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Abstract 

Background/Aim: Determining the genetic characteristics of renal cell carcinoma (RCC) and their genetic differences will make a significant 
contribution and guide in the diagnosis of the disease, determination of prognosis and survival, and targeted therapies. We aim to determine and 
compare the expressions of DKK1, sFRP2, MALAT1, PMCA1, and TRPV6 genes in renal cell carcinomas and correlate them with patient survival.

Methods: As a prospective cohort study, 150 patients diagnosed with RCC in nephrectomy specimens and 40 non-tumoral renal parenchymal 
tissues evaluated between 2008 and 2018 in our center were included in the study. Tumor type, nucleolar grade and pathological stage interactions 
were evaluated using factorial ANOVA and a post-hoc planned contrast test. The effect of gene expression on patient survival was evaluated with the 
Cox Proportional Hazards model. 

Results: The difference between the patient and healthy groups in terms of DKK1, SFRP2, MALAT1 and PMCA1 gene expressions was found 
to be statistically significant. DKK1 and SFRP2 gene expression were higher in healthy tissues (P < 0.001, P < 0.001). MALAT1 and PMCA1 gene 
expression were found to be higher in tumor tissues (P = 0.011, P = 0.046). The expressions of SFRP2, MALAT1 and TRPV6 in tumors with low WHO/
ISUP nucleolar grade were found to be significantly higher (P < 0.001, P = 0.001, P < 0.001). PMCA1 expression was found to be higher in RCCs with 
nucleolar grades 3 and 4 (P = 0.016). PMCA1 expression was also found to be associated with longer survival and lower death rates (P = 0.007).

Conclusions: The higher expression and relatively protective effect of PMCA1 in RCC may lead to the determination of new molecular targets in 
the diagnosis and treatment of RCC.
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Background

Renal cell carcinoma (RCC) is a common malignant tumor that 
constitutes approximately 85% of all kidney malignancies [1]. If 
RCCs are detected while limited to the kidney capsule, curative 
treatment is usually possible [2]. Although the number of RCC cas-
es detected incidentally by imaging methods has increased today, 
metastatic lesions can be detected in approximately 30% of pa-
tients at the time of diagnosis [3]. For this reason, a better under-
standing of the molecular and genetic characteristics of RCC will 
make a significant contribution to the detection of the disease, the 
determination of the prognosis, and selecting the targeted treat-
ment regimen. The Wnt/beta-catenin signaling pathway affects the 
development mechanism of RCCs. They participate in a variety of 
cellular processes, including tissue homeostasis maintenance, cell 
growth control, embryogenesis, and oncogenesis [4]. Members of 
the Wnt antagonist family include secreted Frizzled-related protein 
(sFRP), Wnt inhibitory factor 1 (Wif1), Xenopus Cerberus, Wise, 
and Dickkopf (DKK) proteins. Functional loss of Wnt antagonists 
contributes to the activation of the Wnt pathway. This situation may 
cause carcinogenesis by dysregulation of cell proliferation and dif-
ferentiation [5].

Studies have found that DKK1 expression in RCC cells is signifi-
cantly reduced [6]. Urakami et al. showed that methylation levels 
of Wnt antagonists including sFRP1, sFRP2, sFRP4, sFRP5, WIF1, 
and DKK3 were higher in RCC tissues than in normal renal tissues 
[5]. Since the expression of Wnt antagonists in many cancer types 
is suppressed by promoter hypermethylation, it has been suggest-
ed that these proteins have tumor suppressor properties [7]. It is 
known that long non-coding RNAs (lncRNA) play a role in tumor 
development. LncRNAs are RNA molecules longer than 200 nucleo-
tides with a limited protein-coding ability [8]. They function in vari-
ous biological processes such as proliferation, apoptosis, cell migra-
tion, and invasion [9]. Metastasis-associated lung adenocarcinoma 
transcript 1 (MALAT1) is an 8000 nucleotide lncRNA that is com-
monly found and expressed in many locations. Studies have found 
that the expression of MALAT1 in various tumors is increased and 
this increase is associated with metastasis and recurrence [8]. As a 
result of the study by Zhang et al., MALAT1 expression was found 
to be higher in RCC tissues than in non-tumor tissues, and it was 
found that survival time was shorter among RCC patients with high-
er expression levels [10]. Plasma membrane Ca2+ ATPase (PMCA) 
is the main regulator of free intracellular calcium and plays a role 
in maintaining homeostasis. Today, four isoforms of PMCA, 1, 2, 3, 
and 4, have been defined [11, 12]. PMCA1 and 4 are found in most 
cell types, while PMCA2 and 3 are distributed in a limited number 
of tissues [13]. In a study, it was found that PMCA1 expression de-
creased in oral squamous cell carcinomas [11]. However, regarding 
RCCs, it is not known whether PMCA1 plays a role in carcinogenesis. 
TRP channels form a large and functionally versatile superfamily of 
cation channel proteins expressed in many cell types [14]. TRPV6, a 
member of the TRP family, is a channel with high Ca2+selectivity. At 
the same time, cellular Ca2+channels are effective in the induction 
and regulation of apoptosis and are associated with the develop-
ment of cancer [15, 16].

Our aim in this study is to determine the expression of DKK1, 
SFRP2, MALAT1, PMCA1 and TRPV6 in low and high nuclear grade 
RCCs and to evaluate the expression difference between these 
groups. It is thought that determining the genetic characteristics of 
RCCs and their genetic differences will make a significant contri-
bution and guide in the diagnosis of the disease, determination of 
prognosis and targeted therapies.

Materials and methods

Selection of Cases

150 patients diagnosed with RCC in nephrectomy specimens 
evaluated between 2008 and 2018 in Mersin University Faculty 
of Medicine, Department of Medical Pathology, and as control 40 
non-tumoral renal parenchymal tissues that were resected for 
non-tumoral reasons, were included in the study. Histological diag-
nosis was determined according to the WHO guideline. WHO/ISUP 
nucleolar grade 1 and 2 tumors are grouped as low grade, 3 and 4 as 
high grade. The cases were determined as 75 cases with low grades 
and 75 cases with high grades. Pathological tumor stages (pT) 1 
and 2 were categorized as low stages; those with (pT) 3 and 4 were 
classified as high stages.

Molecular Genetic Analysis

RNA Isolation: 10 micron-thick sections were taken from par-
affin block tissue materials of 150 patients diagnosed with RCC and 
40 healthy cases. After the deparaffinization process, total RNA iso-
lation was achieved by the trizol method.

Complementary DNA (cDNA) Synthesis: 15µl reverse tran-
scriptase reaction was prepared as a mix of; 5µl total RNA, 0,5 µg 
Oligo (dT) 15 Primer, 1 × RT buffer, dNTP 0,25mM, 50 units mod-
ified M-MuLV Reverse Transcriptase (Thermo Scientific), 25 units 
RiboLock RNase inhibitor (Thermo Scientific) and nuclease-free 
water. cDNAs were obtained in the reaction mixture by performing 
Reverse transcriptase PCR (RT-PCR) using Thermal Cycler (Techne 
Flexigene, Cambridge, UK) conditions set as 1 cycle at 16 ° C for 30 
minutes, 42 ° C for 30 minutes, 85 ° C for 5 minutes.

Quantitative-comparative CT (ΔΔCT) Real-time PCR

Expression analyzes were performed using the ABI Prism 7500 
(quantitative-comparative CT) Real-Time PCR System (Applied Bio-
systems) with SDS 2.0.6 software program. Specific primers and 
fluorogenic probes were designed for mRNAs with the Primer Ex-
press 3.0 software (Applied Biosystems) (Metabion-International 
AG, D-82152 Martinsried/Deutschland). Homo sapiens actin, beta 
(ACTB) was used as the endogenous control gene and the RNA mix-
ture obtained from RNA from the control group was used as the ref-
erence RNA sample. 25µl expression mix was prepared to contain; 
3 µl of RT-PCR product 12,5 µl of 2X TaqMan Universal PCR Master 
Mix (Applied Biosystems), 900 nmol of each primer (Primer F and 
Primer R) and 200 nmol TaqMan® probes. The analysis was per-
formed with the execution method prepared as 2 minutes 1 cycle 
at 50 ° C, 1 cycle for 10 minutes at 95 ° C, 15 seconds at 95 ° C and 
50 cycles for 1,5 minutes at 60 ° C. The results were quantitatively 
determined by the ∆∆CT method in the Real-Time PCR device. Data 
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normalization was achieved by calculating the 2-ΔΔCTvalue.

Statistical analysis

Statistical analyzes were made with the STATISTICA Version 
13.3 program. Data are summarized as mean, standard deviation, 
number and percentage. Gender distributions of the patient and 
healthy groups were compared with the Chi-square test and age 
distributions with the independent t-test. Normal distribution con-
trol of gene expression levels was done with the Shapiro Wilk’s test. 
Tumor type, nucleolar grade, pathological stage interactions were 
evaluated using factorial ANOVA and a post-hoc planned contrast 
test. The effect of gene expression on patient survival was evaluated 
with the Cox Proportional Hazards model. The situations where the 
P-value was <0.05 were considered statistically significant.

Results

This study includes 150 cases with an RCC diagnosis. As a con-
trol group, 40 healthy, tumor-free cases were included in the study. 
The clinicopathological characteristics of the cases are summarized 
in (Table 1).The difference between the patient and healthy groups 

in terms of DKK1, SFRP2, MALAT1 and PMCA1 gene expression 
was found to be statistically significant. There was no significant 
difference between non-tumoral tissues and tissues with RCC in 
terms of TRPV6 gene expression (P = 0.066). It was found that 
DKK1 and SFRP2 gene expression was higher in healthy tissues and 
their expression decreased in tumor tissues (P < 0.001, P < 0.001). 
MALAT1 and PMCA1 gene expression were found to be higher in 
tumor tissues than in healthy tissues (P = 0.011, P = 0.046) (Table 
2). In terms of all genes, no significant expression difference was 
found between clear cell RCC and papillary type RCC (P > 0.05). Re-
lationship between DKK1, SFRP2, MALAT1, PMCA1, TRPV6 gene ex-
pressions and clinicopathological factors in renal cell carcinomas. 
The expressions of SFRP2, MALAT1, and TRPV6 in tumors with low 
WHO/ISUP nucleolar grade were found to be significantly higher 
than in tumors with a high nucleolar grade (P < 0.001, P = 0.001, P < 
0.001). PMCA1 expression was found to be higher in RCCs with nu-
cleolar grades 3 and 4 (P = 0.016) (Table 3). PMCA1 expression was 
also found to be associated with longer survival and lower death 
rates (P = 0.007).

Table 1: Clinicopathological features of the patients with renal cell carcinoma and the controls.

Clinicopathologic features Patients. n (%) Controls. n (%)

Total subjects 150 (100) 40 (100)

Age    

Median (range) 58.94 (18-92) 59.8 (23-81)

Gender    

 Female 57 (38) 14 (35)

 Male 93 (62) 26 (65)

Tumor type    

Clear cell type 114 (76)  

Papillary type 36 (24)  

Histologic grade (WHO/ISUP nucleolar)    

 I 14 (9.3)  

 II 61 (40.7)  

 III 58 (38.7)  

 IV 17 (11.3)  

Low grade (I-II) 75 (50)  

High grade (III- IV) 75 (50)  

Tumor stage    

T1-T2 101 (67.3)  

T3-T4 49 (32.7)  

Table 2: Comparison of gene expressions in tumor tissues and normal tissues

Renal Cell Carcinoma Normal Renal Tissues                

  Minimum Maximum Mean SD Minimum Maximum Mean SD P-value

DKK1 0 7.93 2.78 1.74 0.01 6.42 4.54 2.2 <0.001*

sFRP2 0.07 1.25 0.8 0.29 0 2.46 1.09 0.61 <0.001*

MALAT1 0.01 6.42 4.54 2.2 0 7.93 2.78 1.74 0.011*
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PMCA1 1.53 3.48 2.64 0.48 0 4.59 2.43 0.66 0.046*

TRPV6 26.02 42.74 34.33 3.21 0 27.12 11.81 4.42 0.066

SD: Standard deviation, *Significant (P value < 0.05). 

Table 3: Comparison of gene expressions in low- and high-grade renal cell carcinomas

WHO/ ISUP Nucleolar grade

Low grade High grade
P-value

Minimum Maximum Mean SD Minimum Maximum Mean SD

DKK1 0 7.93 2.75 2.18 0.05 7.33 2.80 1.25 0.620

sFRP2 0 27.12 14.38 4.82 2.46 13.50 9.31 1.84 <0.001*

MALAT1 0 4.59 2.61 0.81 1.21 2.81 2.24 0.38 0.001*

PMCA1 0 2.46 0.98 0.73 0.31 2.46 1.19 0.45 0.016*

TRPV6 0 5.90 2.87 2.67 0 5.50 1.22 2.23 <0.001*

SD: Standard deviation, *Significant (P-value < 0.05). 

Table 4: Comparison of gene expressions in low and high stage renal cell carcinomas

Tumor stage (pT)

T1- T2 T3-T4

Mean (SD)
Minimum: 

Maximum
Mean(SD)

Minimum: 

Maximum
P-value

DKK1 2.84(1.91) 0:7.93 2.65(1.37) 0.05:7.33 0.624

sFRP2 13.04(4.75) 0:27.12 9.33(2.08) 2.46:13.50 <0.001*

MALAT1 2.52(0.74) 0:4.59 2.23(0.37) 1.21:2.81 0.013*

PMCA1 1.03(0.65) 0:2.46 1.20(0.51) 0.43:2.46 0.189

TRPV6 2.44(2.65) 0:5.90 1.06(2.15) 0:5.37 0.004*

*Significant (P value < 0.05), SD: Standard deviation

It was found that SFRP2, MALAT1 and TRPV6 gene expressions 
were higher in clear cell RCC compared to tumors with low WHO/
ISUP nucleolar grade (P < 0.001, P = 0.006, P = 0.012). The expres-
sion of PMCA1 was found to be lower in low nucleolar grade tumors 
than in high nucleolar grade tumors (P = 0.024). In papillary type 
RCC, SFRP2 and TRPV6 genes were found to be significantly more 
expressed in low WHO/ISUP nucleolar grade tumors than in high 
nucleolar grade (P = 0.001, P = 0.001).

Significant differences were found between clear cell and pap-
illary type RCCs with a high nucleolar grade in terms of DKK1 (P = 
0.049) and the TRPV6 gene (P = 0.024). Besides, it was observed 
that DKK1 and TRPV6 genes were more expressed in high WHO/
ISUP nucleolar grade clear cell RCC than in papillary type RCC. It 
was determined that MALAT1, SFRP2 and TRPV6 gene expressions 
were higher in tumors with low pT, and their expression decreased 
in pT stage 3-4 tumors (P = 0.013, P < 0.001, P = 0.004) (Table 4).

SFRP2 and MALAT1 gene expressions were found to be signifi-
cantly higher in the low pT group in clear cell RCC (P = 0.002, P = 
0.032). In papillary type RCC, a significant difference was found be-
tween tumors with low and high pT in terms of SFRP2 (P < 0.001) 
and TRPV6 (P < 0.001) gene expressions. Gene expressions in tis-
sues with low pathological tumor stage clear cell and papillary type 

RCC were compared, and a statistically significant difference was 
found in terms of the SFRP2 gene (P = 0.036). SFRP2 gene expres-
sion was higher in the papillary type than in the clear cell type in 
RCCs with low pT. A statistically significant difference was found 
between the high pathological tumor stage clear cell and papillary 
type RCC in terms of the TRPV6 gene (P = 0.016). TRPV6 gene ex-
pression is significantly higher in the clear cell type than in the pap-
illary type in high-stage tumors. 

Discussion

Despite advances in the diagnosis and treatment of RCCs, the 
prognosis is poor, metastasis is observed in approximately one-
third of the patients at the time of diagnosis [17]. Detection of mo-
lecular mechanisms and differences that are effective in the patho-
genesis and progression of RCCs can make a significant contribution 
to the early diagnosis and treatment of the disease. In the study of 
Hiroshi et al., it was found that DKK1 expression was significantly 
suppressed in clear cell type RCC cells and it was shown that DKK1 
re-expression induced apoptosis in renal cancers [6]. In studies on 
gastrointestinal cancers, it has been found that the DKK family sup-
presses the growth of cancer cells, and their level in cancer cells 
has been shown to decrease [18]. Inhibition of the SFRP2 gene by 
hypermethylation has been reported in stomach, breast, renal and 
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colon cancers [19]. In various studies, it was found that the meth-
ylation of the DKK1 gene and other Wnt antagonists was higher in 
high pT and grade tumors, and it was found that the DKK1 level was 
decreased in high-grade RCCs [5, 6]. Similarly, in our study, it was 
observed that DKK1 expression was higher in healthy tissues and 
its expression in RCC tissues was found to be significantly reduced. 
When the clear cell and papillary type RCC tissues with high nucleo-
lar levels were compared, it was found that the expression of DKK1 
in the clear cell type was higher than in the papillary type.

The expression of the SFRP2 gene, another Wnt antagonist, 
was found at a lower level in the tumors in our study. It was found 
that SFRP2 gene expression was significantly decreased in tumors 
with high pT and nucleolar grade compared to low-grade tumors. 
The data obtained from our study and previous studies support 
the view that DKK1 and SFRP2 have tumor suppressor properties 
and have a significant effect on the pathogenesis and progression 
of RCCs.

It is known that LncRNAs have an important role in cancer de-
velopment and progression. MALAT1 is a nuclear IncRNA expressed 
on chromosome 11q13, also called nuclear-enriched transcript 2 
(NEAT2). Previous research has shown that MALAT1 is highly ex-
pressed in various cancers such as lung, breast, liver, pancreatic, 
colon, and oral squamous cell cancer [20-23]. In the first study on 
clear cell RCCs, it was found that the lncRNA MALAT1 level was high-
er in the tumor than in non-tumor tissues. A correlation was found 
between MALAT1 expression level and tumor size, tumor stage, and 
lymph node metastasis, but not with histological grade and distant 
metastasis [24]. In the study of Li et al., MALAT1 levels were found 
to be high in RCC tissues, and it was found that suppression of the 
gene significantly inhibited the proliferation and migration of RCC 
cells [25]. In our study, it was determined that MALAT1 expression 
increased significantly in tumor cells. We also noticed the expres-
sion of MALAT1 in the clear cell type was high in tumors with low 
pT and histological grade, but no significant relationship was found 
between these parameters in the papillary type. Although MALAT1 
expression is high in RCCs, its role in tumor proliferation and metas-
tasis is not known clearly. Somehow, MALAT1’s significant increase 
in RCC tissues and suppression of its expression decreases cell pro-
liferation, which may make it a promising candidate in therapy.

PMCA is a calcium transporter that plays an important role 
in calcium homeostasis, transporting calcium across the plasma 
membrane by active transport. There are four different isoforms 
(PMCA1-4) encoded by four genes. While PMCA1 and PMCA4 are 
expressed in many cells, PMCA2 and PMCA3 have a limited tissue 
distribution [11-13]. In recent studies, an increase in PMCA1 ex-
pression was found in breast cancer, rhabdomyosarcoma, and he-
patocarcinoma [26-28]. In a study evaluating PMCA expression in 
colon cancer, a relationship was found between differentiation in 
cancer cells and the level of PMCA4. However, it has been found that 
there is no significant change in PMCA1 expression in colon cancer 
[28]. In the study of Saito et al., it was observed that PMCA1 expres-
sion was lower in oral squamous cell carcinomas. PMCA1 gene inac-
tivation is thought to be a frequent and early event during oral car-
cinogenesis. However, no relationship was found between PMCA1 

expression and tumor stage or grade [11]. Regarding RCCs, it is not 
yet known whether the PMCA1 gene is associated with carcino-
genesis. Our study is the first and unique study evaluating PMCA1 
expression in RCC cells, and it was found that PMCA1 expression 
was higher in RCC cells than in normal healthy renal tissue cells. 
Besides, it was noted that the expression showed a marked increase 
in tumors of WHO/ISUP nucleolar grade (3-4). PMCA1 expression 
was also found to be associated with longer survival and lower 
death rates. In summary, it was concluded that PMCA1 expression 
is increased in RCC tissues, increased with higher grades, and asso-
ciated with better survival. Cellular Ca2+channels are important in 
the regulation of apoptotic pathways and are associated with can-
cer development. TRPV6 is a highly selective channel responsible 
for maintaining intracellular Ca2+levels. TRPV6 levels have been 
investigated in various types of cancer, but promising results have 
been obtained, especially in prostate and colon carcinomas [29]. 
In the study of Wu et al., TRPV5/TRPV6 was found to be expressed 
in normal human kidney and RCC tissues, but its expression was 
found to be decreased in RCC [30]. In our study, TRPV6 expression 
was detected in normal renal tissue and RCC tissues, but although 
there was no significant difference between them, it was found that 
the expression was high in tumors with low WHO/ISUP nucleolar 
grade and pT, and expression decreased as the tumor progressed. 
The effect of TRPV6 on RCC carcinogenesis is still uncertain. 

Conclusion

In our study, we examined the expressions of DKK1, SFRP2, 
MALAT1, PMCA1, and TRPV6 genes both in normal renal tissue and 
in RCCs. Although our results are largely compatible with the cur-
rent literature, the main point that makes our study significant and 
different is that it is the first and unique study evaluating PMCA1 
expression in RCC cells. PMCA1 expression was found to be higher 
in RCC cells than in normal healthy renal parenchyma cells, most 
prominently in WHO/ISUP nucleolar grade 3-4 RCCs. The results 
obtained, especially for PMCA1, will lead to the determination of 
new molecular targets in the diagnosis and treatment of RCC.

Limitations 

In the current literature there is not a similar paper so compar-
ing all of our results properly could not be possible. Further studies, 
with larger case series, are needed to explain the effects of these 
genes in RCC.
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