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Article focus
�� This study investigated the effects of the 

anabolic cytokine BMP-2 and the cata-
bolic cytokine IL-18 on human nucleus 
pulposus (NP) and annulus fibrosus (AF) 
cells.

Key messages
�� IL-18 induced upregulation of the cata-

bolic regulator MMP13 and downregula-
tion of the anabolic regulators aggrecan, 

type II collagen, SOX6, and SOX9 at 24 
hours, contributing to degradation of 
disc matrix enzymes.

�� However, BMP-2 antagonised the IL-18 
induced upregulation of aggrecan, type II 
collagen, and SOX6, resulting in a rever-
sal of IL-18 mediated disc degeneration.

�� BMP-2 is anti-catabolic in human AF cells, 
and its effects are partially mediated 
through provocation of the catabolic 
effect of IL-18.

Bone morphogenetic protein-2 
provokes interleukin-18-induced human 
intervertebral disc degeneration

Objectives
Interleukin 18 (IL-18) is a regulatory cytokine that degrades the disc matrix. Bone morpho-
genetic protein-2 (BMP-2) stimulates synthesis of the disc extracellular matrix. However, the 
combined effects of BMP-2 and IL-18 on human intervertebral disc degeneration have not 
previously been reported. The aim of this study was to investigate the effects of the anabolic 
cytokine BMP-2 and the catabolic cytokine IL-18 on human nucleus pulposus (NP) and annu-
lus fibrosus (AF) cells and, therefore, to identify potential therapeutic and clinical benefits of 
recombinant human (rh)BMP-2 in intervertebral disc degeneration.

Methods
Levels of IL-18 were measured in the blood of patients with intervertebral disc degenerative 
disease and in control patients. Human NP and AF cells were cultured in a NP cell medium 
and treated with IL-18 or IL-18 plus BMP-2. mRNA levels of target genes were measured by 
real-time polymerase chain reaction, and protein levels of aggrecan, type II collagen, SOX6, 
and matrix metalloproteinase 13 (MMP13) were assessed by western blot analysis.

Results
The serum level of patients (IL-18) increased significantly with the grade of IVD degenera-
tion. There was a dramatic alteration in IL-18 level between the advanced degeneration 
(Grade III to V) group and the normal group (p = 0.008) Furthermore, IL-18 induced upreg-
ulation of the catabolic regulator MMP13 and downregulation of the anabolic regulators 
aggrecan, type II collagen, and SOX6 at 24 hours, contributing to degradation of disc matrix 
enzymes. However, BMP-2 antagonised the IL-18 induced upregulation of aggrecan, type II 
collagen, and SOX6, resulting in reversal of IL-18 mediated disc degeneration.

Conclusions
BMP-2 is anti-catabolic in human NP and AF cells, and its effects are partially mediated 
through provocation of the catabolic effect of IL-18. These findings indicate that BMP-2 may 
be a unique therapeutic option for prevention and reversal of disc degeneration.
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Strengths and limitations
�� These findings indicate that BMP-2 may be a unique 

therapeutic option for prevention and reversal of disc 
degeneration.

Introduction
Low back pain is a chronic, economically debilitating and 
common ailment. Approximately 80% of adults experi-
ence low back pain at some point during their lifetime, 
and it is one of the most common causes of limitation in 
activity amongst the younger age group.1 It results in lost 
productivity, which further increases the economic bur-
den of this ailment.2 Intervertebral disc degeneration 
(IVD) and associated disorders are recognised as major 
common causes of low back pain.3 At present, most 
treatments focused on alleviating low back pain are 
directed towards degenerate IVDs (e.g., disc ablation, 
replacement), however, the pathobiological mechanisms 
of intervertebral disc degeneration are still not clear.

IVDs are composed mainly of cartilaginous vertebral 
endplates (EP), the fibrous annulus fibrosus (AF), and the 
nucleus pulposus (NP).4 Inflammation is one of the fac-
tors known to contribute to IVD. The pro-inflammatory 
cytokine IL-18 has been reported to amplify cartilage 
destruction associated with osteoarthritis (OA).5 However, 
to our knowledge the mechanism by which IL-18 contrib-
utes to disc degeneration has not been reported.

Bone morphogenetic proteins (BMPs) are members 
of the transforming growth factor beta (TGF-β) super-
family, and function as potent regulators of bone and 
cartilage formation.6-9 Previous reports indicated that 
TGF-β1, BMP-2, and osteogenic protein-1 (OP-1) have 
the ability to stimulate proteoglycan synthesis and 
maintain joint integrity.10-14 However, to our knowl-
edge, there are limited data available as to whether 
these growth factors antagonise interlukin-18 in IVD. In 
this study, we provide evidence that BMP-2 may antago-
nise the catabolic effects of IL-18, indicating that BMP-2 
is a unique therapeutic option for prevention and rever-
sal of disc degeneration.

Materials and Methods
Reagents and cell lines. R ecombinant human BMP-2 
was purchased from DaeWoong Pharmaceutical 
(Seoul, Korea). IL-18 was purchased from Santa Cruz 
Biotechnology (Santa Cruz, California), in addition to 
antibodies targeting MMP13, SOX6, aggrecan, and type 
II collagen. The human AF cell line was obtained from 
ScienCell Research Laboratories (Carlsbad, California). 
The NP cell medium for culturing human annulus fibro-
sus cells (HAFC) in vitro was purchased from ScienCell 
Research Laboratories (Carlsbad, California). The NP cell 
medium was supplemented with 2% fetal bovine serum, 
1% NP cell growth supplement, 100 mg/ml streptomycin, 

and 100 IU/ml penicillin (Gibco). Cells were maintained 
under standard conditions at 37°C in a 5% CO2 humidi-
fied atmosphere.
Enzyme-linked immunosorbent assay (ELISA) study.  We 
collected whole blood from a total of 40 patients with 
disc degeneration before surgery. We received per-
mission from our Institution’s Review Board, as well as 
informed consent from patients. The gross morphology 
of the discs was graded by the Thompson grading scheme 
using MRI (grades I toV). We have divided as two groups 
according to the presence/absence of disc degenera-
tion. The blood was collected from the patients (n = 26) 
with degenerative disc disease (grades II to V) underwent 
spine fusion surgery (posterior lumbar interbody fusion) 
due to disc degenerative disease (herniation of the NP, 
spinal stenosis, and spondylolisthesis). The mean age of 
the patients was 58 (sd 12.2; 46 to 72) and there were 
16 men and ten women. Also, the blood was collected 
from the patients (n = 14) without degenerative disc 
disease (anterior corpectomy/discectomy and fusion/
fixation in young trauma patients: the mean age was 
25 (sd 5.2; 19 to 30) and there were nine men and five 
women. Cytokine detection was carried out using a com-
mercially available human IL-18 ELISA kit. The assay was 
performed according to the manufacturer’s instructions 
and all samples were tested twice. The level of secretion 
of IL-18 in the whole blood of patients were determined 
using the human IL-18 ELISA kit by Invitrogen (Carlsbad, 
California). An Epoch microplate reader from Bio-Tek 
(Seoul, Korea) was used to measure the optical density at 
450 nm. Cytokine concentration was calculated from the 
standard curve.
RNA isolation and real-time PCR.  NP and AF cells were 
treated in a dose dependent manner of IL-18 (0 ng/ml 
to25 ng/ml) for 12 and 24 hours, after which total RNA was 
extracted from NP and AF cells using easy-BLUE (iNtRON, 
Seoul, Korea). One microgram of RNA from each sample 
was reverse transcribed in a 20 µl reaction volume using 
the PrimeScript RT reagent kit (TakaRa, Japan) according 
to the manufacturer’s instructions. Next, real-time PCR 
reactions were carried out in a 10 µl reaction mixture (1 µl 
cDNA, 5 µl 2x SYBR Premix Ex TaqII, 0.4 µl of 10 µmol/l 
forward and reverse primers, 0.2 µl Rox reference dye, and 
3 µl H2O). Quantitative real-time PCR was carried out using 
an ABI Prism 7900 Sequence Detection System (Applied 
Biosystems, Foster City, California). The PCR programme 
comprised 30 seconds at 95oC, followed by 40 cycles of 
15 seconds at 95oC and one minute at 60oC. The relative 
expression of target genes was calculated by using the 
comparative threshold method. Results are reported nor-
malised to Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH). Melting curves for each PCR reaction were gen-
erated to ensure the purity of the amplification product. 
Primer sequences are provided in Table I.
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Western blot analysis.  NP and AF cells were seeded in 
poly-L-lysine-coated 6-well plates at a density of 3x105 
cells per well and allowed to attach for 24 hours. Cells 
were then starved for four hours by placing them in a 
serum-free medium. IL-18 and recombinant human (rh)
BMP-2 were added to cell cultures at various concentra-
tions for 24 hours. Cells were then washed with PBS and 
harvested. Cell pellets were lysed in ice-cold PRO-PREPTM 
(Intron Biotechnology, Seongnam, Korea). Proteins 
were separated by 10% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred to PVDF membranes (GE Healthcare Life Sciences, 
Buckinghamshire, United Kingdom). Blots were probed 
with antibodies against MMP13, aggrecan, type II colla-
gen, or SOX6 overnight, followed by further incubation 
with secondary antibodies labelled with horseradish per-
oxidase. Immunoreactivity was detected using the Fusion 
FX7 detection system (Vilber, France).
Statistical analysis.  Data are presented as mean values 
and standard errors of the mean (sem). Student’s t-test 
was used to compare results between control and experi-
mental groups. A p-value < 0.05 was considered to be 
statistically significant.

Results
ELISA results for IL-18. EL ISA assays were performed to 
determine the level of IL-18 in IVD patients. The degree 
of IVD degeneration was determined using MRI images 
according to Thompson’s classification system.15-17 
Normal and Grade I represent healthy discs. Grades II 
and III indicate IVD degeneration. Grades IV to V indicate 
advanced IVD degeneration. The concentration of IL-18 
increased significantly with the grade of IVD degenera-
tion. Normal subjects had a mean IL-18 level of 173.01 
pg/ml (sem 43.47), whereas Grade II patients had 231.99 
pg/ml (sem 47.26), Grade III patients 640.25 pg/ml (sem 
218.25), and Grade IV to V patients 2287.93 pg/ml (sem 

300.11). Specifically, there was a significant difference in 
IL-18 level between the advanced degeneration group 
and the normal group (p = 0.008) as shown in Figure 1.
Effect of IL-18 on disc degeneration.  NP and AF cells were 
treated with different concentrations of IL-18 (0 ng/ml, 
5 ng/ml, 10 ng/ml and 25 ng/ml) for 12 hours. Transcript 
levels of IL-18R1, type I collagen, and type II collagen 
increased by 1.32-fold (34%), 1.23-fold (23%), and 
1.73-fold (73%), respectively, at an IL-18 concentration 
of 25 ng/ml compared with the control group with cor-
responding p-values of 0.019, 0.000631, and 0.000452, 
respectively. SOX6 was inhibited by 0.82-fold (18%; p = 
0.006) at 25 ng/ml IL-18 compared with the control 
group. mRNA levels of aggrecan and MMP13 did not 
change in response to treatment with IL-18, as shown 
in Figure 2. Importantly, after treatment with 25 ng/ml 
IL-18 for 24 hours, mRNA expression levels of aggrecan, 
type II collagen, and SOX6 were significantly inhibited – 
0.51-fold (49%), 0.18-fold (82%), 0.82-fold (18%), 0.78 
fold (22%), respectively, in HAFCs compared with IL-18 
untreated cells. The associated p-values were 0.002, 
0.004, 0.000427, and 0.045, respectively. The MMP13 
level increased by approximately 2.386-fold (138%) 
compared with the control group, with a p-value of 
0.003. However, mRNA expression levels of IL-18R1 
and type I collagen were not altered. These results sug-
gest that treatment with IL-18 effectively induces gene 
expression of catabolic cytokines and reduces that of 
anabolic cytokines in human AF cells.
Effect of BMP-2 and IL-18 on disc degeneration.  NP and AF 
cells were treated with different doses of rhBMP-2 (0 ng/
ml, 50 ng/ml, 250 ng/ml and 1000 ng/ml) with or with-
out IL-18 (25 ng/ml) for 24 hours. Combination treatment 

Table I. R eal-time PCR primers

Target Primer sequence (forward/reverse)
(5’-3’)

Glyceraldehyde 3-phosphate 
dehydrogenase

GGT ATC GTG GAA CTC AT
ACC ACC TGG TGC TCA GTG TA

MMP-13 GGC TCC GAG AAA TGC AGT CTT TCT T
  ATC AAA TGG GTA GAA GTC GCC ATG C
Aggrecan TCC ACA AGG GAG AGA GGG TA
  GTA GGT GGT GGC TAG GAC GA
Sox6 CTT ACT CGG CCA GAA GAT GC
  ATT GGT CGC TTA ATG TGT GG
Collagen type 1 CAG CCG CTT CAC CTA CAG C
  TTT TGT ATT CAA TCA CTG TCT TGC C 3
Collagen type 2 GGC AAT AGC AGG TTC ACG TAC A
  CGA TAA CAG TCT TGC CCC ACT T
Interleukin-18R1 ACG CCG AGT TTG AAG ATC AGG GGT
  CCC TGG GCA AAA TCT CCA CAG CA
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Fig. 1

Graph showing whole blood from healthy individuals and disc degeneration 
patients before surgery was collected and analysed by enzyme-linked immu-
nosorbent assay to determine the Interleuklin(IL)-18 level. Each value repre-
sents the mean and standard error of the mean of at least three independent 
experiments. ** p < 0.01 vs normal group.



415 Bone morphogenetic protein-2 provokes interleukin-18-induced human intervertebral disc degeneration

BONE & JOINT RESEARCH

with rhBMP-2 (250 ng/ml) and IL-18 (25 ng/ml) increased 
the mRNA expression levels of aggrecan by 31.97-fold, 
type II collagen by 3.01-fold, and SOX6 by 1.41-fold com-
pared with IL-18 (25 ng/ml) alone, as shown in Figure 3. 
The associated p-values were 0.0000022, 0.001, and 
0.000047, respectively. Meanwhile, treatment with both 
rhBMP-2 (1000 ng/ml) and IL-18 (25 ng/ml) increased 
the expression of aggrecan by 198.57-fold, type II colla-
gen by 3.70-fold, and SOX6 by 1.42-fold compared with 
treatment with IL-18 only (25 ng/ml). The associated 
p-values were 0.0000015, 0.003, and 0.001, respectively.
Western blot analysis on disc degeneration. T o examine 
the effect of BMP-2 in the regulation of IL-18-induced disc 
degeneration, levels of aggrecan, type II collagen, SOX6, 
MMP13, and GAPDH were measured by western blot 
analysis, as shown in Figure 4. IL-18 (25 ng/ml) decreased 

protein levels of aggrecan and type II collagen. However, 
levels of these proteins increased significantly in response 
to treatment with rhBMP-2 (1000 ng/ml). Protein levels 
of SOX6 and MMP13 did not change in response to IL-18 
treatment alone, or combination treatment with rhBMP-2.

Discussion
To date, the pathogenesis of intervertebral disc degener-
ation is still not clear. It is believed that enzymes, growth 
factors, and cytokines play an important role in degener-
ated disc tissues.18-22 TGF-β has been shown to stimulate 
proteoglycan production by disc cells23,24 and attenuate 
the expression of active MMP-2 in NP cells.25 However, 
the role of rhBMP-2 as a member of the TGF-β family in 
IL-18-induced IVD has, to our knowledge, not previously 
been evaluated.
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In our study, we observed significantly higher IL-18 
serum levels in the IVD group of patients than the normal 
group. The more severe the grade of disc degeneration, 
the higher the level of IL-18 expression. IL-18, therefore, 
appears to have a close association with the progression 
of degenerative disease and low back pain.

In addition, transcript levels of SOX6 decreased signifi-
cantly in NP and AF cells after treatment with IL-18 for 12 
hours. In contrast, transcript levels of IL-18R1, type I col-
lagen, and type II collagen increased, and there were no 
changes in the levels of aggrecan or MMP13. However, 
after 24 hours of treatment with IL-18, transcript levels of 
aggrecan, type II collagen, and SOX6 were decreased, 
and the level of matrix metalloproteinase 13 (MMP13) 
was increased. These results demonstrate that IL-18 
inhibited expression of aggrecan, type I collagen, type II 

collagen, and SOX6. Based on our experiments, we 
believe that IL-18 affects biosynthesis in NP and AF cells.16 
Increased concentrations of IL-18 in disc degeneration 
patients may explain why disc degeneration patients usu-
ally feel discogenic back pain.

After combined treatment of NP and AF cells with 
rhBMP-2 and IL-18 for 24 hours, transcript levels of aggre-
can, type II collagen, and SOX6 increased significantly 
compared with IL-18 treatment alone. Furthermore, pro-
tein levels of aggrecan and type II collagen also increased 
after combination treatment with IL-18 plus rhBMP-2 
compared with treatment with IL-18 alone. In this study 
we have illustrated for the first time that BMP-2 may 
antagonise IL-18-induced IVD. Our data also revealed 
that BMP-2 represents a unique therapeutic option for 
prevention and reversal of disc degeneration, although 

Aggrecan

**

0.2

0.4

0.8

0.6

1.0

1.2

0

IL-18 (ng/ml)

0 5 10 25

IL-18 (ng/ml)
0 5 10 25

0

0.2

0.4

0.8

0.6

1.0

1.2

1.4 IL-R1

** **

IL-18 (ng/ml)

0.2

0.4

0.8

0.6

1.0

1.2

0
0 5 10 25

MMP-13

0.2

0.4

0.8

0.6

1.0

1.2

0

IL-18 (ng/ml)
0 5 10 25

Collagen 1

0.2

0.4

0.8

0.6

1.0

1.2

0

1.4

*

*

Collagen 2

IL-18 (ng/ml)
0 5 10 25

0.2

0.4

0.8

0.6

1.0

1.2

0

IL-18 (ng/ml)
0 5 10 25

Sox-6

** ** **

m
RN

A 
Re

la
tiv

e
ex

p
re

ss
io

n 
le

ve
l

m
RN

A 
Re

la
tiv

e
ex

p
re

ss
io

n 
le

ve
l

m
RN

A 
Re

la
tiv

e
ex

p
re

ss
io

n 
le

ve
l

m
RN

A 
Re

la
tiv

e
ex

p
re

ss
io

n 
le

ve
l

m
RN

A 
Re

la
tiv

e
ex

p
re

ss
io

n 
le

ve
l

m
RN

A 
Re

la
tiv

e
ex

p
re

ss
io

n 
le

ve
l

Fig. 2 (continued)

Graphs showing mRNA expression levels of disc degeneration-related genes induced by interleukin (IL)-18 treatment in human annulus fibrosus cells (HAFCs). 
mRNA expression levels of IL-18R1, aggrecan, type I collagen, type II collagen, SOX6, and MMP13 were determined by real-time PCR after treatment with vari-
ous concentrations of IL-18 for 12 or 24 hours. The expression of target genes was normalised by the expression of Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH). Ratios of the normalised expression of target genes at each IL-18 dose relative to that of untreated cells are shown. Results are expressed as means 
and standard error.
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further clinical and experimental studies are required to 
evaluate this hypothesis.

The results in this study suggest that IL-18 has  
the potential to accelerate disc degeneration. Treatment 
with IL-18 and BMP-2 on NP and AF cells resulted in 
increased aggrecan, type II collagen, and SOX6 transcript 

expression and increased aggrecan and type II collagen 
protein expression relative to treatment with IL-18 alone. 
BMP-2, therefore, has an anti-catabolic function in human 
NP and AF cells.
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Fig. 3

Graph showing mRNA levels after treatment of human annulus fibrosus cells 
(HAFCs) with interleukin (IL)-18 and recombinant human (rh)BMP-2 as deter-
mined by real-time PCR. HAFCs were treated with or without IL-18 and various 
concentrations of rhBMP-2 for 24 hours. The expression of target genes was 
normalised by the expression of Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH). Results are expressed as means and standard error of the mean 
(*p < 0.05, **p < 0.01, ***p < 0.001 compared with untreated cells).
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Fig. 4

Western blot analysis of protein expression of aggrecan, type II collagen, 
MMP13, and SOX6 in response to combined treatment with interleukin (IL)-
18 and recombinant human (rh)BMP-2. Cells were harvested at 24 hours and 
immunoblotted with specific antibodies. The relative densities (RD) of pro-
teins were quantified and plotted against the signal obtained from the control 
after normalisation to Glyceraldehyde 3-phosphate dehydrogenase (GAPDH).
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