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1 | INTRODUCTION
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| Recep Buyukalpelli® | Oguz Aydin*

Summary

There are many unknown aspects of the pathogenesis of renal cell carcinoma (RCC).
The aim of the current study was to define new RCC-related genes and measure their
associations with RCC and clinical parameters, especially platelet/lymphocyte ratio
which may be an independent predictor of prognosis in patients with RCC and other
forms of cancer. Via in silico analysis upon RCC-specific deleted genes in chromo-
some 3, four possible ceRNAs (ATXN3, ABI2, GOLGBI and SMAD?2) were identi-
fied. Then, the expression levels of these genes in tumour and adjacent healthy kidney
tissues of 19 RCC patients were determined by real-time PCR. ATXN3 and GOLGBI1
gene expression levels increased but ABI2 gene expression level decreased in tumour
kidney tissues when compared to normal ones. ATXN3, ABI2 and GOLGBI gene
expression levels were significantly higher in Fuhrman grade 4 than other grades
(P < .001). ABI2 gene expression levels were significantly associated with higher
platelet/lymphocyte ratio of the patients with RCC (P < .05). ATXN3, ABI2 and
GOLGBI may predict higher RCC grades. Also, ABI2 may regulate platelet/lympho-

cyte ratio which may be an independent predictor of RCC and other forms of cancer.
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genetic alterations.” The identification of different histolog-
ical subtypes of RCC provides a better understanding of the

Renal cell carcinoma (RCC) denotes cancer originating from
the renal epithelium and accounts for >90% of cancers in the
kidney. The term RCC includes several heterogeneous can-
cers originating from renal tubular cells. Among the urolog-
ical cancers, RCC, the third most common cause of death
after prostate and bladder cancer, accounts for approximately
2% of all adult cancer cases. In addition, among urological
cancers, its clinical course is the most lethal one. Like other
cancers, RCC is caused by the accumulation of many genetic
and epigenetic changes.'

Over the last two decades, genetic and clinical studies
have shown that RCC is not only heterogeneous in its his-
tology and clinical course, but also heterogeneous in its

© 2020 Company of the International Journal of Experimental Pathology (CIJEP).

molecular mechanism of these different subtypes of carcino-
genesis, and one or more important mutations were identi-
fied for each subtype. Compared with hereditary RCC, there
are more mutations identified for sporadic RCC.3 It is also
known that sporadic cancers arise from multiple (epi)genetic
changes. For this reason, promoter hypermethylation of genes
is thought to be involved in sporadic and/or hereditary forms
of RCC. The epigenetic changes that regulate the formation
and progression of RCC are still in the initial stages of recon-
naissance.* More detailed characterization of epigenetically
altered genes and pathways in RCC may lead to the develop-
ment of new and minimally invasive diagnostic and prognos-
tic tools for RCC. In the long term, epigenetic treatments may
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offer an additional treatment option for advanced RCC that
does not respond to standard treatment.* Parameters poten-
tially relevant to the pathophysiology of RCC and potentially
usable as biomarkers in the progression of the disease need
to be explored.

Deletions that lead to the loss of certain genes specific for
RCC are observed in some loci of the short arm (p) of chro-
mosome 3. The genes located in the short arm of chromosome
3, which are found to be deleted in RCC cases, are as follows:
von Hippel-Lindau (VHL), inositol 1,4,5-trisphosphate recep-
tor type 1 (ITPR1), peroxisome proliferator-activated receptor
gamma (PPARG), glycerol-3-phosphate dehydrogenase 1 like
(GPD1L), abhydrolase domain 5 (ABHDS), inosine 5’-mono-
phosphate dehydrogenase 2 (IMPDH?2), choline dehydrogenase
(CHDH), downregulated renal cell carcinoma 1 (DRRI1), py-
ruvate dehydrogenase beta (PDHB) and fragile histidine triad
(FHIT). In this region, it was envisaged that microRNAs (miR-
NAs) that bind to the transcripts of these deleted genes would
look for other target messenger RNAs (mRNAs) due to the loss
of their targets. These mRNA transcripts have the potential for
competing endogenous RNA (ceRNA).>®

CeRNAs are ribonucleic acid (RNA) transcripts that
carry common miRNA target regions and can communi-
cate with each other by pulling these miRNAs on them-
selves.” Deletions or decrease of transcription levels of
genes carrying a common miRNA target region would
cause miRNAs targeting these regions to be released and to
seek new targets. These miRNAs will suppress their tran-
scriptional activity by selecting ceRNAs bearing the same
miRNA binding region as their new target. Conversely, the
increase in transcription levels of these mRNAs, which ex-
hibit ceRNA activity, will also reduce the effect of miR-
NAs on previous targets by attracting common miRNAs
on themselves.'? In this context, it is thought that ceRNAs
may be new actors in elucidating the pathogenesis of many
cancer pathogenesis. With this mechanism in mind, spe-
cific databases can be used to detect genes that may exhibit
possible ceRNA activity and their activities can be tested
experimentally.8

The prognostic significance of inflammation is a very top-
ical issue in the study of RCC pathophysiology. The rationale
for the use of immunomodulating agents derived from the
observation that RCC usually shows a diffuse immune-cell
infiltrate.'" Also, the prognostic significance of platelet/lym-
phocyte ratio (PLR) in different types of cancers had been
analysed in past studies. In a study conducted to correlate
PLR with RCC, it was found that a high preoperative PLR is
correlated with poor prognosis in RCC patients.12 So, defin-
ing all elements associated with PLR in RCC cases has been
recognised as of importance recently.

In the study, we first aimed to find genes that could
demonstrate the predicted ceRNA activity and could be
involved in the mechanism of RCC formation by in silico

analysis. We then aimed to comparatively analyse the ex-
pression levels of these genes in renal biopsy specimens
from tumours and neighbouring healthy kidney tissues of
patients with RCC and correlate them with clinical data of
patients, especially PLR which may be an independent pre-
dictor of prognosis in patients with RCC and other types of
cancers.

2 | SUBJECTS AND METHODS

2.1 | Patient selection

A total of 19 patients who attended the Urology Clinic,
Faculty of Medicine, Ondokuz Mayis University (OMU),
between June 2016 and June 2017 for the first time and
of whom clear cell RCC was diagnosed were included in
the study. All the participants gave informed consent. The
number of subjects to be included in the study was deter-
mined with 95% confidence interval and 80% test power.
The statistically significant number of patients was calcu-
lated as at least 19. This study is a pilot study due to the
relatively low number of patients that were recruited for
analysis.

Cancer tissue and some of the healthy kidney tissue
around this tumour resected by radical nephrectomy were
taken for histopathologic examination. Collected tissues
were fixed in 10% formalin and then embedded in paraf-
fin (FFPE) as archival tissue and kept at room temperature
in the Department of Pathology. The diagnosis of RCC
was made as the result of radiological and histopatholog-
ical examinations. The histological classification of renal
tumours was based on the Vancouver Renal Neoplasia
Classification (2012) of the International Society of
Urological Pathology (ISUP)."® Blood samples were col-
lected just before radical nephrectomy operation, and com-
plete blood count and biochemistry were carried out. PLR
was calculated as the ratio of platelet count to lymphocyte
cell count, and cut-off value was set at 157.8 for PLR (area
under the ROC curve [AUC]: 0.921, sensitivity: 86%,
specificity: 84%). The ability of PLR to predict patholog-
ical responses was analysed using receiver operating char-
acteristic (ROC) curve analysis. Optimal cut-off values
were determined by using the control group consisting of
19 healthy individuals. ROC curve analysis proposed the
optimal cut-off value of PLR together with AUC.

2.2 | Ethical approval

The study was approved by Clinical Investigation
Ethics Committee of OMU (approval no: 2016/139)
(Supplementary S1).
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2.3 | Insilico ceRNA analysis

Previous studies have shown that VHL (96%), ITPR1 (1%),
PPARG (1%), GPDIL (80%), ABHD (85%), IMPDH2
(81%), CHDH (78%), DRR1 (68%), PDHB (74%) and FHIT
(96%) genes located in chromosome 3p12 have been deleted
at the frequency indicated in parentheses.5'7,14'16 Eleven
miRNAs targeting at least five of these deleted genes were
identified using miRWalk database. In order to obtain more
realistic results, the validated module was used instead of the
predictive module when using the miRWalk database. In the
validated mode, the resulting miRNA target list was based
on proven data at least at one experimental step-up. In the
next step, four genes which are targeted by all of these miR-
NAs and could potentially show the most probable ceRNA
activity were identified using ComiR database. As a result
of analysis, ComiR database gave a list of genes targeted by
these 11 miRNAs at the same potency. This list was sorted
from the highest to the lowest targeting potential. At the top
of this list, with the highest targeting coefficient, four genes
were selected for the expression analysis.8’17’18

2.4 | RNA isolation from FFPE tissues

Excess paraffin over the tumour and surrounding healthy
kidney FFPE tissue specimens of each subject in the archive
was removed. Subsequently, 3-4 sections of 5 pm thick-
ness were taken using Microtome (Leica Microsystems) and
transferred to sterile 1.5 mL microcentrifuge tubes. miRNe-
asy FFPE Kit (Qiagen GmbH) was used for total RNA isola-
tion from FFPE tissue sections.'’

2.5 | c¢DNA synthesis and measurement of
c¢DNA concentration

RNA samples obtained were converted to cDNA by reverse
transcription using Ipsogen RT Kit (Qiagen GmbH). 10 pL of
each RNA sample was incubated at 65°C for 5 minutes be-
fore cDNA conversion reaction. Premix was carefully mixed,
briefly centrifuged, and 15 pL of the premix was added to
10 pL of each RNA sample. The resulting mixtures were sub-
jected to reverse transcription on a GeneAmp PCR system
9700 (Applied Biosystems) for 10 minutes at 25°C, 60 min-
utes at 50°C, 5 minutes at 85°C and 5 minutes at 4oC. 20
cDNAs were stored at —20°C until real-time PCR (RT-PCR)
was performed.

A spectrophotometric method was used to determine
quality and concentration of cDNA samples obtained before
RT-PCR experiments. This analysis was performed using
a Microplate Spectrophotometer (Multiscan GO, Thermo
Scientific).
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2.6 | Gene expression analysis
RT-PCR method was used for gene expression analysis, and
Rotor Gene Q (Qiagen GmbH) was used for this purpose.
Primer pairs specific to four genes (ATXN3, ABI2,
GOLGBI and SMAD?2) were used in the expression analysis:
Hs_ATXN3_1_SG QuantiTect Primer Assay, Hs_ABI2_1_SG
QuantiTect Primer Assay, Hs_GOLGBI_1_SG QuantiTect
Primer Assay and Hs_SMAD2_1_SG QuantiTect Primer
Assay (Qiagen GmbH) respectively. As an internal control,
the housekeeping GAPDH gene and the primer pair specific
to it (Hs_GAPDH_1_SG QuantiTect Primer Assay) (Qiagen
GmbH) were used.”' RT2 SYBR® Green gPCR Mastermix
(Qiagen GmbH) was used as premix for gene expression
analysis. RT-PCR reaction mixture was prepared according
to the kit protocol. Mixtures were transferred to 25 uL tubes,
and the reaction conditions specified by the kit were applied.

2.7 | Statistical analysis
Tumour samples from patients with RCC were compared to
healthy tissue on the periphery of cancer tissue of the same
patient. Using the Ct values obtained from these tissues, the
expression levels of the respective genes were compared
statistically. In the method based on partial quantities, the
measured values of the expression measurement genes were
normalized by GAPDH transcription. For the comparison, Ct
values obtained and 272" formula were used (Formula 1).
Formula 1. 27*2 calculation

2—AACt — 2—[Tum0ur ACt(Gene—Reference)—Control ACt (Gene—ReferenceQ]l )

272C formula was used to calculate the gene expression
levels separately for the tumour and surrounding healthy kid-
ney tissue (Formula 2). Using this formula, the fold changes
in the expression of the genes in tumour and surrounding
healthy kidney tissue relative to the reference gene were cal-
culated separately. Then, a statistical analysis of significance
of the fold changes in gene expression levels obtained from
this formula was performed.

Formula 2. 27*“ calculation

2—ACt — 2—[Tumour ACt(Gene—Reference)]

@

2—ACt — 2—[Contr01 ACt(Gene—Reference)]

For the fold change analysis, RT2 Profiler PCR Array Data
Analysis Version 3.5 online software (http://pcrdataanalysis.
sabiosciences.com/pcr/arrayanalysis.php?target=upload)
was used. The statistical significance analysis of differences
in ATXN3, ABI2, GOLGBI and SMAD?2 genes' expression
ratios between tumour and normal samples was performed
and statistically correlated with the clinical parameters of
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patients. All statistical analyses were performed using SPSS
21 program (IBM software, Pointe Claire, Quebec, Canada).
Normal distribution of data was evaluated statistically by
Kolmogorov-Smirnov test. It was decided to use non-para-
metric tests because the data were not suitable for normal dis-
tribution (P < .05) and the number of samples was below 30.
Wilcoxon signed-rank test was used in binary comparisons,
and Kruskal-Wallis test was applied in multi-comparisons.
Spearman's bivariate correlation was used to identify correla-
tions. P < .05 was accepted as a statistically significant value,
and the evaluation was made at 0.95 confidence interval.

3 | RESULTS
In our study, four genes with potential ceRNA activity
(ATXN3, ABI2, GOLGBI and SMAD?2) were identified
from a RCC-specific deletion in the p-arm of chromosome
3 by a computational approach. Expression levels of these
genes in cancer tissues and the healthy kidney tissues sur-
rounding the tumour of 19 RCC patients were compared,
and the possible association between the clinical param-
eters of the patients and the gene expression levels was
investigated.

Demographic and clinicopathological characteristics of
patients enrolled in this study are presented in Table 1.

11 miRNAs (hsa-miR-335-3p, hsa-miR-4447, hsa-miR-
4778-3p, hsa-miR-5693, hsa-miR-587, hsa-miR-6515-3p,
hsa-miR-6749-3p, hsa-miR-4679, hsa-miR-4709-3p,

hsa-miR-5193 and hsa-miR-6792-3p) targeting at least 5
of the genes (VHL, ITPR1, PPARG, GPDIL, ABHDS,
IMPDH2, CHDH, DRR1, PDHB and FHIT) known to be de-
leted in association with RCC in the short arm of chromosome
3 were determined by using miRWalk database. Four genes
(ATXN3, ABI2, GOLGBI and SMAD?2), which are commonly
targeted by all of these miRNAs and may potentially exhibit
the highest possible ceRNA activity, were identified using
ComiR database (Figure 1).

Tumour samples of patients with RCC were compared to
healthy kidney tissues around the tumour of the same patient
with respect to the expression levels of ATXN3, ABI2 and
GOLGBI genes (Figure 2). The expression of ATXN3 and
GOLGBI genes in kidney cancer tissues is increased com-
pared to normal kidney tissue, but the expression level of
ABI2 gene is decreased. As shown in Figure 2, the changes
in the expression levels of ATXN3, ABI2 and GOLGBI genes
between tumour and normal kidney tissue were statistically
insignificant (P > .05).

Patients' ATXN3, ABI2 and GOLGBI gene expres-
sion level changes were associated with clinical charac-
teristics, and their significance levels were tested. As a
result, changes in ATXN3, ABI2 and GOLGBI gene ex-
pression levels were not significantly associated with
TNM stages (P > .05) (Figure 3). However, ATXN3, ABI2
and GOLGBI gene expression levels were significantly
higher in Fuhrman grade 4 than other grades (P < .001)
(Figure 4). The changes in ATXN3, ABI2 and GOLGBI

TABLE 1

clinicopathological characteristics of

Demographic and

Patients P value
Characteristics Groups n=19) ATXN3
Gender Male 9 (47.4%) >.05
Female 10 (52.6%)
Age Male 553 +10.4 >.05
Female 589 +13.2
Tumour orientation  Right kidney 9 (47.4%) >.05
Left kidney 10 (52.6%)
TNM staging Stage I 13 (68.4%) >.05
Stage II 3 (15.8%)
Stage III 1 (5.3%)
Stage IV 2 (10.5%)
Fuhrman nuclear Grade 2 13 (68.4%)
grade Grade 3 2(10.5%) others)
Grade 4 4 (21.1%)
Histology Clear cell 19 (100%) >.05
Platelet/lymphocyte ~ Normal 7 (36.8%) >.05
ratio High 12 (63.2%)

Abbreviation: TNM, Tumour node metastasis.

ABI2

GOLGBI1

patients

<.001 (between grade 4 and

<.001 >.05



G ET AL. - 91
ER UN {INTERNAYIONAL JOURNAL OF Exa%ehrgpoeqn;al I:g!—wl LEYJ_
Chr.3 miRNAs ceRNAs
hsa-miR-335-3p
VL hsa-miR-4447
%3 ITPR1
I hsa-miR-4778-3p
i el hsa-miR-5693 ATXN3
hsa-miR-587
p [T " ABHDS ABI2
2131 |t IMPDH2 SRR hsa-miR-6515-3p
. {cnou PN RS GOLGB1
; o oA
13 =] gg:; Rk hsa-miR-6749-3p
:\ gl SMAD2
hsa-miR-4679
hsa-miR-4709-3p
hsa-miR-5193

hsa-miR-6792-3p

FIGURE 1 Insilico detection of genes showing potential ceRNA activity, by taking into account genes deleted in short arm of chromosome
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gene expression levels were not significantly associated
with age and gender parameters (P > .05).

In addition to routine haemogram and biochemistry pa-
rameters, some of the clinical parameters (neutrophil/lym-
phocyte ratio, platelet/lymphocyte ratio) associated with
RCC were also examined in relation to changes in ATXN3,
ABI2 and GOLGBI gene expression levels. Changes in ABI2
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FIGURE 3 Comparison of ATXN3, ABI2 and GOLGBI gene
expression levels with respect to TNM staging

gene expression levels were correlated significantly with
platelet/lymphocyte ratio (P < .05).

4 | DISCUSSION

RCC is a type of cancer that occurs only in cells that ex-
tend into the kidney bed, as opposed to kidney cancer,
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which includes the renal pelvis or renal medulla. RCC in-
cludes several heterogeneous cancers originating from renal
tubular cells. It that develops insidiously and usually has
metastasized when diagnosed. The subtypes have different
prognoses and different responses to treatment. The progno-
sis cannot be determined only by histopathologic examina-
tion. In recent years, although a large number of renal cell
biomarkers have been studied and a large number of data has
been accumulated, the pathophysiology of the disease is still
not well understood.'*

In this study, the aim was to identify the genes that could
play a role in the pathogenesis of RCC. Four genes with the
highest potential for ccRNA (ATXN3, ABI2, GOLGBI and
SMAD?2) were identified by in silico analysis, by taking into
account the deleted loci in RCC. Expression levels of these
genes were then correlated with clinical parameters of RCC
patients. In this regard, possible new candidate genes that
could play a role in the pathology of the disease were an-
alysed. For this in silico analysis approach, the method of
Arancio et al*® was used as a model in which genes having
potential to be a ceRNA and biomarker for RCC were defined
by starting from deleted loci of chromosome 5 in the myelo-
dysplastic syndrome patients. Arancio and colleagues foresee
that the method they propose in their work represents a new
approach to study the effects of genetic deletions in order to
identify unexpectedly contributing factors to genomic dele-
tion phenotypes and deserves experimental validity. It is sug-
gested that the same approach can be used to analyse complex
syndromes and phenotypes that are not fully understood at
present, such as in our work.

In our study, cancer tissues of the patients with RCC
were compared with healthy kidney tissues around the can-
cer tissues of the same patients in terms of expression levels
of ATXN3, ABI2, GOLGBI and SMAD?2 genes. Expression
of ATXN3 and GOLGBI genes in kidney cancer tissues in-
creased compared to normal renal tissue, but the expression

level of ABI2 gene decreased. The difference between expres-
sion levels of ATXN3, ABI2 and GOLGBI genes in tumour
and normal kidney tissues was found to be statistically insig-
nificant (P > .05).

In our study, increased expression level of ATXN3 in
tumour samples supports the literature.” It is known that
tumour suppressor PTEN gene expression is frequently de-
creased in cancer types associated with the endocrine system.
This decrease is associated with an increase in cell prolifera-
tion. Thus this PTEN inhibition is presumably important for
suppression of the development of RCC. Furthermore a recent
study reported that transcription of PTEN was suppressed by
increased activity of ATXN3 225 In another approach, exome
sequencing has screened genes that may have an oncogenic
role at the highest potential in RCC and showed ATXN3 was
among these genes.26 In addition, ATXN3 is a deubiquitinase
enzyme. ATXN3 is also likely to have an increased expression
in RCC like other deubiquitinase enzymes, USP9x, CYLD
and AMSH?2, that are overexpressed in RCC.”

Decreased expression of ABI2 gene detected in RCC
tumour samples in our study is supported by the literature.
ABI2 is a major c-Abl regulator and a functional homologue
of ABII, a recurrent MLL-translocation partner on chromo-
some 10p11.2. ABI2 has been shown to function as a tumour
suppressor in chronic myeloid leukaemia with inhibitory
function of c-Abl signalling.28 In another study, the charac-
teristics of the Abi-2 protein were consistent with a dual role
as a regulator and potential effector of the c-Abl protein. This
suggests that Abi-2 may function as a tumour suppressor in
mammalian cells.” Although these studies in the literature
are not directly based on RCC, the tumour suppressor role
predicted for ABI2 in other cancer types is consistent with
the reduced ABI2 expression in RCC tumour samples of our
study.

We predict that GOLGBI, which we found to have high
expression levels relative to healthy kidney tissue, may have
potential oncogene activity for RCC. Although our study was
the first study of RCC on GOLGBI, the oncogenic role of
GOLGBI in other types of cancer is supported by the lit-
erature. Structural activation of protein tyrosine kinases,
resulting from structural chromosome anomalies such as
translocation, inversion/ insertion and fusion, is frequently
observed in eosinophil-associated myeloproliferative neo-
plasms. In some patients with myeloproliferative neoplasms
associated with eosinophilia, the fusion of PDGFRB to
MPRIP, CPSF6 and GOLGBI, which supports the oncogenic
character of GOLGBI, is seen.’ It has also been found that
increased expression level of GOLGBI and E2721V muta-
tion in this gene is directly related to the recurrence of liver
cancer. In addition, a patent has been issued that GOLGBI
inhibitors could be used therapeutically to indicate liver can-
cer.’! This suggests that GOLGB] is an important oncogenic
marker.
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Upon SMAD?2 gene expression analysis, Ct values were
not obtained. The tumour and its surrounding healthy
kidney tissue could express too little SMAD2 gene to be
detected. One study found that SMAD?2 expression levels
were very low in RCC patients, and another study detected
that SMAD?2 expression levels could not be associated with
RCC patients' parameters.’> This explains why we cannot
obtain information about SMAD2 expression level in our
study.

Lately, numerous molecular markers have been defined
to be correlated with the prognosis of RCC."*** Bui et al®
detected that low CA IX staining was an independent prog-
nostic indicator of poor survival in patients with nonmeta-
static RCC and metastatic RCC (P < .001 and P = .085),
using immunohistochemical analysis in 321 cases of RCC
patients, which was further confirmed by SandLund's re-
search (n = 288, P = .001). Moreover, Gilbert et al®® stated
that CA IX expression in the peripheral blood was cor-
related with recurrence in patients with renal cortical tu-
mours. The tumour suppressor gene p53, commonly mutant
in many types of cancer, has been observed up-regulated
in metastatic specimens of RCC and has been suggested as
an independent prognostic marker for disease progression
for clear cell RCC (n = 240, P < .0001).”” Different stud-
ies further confirmed that augmented staining for p5S3 was
associated with poorer survival in patients with clear cell
RCC.*¥* Klatte and colleagues showed that CXCR3 was
an independent prognostic marker in patients with localized
clear cell RCC, and patients with low CXCR3 expression
had a significantly worse prognosis than patients with high
CXCR3 expression (n = 154, P = .009).40 In the current
study, ATXN3, ABI2 and GOLGBI gene expression levels
were significantly higher in Fuhrman grade 4 than other
grades (P < .001) (Figure 4). According to this result, it
is possible that ATXN3, ABI2 and GOLGBI gene expres-
sion levels could be used to predict higher Fuhrman nu-
clear grades of RCC cases. So, higher ATXN3, ABI2 and
GOLGBI gene expression levels could be evaluated as a
novel and useful prognostic markers for RCC. The correla-
tions of ATXN3, ABI2 and GOLGB] gene expression levels
with the abovementioned molecular markers needs to be in-
vestigated further.

In addition to these parameters, some of the clinical pa-
rameters (neutrophil/lymphocyte and platelet/lymphocyte
ratios) associated with RCC in the literature have been ex-
amined in relation to changes in ATXN3, ABI2 and GOLGBI
gene expression levels. Only changes in ABI2 gene expression
levels were significantly associated with platelet/lymphocyte
ratio. In a study involving 100 RCC patients, it was found that
platelet/lymphocyte ratio was a prognostic factor for RCC
patients prior to tyrosine kinase inhibitor treatment.*! Also,
in another study performed on metastatic RCC patients, the
authors did not find PLR as a predictive factor of response
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to nivolumab, but SII was an independent predictive factor.
This difference may be caused by metastatic status of the pa-
tients in the latter study.42 The association of this ratio with
ABI2 in our study showed that ABI2 may become an import-
ant marker for RCC. More extensive studies, might show that
this is a valuable prognostic parameter.

When the limitations of our study were analysed, the
starting point of our study design was the genes deleted in
RCC-specific manner, but we do not know whether all of the
patients with RCC in our study have gene deletions located
in chromosome 3 or not. Nevertheless, as we know from pre-
vious studies, these deletions are detected at high rates (VHL
[96%], ITPR1 [1%], PPARG [1%], GPDI1L [80%], ABHD
[85%], IMPDH2 [81%], CHDH [78%], DRR1 [68%], PDHB
[74%] and FHIT [96%]) in cases of RCC.>"'*15 So, our pa-
tients are very likely to carry these deletions. This is again a
finding that supports our study design. In addition our study
includes a method that has not been applied previously, in
the sense that an in silico approach has been used to find new
target genes that could play a role in RCC.

5 | CONCLUSION
In our study, we first identified four genes that we predicted
could play a role in the mechanism of the formation of RCC
by in silico analysis. We aimed to analyse the expression
levels of these genes in cancer tissues and the healthy kid-
ney tissues surrounding the tumour of RCC patients. As a
result of our study, the expression of ATXN3 and GOLGBI
genes in kidney cancer tissues increased compared to normal
renal tissue, but the expression level of ABI2 gene decreased.
However, these changes were statistically not significant.
Furthermore, it was observed that SMAD2 gene was ex-
pressed too low to be detectable in both cancer tissue and the
surrounding normal kidney tissue. Statistically insignificant
difference was found when the expression levels of ATXN3,
ABI2 and GOLGBI genes were correlated with TNM stages,
Fuhrman grade, age and gender parameters of the patients.

However, the combination of in silico analysis and gene
expression analysis has not been used previously to deter-
mine the association between genes and RCCs. In addition,
it may be a rational and economic approach to the identifi-
cation of new candidate genes by in silico database analysis
approach, which is the first step of the study, starting from
the genes of which the association with RCC has been proven
previously. Using the in silico approach to identify genes that
are most likely to be markers can provide more economical
and faster results than examining many genes that may be
potential markers of RCC development separately.

As a result, ATXN3, ABI2 and GOLGBI may predict
higher RCC grades. Also, ABI2 may regulate platelet/lympho-
cyte ratio which may be an independent predictor of RCC and
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other cancer types. For this, the alterations in the expression
levels of the genes analysed and RCC-specific parameters are
needed to be confirmed in the larger study groups. If verified,
the expression changes of ATXN3, ABI2 and GOLGBI genes
may be possible to be used as biomarkers for the prognosis of
RCC. The results of this study may suggest that cellular ther-
apies and molecular applications can be designed to alter the
level of the expression of ceRNAs in future projects.

ACKNOWLEDGEMENT

This study forms part of the PhD thesis work of Sercan
Ergun. Directorate of Science Fellowships and Grant
Programmes (BIDEB) of The Scientific and Technological
Research Council of Turkey (TUBITAK). The BIDEB
are thanked for financial support within the context of
2211-Domestic Doctorate Scholarship Program. The
address where the work was done is Ondokuz Mayis
University Hospital, 55270, Atakum, Samsun, Turkey.

CONFLICT OF INTEREST
The authors report no conflict of interest.

AUTHORS' CONTRIBUTIONS

SE realized in silico ceRNA analysis and involved in RNA
isolation from FFPE tissues, cDNA synthesis and measure-
ment of cDNA concentration and gene expression analysis.
SE, SG, RB and OA selected patients, planned the study, real-
ized the statistical analysis, drafted the manuscript, revised the
manuscript and consented to the final manuscript as submitted.

ORCID

Sercan Ergun "= https://orcid.org/0000-0002-6733-9848

REFERENCES

1. Ljungberg B, Campbell SC, Cho HY, et al. The epidemiology of
renal cell carcinoma. Eur Urol. 2011;60(4):615-621.

2. Soultati A, Stares M, Swanton C, Larkin J, Turajlic S. How should
clinicians address intratumour heterogeneity in clear cell renal cell
carcinoma? Curr Opin Urol. 2015;25(5):358-366.

3. Muglia VF, Prando A. Renal cell carcinoma: histological clas-
sification and correlation with imaging findings. Radiol Bras.
2015;48(3):166-174.

4. Xing T, He H. Epigenomics of clear cell renal cell carcinoma:
mechanisms and potential use in molecular pathology. Chin J
Cancer Res. 2016;28(1):80.

5. Singh RB, Kadam PSA. Investigation of tumor suppressor genes
apart from VHL on 3p by deletion mapping in sporadic clear cell
renal cell carcinoma (cRCC). Urol Oncol. 2013;31(7):1333-1342.

6. Shuib S, Wei W, Sur H, et al. Copy number profiling in von Hippel-
Lindau disease renal cell carcinoma. Genes Chromosomes Cancer.
2011;50(7):479-488.

7. Gatto F, Nookaew I, Nielsen J. Chromosome 3p loss of hetero-
zygosity is associated with a unique metabolic network in clear
cell renal carcinoma. Proc Natl Acad Sci U S A. 2014;111(9):E866
-E875.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ergun S, Oztuzcu S. Oncocers: ceRNA-mediated cross-talk
by sponging miRNAs in oncogenic pathways. Tumor Biol.
2015;36(5):3129-3136.

Cesana M, Cacchiarelli D, Legnini I, et al. A long noncoding RNA
controls muscle differentiation by functioning as a competing en-
dogenous RNA. Cell. 2011;147(2):358-369.

Kumar MS, Armenteros-Monterroso E, East P, et al. HMGA2
functions as a competing endogenous RNA to promote lung cancer
progression. Nature. 2014;505(7482):212-217.

Brighi N, Farolfi A, Conteduca V, et al. The interplay between
inflammation, anti-angiogenic agents, and immune checkpoint
inhibitors: perspectives for renal cell cancer treatment. Cancers.
2019;11(12):1935.

Nogueira M, Kim HL. Molecular markers for predicting prognosis
of renal cell carcinoma. Urol Oncol. 2008;26(2):113-124.

Hes O. International Society of Urological Pathology (ISUP)
Vancouver classification of renal neoplasia 2012. Cesk Patol.
2014;50(4):137-141.

Moch H. An overview of renal cell cancer: pathology and genetics.
Semin Cancer Biol. 2013;23(1):3-9.

Wang L, Darling J, Zhang JS, et al. Loss of expression of the DRR
1 gene at chromosomal segment 3p21.1 in renal cell carcinoma.
Genes Chromosomes Cancer. 2000;27(1):1-10.

Wang S-S, Gu Y-F, Wolff N, et al. Bapl is essential for kidney
function and cooperates with Vhl in renal tumorigenesis. Proc Natl
Acad Sci U S A. 2014;111(46):16538-16543.

Dweep H, Gretz N. miRWalk2.0: a comprehensive atlas of microR-
NA-target interactions. Nat Methods. 2015;12(8):697.

Coronnello C, Benos PV. ComiR: combinatorial microRNA target
prediction tool. Nucleic Acids Res. 2013;41(W1):W159-W164.
Hirata H, Hinoda Y, Shahryari V, et al. Long noncoding
RNA MALATI1 promotes aggressive renal cell carcinoma
through Ezh2 and interacts with miR-205. Cancer Res.
2015;75(7):1322-1331.

Ghallab O, Hamed NA, El Shafei S, Abo R. MDR1 gene poly-
morphism and outcome in Egyptian chronic myeloid leukaemia
patients. J Cancer Biol Res. 2015;3(2):1062.

Pichler M, Ress A, Winter E, et al. MiR-200a regulates epithe-
lial to mesenchymal transition-related gene expression and de-
termines prognosis in colorectal cancer patients. Br J Cancer.
2014;110(6):1614.

Arancio W, Genovese SI, Bongiovanni L, Tripodo C. A
ceRNA approach may unveil unexpected contributors to de-
letion syndromes, the model of 5q-syndrome. Oncoscience.
2015;2(10):872.

Pfoh R, Lacdao IK, Saridakis V. Deubiquitinases and the new
therapeutic opportunities offered to cancer. Endocr Relat Cancer.
2015;22(1):T35-T54.

Sacco J, Yau T, Darling S, et al. The deubiquitylase Ataxin-3
restricts PTEN transcription in lung cancer cells. Oncogene.
2014;33(33):4265-4272.

Fu X, Creighton CJ, Biswal NC, et al. Overcoming endocrine re-
sistance due to reduced PTEN levels in estrogen receptor-positive
breast cancer by co-targeting mammalian target of rapamycin, pro-
tein kinase B, or mitogen-activated protein kinase kinase. Breast
Cancer Res. 2014;16(5):430.

Stratton K, Schrader K, Manschreck C, et al. MP30-12 renal
cell carcinoma and non-Hodgkin's lymphoma: genomic ap-
proaches to identification of shared susceptibility. J Urol.
2014;191(4):e318.


https://orcid.org/0000-0002-6733-9848
https://orcid.org/0000-0002-6733-9848

ERGUN ET AL.

- 95
{INTERNAYIONAL JOURNAL OF Exa%ehrgpoeqn;al I:a—wl LEYJ_

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Liu S, de Boeck M, van Dam H, ten Dijke P. Regulation of the
TGF-p pathway by deubiquitinases in cancer. Int J Biochem Cell
Biol. 2016;76:135-145.

Coenen EA, Zwaan CM, Meyer C, et al. Abl-interactor 2 (ABI2): a
novel MLL translocation partner in acute myeloid leukemia. Leuk
Res. 2012;36(5):e113-el115.

Dai Z, Pendergast AM. Abi-2, a novel SH3-containing protein in-
teracts with the c-Abl tyrosine kinase and modulates c-Abl trans-
forming activity. Genes Dev. 1995;9(21):2569-2582.

Naumann N, Schwaab J, Metzgeroth G, et al. Fusion of PDGFRB
to MPRIP, CPSF6, and GOLGBI in three patients with eosinophil-
ia-associated myeloproliferative neoplasms. Genes Chromosomes
Cancer. 2015;54(12):762-770.

Choi J-H, Kim MJ, Park YK, et al. Mutations acquired by hepato-
cellular carcinoma recurrence give rise to an aggressive phenotype.
Oncotarget. 2017;8(14):22903.

Cardillo MR, Lazzereschi D, Gandini O, Di Silverio F, Colletta
G. Transforming growth factor-beta pathway in human renal cell
carcinoma and surrounding normal-appearing renal parenchyma.
Anal Quant Cytol Histol. 2001;23(2):109-117.

Park JH, Lee C, Suh JH, Chae JY, Moon KC. Nuclear expression
of Smad proteins and its prognostic significance in clear cell renal
cell carcinoma. Human Pathol. 2013;44(10):2047-2054.

Lam JS, Klatte T, Kim HL, et al. Prognostic factors and selection
for clinical studies of patients with kidney cancer. Crit Rev Oncol
Hematol. 2008;65(3):235-262.

Bui MH, Seligson D, Han K-R, et al. Carbonic anhydrase IX is an
independent predictor of survival in advanced renal clear cell car-
cinoma: implications for prognosis and therapy. Clin Cancer Res.
2003;9(2):802-811.

Gilbert SM, Whitson JM, Mansukhani M, et al. Detection of
carbonic anhydrase-9 gene expression in peripheral blood cells
predicts risk of disease recurrence in patients with renal cortical
tumors. Urology. 2006;67(5):942-945.

37.

38.

39.

40.

41.

42.

Zigeuner R, Ratschek M, Rehak P, Schips L, Langner C. Value
of p53 as a prognostic marker in histologic subtypes of renal cell
carcinoma: a systematic analysis of primary and metastatic tumor
tissue. Urology. 2004;63(4):651-655.

Kim HL, Seligson D, Liu X, et al. Using tumor markers to pre-
dict the survival of patients with metastatic renal cell carcinoma. J
Urol. 2005;173(5):1496-1501.

Kim HL, Seligson D, Liu X, et al. Using protein expressions to
predict survival in clear cell renal carcinoma. Clin Cancer Res.
2004;10(16):5464-5471.

Klatte T, Seligson DB, Leppert JT, et al. The chemokine receptor
CXCR3 is an independent prognostic factor in patients with local-
ized clear cell renal cell carcinoma. J Urol. 2008;179(1):61-66.
Gunduz S, Mutlu H, Tural D, et al. Platelet to lymphocyte ratio as
a new prognostic for patients with metastatic renal cell cancer. Asia
Pac J Clin Oncol. 2015;11(4):288-292.

De Giorgi U, Procopio G, Giannarelli D, et al. Association of sys-
temic inflammation index and body mass index with survival in
patients with renal cell cancer treated with nivolumab. Clin Cancer
Res. 2019;25(13):3839-3846.

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Ergun S, Gunes S,
Buyukalpelli R, Aydin O. Association of Abl interactor
2, ABI2, with platelet/lymphocyte ratio in patients with
renal cell carcinoma: A pilot study. Int J Exp Path.
2020;101:87-95. https://doi.org/10.1111/iep.12349



https://doi.org/10.1111/iep.12349

