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Osteosarcoma (OS) is the most common human primary malignant bone tumor in children and young adults with poor
prognosis because of their high metastatic potential. Identification of key factors that could regulate the aggressive
biologic behavior of OS, particularly with respect to metastasis, would be necessary if significant improvements in
therapeutic outcome are to occur. In this study, we carefully evaluated the potential role of IL-17A/IL-17RA interaction in
metastasis of OS. We found that serum IL-17A was higher in OS patients with metastasis and was associated with their
clinical stage. The elevated expression of IL-17RA was observed in tumor tissue from OS patients with metastasis. Of
note, we showed that IL-17A could promote the metastasis of U-2 OS cells which expression high IL-17RA, but not MG63
cells which expression low IL-17RA. Further, we revealed that downregulation of IL-17RA in U-2 cells could abrogated
the enhanced metastasis induced by IL-17A, while upregulation of IL-17RA in MG63 cells could elevate their response to
IL-17A and exerted enhanced metastasis. We observed that IL-17A/IL-17RA interaction promoted the expression of VEGF,
MMP9 and CXCR4 in OS cells, which might partly explain the enhanced metastasis of OS cells. Furthermore, we showed
that Stat3 activity was crucial for IL-17A/IL-17RA interaction to promote OS metastasis. Finally, we confirmed that IL-17A/
IL-17RA interaction promoted the metastasis of OS in nude mice. Our findings might provide a mechanistic explanation
for metastasis of OS in vivo, and suggested that targeting IL-17A signaling was a novel promising strategy to treat patients

with OS.

Introduction

Osteosarcoma (OS) is the most common human primary
malignant bone tumor in children and young adults, which
account for approximately 60% of malignant bone tumors in
the first two decades of life."? OS is locally destructive and
has a high metastatic potential.>? OS metastasis appear most
frequently in the lung and are the main cause of death for
patients with OS.*> Despite aggressive treatment including
surgery and chemotherapy, little improvement in survival times
was achieved in patients with OS over the past 15 years even
with significant efforts directed at the incorporation of novel
therapeutic approaches.®® Alcthough the 5-year survival indeed
increased to around 60%, the 5-year survival of OS patients
with metastasis was still about 30%.%>!° Thus, OS patients with
metastasis presented further worse clinical results, and more
effective treatments and/or a more personalized therapy are still
needed. Therefore, the identification of key factors that could
regulate the aggressive biologic behavior of OS, particularly
with respect to metastasis, would be necessary.

IL-17A is a proinflammatory cytokine which is mainly
secreted by T cells, and has been shown to play important
roles in inflammatory autoimmune disease."""* Accumulating
data showed that the role of IL-17A in cancer initiation,
growth, and metastasis was crucial but controversial.”>"” Forced
overexpression of IL-17A ectopically in tumor cells could either
suppress tumor progression through enhanced antitumor
immunity in immune-competent mice or promote tumor
progression through an increase in inflammatory angiogenesis
in immune-deficient mice.'?' In OS, previous study showed
that U-2 OS cells which expressed higher level of IL-17RA were
more sensitive to IL-17A, and secreted higher amounts of vascular
endothelial growth factor (VEGF), whereas MGG63 expressed
lower level of IL-17RA, was not sensitive to IL-17A and secreted
lower amount of VEGF, suggesting that IL-17RA expression
was correlated with VEGF secretion.?? Given that VEGF is
well established as one of the key regulators of the new blood
vessel formation (angiogenesis) which is a fundamental event
in the process of tumor growth and metastatic dissemination,
and was an important negative prognostic factor in OS,% we
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Figure 1. Elevated IL-17A expression in OS patients. (A) The serological level of IL-17A was determined by ELISA in 23 NSCLC patients and 16 healthy
controls. (B) The serological level of IL-17A in 16 OS patients without metastasis and 7 patients with metastasis. (C) The correlation between serum
IL-17A and clinical stage of 23 OS patients was analyzed. (D) The relative expression of IL-177RA mRNA was detected in tumor tissue from 9 OS patients
without metastasis and 7 OS patients with metastasis respectively. Each dot represented the data from one OS patient. *p < 0.05.

hypothesized that IL-17A/IL-17RA interaction might be an
important factor involved in the OS metastasis.

In this study, we carefully evaluated the direct effect of
IL-17A/IL-17RA interaction on the metastasis of OS. Our
findings might enlarge our understanding of IL-17A/IL-17RA
interaction in progression of OS, suggesting that targeting
IL-17A/IL-17RA pathway was a novel promising strategy to
treat patients with OS.

Results

Elevated level of serum IL-17A in OS patients with metastasis.
To evaluate the potential role of IL-17A in metastasis of OS, the
OS patients and healthy controls were enrolled and assayed for
their serological level of IL-17A in peripheral blood. As shown
in Figure 1A, we found a higher expression of serum IL-17A in
OS patients compared with the healthy controls (p < 0.05). To
determine the possible effect of IL-17A on the metastasis of OS,
we analyzed the expression of serum IL-17A in OS patients with
or without metastasis, and found that the expression of serum
IL-17A in patients with metastasis was significantly higher
than that in patients without metastasis (Fig. 1B, p < 0.05).
To further evaluate the association of IL-17A expression with
tumor biology, the relationship between serum IL-17A and the
clinical pathological features were analyzed. We revealed that
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the high serum IL-17A expression was positively correlated with
the clinical stages in OS patients (Fig. 1C, p < 0.05). In contrast,
high serum IL-17A expression did not correlate with the age, sex
and histological subtype (data not shown). To further evaluate
the possible direct effect of IL-17A on the metastasis of OS cells,
we analyzed the expression of IL-17RA mRNA in tumor tissues
in 16 OS patients using Real-time PCR. As shown in Figure 1D,
we found that IL-17RA expression was higher in tumor tissues
from OS patients with metastasis than that in tumor tissues
from OS patients without metastasis (p < 0.05). These findings
suggested that IL-17A/IL-17RA signaling might be involved in
metastasis of OS.

IL-17A/IL-17RA interaction promoted the metastasis of OS
cells in vitro. To further evaluate the direct effect of IL-17A on
the metastasis of OS cells, OS cell line U-2 OS cells with high
expression of IL-17RA and MG63 cells with low expression of
IL-17RA were detected for their response to IL-17A stimulation.
We did not found significant secretion of IL-17A from U-2 cells
and MGG63 cells (data not shown). However, we found that the
invasive potential of U-2 cells was significantly enhanced by
IL-17A treatment in a dose dependent manner (Fig. 2A, p < 0.05).
In contrast, we observed a relative weak effect of IL-17A on the
invasion of MG63 cells (Fig. 2A, p > 0.05). As noted, 100 ng/
ml of IL-17A was then used for the following experiments in
vitro. Further, we determined the potential effect of IL-17A on
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Figure 2. IL-17A/IL-17RA interaction promoted the metastasis of OS cells in vitro. (A) 2 x 10° U-2 cells or MG63 cells were treated with the indicated
dose IL-17A for 48 h and then assayed for their invasive potential. (B and C) U-2 OS cells (B) or MG63 cells (C) were incubated with 100 ng/ml of IL-17A
for the indicated time and assayed for their growth by MTT assay. (D and E) U-2 cells were transiently transfected with IL-17RA siRNA or the control
siRNA, and then stimulated with 100 ng/ml of IL-17A for 48 h. (F and G) MG63 cells were transiently transfected with IL-17RA expression vector or
control vector, and then stimulated with 100 ng/ml of IL-17A for 48 h. Each bar represents the means (+ SD) in triplicate from three independent experi-

ments. *p < 0.05.
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the growth of OS cells, and found that IL-17A stimulation had
no significant effect on the growth of U-2 cells and MG63 cells
(Fig. 2B and C, p > 0.05). To determine whether the IL-17A/
IL-17RA interaction was responsible for the enhanced invasive
potential of U-2 OS cells, these cells were transfected with siRNA
against IL-17RA and then stimulated with IL-17A. We found
that transfection of IL-17RA siRNA significantly decreased
the expression of IL-17RA in U-2 cells (Fig. 2D, p < 0.05). Of
important, we showed that downregulation of IL-17RA in U-2
OS cells abrogated their enhanced invasion induced by IL-17A
(Fig. 2E, p < 0.05). To further confirm the effect of IL-17A/
IL-17RA interaction on metastasis of OS cells, MG63 cells
were transfected with IL-17RA expression vector and assayed
for their response to IL-17A. We found that transfection of
IL-17RA expression vector effectively elevated the IL-17RA
expression in MG63 cells and enhanced the invasion of MG63
cells in response to IL-17A (Fig. 2F and G, p < 0.05). These data
suggested the IL-17A/IL-17RA interaction could promote the
metastasis of OS cells in vitro.

IL-17A/IL-17RA interaction upregulated the expression of
VEGF, MMP9 and CXCR4. To further our understanding of
the effect of IL-17A/IL-17RA interaction on OS metastasis, we
analyzed the expression of VEGF, MMP9 and CXCR4, which
are important molecules associated with tumor metastasis, in OS
cells in response to IL-17A. As shown in Figure 3A—C, we found
that the protein level of VEGF and MMP9 was significantly
elevated by IL-17A treatment in U-2 cells but not in MG63 cells
(p < 0.05). Besides, we revealed that the expression of CXCR4
on U-2 OS cells was also significantly upregulated by IL-17A
treatment (Fig. 3D and E, p < 0.05). In contrast, we found no
significant changes of CXCR4 expression on MG63 cells after
IL-17A treatment (Fig. 3D and E, p > 0.05). Further, we showed
that downregulation of IL-17RA using siRNA significantly
abrogated the elevated expression of VEGF, MMP9 and CXCR4
induced by IL-17A in U-2 cells (Fig. 3F and G, p < 0.05). In
addition, we also found that IL-17RA overexpression in MG63
cells effectively enhanced the expression VEGF, MMP9 and
CXCR4 in response to IL-17A (data not shown). These findings
strongly demonstrated that IL-17A/IL-17RA  interaction
promoted the expression of VEGF, MMP9 and CXCR4 in OS
cells, which might partly explain their effect on OS metastasis.

Stat3 activity was crucial for IL-17A/IL-17RA interaction to
promote OS metastasis. Given that IL-17A/IL-17RA interaction
could promote the metastasis of OS cells, we next sought to
elucidate the possible mechanisms. It is well acknowledged
that Stat3 activation in tumor cells and tumor-associated
inflammatory cells played a critical role in tumor progression
by augmenting tumor survival and tumor angiogenesis, and
suppressing antitumor immunity.?*?* Recent study showed
that IL-17A could stimulate Stat3 activation in B16 melanoma
and MB49 bladder carcinoma cells.”” We therefore determined
whether the IL-17A/IL-17RA interaction could promote the
Stat3 activity in OS cells. As shown in Figure 4A and B, we found
that the expression of phospholated Stat3 increased obviously
in U-2 OS cells after IL-17A treatment (p < 0.05). Further, we
showed that transfection with IL-17RA siRNA significantly
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inhibited the expression of phospholated Stat3 induced by
IL-17A in U-2 cells (Fig. 4C and D, p < 0.05). In contrast, we
found no significant changes of phospholated Stat3 expression
in MGG63 cells after IL-17A stimulation (data not shown). These
results suggested that IL-17A/IL-17RA interaction effectively
promoted the Stat3 activity in OS cells. To further elucidate
the potential role of Stat3 activity during the enhanced invasion
induced by IL-17A/IL-17RA interaction in OS cells, U-2 cells
were pretreated with Stat3-specific inhibitory peptide and then
incubated with IL-17A. As shown in Figure 4E, we found that
administration of Stat3 inhibitory peptide effectively impaired
the enhanced invasive potential of U-2 cells induced by IL-17A
in a dose dependent manner (p < 0.05). These data suggested
that Stat3 activity was crucial for IL-17A/IL-17RA interaction
to promote the metastasis of OS cells.

IL-17A/IL-17RA interaction enhanced the metastasis of OS
cells in vivo. Finally, to confirm the potential effect of IL-17A/
IL-17RA interaction on metastasis of OS cells in vivo, groups
of nude mice were challenged with U-2 cells which were stably
transfected with human IL-17A expression vector. As shown in
Figure 5A, we found that the expression level of IL-17A increased
significantly in U-2 cells transfected with IL-17A expression
vector. Importantly, we found that enforced expression of
IL-17A dramatically enhanced the metastasis index of U-2 OS
cells in nude mice (Fig. 5B, p < 0.05). Consistent with our above
finding, we found no significant effect of enforced expression of
IL-17A on the metastasis of MG63 cells in vivo (Fig. 5A and B,
p > 0.05). To further confirm the effect of IL-17RA expression
on their distinct response to IL-17A, nude mice were challenged
with MG63 cells which were stably co-transfected with IL-17A
and IL-17RA expression vector. We found that co-transfection
with IL-17A and IL-17RA expression vector effectively
enhanced the metastasis of MG63 cells in vivo (Fig. 5C, p <
0.05). Combing these data demonstrated that IL-17A/IL-17RA
interaction promoted the metastasis of OS cells in vivo.

Discussion

The link between inflammation and carcinogenesis is well
known, experiments have implicated many components of the
inflammatory cascade such as prostaglandin E2 and IL-6 as
key players in tumor development, growth, and metastasis.?*°
Recently, numerous immune regulatory functions have been
reported for the IL-17A family of cytokines, and most notably,
IL-17A was involved in inducing and mediating inflammatory
responses.’? In contrast, the role of IL-17A in cancer initiation,
growth, and metastasis was very controversial.”>" In present
study, we demonstrated that IL-17A/IL-17RA interaction
could promote the growth and metastasis of OS cells in vivo.
Our findings might enlarge our understanding of the crucial
role of IL-17A in tumor immunity and the association between
inflammatory conditions and cancer.

Accumulating evidence showed that IL-17A-positive cells were
frequently present in multiple inflammation-associated cancers
and that IL-17A promoted angiogenesis in tumor models.*"* In
this study, we first showed that the level of serum IL-17A in OS
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Figure 3. IL-17A/IL-17RA interaction elevated the expression of VEGF, MMP9 and CXCR4 in OS cells. (A-C) U-2 OS cells or MG63 cells were incubated
with IL-17A (100 ng/ml) for 48 h and then assayed for their expression level of VEGF and MMP9 using western blot. Each bar represents the means

(£ SD) of the relative intensity of VEGF and MMP9 calculated from three independent experiments. (D and E) U-2 OS cells or MG63 cells were incu-
bated with IL-17A (100 ng/ml) for 48 h and then assayed for their expression of CXCR4 using FACS analysis respectively. The MFI (mean fluorescence
intensity) in each group was calculated (E). (F and G) U-2 cells transiently transfected with IL-17RA siRNA (100 nM) or the control siRNA (100 nM) were
stimulated with 100 ng/ml of IL-17A for 48 h and then assayed for their expression of VEGF, MMP9 and CXCR4. Each bar represents the means (+ SD) of

their relative intensity calculated from three independent experiments. *p < 0.05.
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tasis in vitro. Thus, our data extended
previous studies by providing the direct
evidence to elucidate the effect of IL-17A/
IL-17RA interaction on the metastasis of
OS.

Accumulating data showed that sol-
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uble factors, surface molecules on tumor
cells are involved in tumor evasion from
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in IL-17A treated U-2 cells. Furthermore,
we found that IL-17A could enhance the
protein expression of MMP-9, which is
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lular matrices during angiogenesis,” in
U-2 cells. Therefore, these results might
partly explain the enhanced metastasis of
IL-17A treated U-2 cells. Our data were in
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that IL-17RA expression correlated with
VEGF secretion and IL-17A sensitivity
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Figure 4. IL-17A/IL-17RA interaction induced Stat3 activity in OS cells. (A and B) U-2 OS cells were
incubated with IL-17A (100 ng/ml) for 48 h and then assayed for their expression of total Stat3 and
phospho-Stat3 using western blot. Each bar represents the means (+ SD) of the relative intensity
calculated from three independent experiments. (C and D) U-2 cells transiently transfected with
IL-17RA siRNA (100 nM) or the control siRNA (100 nM) were stimulated with 100 ng/ml of IL-17A
for 48 h and then assayed for their expression of phospho-Stat3 using western blot. Each bar
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inhibitory peptide was added to the cultures 1 h before stimulation. After 48 h, the U-2 cells were
analyzed for their invasive potential. Each bar represents the means (+ SD) in triplicate calculated

from three independent experiments. *p < 0.05.

patients was higher than that in control health donors. Further,
the high level of serum IL-17A was associated with the clini-
cal stage of OS patients. The expression of IL-17RA in tumor
tissues was higher in OS patients with metastasis than that in
OS patients without metastasis. These findings indicated that
IL-17A/IL-17RA interaction might be involved in the metastasis
of OS. Further, we showed that IL-17A could significantly pro-
mote the metastasis of U-2 OS cells which expressed high level
of IL-17RA, but not MG63 cells which expressed low level of
IL-17RA. Of note, we found that downregulation of intrinsic
IL-17RA expression could abrogate the effect of IL-17A on the
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to stimulate Stat3 activation through a
positive feedback loop in inflammatory
cells, fibroblasts, as well as the growth of
B16 melanoma and MB49 bladder carci-
noma.” As Stat3 activation in tumor cells
and tumor-associated inflammatory cells
played a critical role in tumor progression
by augmenting tumor survival and tumor
angiogenesis, and suppressing antitumor
226 we therefore detected the
Stat3 activity in OS cells in response to
IL-17A/IL-17RA interaction. Indeed, here
we found that IL-17A/IL-17RA interac-
tion could effectively induce the Stat3
activation in OS cells. Further, we showed that Stat3 inhibitory
peptide significantly abrogated the enhanced metastasis of OS
cells induced by IL-17A/IL-17RA interaction. However, the pre-
cise mechanisms underlie the direct effect of IL-17A/IL-17RA
interaction on the tumor biology of OS cells undoubtedly

immunity,

needed successive studies.

In summary, here we demonstrated that IL-17A/IL-17RA
interaction could promote the metastasis of OS. Our findings
might provide a mechanistic explanation for the metastasis of
OS in vivo, and suggested that targeting IL-17A/IL-17RA path-
way was a novel promising strategy to treat patients with OS.
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Materials and Methods

Patients. A total of 23 new diagnosed osteosarcoma patients were
recruited for the study with a median age of 16 y. The male/
female ratio was 17:6 and 16/23 patients were non-metastatic.
Patients” distribution according to AJCC staging system showed
stage I in 3, stage I in 13, and stage IV in 7 patients. This study
was approved by the local ethics committee and written informed
consent was obtained from each patient. None of the patients
received any anticancer therapy prior to sample collection.
Sixteen healthy controls at the corresponding age to OS patients
were enrolled.

Real-time PCR. Total cellular RNA was prepared by the gua-
nidiniumthiocyanate-acid phenol method. Residual DNA was
eliminated with DNase 1. Reverse transcription was performed
as described by the manufacturer. Genomic DNA was used as a
template. /L-17RA levels were measured by SYBR Green-based
Real-time PCR using Light Cycler (Roche). The PCR contained
0.3 mM of each primer, 3 mM MgCL, and 0.75 U of Platinum 7ag
polymerase (Invitrogen). The primer sequences were designed to
bracket an intron to avoid amplification of genomic DNA. Their
sequences were as follows; /L-17RA primers: 5-ACC CAA ACC
ACC AGT CC-3' and 5-GCC CGT GAT GAA CCA GTA-3.
PCR cycling conditions consisted of 95°C for 6 min, followed by
45 cycles of 95°C for 15 sec, 60°C for 30 sec and 72°C for 30 sec.
Cycle threshold (CT) values were compared against a standard
curve to estimate starting amounts of mRNA, and the relative
expression of /L-17RA mRNA between samples was estimated
by normalizing these values against 185 rRNA CT values were
generated using a preoptimized 18S rRNA primer set (Applied
Biosystems).

Mice. Female BALB/c nude mice of 6 weeks old were
obtained and housed in a pathogen-free mouse colony at the
Center of Experimental Animals of our institution. All animal
experiments were performed according to the Guide for the Care
and Use of Medical Laboratory Animals and with the ethical
approval of the Shanghai Medical Laboratory Animal Care and
Use Committee.

Reagents and cell line. The recombinant human IL-17A and
human IL-17A quantikine ELISA kit were all purchased from
R&D Systems. The siRNA against human IL-17RA was used as
previously described.** Cell-permeable STAT3 inhibitory peptide
was purchased from Calbiochem. The U-2 OS and MG63 cells
were obtained from ATCC and maintained at 37°C under 5%
CO, in complete RPMI 1640 medium (GIBCO) containing 10%
heat-inactivated fetal bovine serum supplemented with 2 mM
glutamine, 100 IU/ml penicillin and 100 mg/ml streptomycin
sulfate.

MTT assay. Cells were seeded at 3 x 10° cells each well and
incubated in the presence or absence of recombinant IL-17A
in 96-well plates for 72 h. Assessment of cell proliferation
was measured using commercially MTT cell proliferation kit
(Cayman) according to the manufacturer’s instructions.

Invasive assay. The BD BiocoatMatrigel Invasion Chamber
assay was performed as described by the manufacturers (8 pwm,
BD Bioscience). Briefly, the Matrigel inserts were rehydrated
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Figure 5. IL-17A/IL-17RA interaction enhanced the metastasis of OS

cells in vivo. (A) 1 x 10¢ U-2 cells or MG63 cells stably transfected with
IL-17A expression vector or control vector were incubated at 6-well
plates respectively. After 48 h, the concentration of supernatant IL-17A
was determined by ELISA assay. (B) Groups of eight nude mice were
challenged with 2 x 10° of U-2 cells or MG63 cells which were stably
transfected with IL-17A expression vector or control vector, respectively.
(€) Groups of eight nude mice were challenged with 2 x 10° G63 cells
which were stably co-transfected with IL-17A expression vector and
IL-17RA expression vector, or the corresponding control vector, respec-
tively. After 30 d, the metastatic index to lung was determined. Each bar
represents the means (+ SD) in each group. *p < 0.05.

and 5 x 107 testing cells were re-suspended in 0.5 mL of serum-
free media and then seeded onto the upper chamber of Matrigel-
coated filters. In the lower chambers, 0.75 mL of complete
medium was added as a chemoattractant. The whole chamber
was placed in one well of a 24-well plate, and cells were cultured
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in routine conditions. After 24 h, the cells on the upper side of
the chamber were scraped, and the ones on the lower side of
the chamber were fixed by methanol, stained with hematoxylin
and invaded cells were counted under the microscope. Five
predetermined fields were counted for each membrane, and the
mean values from three independent experiments in triplicates
were used. Data are expressed as the percentage of invasion
through the Matrigel Matrix and membrane relative to the
migration through the control membrane according to the
manufacturer’s manual.

Plasmid construction and transfection. Human IL-17A
and IL-17RA expression vector were generated as previously
described.”® U-2 cells or MGG63 cells were transfected with the
human IL-17A expression vector and/or IL-17RA expression
vector using LipofectAMINE (Invitrogen Life Technologies)
and selected in RPMI 1640 with 10% FCS, 2 mM L-glutamine,
1 mM sodium pyruvate, 0.1 mM NEAA, 1001U/ml penicillin,
100 pg/ml streptomycin, and 1,000 pg/ml G418. As a control,
a vector carrying only neomycin phosphotransferase gene (Neo)
was used.

Flow cytometry. Flow cytometry was performed on a
FACS Calibur (BD Biosciences) with CellQuest Pro software
using directly conjugated mAbs against the following markers:
IL-17RA-FITC or CXCR4-PE with corresponding isotype-
matched controls (either BD Biosciences or eBioscience Systems).
In brief, cells (1 x 10° cells) were first incubated with fixation buf-
fers for 45 min. After washing twice, cells were incubated with
the specific mAb for 30 min at 4°C in 0.1% bovine serum albu-
min/PBS. Following extensive washing, the cells were analyzed.

Western blotting. Cells were lysed with M-PER Protein
Extraction Reagent (Pierce) supplemented with a protease inhibi-
tor cocktail. Cytoplasmic and nuclear extracts were prepared
using NE-PER Nuclear and Cytoplasmic Extraction Reagents
(Pierce). After centrifugation at 13,000 g under 4°C for 15 min,
the supernatants were collected, and the protein concentration
of the extracts was measured by BCA Protein Assay (Pierce)
according to manufacturer’s instructions. Twenty micrograms
of the protein were loaded onto 10% SDS-polyacrylamide gels
and transferred for 90 min at 100 V onto polyvinylidene fluoride
membranes using a wet transfer system. The membranes were
washed in 5% skim milk in phosphate buffered saline plus 0.05%
Tween 20 (PBST) for 2 h in order to block nonspecific protein
binding sites on the membrane. Immunoblotting was performed
using monoclonal antibodies to phospho-Stat3, Stat3, VEGEF,

CXCR4 and MMP9 (Sigma and Cell Signaling Technology) at
a dilution of 1:1,000 in nonfat milk Tris buffer. The membrane
was then washed in PBST, probed with a secondary anti-rabbit
antibody conjugated to horseradish peroxidase at a dilution of
1:5,000, developed using an ECL Western Blotting KIT (Pierce),
and exposed to X-ray film (Kodak).

Metastasis index to lung in vivo. Groups of nude mice were
challenged with tumor cells as described previously.’® Metastasis
index to lung was calculated as previously described.?’Briefly,
30 d after challenge, tumor bearing mice were killed and the
lungs were evaluated for number and size of metastasis. Tumor
metastasis could be cleatly recognized as raised, hemorrhagic,
opaque, and dense nodules, distinguishable from the smooth,
glistening, spongy, and pink normal lung parenchyma. The met-
astatic foci were confirmed microscopically in doubtful cases. To
obtain an approximate assessment of the total metastatic tumor
burden in the lungs using “metastatic index,” each metastasis less
than 0.5 mm in diameter was graded as 1, between 0.5 and 1 mm
as Grade 2, between 1.0 and 2 mm as Grade 3 and >2 mm as
Grade 4. All the grade scores were then added to determine the
metastatic index for a given animal, and the mean index was then
calculated for a given control or experimental group of animals.

Statistical analyses. Statistical analyses of the data were per-
formed with the aid of analysis programs in SPSS12.0 software.
Statistical evaluation was performed using two-way analysis of
variance (ANOVA; p < 0.05) using the program PRISM 4.0
(GraphPad Software Inc.).
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