of
MASP2 [17]. CASZ1 downregulation was correlated with
aggressiveness and poor outcome in hepatocellular carci-
noma (HCC) [18]. On the other hand, CASZ1 promoted
the epithelial-mesenchymal transition and cancer metastasis
in epithelial ovary cancer [19]. CASZ1 possibly plays differ-
ent roles in various cancers. It has been reported that the
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expression of CASZ1 is downregulated in ccRCC tissue [13],
but no study so far has investigated the relationship between
CASZ1 expression and prognosis in ccRCC. Thus, in this
study, we investigated CASZ1 expression in ccRCC and
analyzed its prognostic value.

2. Materials and Methods

2.1. Patients and Tissue Samples. In total, ccRCC tissues from
896 patients who underwent surgical resection at Seoul
National University Hospital (SNUH) from 1995 to 2008
were included in this study. We searched the computerized
database of the Department of Pathology, SNUH, and we ret-
rospectively collected clinical and pathologic information
from medical records and pathologic reports. We reviewed
hematoxylin and eosin- (H&E-) stained slides to confirm
the diagnosis and to identify various pathologic parameters.

A tissue microarray (TMA) block was prepared from
formalin-fixed paraffin-embedded tissue blocks (SuperBio-
Chips Laboratories, Seoul, Republic of Korea). For each case,
two tumor cores (2mm in diameter) were collected. Each
core was derived from different tumor areas with representa-
tive clear cell histology.

This study was approved by the Institutional Review
Board (IRB) of SNUH (IRB No H-1903-149-1022) and
was performed in accordance with the principles of the
Declaration of Helsinki.

2.2. Immunohistochemistry (IHC). For immunohistochemi-
cal analyses, the TMA blocks were cut at 4 μm thickness. A
rabbit anti-CASZ1 polyclonal antibody (Novus Biologicals,
Centennial, CO, USA) was used at a dilution of 1 : 100. IHC
was performed using the Ventana Benchmark XT automated
staining system (Ventana Medical Systems, Tucson, AZ,
USA) according to the manufacturer’s instructions.

2.3. Immunohistochemical Scoring. CASZ1 immunohisto-
chemical staining was mainly localized in the nucleus in pos-
itive cases. CASZ1 protein expression was evaluated by the
percentage of positively stained cells. The percentage of
stained cells is the ratio of the number of tumor cells with
positive CASZ1 staining to the total number of tumor cells
in the TMA tumor core area. The percentage of stained cells
was scored 0 to 5+ (0: no tumor cell staining, 1+: <1%, 2+:
1%-10%, 3+: 11%-33%, 4+: 34%-66%, and 5+: 67%-100%).
For each case, both cores were evaluated, and the mean
value was used for statistical analysis. In receiver operating
curve analysis, we discerned the optimal cut-off value with
the highest Youden index [20]. A score of 2.5 was used as
a cut-off value to classify all cases as either high CASZ1
expression or low CASZ1 expression. Representative images
of high and low CASZ1 expressions are shown in Figure 1.
One pathologist (B.K.) evaluated CASZ1 staining at two dif-
ferent time points, without awareness of the previous results
at the second evaluation. Any cases with discrepant results
were reviewed together with another pathologist (K.C.M.)
for final scoring.

2.4. Statistical Analysis. The follow-up period was the time
between the surgery and the last follow-up. The progression-

free survival (PFS) period was defined as the time period
between the time of surgery and the time of recurrence at
the operation site, lymph node metastasis, distant metastasis,
or death by clear cell renal cell carcinoma. The overall sur-
vival (OS) period was defined as the time period between
the time of surgery and the time of death, or it was censored
at the time of the last follow-up. The cancer-specific survival
(CSS) period was defined as the time period between the time
of surgery and the time of cancer-related death, or it was
censored at the time of the last follow-up.

The association between CASZ1 expression and the
patient’s clinicopathologic characteristics was evaluated by
the chi-squared test. The associations betweenCASZ1 expres-
sionandPFS,CSS, andOSwere evaluatedby theKaplan-Meier
method with the log-rank test. The significance of covariates
was evaluated by the univariate Cox proportional hazards
model. Multivariate analysis was performed with covariates
which showed statistical significance on univariate analysis.
Statistical analyses were performed using SPSS software (ver-
sion 23; IBM, Armonk, NY, USA). Two-sided p values of
<0.05 were considered to be statistically significant.

3. Results

3.1. Clinicopathologic Characteristics of Patients. Overall, 896
patients were included in this study, including 671 men and
225 women. The age of the patients ranged from 20 to 84
years, with the mean age of 56 years. The diameter of primary
tumors ranged from 5 to 220mm, with the mean diameter of
47mm. Lymph node metastasis was found in 16 cases (1.8%),
and distant metastasis was found in 68 cases (7.6%). Accord-
ing to the 8th edition of the TNM staging system of the AJCC
[21], 607 patients were in stage I, 77 patients in stage II, 139
patients in stage III, and 73 patients in stage IV. According to
the WHO/ISUP grading system [22], 53 cases were classified
as grade 1, 406 cases as grade 2, 360 cases as grade 3, and 77
cases as grade 4. There was no case that underwent neoadju-
vant therapy. Sixty-eight cases underwent adjuvant therapy,
which included 57 cases with distant metastasis at the time
of surgery and some cases with T category 4 or with lymph
node metastasis. A high expression of CASZ1 was observed
in 83.6% (749/896); a low expression of CASZ1 was observed
in 16.4% (147/896).

3.2. Association of CASZ1 Expression with Clinicopathologic
Characteristics. Table 1 summarizes the clinical and patho-
logic characteristics of the 896 cases. The low expression of
CASZ1 was significantly correlated with old age (>55 years)
(p = 0 037), large tumor size (p = 0 004), high WHO/ISUP
grade (p < 0 001), and high T category (p < 0 001) and
M category (p = 0 008) but not correlated with gender or
N category.

3.3. Association of CASZ1 Expression with Prognosis. The
follow-up period ranged from 1 to 288 months, and the
median follow-up period was 94 months. During the
follow-up period, disease progression was found in 117
cases (13.1%) and cancer-related death occurred in 53
cases (5.9%). Kaplan-Meier analysis showed that the low
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expression of CASZ1 was associated with unfavorable OS,
CSS, and PFS (p < 0 001, p < 0 001, and p < 0 001, respec-
tively) (Figure 2).

3.4. Univariate and Multivariate Analyses of Clinicopathologic
Parameters and Expression of CASZ1. Cox proportional haz-
ards analysis was performed to analyze the risk factors asso-
ciated with the survival of ccRCC patients. The results are
summarized in Tables 2 and 3. In univariate analysis, the
low expression of CASZ1 was a significant risk factor for
unfavorable OS (p < 0 001), CSS (p < 0 001), and PFS
(p < 0 001). Additionally, a high WHO/ISUP grade and high

T category, N category, and M category were significant risk
factors for unfavorable OS, CCS, and PFS. Multivariate anal-
ysis was performed with risk factors that were statistically
significant on univariate analysis. The CASZ1 expression
and high WHO/ISUP grade, T category, N category, and
M category were independent prognostic factors for OS,
CSS, and PFS.

4. Discussion

In this study, we analyzed the prognostic value of CASZ1
protein expression in ccRCC. We performed immunohisto-
chemical staining of CASZ1 in 896 ccRCC cases and demon-
strated that a low expression of CASZ1 was associated
significantly with advanced clinicopathologic parameters of
ccRCC such as large tumor size, highWHO/ISUP grade, high
T category and M category, and high TNM staging. Collec-
tively, our study results show that the low expression of
CASZ1 is significantly associated with shorter PFS, OS, and
CSS in patients with ccRCC. In multivariate analysis adjusted
for nuclear grade and overall stage, the low expression of
CASZ1 is an independent prognostic parameter for shorter
PFS and CSS of patients with ccRCC.

Great progress has been reported in the research about
tumorigenesis, management, and treatment of ccRCC, but
little has been discovered about its clinical biomarkers
except for the pathologic stage and microscopic necrosis.
CASZ1 is a transcription factor, and few studies have
revealed the expression of CASZ1 in tumors. In neuroblas-
toma and HCC, CASZ1 expression was lower in aggressive
stage tumors or in cases with poor prognosis [15, 18]. In
ovary epithelial cancer, on the other hand, CASZ1 expres-
sion was higher in metastatic tumors [19]. These results
indicate that CASZ1 has different tumor-specific roles in
different tumor types. In ccRCC, based on our study, we
suggest that a decreased CASZ1 expression seems to be cor-
related with tumor progression. To the best of our knowl-
edge, our study is the first to demonstrate the association
of CASZ1 protein expression with ccRCC clinicopathologic
correlation and prognosis.

Liu et al. suggested that CASZ1 activated pRb in the G1
cell cycle, thus inhibiting cell cycle progression, and reported

(a) (b)

Figure 1: Immunohistochemical expression of CASZ1 in clear cell renal cell carcinoma. Representative images of low (a) and high (b)
expressions (×200).

Table 1: Clinicopathologic characteristics of patients and
association with CASZ1 expression.

CASZ1 expression
Low N (%) High N (%) p value

Age (years)

≤55 58 (39.5%) 366 (48.9%) 0.037

>55 89 (60.5%) 383 (51.1%)

Gender

Male 111 (75.5%) 560 (74.8%) 0.849

Female 36 (24.5%) 189 (25.2%)

Tumor size (cm)

≤7 100 (68.0%) 592 (79.0%) 0.004

>7 47 (32.0%) 157 (21.0%)

WHO/ISUP grade

Grades 1-2 54 (36.7%) 405 (54.1%) <0.001
Grades 3-4 93 (63.3%) 344 (45.9%)

T category

T1-T2 101 (68.7%) 619 (82.6%) <0.001
T3-T4 46 (31.3%) 130 (17.4%)

N category

N0/Nx 143 (97.3%) 737 (98.4%) 0.349

N1 4 (2.7%) 12 (1.6%)

M category

M0 182 (87.1%) 700 (93.5%) 0.008

M1 19 (12.9%) 49 (6.5%)
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that in the gene set enrichment assay, CASZ1 repressed MYC
target genes in neuroblastoma [23, 24].

Wang et al. suggested that CASZ1 inhibits the MAP-
K/ERK signaling pathway by downregulating RAF1 in
HCC. These authors performed a Cignal Finder Cancer 10-

Pathway Reporter Array experiment and showed that the
MAPK/ERK pathway was the most affected. Immunohisto-
chemistry expression of phosphorylated-ERK (p-ERK),
MMP2, MMP9, and cyclin D1, which are regulated by the
MAPK/ERK signaling pathway, was increased in CASZ1-
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Figure 2: Kaplan-Meier curves for impact of the CASZ1 expression on overall survival, cancer-specific survival, and progression-free survival.

Table 2: Univariate analysis of overall, cancer-specific, and progression-free survival.

OS CSS PFS
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

CASZ1

Low vs. high 0.441 (0.328-0.593) <0.001 0.363 (0.254-0.518) <0.001 0.456 (0.342-0.608) <0.001
Age (years)

≤55 vs. >55 3.242 (2.383-4.410) <0.001 2.290 (1.596-3.285) <0.001 1.852 (1.420-2.415) <0.001
Gender

Male vs. female 1.160 (0.845-1.594) 0.359 1.149 (0.771-1.714) 0.494 1.0800 (0.800-1.457) 0.617

WHO/ISUP grade

1, 2 vs. 3, 4 2.650 (1.994-3.520) <0.001 6.093 (3.892-9.538) <0.001 3.034 (2.295-4.012) <0.001
T category

T1, T2 vs. T3, T4 3.413 (2.597-4.485) <0.001 6.012 (4.298-8.4.9) <0.001 4.822 (3.715-6.259) <0.001
N category

N0/Nx vs. N1 8.100 (4.596-14.278) <0.001 10.984 (6.026-20.018) <0.001 6.655 (3.710-11.938) <0.001
M category

M0 vs. M1 11.088 (8.098-15.182) <0.001 19.696 (13.821-28.067) <0.001 15.998 (11.726-21.826) <0.001
OS: overall survival; CSS: cancer-specific survival; PFS: progression-free survival; HR: hazard ratio; CI: confidence interval.

Table 3: Multivariate analysis of overall, cancer-specific, and progression-free survival.

OS CSS PFS
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

CASZ1

Low vs. high 0.589 (0.437-0.794) 0.001 0.526 (0.367-0.754) <0.001 0.558 (0.417-0.747) <0.001
WHO/ISUP grade

1, 2 vs. 3, 4 1.775 (1.317-2.391) <0.001 3.387 (2.129-5.389) <0.001 1.866 (1.386-2.513) <0.001
T category

T1, T2 vs. T3, T4 1.855 (1.378-2.498) <0.001 2.538 (1.768-3.645) <0.001 2.431 (1.813-3.259) <0.001
N category

N0/Nx vs. N1 5.417 (3.037-9.662) <0.001 6.190 (3.346-11.451) <0.001 3.918 (2.157-7.116) <0.001
M category

M0 vs. M1 6.497 (4.636-9.105) <0.001 9.385 (6.429-13.702) <0.001 7.677 (5.469-10.778) <0.001
OS: overall survival; CSS: cancer-specific survival; PFS: progression-free survival; HR: hazard ratio; CI: confidence interval.
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silenced cells. Furthermore, these authors demonstrated that
CASZ1 inhibits RAF1 protein expression, which is an
important element of the MAPK signaling pathway [18].
Furthermore, overexpression of p-ERK is associated with
adverse prognosis in RCC [25, 26]. These studies, together
with our findings, indicate that CASZ1 can be considered
to inhibit RCC progression by inhibiting the MAPK/ERK
signaling pathway.

Charpentier et al. suggested that CASZ1 is required for
vascular patterning and lumen formation [10, 11, 27, 28].
These authors demonstrated that CASZ1 regulates epidermal
growth factor-like domain 7 (Egfl7) and miR-126 to control
angiogenesis and vascular remodeling in human cells.
CASZ1 positively induces Egfl7 and miR-126 expression
in human cells, and so, its depletion leads to altered mor-
phology and cell adhesion in human vascular endothelial
cells [10]. Numerous studies have investigated microRNAs
(miRNA), which are noncoding RNAs, and their role in the
regulation of gene expression [29, 30]. Many of these studies
have suggested that miR-126 inhibits cancer cell proliferation
and invasion and is correlated with favorable prognosis in
various human cancers [31–35]. The low expression of
miR-126 is associated with shorter CSS and OS in RCC
[36], with metastasis in ccRCC [37, 38], and with therapeutic
resistance and cell motility in RCC [39]. The high expression
of miR-126 is associated with significantly longer disease-free
survival and OS [40] and with low WHO/ISUP grade [41].

5. Conclusion

In summary, this study suggests that CASZ1 could be a
potential biomarker for predicting the aggressiveness of
ccRCC. Further functional studies are needed to validate this
role of CASZ1 and to identify the mechanism of CASZ1-
mediated tumor progression.
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