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Renal cell carcinoma (RCC) accounts for 2% of all malignan-
cies1 but its unpredictable biological behavior remains a chal-
lenge for clinicians. The clear cell RCC (CCRCC) is the most 
prevalent type of entity and it accounts for 85% of all cases of 
RCC.2 In addition, approximately 30% of patients are diagnosed 
with metastases at initial presentation.3 Furthermore, such a 
high rate of metastasis poses a diagnostic and therapeutic chal-
lenge to clinicians. 

An inducible isoform of cyclooxygenase, cyclooxygenase-2 
(COX-2) has been studied for its role in carcinogenesis over the 
past decade.4 Accumulative evidences support its association 
with various human malignancies4-12 and the effectiveness of se-
lective COX-2 inhibitor for the prevention of cancer has become 
one of the most enthusiastic issues in the relevant field.4,6,13,14

COX-2 is known to play an important role in tumor cell pro-
liferation, resistance to apoptosis, angiogenesis and invasion.4-6,13 
The causal relationship between COX-2 and tumorigenesis has 
been reported in various malignancies including breast cancer, 

bladder cancer, gallbladder cancer, brain tumor, and RCC.7-12,15 
COX-2 expression can be induced by inflammation or other 
adverse stimuli. In various cancer cell lines, many signal path-
ways including mitogen-activated protein kinase (MAPK) path-
way and protein kinase C (PKC) pathway lead to up-regulation 
of COX-2 expression and in turn COX-2 plays a role in enhanc-
ing the growth and invasion of tumor cells by being involved 
in the synthesis of prostaglandin.16 From this context, some stud-
ies have attempted to examine the clinical usefulness of COX-2 
as a novel treatment target against human malignancies.16

To date, a sufficient number of studies have been conducted. 
Nevertheless, the role of COX-2 in prognostic correlation with 
human RCC remains unclear and rather conflicting results have 
been published. Two studies have reported a poor prognosis in 
COX-2 positive RCCs,17,18 but others have reported a good pro-
gnosis in COX-2 positive cases19 or no association.20

Given the above background, we conducted this study to 
clarify the role of COX-2 in the progression and prognosis of 
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CCRCC and to assess the effect of COX-2 inhibition in CCRCC 
cell lines. Thus, we have attempted to suggest its possible ther-
apeutic role. 

MATERIALS AND METHODS

Cases

The current study enrolled a total of 137 patients who had 
undergone radical or partial nephrectomy for the treatment of 
CCRCC at the Seoul University Hospital between 2001 and 
2002. Hematoxylin and eosin stained slides from each case were 
reviewed for RCC type, tumor stage and nuclear grade. Tumor 
stage and nuclear grading were reclassified according to the 
2010 tumor, node and metastasis (TNM) stage system21 and 
Fuhrman nuclear grading system.22 The mean follow-up dura-
tion was 70 months (range, 2 to 114 months). The mean age of 
patients was 55 years (range, 28 to 78 years). Recurrence or me-
tastasis of CCRCC and disease-related death were obtained from 
a review of the medical records. This study was approved by the 
Institutional Review Board (IRB) of Seoul National University 
Hospital. 

Tissue microarray (TMA) and immunohistochemistry

Following a review of the tumor sections, one of the repre-
sentative core sections with a diameter of 2 mm was taken from 
paraffin-embedded blocks and arranged in new TMA blocks 
using a trephine apparatus (Superbiochips Laboratories, Seoul, 
Korea). Additionally, 29 non-neoplastic renal parenchymal tis-
sue sections obtained from patients with RCC were also includ-
ed in TMA blocks. After deparaffinization and rehydration in a 
graded alcohol series, 4 μm-thick sections from the TMA blocks 
were processed with a heat-induced antigen retrieval procedure. 
Immunohistochemistry was done using the Bond-Max Auto-
stainer (Leica Mycrosystems, Bannockburn, IL, USA). Polyclo-
nal rabbit anti-COX-2 antibody (Thermo Scientific, Fremont, 
CA, USA) was diluted at a ratio of 1 :50 and incubated with 
the sample for 15 minutes at room temperature. The binding 
of the primary antibody was detected using the Bond polymer 
refine detection kit (Leica Mycrosystems) according to the man-
ufacturer’s instructions. Immunostained sections were reviewed 
independently by two researchers (J.W.L and K.C.M), and dis-
crepancies were resolved by consensus review. Immunoreactivi-
ty was classified semi-quantitatively into five categories based 
on staining extent (0, negative; 1+, 1-10%; 2+, 10-25%; 3+, 
25-50%; and 4+, >50%). Then, to determine the statistical sig-
nificance, all the cases were divided into two groups: the COX-

2-low group (0, 1+, and 2+) and the COX-2-high group (3+ 
and 4+). 

Cell culture

Two human CCRCC cell lines, Caki-1 and Caki-2 were pur-
chased from Korean Cell Line Bank (KCLB), both of which were 
cultured in Dulbecco’s modified Eagle medium supplemented 
with 10% fetal bovine serum (FBS), 100 units/mL penicillin and 
100 μg/mL streptomycin in a 5% CO2 humidified incubator.

Western blot analysis

Cell lysates were resolved using a 10% polyacrylamide gel in 
a sodium dodecyl sulfate buffer by electrophoresis. After trans-
fer onto nitrocellulose membrane, the blots were incubated with 
anti-COX-2 antibody (Thermo Scientific). Binding of COX-2 
antibody was revealed by chemiluminescence after incubation 
with horseradish peroxidise-conjugated goat anti-mouse anti-
body (Bio-Rad Laboratories, Hercules, CA, USA).

Cell proliferation assay

To evaluate the effects of COX-2 inhibition on the prolifera-
tion of RCC cell lines, 3-(4,5-dimethylthiazol-2yl)-2,5-diphe-
nyl-2H tetrazolium bromide (MTT) assay was carried out. Mel-
oxicam (Merk, Whitehouse Station, NJ, USA) was chosen to 
selectively inhibit COX-2 activity. Briefly, 1×105 cells of each 
group were plated per well in 24-well plates. Both RCC cell 
lines were incubated with various concentrations of meloxicam 
(0, 0.4, 0.8, 1, 1.2, and 1.5 mM). After a 48-hour incubation, 
the MTT substrate (Sigma, 5 mg/mL in phosphate buffered sa-
line) was added to each well, and the cells were incubated at 
37˚C for four hours. Following the elimination of the culture 
medium, the cells were dissolved in a 1 mL of dimethyl sulfox-
ide. The optical density was measured using a microplate reader 
at 490 nm wavelength. Each experiment was repeated three 
times.

Cell invasion assay

To evaluate the degree of changes in the invasive capacity of 
RCC cell lines on COX-2 inhibition, the cell invasion assay was 
performed using a CHEMICON cell invasion assay kit (Milli-
pore, Billerica, MA, USA) according to the manufacturer’s in-
structions. Caki-1 and Caki-2 cells (1×105) were seeded in the 
upper chamber in a 300 µL of serum free media incubated with 
treatment of a 1.0 mM of meloxicam, and a 500 μL of 10% 
FBS medium was placed in the lower chamber as a chemo-at-
tractant. The cells were incubated for 48 hours at 37˚C in a 5% 
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CO2 chamber. This was followed by the removal of the cells on 
the upper surface of the membrane using a cotton swab. The 
cells, infiltrating to the lower surface of the membrane, were 
fixed with a methanol and stained with a dye for 20 minutes, 
whose number was counted from 10 random microscopic fields 
at a ×100 magnification.

Statistical analysis

Statistical analyses were performed using SPSS ver. 19.0 (IBM 
SPSS Inc., Chicago, IL, USA). Correlations between COX-2 ex-
pression and the clinicopathological characteristics were evalu-
ated by Pearson’s χ2 or Fisher’s exact test. Cancer-specific sur-
vival period was defined as the interval between primary radical 
or partial nephrectomy and the last follow-up visit or cancer-re-
lated death. The progression-free survival period was defined as 
the interval between primary radical or partial nephrectomy 
and the last follow-up visit or evidence of recurrence or metas-
tasis of CCRCC. The Kaplan-Meier plots and the log-rank test 
were used to estimate survival rates. In addition, a univariate 
analysis was performed to assess the cancer-specific or progres-
sion-free survival. The Cox proportional hazard model was ap-
plied for a multivariate analysis. The significance of the differ-
ence in MTT assay was evaluated by analysis of variance (ANO-
VA) and a post-hoc Dunnett’s test. In addition, the significance 
of the difference in cell invasion assay was evaluated by Student 
t-test. In all tests, a p-value of <0.05 was considered statistical-
ly significant. 

RESULTS

Clinicopathological findings

The clinicopathological characteristics of 137 patients with 
CCRCC are summarized in Table 1. These 137 patients com-
prised 107 men and 30 women, whose mean age was 55 years 
(range, 28 to 82 years). During the follow-up period, there were 
24 cases (17.5%) of pulmonary metastasis and eight cases (5.8%) 
of bone metastasis. The mean follow-up period was 70 months 
(range, 2 to 114 months) and the mean tumor size was 5.7 cm 
(range, 1 to 22 cm). 

Correlations between COX-2 immunohistochemistry and 
clinicopathological features

An analysis of COX-2 expression was performed for 137 CC-
RCC tumor samples. The staining intensity was scored from 0 
to 4+, whose results include five cases of 0, 79 cases of 1+, 25 
cases of 2+, 14 cases of 3+, and 14 cases of 4+ (Fig. 1). To eval-

uate the statistical significance, the cases were redistributed into 
two groups according to the degree of their expression: the COX-
2-low group (0, 1+, and 2+; n=109, 79.6%) and the COX-2-
high group (3+ and 4+; n=28, 20.4%). The correlations be-
tween COX-2 immunoreactivity and clinicopathological vari-
ables are summarized in Table 1. The degree of COX-2 expres-
sion was statistically higher in men and this also had a statisti-
cal correlation with the pulmonary metastasis at a follow-up. 
COX-2 was only focally expressed in the renal tubular epitheli-
al cells forming the non-neoplastic renal tissue (Fig. 1F).

COX-2 expression and the prognosis

The cancer-specific and progression-free survival were signifi-
cantly shorter in the COX-2-high group as compared with the 
COX-2-low group (p=0.038 and p=0.031, respectively) (Fig. 
2). On univariate analysis, the degree of COX-2 expression had 
a significant correlation with cancer-specific or progression-free 
survival, TNM stage, and nuclear grade (Table 2). On multi-
variate analysis, COX-2 expression, along with TNM stage and 
Fuhrman nuclear grade, was an independent predictor of both 

Table 1. Clinicopathological characteristics of patients with CCRCC 
and the correlations COX-2 expression

Cases
n (%)

COX-2 expression 
(n=137)

p-value
Low 

(n=109)
High 

(n=28)

T 1 87 (63.5) 70 17 0.427
2 23 (16.8) 20 3
3 26 (19.0) 18 8
4 1 (0.7)   1 0

N N0 134 (97.8) 107 27 0.499
N1 3 (2.2) 2 1

M M0 124 (90.5) 100 24 0.303
M1 13 (9.5) 9 4

TNM stage I 86 (62.8) 69 17 0.581
II 18 (13.1) 16 2
III 19 (13.9) 14 5
IV 14 (10.2) 10 4

Nuclear grade 1 9 (6.6) 8 1 0.744
2 61 (44.5) 48 13
3 49 (35.8) 40 9
4 18 (13.1) 13 5

Age (yr) <55 73 (53.3) 58 15 1.000
≥55 64 (46.7) 51 13

Gender Male 107 (78.1) 81 26 0.04
Female 30 (21.9) 28 2

L ung metastasis  
during follow-up

Absent 113 (82.5) 94 19 0.022
Present 24 (17.5) 15 9

B one metastasis  
during follow-up 

Absent 129 (94.2) 104 25 0.36
Present 8 (5.8) 5 3

CCRCC, clear cell renal cell carcinoma; COX-2, cyclooxygenase-2; TNM, 
tumor, node and metastasis.
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cancer-specific and progression-free survival (Table 3).

Effect of meloxicam on tumor cell proliferation and invasion

Western blot analysis showed a COX-2 expression in both 
Caki-1 and Caki-2 CCRCC cell lines (Fig. 3).

MTT assay was performed to assess the effects of meloxicam 

on the viability and proliferation of the cell lines. The meloxi-
cam-treated group revealed a dose-dependent suppression of 
cell proliferation (Fig. 4). Cell invasion assay was carried out to 
assess the effect of COX-2 inhibition on cell invasion capacity, 
whose results showed that meloxicam treatment inhibited the 
invasion capacity of both Caki-1 and Caki-2 CCRCC cell lines, 

C

A

D

B

E F

Fig. 1. Immunohistochemical findings of the degree of expressions of cyclooxygenase-2 in clear cell renal cell carcinoma showing 0 (A), 1+ 
(B), 2+ (C), 3+ (D), and 4+ (E). Non-neoplastic renal tissue (F) shows only focal immunoreactivity in a few renal tubules. 
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as shown in Fig. 5. These results demonstrated that meloxicam 
down-regulates both the proliferation and invasion capacity of 
CCRCC cell lines.

DISCUSSION

Accumulative studies have reported the causal relationship 
between COX-2 and oncogenesis. Currently, it is widely ac-

Fig. 2. Kaplan-Meier curves of cancer-specific (A) and progression-free (B) survival in 137 patients with clear cell renal cell carcinoma (CCRCC) 
depending on the degree of cyclooxygenase-2 (COX-2) expression.
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Table 2. A univariate analysis of cancer-specific survival and progression-free survival in 137 patients with CCRCC (a log-rank test)

Prognostic factors
Cancer-specific survival Progression-free survival

Mean survival±SE (mo) p-value Mean survival±SE (mo) p-value

COX-2 expression Low (0-2) 99.829±3.197 0.038 91.588±3.989 0.031
High (3-4) 85.136±8.048 73.010±8.976

TNM stage 1 111.042±1.725 <0.001 104.658±2.676 <0.001
2, 3, 4 72.511±6.424 58.798±7.300

Nuclear grade 1, 2 110.266±1.839 <0.001 103.224±3.252 <0.001
3, 4 81.958±5.005 71.887±5.673

CCRCC, clear cell renal cell carcinoma; SE, standard error; COX-2, cyclooxygenase-2; TNM, tumor, node and metastasis.

Table 3. A multivariate analysis of cancer-specific survival and progression-free survival in 137 patients with CCRCC (a COX-2 proportional 
hazard model)

Prognostic factors
Cancer-specific survival Progression-free survival

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

COX-2 expression High vs low 2.594 (1.148-5.863) 0.022 2.359 (1.187-4.686) 0.014
Nuclear grade 3, 4 vs 1, 2 3.209 (1.096-9.871) 0.034 2.398 (1.090-5.273) 0.030
TNM stage 2, 3, 4 vs 1 13.130 (3.782-45.587) <0.001 5.817 (2.700-12.531) <0.001

CCRCC, clear cell renal cell carcinoma; COX-2, cyclooxygenase-2; CI, confidence interval; TNM, tumor, node and metastasis.

Fig. 3. Western blot analysis of cyclooxygenase-2 (COX-2) from 
Caki-1 and Caki-2 cell lines. Both cell lines expressed COX-2 pro-
tein.

Caki-1 Caki-2

COX-2
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Fig. 4. Inhibition of cell proliferation by meloxicam treatment. MTT assay shows growth inhibition of Caki-1 (A) and Caki-2 (B) cell lines after 
treatment with various concentrations of meloxicam for 48 hr. Data presents as the percentage of control and shows mean ±  standard de-
viation from three independent experiments. ap<0.05, bp<0.01.
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Fig. 5. Inhibition of cell invasion by meloxicam treatment. Histograms show the reduced invasive capacity of Caki-1 (A) and Caki-2 (B) cell 
lines after treatment with a 1.0 mM meloxicam for 48 hr. Representative photographs reveal reduced invaded Caki-1 cells by a 1.0 mM of 
meloxicam treatment (D) for 48 hr compared to control Caki-1 cells (C). Data presents as the mean invaded cell number and shows mean±  
standard deviation from three independent experiments. ap<0.05.
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cepted that COX-2 contributes to tumor development by pro-
moting angiogenesis and then tumor invasiveness.5,13,23 COX-2 
expression is regualted by many signals including MAPK, PKC, 
and p53. Then, alternately, COX-2 can regulate tumor cell pro-
liferation, migration, and invasion.16 Based on these phenome-
na, efforts have been made to determine the role of COX-2 in 
various malignancies7-13 with the expectation that COX-2 could 
be a novel target for cancer remedy and prevention.5

To date, a few clinical trials have been conducted to examine 
whether COX-2 inhibitor can be applied to the treatment of 
RCC. These clinical trials indicate that COX-2 inhibitor can be 
used as an adjuvant measure with pre-existing immunothera-
peutic agents such as interleukin-2 and interferon-alpha.14,24 
These efforts have been made based upon the hypotheses that 
COX-2 may play a role in carcinogenesis of RCC. But no stud-
ies have clarified the action of COX-2 in progression and prog-
nosis of RCC. Instead, several immunohistochemical studies 
have reported contradictory results. Therefore, there is a contro-
versy regarding this subject.17-20,25

Our results showed that both univariate and multivariate 
analysis confirmed a significant correlation between a higher 
degree of COX-2 expression and shorter cancer-specific and 
progression-free survival in CCRCC. This suggests that COX-2 
might be related to CCRCC progression. As described earlier, 
however, previous studies have reported that there is a variabili-
ty in the effects of COX-2 expression on the prognosis of pa-
tients with RCC, following immunohistochemistry of COX-2. 
Tuna et al.25 proposed that COX-2 plays a role in the inflamma-
tion-carcinoma sequence in the pathogenesis of human RCC. 
But these authors were skeptical about its prognostic value.25 
According to two previous reports, a univariate analysis showed 
that a survival period was significantly shorter in patients with 
COX-2 expression but this did not reach a statistical signifi-
cance on multivariate analysis.17,18 Contradictorily, Kankuri-
Tammilehto et al.19 proposed that COX-2 expression is associ-
ated with a slower development of metastases. In addition, these 
authors also maintained that COX-2 expression is a favorable 
prognostic factor in metastatic RCC, thus provoking a debate 
in the field.19 It is one of the possible reasons for discrepancy be-
tween the previous reports that most of the previous studies 
have examined all subtypes of RCC. Of note, RCC has a diver-
sity of tumor characteristics depending on the subtypes. In ad-
dition, there is also a variability in the prognosis or treatment 
effects depending on the subtypes.2 It can therefore be inferred 
that the correlation between the prognostic factors and RCC 
subtypes might vary. It would therefore be inevitable that many 

previous studies have shown inconsistent results about the prog-
nostic value of COX-2 expression depending on the subtypes of 
RCC because they have examined all subtypes of RCC. In the 
current study, we selected CCRCC, a single, most common sub-
type of RCC. To our knowledge, the current study first showed 
a significant association between COX-2 expression and a prog-
nosis on both univariate and multivariate analysis. Inconsisten-
cy between our results and previous reports may be, in part, due 
to the difference in inclusion criteria. That is, previous studies 
have selected all subtypes of RCC and we did CCRCC only. One 
previous study reported a lack of the correlation between COX-
2 and the prognosis of conventional types of RCC.20 As com-
pared with the current study, it examined a smaller series of 
cases with a shorter follw-up period. These differences may ex-
plain the discrepancy between the two studies. There is a limi-
tation of the current study; it was conducted using TMA blocks 
containing one core from each case. It is therefore inevitable that 
our immunohistochemical findings cannot be generalized to 
explain the tumor heterogeneity of each case.

Some previous studies have reported that the degree of COX-
2 expression is relatively higher in RCC than the normal kid-
ney.26,27 This is in agreement with our results that there was a 
minimal degree of COX-2 expression in non-neoplastic renal 
parenchyma, thus suggesting a role of COX-2 in the develop-
ment of CCRCC.

In addition to the immunohistochemistry, we have also had a 
multi-directional approach by performing cell proliferation and 
invasion assays in an in vitro setting. A few previous studies have 
reported that COX-2 inhibition resulted in the suppression of 
the invasive capacity or tumor growth of RCC cell lines. Chen 
et al.28,29 demonstrated not only that the expression of COX-2 
was up-regulated in OSRC-2, one of the RCC cell lines but also 
that the proliferation and progression of OSRC-2 cells were sup-
pressed by anti-sense inhibition of COX-2. Another selective 
COX-2 inhibitor, JTE-522, also had a cytotoxic effect on RCC 
cell lines.30 In the current study, by treating two cell lines, Caki-
1 and Caki-2, with meloxicam, a selective COX-2 inhibitor, we 
inhibited COX-2 expression. Then, we quantified the degree of 
their capacity of proliferation and invasion, thus confirming that 
both variables were significantly decreased. This is also in agree-
ment with previous reports.28-30 In addition, our results also 
show ed a dose-dependent suppression in MTT assay as the con-
centration of meloxicam was increased. This might be due to a 
pure drug effect. There is also a possibility, however, that mere 
toxic effect might be involved as the dose of meloxicam is in-
creased. But the dose of meloxicam used in the current experi-
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mental design did not exceed that which previous studies have 
used in cell lines. 

In conclusion, our results demonstrated that COX-2 overex-
pression was related to a poor prognosis of CCRCC. The treat-
ment of CCRCC cell lines with meloxicam significantly reduced 
their capacity of proliferation and invasion. Our results might 
contribute to the efforts to develop COX-2 inhibitor as a reme-
dy and a preventive measure for CCRCC. 
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