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Store-operated calcium (Ca**) entry (SOCE) is the principal Ca®* entry route in non-excitable
cells, including cancer cells. We previously demonstrated that Orai1 and STIM1, the
molecular components of SOCE, are involved in tumorigenesis of clear cell renal cell
carcinoma (CCRCC). However, a clinical relevance of Orai1 and STIM1 expression in CCRCC
has been ill-defined. Here, we investigated the expression of Orai1 and STIM1 in CCRCC,
and compared their expression with clinico-pathological parameters of CCRCC and the
patients' outcome. Immunohistochemical staining for Orai1 and STIM1 was performed on
126 formalin fixed paraffin embedded tissue of CCRCC and western blot analysis for Orail
was performed on the available fresh tissue. The results were compared with generally
well-established clinicopathologic prognostic factors in CCRCC and patient survival.
Membrane protein Orai1 is expressed in the nuclei in CCRCC, whereas STIM1 shows the
cytosolic expression pattern in immunohistochemical staining. Orail expression level is
inversely correlated with CCRCC tumor grade, whereas STIM1 expression level is not
associated with tumor grade. The higher Orai1 expression is significantly associated with
lower Fuhrman nuclear grade, pathologic T stage, and TNM stage and with favorable
prognosis. The expression level of STIM1 is not correlated with CCRCC grade and clinical
outcomes. Orai1 expression in CCRCC is associated with tumor progression and with
favorable prognostic factors. These results suggest that Orai1 is an attractive prognostic
marker and therapeutic target for CCRCC.
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INTRODUCTION

Renal cell carcinoma (RCC) is most common kidney tumor in adults, which is origi-
nated in the lining epithelium of proximal convoluted tubules (1). The incidence of
RCC s steadily increasing; and kidney cancer statistics shows about 25,000 patients are
living with the cancer in Korea (2). Clear cell RCC (CCRCC) is the most common sub-
type (87.7%) of RCC (3). Initial treatment is mostly either partial or complete nephrec-
tomy that remains the mainstay of curative treatment. It is relatively resistant to radia-
tion therapy or chemotherapy, although some cases respond to targeted therapies which
have shown improvement in the overall survival of advanced RCC patients, reaching
over 2 years (4). Recently, improved understanding of the molecular pathogenesis of
RCC has led to the development of specific targeted therapies for treating the RCC.
Intracellular Ca** homeostasis has been known to be essential for cellular processes
involving exocytosis, enzyme activation, gene transcription, cell growth, cell prolifera-
tion, and apoptosis (5). Intracellular Ca* is increased two ways: release from intracel-
lular stores, the endoplasmic reticulum (ER) or Ca** influx from extracellular (6). The
most common mechanism of intracellular Ca* mobilization results from the activa-
tion of phospholipase C (PLC)-linked cell surface receptors, which produce intracellu-
lar second messengers, inositol 1,4,5-trisphosphate (IP3) leading depletion of ER Ca*
(7-9). As a result, ER Ca** depletion evokes Ca** influx via plasma membrane, which is
known as capacitive or store operated Ca* entry (SOCE) (6,10). The molecular compo-
nents of SOCE are the stromal interaction molecules (STIM1 and 2), an ER Ca* sensor,
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and the Orais (Orail-3), a pore forming subunits. The best char-
acterized SOCE current is Ca*-release-activated Ca** (CRAC)
current (11). ER Ca* depletion initiates STIM1 oligomerizaton
and translocation to plasma membrane junction leading bind-
ing to Orail, thereby triggering sustained Ca* influx (12,13).

The Orail/STIMI signaling is predominant Ca* influx route
in non-excitable cells including tumors that has been implicat-
ed in cancer hallmarks such as migration and cell cycle progres-
sion in human cancers including breast, prostate, cervix and
glioblastoma (14-18). We previously reported that expression of
Orail was much higher in CCRCC tumor tissues compared to
that of adjacent non-tumor renal parenchymal tissue and Orail/
STIM1-mediated SOCE aggravated migration and proliferation
of CCRCC cells suggesting that Orail/STIM1 is crucial for tu-
morigenesis and progression in CCRCC (19). However, whether
expression level of SOCE components is associated with CCRCC
progression and with clinical relevance is unclear. Therefore, in
this study, we examined whether expression of Orail and STIM1
is correlated with clinico-pathological parameters of CCRCC
and patients’ survival.

MATERIALS AND METHODS

Patients and tissue samples

This study includes 126 formalin fixed paraffin embedded (FFPE)
tissue samples of CCRCC that were collected from patients who
underwent radical nephrectomy at the Yonsei University Won-
ju Severance Christian Hospital from 2001 to 2011. In addition,
8 fresh tissue samples were also available among them. All slides
and pathologic reports of these cases included in this study were
reviewed and tumor stages and nuclear grades were reclassified
according to TNM classification and Fuhrman nuclear grading,
respectively (20,21).

Immunohistochemistry (IHC)

Tissue microarray (TMA) technique was used. 126 FFPE tissue
cores from representative blocks (well-preserved area without
necrosis, hemorrhage, and artifact site) were harvested using a
5 mm Quick-ray tip-punch (Unitma, Seoul, Korea), placed on a
TMA mold with 20 pores (Unitma), and re-embedded with par-
affin. The 4 um sections of TMA blocks were cut, attached onto
coated slides.

The sections were deparaffinized with xylene, rehydrated in
graded alcohols, and subjected to pretreatment with CC1 (Roche
Diagnostics, Basel, Switzerland). The primary antibodies, Orail
(Abcam, Cambridge, MA, USA) and STIM1 (Abcam) were ap-
plied and incubated for 60 minutes (dilution titers: 1:100, respec-
tively) using an automated IHC machine, Ventana Benchmark
XT (Roche Diagnostics).

The antibodies were detected with the Ultra View Universal
DAB kit (Roche Diagnostics) and counterstained with hema-
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toxylin (Roche Diagnostics) by manufacturer’s recommendation.
A positive and negative control stain test was also performed.

Modified Allred scoring system which calculated by the sum
of staining intensity and distribution was used to evaluate the
results of IHCs. The staining intensity was scored to be 0 points
(negative), 1 point (weak), 2 points (intermediate), or 3 points
(strong) and the distribution of positive-stained cells was calcu-
lated as 1 point (< 1%), 2 points (1%-10%), 3 points (11%-33%),
4 points (34%-67%), or 5 points (> 67%) (19,22). The total stain-
ing score from 0 to 2 points was interpreted as negative and a
score from 3 to 8 points was interpreted as positive.

Western blot analysis

Western blot analysis was performed on 8 paired fresh tissue in-
cluding CCRCC tissue and adjacent non-tumor renal tissue. Pair-
ed fresh tissues were lysed using 2 mL of PRO-PREP lysis buffer
(iNtRon Biotechnology, Daejeon, Korea), and then ground for
15-20 seconds on ice using a homogenizer (ProScience, Woburn,
MA, USA). Equal amount of protein lysates used for sodium do-
decyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to the immobilon-P membrane (Millipore, Bill-
erica, MA, USA). The membranes were blocked with 5% skim
milk and incubated with primary antibodies, including Orail
(Abcam) and B-actin (Santa Cruz Biotechnology, Dallas, TX,
USA) overnight at 4°C. The membranes were then incubated
with secondary antibodies, including Anti-Rabbit IgG (HRP)
(Santa Cruz Biotechnology) and Anti-mouse IgG (Santa Cruz
Biotechnology) at room temperature for an hour. Immunoblot-
ting bands were detected and quantified using Biospectrum
Imaging System (UVP, Upland, CA, USA) and Image]J software
(available at http://rsb.info.nih.gov/ij/index.html).

Statistical analysis

Student’s #-test and y* test were used to compare the continu-
ous and categorical variables. The period of overall survival was
measured from the date of surgery to the date of death due to
the tumor. Tumor recurrence was defined as the presence of
clinically diagnosed or pathologically confirmed metastases.
Survival analysis was performed using the Cox regression meth-
od after normalizing following parameters: sex, age, Fuhrman
nuclear grade, and pathologic T stage. Statistical analysis was
performed using PASW, version 20.0 (SPSS Inc., Chicago, IL,
USA). A value of P < 0.05 was considered statistically significant.

Ethics statement

This study was conducted in accordance with the Declaration
of Helsinki and was reviewed and approved by the institutional
review board of Yonsei University Wonju College of Medicine
(YWMR-12-0-014). Informed consent was exempted by the
board.
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RESULTS

Clinico-pathological characteristics of study population

The patients included in this study comprised of 94 male and
32 female, aged 16 to 79 years old (57.4 + 10.5). The tumor size
was ranged from 1.5 to 18 cm (5.3 + 2.7 cm). Fuhrman nuclear
grades in the tumors were as follows: grade 1, n = 15 (11.9%);
grade 2, n = 57 (45.2%); grade 3, n = 42 (33.4%); grade 4, n = 12
(9.5%). Meanwhile, TNM stage of the tumors was follows: stage
I, n = 87 (69%), stage I1, n = 13 (10.3%), stage I1I, n = 22 (17.5%),
stage IV, n = 4 (3.2%). Based on clinical data, 123 patients with
CCRCC had available follow up data. Of the patients with follow
up information, 9 (7.3%) had tumor recurrence. Until the last
follow up, 12 patients (9.8%) had died due to the tumor. The clin-
ico-pathological data of the patients are summarized in Table 1.

Table 1. Summary of clinical and pathological findings

Characteristics No. (%)
Gender

Male 94 (74.6)

Female 32 (25.4)
Age, yr

Mean 57.4 £ 10.5

Range 16-79
Tumor size, cm

Mean 53 t£27

Range 1.5-18
Fuhrman nuclear grade

1 15(11.9)

2 57 (45.2)

3 42 (33.4)

4 12 (9.5)
TNM stage

| 87 (69.0)

1 13(10.3)

Il 22 (17.5)

v 4(3.2)

Follow up data
Tumor recurrence
Death due to tumor

Orail expression is associated with favorable clinico-
pathological parameters of CCRCC

Orail was expressed in 66 (50%) cases of CCRCC, showing nu-
clear staining pattern whereas nuclear and cytoplasmic pattern
in non-tumor renal tissue by THC (Fig. 1A). Orail was positive
in 65.3% of cases with a low (1 +2) Fuhrman nuclear grade and
29.6% of cases with a high (3 +4) Fuhrman nuclear grade (Fig.
1A and C, Table 2, P < 0.001). Consistent with IHC analysis, the
protein level of Orail in fresh tissues from patient with low Fuhr-
man nuclear grade was elevated compared to that of high Fuhr-
man nuclear grade, in immunoblotting analysis (Fig. 2A and B).
In the perirenal fat invasion, Orail positivity was seen in 53.6%
of cases without perirenal fat invasion and 25% of cases with
perirenal fat invasion (Table 2). For cystic change, Orail was
positive in 67.6% of cases with cystic change and 43.5% of cases
without cystic change (Table 2, P = 0.016). Orail was expressed
in 56.7% of cases with pathologic T stage 1 and 33.3% of stage
2-4 cases (Table 2). Moreover, Orail positivity was seen in 57.5%
of cases with TNM stage I and 33.3% of cases with TNM stage II-
IV, which was again a statistically significant (P = 0.012). Althou-
gh Orail expression seems to be higher in cases without sarco-
matoid or rhabdoid feature, tumor necrosis, renal pelvis, renal
sinus fat, and vascular invasions, these differences were not sta-
tistically significant (Table 2).

The mean staining score of IHC results was also compared in
each group to overcome the limitation of quantification meth-
od, above used. The mean staining scores of Orail was statisti-
cally significant in clinico-pathological parameters including
perirenal fat invasion, cystic change, Fuhrman nuclear grades,
pathologic T stage, and TNM stages (Table 3). The mean stain-
ing score of IHC of Orail was high in Fuhrman nuclear grade 1
and was declined in higher Fuhrman nuclear grade (Fig. 1C).
Importantly, the level of Orail expression was significantly as-
sociated with tumor size (Fig. 2C) an important indicator of
CCRCC progression suggesting that Orail expression is associ-

Table 2. Correlation of Orai1 and STIM1 expression and clinico-pathological parameters of clear cell renal cell carcinoma

Orail expression

STIM1 expression

Parameters = =
No. (%) of positive cases Pvalue No. (%) of positive cases Pvalue
Perirenal fat invasion
Absent 59 (53.6) 0.032 40 (36.7) 0.507
Present 4(25.0) 6 (40.0)
Cystic change
Present 23 (67.6) 0.016 38 (41.8) 0.056
Absent 40 (43.5) 8(24.2)
Fuhrman nuclear grade
Low grade (1+2) 47 (65.3) 0.000 24 (33.8) 0.245
High grade (3+4) 16 (29.6) 22 (41.5)
Pathologic T stage
1 51 (56.7) 0.018 2 (36.0) 0.413
2-4 12 (33.3) 14 (40.0)
TNM stage
| 50 (57.5) 0.012 31(36.0) 0.433
IV 13(33.3) 15 (39.5)
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Fig. 1. Immunohistochemistry (IHC) analysis of Orai1 and STIM1 in
clear cell renal cell carcinoma (CCRCC). Expression of Orail (A) and

0 1‘ 2‘ é “1 STIM1 (B) in low and high grade tumors, respectively (x 400). The
mean staining score of IHC of Orai1 and STIM1 in Fuhrman nuclear
Fuhrman nuclear grade Q grade 1-4 (C).
ated with clinical outcomes. and recurrence rate.

Survival analysis for Orail was performed after normalizing
following parameters: sex, age, Fuhrman nuclear grade, and ~ STIM1 expression in CCRCC and its correlation with
pathologic T stage. There was no significant difference between  clinico-pathological parameters of CCRCC
Orail positive group and Orail negative group in both survival ~ Expression of ER Ca** sensor STIM1 an essential component of
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Fig. 2. Correlation of Orai1/STIM1 expression and tumor size. (A) Expression level of Orail in low and high grades, was analyzed with immunoblotting. (B) Relative (Rel.) expres-
sion of Orai in low and high grade tumor tissues. (C) Correlation between tumor size vs. Orail negative and Orai1 positive groups. (D) Correlation between tumor size vs. STIM1
negative and STIM1 positive groups. NS, not significant. *P = 0.033 low vs. high grade tumors; 7P < 0.01 Orai1 negative vs. positive tumors.

Table 3. Difference of mean staining score of Orai1 and STIM1 expressions and clin-
ico-pathological parameters of clear cell renal cell carcinoma

Orai1 expression
Mean £ SD  Pvalue

STIM1 expression
Mean £ SD  Pvalue

Parameters

Perirenal fat invasion

Absent 283 £ 242 0.029 195+271 0.759
Present 1.44 +£1.90 2.20 £ 2.88
Cystic change
Present 379 £260 0.001 118+ 220 0.027
Absent 2.23 +2.18 227 + 2.84
Fuhrman nuclear grade
Low grade (1+2) 349 £ 245 0.000 179+ 263 0.363
High grade (3+4) 1.54 +£1.81 225+ 284
Pathologic T stage
1 298 +£ 245 0.015 1.98 £ 279 0.966
2-4 1.83 + 2.08 2.00 + 2.57
TNM stage
| 3.02 £ 246 0.009 199+ 280 0977
IV 1.82 + 2.02 1.97 £ 2.56

SD, standard deviation.

SOCE was detected in 46 (37.1%) cases of CCRCC. STIM1 was
detected in the cytoplasm and/or membrane of tumor and non-
tumor tissue (Fig. 1B). STIM1 was positive in 33.8% of cases
with a low (1+2) Fuhrman nuclear grade and 41.5% of cases
with a high (3+4) Fuhrman nuclear grade (Table 2). STIM1 ex-

http://dx.doi.org/10.3346/jkms.2016.31.6.879

pression level in CCRCC was not correlated with tumor grades
such as Fuhrman nuclear grade, TNM and pathologic T stages
(Fig. 1B and C). STIM1 was positive in 41.8% of cases without
cystic change and 24.2% of cases with cystic change. Further-
more, STIM1 expression seems to be higher in cases without
sarcomatoid or rhabdoid feature, tumor necrosis, perirenal fat,
renal pelvis, renal sinus fat, and vascular invasion. In addition,
STIM1 expression seemed to be higher in low pathologic T stage
and TNM stage tumors as compared to high pathologic T stage
and TNM stage tumors, respectively. These findings are sum-
marized in Table 2.

The mean staining score of STIM1 was not significant in clin-
ico-pathological parameters except cystic changes (Table 3,
P =0.027). In addition, there was no significant difference be-
tween STIM1 positive group and STIM1 negative group in tu-
mor size (Fig. 2D) and both survival and recurrence rate (not
shown).

DISCUSSION
We previously suggested that Orail/STIM1-mediated store op-

erated Ca** entry (SOCE) is primary Ca* entry mechanism which
plays a critical role in tumorigenesis of CCRCC. In addition to

http://jkms.org 883



JKMS

Lkhagvadorj S, et al. * Orai1 in Clear Cell Renal Cell Carcinoma

our previous study, here, tumor expression level of Orail is as-
sociated with clinical outcomes of CCRCC. Interestingly, Orail,
not STIM, was expressed in nuclei of CCRCC indicating that
plasma membrane protein Orail translocates to the nucleus of
human CCRCC. This mechanism is reminiscent of type 1 insu-
lin-like growth factor receptor (IGF-1R) translocation in CCRCC
(23). In this report, nuclear IGF-1R was associated with poor
prognosis. In contrast, high nuclear Orail expression was close-
Iy related with favorable prognostic factors of CCRCC in the pres-
ent study. Underlying mechanism and pathological role of nu-
clear translocation of Orail in CCRCC awaits future investigation.

Several studies have demonstrated that increased expression
of Orail protein level was associated with unfavorable progno-
sis in breast and lung cancers (14,24). However, high Orail ex-
pression was significantly related to absence of perirenal fat in-
vasion, presence of cystic change, lower Fuhrman nuclear grade,
lower pathologic T stage, and lower TNM stage suggesting that
high Orail expression may be associated with favorable prog-
nostic factors in CCRCC in the current study. Sustained deple-
tion of ER Ca** which is crucial for ER chaperone protein func-
tion may cause ER stress leading apoptosis. Thus, Orail-medi-
ated Ca** influx is vital for refilling of ER Ca* protecting apopto-
sis. Higher expression of Orail at least in part, may involve in
protecting tumor progression via preventing ER stress. In addi-
tion, Orail-mediated SOCE activity and its function could be
variable due to different organ, present tumor diversity, speci-
fied source of patients, and less number of specimens.

We expected the difference in survival of patients since the
IHC and western blot results show significant difference be-
tween them. However, there was no difference between Orail
positive and Orail negative patients’ survival. It may be due to
the characteristics of our study population that mainly included
low stage tumors, not advanced cases, since high stage patients
usually do not tend to get surgery. As well as, the patients with
low grade tumor have relatively good prognosis, so small num-
ber of patients who deceased in our study.

STIM]1, an ER Ca* sensor, functions as a molecular compo-
nent of SOCE channel in CCRCC and it is critical for cell migra-
tion and proliferation in CCRCC cell lines (19). STIM1 expres-
sion was detected in 46 (36.5%) of CCRCC with cytoplasm or
membrane staining pattern in tumor tissues. The expression
shows a trend that aggressive CCRCC reveal higher STIM1 posi-
tivity. However, the result of mean value comparison shows that
STIM1 expression was significantly higher when the cystic change
in CCRCC was absent (P = 0.027); Cystic change is known as fa-
vorable prognostic factor, as previously described. It has been
argued whether STIM1 is associated with adverse or favorable
prognosis of cancer. While STIM1 silencing in cervical cancer
cells leads to decrease in proliferation by arresting the cell cycle
at the S and G2/M phases (18). STIM1 knockdown had no sig-
nificant impact on glioblastoma cell proliferation, as long as
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Orail knockdown induced significant inhibition of the tumor
cell growth (17).

Wilms’ tumor suppressor 1 (WT1) and early growth response
1 (EGR1) regulate STIM1 expression in various kinds of cancer
(25,26). STIM1 expression was reciprocally regulated by either
overexpression of WT'1 or knockdown of EGRI. Therefore, we
examined WT1 expression status in CCRCC. All 126 cases of
CCRCC did not expressed WT1 by immunohistochemistry (data
are not shown). WT1 is expressed in differentiating glomerular
epithelium but not in mesenchymal derived epithelial struc-
tures such as proximal and distal tubules in fetal kidney (27).
WT1 staining was observed in human fetal kidney and high
grade CCRCC, but do not react with normal tubules of the kid-
ney (28), whereas common WT1 mutations are not involved in
CCRCC (29). According to the results of our study, we may pre-
dict STIM1 expression might not be related with WT1 expres-
sion in the developing pathway of CCRCC, a tumor whose cell
of origin is believed to be from the proximal tubule.

Development of the systemic target therapy for RCC has been
greatly improved patients’ outcome. Predominant treatment
strategy of metastatic RCC is cytokine-based treatment such as
sorafenib, sunitinib bevacizumab, temisirolimus, and everoli-
mus (1,4). However, the treatment of metastatic RCC remains a
challenge and a major health problem due to lack of specific
targets. This study provides a new perspective on the renal car-
cinogenesis, and offers clues for a prognosis and therapeutic
strategies for CCRCC.
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