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dence has indicated that molecular mecha-
nisms are indispensable parts [6, 7]. In fact, the 
local expression of Fas and Fas ligand (FasL) in 
NP has been noted as the underlying mecha-
nism of immune privilege of the disc. As a type 
II membrane protein of 36 kDa, FasL belongs to 
the tumor necrosis factor (TNF) family. While 
binding to its receptor Fas, FasL can induce 
apoptosis as a triggering ligand [8, 9]. NP cells 
in normal disc express FasL, which acts as 
apoptosis inducer for infiltrating immune cells 
and consequently maintains the immune privi-
lege of the disc [10-12]. However, the exact cell-
cell interaction mechanisms remain undefined.

Recently, it is notable that soluble Fas (sFas) 
and soluble Fas ligand (sFasL) are closely linked 
with the classic membrane forms as Fas and 
FasL with different function. sFas can neutral-
ize membrane FasL, which inhibits the apopto-
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Abstract: The study aimed for addressing the expression of soluble Fas (sFas) and soluble Fas Ligand (sFasL) in 
human nucleus pulposus (NP) and its attendant relationship with disc degeneration. Human NP samples were 
collected from patients with disc degeneration and cadavers as degenerate and normal groups, respectively. Sub-
sequently, NP cells were cultured in monolayer. ELISA was performed to identify the expression levels of sFas and 
sFasL in the supernatant of NP cell cultures in vitro. Quantitative real-time PCR was used to detect the expression of 
sFas and sFasL in human NP cells in mRNA solution. The study comprised 12 degenerate and 8 normal cadaveric 
NP samples. The concentration value of sFas in the supernatant was significantly higher from degenerate NP than 
that from normal NP at each time point. In contrast, sFasL was significantly lower at each time point. Moreover, the 
expression of sFas and sFasL reached the peak at various early stages of cell cultures and decreased thereafter. 
Furthermore, the mRNA level of Fas in degenerate NP cells was significantly higher than that in normal cells; where-
as FasL showed an opposite pattern. The study is the first addressing the expression of sFas and sFasL in human 
NP cell cultures. Moreover, the expression of sFas and sFasL varies with culture time in vitro with different levels 
in degenerate and normal settings. These findings indicate that sFas and sFasL might play a role in intervertebral 
disc degeneration. 
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Introduction

The intervertebral disc is a significant compo-
nent of the spine and plays a crucial role in the 
support, stability and flexibility of the vertebral 
column [1]. As the largest avascular organ in 
the body, the disc forms a complex composi-
tion, with a central nucleus pulposus (NP) sur-
rounded an outer anulus fibrosus (AF) and 
sandwiched with endplate cartilages [2]. 
Consequently, this unique structure makes the 
disc isolated from the host immune system. 
Indeed, once the NP is exposed to the immune 
system, autoimmune reaction is evoked, which 
is thought to be one of the important factors 
contributing to intervertebral disc degeneration 
(IDD) [3-5]. 

While physical barrier plays a crucial role in the 
immune privilege of the IVD, accumulating evi-
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Table 1. Summary of demographic data 
included in this study
Patients NO. Age Gender Level Degree*

Degenerate group 
    1 32 M L45 V
    2 23 M L45 IV
    3 41 M L45 V
    4 33 F L45 IV
    5 34 M L45 V
    6 28 F L5S1 IV
    7 29 F L5S1 IV
    8 24 M L45 IV
    9 46 M L45 IV
    10 26 F L5S1 V
    11 28 M L45 IV
    12 42 F L5S1 IV
Normal group 
    13 42 M L45 I
    14 25 M L45 I
    15 33 F L45 I
    16 27 M L45 I
    17 40 M L45 I
    18 39 F L45 I
    19 21 M L45 I
    20 26 M L45 I
*Pfirrmann’s grading system.

with DMEM/F12-based culture solution (con-
taining 10% FBS, 1% P/S) in 5% CO2 and 20% 
oxygen incubator, respectively. 

Culture supernatant collection

Disc cells from normal and degenerate groups 
were cultured in 1×106/cm3. Supernatant of 
cultured medium was collected at day 2, day 4, 
day 6 and day 8. Briefly, at each time point, 
cells were centrifuged at 200 g for 8 minutes. 
Supernatant was collected and the pellet was 
then resuspended. Following washed in phos-
phate buffered saline (PBS), cells were re-seed-
ed and cultured in the same environment.

Quantification of sFasL and sFas in the super-
natant of disc cells

According to the manufacturer’s instructions, 
enzyme-linked immunosorbent assay (ELISA) 
kits with an antibody that recognizes human 
FasL (Rand D Systems, Minneapolis, USA) was 
used to determine the concentration of FasL in 
the supernatant of cultured NP cells (1×106 
cells/well). Natural human FasL provided by the 

sis of cells [13]. sFasL is deficient in transduc-
ing signals upon engagement with membrane 
Fas as a competitive inhibitor to induce apopto-
sis of the Fas baring immune cells [14]. 
Meanwhile, NP is a gelatinous structure rich in 
type II collagen and proteoglycans. This unique 
arrangement binds water molecules and ren-
ders the NP a much higher composition of 
water contributing to its consistency. 
Accordingly, we hypothesize that sFas and 
sFasL might play a role in the immune privilege 
of the disc with particular reference to the regu-
lation of apoptosis of the infiltrating immune 
cells. Therefore, the aim of this study was to 
address the expression of sFasL and sFasL in 
human NP and their attendant relationship 
with disc degeneration. 

Materials and methods

The institutional ethics review board of Xijing 
Hospital approved the study (No. 20111103-
7). Furthermore, we collected written informed 
consents from each patient. The same written 
informed consents were obtained from their 
relatives as for cadaveric donors.

Human disc cell isolation and cultures

The degeneration degree was classified accord-
ing to Pfirrmann’s grading system [15]. Samples 
obtained from cadaveric donors are classified 
as normal group; grade 4 and 5 disc samples 
from anterior interbody fusions are included in 
the degenerate group. All specimens were col-
lected from the lumbar spine (L3/4-L5/S1). 
Patients with diseases, including spinal tumors, 
infections, degenerative stenosis, lumbar disc 
epidural corticosteroids within 3 months were 
excluded. Magnetic resonance imaging (MRI) 
data in records were collected as for the cadav-
ers. Both group specimens were obtained with-
in 2 hour after surgery or anatomy. Following 
washed with Hank balance salt solution, NP 
and AF tissues were identified and separated 
by a stereotaxic microscope. The NP samples 
were digested for 40 minutes in 0.2% pronase 
(Gibco-BRL, Carlsbad, CA, USA) and washed 
with Hank balance salt solution, the incubated 
in 0.25% type II collagenase (type I collagenase 
was used for the AF tissue) (Gibco-BRL, 
Carlsbad, CA, USA) at 37°C under gentle agita-
tion. The remaining tissue debris was removed 
through a 45-µm pore-size nylon mesh after 4 
hours. NP and AF cells were centrifuged at 200 
g for 8 minutes and seeded in culture flasks 
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supplier was used to construct a standard 
curve and to obtain absolute values for calibra-
tion. The concentration was determined in trip-
licate in each sample and the average mea-
surement was considered to be the final 
concentration. 

As for the measurement of sFas, the same pro-
cedure was performed using an ELISA kit with 
an antibody to Fas (Rand D Systems, 
Minneapolis, USA) according to the manufac-
turer’s instructions. Supernatant of AF cells 
were used as a negative control.

Quantitative real-time PCR (qRT-PCR) analysis 
of Fas and FasL

Following the manufacturers’ instructions, RNA 
from NP cells of each group was extracted 
using Trizol reagent (Invitrogen, Carlsbad, CA). 
Reverse transcription to cDNA was performed 
Using a High-Capacity cDNA Archive Kit (ABI, 

Foster City, CA, USA). RNA concentrations were 
measured using a NanoDrop instrument 
(NanoDrop, Wilmington, DE, USA). The levels of 
mRNA were normalized to GAPDH mRNA con-
trols. All reactions were performed three times 
in a GeneAmp PCR 9700 Thermocycler (ABI). 
The relative amounts of mRNA were calculated 
by the comparative Ct (2−∆∆Ct) method. 
Predesigned primers were purchased from 
Sangon (Sangon, Shanghai, China) as follows: 
Fas: forward 5’-TGTGTGCACAAGGCTGGCGC-3’, 
reverse  5’-TGCATCTGTCACTGCACTTACCACCA-3’; 
FasL: forward 5’-CAATGAAAATGAACACATTG-3’, 
reverse 5’-CCCACTTTAGAAATTAGATC-3’ [16].

Statistical analysis

Student’s t-test was used to compare two-
group parameters (degenerate group and nor-
mal group). A p value less than 0.05 was con-
sidered statistical significant. The SPSS 

Figure 1. sFas expression of normal and degenerate NP cell culture supernatant in different time points. The expres-
sion of sFas is in higher level in degenerate NP supernatant than that of normal NP. After reaching peak values on 
day 4 of cultures, the expression of sFas decreases with time. Data are representative of the average concentration 
values of at least three samples of each group. Error bars represent SEM. *p < 0.05.
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0.018). The Concentration values of sFasL 
achieved the highest level on day 4 and day 2 in 
degenerate group and normal group, respec-
tively. Thereafter, concentrations of both 
groups decreased with time. As negative con-
trol, sFas and sFasL were undetectable in 
supernatant of AF cells culture medium. The 
concentration values of sFas and sFasL of the 
two groups in different time point were shown 
(Figures 1 and 2).

Furthermore, the mRNA level of Fas in degener-
ate NP cells was higher than that in normal 
cells (p < 0.0001) (Figure 3); whereas FasL 
showed an opposite pattern (p < 0.0001) 
(Figure 4).

Discussion

So far, the study is the first addressing the 
expression of sFas and sFasL in human NP cell 

statistical package (SPSS, Chicago, IL, USA) for 
statistical analysis was used. 

Results

The study comprised degenerate samples from 
12 patients undergoing discectomy (age 32.2 ±     
7.1 years, range 23-46 years) and normal sam-
ples from 8 cadavers (age 31.6 ± 7.4 years, 
range 21–42 years) (Table 1).

The level of sFas in degenerate NP cells culture 
supernatant was significantly higher than that 
in the normal NP supernatant in each time 
point (p < 0.0001, p < 0.0001, p = 0.017, p = 
0.026). On day 4, the level of sFas hit the high-
est point, and decreased with time in both 
groups. The rank of sFasL was significantly 
lower in degenerate group than that in normal 
group (p < 0.0001, p < 0.0001, p = 0.009, p = 

Figure 2. sFasL expression of normal and degenerate NP cell culture supernatant in different time points. The 
expression of sFasL is lower in degenerate NP supernatant than that of normal NP. The concentration values of 
sFasL achieve the highest level on day 4 and day 2 in degenerate group and normal group, respectively. Thereafter, 
the concentration values of both groups decrease with time. Data are representative of the average concentration 
values of at least three samples of each group. Error bars represent SEM. *p < 0.05.
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pro-inflammatory cytokines [17] and induce 
apoptosis of infiltrating external cells [18]. 
However, the exact mechanisms are still 
unclear. As NP is highly hydrous with a low cell 
density, direct contact of cells is uncommon 
and the paracrine of cytokines could exert an 
important function. At this point, sFas and 
sFasL might be the actual functional executors 
of their membrane forms. In this study, signifi-
cant difference is noted between degenerate 
and normal NP cells culture supernatant in 
terms of the concentration of sFas and sFasL. 
Our findings indicate a close link of sFas and 
sFasL with IDD. 

Second, the increasing expression of sFas in 
degenerate NP cells might reduce the ability of 
sFasL to induce apoptosis of infiltrating immune 
cells. Indeed, sFas is thought to be produced by 
proteolytic cleavage of membrane-bound 
receptors or spliced mRNA. Lacking in the 
transmembrane domain, sFas exerts a protec-
tive function from Fas-mediated apoptosis [13]. 
Moreover, sFas is considered as a hallmark in 
numerous autoimmune and neoplastic diseas-
es given that sFas can promote the prolifera-
tion of immune cells or tumor cells by inhibiting 
their apoptosis [19-22]. For NP, the increased 
sFas can neutralize the impact of FasL and 
improve the infiltration of immune cells, break-
ing the immune balance of NP and contributing 
to IDD. 

Third, the decreasing sFasL of NP cells cultures 
is in accordance with the trend of membrane 
FasL in NP since sFasL is thought to be cleaved 
from the surface of NP cells [23]. sFasL is 
known to be deficient in transducing signals 
upon engagement with membrane Fas [14]. In 
fact, Han et al noted that FasL might have dou-
ble roles in the regulation of apoptosis in NP 
[24]. FasL can act as both an immune cells 
apoptosis inducer and an inflammation media-
tor [25]. These findings reflect the complex of 
the function of FasL. The decreasing sFasL 
might both protect the infiltrating immune cells 
from apoptosis and worsen NP cells loss. 

Although our study shed new light on the 
effects of sFas/sFasL on IDD, there are several 
drawbacks in the study. For one, we detected 
the expression of sFas and sFasL in cell cutures 
in vitro, which could not reflect the real scenar-
ios in vivo. Nevertheless, our results provide 

cultures. Moreover, the expression of sFas and 
sFasL varies with culture time in vitro with dif-
ferent levels in degenerate and normal set-
tings. These findings indicate that sFas and 
sFasL might play a role in intervertebral disc 
degeneration.

First, the Fas-FasL machinery is closed perti-
nent to cell apoptosis and plays a significant 
role in the maintenance of immune privilege. 
Various lines of evidence has shown a positive 
expression of FasL in normal NP cells and indi-
cates FasL as a crucial regulator to produce 

Figure 3. Gene expression of Fas in normal and 
degenerate NP cells. The mRNA level of Fas is sig-
nificantly higher in degenerate NP cells than that in 
normal NP cells. Data are representative of three in-
dependent experiments. Error bars represent SEM. 
*p < 0.05.

Figure 4. Gene expression of FasL in normal and 
degenerate NP cells. The mRNA level of FasL is sig-
nificantly lower in degenerate NP cells than that in 
normal NP cells. Data are representative of three in-
dependent experiments. Error bars represent SEM. 
*p < 0.05.
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direct evidence of the different expression lev-
els of sFas and sFasL between degenerate and 
normal NP. Moreover, the mission of collecting 
sFas and sFasL in NP tissues might be impos-
sible due to technical limitations nowadays. 

In conclusion, the study is the first addressing 
the expression of sFas and sFasL in human NP 
cell cultures. Moreover, the expression of sFas 
and sFasL varies with culture time in vitro with 
different levels in degenerate and normal set-
tings. These findings indicate that sFas and 
sFasL might play a role in intervertebral disc 
degeneration.
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