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Abstract Spinal metastatic disease is characterised by the
preservation of the intervertebral disc structure, even after
severe destruction of the vertebral body by neoplastic
tissues. Anatomical features of the discs are thought to be
the reason for the disc’s resistance to metastatic cancer.
However, little is known about the biochemical mechanism
to prevent or attenuate the local invasion of cancer cells into
the discs. The purpose of this study was to investigate the
hypothesis that Fas ligand (FasL) produced by nucleus
pulposus cells can kill Fas-expressing cancer cells infiltrat-
ing into the discs by the activation of caspases. Fas-
expressing MCF-7 breast cancer cells were cultured with
(experimental group) and without (control group) superna-
tant of nucleus pulposus cells containing FasL (50 pg/ml)
for 48 h. The apoptosis of MCF-7 breast cancer cells was
determined by the TUNEL technique. In addition, the
activation of caspase-8, -9 and -3 was investigated by
Western blot analysis. After treatment with supernatant of
the nucleus pulposus cells containing FasL, the apoptosis of
MCF-7 breast cancer cells was significantly increased,
along with the activation of caspase-8, -9 and -3 compared

with those of the control group. Our results suggest that the
Fas/FasL interaction of nucleus pulposus and cancer cells
might be a potential mechanism of the disc’s resistance to
metastatic cancer.

Résumé Les lésions métastatiques de la colonne vertébrale
sont caractérisées par la conservation du disque inter
vertébral malgré d’importantes lésions du corps vertébral.
Ces données anatomiques concernant le disque prennent en
compte la résistance de ces derniers aux métastases.
Cependant, nous ne connaissons que peu de choses pour
prévenir ou atténuer l’invasion des disques par les cellules
néoplasiques. Cette étude a pour but d’étudier l’hypothèse
selon laquelle le FasL produit par le nucleus pulposus peut
s’opposer à l’expression des cellules cancéreuses infiltrant
ces disques en activant les caspases. Pour cela nous avons
cultivé des cellules de cancer du poumon MCF-7 au contact
des cellules contenant du FasL de nucleus pulposus (50 pg/ml)
et ceci pendant 48 heures. L’apoptose des cellules de MCF-7
a été déterminée par TUNEL. Nous avons également étudié
l’activation des caspase 8, 9 et 3. Après traitement contenant
un supernageant de nucleus pulposus contenant du FasL,
l’apoptose des cellules cancéreuses est significativement
augmentée avec l’activation des caspases 8, 9 et 3 par rapport
au groupe contrôle. Nos résultats nous permettent de penser
que l’action du Fas/FasL du nucleus pulposus est un des
mécanismes de résistance des disques aux métastases
vertébrales.

Introduction

One of the characteristics of metastatic spinal tumour is the
preservation of intervertebral disc structures, even after
severe destruction of the vertebral body by cancer cells
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(Fig. 1) [1, 4, 9]. Anatomical features of the intervertebral
disc, such as avascularity, high intradiscal pressure and
abundant collagen content, have been proposed as the main
factors of the disc’s resistance to metastatic cancer [2, 3, 25].
However, with increasing age, new vessel formation occurs
around the intervertebral disc, which might serve as the
haematogenous route for metastatic seeding [10, 16, 24]. In
addition, metastatic cancer cells secrete matrix metallopro-
teinases, such as collagenase, that can destroy extracellular
matrix components of the discs during metastasis [17]. The
intervertebral disc is separated from the vertebral body by
cartilaginous endplates. The cartilaginous endplates contain
protease inhibitors and other substances that can inhibit
tumour vascularisation [11]. Moreover, with the aging
process, the cartilaginous endplates become sclerotic, calcific
and bony plates that can inhibit vascular invasion of the
cancer cells [8, 23]. However, the cartilaginous endplates do
not cover the entire vertebral body. Therefore, direct
infiltration of the cancer cells into the discs can occur from
the rim of the vertebral body not covered by the cartilaginous
plates [25]. Despite these findings, the intervertebral disc is
still resistant to metastatic cancer, which suggests that there
may be a mechanism other than the disc’s anatomical
characteristics that confer its resistance to metastatic seeding.

Fas ligand (FasL) is a well known death system that can
induce apoptotic cell death in a variety of cells expressing
Fas receptor by the activation of downstream caspases via
intrinsic (mitochondrial) or extrinsic (death receptor) path-
ways [18, 21]. While the Fas receptor is expressed in a wide

variety of cells, FasL expression is tightly restricted to
activated T cells, natural killer cells and stromal cells of
some immune-privileged sites, such as the eye and testis
[6, 7]. In immune-privileged sites, stromal cells express
FasL, which binds to the Fas receptor on the surface of
immune cells that are infiltrating into the organs. This
induces apoptosis of the infiltrating immune cells, so as to
maintain the organ’s immune-privileged status. Recently, it
has been reported that intervertebral disc cells, such as
nucleus pulposus and annulus fibrosus cells, express FasL
[14, 19]. Therefore, a similar mechanism may explain how
the intervertebral discs resist infiltration by metastatic tumour
cells that bear Fas receptor on their membranes. We therefore
undertook this study to investigate the hypothesis that FasL
produced by nucleus pulposus cells can kill Fas-bearing
malignant tumour cells by the activation of caspases.

Materials and methods

Cell culture

Five lumbar intervertebral discs (L1–L6) were harvested
from two male Sprague Dawley rats (age 4 weeks)
immediately after sacrifice. We carefully dissected the discs
under a microscope to obtain nucleus pulposus tissue and
cultured them for 12 h. To isolate the cells, nucleus
pulposus tissues were digested for 4 h, filtered and washed.
After three-passages, the cells were trypsinised and sub-

Fig. 1 T1- (a), T2- (b) and
gadolinium-enhanced (c) mag-
netic resonance images of a 51-
year-old female patient with
breast cancer shows the preser-
vation of D12-L1 and L1-2
intervertebral disc structures,
even after severe destruction of
the L1 vertebral body by meta-
static cancer
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cultured into six-well plates at 1×106 cells/well. MCF-7
breast cancer cell line was purchased and cultured. After
three-passages, the cells were trypsinised and subcultured
into six-well plates at 1×106 cells/well.

Expression of Fas in MCF-7 breast cancer cells

The expression of Fas was determined in the lysate of MCF-7
breast cancer cells (1×106 cells/well) by Western blot analysis
according to the manufacturer’s instructions. Primary antibody
for Fas was purchased from Santa Cruz Biotechnology (Santa
Cruz, CA) and used at a dilution of 1:500. β-actin was used as
an internal control for protein loading. Rat thymus was used
as the positive control for Fas.

Expression of FasL in nucleus pulposus cells

The expression of FasL was determined in the lysate of
nucleus pulposus (1×106 cells/well) by Western blot
analysis according to the manufacturer’s instructions.
Primary antibody for FasL was purchased from Santa Cruz
Biotechnology and used at a dilution of 1:500. β-actin was
used as an internal control for protein loading. Human
breast tissue was used as the positive control for FasL.

For immunohistochemical staining for FasL, five lumbar
intervertebral discs (L1–L6), including both cranial and
caudal cartilaginous endplates, were harvested from two

male Sprague Dawley rats (age 4 weeks) immediately after
sacrifice. The specimens were fixed in 4% paraformaldehyde
at 4°C for 24 h, decalcified in 20% EDTA (pH 7.4) for
4–6 weeks, dehydrated and embedded in paraffin. For
immunohistochemistry, 4-μm-thickness midsagittal sections
of the disc specimens were cut on a microtome and mounted
on poly-L-lysine-coated slides. Primary antibody for FasL
was purchased from Santa Cruz Biotechnology and used at a
dilution of 1:500. The avidin–biotin–peroxidase complex
method and a Histostain-plus SP kit (Zymed Laboratories,
CA) were used according to the manufacturer’s instructions.
The disc paraffin sections were deparaffinised in xylene and
rehydrated. The endogenous peroxidase was subsequently
blocked by 0.3% H2O2 for 30 min. After boiling in 10%
citrate buffer (pH 6.0) for 15 min, the sections were
incubated with primary antibody at 4°C for 16 h. Human
breast tissue was used for the positive control.

Quantification of FasL in the supernatant of nucleus
pulposus cells

The presence of FasL in the supernatant of cultured nucleus
pulposus cells (1×106 cells/well) was determined and
quantified by an enzyme-linked immunosorbent assay
(ELISA) kit with an antibody that recognises rat FasL (R
and D Systems, Minneapolis, MN) according to the
manufacturer’s instructions. For calibration, we used

Fig. 2 The expression of Fas by
MCF-7 breast cancer cells:
Western blot analysis shows the
expression of Fas in the lysate of
MCF-7 breast cancer cells. Rat
thymus was used as the positive
control for Fas

Fig. 3 The expression of Fas
ligand (FasL) on nucleus pulpo-
sus cells: immunohistochemical
staining (a, ×100) and Western
blot analysis (b) show the ex-
pression of FasL on nucleus
pulposus cells. Human breast
was used as the positive control
for FasL
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natural rat FasL provided by the supplier to construct a
standard curve and to obtain absolute values. The concen-
tration of FasL was measured three times in each sample
and the average of the three measurements was considered
to be the final concentration.

Apoptosis of MCF-7 breast cancer cells

MCF-7 breast cancer cells were subcultured into six-well
plates at 1×106 cells/well and treated with 300 μl of
supernatant obtained from cultured nucleus pulposus cells
(1×106 cells/well) for 48 h. The apoptosis of MCF-7 breast
cancer cells was determined by staining cells with 15 μl of
APOPercentage dye incubated for 30 min. After syringing
off the culture medium and dye mixture, and gently
washing the cells twice with 500 μl/well PBS, the cells
were transferred to an inverted microscope and photographs
were obtained. MCF-7 breast cancer cells that were cultured
for 48 h by themselves were used as the control.

Activation of caspase-8, -9 and -3 in MCF-7 breast cancer
cells

Western blot analysis was performed to investigate the
expression of caspase-8, -9 and -3 in the lysate of MCF-7
breast cancer cells treated with and without 300 μl of
supernatant of nucleus pulposus cells containing FasL for
48 h according to the manufacturer’s instructions. Primary
antibodies for caspase-8, -9 and -3 were purchased from
Lab Vision and Cell Signalling companies and used at a
dilution of 1:500, 1:500 and 1:1,000, respectively. Human
stomach and tonsil cells were used as the positive controls
for caspase-8, -9 and -3, respectively.

Results

Expression of Fas in MCF-7 breast cancer cells

Western blot analysis clearly demonstrated the expression
of Fas in the lysate of MCF-7 breast cancer cells (Fig. 2).

Expression of FasL in nucleus pulposus cells

Immunohistochemical staining shows the expression of
FasL on nucleus pulposus cells of the intervertebral disc
tissue (Fig. 3a). In addition, Western blot analysis clearly
demonstrated the expression of FasL in the lysate of
nucleus pulposus cells (Fig. 3b). The mean concentration
of FasL in the supernatant of nucleus pulposus cells
(1×106 cell/well) was 49.7±5.3 pg/mL (mean±standard
deviation).

Apoptosis of MCF-7 breast cancer cells with the activation
of caspase-8, -9 and -3

TUNEL assay clearly demonstrated significantly increased
apoptotic cell death of MCF-7 breast cancer cells treated
with the supernatant of nucleus pulposus cells containing
FasL compared with that of controls (Fig. 4). Western blot
analysis showed significantly increased expression of
caspase-8, -9 and -3 in the lysates of MCF-7 breast cancer

Fig. 4 After treatment of the
supernatant of nucleus pulposus
cells containing FasL for 48 h,
TUNEL shows a significantly
increased apoptotic cell death
(red staining) of MCF-7 breast
cancer cells (b) compared with
that of controls (a) (×40)

Fig. 5 After treatment of the supernatant of nucleus pulposus cells
containing FasL for 48 h, Western blot analysis shows increased
expression of cleaved caspase-8, -9 and -3 in the lysates of MCF-7
breast cancer cells compared with that of controls. Human stomach
and tonsil cells were used as the positive controls for caspase-8, -9 and
-3, respectively
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cells treated with the supernatant of nucleus pulposus cells
containing FasL compared with those of controls (Fig. 5).

Discussion

Cancer cells have been found to exhibit de novo expression
of FasL, which plays an important role in local tissue
destruction, metastatic spread and immune escape [12, 15].
The expression of FasL by cancer cells enables them to kill
Fas-bearing immune cells or stromal cells of the target
organs or tissues. Therefore, FasL expression by cancer
cells has been thought to facilitate the establishment of
distant metastasis in organs, such as the liver and lungs. In
the spine, however, the anatomical structure of the disc is
often preserved, even in the face of severe destruction of
the vertebral body by cancer cells. According to Fujita et al.
[5], although many cancer cells are frequently found at the
outer surface of the disc, none of the metastatic cancer cells
are found at the inner portion of the discs. The interverte-
bral disc cells is known to express FasL, a prerequisite of a
immune-privileged site, so that is able to kill Fas-bearing
immune or cancer cells [14, 19]. We therefore undertook
this study to investigate the hypothesis that FasL produced
by nucleus pulposus cells kill Fas-bearing cancer cells
infiltrating into the discs by the activation of caspases so as
to resist metastatic seeding.

Two major pathways of Fas-mediated apoptosis have
been identified [18, 21]. In the death receptor (extrinsic)
pathway, caspase-8 directly activates caspase-3, an execu-
tioner of apoptosis, whereas in the mitochondrial (intrinsic)
pathway, caspase-3 is activated by caspase-9 via mitochon-
dria. In our study, we found a significantly increased
apoptosis of Fas-expressing MCF-7 breast cancer cells by
FasL produced by nucleus pulposus cells. In addition, the
activation of two initiator caspases, caspase-8 and caspase-
9, and an executioner caspase, caspase-3, of Fas-mediated
apoptosis were identified. These results suggest that both
pathways (death receptor and mitochondrial) of the Fas
receptor are involved in the apoptosis of Fas-expressing
cancer cells induced by FasL of nucleus pulposus cells. The
human FasL is known to be highly homologous to that of
the rat, so as to cross-react with cell-surface Fas from either
species [13, 20, 22]. In addition, no species specificity is
observed among human and rat FasL. Therefore, both
human or rat FasL can induce apoptosis in the cells
expressing either human Fas or rat Fas. The results of our
study were in line with those of previous studies that
demonstrated no species specificity of Fas and FasL
interaction [13, 20, 22].

It might be possible that another biochemical compound
released by nucleus pulposus cells into the supernatant
increases the apoptosis of cancer cells. Therefore, we

cannot definitely say that it was just the FasL in the
supernatant of nucleus pulposus cells that increased the
apoptosis of cancer cells. However, while there may be
some unknown substance, it is well known that FasL is
sufficient to induce the apoptosis of Fas-positive cancer
cells. Further study is needed to investigate this issue.

In conclusion, our results demonstrate that Fas-bearing
cancer cells undergo apoptotic cell death by FasL produced
by nucleus pulposus cells by the activation of caspase
pathways, which might be a possible biochemical explana-
tion of the disc’s resistance to metastatic cancer.
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