NOV enhances RCC cell motility through upregulation of ICAM-1 and COX-2 expression
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Figure 2. Transwell migration assays were performed to determine the motility of 786-0 and OS-RC-2 cells. A.The
COX-2 specific inhibitors NS-398 and Akt pathway inhibitor were used in RCC cells 786-O and ACHN. The dose of
NOV was keeped in 100 ng/ml. Untreated cells were used as control. Values represent the means + SD of 3 inde-
pendent experiments (*P < 0.05 vs. Control, #P < 0.05 vs. NOV treated cells.). B. Migration assays were performed
using transwell chambers. The cells were pretreated with NOV, NOV+NS398 or NOV+Akt inhibitor (Untreated cells
were used as control) for 8 h and then trypsinized and plated in the upper wells in serum-free medium at a con-
centration of 1x10%/well. After 4 h, the numbers of cells migrating to the lower wells were counted following H&E
staining. Left panels show representative images of the lower wells. Right panels show the means + SD of the cell
numbers in 8 random fields for 3 independent experiments. *P < 0.05 vs. Control.
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NOV enhances RCC cell motility through upregulation of ICAM-1 and COX-2 expression

Figure 3. COX-2 expression in 786-0 and ACHN cells was assessed by Western blotting and Real-time PCR. 786-0
and ACHN cells were incubated with same dose of NOV (100 ng/ml) for 24 h. Western blotting and Real-time PCR
were used to detect the expression of COX-2 protein and mRNA. O h treated cells were used as control. Bars indicate
the means + SD of 3 independent experiments (*P < 0.05 versus control).

Figure 4. ICAM-1 expression in 786-0 and ACHN cells was assessed by Western blotting and Real-time PCR. 786-0
and ACHN cells were treated with different dose of NOV (O ng/ml, 5 ng/ml, 10 ng/ml, 50 ng/ml, 100 ng/ml) for 8
h. Western blotting and Real-time PCR were used to detect the expression of ICAM-1 protein and mRNA. Oh treated
cells were used as control. Untreated cells were used as control. Values represent the means + SD of 3 independent
experiments. *P < 0.05 vs. Control.

ICAM-1 expression were different with Control or cells
treated with Akt pathway inhibitor (P < 0.01). Differ-
ences between Control and cells treated with Akt
pathway inhibitor were not significantly (P > 0.05).

NOV-directed RCC cell migration and upregula-
tion of COX-2 and ICAM-1

Previous works have shown that COX-2 can
mediate the motility of human cancer cells [27,
28]. It was here hypothesized that COX-2 may
be involved in NOV-mediated RCC migration.
When RCC cells were treated with NOV the rate
of expression of COX-2 mRNA and protein
increased (Figure 3). Over-expression of COX-2
was found to increase the motility of RCC cells
(Figure 3). The COX-2 specific inhibitors NS-398
were used to confirm that it was COX-2 that
mediated NOV-induced cell migration. Admi-

Figure 5. Western blotting were performed to deter- nistration of NS-398 reduced the magnitude of

mine the expression of p-Akt, Akt, COX-2 and ICAM-1
in 786-0 cells. The COX-2 specific inhibitors NS-398
and Akt pathway inhibitor were used in RCC cells
786-0.The dose of NOV was keeped in 100 mg/nl.
Untreated cells were used as control. The intensities
of proteins were quantified by densitometry analysis
using Image J software. Bars indicated the means
+ SD from 3 independent experiments.NS-398 and
Akt pathway inhibitor treated cells p-AKT, COX-2 and
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NOV-induced increases in cell migration (Figure
2). Similar trend has occurred to ICAM-1.We
measured at different time and dose, though,
here, exposure time haven't yet to be the criti-
cal factor, when treated with NOV, the rate of
ICAM-1 protein and mRNA expression increased
with the dose of NOV (Figure 4). And the COX-2
specific inhibitors NS-398 have nothing with
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Table 1. Immunohistochemical expression, clinicopathological variables, and associations among

NOV and COX-2 expression

Characteristic No. of patients - Nov - cox=
(N=40) High Low P-value High Low  P-value

Total number 40 22 18 27 13
Gender

male 26 14 12 18 8

female 14 8 6 0.842 9 5 0.548
Tumor size (pT)

Tla 16 4 12 7 9

T1b 12 8 4 9 3

T2 9 7 2 8 1

T3 3 3 0 P<0.05 3 0 P<0.05
Lymph node Metastasis (N)

negative 20 6 14 8 12

positive 20 16 4 0.003 19 1 0.004

T1a: limited to kidney <4 cm); T1b: limited to kidney >4 cm, <7 cm; T2 (limited to kidney >7 cm; T3: tumor/tumor thrombus
extension into major veins or perinephric tissues, but not into adrenal gland or beyond.

ICAM-1 expression. These results suggest that
NOV-induced migration of cancer cells may
involve upregulation of COX-2 and ICAM-1.

Akt signaling pathway, ICAM-1, NOV-mediated
upregulation of COX-2 and migration of RCC

As indicated by the results of the migration
assays, exposure to Akt inhibitor interfered
with NOV-induced increases in cell migration.
This suggested that the Akt signaling pathway
may have been involved. To confirm this, p-Akt
expression was measured in 786-0 cells over-
expressing NOV, 786-0 and in ACHN RCC cell
lines pretreated with NOV. Results showed
higher levels of p-Akt expression than in paren-
tal cells (P < 0.01) (Figure 5). Articularly, the
variation has similar trend with ICAM-1. That is
to say, through Akt pathway, NOV also influenc-
es ICAM expression to increase cell migration
(Figure 5). Data also showed that COX-2 expres-
sion was also upregulated in these cells. When
the Akt pathway was partially blocked by the
inhibitor, there was less NOV-mediated COX-2
upregulation (Figure 5), suggesting that the Akt
signaling pathway affects NOV-mediated COX-2
upregulation and migration of RCC.

Immunohistochemical expression, clinicopath-
ological variables, and associations among
NOV and COX-2 expression (Table 1)

Examples of reactivity to NOV and COX-2 are
given in (Figure 6).
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Protein expression values and clinicopathologi-
cal data for each patient are summarized in
Table 1. As shown, levels of NOV and COX-2
expression showed no association with gen-
der.

NOV expression was noted in 27 patients (74%),
and high levels of NOV expression were
observed in 22 cases (55%). There was signifi-
cantly more expression in larger, later-stage
tumors (pT) (P < 0.05). NOV was also signifi-
cantly higher in patients with lymph node
metastasis (P = 0.003).

COX-2 expression was noted in 32 of 40 cases
(80%). COX-2 expression was found to be sig-
nificantly closely correlated with both tumor
stage and tumor size (P < 0.05). There was sig-
nificantly more NOV expression in cases with
lymph node metastasis (P = 0.004).

Another strong correlation was found between
COX-2 and NQV expression in ccRCC tissues (R
=0.393, P < 0.001).

Discussion

Renal cell carcinoma is a malignant, high-grade
renal neoplasm. Existing chemotherapies are
not sufficiently effective, and 20% of all patients
die of metastasis. Effective adjuvant therapies
capable of preventing RCC metastasis must be
developed. It is here hypothesized that NOV
and NOV receptors may direct the migration of
RCC cells. The results of the current work
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Figure 6. Expression of NOV and COX-2
in ccRCC tissues. Some of the proteins
show null/low or high levels of expres-
sion (immunohistochemical staining;
original magnification x200). The im-
munohistochemical procedures were
performed using an IHC kit (Santa
Cruz, ImmunoCruz™ Rabbit ABC Stain-
ing System: sc-2018). Levels of NOV
and COX-2 expression were measured

0.40

0.20
Positive rate of NOV IHC staining

showed that NOV could promote the migration
of human ccRCC cells. Previous results showed
that overexpression of NOV could induce an
increase in the migration of ccRCC cells by as
much as 5-fold. The results of the current work
were verified by pretreating ccRCC cells with
NOV protein. Transcriptional upregulation of
COX-2 and ICAM-1 and activation of Akt path-
ways was found to be one of the mechanisms
underlying the effects of NOV on migration.
Treatments involving COX-2 and ICAM-1 selec-
tive inhibitors may be suitable for the preven-
tion of ccRCC metastasis.
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R SqLinsar=0.393 using Image-Pro Plus software. The
correlation between NOV expression
oslo and COX-2 was studied her.

The extracellular domain of ICAM-1 is crucial for
leukocytes and has been shown to be correlat-
ed with the transendothelial migration of leuko-
cytes from the capillary bed to the surrounding
tissue [29]. ICAM-1 may also promote the
migration of other cell types [30, 31]. It has
been reported that ICAM-1 plays an important
role in lung cancer cell invasion [32]. In oral
cancer, prostaglandin E2 (PGE2) induced cell
motility through ICAM-1 up-regulation [33]. And
our data shows that ICAM-1 expression had a
considerable correlation with NOV expression,
which is the key director of cell motility. All in all,
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