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Abstract
Objective(s)—We have previously shown that Fas expression inversely correlates with the
metastatic potential of osteosarcoma (OS) to the lung. FasL is constitutively expressed in the lung
microenvironment and eliminates Fas+ osteosarcoma cells leaving Fas− cells to form metastases.
Absence of FasL in the lung epithelium or blocking the Fas-signaling pathway interfered with this
clearance mechanism allowing Fas+ cells to remain and form lung metastases. We also
demonstrated that while the majority of patient OS lung metastases were Fas−, 10-20% of the
lesions contain Fas+ cells, suggesting that these cells were not sensitive to FasL-induced apoptosis.
The expression of c-FLIP, an inhibitor of the Fas pathway, has been associated with tumor
development, progression, and resistance to chemotherapy. We therefore evaluated the expression
of c-FLIP in OS patient tumor specimens and human xenograft lung metastases.

Methods—Osteosarcoma patient tissues, which included both primary and metastatic lesions,
were evaluated for the expression of c-FLIP. In addition, tumors from human osteosarcoma
xenografts were examined for c-FLIP expression.

Results—c-FLIP expression was significantly higher in the lung metastases than in the primary
tumors.

Conclusion(s)—c-FLIP may play an important role in the metastatic potential of osteosarcoma
to the lung. Inhibition of c-FLIP may be a future therapeutic target.
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INTRODUCTION
The most common site of metastasis in patients with osteosarcoma (OS) is the lung.
Approximately 90% of patients already have microscopic spread to the lung at the time of
diagnosis (1). The molecular events that contribute to the metastatic potential of OS include
aberrations in ezrin, annexin 2 and the C-X-C chemokine receptor type 4/stromal cell-
derived factor-1 (CXCR4/SDF-1) pathway (2-5). Our laboratory has shown that the Fas
signaling pathway plays an important role in the ability of OS cells to metastasize to the
lung (6, 7). Fas (CD95) is a death receptor found on a variety of normal and neoplastic cells
and is involved in the induction of apoptosis upon interaction with Fas ligand (FasL) (8, 9).
Since FasL is constitutively expressed on lung epithelial cells, cells that express Fas are
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eliminated as a result of their interaction with FasL (9). We have previously shown that Fas
expression is inversely correlated with the metastatic potential of OS and that the lung
microenvironment is responsible for the clearance of Fas+ OS cells from the lung (7, 9).
Loss of Fas expression, absence of FasL from the lung epithelium and blockage of the Fas
signaling pathway resulted in the survival of Fas+ OS cells and formation of Fas+ OS lung
metastases.

We have also demonstrated that the majority of OS lung metastases from patients were Fas-,
whereas the primary tumors contained both Fas- and Fas+ cells (10). However, 25-30% of
the lung metastases contained a significant number of Fas+ cells. Since the downstream
mediators of the Fas pathway are also key players in the initiation of the apoptotic cascade,
this raises the possibility that Fas-associated proteins that block Fas signaling may
contribute to the metastatic potential of OS cells.

c-FLIP, the structural homologue of procaspase-8, binds to the Fas-associated death domain
(FADD) at the death-inducing signaling complex (DISC) and inhibits FasL-mediated
apoptosis (11). c-FLIP expression has recently been associated with tumorigenesis in several
types of cancers (12, 13). For example, c-FLIP has been identified to be overexpressed in
approximately 60% of patients with non-Hodgkin’s lymphoma. In this study, expression was
found to correlate with tumor progression and poor patient outcome (13). Furthermore, a
study in patients with bladder urothelial carcinomas demonstrated that 81% were positive
for c-FLIP and that c-FLIP expression was correlated with poor survival (12). Several
studies have also demonstrated increased expression of c-FLIP in colon carcinomas, which
are resistant to Fas-mediated apoptosis (12, 14). c-FLIP expression has also been associated
with drug resistance. For example, in one study, high levels of c-FLIP expression were
correlated with resistance of colon carcinoma to chemotherapy in colon carcinoma.
Pharmacologic downregulation of c-FLIP restored sensitivity to FasL-induced cell death and
enhanced chemotherapy-induced apoptosis (15). Expression of c-FLIP conferred resistance
to anti-cancer drugs with various mechanisms of action, including doxorubicin, etoposide,
cytosine arabinoside, daunorubicin, chlorambucil and cisplatin (16).

Taken together, these data suggest that overexpression of c-FLIP and inhibition of the Fas/
FasL death pathway may play a role in the ability of OS cells to survive in a FasL+ lung
microenvironment. To date, c-FLIP expression has not been investigated in OS and OS lung
metastasis. We therefore evaluated the expression of c-FLIP in human patient samples and
human xenograft OS models. In the present study, we compared the expression of c-FLIP in
primary OS tumors and pulmonary OS metastases.

METHODS
Patients

Paraffin-embedded tissue samples from 10 OS patients were initially evaluated. However,
since 4 out of 10 patients had matching primary and metastatic sections, only these were
included in the analysis. Patient age ranged from 4.5 to 23 years (median 15.3 years). All of
the patients received doxorubicin, methotrexate, cisplatin, and ifosfamide prior to resection
of the primary tumor (7). Lung metastases were surgically excised at a median of 22 months
following diagnosis. The study protocol was approved by the Institutional Review Board at
The University of Texas M.D. Anderson Cancer Center.

Cell Lines
The human OS cell lines KRIB and CCH-OS-D were obtained from Dr. Dennis Hughes
(Division of Pediatrics, University of Texas MD Anderson Cancer Center), were maintained
in complete Dulbecco’s Modified Eagle’s Medium (D-MEM) supplemented with 10% fetal
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bovine serum, and incubated at 37°C. Both cell lines were STR fingerprinted using the
AmpFLSTR Identifier Kit (Applied Biosystems™, Carlsbad, CA) and tested negative for
mycoplasma.

Animal Models and Slide Preparation
Eight female nu/nu mice purchased from the National Cancer Institute were injected
intratibially with 5 × 105 KRIB cells. The legs were amputated six weeks following
injection and tumors were resected. Lungs were resected at the time of or 2 weeks following
amputation. CCH-OS-D cells (5 × 105) were injected intratibially into 8 NOD/SCID/
IL-2Rγ-deficient mice. Amputation and whole lung resections were performed 6 weeks
following injection. Tumors were resected from legs that were amputated. Tissues were
formalin-fixed, paraffin-embedded and analyzed using hematoxylin and eosin staining and
immunohistochemistry.

Immunohistochemistry
Slides were warmed and de-waxed using xylene, ethanol and phosphate-buffered saline
(PBS). Antigen retrieval was achieved by heating slides in 0.1M sodium citrate (pH 6.0) in a
microwave for 5 minutes. Slides were then cooled in PBS for 45 minutes, incubated with 3%
H2O2 blocking buffer for 12 minutes and then with protein block (94% PBS, 5% normal
horse serum, 1% normal goat serum) for 20 minutes. An antibody against c-FLIP
(Abbiotec™, San Diego, CA) and a secondary goat anti-rabbit IgG horseradish peroxidase
antibody (Jackson ImmunoResearch Laboratories, Inc., West Grove, PA) were then applied
to the slides. Slides were rinsed with PBS-Brij (pH 6.0), incubated with 3,3′-
Diaminobenzidine (DAB), and counterstained with hematoxylin. PBS was used for washes
between incubations. Slides stained with secondary goat anti-rabbit IgG horseradish
peroxidase antibody alone served as the negative controls. Observers were blinded to
primary versus metastatic slides as well as to patient identification associated with the slides.
Slides were imaged using a light microscope (Leica DMLS, Wetzlar, Germany). Images
were captured at 40×, 100× and 400× magnification using a digital output camera (Olympus
DP71, Tokyo, Japan) and Olympus DP Controller imaging software (v. 3.3.1.292, 2007).

RESULTS
The expression of c-FLIP in osteosarcoma samples was evaluated using
immunohistochemistry analysis. Analyzed patient samples consisted of 8 lung metastases
and 4 primary tumors. While 8 of 8 lung metastases were positive for c-FLIP expression,
only one of the four primary tumors was positive for c-FLIP (Figure 1). Overall, lung
metastases showed significantly higher c-FLIP expression than primary tumors.

To confirm our findings from patient samples, we evaluated c-FLIP expression in human
xenograft mouse models. KRIB and CCH-OS-D cells were injected intratibially. The
primary and metastatic tumors were resected and tissue slides were stained for c-FLIP
expression. In KRIB xenografts, 8 of 8 lung metastases and 3 of 8 primary tumor samples
were c-FLIP positive (Figure 2). Similarly, in CCH-OS-D xenografts, 8 of 8 lung metastases
showed c-FLIP positivity compared to the 3 of 8 primary tumor samples (Figure 3). When
compared to c-FLIP positive lung metastases, it was observed that the primary tumor
contained c-FLIP staining that was diffuse, while the metastases showed defined cellular
staining that was more intense. The results from tissues of lung metastases and primary
tumors from KRIB and CCH-OS-D xenografts mirrored our patient tumor findings that c-
FLIP expression was significantly higher in lung metastases than in primary tumors.
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DISCUSSION
Despite advances in chemotherapy and surgery, survival rates in patients with OS
pulmonary metastases are very poor. In particular, the 5-year survival rate in patients with
lung metastases is less than 20% (7). Furthermore, the majority of deaths associated with OS
are due to metastatic disease (17). Therefore, understanding the molecular pathway involved
in the metastatic process and that permit OS cells to grow in the lung microenvironment is
important in the development of novel therapeutic strategies for patients. Investigating the
process of metastasis may uncover mechanisms of drug resistance, which in turn can lead to
new therapeutic approaches.

We have previously demonstrated the importance of the Fas/FasL pathway and a FasL+ lung
microenvironment to the metastatic potential of OS (9). We demonstrated that the majority
of metastatic tumors in the lung from patients were Fas−, whereas the primary tumors in the
bone contained a mixed population of Fas− and Fas+ cells (10). Although enhanced Fas
expression in tumors has been associated with sensitivity to chemotherapy, some studies
have shown that the presence of Fas is not always synonymous with Fas pathway
functionality and drug sensitivity (18). Alterations in the Fas/FasL pathway, such as
downregulation of caspases and upregulation of the anti-apoptotic proteins bcl-2 and c-
FLIP, have been reported to correlate with resistance to apoptosis (11, 19, 20).

A large body of evidence indicates that c-FLIP is overexpressed in many human cancer
cells. Studies have demonstrated Fas pathway resistance and increased c-FLIP expression in
patients with gastric cancer, non-Hodgkin’s lymphoma, bladder urothelial carcinoma and
colorectal carcinoma (12, 13, 15, 21, 22). Furthermore, c-FLIP has been shown to be linked
with tumor progression, metastasis and chemotherapy resistance (15, 23, 24).

While loss of Fas expression was associated with pulmonary OS metastasis, we also found
Fas+ cells in lung metastases obtained from some of the patients, suggesting that these Fas+

cells had evaded FasL-induced cell death in the lung microenvironment (10). Theoretically,
this could be mediated by the overexpression of an inhibitor of the Fas signaling pathway,
such as c-FLIP. We previously demonstrated that therapeutic agents which downregulated c-
FLIP expression in vivo induced tumor cell apoptosis and regression of pulmonary OS
metastasis (25). Therefore, c-FLIP may be a candidate for OS therapeutic intervention. In
addition, because the Fas/FasL pathway is important in OS lung metastasis, c-FLIP may be a
key regulator of tumor progression. Thus, we evaluated the expression of c-FLIP in patients
with OS.

We obtained primary and lung metastasis OS samples from patients and analyzed them for
c-FLIP expression. While samples from 10 patients were initially obtained, 4 of these
patients had matching primary and metastastic sections. Therefore, for the purpose of this
study we included only these 4 patients. Obtaining matching samples from patients is a
significant challenge; however, a study with a larger cohort is warranted. We observed that
all lung metastases from patients were c-FLIP positive, while only 1 patient had a primary
tumor that was c-FLIP positive (Figure 1). Furthermore, analysis of human xenograft
models demonstrated that all lung metastases were c-FLIP positive. However, only 3 mice
with CCH-OS-D and 3 mice with KRIB had a primary tumors with c-FLIP positivity
(Figure 2 and Figure 3). Of note, the staining pattern in this sample was observed to be more
diffuse and with less intensity than the c-FLIP staining in lung metastases. Overall, this data
together with our previously published findings indicate that OS lung metastases have
decreased Fas and increased c-FLIP expression. This is consistent with studies of colorectal
and bladder urothelial carcinomas, in which samples exhibited low Fas and high c-FLIP
expression (12, 21).
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Our results demonstrate for the first time that c-FLIP is overexpressed in OS lung metastases
as compared to primary OS tumors. This suggests that upregulation of c-FLIP may
contribute to the ability of OS cells to evade FasL in the lung microenvironment. One
possibility is that increased expression of c-FLIP may permit both Fas+ and Fas− OS cells to
grow in the lung by blocking FasL-induced apoptosis. This would explain our finding of
Fas+ cells in some of the patient OS metastatic samples. While the analysis of serial slices of
lung from CCH-OS-D and KRIB xenografts revealed few metastatic tumors with both Fas
and c-FLIP positivity, the majority of tumors were Fas− (data not shown). We have also
previously demonstrated that inhibition of c-FLIP expression by shRNA increased Fas
expression in membrane lipid rafts (26). This data suggests a potential relationship between
c-FLIP and the regulation of Fas expression. Further studies are required to evaluate the co-
localization of Fas and c-FLIP expression within a single tumor cell and to investigate
whether c-FLIP may play a role in the regulation of Fas expression.

Overexpression of c-FLIP may be present in a small portion of the cells in the primary
tumor or may become upregulated during metastasis from the primary site. Alternatively,
factors in the microenvironment at the metastatic site may alter the expression of apoptotic
proteins. Since it is well understood that cytokines such as interferon (IFN)-α, IFN-β, and
interleukins induce the upregulation of apoptosis-related molecules such as c-FLIP, it is
possible that the presence of cytokines in the lung microenvironment may have an impact on
c-FLIP expression (27-30). These c-FLIP positive cells can circumvent Fas/FasL-induced
cell death and form metastases. However, the mechanism of how c-FLIP is upregulated in
OS cells remains to be identified.

In summary, these studies add to the understanding of how modulation of certain proteins in
the Fas signaling pathway can contribute to the metastatic potential of OS. Understanding
the biology of metastasis and how OS cells evade the FasL+ lung microenvironment may
allow the identification of novel therapeutic approaches that target this particular pathway.
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FIGURE 1.
Expression of c-FLIP in primary bone tumors and lung metastases from OS patients.
Immunohistochemistry analysis was used to detect c-FLIP expression. OS lung metastases
showed greater c-FLIP expression (lower panel) than primary tumor samples (upper panel).
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FIGURE 2.
Expression of c-FLIP in CCH-OS-D primary bone tumors and lung metastases.
Immunohistochemistry analysis was used to detect c-FLIP expression. Eight of 8 lung
metastases and 3 of 8 primary tumors were positive for c-FLIP. The primary tumors that
were positive for c-FLIP displayed diffuse staining, while the lung metastases showed
staining that was defined with greater intensity.
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FIGURE 3.
Expression of c-FLIP in KRIB primary bone tumors and lung metastases.
Immunohistochemistry analysis was used to detect c-FLIP expression. Eight of 8 lung
metastases and 3 of 8 primary tumors were positive for c-FLIP. The primary tumors that
were positive for c-FLIP displayed diffuse staining, while the lung metastases showed
staining that was defined with greater intensity.
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